
 

 

 

 

Kincaid Generation, LLC 

1500 Eastport Plaza Dr. 

Collinsville, IL 62234 

 
July 28, 2022 

Illinois Environmental Protection Agency  

DWPC – Permits MC #15  

Attn: Part 845 Coal Combustion Residual Rule Submittal  

1021 North Grand Avenue East  

P.O. Box 19276  

Springfield, IL 62794-9276  

Re:  Kincaid Power Plant Ash Pond; IEPA ID # W0218140002‐01 

 

Dear Mr. LeCrone: 

 

In accordance with 35 I.A.C. § 845.200, Kincaid Generation, LLC is submitting a construction permit application for the 

Kincaid Power Plant Ash Pond (IEPA ID # W0218140002-01).  One hardcopy is provided with this submittal. 

 

The permit application was prepared in accordance with 35 I.A.C. § 845.220 (a) and (d). This submittal includes the 

completed permit forms as required by § 845.210. 

 

 

Sincerely, 

 

 

 

Cynthia Vodopivec 

SVP-Environmental Health and Safety 

 

 

Enclosures 
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Form 
2CC Illinois Environmental Protection Agency

CCR Surface Impoundment Permit Application

Form CCR 2CC – Closure Construction 

Bureau of Water ID Number: For IEPA Use Only 

CCR Permit Number:

Facility Name:

SECTION 1: DESIGN AND CONSTRUCTION PLANS (35 Ill. Adm. Code 845.220) 
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1.1 CCR urface mpoundment ame. 

1.2 Identification number of the CCR surface impoundment (if one has been assigned by the Agency). 

1.3 Describe the boundaries of the CCR surface impoundment (35 Ill. Adm. Code 845.210 (c)). 

1.4 State the purpose for which the CCR surface impoundment is being used. 

1.5 How long has the CCR surface impoundment been in operation? 

1.6 List the types of CCR that have been placed in the CCR surface impoundment. 
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1.7 List the name of the watershed within which the CCR surface impoundment is located. 

1.8 What is the size in acres of the watershed within which the CCR surface impoundment is located?

1.9 Check the corresponding boxes to indicate that you have attached the following: 

A description of the physical and engineering properties of the foundation and abutment 
materials on which the CCR surface impoundment is constructed. 

A statement of the type, size, range, and physical and engineering properties of the materials 
used in constructing each zone or stage of the CCR surface impoundment. 

A statement of the method of site preparation and construction of each zone of the CCR 
surface impoundment. 

A statement of the approximate dates of construction of each successive stage of construction 
of the CCR surface impoundment. 

Drawings satisfying the requirements of 35 Ill. Adm. Code 845.220(a)(1)(F). 

A description of the type, purpose, and location of existing instrumentation. 

Area capacity curves for the CCR impoundment. 

A description of each spillway and diversion design features and capacities and provide the 
calculations used in their determination. 

The construction specifications and provisions for surveillance, maintenance, and repair of the 
CCR surface impoundment. 

1.10.1 Is there any record or knowledge of structural instability of the CCR surface impoundment? 

Yes No 

1.10.2 If you answered yes to Item 1.10.1, provide detailed explanation of the structural instability.
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SECTION 2: NARRATIVE DESCRIPTION OF THE FACILITY (35 Ill. Adm. Code 845.220) 
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2.1 List the types of CCR expected in the CCR surface impoundments. 

  

  

2.2 Have you attached a chemical analysis of each type of expected CCR? 

Yes

2.3 Estimate of the maximum capacity of the surface impoundment in gallons or cubic yards. 

  

2.4 The rate at which CCR and non-CCR waste streams currently enter the CCR impoundment in gallons 
per day and dry tons. 

  GPD  dTn 

2.5 Estimate length of time the CCR surface impoundment will receive CCR and non-CCR waste streams. 

  

2.6 Have you attached an on-site transportation plan that includes all existing and planned roads in the 
facility that will be used during the operation of the CCR surface impoundment? 

  Yes 

SECTION 3: MAPS (35 Ill. Adm. Code 845.220) 

M
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3.1 Check the corresponding boxes to indicate that you have attached the following maps: 

  A site location map on the most recent United Sates Geological Survey (USGS) quadrangle of 
the area from the 7 ½ minute series (topographic) or on another map whose scale clearly 
shows the information required in 35 Ill. Adm. Code 845.220(a)(3). 

Site plans maps satisfying the requirements of 35 Ill. Adm. Code 845.220(a)(4). 

SECTION 4: ATTACHMENTS 
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4.1 Check the corresponding boxes to indicate that you have attached the following: 

  A narrative description of the proposed construction of, or modification to, a CCR surface 
impoundment and any projected changes in the volume or nature of the CCR or non-CCR 
waste streams. 

  Plans and specifications fully describing the design, nature, function, and interrelationship of 
each individual component of the facility. 

  The signature and seal of a qualified professional engineer. 

  Certification that the owner or operator of the CCR surface impoundment      completed the public 
notification and public meetings required under 35 Ill. Adm. Code 845.240. 
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A summary of the issues raised by the public during the public notification and public meetings.

A summary of any revisions, determinations, or other considerations made in response to those 
issues raised by the public during the public notification and public meetings.

A list of interested persons in attendance who would like to be added to the Agency's listserv 
for the facility. 

Certification that all contractors, subcontractors, and installers utilized to construct, install, 
modify, or close a CCR surface impoundment are participants in a training program that is 
approved by and registered with the U.S. Department of Labor’s Employment and Training 
Administration and that includes instruction in erosion control and environmental remediation. 

Certification that all contractors, subcontractors, and installers utilized to construct, install, 
modify, or close a CCR surface impoundment are participants in a training program that is 
approved by and registered with the U.S. Department of Labor’s Employment and Training 
Administration and that includes instruction in the operation of heavy equipment and 
excavation. 

SECTION 5: GROUNDWATER MONITORING PROGRAM 
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5.1 Indicate that you have attached the following components of a new groundwater monitoring program or 
any modifications to an existing groundwater monitoring program by checking the corresponding boxes:

A hydrogeologic site investigation meeting the requirements of 35 Ill. Adm. Code 845.620, if 
applicable. 

Design and construction plans of a groundwater monitoring system meeting the requirements 
of 35 Ill. Adm. Code 845.630. 

A proposed groundwater sampling and analysis program that includes selection of the 
statistical procedures to be used for evaluating groundwater monitoring data as required by 35 
Ill. Adm. Code 845.640 and 845.650. 

SECTION 6: CLOSURE (35 Ill. Adm. Code 845.220(d)) 
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6.1 What is the closure prioritization category under 35 Ill. Adm. Code 845.700(g), if applicable? 

6.2 Indicate that you have attached the following by checking the corresponding boxes:

The final closure plan, as specified in 35 Ill. Adm. Code 845.720(b), which includes the closure 
alternatives analysis required by 35 Ill. Adm. Code 845.710. 

Proposed schedule to complete closure. 

Post-closure care plan as specified in 35 Ill. Adm. Code 845.780(d). 

SECTION 7: GROUNDWATER MODELING (35 Ill. Adm. Code 845.220(d)(3))
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 7.1 Indicate that you have attached the following by checking the corresponding boxes: 

The results of groundwater contaminant transport modeling and calculations showing how the 
closure will achieve compliance with the applicable groundwater standards. 

All modeling inputs and assumptions. 

Description of the fate and transport of contaminants with the selected corrective action over 
time. 



IEPA BOW ID011-00-0821 
DCN260 IEPA Form CCR 2CC Page 5 

Capture zone modeling, if applicable. 

Any necessary licenses and software needed to review and access both the model and the 
data contained within the model. 
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1.0 INTRODUCTION 

Kincaid Generation, L.L.C. is the operator of the coal-fired Kincaid Power Plant (KPP) located in 

Christian County near Kincaid, Illinois. One Coal Combustion Residuals (CCR) surface impoundment, 

the Kincaid Ash Pond (KAP) is present at the KPP. The identification number assigned to the KAP by the 

Illinois Environmental Protection Agency (IEPA) is W0218140002-01. The National Inventory of Dams 

(NID) number assigned to the KAP by the Illinois Department of Natural Resources (IDNR) is IL50706.  

This construction permit application was developed in accordance with 35 Ill. Admin. Code 845, 

Standards for the Disposal of Coal Combustion Residuals in Surface Impoundments (Part 845).   

This initial construction permit application is for the Ash Pond.  

1.1 Legal Description 

Section 845.210(c): All permit applications must contain a legal description of the facility boundary and 

a description of the boundaries of all units included in the facility. 

The legal description of the facility is provided in Attachment A. 

1.2 Previous Assessments 

Section 845.210(d): Previous Assessments, Investigations Plans, and Programs 

The KAP is currently active and receiving CCR. The KAP was initially regulated by 40 C.F.R. Part 257, 

herein referred to as the CCR Rule (United Stated Environmental Protection Agency, 2015) and 

subsequently regulated by Part 845. Multiple initial and periodic assessments, investigations and 

programs were previously completed for the KAP to satisfy the requirements of both the CCR Rule and 

Part 845; some of which are referred to within this report.   

Section 845.210(d)(1): The Agency may approve the use of any hydrogeologic site investigation or 

characterization, groundwater monitoring well or system, or groundwater monitoring plan, bearing the 

seal and signature of an Illinois Licensed Professional Geologist or Licensed Professional Engineer, 

completed before April 21, 2021, to satisfy the requirements of this Part. 

The hydrogeologic site investigation and characterization, groundwater monitoring well system, and 

groundwater monitoring plan conducted or constructed for the KAP are provided in Attachment B. 
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2.0 CONSTRUCTION PERMIT 

Information required to satisfy Part 845 surface impoundment construction permit application 

requirements is presented below. 

2.1 History of Construction 

Section 845.220(a)(1): Design and Construction Plans (Construction History) 

The History of Construction report for the KAP and subsequent update letter are provided in Attachment 

C. The History of Construction originally developed in accordance with CCR Rule Part 257.73(c) is 

included along with a letter providing updates to the History of Construction in accordance with Section 

845.230(a)(1).  

2.2 Narrative Description of Facility 

Section 845.220(a)(2): Narrative Description of the Facility.  The permit application must contain a 

written description of the facility with supporting documentation describing the procedures and plans that 

will be used at the facility to comply with the requirements of this Part.  The descriptions must include, 

but are not limited to, the following information: 

The Facility Narrative Description details are described in the following sections. 

Section 845.220(a)(2)(A): The types of CCR expected in the CCR surface impoundment, including a 

chemical analysis of each type of expected CCR; 

The types of CCR expected in the KAP and analysis of the chemical constituents found within the CCR 

in the KAP is provided in Attachment D. 

Section 845.220(a)(2)(B): An estimate of the maximum capacity of each surface impoundment in gallons 

or cubic yards; 

The KAP currently contains approximately 2,949,000 cubic yards (CY) of CCR. Approximately 180,000 

CY (135,000 tons) of additional bottom ash will be generated between the end of 2021 and the time CCR 

generation ceases at the KPP in July 2027, resulting in a maximum CCR capacity of approximately 

3,129,000 CY.  

Section 845.220(a)(2)(C): The rate at which CCR and non-CCR waste streams currently enter the CCR 

surface impoundment in gallons per day and dry tons; 
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CCR, sluice water, and miscellaneous KPP process water streams are currently discharged to the KAP at 

a rate of approximately 22 million gallons per day (gpd). The KAP receives approximately 63 tons of 

CCR (dry basis) per day. Non-CCR waste streams currently discharged to the KAP include West Area 

Runoff Basin stormwater discharges. These discharges occur periodically at rates ranging from 

approximately 1.0 to 4.08 million gpd.  

Section 845.220(a)(2)(D): The estimated length of time the CCR surface impoundment will receive CCR 

and non-CCR waste streams; and 

The KAP currently receives CCR discharges and West Area Runoff Basin discharges. CCR discharges 

will cease when the plant is retired in July 2027. The non-CCR West Area Runoff Basin discharges will 

cease when KAP closure is completed prior to October 2028. 

Section 845.220(a)(2)(E): An on-site transportation plan that includes all existing and planned roads in 

the facility that will be used during the operation of the CCR surface impoundment. 

The KAP is currently receiving CCR as the KPP is an active facility. The CCR is sluiced to the KAP from 

the plant. Existing roads are present and used for on and off-site transportation of CCR. Site access roads 

exist at the KPP and will be used, as necessary, to support closure construction for the KAP. An On-site 

Transportation Plan was developed as required by Section 845.220(a)(2)(E) and is provided for the KAP 

in Attachment E. The Transportation Plan includes all on-site access roads and the surrounding 

roadways. 

2.3 Site Maps 

Section 845.220(a)(3): Site Location Map.  All permit applications must contain a site location map on 

the most recent United States Geological Survey (USGS) quadrangle of the area from the 7½ minute 

series (topographic), or on another map whose scale clearly shows the following information: 

A. The facility boundaries and all adjacent property, extending at least 1000 meters (3280 feet) 

beyond the boundary of the facility; 

B. All surface waters; 

C. The prevailing wind direction; 

D. The limits of all 100-year floodplains; 

E. All-natural areas designated as a Dedicated Illinois Nature Preserve under the Illinois Natural 

Areas Preservation Act [525 ILCS 30]; 

F. All historic and archaeological sites designated by the National Historic Preservation Act (16 

USC 470 et seq.) and the Illinois Historic Sites Advisory Council Act [20 ILCS 3410]; and 
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G. All areas identified as critical habitat under the Endangered Species Act of 1973 (16 USC 1531 et 

seq.) and the Illinois Endangered Species Protection Act [520 ILCS 10]. 

A Site Location Map showing the information required for the KAP in Section 845.220(a)(3) is provided 

in Attachment F. The Site Location Map consists of the most recent USGS topographic map (2013) 

which contains the facility and at least 1,000 meters of the surrounding area. Information included on the 

Site Location Map meets the requirements for a Flood Hazard Map, Topographic Vicinity Map, 

Designated Nature Map, Designated Historic and Archeological Site Map, and Identified Critical Habitat 

Map.  

The data in the Site Location Map was obtained by performing a comprehensive search of the Illinois 

Department of Natural Resources (IDNR) natural heritage database (Illinois Department of Natural 

Resources, n.d.) for natural and protected areas within 1,000 meters of the KAP. None of the natural areas 

of preserves fall within 1,000 meters of the KAP.   

The IDNR natural heritage database also includes a list of Endangered Species by County (Illinois 

Department of Natural Resources, 2021) located within Christian County and adjacent Sangamon County. 

The Kirtland's Snake (Clonophis kirtlandii) is a threatened/endangered species of nonvenomous snake 

that has an identified habitat approximately 940 meters north of the existing ash pond, opposite of 

Sangchris Lake.  A review of the U.S. Fish and Wildlife Service (USFWS) Threatened & Endangered 

Species Active Critical Habitat Report (U.S. Fish & Wildlife Service, n.d.) did not identify any critical 

habitats located within 1,000 meters of the KAP. The Indiana Bat is considered endangered, and the 

Northern Long-Eared Bat is considered threatened. The KPP is located within the habitat range of both of 

these species; however, because no tree clearing is anticipated to occur during KAP closure activities, no 

impacts to these species are anticipated.   

A search of the IDNR Historic and Architectural Resources Geographic Information System (HARGIS 

database (Illinois Department of Natural Resources, n.d.) for historical sites identified no sites within 

1,000 meters of the Site.  

The 100-year flood plain limits were obtained from the Federal Emergency Management Area (FEMA) 

Flood Map Service Center (Federal Emergency Management Agency, n.d.). Portions of the KPP site are 

within the 100-year flood plain of the Illinois River, although the KAP itself is located outside of the 100-

year floodplain limits.   
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Section 845.220(a)(4): Site Plan Map.  The application must contain maps, including cross‑sectional 

maps of the site boundaries, showing the location of the facility. The following information must be 

shown: 

A. The entire facility, including any proposed and all existing CCR surface impoundment locations; 

B. The boundaries, both above and below ground level, of the facility and all CCR surface 

impoundments or landfills containing CCR included in the facility; 

C. All existing and proposed groundwater monitoring wells; and 

D. All main service corridors, transportation routes, and access roads to the facility. 

The Site Plan Map showing the information required in Section 845.220(a)(4) is provided for the KAP in 

Attachment E. 

2.4 Narrative Description of Proposed Construction 

Section 845.220(a)(5): A narrative description of the proposed construction of, or modification to, a CCR 

surface impoundment and any projected changes in the volume or nature of the CCR or non-CCR waste 

streams. 

The KAP will be closed in place by consolidating the CCR into a reduced footprint and covering the 

consolidated CCR with a final cover compliant with 40 C.F.R. § 257.102(d)(3) and Section 845.750(c). 

The remainder of the KAP footprint will be closed by removing all of the CCR and placing it within the 

consolidated footprint. The KAP is an unlined CCR surface impoundment; however, the impoundment is 

underlain by lean clay overlying hard glacial till (lean sandy clay) and closure of the KAP will include 

constructing a final cover system that ties into existing, low permeability subsoils; existing, low 

permeability perimeter berm soils; or low permeability fill soils; thereby encapsulating CCR within the 

KAP on the top, bottom, and sides. 

Closure of the KAP will occur in two phases, with the KPP operating during the initial phase. During the 

initial phase, a temporary operating pool, approximately 9.4-acres in size, will be constructed in the 

southeastern corner of the KAP using sheet pile or other vertical hydraulic barrier system. Ponded and 

subsurface free waters generated during KAP closure activities will be transferred to the temporary 

operating pool. The KAP currently operates as a closed-loop impoundment, whereby water is recirculated 

from the KAP back to the KPP for bottom ash sluicing. In addition to bottom ash sluice water, stormwater 

from the West Area Runoff Basin is also discharged to the KAP; however, the West Area Runoff Basin 

discharge can also be routed to the onsite wastewater treatment plant (WWTP) for treatment and 

subsequent discharge via National Pollutant Discharge Elimination System (NPDES) Outfall B01.  
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The temporary operating pool is sized to accommodate continued bottom ash and West Area Runoff 

Basin discharges, including storm surges. Under normal circumstances, the West Area Runoff Basin 

discharge will be routed to the WWTP, providing the capacity needed for the KAP temporary operating 

pool to receive free liquids removed from CCR generated during closure activities. However, in the event 

of a WWTP upset or large storm event, West Area Runoff Basin discharges can still be routed to the KAP 

temporary operating pool. This arrangement will also allow bottom ash sluice water recirculation to 

continue while free liquids are removed from CCR within the remainder of the KAP and CCR from the 

northern portion of the KAP is removed and consolidated with CCR in the southern portion of KAP. No 

other changes in waste streams are expected to occur during closure of the KAP.  

Under certain circumstances (e.g., periods of high CCR unwaters/dewaters production), it may be 

necessary to transfer water from the KAP temporary operating pool to the WWTP for treatment and 

discharge via Outfall B01. Modifications to the existing WWTP may also be required to meet NPDES 

discharge permit requirements. Final NPDES discharge requirements will be established, and WWTP 

modification needs will be determined based on the results of a pending antidegradation study. 

The KPP will be retired prior to the start of the second phase of KAP closure. Near the end of this phase, 

free liquids will be removed from the temporary operating pool and the pool will be filled in with CCR. 

The hydraulic barrier system used to create the temporary operating pool will not be removed but will be 

closed in place beneath the final cover system. Final CCR grading, general fill placement and grading, 

and cover system construction will be completed during the second phase of closure. 

Closure with a final cover system will include unwatering the KAP by removing impounded water, 

abandoning and grouting the existing impoundment outflow structures, regrading existing CCR within the 

KAP, and constructing a final cover system including a geomembrane, geotextile, cover soil, topsoil, and 

vegetation. A post-closure stormwater management system consisting of riprap-lined letdown channels 

and perimeter ditches will direct the majority of non-contact stormwater to the northern portion of the 

KAP, where all CCR will be removed, and to Sangchris Lake. Positive drainage will be established in the 

northern portion of the KAP by placing and grading approximately 52,300 cubic yards (CY) of imported 

general fill. These drainage improvements will direct stormwater to the north, through the former KAP 

containment berm, and into a natural drainage that leads to Sangchris Lake. The natural drainage will be 

armored with riprap to prevent erosion. In the southeast corner of the KAP, a culvert will be constructed 

to convey stormwater from perimeter ditches to the Sangchris Lake channel that runs parallel to the 

southern boundary of the KAP. 
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The northern portion of the KAP will be decontaminated by removing all CCR and subsoils with visual 

presence of CCR. Decontamination of areas outside of the northern portion of the KAP will not be 

required because there have been no releases of CCR from the northern portion of the. All structures and 

conveyances used to manage CCR will be placed beneath the final cover system of the KAP, 

decontaminated, or removed and transported to a licensed landfill for disposal. 

During the closure process, off-site CCR beneficial use opportunities will continue to be assessed. CCR 

consolidation and closure in place in combination with offsite beneficial use may result in a smaller onsite 

CCR footprint, for the purposes of final cover system design, and a reduced construction schedule. 

As part of the closure effort, if closure in place is approved, a new photovoltaic (PV) solar power facility 

will be installed on top of the closed KAP.  The PV facility will have a rated power of approximately 29 

megawatts AC (MWac) and an installed power of approximately 34 megawatts DC (MWdc). 

Interconnection of the solar facility will occur at the existing Kincaid substation. 

Additional information on the proposed construction and modification to the KAP is included within the 

Closure Plan provided in Attachment G.  

2.5 Plans and Specifications 

Section 845.220(a)(6):  Plans and specifications fully describing the design, nature, function, and 

interrelationship of each individual component of the facility. 

Permit-level design plans are included within the Closure Plan provided for the KAP in Attachment G 

and were prepared in accordance with Section 845.220(a)(6). The permit-level design plans are consistent 

with the narrative description provided in Section 2.4.   

2.6 Groundwater Monitoring Program 

Section 845.220(a)(7): A new groundwater monitoring program or any modification to an existing 

groundwater monitoring program that includes but is not limited to the following information: 

The Groundwater Monitoring Program details are described within this section and the referenced 

attachments.  

Section 845.220(a)(7)(A): A hydrogeologic site investigation meeting the requirements of Section 

845.620, if applicable; 

Hydrogeologic site investigations for KAP are provided in Attachment B. 
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Section 845.220(a)(7)(B): Design and construction plans of a groundwater monitoring system meeting 

the requirements of Section 845.630; and 

Design and construction plans for a groundwater monitoring system as required by Section 845.630 are 

provided in Attachment B. 

Section 845.220(a)(7)(C): A proposed groundwater sampling and analysis program that includes 

selection of the statistical procedures to be used for evaluating groundwater monitoring data (see 

Sections 845.640 and 845.650). 

A groundwater sampling and analysis program that meets the requirements of Section 845.640 and 

845.650 is provided in Attachment B.  
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2.7 Certification
Section 845.220(a)(8): The signature and seal of a qualified professional engineer.

I, John R. Hesemann, being a Registered Professional Engineer in good standing in the State of Illinois, 

do hereby certify, to the best of my knowledge, information, and belief, that the information contained in 

this construction permit application has been prepared in accordance with the accepted practice of 

engineering.

John R. Hesemann

Printed Name

7/26/2022

Date

062.058523_________ IL____________11/30/2023

Registration Number State Expiration Date

Kincaid Generation, L.L.C. 2-9 Burns & McDonnell
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2.8 Public Meeting Information 

Section 845.220(a)(9): Certification that the owner or operator of the CCR surface impoundment completed 

the public notification and public meetings required under Section 845.240, a summary of the issues raised 

by the public, a summary of any revisions, determinations, or other considerations made in response to 

those issues, and a list of interested persons in attendance who would like to be added to the Agency's 

listserv for the facility. 

Certification that the public notification and public meetings have been completed as required by Section 

845.240 is provided as Attachment H. 

2.9 Corrective Action Construction 

Section 845.220(c): Corrective Action Construction.  In addition to the requirements in subsection (a), all 

construction permit applications that include any corrective action performed under Subpart F must also 

contain the following information and documents: 

The need for corrective action construction has not been determined for the KAP. Closure of the KAP 

will further mitigate future groundwater impacts by acting as source control, based on the Groundwater 

Model Report prepared by Ramboll and included in Attachment B. Therefore, corrective action 

construction will not be performed as part of KAP closure.  

2.10 Closure Construction 

Section 845.220(d): Closure Construction.  In addition to the requirements in subsection (a), all 

construction permit applications for closure of the CCR surface impoundment under Subpart G must 

contain the following information and documents: 

The Closure Construction details are described in the following sections. 

Section 845.220(d)(1): Closure prioritization category, if applicable (see Section 845.700(g)); 

A CCR Surface Impoundment Category Designation and Justification letter was submitted to IEPA on 

May 19, 2021. The KAP was designated as a Category 5 CCR surface impoundment – an existing surface 

impoundment with exceedances of the groundwater protection standards specified in Section 845.600. 

This letter is provided in Attachment I.  

Section 845.220(d)(2): Final closure plan (see Section 845.720(b)), including the closure alternatives 

analysis required by Section 845.710; 
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The Final Closure Plan as required by Section 845.720(b) and the Alternatives Analysis as required by 

Section 845.210 are provided in Attachment G.  

Section 845.220(d)(3): Groundwater modeling, including: 

A. The results of groundwater contaminant transport modeling and calculations showing 

how the closure will achieve compliance with the applicable groundwater standards; 

B. All modeling inputs and assumptions; 

C. Description of the fate and transport of contaminants, with the selected closure over 

time; 

D. Capture zone modeling, if applicable; and 

E. Any necessary licenses and software needed to review and access both the model and the 

data contained within the model. 

Groundwater modeling as required by Section 845.220(d)(3) is provided in Attachment B. 

Section 845.220(d)(4): Proposed schedule to complete closure; and 

The proposed schedule to completed closure is included within the Final Closure Plan, provided in 

Attachment G.  

Section 845.220(d)(5): Post-closure care plan specified in Section 845.780(d), if applicable. 

The Post Closure Care Plan required by Section 845.220(d)(5) is provided in Attachment J.  
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3.0 ADDITIONAL INFORMATION 

Certification that Kincaid Generation L.L.C. will utilize contractors, subcontractors, and installers who 

are participants in an approved training program, in accordance with 415 Illinois Complied Statutes 

(ILCS) 5/22.59(b)(4), is provided in Attachment K.  
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EXECUTIVE SUMMARY 

Ramboll Americas Engineering Solutions, Inc. (Ramboll) has prepared this Groundwater Modeling 
Report (GMR) on behalf of the Kincaid Power Plant (KPP), operated by Kincaid Generation, LLC, in 
accordance with requirements of Title 35 of the Illinois Administrative Code (35 I.A.C.) Section 
(§) 845: Standards for the Disposal of Coal Combustion Residuals in Surface Impoundments 
(Part 845) (Illinois Environmental Protection Agency [IEPA], 2021). This document presents the 
results of predictive groundwater modeling simulations for proposed closure scenarios for the Ash 
Pond (AP; Vistra identification [ID] number [No.] 141, IEPA ID No. W0218140002-01). 

The AP coal combustion residuals (CCR) unit is located between two lobes of Sangchris Lake, 
which was formed in 1964 by damming Clear Creek, a tributary to the south fork of the 
Sangamon River. Sangchris Lake was created to provide a source of cooling water for the KPP. 
The western lobe of Sangchris Lake forms part of the western and the northern border of the AP 
and is connected to an intake flume for the KPP on the western edge of the AP. A discharge flume 
from the KPP forms the southern border of the AP and is connected to the eastern lobe of 
Sangchris Lake. The KPP property is surrounded by the lobes of Sangchris Lake and Sangchris 
Lake State Park to the north and east, and a combination of undeveloped land and surface 
support facilities associated with the former Peabody Coal Company #10 mine to the south and 
west. 

A detailed summary of site conditions was provided in the Hydrogeologic Site Characterization 
Report (HCR; Ramboll, 2021a). Five distinct water-bearing units have been identified in the 
vicinity of the AP based on stratigraphic relationships and common hydrogeologic characteristics. 
The units are described as follows: 

• CCR: Saturated CCR, consisting primarily of bottom ash, and boiler slag. 

• Upper Semi-Confining Unit (USCU): Low-permeability clay with some silt and minor sand, 
silt layers, and occasional discontinuous sand lenses. Includes the lithologic layers identified 
as the Cahokia Formation. Sand lenses with higher permeability within the USCU have a 
higher probability of contaminant transport and these materials are referred to as the 
potential migration pathways (PMP). 

• Uppermost Aquifer (UA): Thin (generally less than 4 feet), moderate permeability sand, 
silty sand, and clayey sand and gravel units, which include the clays and silts of the Upper 
Cahokia Formation, where saturated, and the thin, moderate permeability sands and gravels 
of the Lower Cahokia Formation, which, at some locations, also includes the interface with the 
Vandalia Till. 

• Lower Confining Unit (LCU): Underlying the aquifer unit is dense grey clay till; this till is 
easily distinguished during investigation by difficult drilling and/or refusal and is apparent on 
boring logs. The till was encountered at elevations ranging from approximately 570 to 583.5 
feet (referenced to North American Vertical Datum of 1988 [NAVD88]. The LCU is comprised 
of low permeability silt and clay with minor sand, silt layers, and occasional discontinuous 
sand lenses (more frequently near the top of the unit). Includes the lithologic layers identified 
as the Vandalia Till. 
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• Bedrock Confining Unit (BCU): The water-bearing layer referred to as the BCU is composed 
of interbedded shale and limestone of the Pennsylvanian Age Bond Formation that underlie 
the Vandalia Till, and underlies the entire AP. 

Groundwater flow in the UA is to the northwest toward Sangchris Lake. Groundwater elevations 
are primarily controlled by the surface water levels in the lobes of Sangchris Lake and the water 
level within the AP. An apparent groundwater divide trending southwest to northeast has been 
observed beneath the AP. 

A review and summary of data collected from 2015 through 2021 for parameters with 
groundwater protection standards (GWPS) listed in 35 I.A.C. § 845.600 is provided in the HCR 
(Ramboll, 2021a). Groundwater concentrations presented in HCR Table 4-1 and summarized in 
the History of Potential Exceedances (Ramboll, 2021b) are considered potential exceedances 
because the methodology used to determine them is proposed in the Groundwater Monitoring 
Plan (GMP; Ramboll, 2021c) and has not been reviewed or approved by IEPA at the time of this 
submittal. The following constituents with potential exceedances of the GWPS listed in 35 I.A.C. 
§ 845.600 were identified: boron, sulfate, and total dissolved solids (TDS) (Ramboll, 2021b). 

Statistically significant correlations between boron concentrations and concentrations of other 
parameters identified as potential exceedances of the GWPS indicate boron is an acceptable 
surrogate for sulfate and TDS in the groundwater model. It was assumed that boron would not 
significantly sorb or chemically react with aquifer solids (soil adsorption coefficient [Kd] was set 
to 0 milliliters per gram [mL/g]) which is a conservative estimate for predicting contaminant 
transport times. Boron, sulfate, and TDS transport is likely to be affected by both chemical and 
physical attenuation mechanisms (i.e., adsorption and/or precipitation reactions as well as 
dilution and dispersion). 

Data collected from previous field investigations, as well as the 2021 field investigations, were 
used to develop a groundwater model for the AP. The MODFLOW and MT3DMS models were then 
used to evaluate two closure scenarios, including CCR consolidation and closure in place (CIP), 
and closure by removal (CBR) scenarios, using information provided in the CCR Surface 
Impoundment Final Closure Plan (Burns & McDonnell, 2022):  

• Scenario 1: CIP (CCR removal from the north and west areas of the AP, consolidation to the 
central and southeast portions of the AP, and construction of a cover system over the 
remaining CCR); and, 

• Scenario 2: CBR (CCR removal from the AP) 

Scenario 1 (CIP) was predicted to reduce both total flux in and out of the Fill Unit (CCR) by greater 
than 99% when simulated post-construction heads in the groundwater monitoring wells are 
predicted to stabilize. 

Prior to the simulation of these scenarios, a dewatering simulation was included for the removal of 
free liquids from the AP prior to the implementation of the two scenarios. Predictive simulations of 
closure conservatively indicate groundwater in the UA will achieve the GWPS in site monitoring 
wells for Scenarios 1 and 2 in 17 and 16.5 years after implementation of the closure scenarios, 
respectively. From a modeling perspective, the difference between the predicted time to reach the 
GWPS for boron (2 mg/L) in Scenario 1 (17 years) versus Scenario 2 (16.5 years) is negligible. In 
other words, both scenarios are predicted to reach the GWPS after approximately 17 years, the 
simulated difference between these two scenarios is not significant. 
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Results of groundwater fate and transport modeling estimate that groundwater will attain the 
GWPS for all constituents identified as potential exceedances of the GWPS within 17 years of 
closure implementation for both Scenarios. In both scenarios residual boron exceedances from the 
calibrated model remain in close proximity to the ash pond and/or calibrated extent of 
exceedances as the plumes recede. 
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1. INTRODUCTION 

1.1 Overview 

In accordance with requirements of Part 845 (IEPA, 2021), Ramboll has prepared this GMR on 
behalf of KPP, operated by Kincaid Generation, LLC. This report will apply specifically to the CCR 
Unit referred to as the AP (Figure 1-1). The KPP operates as a coal-fired power plant and has a 
single CCR management unit, the AP (Figure 1-2), a 172-acre, unlined surface impoundment 
used to manage CCR and non-CCR waste streams at the KPP with a total storage capacity of 
approximately 3,560 acre-feet. This GMR presents and evaluates the results of predictive 
groundwater modeling simulations for two scenarios: 

• Scenario 1: CIP (CCR removal from the north and west areas of the AP, consolidation to the 
central and southeast portions of the AP, and construction of a cover system over the 
remaining CCR) 

• Scenario 2: CBR (CCR removal from the AP) 

1.2 Site Location and Background 

The KPP is located in the southwest quarter of Section 1, and the northeast quarter of Section 
12, Township 13 North, Range 4 West, along West Route 104, Christian County, Illinois and 
approximately four miles west of the Village of Kincaid. The AP is located between two lobes of 
Sangchris Lake (Figure 1-1), which was formed in 1964 by damming Clear Creek, a tributary to 
the south fork of the Sangamon River. Sangchris Lake was created to provide a source of cooling 
water for the KPP. The western lobe of Sangchris Lake forms part of the western and northern 
border of the AP and is connected to an intake flume for the KPP on the western edge of the AP. 
A discharge flume from the KPP forms the southern border of the AP and is connected to the 
eastern lobe of Sangchris Lake. The KPP property is surrounded by the lobes of Sangchris Lake 
and Sangchris Lake State Park to the north and east, and a combination of undeveloped land and 
surface support facilities associated with the former Peabody Coal Company #10 mine to the 
south and west. 

1.3 Site History and Unit Description 

Construction of the AP began in 1964 and it was commissioned for use in 1967. The AP primarily 
contains bottom ash and boiler slag, and other minor materials, including water and wastewater 
treatment solids, excavation spoils, and dredge spoils. The discharge for the AP is located at the 
southeast corner of the unit. The approximate dates of construction of each successive stage of 
the AP are summarized in Table A on the following page (AECOM, 2016). 
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Table A. History of Construction 

Date Event 

1964-1965 Construction of AP 

1967 AP was put into service 

1978-1980 Installation of AP recycle water intake structures and associated piping 

Mid-1980’s Erosion repair along north embankment adjacent to Sangchris Lake 

2006 Replacement of emergency outlet piping 

2009-2010 Tree removal, grading, and vegetation re-established along the north and east embankment 

2010 Riprap placement along the northwest AP embankment adjacent to Sangchris Lake 
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2. SITE GEOLOGY AND HYDROGEOLOGY 

AP hydrogeologic and groundwater quality data was presented in the HCR (Ramboll, 2021a) and 
used to establish a conceptual site model (CSM) for this GMR, and is summarized below. There 
are three principal types of unlithified materials present overlying bedrock at the KPP, consisting 
of the following in descending order: 

• Fill, the constructed AP consists of fill (predominantly coal ash within the AP, but also including 
constructed berms and railroad embankments around the AP). 

• Clays and silts of the Cahokia Formation, interbedded with thin sand lenses, most of which are 
laterally discontinuous, but a thin bed of sand was observed at the bottom of the Cahokia 
Formation in the majority of soil borings advanced near the AP. This sand unit comprises the 
UA. The Cahokia materials extend to depths of less than 44 feet. 

• Clay and silt with varying amounts of sand and gravel of the Vandalia Till, which extend to 
depths of up to 52 feet. 

Bedrock beneath the AP consists of the Pennsylvanian-age Bond Formation, comprised mainly of 
limestone with lesser amounts of shale and sandstone. 

Prior to 2021, there were 12 monitoring wells (MW-1 through MW-12) around the AP for 
monitoring groundwater. Nineteen additional monitoring wells (MW-7S, MW-8S, MW-11S, 
MW-12S, MW-12D, MW-20S, MW-20, MW-22, MW-23, MW-24, MW-25, MW-26, MW-27, MW-28, 
MW-29, MW-30, MW-31, MW-32, and MW-31S) were installed in 2021 around the perimeter of 
the AP to meet the requirements of Part 845. Construction details for monitoring wells and 
piezometers are provided in Table 2-1 and depicted in Figure 2-1. Boring logs, monitoring well 
and piezometer construction forms are provided in Appendix B of the HCR. 

Five distinct water-bearing units have been identified in the vicinity of the AP based on 
stratigraphic relationships and common hydrogeologic characteristics. The units are described as 
follows: 

• CCR: Saturated CCR, consisting primarily of bottom ash, and boiler slag. 

• USCU: Low-permeability clay with some silt and minor sand, silt layers, and occasional 
discontinuous sand lenses. Includes the lithologic layers identified as the Cahokia Formation. 
Sand lenses with higher permeability within the USCU have a higher probability of 
contaminant transport and these materials are referred to as the PMP. 

• UA: Thin (generally less than 4 feet), moderate permeability sand, silty sand, and clayey sand 
and gravel units, which include the clays and silts of the Upper Cahokia Formation, where 
saturated, and the thin, moderate permeability sands and gravels of the Lower Cahokia 
Formation, which, at some locations, also includes the interface with the Vandalia Till. 

• LCU: Underlying the aquifer unit is dense grey clay till; this till is easily distinguished during 
investigation by difficult drilling and/or refusal and is apparent on boring logs. The till was 
encountered at elevations ranging from approximately 570 to 583.5 feet NAVD88. The LCU is 
comprised of low permeability silt and clay with minor sand, silt layers, and occasional 
discontinuous sand lenses (more frequently near the top of the unit). Includes the lithologic 
layers identified as the Vandalia Till. 
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• BCU: The water-bearing layer referred to as the BCU is composed of interbedded shale and 
limestone of the Pennsylvanian Age Bond Formation that underlie the Vandalia Till, and 
underlies the entire AP. 

Groundwater flow direction (Figure 2-2 and Figure 2-3) and gradients have not changed 
significantly since the first hydrogeologic study of the AP was completed, and recent data 
supports the existing CSM which has been refined to incorporate additional data as follows: 

• Due to the downgradient location and proximity of Sangchris Lake to the AP, Sangchris Lake is 
likely to be hydraulically connected to the UA beneath the AP. Flow of groundwater from the 
KPP to Sangchris Lake through the UA is the primary pathway for contaminant migration. 

• The elevations of water within the AP are greater than groundwater elevations in the 
surrounding areas, and, depending on the hydraulic connection between the AP and the 
surrounding aquifer, water may flow radially from the AP toward the lobes of Sangchris Lake. 

• Horizontal groundwater flow in the USCU in the area of the AP is toward the north and 
northwest toward the western lobe of Sangchris Lake. There also appears to be a component 
of groundwater flow to the south and east toward the discharge flume that flows to the 
eastern lobe of Sangchris Lake, as evidenced by groundwater elevations on the southern side 
of the AP. These two components of groundwater flow suggest a groundwater divide beneath 
the AP. 

• The groundwater divide beneath the AP is further supported by horizontal groundwater flow in 
the UA, which is to the northwest and southeast toward the western and eastern lobes of 
Sangchris Lake, respectively. 

• Groundwater elevations are primarily controlled by the surface water level in Sangchris Lake, 
and the water level within the AP. Typically, groundwater from the AP flows from east to west 
and discharges to Sangchris Lake. 

• Vertical gradients calculated between the bedrock and UA are generally upward, consistent 
with previous vertical gradient calculations (HCR, Ramboll, 2021a). 
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3. GROUNDWATER QUALITY 

Groundwater at the AP does not meet the definition of Class I - Potable Resource Groundwater 
(35 I.A.C. § 620.210), based on the following criteria provided in the HCR: 

• Site investigations have determined that water bearing lenses contain more than 12 percent 
fines and are less than five feet in thickness (Cabeno Field Services [Cabeno], 2013), 

• Sustained groundwater yield from a 12-inch borehole of less than 150-gallons per day from a 
thickness of 15-feet or less. 

• Field (horizontal) hydraulic conductivity tests and laboratory (vertical) hydraulic conductivity 
tests from wells screened within the UA resulted in an overall (geometric mean) of 5.07 x 10-5 

centimeters per second (cm/s) and 1.07 x 10-7 cm/s, respectively (see Table 2-1 and Table 
3-4 in the HCR; Ramboll, 2021a). 

As set forth in 35 I.A.C. § 620.220, any geologic material with a hydraulic conductivity of less 
than 1 x 10-4 cm/s, and which does not meet the provisions of 35 I.A.C. § 620.210 (Class I), 
35 I.A.C. § 620.230 (Class III), or 35 I.A.C. § 620.240 (Class IV), meets the definition of Class II: 
General Resource Groundwater. Based on the detailed geologic information provided for the 
unlithified materials and bedrock encountered at the AP and the hydrogeologic data, the 
groundwater in the UA can be classified as Class II: General Resource Groundwater. This is 
supported by results of the hydrogeologic study completed in 2013 (Cabeno, 2013), which 
concluded that the AP does not meet most criteria of Class I groundwater and the data collected 
supported a Class II groundwater classification. 

Groundwater quality investigations were completed at the AP starting in 2010. In 2021, 
additional wells were installed to comply with Part 845 requirements, specifically to reduce the 
lateral spacing between monitoring points and to further characterize the PMPs. Wells were 
sampled for the parameters listed in 35 I.A.C. § 845.600. A review and summary of data collected 
from 2015 through 2021 for parameters with GWPSs listed in 35 I.A.C. § 845.600 is provided in 
the HCR (Ramboll, 2021a). 

Concentration results presented in the HCR were compared directly to 35 I.A.C. § 845.600 GWPSs 
to determine potential exceedances. The results are considered potential exceedances because the 
results were compared directly to the standard and did not include an evaluation of background 
groundwater quality or utilize the statistical methodologies proposed in the GMP (Ramboll, 2021c) 
attached to the operating permit application.  

Groundwater concentrations from 2015 to 2021 are summarized in the History of Potential 
Exceedances (Ramboll, 2021b) (attached to the operating permit application) and are considered 
potential exceedances because the methodology used to determine them is proposed in the 
Statistical Analysis Plan (Appendix A to the GMP, Ramboll 2021c), which has not been reviewed 
or approved by IEPA at the time of submittal of the Part 845 operating permit application. 
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The History of Potential Exceedances attached to the operating permit application summarizes all 
potential groundwater exceedances following the proposed Statistical Analysis Plan. The following 
potential exceedances were identified:  

• Boron – determined at monitoring wells MW-7S, MW-12, and MW-28 

• Sulfate – determined at monitoring wells MW-28 and MW-32 

• TDS – determined at monitoring well MW-28 
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4. GROUNDWATER MODEL 

4.1 Overview 

Data collected at the site from the 2021 field investigation were used to develop a groundwater 
model for the AP. The MODFLOW and MT3DMS models were then used to evaluate two closure 
scenarios, including CCR consolidation and CIP using information provided in the CCR Surface 
Impoundment Final Closure Plan (Burns & McDonnell, 2022), and CBR scenarios. The results of 
the CIP and CBR closure scenarios are summarized and evaluated in this GMR. Associated model 
files are included as Appendix A. 

4.2 Conceptual Site Model 

The HCR (Ramboll, 2021a) is the foundation of the site setting and CSM that describes 
groundwater flow at the site. The AP overlies the recharge area for the underlying transmissive 
geologic media, which are composed of moderate permeability sand, silty sand, and clayey sand 
and gravel units, which include the clays and silts of the Upper Cahokia Formation, where 
saturated, and the thin, moderate permeability sands and gravels of the Lower Cahokia 
Formation, which, at some locations, also includes the interface with the Vandalia Till deposits 
(i.e., the UA). Groundwater enters the model domain vertically via recharge. The groundwater 
from the UA flows into the forks of Sangchris Lake. 

Boron was selected for transport modeling. Boron is commonly used as an indicator parameter 
for contaminant transport modeling for CCR because: (i) it is commonly present in coal ash 
leachate; (ii) it is mobile and typically not very reactive but conservative (i.e., low rates of 
sorption or degradation) in groundwater; and (iii) it is less likely than other constituents to be 
present in background groundwater from natural or other anthropogenic sources. The only 
significant source of boron is the AP. Mass (boron) is added to groundwater via vertical recharge 
through CCR, and horizontal groundwater flow through CCR where it is in contact with the water 
table. Mass flows with groundwater toward Sangchris Lake. The primary transport pathway is the 
UA as indicated by groundwater observations. The USCU is also a PMP, although the sands in this 
unit are discontinuous which limit migration potential. 

4.3 Model Approach 

 Potential Groundwater Exceedances 

Comparisons of observed sulfate and TDS concentrations to boron (Figure A on the following 
page) indicate statistically significant correlations between these parameters within wells 
screened in the UA. Observed concentrations were transformed into Log10 concentrations for 
evaluation. The correlation coefficient (R2) and p values (indicator of statistical significance) are 
also provided on Figure A. Higher R2 values (i.e., closer to 1) indicate stronger correlation 
between parameters. A correlation is considered statistically significant when the p value is lower 
than 0.05. Both correlations have p values less than the target of 0.05, indicating correlations are 
statistically significant. The correlation is slightly stronger between TDS and boron. The 
statistically significant correlations associated with boron concentrations indicate boron is an 
acceptable surrogate for sulfate, and TDS in the groundwater model, and concentrations of these 
parameters are expected to change along with model predicted boron concentrations. 
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Figure A. Boron Correlation with Sulfate and TDS in UA Wells 
 

 Summary of Modeling Activities 

A three-dimensional groundwater flow and transport model was calibrated to represent the 
conceptual flow system described above. Initial modeling was performed for a sufficient period 
(27.5 years) to allow modeled boron concentrations in the primary transport layer (i.e., UA) to 
achieve steady concentrations. The model was calibrated to match the mean groundwater 
elevation and median concentration observed at individual monitoring wells. Prediction 
simulations were then performed to evaluate the effects of CBR and CIP closure scenarios on 
groundwater quality for a period of 30 years following corrective action measures, which include 
dewatering of the AP for 1 year, consolidation of CCR and cover system construction or removal 
of CCR. The calibration and prediction model timelines are illustrated in Figure 4-1. 
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Three model codes were used to simulate groundwater flow and contaminant transport: 

• Groundwater flow was modeled in three dimensions using MODFLOW 2005 

• Contaminant transport was modeled in three dimensions using MT3DMS  

• Percolation (recharge) after removal at the AP was modeled using the results of the 
Hydrologic Evaluation of Landfill Performance (HELP) model. 

Modeling steps are a summarized below: 

• A steady state model was created in MODFLOW 2005 and used to simulate the general 
groundwater flow conditions at the site. The model was calibrated to match mean 
groundwater elevations observed between 2015 to 2021. 

• A transient flow model based off of the calibrated steady state model was used to simulate 
groundwater flow and transport for 27.5 years using MODFLOW 2005 and MT3DMS to 
simulate boron entering the system through time and allow concentrations to match currently 
observed concentrations of boron in groundwater (Table 4-1). 

• Prediction simulations began with a 1-year dewatering period simulated in MODFLOW 2005 
and MT3DMS where heads were reduced within the CCR unit and concentrations were 
removed from CCR removal areas. 

• Prediction simulations resumed for CIP and CBR following the 1-year dewatering period using 
the results of HELP modeling as input values for recharge rates in the construction areas. 

• The prediction simulations were run using MODFLOW 2005 and MT3DMS to estimate the time 
for boron concentrations to meet the GWPS in the compliance wells; and, to evaluate the 
differences between the two closure scenarios. 
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5. MODEL SETUP AND CALIBRATION 

5.1 Model Descriptions 

For the construction and calibration of the numerical groundwater flow model for the site, 
Ramboll selected the model code MODFLOW, a publicly-available groundwater flow simulation 
program developed by the United States Geological Survey (USGS) (McDonald and Harbaugh, 
1988). MODFLOW is thoroughly documented, widely used by consultants, government agencies 
and researchers, and is consistently accepted in regulatory and litigation proceedings. MODFLOW 
uses a finite difference approximation to solve a three-dimensional head distribution in a 
transient, multi-layer, heterogeneous, anisotropic, variable-gradient, variable-thickness, confined 
or unconfined flow system—given user-supplied inputs of hydraulic conductivity, aquifer/layer 
thickness, recharge, wells, and boundary conditions. The program also calculates water balance 
at wells, rivers, and drains. 

MODFLOW was developed by USGS (McDonald and Harbaugh, 1988) and has been updated 
several times. Major assumptions of the code are: (i) groundwater flow is governed by Darcy’s 
law; (ii) the formation behaves as a continuous porous medium; (iii) flow is not affected by 
chemical, temperature, or density gradients; and (iv) hydraulic properties are constant within a 
grid cell. Other assumptions concerning the finite difference equation can be found in McDonald 
and Harbaugh (1988). MODFLOW 2005 was used for these simulations with Groundwater Vistas 7 
software for model pre- and post- processing tasks (Environmental Simulations, Inc., 2017). 

MT3DMS (Zheng and Wang, 1998) is an update of MT3D. It calculates concentration distribution 
for a single dissolved solute as a function of time and space. Concentration is distributed over a 
three-dimensional, non-uniform, transient flow field. Solute mass may be input at discrete points 
(wells, drains, river nodes, constant head cells), or distributed evenly or unevenly over the land 
surface (recharge). 

MT3DMS accounts for advection, dispersion, diffusion, first-order decay, and sorption. Sorption 
can be calculated using linear, Freundlich, or Langmuir isotherms. First-order decay terms may 
be differentiated for the adsorbed and dissolved phases. 

The program uses the standard finite difference method, the particle-tracking-based Eulerian-
Lagrangian methods and the higher-order finite-volume total-variation-diminishing (TVD) method 
for the solution schemes. The finite difference solution has numerical dispersion for low-
dispersivity transport scenarios but conserves good mass balance. The particle-tracking method 
avoids numerical dispersion but was not accurate in conserving mass. The TVD solution is not 
subject to significant numerical distribution and adequately conserves mass, but is numerically 
intensive, particularly for long-term models such as developed for the AP. The finite difference 
solution was used for this simulation. 

Major assumptions of MT3DMS are: (i) changes in the concentration field do not affect the flow 
field; (ii) changes in the concentration of one solute do not affect the concentration of another 
solute; (iii) chemical and hydraulic properties are constant within a grid cell; and (iv) sorption is 
instantaneous and fully reversible, while decay is not reversible. 

The HELP model was developed by the United States Environmental Protection Agency (USEPA). 
HELP is a one-dimensional hydrologic model of water movement across, into, through, and out of 
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a landfill or soil column based on precipitation, evapotranspiration, runoff, and the geometry and 
hydrogeologic properties of a layered soil and waste profile. For this modeling, results of the 
HELP model, HELP Version 4.0 (Tolaymat and Krause, 2020), were used to estimate the hydraulic 
conditions from closure conditions. 

5.2 Flow and Transport Model Setup 

The modeled area was approximately 6,520 feet by 7,780 feet. The north, west, and south edges 
of the model are bounded by the forks of Sangchris Lake. The eastern edge of the model is 
selected to maintain sufficient distance from the AP to reduce boundary interference with model 
calculations, while not extending too far past the extent of available calibration data. The middle 
of the AP is an approximate topographic high and surface water divide in the model. The model 
grid and boundary conditions are displayed in Figure 5-1 through Figure 5-4. 

Evaluation of monitoring well data has not identified statistically significant seasonal trends in 
groundwater quality which could affect model applicability for prediction of boron transport. The 
MODFLOW model was calibrated to mean groundwater elevation collected from June 2015 to 
September 2021 presented in Table 5-1. MT3DMS was run on the calibrated flow model and 
model-simulated concentrations were calibrated to the median observed boron concentration 
values at the monitoring wells calculated from boron concentrations results from March to July 
2021 presented in Table 5-2. Multiple iterations of MODFLOW and MT3DMS calibration were 
performed to achieve an acceptable match to observed flow and transport data. The calibrated 
flow and transport models were used in predictive modeling to evaluate the CBR closure scenario 
by removing saturated ash cells and CIP closure scenario by removing ash cells from the 
northern part and capping ash cells in the southern part as demonstrated in the closure plan. The 
HELP model is used to estimate recharge values to simulate changes proposed in the closure 
scenarios. 

 Grid and Boundary Conditions 

A five-layer, 326 x 389 node grid was established with 20 foot grid spacing (Figure 5-1). 
Boundary conditions are illustrated in Figure 5-2 through Figure 5-4. The north, south and 
west edges of the model are bounded by Sangchris Lake. To simulate the lake, a constant head 
(Dirichlet) boundary was imposed on layer 3. For water in the AP, a constant head boundary was 
also used. Constant concentration boundary conditions were imposed in layer 1 and a small 
wedge in northwest of layer 2 upgradient of MW-28. The observed boron concentrations at well 
MW-28 are two times greater than observed concentrations in other monitoring wells and the 
porewater samples collected from within the AP (Table 5-2). These elevated concentrations in 
MW-28 suggests that materials with higher concentrations than bottom ash may have been 
deposited in that area in the past. The historical survey map of 1966 (Appendix A in Ramboll, 
2021) shows lower surface elevation extending into the AP footprint from the lake. This low area 
would have been filled during construction of the AP berm and have been interpreted to contain 
CCR material with higher boron concentrations than the rest of the AP to match observed 
elevated concentrations at MW-28.  

 Flow Model Input Values and Sensitivity 

Flow model input values and sensitivity analyses results are presented in Table 5-3 and 
described below. 
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The flow model calibration targets (i.e., mean groundwater elevations from June 2015 to 
September 2021 and target well locations) are summarized in Table 5-1. Groundwater 
elevations measured at wells MW1, MW-2, MW-9, and MW-10 were not included as flow model 
calibration targets because they were on the other side of the lake channels and were outside the 
immediate vicinity of the AP. 

Sensitivity analysis was conducted by changing input values and observing changes in the sum of 
squared residuals. Horizontal and vertical conductivities were varied between one-tenth- and ten-
times calibrated values. Recharge terms were varied between one-half and two times calibrated 
values. When the calibrated model was tested, the sum of squared residuals was 81.1. Sensitivity 
test results were categorized into negligible, low, moderate, moderately high, and high sensitivity 
based on the change in the sum of squared residuals as summarized in the notes in Table 5-3. 

5.2.2.1 Model Layers 

Model layer elevations were generated through spatial interpolation of boring log data in Surfer 
software, with the use of pilot points as needed to maintain consistency with the conceptual site 
model for each of the five distinct water-bearing units described in Section 2. The bottom 
elevation of the LCU in layer 5 was generated by kriging with pilot points. Its thickness in the 
model is 50 feet. The contacts between the overlying layers were approximated from 
hydrostratigraphic unit thicknesses presented in the HCR (Ramboll, 2021a), including the bottom 
of the fill (ash) layer. The approximate base of ash surface was developed from information 
presented in the HCR (Ramboll, 2021a). The resulting surfaces were imported as layers into the 
model to represent the distribution and change in thickness of each water-bearing unit across the 
model domain. 

5.2.2.2 Hydraulic Conductivity 

Hydraulic conductivity values and sensitivity results are summarized in Table 5-3. When 
available, these values were derived from field or laboratory measured values reported in the 
HCR (Ramboll, 2021a). No horizontal anisotropy was assumed. Vertical anisotropy (presented as 
Kh/Kv in Table 5-3) was applied to conductivity zones to simulate preferential flow in the 
horizontal direction in these materials. Permeability tests discussed in the HCR (Ramboll, 2021a) 
indicate vertical conductivity values that are generally lower than horizontal. 

The spatial distribution of the hydraulic conductivity zones (Figure 5-5 through Figure 5-9) in 
each layer simulates the distribution of hydrostratigraphic units as reported in the HCR (Ramboll, 
2021a). The limits of the fill unit hydraulic conductivity zone (zone 1) in the model reflect the 
limits of the ash fill as presented in the HCR (Ramboll, 2021a). The distribution of other hydraulic 
conductivity zones was determined through analysis of each of the five distinct water-bearing 
unit layer surfaces. The USCU and UA are both exhibiting presence of each other’s lenses which 
makes them relatively heterogenous, especially along the western and northern AP boundaries 
where historical survey map of 1966 (Appendix A in Ramboll, 2021) shows a lower topographic 
surface elevation extending into the AP footprint from the lake. Based on boring logs and 
measured hydraulic conductivities, zones of different hydraulic conductivity were defined to 
improve the flow calibration (Figure 5-5 and Figure 5-8). 

The model displayed moderately high sensitivity to changes in horizontal conductivity in zones 1 
(CCR), 2 (USCU) and 3 (UA), where the model was moderately sensitive to horizontal conductivity 
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in the remaining zones. The model was highly sensitive to changes in vertical conductivity in zones 
1 (CCR), 2 (USCU) and 3 (UA), while the model exhibited a low sensitivity in the remaining zones. 

5.2.2.3 Recharge 

Recharge rates were determined through calibration and spatial distribution of recharge zones 
were based on the location and type of material present at land surface (Figure 5-10). Four 
different zones were created to simulate recharge in the model area. The recharge occurring 
through the AP area was split into four different values. The recharge zone of 1.314 (inches per 
year [in/yr]) corresponds to approximate limits of ash based on the 1995 topographic map, 
which also matches with the current area of open water. The recharge zone 8.76 (in/yr) 
corresponds to the approximate extent of CCR present on a 1971 aerial image. The northern 
zone of 4.38 (in/yr) recharge zone approximates the extent of ash present on a 1983 aerial 
image and the same recharge rate was used in areas that have been disturbed along the western 
portion of the pond and south of the pond where the plant is present. The recharge zone of 0.22 
(in/yr) represents ambient recharge through the USCU at the land surface and portions of the 
berms around the AP. In the model, zones with the same recharge rates that are divided by the 
implementation boundary of CBR and CIP were given different zone numbers for the purpose of 
calibration runs and closure scenarios setup (i.e. zone 3, 5 and zone 4, 7 and 8) 

The model had a high sensitivity to changes in recharge in zones with high recharge rates (zones 
4, 7 and 8). The model varied from moderately high to negligible sensitivity to changes in 
recharge in the remaining zones. 

5.2.2.4 Storage and Specific Yield 

The current calibration model did not use these terms because it was run at steady state. For the 
transport model, which was run in transient, no field data defining these terms were available so 
published values were used consistent with Fetter (1988). Specific yield was set to equal effective 
porosity values described in Section 5.2.3.3. The spatial distribution of the storage and specific 
yield zones were consistent with those of the hydraulic conductivity zones. The sensitivity of 
these parameters was tested by evaluating their effect on the transport model as described in 
Section 5.2.3.4. 

5.2.2.5 Constant Head Boundary 

Constant head boundary conditions were used for the lake and water impoundment in the AP 
area (Figure 5-4). Based on digital elevation model (DEM), constant head for the lake is set to 
584.35 feet and 603.48 feet for the impoundment inside the AP domain. The flow calibration 
model had moderately high sensitivity to changes in constant head values. 

 Transport Model Input Values and Sensitivity 

MT3DMS input values are listed in Table 5-4 and described below. Sensitivity of the transport 
model is summarized in Table 5-5. 

The model was calibrated to groundwater boron concentration ranges at each well as measured 
from June 2015 to September 2021. The transport model calibration targets are summarized in 
Table 5-2. 

Sensitivity analysis was conducted by changing input values and observing percent change in 
boron concentration at each well from the calibrated model boron concentration. Effective 
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porosity was varied by decreasing and increasing calibrated model values by 0.05. Storage 
values were multiplied and divided by a factor of 10, and specific yield by a factor of 2.  

5.2.3.1 Initial Concentrations 

No initial concentrations were placed in the calibration model. The flow model was run as 
transient and concentration was added to the model through constant concentration cells starting 
at the same time as flow simulation. Modeling was performed for a sufficient period (27.5 years, 
Figure 4-1) to allow modeled concentrations to match currently observed concentrations of 
boron in groundwater. 

5.2.3.2 Source Concentrations 

Two concentration sources in the form of constant concentration boundary cells were simulated in 
fill unit layer 1 and one small wedge of fill in layer 2 upgradient of MW-28 for calibration as 
discussed in Section 5.2.1. The locations of the boundary cells are illustrated in Figures 5-2 
and 5-3 and input values are summarized in Table 5-4. Water that comes into contact with CCR 
in the northern and eastern portions of the AP (constant concentration zones 31, 401 and 402) 
were given a concentration of 3.1 mg/L. Water that comes into contact with CCR in the western 
and southern portion of the AP (constant concentration zones 351 and 352) was given a 
concentration of 3.5. The observed boron concentrations at well MW-28 are two times greater 
than observed concentrations in other monitoring wells and the porewater samples collected from 
within the AP (Table 5-2). These elevated concentrations in MW-28 suggest that materials with 
higher concentrations than bottom ash may have been deposited in that area in the past. The 
historical survey map of 1966 (Appendix A in Ramboll, 2021) shows a lower topographic surface 
elevation extending into the AP footprint from the lake. This low area would have been filled 
during construction of the AP berm and has been interpreted to contain fill/CCR material with 
higher boron concentrations than the rest of the AP to match observed elevated concentrations at 
MW-28. All sources were simulated by assigning constant concentration cells placed in layer 1 
and layer 2 to simulate saturated ash conditions. From the model perspective, this means that 
when the simulated water level is above the base of these cells, water that passes through the 
cell will take on the assigned concentration. All source concentrations were calibrated to the 
boron concentration data collected in from 2015 to 2021.  

Because these are the sources of concentration in the model, the model will be highly sensitive to 
changes in the input values. For that reason, sensitivity testing was not completed for the source 
values. 

5.2.3.3 Effective Porosity 

Effective porosity for each modeled hydrostratigraphic unit were calibrated in the model and 
derived from literature values, 0.21 for silt and clay, 0.25 for sand, silt and gravel and 0.1 for 
clay from Morris and Johnson (1967) and Heath (1983) and presented in Table 5-4.  

The model had a negligible to high sensitivity to changes in porosity values, not including 
monitoring location where the calibration concentration was 0.0 mg/L (i.e., MW-8S) (Table 5-5). 
The greatest sensitivity for porosity was high for the low porosity sensitivity test at monitoring 
locations MW-8, MW-20 and MW-20S. Computed concentrations is these locations are very small 
(1.2E-3 to 2.3E-3 mg/L) and are prone to numerical errors and therefore their high sensitivity 
can be considered over-predicted.  
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5.2.3.4 Storage and Specific Yield Sensitivity 

The model had negligible sensitivity to changes in storage and specific yield values (Table 5-5). 

5.2.3.5 Dispersivity 

Physical attenuation (dilution and dispersion) of contaminants is simulated in MT3DMS. 
Dispersion in porous media refers to the spreading of contaminants over a greater region than 
would be predicted solely from the average groundwater velocity vectors (Anderson, 1979; 
Anderson, 1984). Dispersion is caused by both mechanical dispersion, a result of deviations of 
actual velocity at a microscale from the average groundwater velocity, and molecular diffusion 
driven by concentration gradients. Molecular diffusion is generally secondary and negligible 
compared to the effects of mechanical dispersion and only becomes important when groundwater 
velocity is very low. The sum of mechanical dispersion and molecular diffusion is termed 
hydrodynamic dispersion, or simply dispersion (Zheng and Wang, 1998).  

Dispersivity values were applied to the entire model domain and determined during calibration. 
Longitudinal dispersivity was set at 5 feet. The transverse and vertical dispersivity were set at 
1/10 and 1/100 of longitudinal dispersivity. These input values were determined during model 
calibration. With an approximate travel distance of 50 feet for groundwater from the source to 
the receiving body of water, the model is not expected to be sensitive to dispersivity inputs and 
the sensitivity of the model to dispersivity was not tested. 

5.2.3.6 Retardation 

It was assumed that boron would not significantly sorb or chemically react with aquifer solids 
(distribution coefficient [Kd] was set to 0 mL/g) which is a conservative estimate for estimating 
contaminant transport times. Boron, sulfate, and TDS transport is likely to be affected by both 
chemical and physical attenuation mechanisms (i.e., adsorption and/or precipitation reactions as 
well as dilution and dispersion). Batch adsorption testing was conducted to generate site specific 
partition coefficient results for boron and sulfate (Golder, 2022, Appendix B) for locations MW-
12S and MW-28. Results of the testing are summarized below: 

• Boron: Calculated linear partition coefficient (KD) values for MW-12S and MW-28 were 0.05 
and 1.81 liters per kilogram (L/kg), respectively. Langmuir partition coefficient (KL) values 
were 1.4 x 106 and -1.5 x 104 L/kg, respectively. Freundlich partition coefficients (KF) values 
were 112 and 27.5 L/kg, respectively. For comparison, in Strenge and Peterson (1989) the 
partition coefficients for boron range from 0.19 to 1.3 L/kg, depending on pH conditions and 
the amount of sorbent (i.e., clay, organic matter, and iron and aluminum oxyhydroxide) 
present.  

• Sulfate: Calculated KD values for MW-12S and MW-28 were 0.23 and 15.5 L/kg, respectively. 
KL values were 454 and -750 L/kg, respectively. KF values were 1.87 and 0.13 L/kg, 
respectively. In Strenge and Peterson (1989), partition coefficients for sulfate are 0.0 L/kg, 
regardless of pH conditions and the amount of sorbent present. 

The results from site samples have a high degree of variation and little correlation with the 
literature values provided for comparison. The potential exceedances identified in groundwater 
(boron, sulfate, and TDS) are affected by natural attenuation processes in multiple ways and to 
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varying degrees. Further assessment of these processes and how they may be applied as a 
potential groundwater remedy will be completed as part of future remedy selection evaluations, 
as necessary. For the purposes of this GMR, and as mentioned at the beginning of this section, 
no retardation was applied to boron transport in the model (i.e., Kd was set to 0). 

5.3 Flow and Transport Model Assumptions and Limitations 

Simplifying assumptions were made while developing this model: 

• Leading up to 2022, the groundwater flow system can be simulated as steady state. 

• Natural recharge is constant over the long term. 

• No fluctuations are assumed for the lake stage. 

• Hydraulic conductivity is consistent within hydrostratigraphic zones 

• The approximate base of ash surface was developed from information presented in the HCR 
(Ramboll, 2021a).  

• Observed concentrations in groundwater exhibit no long-term trend. 

• Source concentrations are assumed to remain constant over time. 

• Boron is not adsorbed and does not decay, and mixing and dispersion are the only attenuation 
mechanisms. 

The model is limited by the data used for calibration, which adequately define the local 
groundwater flow system and the source and extent of the plume. Since data used for calibration 
are near the monitoring wells, model predictions of transport distant spatially and temporally 
from the calibrated conditions at the CCR units will not be as reliable as predictions closer to the 
CCR units and concentrations observed in 2021. 

5.4 Calibration Flow and Transport Model Results 

Results of the MODFLOW/MT3DMS modeling are presented below. Electronic copies of the model 
files are attached to this report in Appendix A. 

Flow model calibration results are presented in Figure 5-11 through Figure 5-18. The mass 
balance error for the flow model was -0.02 percent and the ratio of the residual standard 
deviation to the range was 8.0 percent; these values are within the targets for these criteria of 
1 percent and 10 percent, respectively. Another flow model calibration goal is that residuals are 
evenly distributed such that there is no bias affecting modeled flow. The observed heads are 
plotted versus the simulated heads in Figure 5-16. The near-linear relationship between 
observed and simulated values indicates that the model adequately represents the calibration 
dataset. The residual mean was -0.08 feet and absolute residual mean was 1.31 feet; in general 
the simulated residuals were evenly distributed above and below the observed values as 
presented in Figure 5-17.  

The range of observed boron concentrations in 2021 for transport calibration locations are 
summarized in Table 5-2. The goals of the transport model calibration were to have predicted 
concentrations fall within the range of observed concentrations, and/or have predicted 
concentrations above and below the GWPS for boron (2 mg/L) match observed concentrations 
above or below the standard at each well. One or both of these goals were achieved at all but 8 
of the transport calibration location wells, including MW-5, MW-7, MW-12S, MW-23, MW-24, 
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MW-27, MW-29, and MW-31S (Figure 5-18). Deviations from the observed ranges are discussed 
below.  

• Simulated concentration at UA well MW-23 (0.72 mg/L) was slightly less than the observed 
minimum of 0.93. The median observed boron concentration at MW-23 is equal to the GWPS 
of 2.0 mg/L, so the simulated concentration below 2.0 mg/L was not far off the calibration 
goals. This is the only calibration location to not meet both goals where simulated 
concentration was lower than observed. 

• Co-located wells are challenging to simulate accurately unless very detailed vertical 
discretization is being implemented in the model, which will cost performance and run time 
issues. Well MW-12S in the USCU did not meet the calibration goals because the simulated 
concentration (2.65 mg/L) is slightly above the observed maximum concentration of 2.63 
mg/L and is also above the median observed concentration of 1.51 mg/L. The elevated 
concentrations in this well are acceptable because accurate calibration to UA well MW-12 
(one of the UA wells with the highest observed boron concentrations) was a greater priority 
for calibration than wells MW-12S and MW-12D, which are nested in lower permeability 
materials at the same location. The model simulates MW-12 very accurately, which results in 
over simulation of concentrations at MW-12S and MW-12D. Over simulation of concentrations 
in these wells is also more conservative given the objectives of the modeling to estimate time 
to reach the GWPS (i.e., there is more boron mass to be removed in the modeled system 
leading to longer predicted timelines to reach the GWPS). 

• Similarly, the model simulates higher concentrations of boron (2.12 mg/L) at UA well MW-7 
because the model was calibrated to simulate elevated boron concentrations observed in 
USCU well MW-7S at the same location. To be conservative, the model was calibrated to 
meet the goals at the nested well with higher observed concentrations. 

• Wells MW-5 and MW-31S have simulated concentrations that are greater than observed and 
greater than the GWPS of 2.0 mg/L along the northern berm of the AP. These wells are in 
close proximity to the modeled source areas. Other wells along this berm met the calibration 
goals; over simulation in these wells makes the model more conservative.   

• Similarly, wells MW-24, MW-27, and MW-29 have simulated concentrations that are greater 
than observed and greater than the GWPS of 2.0 mg/L along the eastern and southern berm. 
These wells are in close proximity to the source areas and other wells located on either side 
of these locations met the calibration goals. Over simulation of boron concentration in these 
wells makes the model more conservative. 

The remaining calibration locations had predicted concentrations that fall within the range of 
observed concentrations and/or have predicted concentrations above and below the GWPS for 
boron (2.0 mg/L) that match observed concentrations above or below the standard at each well. 
MW-28, located downgradient of the CCR unit, where the highest concentrations downgradient of 
the CCR unit were observed, was also calibrated near the median concentration of the observed 
values from June 2015 to September 2021. Similarly, MW-12 was calibrated near the median 
concentration of observed values. The calibration result for wells MW-28 and MW-12 indicate the 
transport calibration model was able to simulate the highest observed concentrations 
downgradient of the AP in the UA.  

The simulated extents of boron concentrations greater than the GWPS (2.0 mg/L) are presented 
by layer in Figures 5-19 to 5-22. Boron exceedances are in close proximity to the limits of the 
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Ash Pond with the exception of areas to the west, where the plume is simulated as present 
beneath Sangchris Lake.  
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6. SIMULATION OF CLOSURE SCENARIOS 

6.1 Overview and Prediction Model Development 

Prediction simulations were performed to evaluate the effects of source control measures (CIP 
and CBR) for the AP on groundwater quality, which include removal of free liquids from the AP 
prior to construction (Figure 4-1). As discussed in Sections 5.2.3.5, physical attenuation 
(dilution and dispersion) of contaminants in groundwater is simulated in MT3DMS, which captures 
the physical process of natural attenuation as part of corrective actions for both of the closure 
scenarios simulated. No retardation was applied to boron transport in the model (i.e., Kd was set 
to 0) as discussed in Section 5.2.3.6. The following methods were used to develop the 
prediction models and simulate the CIP and CBR closure scenarios: 

• Define ash fill material removal and consolidation areas based on designs provided in the CCR 
Surface Impoundment Final Closure Plan (Burns & McDonnell, 2022). 

• A 1-year dewatering period to remove free liquids was simulated in MODFLOW 2005 and 
MT3DMS where heads were reduced within the CCR unit using constant heads and 
concentrations were removed from CCR removal areas. 

• In the two closure scenarios, HELP-calculated average annual percolation rates were 
developed from a 30-year HELP model run. This 30-year HELP-calculated percolation rate 
remained constant over duration of the closure scenario prediction model runs following CBR. 

• Changes in recharge resulting from dewatering (assumed decrease calibration model recharge 
rates by 90 percent) and ash fill removal/ ash consolidation areas (recharge rates are based 
on HELP-calculated average annual percolation rates) have an instantaneous effect on 
recharge and percolation through surface materials. 

• Boron source concentrations were assumed to remain constant as a function of time following 
the end of the calibration simulation in the ash consolidation area. Boron concentration in the 
ash fill removal areas was assumed to be 0 mg/L following construction to simulate removal of 
ash. 

• The start of each closure prediction simulation was initiated at the end of the calibration model 
period of 27.5 years plus 1 year to complete dewatering and closure. The prediction modeling 
timeline for each scenario is illustrated in Figure 4-1. 

• Ash fill removal areas were assumed to be graded following placement of soil backfill based on 
the design drawings provided in the CCR Surface Impoundment Final Closure Plan (Burns & 
McDonnell, 2022). 

• Apply drain cells (drain input parameters approximated designs provided in CCR Surface 
Impoundment Final Closure Plan) to simulate storm water management within CCR removal 
areas following closure.  

• All saturated ash (constant concentration cells) in the transport calibration model were 
removed instantaneously in all prediction models following ash fill removal/final soil backfill 
grading. Local fill materials assumed to be sourced from surrounding USCU materials (clay) 
replaced ash fill in areas of removal. 

• Local fill materials applied to the prediction models have similar hydraulic properties as the 
USCU materials used in the transport calibration models.  
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6.2 HELP Model Setup and Results 

HELP (Version 4.0; Tolaymat and Krause, 2020) was used to estimate percolation through the AP 
areas for two ash fill removal scenarios. HELP input and output files are included electronically 
and attached to this report. 

HELP input data and results are provided in Table 5-6. All scenarios were modeled for a period 
of 30 years. Climatic inputs were synthetically generated using default equations developed for 
Springfield, Illinois (the closest weather station included in the HELP database). Precipitation, 
temperature, and solar radiation was simulated based on the latitude of the Ash Pond. Thickness 
of soil backfill and soil runoff input parameters were developed for the ash fill removal scenarios 
using data provided the CCR Surface Impoundment Final Closure Plan (Burns & McDonnell, 
2022). 

HELP model results (Table 5-6) indicated 5.83 inches of percolation per year for the Ash Pond 
closure by removal and backfill area, 5.82 inches of percolation per year for the Ash Pond closure 
in place removal and backfill area, and 0.0041 inches of percolation per year for the Ash Pond 
closure in place consolidation and cover system area. The differences in HELP model runs for 
each area included the following parameters: area, soil backfill thickness, and soil runoff slope 
length; all other HELP model input parameters were the same for each simulated area. 

Two additional HELP model simulations were completed to support the Proposed Alternative Final 
Protective Layer Equivalency Demonstration, (Geosyntec, 2022) which is an appendix to the 
Construction Permit Application to which this report is also attached. Results of these two HELP 
simulations were not incorporated in the MODFLOW simulations for closure. Simulation inputs 
and output results are presented in Appendix C.   

6.3 Simulation of Closure Scenarios 

The calibrated model was used to evaluate the effectiveness of the two closure scenarios by 
decreasing recharge to simulate dewatering of the ash fill prior to removal, applying drains to 
simulate stormwater management, and changing recharge rates to simulate ash fill removal 
areas at the AP. Removal of leachate inputs from the ash removal areas (source control) was 
simulated by deactivation constant concentration cell.  

Each prediction scenario was started after the 1-year dewatering simulation to remove free 
liquids from the AP (27.5 years calibration plus 1 year of dewatering). The prediction model input 
values are summarized in Table 6-2 and changes to the recharge zones for ash removal and 
consolidation areas and placement of drain for stormwater management for each closure scenario 
are illustrated in Figures 6-1 and 6-2. The two closure scenarios are discussed in this report 
based on predicted changes in boron concentrations as described below. 

 Closure Scenario 1 (CIP) Predicted Boron Concentrations 

The design for Scenario 1: CIP includes CCR removal from the north and west areas of the AP, 
consolidation to the central and southeast portions of the AP, and construction of a cover system 
over the remaining CCR.  

Predicted concentrations start to decline within approximately 2 years (Figure 6-3). These 
declines occur as recharge is reduced from dewatering. As a result of dewatering, downward 
percolation of solute mass from the AP is reduced, which decreases the boron concentration 
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entering the model domain. The southern part of the AP was capped with a cover system which 
further reduces recharge and decreases the amount of boron mass entering the model domain. 
At all downgradient wells in the UA and USCU, concentrations in Scenario 1: CIP were predicted 
to decrease rapidly following initial dewatering and completion of closure construction 
(Figure 6-3).  

At well MW-23, the model indicates concentrations will continue to increase for a brief period of 
time following closure construction before concentrations decrease. MW-28 shows the highest 
concentration and it falls below the GWPS for boron approximately 17 years after closure 
construction, at which time concentrations in all wells are predicted to be below the GWPS. Boron 
is predicted to decrease below the GWPS in all wells approximately 17 years after implementation 
of CIP.  

Residual boron concentrations at approximately 17 years are presented in Figures 6-4 through 
6-7. Note that boron is not present in layer 5 of the calibrated or prediction models so there are 
no figures of boron concentrations in model layer 5. By year 17, the residual boron plume has 
significantly receded when compared to the calibrated model plume (Figures 5-19 to 5-22).  

Evaluations of post-construction water flux through the consolidated and covered Fill Unit (CCR) 
were completed using data obtained from the Scenario 1 (CIP) prediction model when simulated 
post-construction heads in the groundwater monitoring wells are predicted to stabilize (once 
heads stabilized in the model, the post-construction movement of water in and out of the Fill Unit 
[CCR] were compared to pre-construction conditions). The pre-construction (calibration model) 
and post-construction Scenario 1 (CIP) prediction model simulated water flux values are 
summarized in Appendix D and discussed below. Data export files used for flux evaluations are 
found along with model files in Appendix A. 

Scenario 1 (CIP) was predicted to reduce both total flux in and out of the Fill Unit (CCR) by 
greater than 99% when simulated post-construction heads in the groundwater monitoring wells 
are predicted to stabilize (approximate hydraulic steady state) as illustrated in Figure 6-8. 
Figure 6-9 is a plot showing the changes in flux reduction (shown as negative percentage) over 
time, starting from implementation of Scenario 1 (CIP) through approximate hydraulic steady 
state conditions. Following implementation of Scenario 1 (CIP), influx to the CCR unit decreases 
rapidly as illustrated in Figure 6-9. Concurrently, outflux from the CCR unit decreases rapidly 
and after approximately 21.5 years decreases by over 99%. The reduction of outflux of at least 
99% is maintained as heads approach hydraulic stabilization (Figure 6-9). 

Further, the base of consolidated CCR was compared to the simulated steady-state groundwater 
elevations and results indicate up to 10 feet of separation will be present between the base of 
CCR and groundwater (Figure 6-10). 

 Closure Scenario 2 (CBR) Predicted Boron Concentrations 

The design for Scenario 2: CBR includes removal of all CCR. Predicted concentrations start to 
decline rapidly following closure (Figure 6-11). These declines occur as recharge is reduced from 
dewatering and constant concentration cells are removed to simulate removal of CCR. The 
decrease of concentration in the CBR scenario is slightly faster than the CIP scenario because in 
the CBR scenario all the fill material is being removed from the site. However, the decline in 
concentration in wells located north of the AP is almost identical with the CIP scenario, where ash 
is removed for consolidation. Following CBR, boron concentrations are no longer entering the 
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model domain from recharge or from saturated ash cells (constant concentration cells). A very 
similar pattern of concentration decrease is observed in MW-23, where concentration starts to 
increase initially but then declines. The simulated increase of concentration at MW-23 is slightly 
less in the CBR scenario due to the absence of the consolidation and cover system which has 
lower recharge rates in the CIP scenario. MW-28 with the highest concentration falls below the 
GWPS for boron approximately 16.5 years after closure. Boron is also predicted to decrease 
below the GWPS in all wells approximately 16.5 years after implementation of CBR. 

Residual boron concentrations after approximately 16.5 years are presented in Figures 6-12 
through 6-15. Note that boron is not present in layer 5 of the calibrated or prediction models, 
so there are no figures of boron concentrations in model layer 5. By year 16.5 the residual boron 
plume has significantly receded when compared to the calibrated model plume (Figures 5-19 to 
5-22). When compared to CIP (Figures 6-4 to 6-7) the residual boron plumes show similar 
distribution of boron greater than 2 mg/L. Differences are present in layers 2, 3, and 4 of the CIP 
scenario, where boron is present within the footprint of the AP near the area of CCR consolidation 
due to the lower infiltration rates beneath the cover system. In both scenarios residual boron 
exceedances remain in close proximity to the ash pond and/or calibrated extent of exceedances 
as the plumes recede. 

From a modeling perspective, the difference between the predicted time to reach the GWPS for 
boron (2 mg/L) in Scenario 1 (17 years) versus Scenario 2 (16.5 years) is negligible. In other 
words, both scenarios are predicted to reach the GWPS after approximately 17 years.  
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7. CONCLUSIONS 

This GMR has been prepared to evaluate how proposed closure scenarios will achieve compliance 
with the applicable groundwater standards at the KPP. Data collected from the 2021 field 
investigation were used to develop a groundwater model for the AP. Statistically significant 
correlations between boron concentrations and concentrations of other parameters identified as 
potential exceedances of the GWPS indicate boron is an acceptable surrogate for sulfate and TDS 
in the groundwater model. It was assumed that boron would not significantly sorb or chemically 
react with aquifer solids (soil adsorption coefficient [Kd] was set to 0 milliliters per gram [mL/g]) 
which is a conservative estimate for predicting contaminant transport times. Boron, sulfate, and 
TDS transport is likely to be affected by both chemical and physical attenuation mechanisms 
(i.e., adsorption and/or precipitation reactions as well as dilution and dispersion). MODFLOW and 
MT3DMS models were then used to evaluate two closure scenarios: 

• Scenario 1: CIP (CCR removal from the north and west areas of the AP, consolidation to the 
central and southeast portions of the AP, and construction of a cover system over the 
remaining CCR); and, 

• Scenario 2: CBR (CCR removal from the AP) 

Scenario 1 (CIP) was predicted to reduce both total flux in and out of the Fill Unit (CCR) by 
greater than 99% when simulated post-construction heads in the groundwater monitoring wells 
are predicted to stabilize. 

Prior to the simulation of these scenarios, a dewatering simulation was included for the removal 
of free liquids from the AP prior to the implementation of the two scenarios. Predictive 
simulations of closure conservatively indicate groundwater in the UA will achieve the GWPS in 
site monitoring wells for Scenarios 1 and 2 in 17 and 16.5 years after implementation of the 
closure scenarios, respectively. From a modeling perspective, the difference between the 
predicted time to reach the GWPS for boron (2 mg/L) in Scenario 1 (17 years) versus Scenario 2 
(16.5 years) is negligible. In other words, both scenarios are predicted to reach the GWPS after 
approximately 17 years, the simulated difference between these two scenarios is not significant. 

Results of groundwater fate and transport modeling estimate that groundwater will attain the 
GWPS for all constituents identified as potential exceedances of the GWPS within 17 years of 
closure implementation for both Scenarios. In both scenarios residual boron exceedances from 
the calibrated model remain in close proximity to the ash pond and/or calibrated extent of 
exceedances as the plumes recede. 
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TABLE 2-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS

GROUNDWATER MODELING REPORT

KINCAID POWER PLANT

ASH POND
KINCAID, ILLINOIS

Well 

Number HSU

Date 

Constructed

Top of PVC 

Elevation 

(ft)

Measuring 

Point 

Elevation 

(ft)

Measuring 

Point 

Description

Ground 

Elevation 

(ft)

Screen 

Top 

Depth 

(ft BGS)

Screen 

Bottom 

Depth 

(ft BGS)

Screen Top 

Elevation 

(ft)

Screen 

Bottom 

Elevation 

(ft)

Well 

Depth 

(ft BGS)

Bottom of 

Boring 

Elevation 

(ft)

Screen 

Length 

(ft)

Screen 

Diameter 

(inches)

Latitude 

(Decimal 

Degrees)

Longitude 

(Decimal 

Degrees)

MW-1 UA 04/20/2010 604.71 604.71 Top of PVC 602.60 15.00 25.00 587.60 577.60 25.00 568.10 10 2 39.592051 -89.490283

MW-2 UA 04/21/2010 601.10 601.10 Top of PVC 598.88 10.00 20.00 588.90 578.90 20.00 541.40 10 2 39.590698 -89.488916

MW-3 UA 04/15/2010 601.46 601.46 Top of PVC 599.24 14.00 24.00 585.20 575.20 24.00 552.70 10 2 39.594458 -89.487173

MW-4 UA 04/14/2010 600.88 600.88 Top of PVC 598.46 12.00 22.00 586.50 576.50 22.00 560.50 10 2 39.600751 -89.487354

MW-5 UA 04/22/2010 619.44 619.44 Top of PVC 617.77 30.00 40.00 587.80 577.80 40.00 541.80 10 2 39.601296 -89.490402

MW-6 UA 04/16/2010 600.46 600.46 Top of PVC 598.44 10.00 20.00 588.40 578.40 20.00 572.90 10 2 39.598638 -89.498944

MW-7 UA 04/16/2010 597.75 597.75 Top of PVC 596.00 10.00 20.00 586.00 576.00 20.00 569.50 10 2 39.597637 -89.498959

MW-7S USCU 02/02/2021 597.64 597.64 Top of PVC 595.59 6.00 11.00 589.59 584.59 11.00 580.59 5 2 39.59766 -89.498978

MW-8 UA 04/13/2010 603.14 603.14 Top of PVC 601.14 12.00 22.00 589.10 579.10 22.00 563.10 10 2 39.594399 -89.496829

MW-8S USCU 02/02/2021 603.30 603.30 Top of PVC 600.57 4.00 7.00 596.57 593.57 7.00 580.57 3 2 39.594381 -89.496822

MW-9 UA 04/19/2010 599.39 599.39 Top of PVC 597.63 10.00 20.00 587.60 577.60 20.00 573.10 10 2 39.595204 -89.500968

MW-10 UA 04/19/2010 600.11 600.11 Top of PVC 598.22 10.00 20.00 588.20 578.20 20.00 575.20 10 2 39.590652 -89.503745

MW-11 UA 06/17/2015 601.81 601.81 Top of PVC 599.27 11.00 21.00 588.30 578.30 21.00 578.30 10 2 39.593104 -89.491115

MW-11S USCU 01/26/2021 601.76 601.76 Top of PVC 599.43 4.00 8.00 595.43 591.43 8.00 591.43 4 2 39.593122 -89.491102

MW-12 UA 07/23/2015 591.40 591.40 Top of PVC 589.04 15.00 25.00 573.90 563.90 25.00 563.90 10 2 39.600208 -89.496381

MW-12S USCU 01/27/2021 591.10 591.10 Top of PVC 588.62 5.00 9.00 583.62 579.62 9.00 579.12 4 2 39.600208 -89.496412

MW-12D BCU 01/26/2021 590.96 590.96 Top of PVC 589.08 50.00 55.00 539.08 534.08 55.00 489.08 5 2 39.600194 -89.496418

MW-20 UA 01/26/2021 600.77 600.77 Top of PVC 598.52 14.00 24.00 584.52 574.52 24.00 547.52 10 2 39.598653 -89.48728

MW-20S USCU 01/26/2021 600.64 600.64 Top of PVC 598.43 4.00 10.00 594.43 588.43 10.00 588.43 6 2 39.598665 -89.487279

MW-22 UA 02/03/2021 601.77 601.77 Top of PVC 599.51 15.00 19.00 584.51 580.51 19.00 579.51 4 2 39.593235 -89.487638

MW-23 UA 02/02/2021 610.32 610.32 Top of PVC 608.05 23.00 28.00 585.05 580.05 28.00 558.05 5 2 39.593293 -89.489352

MW-24 UA 02/02/2021 615.48 615.48 Top of PVC 613.01 27.00 32.00 586.01 581.01 32.00 581.01 5 2 39.593271 -89.493267

MW-25 USCU 02/02/2021 607.20 607.20 Top of PVC 604.60 9.00 14.00 595.60 590.60 14.00 579.60 5 2 39.594397 -89.495062
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TABLE 2-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS

GROUNDWATER MODELING REPORT

KINCAID POWER PLANT

ASH POND
KINCAID, ILLINOIS

Well 

Number HSU

Date 

Constructed

Top of PVC 

Elevation 

(ft)

Measuring 

Point 

Elevation 

(ft)

Measuring 

Point 

Description

Ground 

Elevation 

(ft)

Screen 

Top 

Depth 

(ft BGS)

Screen 

Bottom 

Depth 

(ft BGS)

Screen Top 

Elevation 

(ft)

Screen 

Bottom 

Elevation 

(ft)

Well 

Depth 

(ft BGS)

Bottom of 

Boring 

Elevation 

(ft)

Screen 

Length 

(ft)

Screen 

Diameter 

(inches)

Latitude 

(Decimal 

Degrees)

Longitude 

(Decimal 

Degrees)

MW-26 UA 02/02/2021 596.16 596.16 Top of PVC 593.33 7.00 12.00 586.33 581.33 12.00 573.33 5 2 39.595584 -89.497582

MW-27 USCU 02/02/2021 600.05 600.05 Top of PVC 597.35 10.00 15.00 587.35 582.35 15.00 577.35 5 2 39.596694 -89.497927

MW-28 UA 02/02/2021 601.40 601.40 Top of PVC 598.33 12.00 22.00 586.33 576.33 22.00 573.33 10 2 39.599258 -89.497962

MW-29 UA 02/01/2021 599.94 599.94 Top of PVC 596.86 14.00 19.00 582.86 577.86 19.00 576.86 5 2 39.599691 -89.497249

MW-30 UA 02/03/2021 618.47 618.47 Top of PVC 616.00 35.00 40.00 581.00 576.00 40.00 571.00 5 2 39.601262 -89.493996

MW-31 UA 02/03/2021 617.34 617.34 Top of PVC 615.02 35.00 40.00 580.02 575.02 40.00 565.02 5 2 39.601301 -89.491702

MW-31S USCU 02/03/2021 617.54 617.54 Top of PVC 615.13 25.00 30.00 590.13 585.13 30.00 585.13 5 2 39.601303 -89.491681

MW-32 UA 02/03/2021 619.49 619.49 Top of PVC 617.20 32.00 37.00 585.20 580.20 37.00 577.20 5 2 39.601279 -89.488643

PZ-4C UA 03/30/2016 600.57 600.57 Top of PVC 597.89 15.50 20.50 582.39 577.39 20.50 577.39 5 2 39.596398 -89.487207

XPW01 CCR 02/01/2021 627.84 627.84 Top of PVC 625.48 22.00 32.00 603.48 593.48 32.00 593.48 10 2 39.594417 -89.493104

XPW02 CCR 01/26/2021 620.19 620.19 Top of PVC 617.91 13.00 23.00 604.91 594.91 23.00 595.91 10 2 39.597918 -89.49687

XPW03 CCR 01/26/2021 616.08 616.08 Top of PVC 616.08 10.00 20.00 606.08 596.08 20.00 596.08 10 2 39.599588 -89.495765

XPW04 CCR 01/26/2021 606.53 606.53 Top of PVC 604.57 13.00 23.00 591.57 581.57 23.00 580.57 10 2 39.600737 -89.492276

XSG-01 CCR -- -- 608.43 Staff gauge -- -- -- -- -- -- -- -- -- 39.593401 -89.48768

SG-02 SW -- -- 564.80 Staff gauge -- -- -- -- -- -- -- -- -- 39.593106 -89.498155

Notes:
All elevation data are presented relative to the North American Vertical Datum 1988 (NAVD88), GEOID 12A

-- = data not available

BCU = bedrock confining unit

BGS = below ground surface
CCR = Coal Combustion Residual

ft = foot or feet

HSU = Hydrostratigraphic Unit

PVC = polyvinyl chloride
SW = surface water

UA = uppermost aquifer

USCU = upper semi-confining unit

generated 10/05/2021, 4:22:06 PM CDT



TABLE 5-1. FLOW MODEL CALIBRATION TARGETS
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Well 
Name Easting Northing HSU

Number 
of 

Samples

median 
GWL1 

(feet)

mean 
GWL1 

(feet)

std dev 
GWL1 

(feet)

min 
GWL1 

(feet)

max 
GWL1 

(feet)

Earliest 
Sample Date

Latest
Sample Date

MW-1 2487193 1065989 UA 33 589.6 589.0 2.7 587.6 604.7 06/16/2015 09/01/2021
MW-2 2487582 1065499 UA 33 594.6 594.9 1.5 592.4 601.1 06/16/2015 09/01/2021
MW-4 2487995 1069164 UA 30 593.4 593.4 1.1 590.8 597.1 12/14/2015 09/01/2021
MW-5 2487135 1069356 UA 32 593.8 594.1 4.6 590.6 619.4 06/16/2015 09/01/2021
MW-6 2484735 1068370 UA 33 592.2 592.0 2.3 588.2 600.5 06/16/2015 09/01/2021
MW-7 2484734 1068005 UA 35 589.2 589.5 3.1 586.6 597.8 06/17/2015 09/01/2021
MW-7S 2484728.09 1068011.16 USCU 11 587.3 587.2 0.2 587.1 587.9 02/23/2021 08/11/2021
MW-8 2485342 1066831 UA 34 594.7 595.5 2.0 593.2 603.1 06/17/2015 09/01/2021
MW-8S 2485344.57 1066821.52 USCU 8 594.9 595.0 1.0 593.9 597.5 02/23/2021 06/10/2021
MW-9 2484174 1067115 UA 27 590.2 590.7 3.7 583.2 596.8 12/14/2015 09/01/2021
MW-10 2483403 1065451 UA 27 588.2 588.7 2.0 585.0 592.3 12/14/2015 09/01/2021
MW-11 2486956 1066371 UA 30 590.2 590.2 0.3 589.9 591.7 12/14/2015 09/01/2021
MW-12 2485452.88 1068944.67 UA 30 585.1 584.1 0.6 583.2 586.6 12/14/2015 09/01/2021
MW-12S 2485444.27 1068944.79 USCU 11 585.4 584.8 0.6 584.8 587.2 02/23/2021 08/11/2021
MW-12D 2485442.58 1068939.69 LCU 11 586.2 584.6 0.9 584.6 587.2 02/23/2021 08/11/2021
MW-20 2488021.74 1068397.57 UA 11 595.1 594.8 1.2 594.2 598.9 02/23/2021 08/10/2021
MW-20S 2488021.76 1068402.07 USCU 11 595.0 594.8 1.2 594.2 599.1 02/23/2021 08/10/2021
MW-22 2487935.62 1066423.38 UA 11 595.7 596.1 0.7 594.9 597.5 02/23/2021 08/10/2021
MW-23 2487452.37 1066440.78 UA 11 594.0 594.2 0.6 593.5 595.9 02/23/2021 08/10/2021
MW-24 2486349.15 1066424.59 UA 10 593.4 592.2 1.1 590.5 594.4 02/23/2021 07/22/2021
MW-25 2485840.34 1066830.95 USCU 11 601.2 601.4 5.0 584.0 602.1 02/23/2021 08/11/2021
MW-26 2485127.12 1067258.09 UA 11 589.0 588.9 2.2 585.0 592.5 02/23/2021 08/10/2021
MW-27 2485026.71 1067661.72 USCU 11 586.1 586.1 3.2 583.4 594.4 02/23/2021 08/11/2021
MW-28 2485010.02 1068595.29 UA 11 595.4 595.4 1.0 593.5 597.6 02/23/2021 08/11/2021

Flow Targets
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TABLE 5-1. FLOW MODEL CALIBRATION TARGETS
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Well 
Name Easting Northing HSU

Number 
of 

Samples

median 
GWL1 

(feet)

mean 
GWL1 

(feet)

std dev 
GWL1 

(feet)

min 
GWL1 

(feet)

max 
GWL1 

(feet)

Earliest 
Sample Date

Latest
Sample Date

Flow Targets

MW-29 2485209.8 1068754.64 UA 11 595.7 595.7 0.6 594.9 597.1 02/23/2021 08/11/2021
MW-30 2486122 1069336 UA 11 594.0 594.0 0.6 593.4 595.7 02/23/2021 08/10/2021
MW-31 2486768.38 1069352.71 UA 11 587.9 587.7 2.0 586.7 594.2 02/23/2021 08/10/2021
MW-31S 2486774.19 1069353.41 USCU 11 590.9 591.2 1.5 588.3 592.8 02/23/2021 08/10/2021
MW-32 2487630 1069354 UA 11 596.9 596.9 0.7 596.1 598.7 02/23/2021 08/10/2021
XPW01 2486392.09 1066842.23 CCR 11 603.4 603.5 0.1 603.1 603.5 02/23/2021 08/11/2021
XPW02 2485321.31 1068109.66 CCR 11 603.8 603.8 0.1 603.5 603.9 02/23/2021 08/11/2021
XPW03 2485628.19 1068720.21 CCR 11 601.0 601.0 0.2 600.8 601.6 02/23/2021 08/11/2021
XPW04 2486608.19 1069145.99 CCR 11 603.2 603.4 0.2 602.8 603.4 02/23/2021 08/10/2021

[O: PR 05/05/22; C: EGP 5/6/22]
Notes:

1 Groundwater Elevation HSU: Hydrostratigraphic Unit
std dev = standard deviation from the mean CCR = coal combustion residual
min = minimum USCU = upper semi-confining unit
max = maximum UA = uppermost aquifer

LCU = lower confining unit
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TABLE 5-2. TRANSPORT MODEL CALIBRATION TARGETS
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Well 
Name Easting Northing HSU

Number 
of 

Samples

median 
Boron 

(mg/L)

mean 
Boron 

(mg/L)

std dev 
Boron 

(mg/L)

min 
Boron 

(mg/L)

max 
Boron 

(mg/L)

Earliest 
Sample 

Date

Latest 
Sample 

Date
MW-3 2488063 1066873 UA 20 1.62 1.68 0.28 1.02 2.40 06/03/2015 08/10/2021
MW-4 2487995 1069164 UA 17 0.57 0.57 0.12 0.34 0.84 06/03/2015 06/09/2021
MW-5 2487135 1069356 UA 24 0.55 0.55 0.04 0.47 0.66 06/04/2015 09/01/2021
MW-6 2484735 1068370 UA 24 1.06 1.11 0.33 0.63 1.91 06/04/2015 09/01/2021
MW-7 2484734 1068005 UA 24 0.26 0.28 0.14 0.10 0.65 06/04/2015 09/01/2021
MW-7S 2484728.09 1068011.16 USCU 8 4.03 4.33 0.75 3.56 5.51 02/24/2021 08/11/2021
MW-8 2485342 1066831 UA 24 1.01 1.03 0.13 0.86 1.51 06/04/2015 09/01/2021
MW-8S 2485344.57 1066821.52 USCU 4 1.04 0.98 0.14 0.74 1.10 02/24/2021 05/21/2021
MW-9 2484174 1067115 UA 13 0.10 0.10 0.03 0.06 0.18 06/04/2015 06/10/2021
MW-11 2486956 1066371 UA 23 1.65 1.65 0.21 1.34 2.28 12/15/2015 09/01/2021
MW-12 2485452.88 1068944.67 UA 23 2.78 2.87 0.65 1.95 4.42 12/15/2015 09/01/2021
MW-12S 2485444.27 1068944.79 USCU 8 1.51 1.60 0.52 0.86 2.63 02/25/2021 08/11/2021
MW-12D 2485442.58 1068939.69 LCU 8 0.84 0.86 0.10 0.71 1.08 02/25/2021 08/11/2021
MW-20 2488021.74 1068397.57 UA 8 0.45 0.46 0.06 0.34 0.56 02/26/2021 08/10/2021
MW-20S 2488021.76 1068402.07 USCU 8 1.29 1.24 0.50 0.06 1.89 02/26/2021 08/10/2021
MW-22 2487935.62 1066423.38 UA 4 1.46 1.48 0.04 1.44 1.55 02/26/2021 05/18/2021
MW-23 2487452.37 1066440.78 UA 8 2.00 1.96 0.45 0.93 2.67 02/26/2021 08/10/2021
MW-24 2486349.15 1066424.59 UA -- -- -- -- -- -- -- --
MW-25 2485840.34 1066830.95 USCU 5 1.08 1.09 0.04 1.04 1.14 02/25/2021 08/11/2021
MW-26 2485127.12 1067258.09 UA 4 1.10 1.15 0.10 1.07 1.32 02/25/2021 05/21/2021
MW-27 2485026.71 1067661.72 USCU 8 1.23 1.19 0.24 0.77 1.50 02/24/2021 08/11/2021
MW-28 2485010.02 1068595.29 UA 8 9.49 9.64 0.80 8.35 10.90 02/24/2021 08/11/2021
MW-29 2485209.8 1068754.64 UA 8 1.66 1.72 0.14 1.57 2.01 02/25/2021 08/11/2021
MW-30 2486122 1069336 UA 8 1.19 1.22 0.16 1.06 1.60 02/25/2021 08/10/2021
MW-31 2486768.38 1069352.71 UA 8 0.29 0.29 0.04 0.22 0.37 02/24/2021 08/10/2021

Transport Targets
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TABLE 5-2. TRANSPORT MODEL CALIBRATION TARGETS
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Well 
Name Easting Northing HSU

Number 
of 

Samples

median 
Boron 

(mg/L)

mean 
Boron 

(mg/L)

std dev 
Boron 

(mg/L)

min 
Boron 

(mg/L)

max 
Boron 

(mg/L)

Earliest 
Sample 

Date

Latest 
Sample 

Date

Transport Targets

MW-31S 2486774.19 1069353.41 USCU 8 0.05 0.05 0.00 0.04 0.06 02/24/2021 08/11/2021
MW-32 2487630 1069354 UA 8 1.65 1.67 0.14 1.44 1.88 02/25/2021 08/10/2021
PZ-4C 1067576.48 2488048.39 UA 8 1.56 1.57 0.17 1.34 1.93 02/25/2021 08/11/2021

XPW01* 2486392.09 1066842.23 CCR 8 1.46 1.40 0.15 1.18 1.58 03/01/2021 08/11/2021
XPW02* 2485321.31 1068109.66 CCR 8 3.73 3.78 0.39 3.11 4.23 03/01/2021 08/11/2021
XPW03* 2485628.19 1068720.21 CCR 8 2.89 3.06 0.46 2.69 4.21 03/02/2021 08/11/2021
XPW04* 2486608.19 1069145.99 CCR 8 1.54 1.68 0.30 1.26 2.28 03/02/2021 08/10/2021

[O: PR 05/05/22; C: EGP 5/6/22]
Notes:

mg/L = milligrams per liter HSU = Hydrostratigraphic Unit
std dev = standard deviation from the mean CCR = coal combustion residuals
min = minimum USCU = upper semi-confining unit
max = maximum UA = uppermost aquifer
* Porewater samples used for boundary condition estimate and not as target LCU = lower confining unit

2 of 2



TABLE 5-3. FLOW MODEL INPUT AND SENSITIVITY ANALYSIS RESULTS
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Zone Hydrostratigraphic Unit Materials ft/d cm/s Kh/Kv Value Source Sensitivity1

Horizontal Hydraulic Conductivity 

1 CCR Bottom Ash and boiler slag 243 8.57E-02 NA Calibrated - Within Range of Field Test Results (Ramboll, 2021a) High

2 USCU Clay with silt and sand lenses 0.45 1.59E-04 NA Calibrated - Conductivity Value to Allow Groundwater Flow from UD to Riverand Drain Boundary Conditions High

3 UA Sand, silty sand, and clayey 
sand and gravel 0.5 1.76E-04 NA Calibrated - Within Range of Field Test Results (Ramboll, 2021a) High

4 LCU Clay till 4.79 1.69E-03 NA Calibrated - Within Range of Field Test Results (Ramboll, 2021a) High

5 CL Clay lens 0.05 1.76E-05 NA Calibrated - Within Range of Field Test Results (Ramboll, 2021a) High

6 SGL Sand and gravel lens 25 8.82E-03 NA Calibrated - Within Range of Field Test Results (Ramboll, 2021a) Moderately High

Vertical Hydraulic Conductivity2 

1 CCR Bottom Ash and boiler slag 1.20E+01 4.23E-03 20 Calibrated - Within Range Laboratory Test Results and near Geomean of Laboratory Test Results (Ramboll, 
2021a) High

2 USCU Clay with silt and sand lenses 4.50E-02 1.59E-05 10 Calibrated - Conductivity Value to Allow Groundwater Flow from UD to Riverand Drain Boundary Conditions High

3 UA Sand, silty sand, and clayey 
sand and gravel 5.00E-02 1.76E-05 10 Calibrated - Within Range Laboratory Test Results and near Geomean of Laboratory Test Results (Ramboll, 

2021a) High

4 LCU Clay till 4.79E-01 1.69E-04 10 Calibrated - Within Range Laboratory Test Results and near Geomean of Laboratory Test Results (Ramboll, 
2021a) High

5 CL Clay lens 5.00E-03 1.76E-06 10 Calibrated - Within Range Laboratory Test Results and near Geomean of Laboratory Test Results (Ramboll, 
2021a) High

6 SGL Sand and gravel lens 2.50E+00 8.82E-04 10 Calibrated - Within Range Laboratory Test Results and near Geomean of Laboratory Test Results (Ramboll, 
2021a) Moderately High

Zone Hydrostratigraphic Unit Materials ft/d in/yr Kh/Kv Value Source Sensitivity1

Recharge

1 USCU Clay with silt and sand lenses 5.00E-05 0.22 NA Calibrated Low

2 CCR Bottom Ash and boiler slag 1.00E-03 4.38 NA Calibrated Negligible

3, 5 CCR - 1971/1983 area Bottom Ash and boiler slag 2.00E-03 8.76 NA Calibrated Moderate

6 USCU - developed area Clay with silt and sand lenses 1.00E-03 4.38 NA Calibrated Moderately High

4, 7, 8 CCR - 1995 area Bottom Ash and boiler slag 3.00E-04 1.31 NA Calibrated High

1 CCR Bottom Ash and boiler slag

2 USCU Clay with silt and sand lenses

3 UA Sand, silty sand, and clayey 
sand and gravel 

4 LCU Clay till

Calibration Model

Calibration Model

Storage

Not used in steady-state calibration model

Calibration Model
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TABLE 5-3. FLOW MODEL INPUT AND SENSITIVITY ANALYSIS RESULTS
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Zone Hydrostratigraphic Unit Materials Value Source Sensitivity1

Relative Location Head (feet)

5 (Lake) Northwest and southern 
model boundary 584.35 High

4, 6, 7 (Pond) Inside the Ash Pond domain 603.48 High

[O: PR 5/08/22; C: EGP 5/6/22]
Notes:

1 Sensitivity Explanation: Hydrostratigraphic Unit
Negligible - SSR changed by less than 1% CCR = coal combustion residuals
Low - SSR change between 1% and 10% USCU = upper semi-confining unit
Moderate - SSR change between 10% and 50% UA = uppermost aquifer
Moderately High - SSR change between 50% and 100%
High - SSR change greater than 100%

2 For sensitivity analysis vertical conductivities maintained the same anisotropy.
RMSE = root of the mean squared error
--- = not tested
cm/s = centimeters per second
ft/d = feet per day
ft2/day = feet squared per day
in/yr = inches per year
Kh/Kv = anisotropy ratio
NA = not applicable

--- ---

Constant Head

2 of 2



TABLE 5-4. TRANSPORT MODEL INPUT VALUES (CALIBRATION)
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Value Source Sensitivity

Entire Domain NA NA NA - - -

pre-1983
351, 352 CCR Bottom Ash and boiler slog 3.5 Boron concentration data from XWP01, XWP02, XWP03 and XWP04 - calibrated - - -

31, 401, 402 CCR Bottom Ash and boiler slog -- Boron concentration data from XWP01, XWP02, XWP03 and XWP04 - calibrated - - -

11 USCU Other high concentration ash 
materials 14 Calibrated to meet MW-28 observed concentration

Storage, Specific Yield and Effective Porosity

Zone Hydrostratigraphic Unit Materials Storage Specific Yield Effective 
Porosity Value Source Sensitivity

1 CCR Bottom Ash and boiler slog 0.003 0.15 0.15 Calibrated see Table 5-5

2 USCU Clay with silt and sand lenses 0.003 0.21 0.21 Calibrated see Table 5-5

3 UA Sand, silty sand, and clayey 
sand and gravel 0.003 0.25 0.25 Calibrated see Table 5-5

4 LCU Clay till 0.003 0.1 0.1 Calibrated see Table 5-5

Applicable
Region Hydrostratigraphic Unit Materials Longitudinal

(feet)
Transverse

(feet)
Vertical
(feet) Value Source Sensitivity

Entire Domain NA NA 5 0.5 0.05 calibrated - - -
[O: PR 5/4/22; C: EGP 5/6/22]

Notes: Hydrostratigraphic Unit
1  The concentrations from the end of the calibrated transport model were imported as initial concentrations for the prediction model runs. CCR = coal combustion residuals

- - - = not tested USCU = upper semi-confining unit
mg/L = milligrams per liter UA = uppermost aquifer
NA = not applicable

Calibration Model

Initial Concentration

Hydrostratigraphic Unit MaterialsZone

Dispersivity

Calibration Model

Boron Concentration (mg/L)

0
Source Concentration (Constant Concentration Cells)

3.1

14

post 1983
--
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TABLE 5-5. TRANSPORT MODEL INPUT SENSITIVITY (CALIBRATION)
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Well ID HSU

Calibration on 
Boron 

Concentration 
(mg/L)

Boron 
Concentration

(mg/L) Sensitivity 1

Boron 
Concentration

(mg/L) Sensitivity 1

Boron 
Concentration

(mg/L) Sensitivity 1

Boron 
Concentration

(mg/L) Sensitivity 1

MW-3 UA 0.20 0.20 Negligible 0.20 Negligible 0.20 Low 0.19 Low
MW-4 UA 0.05 0.05 Negligible 0.05 Negligible 0.13 High 0.02 Moderately High
MW-5 UA 2.72 2.72 Negligible 2.72 Negligible 2.77 Low 2.63 Low
MW-6 UA 1.71 1.71 Negligible 1.71 Negligible 1.71 Negligible 1.70 Negligible
MW-7 UA 2.12 2.12 Negligible 2.12 Negligible 2.14 Negligible 2.09 Low
MW-7S USCU 2.12 2.12 Negligible 2.12 Negligible 2.14 Negligible 2.09 Low
MW-8 UA 2.3E-03 2.3E-03 Negligible 2.3E-03 Negligible 5.2E-03 High 7.7E-04 Moderately High
MW-11 UA 1.90 1.90 Negligible 1.90 Negligible 1.90 Negligible 1.90 Negligible
MW-12 UA 2.72 2.72 Negligible 2.72 Negligible 2.89 Low 2.55 Low
MW-12S USCU 2.65 2.65 Negligible 2.65 Negligible 2.75 Low 2.36 Low
MW-12D LCU 1.78 1.78 Negligible 1.78 Negligible 2.48 Moderate 1.28 Moderate
MW-20 UA 1.2E-03 1.2E-03 Negligible 1.2E-03 Negligible 5.5E-03 High 3.0E-04 Moderately High
MW-20S USCU 1.5E-03 1.5E-03 Negligible 1.5E-03 Negligible 6.9E-03 High 3.8E-04 Moderately High
MW-22 UA 1.39 1.39 Negligible 1.39 Negligible 1.39 Negligible 1.39 Negligible
MW-23 UA 0.72 0.72 Negligible 0.72 Negligible 0.72 Negligible 0.72 Negligible
MW-24 UA 3.45 3.45 Negligible 3.45 Negligible 3.45 Negligible 3.45 Negligible
MW-25 USCU 0.52 0.52 Negligible 0.52 Negligible 0.59 Moderate 0.43 Moderate
MW-26 UA 1.19 1.19 Negligible 1.19 Negligible 1.24 Low 1.11 Low
MW-27 USCU 3.11 3.11 Negligible 3.11 Negligible 3.12 Negligible 3.10 Negligible
MW-28 UA 9.06 9.06 Negligible 9.06 Negligible 9.06 Negligible 9.06 Negligible
MW-29 UA 2.38 2.38 Negligible 2.38 Negligible 2.39 Negligible 2.38 Negligible
MW-30 UA 1.89 1.89 Negligible 1.89 Negligible 1.90 Negligible 1.88 Negligible
MW-31 UA 1.71 1.71 Negligible 1.71 Negligible 1.71 Negligible 1.70 Negligible
MW-31S USCU 2.42 2.42 Negligible 2.42 Negligible 2.42 Negligible 2.42 Negligible
MW-32 UA 1.15 1.15 Negligible 1.15 Negligible 1.15 Negligible 1.14 Negligible
PZ-4C UA 0.52 0.52 Negligible 0.52 Negligible 0.59 Moderate 0.41 Moderate

S*0.1 Sy*0.52 S*10 Sy*22 Porosity-0.05 Porosity+0.05
Notes: [O: PR 5/09/22; C: EGP 5/11/22]

1 Sensitivity Explanation:
Negligible = concentration changed by less than 1%
Low = concentration change between 1% and 10%
Moderate = concentration change between 10% and 50%
Moderately High = concentration change between 50% and 100%
High = concentration change greater than 100%

2 sensitivity test used steady state flow and transient transport
ID = identification
mg/L = milligrams per liter
S = storativity
Sy = specific yield
Disp = dispersivity

Effective PorosityStorage and Specific Yield
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TABLE 6-1. HELP MODEL INPUT AND OUTPUT VALUES
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Closure Scenario - Area Description CBR - Removal Area CIP -  Removal Area CIP - Consolidation and Cover System 
Area Notes

Input Parameter
Climate-General

City Kincaid, IL Kincaid, IL Kincaid, IL Nearby city to the Site within HELP database
Latitude 39.59 39.59 39.59 Site latitude

Evaporative Zone Depth 18 18 18 Estimated based on geographic location (Illinois) and uppermost soil 
type  (Tolaymat, T. and Krause, M, 2020)

Maximum Leaf Area Index 4.5 4.5 4.5 Maximum for geographic location (Illinois) (Tolaymat, T. and Krause, 
M, 2020)

Growing Season Period, Average Wind Speed, and 
Quarterly Relative Humidity Springfield, IL Springfield, IL Springfield, IL Nearby city to the Kincaid Ash Pond within HELP database

Number of Years for Synthetic Data Generation 30 30 30

Temperature, Evapotranspiration, and Precipitation

Precipitation, temperature, and solar 
radiation was simulated based on HELP 

V4 weather simulation for:
Lat/Long: 39.59/-89.50

Precipitation, temperature, and solar 
radiation was simulated based on HELP 

V4 weather simulation for:
Lat/Long: 39.59/-89.50

Precipitation, temperature, and solar 
radiation was simulated based on HELP V4 

weather simulation for:
Lat/Long: 39.59/-89.50

Soils-General
% where runoff possible 100 100 100

Area (acres) 172 88 84
CBR - Removal Area based on HCR (Ramboll, 2021); CIP - 
Consolidation and Cover System Area based on construction drawing 
for Kincaid Ash Pond; CIP -Removal Area equals the difference

Specify Initial Moisture Content No No No
Surface Water/Snow Model Calculated Model Calculated Model Calculated

Soils-Layers

1 Unsaturated Backfill Material (HELP 
Final Cover Soil [topmost layer])

Unsaturated Backfill Material (HELP 
Final Cover Soil [topmost layer])

Vegetative Soil Layer
(HELP Final Cover Soil [topmost layer])

2 Protective Soil Layer (HELP Vertical 
Percolation Layer)

Protective Soil Layer (HELP Vertical 
Percolation Layer)

Protective Soil Layer (HELP Vertical 
Percolation Layer)

3 -- -- Geotextile Liner
(HELP Drainage Net)

4 -- -- Geomembrane Liner

5 -- -- Unsaturated CCR Material (HELP Waste)

6 -- -- Unsaturated Material (HELP Vertical 
Percolation Layer)

   Soil Parameters--Layer 1, Unsaturated Backfill Material (HELP Final Cover Soil [topmost layer]) or Vegetative Soil Layer (HELP Final Cover Soil [topmost layer])
Type 1 1 1 Vertical Percolation Layer (Cover Soil)

Thickness (in) 30 30 6 For CBR and CIP removal areas, layer 1 thickness is the average 
thickness of unsaturated backfill material placed after removal

Texture 12 12 12 defaults used
Description Silty Clay Loam Silty Clay Loam Silty Clay Loam 
Saturated Hydraulic Conductivity (cm/s) 4.20E-05 4.20E-05 4.20E-05 defaults used

Layer details for CBR and CIP areas based on grading plans, 
construction drawings, and cover system design for Kincaid Ash Pond
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TABLE 6-1. HELP MODEL INPUT AND OUTPUT VALUES
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Closure Scenario - Area Description CBR - Removal Area CIP -  Removal Area CIP - Consolidation and Cover System 
Area Notes

   Soil Parameters--Layer 2, Protective Soil Layer (HELP Vertical Percolation Layer)
Type 1 1 1 Vertical Percolation Layer
Thickness (in) 72 72 18 design thickness
Texture 43 43 43 Custom layer, adjusted for site specific hydraulic conductivity
Description Silty Clay Silty Clay Sandy Silty Clay
Saturated Hydraulic Conductivity (cm/s) 1.20E-07 1.20E-07 1.00E-05 Design vertical hydraulic conductivity for backfill
Soil Parameters--Layer 3, Geotextile Liner (HELP Drainage Net)
Type -- -- 2 Geotextile Protective Layer
Thickness (in) -- -- 0.11 design thickness
Texture -- -- 123 custom layer
Description -- -- 10 oz Nonwoven Geotextile
Saturated Hydraulic Conductivity (cm/s) -- -- 3.00E-01 custom design hydraulic conductivity
Soil Parameters--Layer 4, Geomembrane Liner
Type -- -- 4 Flexible Membrane Liner
Thickness (in) -- -- 0.04 design thickness
Texture -- -- 36 defaults used
Description -- -- Geomembrane
Saturated Hydraulic Conductivity (cm/s) 4.00E -13 defaults used
Soil Parameters--Layer 5, Unsaturated CCR Material (HELP Waste)
Type -- -- 1 Vertical Percolation Layer (Waste)

Thickness (in) -- -- 372 Estimated unsaturated CCR thickness within CIP Consolidation and 
Cover System Area

Texture -- -- 83 Custom layer, adjusted for site specific hydraulic conductivity
Description -- -- Electric Plant Coal Bottom Ash
Saturated Hydraulic Conductivity (cm/s) -- -- 1.40E-03 calibrated flow model vertical hydraulic conductivity for CCR
Soil Parameters--Layer 6, Unsaturated Material (HELP Vertical Percolation Layer)
Type -- -- 1 Vertical Percolation Layer

Thickness (in) -- -- 84 Estimated unsaturated Silty Clay thickness within CIP Consolidation 
and Cover System Area

Texture -- -- 44 Custom layer, adjusted for site specific hydraulic conductivity
Description -- -- Silty Clay

Saturated Hydraulic Conductivity (cm/s) -- -- 1.20E-07 calibrated flow model vertical hydraulic conductivity for Silty Clay

Soils--Runoff
Runoff Curve Number 85.7 85.9 87.2 HELP-computed curve number

Slope 0.5% 0.5% 2.5% Estimated average from construction design drawings for Kincaid Ash 
Pond

Length (ft) 3000 2300 800 estimated maximum flow path
Texture 10 10 10 uppermost layer texture
Vegetation fair fair fair fair indicating fair stand of grass on surface of soil backfill
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TABLE 6-1. HELP MODEL INPUT AND OUTPUT VALUES
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Closure Scenario - Area Description CBR - Removal Area CIP -  Removal Area CIP - Consolidation and Cover System 
Area Notes

Execution Parameters
Years 30 30 30
Report Daily No No No
Report Monthly No No No
Report Annual Yes Yes Yes

Output Parameter
Percolation Rate (in/yr) 5.83 5.82 0.0041

[O: EGP 4/25/22 C: JJW 5/11/22]
Notes: References:

% = percent Tolaymat, T. and Krause, M, 2020. Hydrologic Evaluation of Landfill Performance: HELP 4.0 User Manual . United States Environmental Protection Agency, Washington, DC, EPA/600/B 20/219.
cm/s = centimeters per second Ramboll Americas Engineering Solutions, Inc. (Ramboll), 2021. Hydrogeologic Site Characterization Report. Kincaid Ash Pond. Kincaid Power Plant. Kincaid, Illinois.
ft = feet
HELP = Hydrologic Evaluation of Landfill Performance
in = inches
in/yr = inches per year
Lat/Long = latitude/longitude
CBR = closure by removal
CIP = closure in place
HCR = Hydrogeologic Site Characterization Report
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TABLE 6-2. PREDICTION MODEL INPUT VALUES
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Hydrostratigraphic 
Unit/Recharge Area Notes Recharge 

Zone
Recharge 
(ft/day)

Recharge 
(inches/yr)

Stormwater
Drain Stage

Constant 
Concentration 

Layer

Constant 
Concentration 

(mg/L)
Scenario 1: CIP

Removal Area North CCR 2, 4, 5, 7 1.3E-03 5.82 585 -- --
Removal Area South CCR 3, 8 6.26E-08 4.10E-03 585 1 3.1, 3.51

Scenario 2: CBR
Removal Area North CCR 2, 4, 5, 7 1.3E-03 5.82 585 -- --
Removal Area South CCR 3, 8 1.3E-03 5.82 585 -- --

[O: PR 05/09/22; C: EGP 5/10/22]
Notes:

1 See Figure 5-2
- -  = not included
CCR = coal combustion residuals
ft/day = feet per day
inches/yr = inches per year
mg/L = milligrams per liter
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SITE MAP
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MONITORING WELL LOCATION MAP
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POTENTIOMETRIC SURFACE MAP
FEBRUARY 23, 2021
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CALIBRATION AND PREDICTIVE TIMELINE
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  FIGURE 5-1

MODEL GRID FOR LAYERS 1 THROUGH 5
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  FIGURE 5-2

BOUNDARY CONDITIONS FOR LAYER 1

GROUNDWATER MODELING REPORT
KINCAID CCR ASH POND
KINCAID POWER PLANT

KINCAID, ILLINOIS



  FIGURE 5-3

BOUNDARY CONDITIONS FOR LAYER 2
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  FIGURE 5-4

BOUNDARY CONDITIONS FOR LAYER 3
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  FIGURE 5-5

DISTRIBUTION OF HYDRAULIC CONDUCTIVITY ZONES (ft/d) FOR LAYER 1
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  FIGURE 5-6

DISTRIBUTION OF HYDRAULIC CONDUCTIVITY ZONES (ft/d) FOR LAYER 2
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  FIGURE 5-7

DISTRIBUTION OF HYDRAULIC CONDUCTIVITY ZONES (ft/d) FOR LAYER 3
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  FIGURE 5-8

DISTRIBUTION OF HYDRAULIC CONDUCTIVITY ZONES (ft/d) FOR LAYER 4
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  FIGURE 5-9

DISTRIBUTION OF HYDRAULIC CONDUCTIVITY ZONES (ft/d) FOR LAYER 5

GROUNDWATER MODELING REPORT
KINCAID CCR ASH POND
KINCAID POWER PLANT

KINCAID, ILLINOIS



 FIGURE 5-10

DISTRIBUTION OF RECHARGE ZONES (in/yr)
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 FIGURE 5-11

OBSERVED VERSUS SIMULATED GROUNDWATER ELEVATIONS LAYER 1
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 FIGURE 5-12

OBSERVED VERSUS SIMULATED GROUNDWATER ELEVATIONS LAYER 2
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 FIGURE 5-13

OBSERVED VERSUS SIMULATED GROUNDWATER ELEVATIONS LAYER 3
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 FIGURE 5-14

OBSERVED VERSUS SIMULATED GROUNDWATER ELEVATIONS LAYER 4
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 FIGURE 5-15

OBSERVED VERSUS SIMULATED GROUNDWATER ELEVATIONS LAYER 5
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 FIGURE 5-16

STEADY STATE MODFLOW CALIBRATION RESULTS – OBSERVED VERSUS SIMULATED (ft)
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 FIGURE 5-17

SIMULATED GROUNDWATER LEVEL RESIDUAL FROM THE CALIBRATED MODEL
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 FIGURE 5-18

OBSERVED AND SIMULATED BORON CONCENTRATIONS (mg/L)
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 FIGURE 5-19

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN THE CALIBRATED MODEL LAYER 1
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 FIGURE 5-20

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN THE CALIBRATED MODEL LAYER 2
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 FIGURE 5-21

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN THE CALIBRATED MODEL LAYER 3
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 FIGURE 5-22

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN THE CALIBRATED MODEL LAYER 4
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  FIGURE 6-1

CIP RECHARGE DISTRIBUTION AND STORMWATER DRAIN
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  FIGURE 6-2

CBR RECHARGE DISTRIBUTION AND STORMWATER DRAIN
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  FIGURE 6-3

CIP (SCENARIO 1) - MODEL PREDICTED BORON CONCENTRATION 
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  FIGURE 6-4

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CIP SCENARIO LAYER 1 (17 YEARS)
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  FIGURE 6-5

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CIP SCENARIO LAYER 2 (17 YEARS)
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  FIGURE 6-6

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CIP SCENARIO LAYER 3 (17 YEARS)
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  FIGURE 6-7

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CIP SCENARIO LAYER 4 (17 YEARS)
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  FIGURE 6-8

SCENARIO 1 (CIP) –
HYDRAULIC STEADY STATE REDUCTIONS IN TOTAL FLUX IN AND OUT OF CCR UNIT
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  FIGURE 6-9

SCENARIO 1 (CIP) –
REDUCTIONS IN TOTAL FLUX IN AND OUT OF CCR UNIT
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SIMULATED CLOSURE IN PLACE GROUNDWATER SEPARATION

ASH POND

FIGURE 6-10
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 FIGURE 6-11

CBR (SCENARIO 2) - MODEL PREDICTED BORON CONCENTRATION 
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 FIGURE 6-12

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CBR SCENARIO LAYER 1 (17 YEARS)
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 FIGURE 6-13

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CBR SCENARIO LAYER 2 (17 YEARS)

GROUNDWATER MODELING REPORT
KINCAID CCR ASH POND
KINCAID POWER PLANT
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 FIGURE 6-14

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CBR SCENARIO LAYER 3 (17 YEARS)

GROUNDWATER MODELING REPORT
KINCAID CCR ASH POND
KINCAID POWER PLANT

KINCAID, ILLINOIS



 FIGURE 6-15

DISTRIBUTION OF BORON CONCENTRATION (mg/L) IN CBR SCENARIO LAYER 4 (17 YEARS)

GROUNDWATER MODELING REPORT
KINCAID CCR ASH POND
KINCAID POWER PLANT

KINCAID, ILLINOIS
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APPENDIX B 
EVALUATION OF PARTITION COEFFICIENT RESULTS  
(GOLDER, 2022)  



Golder Associates USA Inc 
18300 NE Union Hill Road, Suite 200, Redmond, Washington, USA 98052 T: +1 425 883-0777   F: +1 425 882-5498 

golder.com 

2.0 OVERVIEW 
In August 2021, Golder conducted a field investigation at the KPP which included the completion of eight (8) 
soil/rock borings ranging in depth from 20 to 40 feet below ground surface (ft bgs).  As a part of that 
investigation, soil and groundwater samples were submitted to SiREM laboratories (Guelph, ON) for batch 
solid/liquid partitioning testing.  A summary of the soil samples used for the batch testing is provided in Table 
1. 

Table 1: Batch Attenuation Testing Data Summary 

Groundwater Sample ID Soil Sample ID Soil: Water Ratio 

MW-12S K-SB-02 (10.0-14.7 ft bgs) 2:1 

1:1 

TECHNICAL MEMORANDUM 
 DATE March 30, 2022 Project No. 21454831 

 TO David Mitchell, Stu Cravens, Vic Modeer 
Kincaid Generation, LLC 

 CC Brian Henning - Ramboll 

 FROM Golder Associates USA Inc. EMAIL  Jeffrey_Ingram@golder.com 

EVALUATION OF PARTITION COEFFICIENT RESULTS, KINCAID POWER PLANT ASH POND (CCR 
UNIT 141), KINCAID POWER PLANT, CHRISTIAN COUNTY, ILLINOIS  

1.0 INTRODUCTION 
Kincaid Generation, LLC (KG) operates the Kincaid Power Plant (KPP) located in Christian County, Illinois. 
The Ash Pond (AP or Site), Illinois Environmental Protection Agency [IEPA] ID No. W0218140002‐01 is a 
178-acre unlined surface impoundment used to manage coal combustion residuals (CCRs) at the KPP. The
AP is regulated under Part 845 “Standards for the Disposal of Coal Combustion Residuals in Surface 

Impoundments” (State CCR Rule or Part 845) which was promulgated by the Illinois Pollution Control Board 
(IPCB) on April 21, 2021.  WSP Golder (Golder) is assisting KG with Part 845 compliance at the Site.  

KG is currently preparing a Construction Permit application for the AP as required under Section 845.220.  
As a part of the Construction Permit application, groundwater modeling is being conducted for known 
potential exceedances of groundwater protection standards (GWPS) as outlined in the Operating Permit 
application for the AP (Burns and McDonnell 2021).  In the Operating Permit (October 2021), Ramboll 
Americas Engineering Solutions, Inc. (Ramboll) identified potential GWPS exceedances for several 
compounds potentially associated with the AP, including boron and sulfate.  Batch adsorption testing was 
performed to generate site-specific partition coefficient results for these parameters for use in the 
groundwater models.  This Technical Memorandum summarizes the results of the batch adsorption testing. 
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Groundwater Sample ID Soil Sample ID Soil: Water Ratio 

1:5 

1:10 

1:20 

MW-28 K-SB-02 (14.7-17.5 ft bgs) 2:1 

1:1 

1:5 

1:10 

1:20 
Notes: 

1) ft bgs – Feet below ground surface

Site-specific partitioning coefficients were determined for constituents of interest (COIs) boron and sulfate, 
which were identified based on statistical evaluation of potential groundwater exceedances calculated at the 
Site (Burns and McDonnell 2021).  Two groundwater samples (MW-12S and MW-28) and two soil samples (K-
SB-02 (10.0-14.7) and K-SB-02 (14.7-17.5)) were used for batch attenuation testing at various ratios (Table 
1).  For each treatment, 0.1 L of groundwater was brought in contact with an amount of soil (0.003 to 0.17 kg, 
depending on the ratio) over a seven-day period.  Each contact water/soil microcosm was amended (spiked) 
with meta-arsenite, boric acid, lithium chloride, and sodium sulfate to a target concentration of arsenic, boron, 
lithium, and sulfate, respectively (Table 2).  Arsenic and lithium are not currently COIs at the Site and, 
therefore, were not evaluated as part of this report.  However, arsenic and lithium may be revisited in the 
future, thus meta-arsenite and lithium chloride were included as additional amendments.  After the seven-day 
contact period, COI concentrations were analyzed in the contact water.  The control samples (i.e., 
groundwater samples MW-12S and MW-28) were only analyzed at the initiation of testing.  The 
oxidation/reduction potential (redox) and pH were measured for each batch test at the beginning and end of 
the contact period and in the control samples.   

Table 2: Microcosm amendment and target concentration for COIs 
COI Groundwater 

Sample 
Amendment Target Concentration 

(mg/L) 

Arsenic MW-12S 67.45 µL of a 2 g/L As(III) 
solution 

0.04 

MW-28 68.67 of a 2 g/L As(III) 
solution 

Boron MW-12S 17.78 mL of a 10 g/L 
H3BO3 solution 

16.8 

MW-28 9.61 mL of a 10 g/L H3BO3

solution 

Lithium MW-12S 2.42 mL of a 1 g/L LiCl 
solution  

0.2 
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MW-28 2.39 mL of a 1 g/L LiCl 
solution 

Sulfate MW-12S 51.56 mL of a 100 g/L 
Na2SO4 solution 

1,748 

MW-28 27.56 mL of a 100 g/L 
Na2SO4 solution 

Notes: 
1) g/L – grams per liter
2) mL – milliliter
3) µg/L – micrograms per liter 
4) mg/L – miligrams per liter 
5) As(III) – arsenite
6) H3BO3 – boric acid
7) LiCl – lithium chloride
8) Na2SO4 – sodium sulfate

The results of batch attenuation testing (Tables 3 and 4) were used to calculate the following adsorption 
isotherms for each COI:  

▪ Linear: qe = KD * Ce

▪ Langmuir: Ce/qe = 1/(KL * qm) + Ce/qm

▪ Freundlich: log(qe) = log(KF) + (1/n)log(Ce)

Where 

 KD, KL, and KF = the linear, Langmuir, and Freundlich partition coefficients, respectively (in liters per kilogram; 
L/kg). 

qe = concentration of the adsorbate in soil 

Ce = aqueous concentration of the adsorbate 

qm = 1/slope in the linear expression of the isotherm 

n = non-linearity constant 

3.0 SUMMARY OF RESULTS 
Figures that show the linear, Langmuir, and Freundlich isotherms for the two COIs are provided in Appendix A. 
The partition coefficient values for MW-12S and MW-28 are presented in Tables 5 and 6, respectively. The 
results of the batch adsorption testing can be summarized as follows: 

▪ Boron: Calculated KD values for MW-12S and MW-28 were 0.05 and 1.81 L/kg, respectively, KL values -
1.4E+6 and -1.5E+4 L/kg, respectively, and KF values 112 and 27.5 L/kg, respectively.  For comparison,
in Strenge and Peterson (1989), partition coefficients for boron range from 0.19 to 1.3 L/kg, depending
on pH conditions and the amount of sorbent (i.e. clay, organic matter, and iron and aluminum
oxyhydroxide) present.

▪ Sulfate: Calculated KD values for MW-12S and MW-28 were 0.23 and 15.5 L/kg, respectively, KL values -
454 and -750 L/kg, respectively, and KF values 1.87 and 0.13 L/kg, respectively. In Strenge and Peterson
(1989), partition coefficients for sulfate are 0.0 L/kg, regardless of pH conditions and the amount of
sorbent present.
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▪ pH and Redox: Generally, after the seven-day contact time, the pH of each contact water was consistent
with the pH of the control samples (6.94 for MW-12S and 6.90 for MW-28, respectively), ranging from 6.93
to 6.97 across the batch tests.  The redox values of the control samples after the seven-day contact time
were -54 mV and 116 mV for MW-12S and MW-28, respectively.  The redox value of contact water ranged
from -131 to +236 mV across treatments.

4.0 REFERENCES 
Burns and McDonnell, 2021. Initial Operating Permit Kincaid Power Plant Ash Pond. 

Strenge, D. and Peterson, S. 1989. Chemical Data Bases for the Multimedia Environmental Pollutant 
Assessment System (MEPAS) (No. PNL-7145). Pacific Northwest Lab., Richland, WA (USA). 

5.0 CLOSING 
Golder appreciates the opportunity to serve as your consultant on this project. If you have any questions 
concerning this technical memorandum or need additional information, please contact the undersigned. 

Golder Associates USA Inc. 

Jeffrey Ingram    Pat Behling 

Senior Consultant, Geologist Practice Leader 

CK/JSI/PJB 

Attachments Appendix A – Partition Coefficient Graphs 



March 2022  21454831

Dissolved 

Boron

Dissolved 

Sulfate
pH ORP

mg/L mg/L SU mV

MW-12S-1a 17 1,700 6.96 13
MW-12S-2a 18 1,513 6.95 8

Average Concentration (mg/L) 17 1,606 6.96 11
MW-12S-1 16 964 6.94 -59
MW-12S-2 17 1,059 6.94 -48

Average Concentration (mg/L) 16 1,012 6.94 -54
2/10/2022 0

K-SB-02-(10.0-14.7) :MW-12S 2:1-1 8.9 878 6.94 -110
K-SB-02-(10.0-14.7) :MW-12S 2:1-2 8.0 921 6.92 -127

Average Concentration (mg/L) 8.4 899 6.93 -119
2/10/2022 0

K-SB-02-(10.0-14.7) :MW-12S 1:1-1 12 1,137 6.92 -131
K-SB-02-(10.0-14.7) :MW-12S 1:1-2 12 1,284 7.01 --

Average Concentration (mg/L) 12 1,211 6.97 -131
2/10/2022 0

K-SB-02-(10.0-14.7) :MW-12S 1:5-1 16 1,268 6.95 -4
K-SB-02-(10.0-14.7) :MW-12S 1:5-2 15 1,568 6.94 16

Average Concentration (mg/L) 16 1,418 6.95 6
2/10/2022 0

K-SB-02-(10.0-14.7) :MW-12S 1:10-1 16 1,216 6.93 53
K-SB-02-(10.0-14.7) :MW-12S 1:10-2 17 1,527 6.95 22

Average Concentration (mg/L) 17 1,372 6.94 38
2/10/2022 0

K-SB-02-(10.0-14.7) :MW-12S 1:20-1 19 981 6.96 42
K-SB-02-(10.0-14.7) :MW-12S 1:20-2 18 1,381 6.95 53

Average Concentration (mg/L) 19 1,181 6.96 48
Notes:
1) mg/L- Miligrams per liter
2) SU - Standard Units
3) mV - milivolts
4) ORP - Oxidation Reduction Potential
5) ND - non-detect

MW-12S K-SB-02 
(10.0-14.7)

2:1 Soil:Water 
Ratio

1:1 Soil:Water 
Ratio

1:5 Soil:Water 
Ratio

1:10 
Soil:Water 

Ratio

1:20 
Soil:Water 

Ratio

Groundwater 
Only Control

7

7

02/10/2022

7

7

2/17/2022

2/17/2022

2/17/2022

2/17/2022

2/17/2022

2/17/2022

7

7

Table 3: Batch Attenuation Testing Results, MW-12S

Geologic Material 

Sample ID
Treatment Date Day Replicate
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Dissolved 

Boron

Dissolved 

Sulfate
pH ORP

mg/L mg/L SU mV

MW-28-1a 18 1,515 6.92 -3
MW-28-2a 17 1,582 6.93 3

Average Concentration (mg/L) 18 1,549 6.93 0
MW-28-1 16 1,397 6.88 183
MW-28-2 17 624 6.91 48

Average Concentration (mg/L) 17 1,010 6.90 116
2/10/2022 0

K-SB-02-(14.7-17.5):MW-28 2:1-1 8.5 546 6.94 239
K-SB-02-(14.7-17.5):MW-28 2:1-2 9.2 <1.4 6.92 232

Average Concentration (mg/L) 8.8 546 6.93 236
2/10/2022 0

K-SB-02-(14.7-17.5):MW-28 1:1-1 12 761 6.96 139
K-SB-02-(14.7-17.5):MW-28 1:1-2 12 1,026 6.95 89

Average Concentration (mg/L) 12 893 6.96 114
2/10/2022 0

K-SB-02-(14.7-17.5):MW-28 1:5-1 17 1,023 6.99 106
K-SB-02-(14.7-17.5):MW-28 1:5-2 16 999 6.95 107

Average Concentration (mg/L) 16 1,011 6.97 107
2/10/2022 0

K-SB-02-(14.7-17.5):MW-28 1:10-1 16 1,182 6.94 70
K-SB-02-(14.7-17.5):MW-28 1:10-2 16 949 6.95 79

Average Concentration (mg/L) 16 1,066 6.95 75
2/10/2022 0

K-SB-02-(14.7-17.5):MW-28 1:20-1 17 1,112 6.94 73
K-SB-02-(14.7-17.5):MW-28 1:20-2 17 915 6.93 41

Average Concentration (mg/L) 17 1,013 6.94 57
Notes:
1) mg/L- Miligrams per liter
2) SU - Standard Units
3) mV - milivolts
4) ORP - Oxidation Reduction Potential
5) ND - non-detect

2/17/2022 7

MW-12S K-SB-02 
(14.7-17.5)

2:1 Soil:Water 
Ratio

Table 4: Batch Attenuation Testing Results, MW-28

Geologic Material 

Sample ID
Treatment Date Day Replicate

Groundwater 
Only Control

2/10/2022 0

2/17/2022 7

1:5 Soil:Water 
Ratio

1:20 
Soil:Water 

Ratio 2/17/2022

2/17/2022 7

1:1 Soil:Water 
Ratio 2/17/2022 7

7

2/17/2022 7

1:10 
Soil:Water 

Ratio
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Analyte Variable

R2

qm (mg/g)
KL (L/kg)

R2

1/n
KF (L/kg)

R2

qm (mg/g)
KL (L/kg)

R2

1/n
KF (L/kg)

Note(s):
KD: linear partition coefficient
KL: Langmuir partition coefficient
KF: Freundlich partition coefficient
qm: 1/slope in the linear expression of the isotherm
n: non-linearity constant

Table 5: Partition Coefficient Results, MW-12S

With Soil MassIsotherm

B
or

on

Raw Data R2 0.01
Linear KD (L/kg) 0.05

Langmuir
0.63
0.007

-1.43E+06

Freundlich
0.01
0.049
111.65

Su
lfa

te

Raw Data R2 0.00
Linear KD (L/kg) 0.23

Langmuir
0.08

-0.883
-4.54E+02

Freundlich
0.08
2.111
1.87
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Analyte Variable

R2

qm (mg/g)
KL (L/kg)

R2

1/n
KF (L/kg)

R2

qm (mg/g)
KL (L/kg)

R2

1/n
KF (L/kg)

Note(s):
KD: linear partition coefficient
KL: Langmuir partition coefficient
KF: Freundlich partition coefficient
qm: 1/slope in the linear expression of the isotherm
n: non-linearity constant

Table 6: Partition Coefficient Results, MW-28

Isotherm With Soil Mass

B
or

on

Raw Data R2 0.41
Linear KD (L/kg) 1.81

Langmuir
0.02

-0.043
-1.54E+04

0.13

Freundlich
0.43
1.495
27.53

Su
lfa

te

Raw Data R2 0.26
Linear KD (L/kg) 15.50

Langmuir
0.34

-1.013
-7.50E+02

Freundlich
0.50
3.198



David Mitchell, Stu Cravens, Vic Modeer 

Kincaid Generation, LLC

Project No.  21454831 

March 30, 2022

APPENDIX A 
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-----------------------------------------------------------------------------------------------------------------------
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)
DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------
Title: KIN AP CBR Simulated On: 5/2/2022 12:26

-----------------------------------------------------------------------------------------------------------------------

Layer 1
Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam
Material Texture Number 12

Thickness = 30 inches
Porosity = 0.471 vol/vol
Field Capacity = 0.342 vol/vol
Wilting Point = 0.21 vol/vol
Initial Soil Water Content = 0.35 vol/vol
Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2
Type 1 - Vertical Percolation Layer

Silty Clay
Material Texture Number 43

Thickness = 72 inches
Porosity = 0.479 vol/vol
Field Capacity = 0.371 vol/vol
Wilting Point = 0.251 vol/vol
Initial Soil Water Content = 0.473 vol/vol
Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec
-----------------------------------------------------------------------------------------------------------------------
Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 85.7
Fraction of Area Allowing Runoff = 100 %
Area projected on a horizontal plane = 172 acres
Evaporative Zone Depth = 18 inches
Initial Water in Evaporative Zone = 5.946 inches
Upper Limit of Evaporative Storage = 8.478 inches
Lower Limit of Evaporative Storage = 3.78 inches
Initial Snow Water = 0 inches
Initial Water in Layer Materials = 44.555 inches
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Total Initial Water = 44.555 inches
Total Subsurface Inflow = 0 inches/year
---------------------------------------------------------
Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees
Maximum Leaf Area Index = 4.5
Start of Growing Season (Julian Date) = 102 days
End of Growing Season (Julian Date) = 292 days
Average Wind Speed = 10 mph
Average 1st Quarter Relative Humidity = 72 %
Average 2nd Quarter Relative Humidity = 66 %
Average 3rd Quarter Relative Humidity = 73 %
Average 4th Quarter Relative Humidity = 65 %
---------------------------------------------------------
Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
2.696568 2.105836 2.602577 3.411672 4.852763 3.801581
3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------
Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
34.7 35.6 45.8 59.9 73 79.3
83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------
Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
Solar radiation was simulated based on HELP V4 weather simulation for:
Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP CBR
Simulated on: 5/2/2022 12:27

(inches) [std dev] (cubic feet) (percent)
39.20 [3.42] 24,472,191.2 100.00
3.101 [1.481] 1,936,416.9 7.91

30.236 [3.334] 18,877,997.4 77.14

5.834288 [1.888298] 3,642,696.1 14.89
Water storage

0.0242 [1.1169] 15,080.9 0.06

* Note: Average inches are converted to volume based on the user-specified area.

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation
Runoff
Evapotranspiration
Subprofile1
Percolation/leakage through Layer 2
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-----------------------------------------------------------------------------------------------------------------------
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)
DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------
Title: KIN AP CIP Rem Simulated On: 5/2/2022 12:49

-----------------------------------------------------------------------------------------------------------------------

Layer 1
Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam
Material Texture Number 12

Thickness = 30 inches
Porosity = 0.471 vol/vol
Field Capacity = 0.342 vol/vol
Wilting Point = 0.21 vol/vol
Initial Soil Water Content = 0.3511 vol/vol
Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2
Type 1 - Vertical Percolation Layer

Silty Clay
Material Texture Number 43

Thickness = 72 inches
Porosity = 0.479 vol/vol
Field Capacity = 0.371 vol/vol
Wilting Point = 0.251 vol/vol
Initial Soil Water Content = 0.4712 vol/vol
Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec
-----------------------------------------------------------------------------------------------------------------------
Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 85.9
Fraction of Area Allowing Runoff = 100 %
Area projected on a horizontal plane = 88 acres
Evaporative Zone Depth = 18 inches
Initial Water in Evaporative Zone = 5.947 inches
Upper Limit of Evaporative Storage = 8.478 inches
Lower Limit of Evaporative Storage = 3.78 inches
Initial Snow Water = 0 inches
Initial Water in Layer Materials = 44.455 inches
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Total Initial Water = 44.455 inches
Total Subsurface Inflow = 0 inches/year
---------------------------------------------------------
Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees
Maximum Leaf Area Index = 4.5
Start of Growing Season (Julian Date) = 102 days
End of Growing Season (Julian Date) = 292 days
Average Wind Speed = 10 mph
Average 1st Quarter Relative Humidity = 72 %
Average 2nd Quarter Relative Humidity = 66 %
Average 3rd Quarter Relative Humidity = 73 %
Average 4th Quarter Relative Humidity = 65 %
---------------------------------------------------------
Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
2.696568 2.105836 2.602577 3.411672 4.852763 3.801581
3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------
Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
34.7 35.6 45.8 59.9 73 79.3
83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------
Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
Solar radiation was simulated based on HELP V4 weather simulation for:
Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP CIP Rem
Simulated on: 5/2/2022 12:50

(inches) [std dev] (cubic feet) (percent)
39.20 [3.42] 12,520,656.0 100.00
3.130 [1.479] 999,968.8 7.99

30.223 [3.318] 9,654,351.8 77.11

5.815203 [1.893835] 1,857,608.5 14.84
Water storage

0.0273 [1.1202] 8,726.8 0.07

* Note: Average inches are converted to volume based on the user-specified area.

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation
Runoff
Evapotranspiration
Subprofile1
Percolation/leakage through Layer 2
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-----------------------------------------------------------------------------------------------------------------------
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)
DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------
Title: KIN AP CIP Cons   Simulated On: 5/2/2022 13:27

-----------------------------------------------------------------------------------------------------------------------

Layer 1
Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam
Material Texture Number 12

Thickness = 6 inches
Porosity = 0.471 vol/vol
Field Capacity = 0.342 vol/vol
Wilting Point = 0.21 vol/vol
Initial Soil Water Content = 0.4116 vol/vol
Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2
Type 1 - Vertical Percolation Layer

Sandy Silty Clay
Material Texture Number 43

Thickness = 18 inches
Porosity = 0.4 vol/vol
Field Capacity = 0.35 vol/vol
Wilting Point = 0.3 vol/vol
Initial Soil Water Content = 0.4 vol/vol
Effective Sat. Hyd. Conductivity = 1.00E-05 cm/sec

Layer 3
Type 2 - Lateral Drainage Layer

10 oz Nonwoven Geotextile
Material Texture Number 123

Thickness = 0.11 inches
Porosity = 0.85 vol/vol
Field Capacity = 0.01 vol/vol
Wilting Point = 0.005 vol/vol
Initial Soil Water Content = 0.85 vol/vol
Effective Sat. Hyd. Conductivity = 3.00E-01 cm/sec
Slope = 2.5 %
Drainage Length = 800 ft

Layer 4
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Type 4 - Flexible Membrane Liner
LDPE Membrane

Material Texture Number 36
Thickness = 0.04 inches
Effective Sat. Hyd. Conductivity = 4.00E-13 cm/sec
FML Pinhole Density = 1 Holes/Acre
FML Installation Defects = 1 Holes/Acre
FML Placement Quality = 3 Good

Layer 5
Type 1 - Vertical Percolation Layer (Waste)

Electric Plant Coal Bottom Ash
Material Texture Number 83

Thickness = 372 inches
Porosity = 0.578 vol/vol
Field Capacity = 0.076 vol/vol
Wilting Point = 0.025 vol/vol
Initial Soil Water Content = 0.0791 vol/vol
Effective Sat. Hyd. Conductivity = 1.40E-03 cm/sec

Layer 6
Type 1 - Vertical Percolation Layer

Silty CLay
Material Texture Number 44

Thickness = 84 inches
Porosity = 0.479 vol/vol
Field Capacity = 0.371 vol/vol
Wilting Point = 0.251 vol/vol
Initial Soil Water Content = 0.371 vol/vol
Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec
-----------------------------------------------------------------------------------------------------------------------
Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 87.2
Fraction of Area Allowing Runoff = 100 %
Area projected on a horizontal plane = 84 acres
Evaporative Zone Depth = 18 inches
Initial Water in Evaporative Zone = 7.27 inches
Upper Limit of Evaporative Storage = 7.626 inches
Lower Limit of Evaporative Storage = 4.86 inches
Initial Snow Water = 0 inches
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Initial Water in Layer Materials = 70.336 inches
Total Initial Water = 70.336 inches
Total Subsurface Inflow = 0 inches/year
---------------------------------------------------------
Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees
Maximum Leaf Area Index = 4.5
Start of Growing Season (Julian Date) = 102 days
End of Growing Season (Julian Date) = 292 days
Average Wind Speed = 10 mph
Average 1st Quarter Relative Humidity = 72 %
Average 2nd Quarter Relative Humidity = 66 %
Average 3rd Quarter Relative Humidity = 73 %
Average 4th Quarter Relative Humidity = 65 %
---------------------------------------------------------
Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
2.696568 2.105836 2.602577 3.411672 4.852763 3.801581
3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------
Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
34.7 35.6 45.8 59.9 73 79.3
83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------
Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
Solar radiation was simulated based on HELP V4 weather simulation for:
Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title:
Simulated on:

KIN AP CIP Cons
5/2/2022 13:28

(inches) [std dev] (cubic feet) (percent)
39.20 [3.42] 11,951,535.3 100.00
6.862 [2.069] 2,092,482.9 17.51

29.792 [3.16] 9,084,143.3 76.01
Subprofile1

1.6178 [0.1841] 493,301.7 4.13
0.916182 [0.203854] 279,362.3 2.34

7.6738 [1.8164] --- ---

0.004092 [0.002049] 1,247.6 0.01
Water storage

0.9195 [0.7973] 280,359.8 2.35

* Note: Average inches are converted to volume based on the user-specified area.

Average Head on Top of Layer 4
Subprofile2
Percolation/leakage through Layer 6

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation
Runoff
Evapotranspiration

Lateral drainage collected from Layer 3
Percolation/leakage through Layer 4
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-----------------------------------------------------------------------------------------------------------------------
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)
DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------
Title: KIN AP Default Simulated On: 6/27/2022 17:07

-----------------------------------------------------------------------------------------------------------------------

Layer 1
Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam
Material Texture Number 12

Thickness = 6 inches
Porosity = 0.471 vol/vol
Field Capacity = 0.342 vol/vol
Wilting Point = 0.21 vol/vol
Initial Soil Water Content = 0.4116 vol/vol
Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2
Type 1 - Vertical Percolation Layer

Sandy Silty Clay
Material Texture Number 43

Thickness = 18 inches
Porosity = 0.4 vol/vol
Field Capacity = 0.35 vol/vol
Wilting Point = 0.3 vol/vol
Initial Soil Water Content = 0.4 vol/vol
Effective Sat. Hyd. Conductivity = 1.00E-05 cm/sec

Layer 3
Type 2 - Lateral Drainage Layer

10 oz Nonwoven Geotextile
Material Texture Number 123

Thickness = 0.11 inches
Porosity = 0.85 vol/vol
Field Capacity = 0.01 vol/vol
Wilting Point = 0.005 vol/vol
Initial Soil Water Content = 0.85 vol/vol
Effective Sat. Hyd. Conductivity = 3.00E-01 cm/sec
Slope = 2.5 %
Drainage Length = 800 ft

Layer 4
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Type 4 - Flexible Membrane Liner
LDPE Membrane

Material Texture Number 36
Thickness = 0.04 inches
Effective Sat. Hyd. Conductivity = 4.00E-13 cm/sec
FML Pinhole Density = 1 Holes/Acre
FML Installation Defects = 1 Holes/Acre
FML Placement Quality = 3 Good

Layer 5
Type 1 - Vertical Percolation Layer (Waste)

Electric Plant Coal Bottom Ash
Material Texture Number 83

Thickness = 372 inches
Porosity = 0.578 vol/vol
Field Capacity = 0.076 vol/vol
Wilting Point = 0.025 vol/vol
Initial Soil Water Content = 0.0791 vol/vol
Effective Sat. Hyd. Conductivity = 1.40E-03 cm/sec

Layer 6
Type 1 - Vertical Percolation Layer

Silty CLay
Material Texture Number 44

Thickness = 84 inches
Porosity = 0.479 vol/vol
Field Capacity = 0.371 vol/vol
Wilting Point = 0.251 vol/vol
Initial Soil Water Content = 0.371 vol/vol
Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec
-----------------------------------------------------------------------------------------------------------------------
Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 87.2
Fraction of Area Allowing Runoff = 100 %
Area projected on a horizontal plane = 84 acres
Evaporative Zone Depth = 18 inches
Initial Water in Evaporative Zone = 7.27 inches
Upper Limit of Evaporative Storage = 7.626 inches
Lower Limit of Evaporative Storage = 4.86 inches
Initial Snow Water = 0 inches

Page 2 of 4



Initial Water in Layer Materials = 70.336 inches
Total Initial Water = 70.336 inches
Total Subsurface Inflow = 0 inches/year
---------------------------------------------------------
Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees
Maximum Leaf Area Index = 4.5
Start of Growing Season (Julian Date) = 102 days
End of Growing Season (Julian Date) = 292 days
Average Wind Speed = 10 mph
Average 1st Quarter Relative Humidity = 72 %
Average 2nd Quarter Relative Humidity = 66 %
Average 3rd Quarter Relative Humidity = 73 %
Average 4th Quarter Relative Humidity = 65 %
---------------------------------------------------------
Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
2.696568 2.105836 2.602577 3.411672 4.852763 3.801581
3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------
Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
34.7 35.6 45.8 59.9 73 79.3
83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------
Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
Solar radiation was simulated based on HELP V4 weather simulation for:
Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP Default
Simulated on: 6/27/2022 17:09

(inches) [std dev] (cubic feet) (percent)
39.20 [3.42] 11,951,535.3 100.00
6.862 [2.069] 2,092,482.9 17.51

29.792 [3.16] 9,084,143.3 76.01
Subprofile1

1.6178 [0.1841] 493,301.7 4.13
0.916182 [0.203854] 279,362.3 2.34

7.6738 [1.8164] --- ---

0.004092 [0.002049] 1,247.6 0.01
Water storage

0.9195 [0.7973] 280,359.8 2.35

* Note: Average inches are converted to volume based on the user-specified area.

Average Head on Top of Layer 4
Subprofile2
Percolation/leakage through Layer 6

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation
Runoff
Evapotranspiration

Lateral drainage collected from Layer 3
Percolation/leakage through Layer 4
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-----------------------------------------------------------------------------------------------------------------------
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)
DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------
Title: KIN AP Default Earth Simulated On: 6/27/2022 17:25

-----------------------------------------------------------------------------------------------------------------------

Layer 1
Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam
Material Texture Number 12

Thickness = 6 inches
Porosity = 0.471 vol/vol
Field Capacity = 0.342 vol/vol
Wilting Point = 0.21 vol/vol
Initial Soil Water Content = 0.4189 vol/vol
Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2
Type 1 - Vertical Percolation Layer

Sandy Silty Clay
Material Texture Number 43

Thickness = 18 inches
Porosity = 0.4 vol/vol
Field Capacity = 0.35 vol/vol
Wilting Point = 0.3 vol/vol
Initial Soil Water Content = 0.4 vol/vol
Effective Sat. Hyd. Conductivity = 1.00E-05 cm/sec

Layer 3
Type 3 - Barrier Soil Liner

Liner Soil (High)
Material Texture Number 16

Thickness = 36 inches
Porosity = 0.427 vol/vol
Field Capacity = 0.418 vol/vol
Wilting Point = 0.367 vol/vol
Initial Soil Water Content = 0.427 vol/vol
Effective Sat. Hyd. Conductivity = 1.00E-07 cm/sec

Layer 4
Type 1 - Vertical Percolation Layer (Waste)

Electric Plant Coal Bottom Ash
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Material Texture Number 83
Thickness = 372 inches
Porosity = 0.578 vol/vol
Field Capacity = 0.076 vol/vol
Wilting Point = 0.025 vol/vol
Initial Soil Water Content = 0.0805 vol/vol
Effective Sat. Hyd. Conductivity = 1.40E-03 cm/sec

Layer 5
Type 1 - Vertical Percolation Layer

Material Texture Number 44
Thickness = 84 inches
Porosity = 0.479 vol/vol
Field Capacity = 0.371 vol/vol
Wilting Point = 0.251 vol/vol
Initial Soil Water Content = 0.371 vol/vol
Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec
-----------------------------------------------------------------------------------------------------------------------
Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 87.2
Fraction of Area Allowing Runoff = 100 %
Area projected on a horizontal plane = 84 acres
Evaporative Zone Depth = 18 inches
Initial Water in Evaporative Zone = 7.313 inches
Upper Limit of Evaporative Storage = 7.626 inches
Lower Limit of Evaporative Storage = 4.86 inches
Initial Snow Water = 0 inches
Initial Water in Layer Materials = 86.21 inches
Total Initial Water = 86.21 inches
Total Subsurface Inflow = 0 inches/year
---------------------------------------------------------
Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees
Maximum Leaf Area Index = 4.5
Start of Growing Season (Julian Date) = 102 days
End of Growing Season (Julian Date) = 292 days

Page 2 of 4



Average Wind Speed = 10 mph
Average 1st Quarter Relative Humidity = 72 %
Average 2nd Quarter Relative Humidity = 66 %
Average 3rd Quarter Relative Humidity = 73 %
Average 4th Quarter Relative Humidity = 65 %
---------------------------------------------------------
Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
2.696568 2.105836 2.602577 3.411672 4.852763 3.801581
3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------
Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec
34.7 35.6 45.8 59.9 73 79.3
83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------
Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
Solar radiation was simulated based on HELP V4 weather simulation for:
Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP Default Earth
Simulated on: 6/27/2022 17:26

(inches) [std dev] (cubic feet) (percent)
39.20 [3.42] 11,951,535.3 100.00
7.634 [2.161] 2,327,765.2 19.48

30.089 [3.257] 9,174,727.9 76.77

1.459570 [0.141864] 445,052.2 3.72
9.8664 [1.889] --- ---

0.079172 [0.302718] 24,141.2 0.20
Water storage

1.3935 [0.7761] 424,900.9 3.56

* Note: Average inches are converted to volume based on the user-specified area.

Average Head on Top of Layer 3
Subprofile2
Percolation/leakage through Layer 5

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation
Runoff
Evapotranspiration
Subprofile1
Percolation/leakage through Layer 3
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APPENDIX D. FLUX EVALUATION DATA
GROUNDWATER MODELING REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Model Years
(Model Period) HSU Total Flux In1

(ft3/d)
Total Flux In

(gpm)

Calibration Model 27 Fill Unit (CCR) 9375.80 48.71

Model Years
(Model Period) HSU Total Flux Out1

(ft3/d)
Total Flux Out

(gpm)

Calibration Model 27 Fill Unit (CCR) -9707.65 -50.43

Prediction Model

Years
(Post-

Construction 
Period)

HSU Total Flux In1

(ft3/d)
Total Flux In

(gpm)

Reduction in 
Flux In Post 

Closure2 

(Percentage, %)

CIP 22 Fill Unit (CCR) 16.45 0.09 99.82%

Prediction Model

Years
(Post-

Construction 
Period)

HSU Total Flux Out1

(ft3/d)
Total Flux Out

(gpm)

Reduction in 
Flux Out Post 

Closure2 

(Percentage, %)

CIP 22 Fill Unit (CCR) -1.59 -0.01 -99.98%

[O: PR 07/05/22; C: JJW 7/06/22]
Notes:

1. Reduction in flux in as compared to flux in at the end of calibration model (model period of 27 years).
2. Total flux in and out source data provided in flux calculation data files included in Appendix A.
CCR = coal combustion residuals
CIP = closure in place
HSU = Hydrostratigraphic Unit
% = percentage
ft3/d = cubic feet per day
gpm = gallons per minute

Calibration Model

Scenario 1: CIP (CIP includes CCR removal from the north and west areas of the AP, consolidation to the 
central and southeast portions of the AP, and construction of a cover system over the remaining CCR)

1 of 1
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LICENSED PROFESSIONAL CERTIFICATIONS 

35 I.A.C. § 845.630 Groundwater Monitoring Systems (PE) 

I, Eric J. Tlachac, a qualified professional engineer in good standing in the State of Illinois, certify 
that the groundwater monitoring system described in this document (Groundwater Monitoring 
Plan, Kincaid Power Plant Ash Pond), has been designed and constructed to meet the 
requirements of 35 I.A.C. § 845.630. The monitoring system was developed based on 
information included in the Hydrogeologic Site Characterization Report (Ramboll 2021; included 
in the Operating Permit to which this Groundwater Monitoring Plan is attached).  
 
 
 
_____________________________________ 
Eric J. Tlachac 
Qualified Professional Engineer 
062-063091 
Illinois 
Date: October 25, 2021 
 
 
 
35 I.A.C. § 845.630 Groundwater Monitoring Systems (PG) 

I, Brian G. Hennings, a qualified professional geologist in good standing in the State of Illinois, 
certify that the groundwater monitoring system described in this document (Groundwater 
Monitoring Plan, Kincaid Power Plant Ash Pond), has been designed and constructed to meet the 
requirements of 35 I.A.C. § 845.630. The monitoring system was developed based on 
information included in the Hydrogeologic Site Characterization Report (Ramboll 2021; included 
in the Operating Permit to which this Groundwater Monitoring Plan is attached).  
 
 
 
_____________________________________ 
Brian G. Hennings 
Professional Geologist 
196.001482 
Illinois 
Date: October 25, 2021 
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ACRONYMS AND ABBREVIATIONS 

35 I.A.C. Title 35 of the Illinois Administrative Code  
40 C.F.R. Title 40 of the Code of Federal Regulations 
AP Kincaid Ash Pond 
ASD Alternate Source Demonstration 
BCU bedrock confining unit 
bgs below ground surface 
CCR coal combustion residuals  
cm/s centimeters per second 
GMP Groundwater Monitoring Plan 
GWPS Groundwater Protection Standard 
HCR Hydrogeologic Site Characterization Report 
ID identification 
IEPA Illinois Environmental Protection Agency 
KPP Kincaid Power Plant 
LCU lower confining unit 
NAVD88 North American Vertical Datum of 1988 
NID National Inventory of Dams 
No. Number 
NRT/OBG Natural Resources Technology, Inc., an OBG Company 
Part 845 Standards for the Disposal of Coal Combustion Residuals in Surface Impoundments: 

Title 35 of the Illinois Administrative Code § 845 
PMP Potential Migration Pathway 
QA/QC quality assurance/quality control 
Ramboll Ramboll Americas Engineering Solutions, Inc. 
RL Reporting Limit 
SI Surface Impoundment 
TDS total dissolved solids 
USCU upper semi-confining unit 
USEPA United States Environmental Protection Agency 
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1. INTRODUCTION 

1.1 Overview 

In accordance with requirements of the Standards for the Disposal of Coal Combustion Residuals 
(CCR) in Surface Impoundments (SIs): Title 35 of the Illinois Administrative Code (35 I.A.C.) § 
845 (Part 845) (Illinois Environmental Protection Agency [IEPA], April 15, 2021), Ramboll 
Americas Engineering Solutions, Inc. (Ramboll) has prepared this Groundwater Monitoring Plan 
(GMP) on behalf of Kincaid Power Plant (KPP) (Figure 1-1), operated by Kincaid Generation, LLC. 
This report will apply specifically to the CCR Unit referred to as the Kincaid Ash Pond (AP), Vistra 
identification (ID) number (No.) 141, IEPA ID No. W0218140002-01, and National Inventory of 
Dams (NID) No. IL50706. The AP is a 172-acre unlined CCR SI used to manage CCR and 
non-CCR waste streams at the KPP. This GMP includes Part 845 content requirements specific to 
35 I.A.C. § 845.630 (Groundwater Monitoring System), 35 I.A.C. § 845.640 (Groundwater 
Sampling and Analysis), and 35 I.A.C. § 845.650 (Groundwater Monitoring Program) for the AP 
at the KPP. 

A checklist which identifies the specific requirements of 35 I.A.C. § 845.630, 35 I.A.C. § 845.640, 
and 35 I.A.C. § 845.650 is included in Table 1-1. The table provides references to sections, 
tables, and figures included in this document to locate the information that meets specific 
requirements of 35 I.A.C. § 845.630, 35 I.A.C. § 845.640, and 35 I.A.C. § 845.650. 

1.2 Site Location and Background  

The KPP is located in the southwest quarter of Section 1, and the northeast quarter of Section 
12, Township 13 North, Range 4 West, along West Route 104 Christian County, Illinois and 
approximately four miles west of the Village of Kincaid (see Figure 1-1). The KPP operates as a 
coal-fired power plant and consists of one CCR unit, the AP, with a total storage capacity of 
approximately 3,560 acre-feet. 

The AP is located between two lobes of Sangchris Lake, which was formed in 1964 by damming 
Clear Creek, a tributary to the south fork of the Sangamon River (see Figure 1-2). Sangchris 
Lake was created to provide a source of cooling water for the KPP. The western lobe of Sangchris 
Lake forms part of the western and northern border of the AP and is connected to an intake 
flume for the KPP on the western edge of the AP. A discharge flume from the KPP forms the 
southern border of Kincaid Ash Pond and is connected to the eastern lobe of Sangchris Lake. 

Construction of the AP began in 1964 and was commissioned for use in 1967. The AP primarily 
contains bottom ash and boiler slag, and other minor materials including water and wastewater 
treatment solids, excavation spoils, and dredge spoils. Discharge for the AP is located at the 
southeast corner of the unit. 

1.3 Conceptual Model  

Significant site investigation has been completed at the KPP to characterize the geology, 
hydrogeology, and groundwater quality. Based on extensive investigation and monitoring, the AP 
has been well characterized and detailed in the Hydrogeologic Site Characterization Report (HCR; 
included in the Operating Permit to which this Plan is attached). A site conceptual model has 
been developed and is discussed below. 



Groundwater Monitoring Plan 
Kincaid Power Plant Ash Pond 
 

KIN AP GMP FINAL 10.19.2021 6/21 
 

The five distinct hydrostratigraphic units summarized below have been identified at the AP based 
on stratigraphic relationships and common hydrogeologic characteristics:  

• CCR: Saturated CCR, consisting primarily of fly ash and boiler slag.  

• Upper Semi-Confining Unit (USCU): Low permeability clay with some silt and minor sand, 
silt layers, and occasional discontinuous sand lenses. Includes the lithologic layers identified 
as the Cahokia Formation. Sand lenses within the USCU with higher permeability within the 
USCU have a higher probability of contaminant transport and these materials are referred to 
as the potential migration pathways (PMPs). 

• Uppermost Aquifer: Thin (generally less than 4 feet), moderate permeability sand, silty 
sand, and clayey sand and gravel units, which includes the unconfined clays and silts of the 
Upper Cahokia Formation, where saturated, and the thin, moderate permeability sands and 
gravels of the Lower Cahokia Formation, which, at some locations also includes the interface 
with the Vandalia Till.  

• Lower Confining Unit (LCU): Underlying the aquifer unit is dense grey clay till; this till is 
easily distinguished during investigation by difficult drilling and/or refusal and is apparent on 
boring logs. The till was encountered at elevations ranging from approximately 570 to 583.5 
feet NAVD88. The LCU is comprised of low permeability silt and clay with minor sand, silt 
layers, and occasional discontinuous sand lenses (more frequently near the top of the unit). 
Includes the lithologic layers identified as the Vandalia Till. 

• Bedrock (BCU): This unit is composed of interbedded shale and limestone of the Bond 
Formation that underlie the Vandalia Till, and underlies the entire AP. 

The elevations of water within the AP are greater than the surrounding areas, and, depending on 
the hydraulic connection between the AP and the surrounding aquifer, water may flow radially 
from the AP toward the lobes of Sangchris Lake. The phreatic surface within the AP between 
February and August 2021 averaged 603.29 feet North American Vertical Datum of 1988 
(NAVD88), with a range from 600.76 feet NAVD88 in XPW03 (in the northwest portion of the AP) 
to 607.38 feet NAVD88 in XSG-01 (in the southeast corner of the AP). Groundwater elevation 
contour maps for the 2021 sampling events are included in Figure 1-3 and Figure 1-4. 

The groundwater elevation in wells within the USCU (MW-7S, MW-8S, MW-12S, MW-20S, MW-25, 
MW-27, and MW-31S) averaged 591.34 feet NAVD88 between February and August 2021, with a 
range from 583.38 feet NAVD88 in MW-27 (west of the AP) to 602.14 feet NAVD88 in MW-25 
(southwest of the AP). The groundwater elevation in wells within the PMP (MW-7S, MW-12S, 
MW-25, and MW-27) averaged 589.99 feet NAVD88 between February and August 2021, with a 
range from 583.38 feet NAVD88 in MW-27 (west of the AP) to 602.14 feet NAVD88 in MW-25 
(southwest of the AP). Wells MW-12S and MW-27, located on the north side of the AP near the 
former drainage feature consistently recorded the lowest groundwater elevation, while MW-8S 
and MW-20S had relatively equal groundwater elevations, and the highest elevations were 
measured at MW-25, suggesting that the predominant horizontal groundwater flow in the USCU 
in the area of the AP is toward the north and northwest toward the western lobe of Sangchris 
Lake. There also appears to be a component of groundwater flow to the south and east toward 
the discharge flume that flows to the eastern lobe of Sangchris Lake (see Figure 1-3 and Figure 
1-4), as evidenced by groundwater elevations on the southern side of the AP. These two 
components of groundwater flow suggest a groundwater divide beneath the AP. 
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The groundwater elevation in wells screened in the uppermost aquifer (MW-1 through MW-12, 
MW-22 through MW-24, MW-26, MW-28 through MW-32, and PZ4C) averaged 592.68 feet 
NAVD88 between February and August 2021, with a range from 584.12 feet NAVD88 in MW-12 
northwest of the AP to 598.69 feet NAVD88 in MW-32 in the northeast corner of the AP. As noted 
above, groundwater elevation contour maps suggest that there is a groundwater divide beneath 
the AP and horizontal groundwater flow in the uppermost aquifer is to the northwest and 
southeast toward the western and eastern lobes of Sangchris Lake, respectively (Figure 1-3 and 
Figure 1-4). 

The groundwater elevation in LCU well MW-20 averaged 595.35 feet NAVD88 between February 
2021 and August 2021, with a range from 594.18 to 598.93 feet NAVD88. The groundwater 
elevation in BCU well MW-12D averaged 586.23 feet NAVD88 between February and August 
2021, with a range from 584.55 to 587.18 feet NAVD88 (Figure 1-3 and Figure 1-4). 

In summary, groundwater elevations are primarily controlled by the surface water levels in 
Sangchris Lake and the water levels within the AP. There is an apparent groundwater divide 
beneath the AP with groundwater flow to the northwest towards the western lobe of Sangchris 
Lake and southeast toward the eastern lobe of Sangchris Lake. 

Vertical hydraulic gradients were calculated using available groundwater elevation data from 
February to August 2021 at nested well locations within the USCU/PMPs, uppermost aquifer, LCU, 
and BCU. Vertical hydraulic gradients are presented in Table 3-2 of the HCR. The results of the 
vertical hydraulic gradient calculations for these hydrostratigraphic units are summarized below:  

• BCU to uppermost aquifer:  

− Gradients calculated between MW-12D (BCU) and MW-12 (uppermost aquifer) were 
upward for all events. 

• Uppermost aquifer to USCU/PMP: 

− Gradients between MW-12 (uppermost aquifer) and MW-12S (PMP) were downward for all 
events. 

• Uppermost aquifer to USCU: 

− Gradients between MW-31 (uppermost aquifer) and MW-31S (USCU) were downward for 
seven events, and upward in the July 1, 2021 event. 

− Gradients between MW-8 (uppermost aquifer) and MW-8S (USCU) were variable, with 
upward gradient in three events (February through April 2021) and a downward gradient in 
two events (May and June 2021). Gradients were not calculated for the two events in July 
and one event in August because MW-8S was dry during those sampling events. 

− Gradients between MW-7 (uppermost aquifer) and MW-7S (USCU) were upward for seven 
events and downward in the June 2021 event. 

These results are consistent with previous vertical gradient calculations (Natural Resource 
Technology, an OBG Company [NRT/OBG], 2017b). 

Part 845 parameters were monitored in the uppermost aquifer monitoring wells at the AP as part 
of the AP Title 40 of the Code of Federal Regulations (40 C.F.R.) § 257 monitoring program 
beginning in 2015. These data were supplemented with installation and sampling of additional 
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locations installed in 2021. The results indicate that the following parameters were detected at 
concentrations greater than the applicable 35 I.A.C. § 845.600 groundwater protection standards 
(GWPSs) and are considered potential exceedances: 

• Arsenic, cobalt, lead, pH, sulfate, total dissolved solids (TDS), and radium 226 and 228 
combined were detected in the USCU wells (not including PMP wells) downgradient of the AP. 

• Arsenic, barium, beryllium, boron, chromium, cobalt, lead, lithium, pH, sulfate, thallium, 
TDS, and radium 226 and 228 combined were detected in PMP wells downgradient of the AP. 

• Boron, chloride, cobalt, pH, sulfate, thallium, TDS were detected in the uppermost aquifer 
wells downgradient of the AP. 

• Chloride and pH were detected in the BCU wells downgradient of the AP. 

Concentration results for the above parameters were compared directly to 35 I.A.C. § 845.600 
GWPS, without an evaluation of background concentrations. Evaluation of background 
groundwater quality has been completed as part of this GMP, and compliance with Part 845 will 
be determined following the first round of groundwater sampling. The first round of groundwater 
sampling for compliance will be completed the quarter following issuance of the Operating Permit 
and in accordance with this GMP. 
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2. GROUNDWATER MONITORING SYSTEMS 

2.1 Existing Monitoring Well Network and Analysis 

This GMP is being provided to propose a groundwater monitoring network and monitoring 
program specific to the AP that will comply with Part 845. The remaining discussion in this 
document will include only these networks and monitoring programs that are applicable and 
specific to the AP, specifically the 40 C.F.R. § 257 network and the proposed Part 845 monitoring 
network. 

2.1.1 IEPA Monitoring Program  

The current IEPA-required groundwater monitoring program associated with the AP consists of 12 
groundwater monitoring wells used to monitor the uppermost aquifer, including four background 
monitoring wells (MW-1, MW-2, MW 9, and MW-10) and eight compliance monitoring wells 
(MW-3, MW-4, MW-5, MW-6, MW-7, MW-8, MW-11, and MW-12) in accordance with the GMP 
(Kincaid Generation, LLC, 2017). The boring logs, well construction forms, and other related 
monitoring well forms for the well network are included in Appendix C of the HCR (included in the 
Operating Permit to which this Plan is attached). The well locations are shown on Figure 2-1. 

Groundwater samples are collected, analyzed and reported semi-annually for the parameters 
listed in 35 I.A.C. § 620.410 (Groundwater Quality Standards for Class I: Potable Resource 
Groundwater) with the exception of perchlorate, which is not required under the IEPA monitoring 
program GMP. The parameters analyzed for the IEPA Monitoring Program are listed in Table A 
below: 

Table A. IEPA Groundwater Monitoring Program Parameters 
Field Parameters    

Groundwater Elevation pH Specific conductivity Temperature 

General Chemistry Parameters 

Chloride (total) Fluoride (total) Nitrate (total) TDS 

Cyanide (total) Nitrite (total) Sulfate(total)  

Metals (total)    

Antimony Cadmium Lead Silver 

Arsenic Chromium Manganese Thallium 

Barium Cobalt Mercury Vanadium 

Beryllium Copper Nickel Zinc 

Boron Iron Selenium 
Radium 226 and 228 
combined 

 

2.1.2 40 C.F.R. § 257 Monitoring  

The 40 C.F.R. § 257 well network for the AP consists of eight monitoring wells installed nearby or 
adjacent to the AP within the unlithified uppermost aquifer. The AP 40 C.F.R. § 257 well network 
consists of two background monitoring wells (MW-1 and MW-2) and six compliance monitoring 
wells (MW-5, MW-6, MW-7, MW-8, MW-11, and MW-12). The boring logs, well construction 
forms, and other related monitoring well forms are available in the Operating Records as required 
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by 40 C.F.R. § 257.91 for each monitored CCR Unit or CCR Multi-Unit, and are included in 
Appendix C of the HCR (included in the Operating Permit to which this Plan is attached). The well 
locations are shown on Figure 2-1. 

Assessment monitoring in accordance with 40 C.F.R. § 257.95 was initiated on April 9, 2018. 
Details on the procedures and techniques used to fulfill the groundwater sampling and analysis 
program requirements are found in the Sampling and Analysis Plan for the AP (NRT/OBG, 
2017a). 

Groundwater samples are collected semi-annually and analyzed for the field and laboratory 
parameters from Appendix III and Appendix IV of 40 C.F.R. § 257, summarized in Table B 
below. 

Table B. 40 C.F.R. § 257 Groundwater Monitoring Program Parameters 

1 Dissolved oxygen, temperature, specific conductance, oxidation/reduction potential, and turbidity are 
recorded during sample collection. 
 
Results and analysis of groundwater sampling are reported annually by January 31 of the 
following year and made available on the CCR public website as required by 40 C.F.R. § 257. 

2.1.3 Part 845 Well Installation and Monitoring 

In 2021, 19 additional monitoring wells (MW-7S, MW-8S, MW-12S, MW-12D, MW-20S, MW-20, 
MW-22, MW-23, MW-24, MW-25, MW-26, MW-27, MW-28, MW-29, MW-30, MW-31, MW-32, and 
MW-31S) were installed along the perimeter of the AP to assess the vertical and horizontal 
lithology, stratigraphy, chemical properties, and physical properties of geologic layers to a 
minimum of 100 feet below ground surface (bgs) as specified in 35 I.A.C. § 845.620(b). 

Prospective Part 845 monitoring wells were sampled for eight rounds between February and 
August 2021 and the results were used for selection of the AP Part 845 monitoring well network. 
Groundwater samples were collected and analyzed for 35 I.A.C. § 845.600 parameters as 
summarized in Table C below. 

  

Field Parameters1 

Groundwater Elevation pH   

Appendix III Parameters (Total, except TDS) 

Boron Chloride Sulfate  

Calcium Fluoride TDS  

Appendix IV Parameters (Total) 

Antimony Cadmium Lithium Selenium 

Arsenic Chromium Mercury Thallium 

Barium Cobalt Molybdenum Radium 226 and 228 
combined Beryllium Lead  
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Table C. Part 845 Groundwater Monitoring Program Parameters 

1Dissolved oxygen, temperature, specific conductance, and oxidation/reduction potential were recorded 
during sample collection. 

Data and results from the Part 845 background monitoring were included in the water quality 
discussion included in the HCR (included in the Operating Permit to which this Plan is attached). 
The data collected from background locations during the Part 845 monitoring were used to 
evaluate and calculate background concentrations for the AP. The evaluation and discussion are 
included in Section 3.2 of this report. 

Data collected from the 40 C.F.R. § 257 monitoring network from 2015 to 2020, and from the 
Part 845 background monitoring were used for selection of the Part 845 monitoring well network 
proposed in Section 2.2. 

2.2 Proposed Part 845 Monitoring Well Network 

The groundwater monitoring network proposed in this plan will include five monitoring wells 
screened in the USCU (wells MW-7S1, MW-8S, MW-20S1, MW-271, and MW-31S), 16 monitoring 
wells screened in the uppermost aquifer (wells MW-01, MW-02, MW-03, MW-05, MW-06, MW-07, 
MW-08, MW-11, MW-12, MW-20, MW-23, MW-28, MW-30, MW-31, MW-32, and PZ-4C), and two 
water level only surface water staff gages (XSG-01 and SG-02). The proposed network is 
summarized in Table D below and displayed on Figure 2-1. Twenty-two wells (two background 
and 20 compliance) will be used to monitor groundwater concentrations within the 
hydrostratigraphic units. 

The groundwater samples collected from the 21 wells will be used to monitor and evaluate 
groundwater quality and demonstrate compliance with the groundwater quality standards listed 
in 35 I.A.C. § 845.600(a). The proposed monitoring wells will yield groundwater samples that 
represent the quality of downgradient groundwater at the CCR boundary (as required in 35 I.A.C. 
§ 845.630(a)(2)). Monitoring well depths and construction details are listed in Table 2-1 and 
summarized in Table D below. 

  

 
1 Wells MW-7S, MW-20S, and MW-27 are screened in the upper semi-confining unit that have been identified to monitor the PMP. 

Field Parameters1 

Groundwater elevation pH Turbidity 

Metals (Total) 

Antimony Boron Cobalt Molybdenum 

Arsenic Cadmium Lead Selenium 

Barium Calcium Lithium Thallium 

Beryllium Chromium Mercury  

Inorganics (Total) 

Fluoride Sulfate Chloride TDS 

Other (Total) 

Radium 226 and 228 combined 
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Table D. Proposed Part 845 Monitoring Well Network 

Well ID Monitored Unit 
Well Screen 

Interval 
(feet bgs) 

Well Type 3 

MW-1  uppermost aquifer 15.0 - 25.0 Background 

MW-2  uppermost aquifer 10.0 - 20.0 Background 

MW-3 uppermost aquifer 14.0 - 24.0 Compliance 

MW-5  uppermost aquifer 30.0 - 40.0 Compliance 

MW-6 uppermost aquifer 10.0 - 20.0 Compliance 

MW-7  uppermost aquifer 10.0 - 20.0 Compliance 

MW-7S* USCU 6.0 - 11.0 Compliance 

MW-8  uppermost aquifer 12.0 - 22.0 Compliance 

MW-8S USCU  4.0 - 7.0 Compliance 

MW-11  uppermost aquifer 11.0 - 21.0 Compliance 

MW-12  uppermost aquifer 15.0 - 25.0 Compliance 

MW-20 uppermost aquifer 14.0 - 24.0 Compliance 

MW-20S* USCU  4.0 - 10.0 Compliance 

MW-23 uppermost aquifer 23.0 - 28.0 Compliance 

MW-27* USCU 10.0 - 15.0 Compliance 

MW-28 uppermost aquifer 12.0 - 22.0 Compliance 

MW-30 uppermost aquifer 35.0 - 40.0 Compliance 

MW-31 uppermost aquifer 35.0 - 40.0 Compliance 

MW-31S USCU 25.0 - 30.0 Compliance 

MW-32 uppermost aquifer 32.0 - 37.0 Compliance 

PZ4C uppermost aquifer 15.5 - 20.5 Compliance 

XSG-011,2 Ash/CCR NA WLO 

SG-021,2 uppermost aquifer NA WLO 

 1 Surface water level measuring points. 
 2 Location is temporary pending implementation of impoundment closure per an approved Construction Permit Application. 
 3 Well type refers to the role of the well in the monitoring network.  

 * Well in the USCU that has been identified to monitor the PMP. 

 NA = Not Applicable 

 WLO = water level only 

2.3 Well Abandonment 

No wells are currently proposed for abandonment. 
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3. APPLICABLE GROUNDWATER QUALITY STANDARDS 

3.1 Groundwater Classification 

Groundwater at the AP does not meet the definition of Class I: Potable Resource Groundwater 
(35 I.A.C. § 620.210), based on the following criteria: 

• Site investigations have determined that water bearing lenses contain more than 12 percent 
fines and are less than five feet in thickness (Cabeno Field Services [Cabeno], 2013), 

• Sustained groundwater yield, from a 12-inch borehole, of less than 150-gallons per day from 
a thickness of 15-feet or less. 

• Field (horizontal) hydraulic conductivity tests and laboratory (vertical) hydraulic conductivity 
tests from wells screened within the uppermost aquifer resulted in an overall (geometric 
mean) of 5.07 x 10-5 centimeters per second (cm/s) and 1.07 x 10-7 cm/s, respectively. 

As set forth in 35 I.A.C. § 620.220, any geologic material with a hydraulic conductivity of less 
than 1x10-4 cm/s, and which does not meet the provisions of 35 I.A.C. § 620.210 (Class I), 
35 I.A.C. § 620.230 (Class III), or 35 I.A.C. § 620.240 (Class IV), meets the definition of Class 
II: General Resource Groundwater. Based on the detailed geologic information provided for the 
unlithified materials and bedrock intercepted at the AP along with the hydrogeologic data, the 
groundwater in the uppermost aquifer can be classified as Class II groundwater: General 
Resource Groundwater. This is supported by results of the hydrogeologic study completed in 
2013 (Cabeno, 2013), which concluded that the AP does not meet most criteria of Class I 
Groundwater and the data collected supported a Class II Groundwater Classification. 

3.2 Statistical Evaluation of Background Groundwater Data 

A Statistical Analysis Plan (Appendix A) has been developed to describe procedures that will be 
used to establish background conditions and implement compliance monitoring as necessary and 
required by 35 I.A.C. § 845.640 and 845.650. The Statistical Analysis Plan was prepared in 
accordance with the requirements of 35 I.A.C. § 845.640(f), with reference to the acceptable 
statistical procedures provided in United States Environmental Protection Agency’s (USEPA) 
Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (Unified 
Guidance, March 2009), and is intended to provide a logical process and framework for 
conducting the statistical analysis of the data obtained during groundwater monitoring. 

In accordance with 35 I.A.C. § 845.640(f)(1), the statistical method chosen for analysis of 
background groundwater quality was either the tolerance interval or the prediction interval 
procedure for each constituent listed in 35 I.A.C. § 845.600(a)(1) at this CCR unit per 35 I.A.C. § 
845.640(f)(1)(C). A comparison of the statistical background concentrations and groundwater 
quality standards listed in 35 I.A.C. § 845.600(a)(1) and the resulting GWPSs are summarized in 
Table 3-1. 

3.3 Applicable Groundwater Protection Standards 

The applicable GWPS will be established in accordance with 35 I.A.C. § 845.600(a)(1) (greater of 
the background concentration or numerical limit specified in 35 I.A.C. § 845.600(a)(1)). The 
results of the statistical analysis of background groundwater data (Table 3-1) indicate that most 
background concentrations in the uppermost aquifer are below the groundwater quality standards 
listed in 35 I.A.C. § 845.600(a)(1). Therefore, for these parameters, the groundwater quality 
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standards listed in 35 I.A.C. § 845.600(a)(1) will be applied to the results from the proposed 
groundwater monitoring network. The exception is for pH lower limit, where the background 
lower limit for pH is lower than the 35 I.A.C. § 845.600 standard. Therefore, the GWPS for pH 
lower limit will be the background measurement. 

Under most circumstances, the GWPS will be compared to the lower confidence limit for the 
observed concentrations for each constituent in each compliance well. Exceptions are when there 
are high percentages (greater than 50 percent) of non-detects in compliance well data, for which 
a future mean (for 50 to 70 percent non-detects) or median (for greater than 70 percent 
non-detects) will be compared to the GWPS. Consistent with the Unified Guidance, the same 
general statistical method of confidence interval testing against a fixed GWPS is recommended in 
compliance and corrective action programs. Confidence intervals provide a flexible and 
statistically accurate method to test how a parameter estimated from a single sample compares 
to a fixed numerical limit. Confidence intervals explicitly account for variation and uncertainty in 
the sample data used to construct them. 

Evaluation of the applicable standards will occur in conjunction with the analysis of groundwater 
quality results. Background calculations and the resulting concentrations may be updated as 
appropriate, in accordance with the Statistical Analysis Plan included in Appendix A.  
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4. GROUNDWATER MONITORING PLAN 

The groundwater monitoring plan will monitor and evaluate groundwater quality to demonstrate 
compliance with the groundwater quality standards included in 40 C.F.R. § 257.94(e), 40 C.F.R. 
§ 257.95(h), and 35 I.A.C. § 845.600(a)(1). The groundwater monitoring program will include 
sampling and analysis procedures that are consistent and that provide an accurate representation 
of groundwater quality at the background and compliance wells as required by 35 I.A.C. § 
845.630. As discussed in Section 2, three monitoring networks specific to the AP exist, the 
IEPA-required monitoring program, the 40 C.F.R. § 257 network, and the proposed Part 845 
network. These networks will continue to be monitored until USEPA approves Part 845. It is 
expected that upon USEPA approval of Part 845, the 40 C.F.R. § 257 network monitoring and 
reporting will be eliminated, and the proposed Part 845 monitoring and reporting included in this 
Plan will replace the IEPA monitoring and continue until requirements of Part 845 have been 
achieved. 

4.1 Monitoring Networks and Parameters  

4.1.1 IEPA Groundwater Monitoring 

The existing IEPA-required monitoring program was discussed in detail in Section 2.1.1. Twelve 
groundwater monitoring wells used to monitor the uppermost aquifer, including four background 
monitoring wells (MW-1, MW-2, MW 9, and MW-10) and eight compliance monitoring wells 
(MW-3, MW-4, MW-5, MW-6, MW-7, MW-8, MW-11, and MW-12) are sampled on a semi-annual 
frequency for the parameters listed in 35 I.A.C. § 620.410 (Groundwater Quality Standards for 
Class I: Potable Resource Groundwater) with the exception of perchlorate, which is not required 
under the IEPA monitoring program GMP. Upon approval of this GMP through IEPA granting a 
Part 845 Operating Permit for the AP, this monitoring program will be superseded by the Part 845 
Monitoring Program summarized below. 

4.1.2 40 C.F.R. § 257 Groundwater Monitoring  

The existing 40 C.F.R. § 257 monitoring program was discussed in detail in Section 2.1.2. Eight 
wells (two background and six compliance) are sampled for Appendix III and Appendix IV 
parameters on a semi-annual frequency. No changes are proposed to this monitoring network. 
Well locations and parameters will continue to be monitored and reported as required by 
40 C.F.R. § 257 until USEPA approves Part 845. 

4.1.3 Part 845 Groundwater Monitoring 

The proposed Part 845 Monitoring Network will consist of two background monitoring wells 
(MW-1 and MW-2), 19 compliance monitoring wells (MW-3, MW-5, MW-6, MW-7, MW-7S, MW-8, 
MW-8S, MW-11, MW-12, MW-20, MW-20S, MW-23, MW-27, MW-28, MW-30, MW-31, MW-31S, 
MW-32, and PZ4C), and two temporary water level only surface water staff gages (XSG-01 and 
SG-02) to monitor potential impacts from the AP (Figure 2-1). These monitoring wells are 
screened within the USCU (MW-7S2, MW-8S, MW-20S2, MW-272, and MW-31S), and the 
uppermost aquifer (MW-01, MW-02, MW-03, MW-05, MW-06, MW-07, MW-08, MW-11, MW-12, 
MW-20, MW-23, MW-28, MW-30, MW-31, MW-32, and PZ-4C) along the perimeter of the AP. 

 
2 Wells MW-7S, MW-20S, and MW-27 are screened in the upper semi=confining unit that have been identified to monitor the PMP. 
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Groundwater samples will be collected and analyzed for the laboratory and field parameters in 
Table E below: 

Table E. Part 845 Groundwater Monitoring Program Parameters 

1Dissolved oxygen, temperature, specific conductance, and oxidation/reduction potential will be recorded 
during sample collection. 

All parameters listed above were sampled a minimum of eight times by October 18, 2021 to 
establish background groundwater quality in accordance with 35 I.A.C. § 845.650 (b)(1)(A). 
Discussion of background groundwater quality is included in Section 3.2. 

4.2 Sampling Schedule 

Groundwater sampling for the Part 845 monitoring well network will initially be performed 
quarterly according to the following schedule: 

  

Field Parameters1 

Groundwater elevation pH Turbidity 

Metals (Total) 

Antimony Boron Cobalt Molybdenum 

Arsenic Cadmium Lead Selenium 

Barium Calcium Lithium Thallium 

Beryllium Chromium Mercury  

Inorganics (Total) 

Fluoride Sulfate Chloride TDS 

Other (Total) 

Radium 226 and 228 combined 
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Table F. Part 845 Sampling Schedule 

Frequency Duration 

Monthly 
(groundwater 
elevations 
only) 

Begins: the quarter following approval of this plan and issuance of the Operating Permit.  

Ends: Following the 30-year post closure care period and following IEPA approval of 
documentation that groundwater concentrations are below standards in 35 I.A.C. § 
845.600 and concentrations exceeding background are not increasing and meet 
requirements in 35 I.A.C. § 845.780 (c)(2)(B)(i) and (ii). 

Quarterly 
(groundwater 
quality) 

Begins: the quarter following approval of this plan and issuance of the Operating Permit.  

Ends: Following the 30-year post closure care period and following IEPA approval of 
documentation that groundwater concentrations are below standards in 35 I.A.C. § 
845.600 and concentrations exceeding background are not increasing and meet 
requirements in 35 I.A.C. § 845.780 (c)(2)(B)(i) and (ii), or upon IEPA approval of an 
alternate schedule as allowed by 35 I.A.C. § 845.650(b)(4). 

Semi-annual 
(groundwater 
quality) 

Begins: Following 5 years of quarterly groundwater monitoring and IEPA approval of a 
demonstration that groundwater concentrations are below standards in 35 I.A.C. § 845.600 
and not exhibiting statistically-significant increasing trends, monitoring effectiveness is not 
compromised by a semi-annual schedule, and sufficient data has been collected to 
characterize groundwater. 

Ends: Following detection of a statistically-significant increasing trend in groundwater 
concentrations or an exceedance of the standards in 35 I.A.C. § 845.600 (quarterly 
monitoring shall be resumed in these circumstances), or following the 30-year post closure 
care period and following IEPA approval of documentation that groundwater concentrations 
are below standards in 35 I.A.C. § 845.600 and concentrations exceeding background are 
not increasing and meet requirements in 35 I.A.C. § 845.780 (c)(2)(B)(i) and (ii). 

 

4.3 Groundwater Sample Collection 

Groundwater sampling procedures have been developed and the collection of groundwater 
samples is being implemented to meet the requirements of 35 I.A.C. § 845.640. In addition to 
groundwater well samples, quality assurance samples will be collected as described in Section 
4.5 (Table 4-1). 

4.4 Laboratory Analysis 

Laboratory analysis will be performed consistent with the requirements of 35 I.A.C. § 845.640(j) 
by a state-certified laboratory using methods approved by IEPA and USEPA. Laboratory methods 
may be modified based on laboratory equipment availability or procedures, but the Reporting 
Limit (RL) for all parameters analyzed, regardless of method, will be lower than the applicable 
groundwater quality standard. RLs for the applicable parameters are summarized in Table 4-2. 
Concentrations lower than the RL will be reported as less than the RL.  

4.5 Quality Assurance Program 

Consistent with the requirements of 35 I.A.C. § 845.640(a)(5), the sampling and analysis 
program includes procedures and techniques for quality assurance/quality control (QA/QC). 
Additional quality assurance samples to be collected will include the following: 

• Field duplicates will be collected at a frequency of one per group of ten or fewer investigative 
water samples. 



Groundwater Monitoring Plan 
Kincaid Power Plant Ash Pond 
 

KIN AP GMP FINAL 10.19.2021 18/21 
 

• One equipment blank sample will be collected and analyzed for each day of sampling. If 
dedicated sampling equipment is used, then equipment blank samples will not be collected.  

• The duplicate and equipment blank quality assurance samples will be supplemented by the 
laboratory QA/QC program, which typically includes: 

− Regular generation of instrument calibration curves to assure instrument reliability 

− Laboratory control samples and/or quality control check standards that have been spiked, 
and analyses to monitor the performance of the analytical method 

− Matrix spike/matrix spike duplicate analyses to determine percent recoveries and relative 
percent differences for each of the parameters detected 

− Analysis of replicate samples to check the precision of the instrumentation and/or 
methodology employed for all analytical methods 

− Analysis of method blanks to assure that the system is free of contamination 

Water quality meters used to measure pH and turbidity will be calibrated according to 
manufacturer’s specifications. At a minimum, it is recommended that calibration of pH occur daily 
prior to sampling and checked for accuracy at the end of each day. Unusual or suspect pH 
measurements during sampling events will be flagged, evaluated, and additional calibration may 
be performed throughout the sampling events. Turbidity meters will be checked daily, prior to 
and following sampling. Unusual measurements or erratic meter performance will be flagged and 
evaluated for overall effects on the data prior to reporting. 

4.6 Groundwater Monitoring System Maintenance Plan 

Consistent with the requirements of 35 I.A.C. § 845.630(e)(2), maintenance will be performed as 
needed to assure that the monitoring wells provide representative groundwater samples. 
Monitoring wells will be inspected during each groundwater sampling event; inspections will 
consist of the following: 

• Visual inspection, clearing of vegetation, replacement of markers, and painting of protective 
casings as needed to assure that monitoring wells are clearly marked and accessible 

• Visual inspection and repair or replacement of well aprons as needed to assure that they are 
intact, drain water away from the well, and have not heaved 

• Visual inspection and repair or replacement of protective casings as needed to assure that 
they are undamaged, and that locks are present and functional 

• Checks to assure that well caps are intact and vented, unless in flood-prone areas in which 
case caps will not be vented 

• Annual measurement of monitoring well depths to determine the degree of siltation within 
the wells. Wells will be redeveloped as needed to remove siltation from the screened interval 
if it impedes flow of water into the well  

• Checks to assure that wells are clear of internal obstructions, and flow freely 

If maintenance of a monitoring well cannot address an identified deficiency, a replacement well 
will be installed. 
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4.7 Statistical Analysis 

Statistical analysis will be consistent with procedures listed in 35 I.A.C. § 845.640(f). A Statistical 
Analysis Plan, provided in Appendix A, has been developed to summarize the statistical 
procedures that will be used to evaluate the groundwater results. 

4.8 Data Reporting 

Data reporting for the 40 C.F.R. § 257 monitoring well network will be consistent with 
recordkeeping, notification, and internet posting requirements described in 40 C.F.R. § 257.105 
through 257.107. 

Groundwater monitoring and analysis completed as part of the Part 845 monitoring under an 
approved monitoring program will be reported to IEPA within 60 days after completion of 
sampling and the data placed in the facility’s operating record as required by 35 I.A.C. § 
845.610(b)(3)(D). Within 14 days of posting to the operating record, information will be posted 
to the publicly accessible internet site “Illinois CCR Rule Compliance Data and Information” as 
required by 35 I.A.C. § 845.810(d). Information will also be submitted to IEPA annually by 
January 31 as required by 35 I.A.C. § 845.550, for data collected the preceding year. The report 
will include the status of the groundwater monitoring and any required corrective action plan for 
the AP in addition to other requirements detailed in 35 I.A.C. § 845.610(e). 

4.9 Compliance with Applicable On-site Groundwater Protection Standards 

In accordance with 35 I.A.C. § 845.600(a)(1), the groundwater protection standard at the waste 
boundary will be the higher of either the 35 I.A.C. § 845.600 standard or the concentration 
determined by background groundwater monitoring.  

As provided in 35 I.A.C. § 845.780(c)(2), at the end of the 30-year post-closure care period, 
groundwater monitoring will continue to be conducted in post-closure care until the groundwater 
results show the concentrations are: 

• Below the groundwater protection standards in 35 I.A.C. § 845.600; and 

• Not increasing for those constituents over background, using the statistical procedures and 
performance standards in 35 I.A.C. § 845.640(f) and (g), provided that: 

− Concentrations have been reduced to the maximum extent feasible; and 

− Concentrations are protective of human health and the environment. 

If one or more constituents are detected and confirmed by an immediate resample, to be greater 
than the GWPS in any sampling event, an Alternate Source Demonstration (ASD) will be 
evaluated as described in Section 4.10. 

4.10 Alternate Source Demonstrations 

As allowed in 35 I.A.C. § 845.650(e), following detection of an exceedance of the GWPS, an ASD 
will be evaluated and, if completed, submitted to IEPA within 60 days. The ASD will provide lines 
of evidence that a source other than the CCR SI caused the contamination and the CCR SI did 
not contribute to the contamination, or that the exceedance of the GWPS resulted from error in 
sampling, analysis, statistical evaluation, natural variation in groundwater quality, or a change in 
the potentiometric surface and groundwater flow direction. 
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The ASD will include information and analysis that supports the conclusions and a certification of 
accuracy by a qualified professional engineer. Once the ASD is approved by IEPA, the Part 845 
groundwater monitoring will continue as defined in Section 4.1.3.  

If an ASD is not completed and submitted, or IEPA does not approve the ASD, a notification of 
the exceedance will be provided to IEPA and placed in the operating record. Additional actions 
will also be completed as required by 35 I.A.C § 845.650(d)(1) through (3); including, initiation 
of an assessment of corrective measures under 35 I.A.C § 845.660. As allowed in 35 I.A.C § 
845.650(e)(7) a petition for review of IEPA’s non-concurrence under 35 I.A.C. § 105 may also be 
filed. 

4.11 Assessment of Corrective Measures and Corrective Action 

As described in 35 I.A.C. § 845.660, if the ASD summarized in Section 4.10 has not been 
approved by IEPA, an assessment of corrective measures will be initiated within 90 days of the 
detection of a result exceeding 35 I.A.C. § 845.600 standards (i.e., receipt of laboratory data). 
The assessment of corrective measures will include at least the following (35 I.A.C. § 845.660 
(c)): 

• The performance, reliability, ease of implementation, and potential impacts of appropriate 
potential remedies, including safety impacts, cross-media impacts, and control of exposure to 
any residual contamination; 

• The time required to begin and complete the corrective action plan; and 

• The institutional requirements, such as State or local permit requirements or other 
environmental or public health requirements that may substantially affect implementation of 
the corrective action plan. 

Within one year of completing the assessment of corrective measures, a corrective action plan 
will be developed to identify the selected remedy in accordance with 35 I.A.C. § 845.670. If 
closure of the CCR Unit is required, a closure alternatives analysis will be completed as specified 
in 35 I.A.C. § 845.710. The analysis and selected alternative will be submitted to IEPA in a 
Closure Plan as specified by 35 I.A.C. § 845.720. Groundwater monitoring proposed in this 
Addendum will continue as specified until the post closure care period has expired and IEPA has 
approved termination of post-closure care. 
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TABLE 1-1. PART 845 REQUIREMENTS CHECKLIST
GROUNDWATER MONITORING PLAN
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Part 845 Reference Part 845 Components Location of Information in GMP
845.630 Groundwater Monitoring Systems

845.630(a)(2) Potential contaminant pathways must be monitored. Sections 1.3, 2.2 & 4.1.3

845.630(a)
845.630(b)
845.630(c)

At least two upgradient wells and four downgradient wells (min. 
1 and 3, but requires additional documentation)

Sections 2.2 & 4.1.3
Table 2-1
Figure 2-1

845.630(a)
845.630(b)
845.630(c)

Downgradient Well Density Figure 2-1

845.630(a)(2) Downgradient wells at waste boundary Figure 2-1

845.640 Groundwater Sampling and Analysis Requirements

845.640(a) Consistent sampling and analysis procedures Section 4
Tables 4-1 & 4-2

845.640(b) Methods are appropriate Section 4
Tables 4-1 & 4-2

845.640(c) Groundwater elevations must be measured in each well prior to 
purging, each time groundwater is sampled. Section 4.3

845.640 (d)(e)(f)(g)(h) Establishment of background and application of statistical 
methods

Sections 3 & 4.7
Appendix A

845.640(i) Analyze total recoverable metals Section 4.1.3

845.640(j) Analyze groundwater samples using a certified laboratory Section 4.4
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TABLE 1-1. PART 845 REQUIREMENTS CHECKLIST
GROUNDWATER MONITORING PLAN
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Part 845 Reference Part 845 Components Location of Information in GMP
845.650 Groundwater Monitoring Program

845.650(a)
Must include monitoring for all constituents with a groundwater 
protection standard in Section 845.600(a), calcium, and 
turbidity

Section 4.1.3

845.650(b)(c) Groundwater Monitoring Frequency Sections 4.1.3 & 4.2

845.650(d)(e) Exceedances of the groundwater protection standard Sections 4.9, 4.10 & 4.11

845.650(b)(2) 
845.650(b)(3) Staff gauge/ piezometer to monitor head in impoundment Sections 2.2 & 4.1.3

Figure 2-1 (XSG-01)

NA Staff gauge/ piezometer to monitor head of neighboring 
surface water body

Sections 2.2 & 4.1.3
Figure 2-1 (SG-02)

[O: CJC 08/11/21; C: LDC 8/17/21]
Notes:

GMP = Groundwater Monitoring Plan
NA = Not Applicable

2 of 2



1 of 2 

TABLE 2-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS 
GROUNDWATER MONITORING PLAN 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 

Well 
Number Type HSU 

Date 
Constructed 

Top of PVC 
Elevation 

(ft) 

Measuring 
Point 

Elevation 
(ft) 

Measuring 
Point 

Description 

Ground 
Elevation 

(ft) 

Screen 
Top 

Depth 
(ft BGS) 

Screen 
Bottom 
Depth 

(ft BGS) 

Screen Top 
Elevation 

(ft) 

Screen 
Bottom 

Elevation 
(ft) 

Well 
Depth 

(ft BGS) 

Bottom of 
Boring 

Elevation 
(ft) 

Screen 
Length 

(ft) 

Screen 
Diameter 
(inches) 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

MW-1 B UA 04/20/2010 604.71 604.71 Top of PVC 602.60 15.00 25.00 587.60 577.60 25.00 568.10 10 2 39.592051 -89.490283

MW-2 B UA 04/21/2010 601.10 601.10 Top of PVC 598.88 10.00 20.00 588.90 578.90 20.00 541.40 10 2 39.590698 -89.488916

MW-3 C UA 04/15/2010 601.46 601.46 Top of PVC 599.24 14.00 24.00 585.20 575.20 24.00 552.70 10 2 39.594458 -89.487173

MW-5 C UA 04/22/2010 619.44 619.44 Top of PVC 617.77 30.00 40.00 587.80 577.80 40.00 541.80 10 2 39.601296 -89.490402

MW-6 C UA 04/16/2010 600.46 600.46 Top of PVC 598.44 10.00 20.00 588.40 578.40 20.00 572.90 10 2 39.598638 -89.498944

MW-7 C UA 04/16/2010 597.75 597.75 Top of PVC 596.00 10.00 20.00 586.00 576.00 20.00 569.50 10 2 39.597637 -89.498959

MW-7S C USCU 02/02/2021 597.64 597.64 Top of PVC 595.59 6.00 11.00 589.59 584.59 11.00 580.59 5 2 39.59766 -89.498978

MW-8 C UA 04/13/2010 603.14 603.14 Top of PVC 601.14 12.00 22.00 589.10 579.10 22.00 563.10 10 2 39.594399 -89.496829

MW-8S C USCU 02/02/2021 603.30 603.30 Top of PVC 600.57 4.00 7.00 596.57 593.57 7.00 580.57 3 2 39.594381 -89.496822

MW-11 C UA 06/17/2015 601.81 601.81 Top of PVC 599.27 11.00 21.00 588.30 578.30 21.00 578.30 10 2 39.593104 -89.491115

MW-12 C UA 07/23/2015 591.40 591.40 Top of PVC 589.04 15.00 25.00 573.90 563.90 25.00 563.90 10 2 39.600208 -89.496381

MW-20 C UA 01/26/2021 600.77 600.77 Top of PVC 598.52 14.00 24.00 584.52 574.52 24.00 547.52 10 2 39.598653 -89.48728

MW-20S C USCU 01/26/2021 600.64 600.64 Top of PVC 598.43 4.00 10.00 594.43 588.43 10.00 588.43 6 2 39.598665 -89.487279

MW-23 C UA 02/02/2021 610.32 610.32 Top of PVC 608.05 23.00 28.00 585.05 580.05 28.00 558.05 5 2 39.593293 -89.489352

MW-27 C USCU 02/02/2021 600.05 600.05 Top of PVC 597.35 10.00 15.00 587.35 582.35 15.00 577.35 5 2 39.596694 -89.497927

MW-28 C UA 02/02/2021 601.40 601.40 Top of PVC 598.33 12.00 22.00 586.33 576.33 22.00 573.33 10 2 39.599258 -89.497962

MW-30 C UA 02/03/2021 618.47 618.47 Top of PVC 616.00 35.00 40.00 581.00 576.00 40.00 571.00 5 2 39.601262 -89.493996

MW-31 C UA 02/03/2021 617.34 617.34 Top of PVC 615.02 35.00 40.00 580.02 575.02 40.00 565.02 5 2 39.601301 -89.491702

MW-31S C USCU 02/03/2021 617.54 617.54 Top of PVC 615.13 25.00 30.00 590.13 585.13 30.00 585.13 5 2 39.601303 -89.491681

MW-32 C UA 02/03/2021 619.49 619.49 Top of PVC 617.20 32.00 37.00 585.20 580.20 37.00 577.20 5 2 39.601279 -89.488643

PZ-4C C UA 03/30/2016 600.57 600.57 Top of PVC 597.89 15.50 20.50 582.39 577.39 20.50 577.39 5 2 39.596398 -89.487207

XSG-01 WLO CCR -- -- 608.43 Staff gauge -- -- -- -- -- -- -- -- -- 39.593401 -89.48768

SG-02 WLO SW -- -- 564.80 Staff gauge -- -- -- -- -- -- -- -- -- 39.593106 -89.498155
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TABLE 2-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS 
GROUNDWATER MONITORING PLAN 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 

Well 
Number Type HSU 

Date 
Constructed 

Top of PVC 
Elevation 

(ft) 

Measuring 
Point 

Elevation 
(ft) 

Measuring 
Point 

Description 

Ground 
Elevation 

(ft) 

Screen 
Top 

Depth 
(ft BGS) 

Screen 
Bottom 
Depth 

(ft BGS) 

Screen Top 
Elevation 

(ft) 

Screen 
Bottom 

Elevation 
(ft) 

Well 
Depth 

(ft BGS) 

Bottom of 
Boring 

Elevation 
(ft) 

Screen 
Length 

(ft) 

Screen 
Diameter 
(inches) 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Notes: 
All elevation data are presented relative to the North American Vertical Datum 1988 (NAVD88), GEOID 12A 
Type refers to the role of the well in the monitoring network: background (B), compliance (C), or water level measurements only (WLO) 
WLO wells are temporary pending implementation of impoundment closure per an approved Construction Permit application 
-- = data not available 
BGS = below ground surface 
CCR = Coal Combustion Residual 
ft = foot or feet 
HSU = Hydrostratigraphic Unit 
PVC = polyvinyl chloride 
SW = surface water 
UA = uppermost aquifer 
USCU = upper semi-confining unit 
generated 10/05/2021, 3:15:02 PM CDT



1 of 1 

TABLE 3-1. BACKGROUND GROUNDWATER QUALITY AND STANDARDS 
GROUNDWATER MONITORING PLAN 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 

Parameter 
Background 

Concentration 
845 
Limit 

Groundwater Protection 
Standard Unit 

Antimony, total 0.001 0.006 0.006 mg/L 

Arsenic, total 0.0048 0.010 0.010 mg/L 

Barium, total 0.15 2.0 2.0 mg/L 

Beryllium, total 0.001 0.004 0.004 mg/L 

Boron, total 0.296 2 2 mg/L 

Cadmium, total 0.001 0.005 0.005 mg/L 

Chloride, total 18 200 200 mg/L 

Chromium, total 0.0095 0.1 0.1 mg/L 

Cobalt, total 0.0039 0.006 0.006 mg/L 

Fluoride, total 0.51 4.0 4.0 mg/L 

Lead, total 0.0051 0.0075 0.0075 mg/L 

Lithium, total 0.012 0.04 0.04 mg/L 

Mercury, total 0.0002 0.002 0.002 mg/L 

Molybdenum, total 0.0062 0.1 0.1 mg/L 

pH (field) 7.6 / 5.6 9.0 / 6.5 9.0 / 5.6 SU 

Radium 226 and 228 
combined 1 5 5 pCi/L 

Selenium, total 0.0018 0.05 0.05 mg/L 

Sulfate, total 151 400 400 mg/L 

Thallium, total 0.002 0.002 0.002 mg/L 

Total Dissolved Solids 494 1200 1200 mg/L 

Notes: 
For pH, the values presented are the upper / lower limits 
GWPS for calcium and turbidity do not apply per 35 I.A.C. § 845.600(b) 
mg/L = milligrams per liter 
SU = standard units 
pCi/L = picocuries per liter 
generated 10/05/2021, 3:25:27 PM CDT



TABLE 4-1. SAMPLING AND ANALYSIS SUMMARY
GROUNDWATER MONITORING PLAN
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Parameter Analytical Method 1
Number of 
Samples

Field 
Duplicates 2

Field 
Blanks 3

Equipment 
Blanks 3 MS/MSD 4 Total Container

Type
Minimum
Volume 5

Preservation
(Cool to 4 oC 

for all samples)

Sample Hold Time
from Collection Date

Metals 6 6020, Li - EPA 200.7 22 3 0 0 2 27 plastic 600 mL HNO3 to pH<2 6 months
Mercury 7470A or 6020 22 3 0 0 2 27 plastic 400 mL HNO3 to pH<2 28 days

Fluoride 9214 or EPA 300 22 3 0 0 2 27 plastic 300 mL Cool to 4 °C 28 days
Chloride 9251 or EPA 300 22 3 0 0 2 27 plastic 100 mL Cool to 4 °C 28 days
Sulfate 9036 or EPA 300 22 3 0 0 2 27 plastic 50 mL Cool to 4 oC 28 days
Total Dissolved Solids SM 2540 C 22 3 0 0 2 27 plastic 200 mL Cool to 4 oC 7 days

Radium 226 9315 or EPA 903 22 0 0 0 0 22 plastic 1000 mL HNO3 to pH<2 6 months
Radium 228 9320 or EPA 904 22 0 0 0 0 22 plastic 1000 mL HNO3 to pH<2 6 months

pH SM 4500-H+ B 22 NA NA NA NA 22 flow-through cell NA none immediately
Dissolved Oxygen 8 SM 4500-O/405.1 22 NA NA NA NA 22 flow-through cell NA none immediately
Temperature 8 SM 2550 22 NA NA NA NA 22 flow-through cell NA none immediately
Oxidation/Reduction Potential 8 SM 2580 B 22 NA NA NA NA 22 flow-through cell NA none immediately
Specific Conductance 8 SM 2510 B 22 NA NA NA NA 22 flow-through cell NA none immediately
Turbidity 7 SM 2130 B 22 NA NA NA NA 22 flow-through cell or hand-held turbidity meter NA none immediately

[O: CJC 08/11/21; C: LDC 8/17/21]
Notes:

1 Analytical method numbers are from SW-846 unless otherwise indicated. Analytical methods may be updated with more recent versions as appropriate.
2 Field duplicates will be collected at a frequency of one per group of 10 or fewer investigative water samples. Field duplicates will not be collected for radium analysis.
3 Field blanks will be collected at the discretion of the project manager; Equipment blanks will be collected at a rate of 1 per sampling event if non-dedicated equipment is used.
4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) samples will be collected at a frequency of one per group of 20 or fewer investigative water samples per CCR unit/multi-unit. Additional volume to be determined by laboratory.
5 Sample volume is estimated and will be determined by the laboratory.

7 If turbidity exceeds 10 NTUs, a duplicate sample filtered through a .45 micron filter may be collected for metals analysis in addition to the unfiltered sample. Both samples would be submitted for analysis.
8 Parameter collected for quality assurance and quality control for field sampling purposes only; not required to be collected or reported under Part 845; collection of parameter may be discontinued without notification.
< = less than
oC = degrees Celsius
HNO3 = nitric acid
mL = milliliter

NA = not applicable

NTU = nephelometric turbidity unit

Metals

Inorganic Parameters

Radium

Field Parameters 

6 Metals = antimony, arsenic, barium, beryllium, boron, cadmium, calcium, chromium, cobalt, lead, lithium, molybdenum, selenium, thallium. Metals may be analyzed via ICP/ ICP-MS USEPA methods 6010 or 6020 depending on laboratory instrument availability

Page 1 of 1



TABLE 4-2. DETECTION AND REPORTING LIMITS FOR PART 845 PARAMETERS
GROUNDWATER MONITORING PLAN
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Constituent CAS Unit Analytical Methods 1 USEPA MCL 2 35 I.A.C. § 
845.600 RL 4, 5 MDL 5

Antimony 7440-36-0 mg/L 6020 0.006 0.006 0.003 0.00036
Arsenic 7440-38-2 mg/L 6020 0.01 0.01 0.001 0.00013
Barium 7440-39-3 mg/L 6020 2 2 0.001 0.00028
Beryllium 7440-41-7 mg/L 6020 0.004 0.004 0.001 0.000017
Boron 7440-42-8 mg/L 6020 NS 2 0.01 0.0023
Cadmium 7440-43-9 mg/L 6020 0.005 0.005 0.001 0.000042
Calcium 7440-70-2 mg/L 6020 NS NS 0.15 0.15
Chromium 7440-47-3 mg/L 6020 0.1 0.1 0.004 0.00027
Cobalt 7440-48-4 mg/L 6020 0.006 0.006 0.002 0.000017
Lead 7439-92-1 mg/L 6020 0.015 0.0075 0.001 0.000025
Lithium 7439-93-2 mg/L 6020 or EPA 200.7 0.04 0.04 0.02 0.0001
Mercury 7439-97-6 mg/L 6020 or 7470A 0.002 0.002 0.0002 0.000078
Molybdenum 7439-98-7 mg/L 6020 0.1 0.1 0.001 0.000063
Selenium 7782-49-2 mg/L 6020 0.05 0.05 0.001 0.00032
Thallium 7440-28-0 mg/L 6020 0.002 0.002 0.001 0.000062

Fluoride 7681 mg/L 9214 or EPA 300 4 4 0.25 0.065
Chloride 16887-00-6 mg/L 9251 or EPA 300 250 3 200 1 0.15
Sulfate 18785-72-3 mg/L 9036 or EPA 300 250 3 400 1 0.24
Total Dissolved Solids 10052 mg/L SM 2540C 500 3 1200 17 --

Radium 226 and 228 Combined 7440-14-4 pCi/L 9315/9320 or EPA 903/904 5 5 -- 6 -- 7

pH NA SU SM 4500-H+ B NS 6.5-9.0 NA NA
Oxidation/Reduction Potential NA mV SM 2580 B NS NS NA NA
Dissolved Oxygen NA mg/L SM 4500-O/405.1 NS NS NA NA
Temperature NA oC SM 2550 NS NS NA NA
Specific Conductivity NA µS/cm SM 2510 B NS NS NA NA

Metals

Inorganics

Other

Field

Page 1 of 2



TABLE 4-2. DETECTION AND REPORTING LIMITS FOR PART 845 PARAMETERS
GROUNDWATER MONITORING PLAN
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Constituent CAS Unit Analytical Methods 1 USEPA MCL 2 35 I.A.C. § 
845.600 RL 4, 5 MDL 5

Turbidity NA NTU SM 2130 B NS NS NA NA
[O: CJC 08/11/21; C: LDC 08/17/21; U: LDC 09/16/21; C: EJT 09/19/21]

Notes:

2 USEPA MCL = United States Environmental Protection Agency Maximum Contaminant Level.
3 USEPA SMCL = United States Environmental Protection Agency Secondary Maximum Contaminant Level.
4 RLs will be less than the 35 I.A.C. § 845.600 groundwater protection standards.
5 RLs and method detection limits (MDLs) will vary depending on the laboratory performing the work.
6 All radium results will be reported (values may be positive or negative) and will include uncertainty and the calculated MDC.
7 Laboratories calculate a minimum detectable concentration (MDC) based on the sample.
oC = degrees Celsius
µS/cm = microSiemens per centimeter
CAS = Chemical Abstract Number
MDL = Method detection limit as established by the laboratory
mg/L = milligrams per liter
mV = millivolts
NS = No standard
NTU = nephelometric turbidity unit
pCi/L = picoCuries per liter
RL = Reporting limit as established by the laboratory
SM = Standard Methods for the Examination of Water and Wastewater
SU = standard units

1 Analytical method numbers are from SW-846 unless otherwise indicated. Metals will be analyzed via Method 6020 or 6010 depending on laboratory
 equipment availability. Selected method will ensure reporting limits (RL) are below Title 35 of the Illinois Administrative Code (35 I.A.C.) § 845.600 groundwater protection 
standards.
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LICENSED PROFESSIONAL CERTIFICATIONS 

This certification is based on the description of the statistical methods selected to evaluate 
groundwater as presented in the following Statistical Analysis Plan; Kincaid Power Plant Ash 
Pond. The procedures described in the plan will be used to establish background conditions and 
implement compliance monitoring as necessary and required by 35 I.A.C. § 845.640 and 
35 I.A.C. § 845.650. The Statistical Analysis Plan was prepared in accordance with the 
requirements of 35 I.A.C. § 845.640(f), with reference to the acceptable statistical procedures 
provided in the United States Environmental Protection Agency (USEPA)’s Statistical Analysis of 
Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (Unified Guidance, March 
2009), and is intended to provide a logical process and framework for conducting the statistical 
analysis of the data obtained during groundwater monitoring. In accordance with 35 I.A.C. 
§ 845.640(f)(1), the statistical method chosen for analysis of background groundwater quality 
will be either the tolerance interval or the prediction interval procedure for each constituent listed 
in 35 I.A.C. § 845.600(a)(1) at this CCR unit per 35 I.A.C. § 845.640(f)(1)(C). Groundwater 
Protection Standards (GWPS) will be established in accordance with 35 I.A.C. § 845.600(a) 
(greater of the background concentration or numerical limit specified in 35 I.A.C. § 
845.600(a)(1)). The GWPS will be compared to the lower confidence limit for the observed 
concentrations for each constituent in each compliance well. Consistent with the Unified 
Guidance, the same general statistical method of confidence interval testing against a fixed 
GWPS is recommended in compliance and corrective action programs. Confidence intervals 
provide a flexible and statistically accurate method to test how a parameter estimated from a 
single sample compares to a fixed numerical limit. Confidence intervals explicitly account for 
variation and uncertainty in the sample data used to construct them. 

Description of the statistical methods chosen for analysis of groundwater monitoring data and 
application of these methods for determining exceedances of the GWPS identified in 35 I.A.C. 
§ 845.600(a) is provided in this Statistical Analysis Plan. 

35 I.A.C. § 845.640 Statistical Analysis (PE) 

I, Eric J. Tlachac, a qualified professional engineer in good standing in the State of Illinois, certify 
that the statistical methods summarized above and described in this document (Statistical 
Analysis Plan; Kincaid Power Plant Ash Pond) are appropriate for evaluating the groundwater 
monitoring data collected as described in the attached document and are in substantial 
compliance with 35 I.A.C. § 845.640. 
 
 
 
_____________________________________ 
Eric J. Tlachac 
Qualified Professional Engineer 
062-063091 
Illinois 
Date: October 25, 2021 
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35 I.A.C. § 845.640 Statistical Analysis (PG) 

I, Brian G. Hennings, a qualified professional geologist in good standing in the State of Illinois, 
certify that the statistical methods described in this document (Statistical Analysis Plan; Kincaid 
Power Plant Ash Pond) are appropriate for evaluating the groundwater monitoring data collected 
as described in the attached document and are in substantial compliance with 35 I.A.C. § 
845.640. 
 
 
 
_____________________________________ 
Brian G. Hennings 
Professional Geologist 
196.001482 
Illinois 
Date: October 25, 2021 
 
 
35 I.A.C. § 845.640 Statistical Analysis 

I, Rachel A. Banoff, a qualified professional, certify that the statistical methods described in this 
document (Statistical Analysis Plan; Kincaid Power Plant Ash Pond), are appropriate for 
evaluating the groundwater monitoring data collected as described in the attached document and 
are in substantial compliance with 35 I.A.C. § 845.640. 
 
 
 
_____________________________________ 
Rachel A. Banoff, EIT 
Project Statistician 
Date: October 25, 2021 
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ACRONYMS AND ABBREVIATIONS 

§ Section 
35 I.A.C. Title 35 of the Illinois Administrative Code 
ANOVA analysis of variance 
CCR coal combustion residuals 
COC constituents of concern 
GWPS groundwater protection standard 
IEPA Illinois Environmental Protection Agency 
LCL lower confidence limit 
LTL lower tolerance limit 
MSE mean squared error 
P probability 
Part 845 Residuals in Surface Impoundments: Title 35 of the Illinois Administrative Code 

§ 845 
RCRA Resource Conservation and Recovery Act 
RL reporting limit 
ROS regression on order statistics 
SI surface impoundment 
SSI statistically significant increase 
SWFPR site-wide false positive rate 
Unified Guidance Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, 

Unified Guidance (USEPA, 2009) 
UPL upper prediction limit 
USEPA United States Environmental Protection Agency 
UTL upper tolerance limit 
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1. INTRODUCTION 

In April 2021, the Illinois Environmental Protection Agency (IEPA) issued a final rule for the 
regulation and management of Coal Combustion Residuals (CCR) in surface impoundments (SIs) 
under the Standards for the Disposal of CCR in Surface Impoundments: Title 35 of the Illinois 
Administrative Code (35 I.A.C.) § 845 (Part 845). Facilities regulated under Part 845 are required 
to develop and sample a groundwater monitoring well network to evaluate whether impounded 
CCR materials are impacting downgradient groundwater quality. The groundwater quality 
evaluation must include selection and certification by a qualified professional engineer of the 
statistical procedures to be used. The procedures described in the evaluation will be used to 
establish background conditions and implement compliance and corrective action monitoring as 
necessary and required by 35 I.A.C. § 845.640 and 35 I.A.C. § 845.650. This Statistical Analysis 
Plan was prepared in accordance with the requirements of 35 I.A.C. § 845.640(f), with reference 
to the acceptable statistical procedures provided in United States Environmental Protection 
Agency’s (USEPA’s) Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified 
Guidance (Unified Guidance) (March 2009).  

This Statistical Analysis Plan does not include procedures for groundwater sample collection and 
analysis, as these activities are conducted in accordance with the Sampling and Analysis Plan 
prepared for each CCR unit in accordance with 35 I.A.C. § 845.640. This Statistical Analysis Plan 
will be used as the primary reference for evaluating groundwater quality during operation and 
post-closure care. 

1.1 Statistical Analysis Objectives 

This Statistical Analysis Plan is intended to provide a logical process and framework for 
conducting the statistical analyses of data obtained during groundwater monitoring conducted in 
accordance with the Sampling and Analysis Plan for each CCR unit. The Statistical Analysis Plan 
will enable a qualified professional engineer to certify that the selected statistical methods are 
appropriate for evaluating the groundwater monitoring data for the applicable CCR unit(s). 

1.2 Statistical Analysis Plan Approach 

The main sections of this Statistical Analysis Plan should be viewed as a “generic” outline of 
statistical methods utilized for each CCR unit and constituent required to be monitored. The 
statistical analysis of the groundwater monitoring data, however, will be conducted on an 
individual-constituent or well basis, and may involve the use of appropriate statistical procedures 
depending on multiple factors such as detection frequency and normality distributions. 

The CCR Rule outlines two phases of groundwater monitoring: 

• Background Monitoring in accordance with 35 I.A.C. § 845.650(b)(1) 

• Compliance Monitoring in accordance with 35 I.A.C. § 845.650 

Each phase of the groundwater monitoring program requires specific statistical procedures to 
accomplish the intended purpose. During the background monitoring phase, background 
groundwater quality will be established utilizing upgradient and background wells and 
downgradient groundwater quality data will be collected to facilitate statistics in subsequent 
phases. Compliance Monitoring is then initiated through the evaluation of the downgradient 
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groundwater monitoring data for exceedances of the groundwater protection standard (GWPS) 
established by Part 845 (concentration specified in 35 I.A.C. § 845.600 or an IEPA-approved 
background concentration). The developed statistical analysis plan will be implemented for each 
monitoring phase and in accordance with the statistical procedures. 



Statistical Analysis Plan 
Kincaid Power Plant Ash Pond 

KIN AP SAP FINAL 10.19.2021 8/22

2. BACKGROUND MONITORING AND DATA PREPARATION 

The background and compliance monitoring wells were sampled and analyzed for constituents, as 
listed in Part 845 (antimony, arsenic, barium, beryllium, boron, cadmium, calcium, chloride, 
chromium, cobalt, fluoride, lead, lithium, mercury, molybdenum, pH, radium 226 and 228 
combined, selenium, sulfate, thallium, total dissolved solids, and turbidity), during the baseline 
phase of the groundwater monitoring program.  

The background monitoring well(s) were placed upgradient of the CCR unit, or at an alternative 
background location, where they are not affected by potential leakage from the CCR unit. 
Compliance monitoring wells were placed at the waste boundary of the CCR unit, along the same 
groundwater flow path. As 35 I.A.C. § 845.630(a) specifies, the location of these wells ensures 
that background accurately represents the quality of unaffected groundwater, while compliance 
wells accurately represent groundwater quality at the waste boundary and monitor all potential 
contaminant pathways. 

As required by 35 I.A.C. § 845.650(a)(1), eight sampling events were completed within 180 days 
of April 21, 2021. As outlined, groundwater sampling procedures included sampling of the 
background and compliance wells using low-flow sampling methods, collection of one field quality 
control sample per event, and groundwater samples were not field filtered before laboratory 
analysis of total recoverable metals.  

Following completion of the eight sampling events, background groundwater quality was 
established for Part 845 constituents. Groundwater monitoring will be conducted quarterly for at 
least the first five years. In accordance with 35 I.A.C. § 845.650(b)(4), after the first five years, 
a request to reduce the monitoring frequency to semiannual may be submitted to IEPA if all of 
the following can be demonstrated: 

• Groundwater monitoring effectiveness will not be compromised by the reduced frequency 

• Sufficient data has been collected to characterize groundwater 

• Monitoring to date does not show any statistically significant increasing trends 

• The concentrations of monitored constituents at the compliance monitoring wells are below 
the applicable GWPSs established in 35 I.A.C. § 845.600 

The following subsections outline the statistical tests and procedures (methods) that will be 
utilized to evaluate data collected for each constituent in both background and compliance wells 
for Background and Compliance Monitoring. When necessary and contingent upon equivalent 
statistical power, an alternative test not included in this Statistical Analysis Plan may be chosen 
due to site-specific data requirements. 

2.1 Sample Independence 

Independence of sample results is a major assumption for most statistical analyses. To ensure 
physical independence of groundwater sampling results, the minimum time between sampling 
events must be longer than the time required for groundwater to move through the monitoring 
well. The sampling schedules for both the baseline and compliance monitoring periods are 
specified in 35 I.A.C. § 845.650(b) and may conflict with the statistical assumption of 
independence of sample results.  



Statistical Analysis Plan 
Kincaid Power Plant Ash Pond 

KIN AP SAP FINAL 10.19.2021 9/22

2.2 Non-Detect Data Processing 

The reporting limit (RL) will be used as the lower level for the reporting of non-detected 
groundwater quality data. For all summary statistics (box plots, timeseries, etc.), the RL will be 
substituted for concentrations reported below the RL, including non-detects. With professional 
judgement, analytical results between the RL and the method detection limit, i.e., estimated 
values, typically identified with a “J” flag, may be utilized if provided by the laboratory.  

For all statistical test procedures: 

• If the frequency of non-detect data are less than or equal to 15 percent, half of the RL will be 
substituted for these data 

• If the non-detect frequency is between 15 percent and 50 percent, either the Kaplan-Meier or 
robust regression on order statistics (ROS) will be used to estimate the mean and standard 
deviation adjusted for the presence of left-censored values 

• If the non-detect frequency is greater than 50 percent, a non-parametric test will be used  

• If only one background result is detected that value will be used as the non-parametric upper 
prediction limit (UPL) 

2.3 Testing for Normality 

Many statistical analyses assume that sample data are normally distributed (parametric). 
However, environmental data are frequently not normally distributed (nonparametric). 
35 I.A.C. § 845.640(g) requires the knowledge of the background data distribution for 
comparison to compliance results. The Unified Guidance document recommends the Shapiro-Wilk 
normality test for sample sizes of 50 or less, and the Shapiro-Francia normality test for sample 
sizes greater than 50.  

When possible, transformation of datasets to achieve normal distributions is preferred.  

2.4 Testing for Outliers 

Part 845 constituents will be screened for the existence of outliers using a method described by 
the Unified Guidance. Outliers are extreme data points that may represent an anomaly or 
erroneous data point. To test for outliers, one or more of the following outlier tests will be utilized: 

• Dixon’s test, for well-constituent pairs with less than 25 samples, assumes normally 
distributed data. 

• Rosner’s test, for well-constituent pairs with more than 20 samples, assumes normally 
distributed data. 

• Grubb’s test for well-constituent pairs with seven or more samples, assumes normally 
distributed data. 

• Time series, box-whisker plots, and probability plots provide visual tools to identify potential 
outliers, and evaluation of seasonal, spatial, or temporal variability for both normally and 
non-normally distributed data. 

Data quality control, groundwater geochemistry, and sampling procedures will be evaluated as 
potential sources of error leading to an outlier result. The outlier tests cannot be used alone to 
determine whether a value is a true outlier that should be excluded from future statistical 
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analysis. Corroborating evidence needed to exclude values includes a discrete data reporting or 
analytical error, or potential laboratory bias. Absent corroborating evidence, the flagged values 
are considered true, but extreme, values in the data set. Professional judgement will be used to 
exclude extreme outliers from further statistical analyses. Outliers will be retained in the 
database.  

With professional judgement, a confirmatory sample may be collected to allow for the distinction 
between an outlier and a true representation of groundwater quality at the monitoring point. If 
re-sampling is conducted, this sample will be collected within 90 days following outlier 
identification. If the confirmatory sample indicates the original result as an outlier, it will be 
reported as such. 

2.5 Trend Analysis 

Statistical analyses supporting the lack of trend are a fundamental step to confirm the 
assumption that groundwater quality values are stationary or constant over time at a CCR unit. 
These analyses allow for evaluation of variation in the background and compliance data for each 
constituent over time. A statistically significant increasing trend in background data could indicate 
an existing release from the CCR unit or alternate source, requiring further investigation. In 
addition, statistically significant trending background data can result in increased standard 
deviation and, therefore, greater prediction or control limits. Consequently, the increased 
prediction or control limit will have less power or ability to identify a release from the CCR unit.  

A linear regression, coupled with a t-test for slope significance at a 95 percent confidence level 
(0.05 significance level), may be used on datasets for each constituent with few non-detects and 
a normally distributed variance of the mean to evaluate time trends. The Theil-Sen trend line, 
coupled with the Mann-Kendall test for slope significance at a 95 percent confidence level 
(0.05 significance level), will be used for datasets with frequent non-detects or non-normal 
variance. Similarly, trend analyses could also be used on compliance data to evaluate a possible 
release from the CCR unit.  

2.6 Spatial Variation 

Spatial trends and/or variation between background wells could indicate an existing release from 
a CCR unit. If the spatial variability is not due to an existing release, intrawell comparisons in 
compliance wells may be used to account for spatial variability and monitor for a future release. 
However, the CCR unit being monitored was placed into service prior to the start of groundwater 
monitoring and it is unknown whether a previous release has occurred. Accordingly, intrawell 
comparisons in compliance wells cannot be used to determine the occurrence of a future release. 
Interwell comparisons between compliance wells and background wells will be used.  

2.7 Temporal Variation 

Time series plots can be used to identify temporal dependence. Potentially significant temporal 
components of variability can be identified by graphing single constituent data from multiple 
wells together on a time series plot. With temporal dependence, the time series plot as a pattern 
of parallel traces, in which the individual wells will tend to rise and fall together across the 
sequence of sampling dates. Time series plots can be helpful by plotting multiple constituents 
over time for the same well, or averaging values for each constituent across wells on each 
sampling event and then plotting the averages over time. In either case, the plots can signify 
whether the general concentration pattern over time is simultaneously observed for different 
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constituents. If so, it may indicate that a group of constituents is highly correlated in 
groundwater or that the same artifacts of sampling and/or lab analysis impacted the results of 
several monitoring parameters. 

Hydrologic factors such as drought, recharge patterns or regular (e.g., seasonal) water table 
fluctuations may be responsible for the temporal variation. In these cases, it may be useful to 
test for the presence of a significant temporal effect by first constructing a parallel time series 
plot and then running a formal one-way analysis of variance (ANOVA) (α = 0.05) for temporal 
effects. A one-way ANOVA for temporal effects considers multiple well data sets for individual 
sampling events or seasons as the relevant statistical factor. If event-specific analytical 
differences or seasonality appear to be an important temporal factor, the one-way ANOVA for 
temporal effects can be used to formally identify seasonality, parallel trends, or changes in lab 
performance that affect other temporal effects. The one-way ANOVA for temporal effects 
assumes that the data groups are normally distributed with constant variance. It is also assumed 
that for each of a series of background wells, measurements are collected at each well on 
sampling events or dates common to all the wells. Results of the ANOVA can also be used to 
create temporally stationary residuals, where the temporal effect has been ‘subtracted from’ the 
original measurements. These stationary residuals may be used to replace the original data in 
subsequent statistical testing. 

If the data cannot be normalized, a similar test for a temporal or seasonal effect can be 
performed using the Kruskal-Wallis test (α = 0.05). Each sampling event should be treated as a 
separate ‘well,’ while each well is treated as a separate ‘sampling event.’ In this case, no 
residuals can be computed since the Kruskal-Wallis test employs ranks of the data rather than 
the measurements themselves.  

Where both spatial and temporal variation occur, two-way ANOVA can be considered where both 
well location and sampling event/season are treated as statistical factors. This procedure is 
described in Davis (1994). 

2.8 Updating Background 

Updating the background dataset periodically by adding recent results to an existing background 
dataset can improve the statistical power and accuracy of the statistical analysis, especially for 
non-parametric prediction intervals. The Unified Guidance recommends updating statistical limits 
(background) when at least four to eight new measurements (every 1 to 2 years under a 
quarterly monitoring program), are available for comparison to historical data. Professional 
judgement will be used to evaluate whether any background data appear to be affected by a 
release and need to be excluded from a background update. A t-test for equal means (if normal 
data distribution) or appropriate non-parametric test (if non-normal data distribution) such as a 
Mann-Whitney (or Wilcoxon) rank-sum or box-whisker plots, will be conducted to evaluate 
whether the two groups of background sample populations are statistically different prior to 
updating any background datasets. A 0.05 significance level will be utilized when evaluating the 
two populations, with the null hypothesis that they are equivalent. In addition, time series graphs 
or other trend evaluation statistics will be conducted on the new background dataset to verify the 
absence of a release or changing groundwater quality. If the tests indicate that there are no 
statistical differences between the two background populations, the new data will be combined 
with the existing dataset. If the two populations are found to be different, the data will be 
reviewed to evaluate the cause of the difference. If the differences appear to be caused by a 
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release (if the new data are significantly higher, or lower for pH), then the previous background 
dataset may continue to be used. Furthermore, verified outliers will not be added to an existing 
background dataset. In accordance with the Unified Guidance, continual background updates will 
not be conducted due to the lack of sufficient samples for a statistical comparison.  

 



Statistical Analysis Plan 
Kincaid Power Plant Ash Pond 

KIN AP SAP FINAL 10.19.2021 13/22

3. COMPLIANCE MONITORING 

Compliance monitoring is designed to monitor groundwater for evidence of a release by 
comparing Part 845 constituents in compliance wells to both background concentrations and the 
GWPS. Compliance Monitoring will begin the 1st quarter following approval of this Groundwater 
Monitoring Plan and issuance of the Operating Permit. The selected Compliance Monitoring 
statistical method used to compare compliance groundwater quality data for each constituent to 
the GWPS will provide for adequate statistical power, error levels and individual test false positive 
rates, and be appropriate for the distribution and detection frequency of the background dataset. 
Statistical power is the ability of a statistical test to detect a true exceedance. 

In accordance with 35 I.A.C. § 845.610(b)(3)(D), compliance monitoring statistical analyses will 
be completed and submitted to IEPA within 60 days after completion of sampling. 

3.1 GWPS Establishment and Exceedance Determination 

In accordance with 35 I.A.C. § 845.600(a), the GWPS will be the constituent concentrations 
specified in 35 I.A.C. § 845.600(a)(1) except for when the background concentration is greater, 
or no concentration is specified (i.e., for calcium and turbidity), in which case the GWPS will be 
the background concentration. The GWPS based on background concentration will be calculated 
using a parametric upper tolerance limit (UTL), a parametric UPL for a future mean, or a non-
parametric UPL for a future median. 

Statistical calculations that will be utilized in Compliance Monitoring procedures are summarized 
in Table A below and listed in Sections 3.1.1 through 3.1.7. Depending on the distribution of 
the data and the percentage of non-detects, it may be more appropriate to use a parametric 
model over a non-parametric model. As necessary, other techniques as mentioned in the Unified 
Guidance and/or new methods will be implemented. 
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Table A. Statistical Calculations Used in Compliance Monitoring Procedures 

Compliance Monitoring 

Significant 
Trend? 

Background Data Compliance Data 

Percent 
Non-

Detects 
Distribution 

GWPS 
Determination 

Percent 
Non-Detects 

Distribution 
Method to Determine 

Exceedance 

No 

0 ≤ 50 Normal 

35 I.A.C § 
845.600(a)(1) 

constituent 
concentration or 

The Upper 
Tolerance Limit 

≤75 Normal 
Parametric Lower 
Confidence Limit 

around a Normal Mean 

≤75 Log-Normal 

Parametric Lower 
Confidence Limit 

around a Lognormal 
Geometric Mean 

NA Non-Normal 
Non-Parametric Lower 

Confidence Limit 
around a Median >75 

Unknown/ 
Cannot be 
determined 

50 ≤ 70 Normal 

The Upper 
Prediction Limit 

for a Future 
Mean 

NA NA Future mean 

>70 Non-Normal 
Upper Prediction 
Limit for a Future 

Median 
NA NA Future median 

100 Non-Normal 
Double 

Quantification 
Rule 

NA NA 
Individual Retesting 

Values 

Yes 

0 ≤ 50 Normal 

UCL of 
Confidence Band 

around Linear 
Regression 

≤75 

Residuals 
after 

subtracting 
trend are 
normal, 
equal 

variance 

Lower Limit from 
Confidence Band 

around Linear 
Regression 

50 ≤ 100 Non-Normal 

UCL of 
Confidence Band 
around Thiel-Sen 

trend line 

≤75 
Residuals 

not normal 

Lower Limit from 
Confidence Band 
around Thiel-Sen 

3.1.1 The Upper Tolerance Limit 

The UTL will be used to calculate the GWPS when pooled background data are normally 
distributed, with a non-detect frequency of 50 percent or less. When non-detect frequency is 15 
percent or less, half the RL will be substituted for non-detects. The Unified Guidance recommends 
95 percent confidence level and 95 percent coverage (95/95 tolerance interval). 

• When non-detect frequency is 15 percent or less, half the RL will be substituted for non-
detects (simple substitution), and the normal mean and standard deviation will be calculated.  
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• The Kaplan-Meier or the ROS method will be used when the detection frequency is between 15 
percent and 50 percent. The Kaplan-Meier method assesses the linearity of a censored 
probability plot to determine whether the background sample can be approximately 
normalized. If so, then the Kaplan-Meier method will be used to compute estimates of the 
mean and standard deviation adjusted for the presence of left-censored values. The Kaplan-
Meier or ROS estimate of the mean and standard deviation will be substituted for the sample 
mean and standard deviation.  

• If background normality cannot be achieved, non-parametric UTLs will not be calculated until 
a minimum of 60 background samples have been collected (to achieve 95 percent coverage). 

The parametric UTL on a future mean will be calculated from the background dataset as follows: 

𝑈𝑈𝑈𝑈𝑈𝑈 =  𝑥𝑥 +  𝜅𝜅 (𝑛𝑛, 𝛾𝛾,𝛼𝛼 − 1) ⋅ 𝑠𝑠 

𝑥𝑥 = background sample mean  

s = background sample standard deviation 

𝜅𝜅 (𝑛𝑛, 𝛾𝛾,𝛼𝛼 − 1) = one-sided normal tolerance factor based on the chosen coverage (γ) 
and confidence level (α -1) and the size of the background dataset (n). Values are 
tabulated in Table 17-3 in Appendix D of the Unified Guidance. If exact values are 
not provided, then κ values can be estimated by linear interpolation. 

If the UTL is constructed on the logarithms of original observations to achieve normality, where 𝑦𝑦 
and 𝑠𝑠𝑦𝑦 are the log-mean and log-standard deviation, the limit will be exponentiated for back-
transformation to the concentration scale as follows: 

𝑈𝑈𝑈𝑈𝑈𝑈 = exp �𝑦𝑦 +  𝜅𝜅 (𝑛𝑛, 𝛾𝛾,𝛼𝛼 − 1) ⋅ 𝑠𝑠𝑦𝑦� 

𝑦𝑦 = background sample log-mean 

𝑠𝑠𝑦𝑦 = background sample log-standard deviation  
 
When the GWPS is based on the 35 I.A.C. § 845.600(a)(1) constituent concentrations or a UTL 
derived from the background dataset, an exceedance in compliance wells relative to the GWPS 
will be evaluated using confidence intervals. A confidence interval defines the upper and lower 
bound of the true mean of a constituent concentration in groundwater within a specified 
confidence range.  

• Non-detects in compliance data will be handled similarly to upgradient analyses, with half the 
RL substituted for non-detects when the frequency is 15 percent or less.  

• The Kaplan-Meier, or the ROS method, will be used when the detection frequency is between 
15 percent and 50 percent to compute estimates of the mean and standard deviation adjusted 
for the presence of left-censored values. These estimates will then be substituted for the 
sample mean and standard deviation. 

Once the GWPS is established for background data using the UTL, either parametric or 
non-parametric confidence intervals will be computed for each constituent in compliance wells to 
identify GWPS exceedances. 
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3.1.2 Parametric Confidence Intervals around a Mean 

If compliance data are approximately normal, one-sided parametric confidence intervals around a 
sample mean will be constructed for each constituent and well pair. The lower confidence limit 
(LCL) will be calculated as: 

𝑈𝑈𝐿𝐿𝑈𝑈1−α =  𝑥𝑥 − 𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 ⋅
𝑠𝑠
√𝑛𝑛

 

𝑥𝑥 = compliance sample mean 

s = compliance sample standard deviation 

n = compliance sample size 

𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 = obtained from a Student’s t-table with (n–1) degrees of freedom 
(Table 16-1 in Appendix D of the Unified Guidance) 

The chosen t value will aim to achieve both a low false-positive rate, and high statistical power. 
Minimum α values are tabulated in Table 22-2 of Appendix D of the Unified Guidance. The 
selected minimum α value, from which the t value will be derived, will have at least 80 percent 
power (1-β = 0.8) when the underlying mean concentration is twice the GWPS.  

If compliance data are distributed lognormally, the LCL will be computed around the lognormal 
geometric mean as: 

𝑈𝑈𝐿𝐿𝑈𝑈1−𝛼𝛼 =  exp �𝑦𝑦 − 𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 ⋅
𝑠𝑠𝑦𝑦
√𝑛𝑛

� 

𝑦𝑦 = compliance sample log-mean 

sy = compliance sample log-standard deviation 

3.1.3 Non-Parametric Confidence Intervals around a Median 

Non-parametric confidence intervals around the median will be computed if the compliance data 
contain greater than 50 percent non-detects or are not normally distributed. The mathematical 
algorithm used to construct non-parametric confidence intervals is based on the probability (P) 
that any randomly selected measurement in a sample of n concentration measurements will be 
less than an unknown P x 100th percentile of interest (where P is between 0 and 1). Then the 
probability that the measurement will exceed the P x 100th percentile is (1–P). The number of 
sample values falling below the P x 100th percentile out of a set of n should follow a binomial 
distribution with parameters n and success probability P, where ‘success’ is defined as the event 
that a sample measurement is below the P x 100th percentile. The probability that the interval 
formed by a given pair of order statistics will contain the percentile of interest will then be 
determined by a cumulative binomial distribution Bin(x;n,p), representing the probability of x or 
fewer successes occurring in n trials with success probability p. P will be set to 0.50 for an 
interval around the median. 

The sample size n will be ordered from least to greatest. Given P = 0.50, candidate interval 
endpoints will be chosen by ordered data values with ranks close to the product of (n+1) x 0.50. 
If the result of (n+1) x 0.50 is a fraction (for even-numbered sample sizes), the rank values 
immediately above and below will be selected as possible candidate endpoints. If the result of 
(n+1) x 0.50 is an integer (for odd-numbered sample sizes), one will be added to and subtracted 
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from the result to get the upper and lower candidate endpoints. The ranks of the endpoints will 
be denoted L* and U*. For a one-sided LCL, the confidence level associated with endpoint L* will 
be computed as: 

1 − α = 𝐵𝐵𝐵𝐵𝑛𝑛(𝑈𝑈∗ − 1;𝑛𝑛, 0.50) = � �𝑛𝑛𝑥𝑥� �
1
2�

𝑛𝑛𝑛𝑛

𝑥𝑥=𝐿𝐿∗
 

If the candidate endpoint(s) do not achieve the desired confidence level, new candidate 
endpoints (L*–1) and (U*+1) and achieved confidence levels will be calculated. If one candidate 
endpoint equals the data minimum or maximum, only the rank of the other endpoint will be 
changed. Achievable confidence levels are tabulated using these equations in Table 21-11 in 
Appendix D of the Unified Guidance.  

Both parametric and non-parametric confidence limits will then be compared to the GWPS. The 
CCR unit is considered to be in compliance if the LCL is equal to or lower than the GWPS for all 
detected constituents at all compliance monitoring wells. A GWPS exceedance is determined if 
the LCL exceeds the GWPS. 

3.1.4 The Upper Prediction Limit for a Future Mean 

The parametric UPL for a future mean will be used to calculate the GWPS if the pooled 
background data contain 50 to 70 percent non-detects and normality can be achieved. The 
Kaplan-Meier or ROS methods will be used to estimate the mean and standard deviation. The 
non-parametric UPL for a future median will be calculated as the GWPS if background samples 
cannot be normalized or contain greater than 70 percent non-detects. The parametric UPL for a 
future mean will be calculated from the background dataset at follows:  

𝑈𝑈𝑈𝑈𝑈𝑈1−𝛼𝛼 = 𝑥𝑥 + 𝜅𝜅𝑠𝑠 

𝑥𝑥 = background sample mean  

s = background standard deviation 

κ = multiplier based on the order (p) of the future mean to be predicted, the 
number of compliance wells to be tested (w), the background sample size (n) the 
number (c) of constituents of concern (COCs), the “1-of-m” retesting scheme, 
and the evaluation schedule (annual, semi-annual, quarterly). Values are 
tabulated in 19-5 to 19-9 in Appendix D of the Unified Guidance. 

The mean of order p will be computed for each well and compared against the UPL. For any 
compliance point mean that exceeds the limit, p additional resamples may be collected at that 
well for a 1-of-2 retesting scheme. Resample means will then be compared to the UPL. A GWPS 
exceedance has been deemed to occur at a compliance well when the initial mean and all 
resample means exceed the UPL. 

3.1.5 The Non-Parametric Upper Prediction Limit for a Future Median 

The non-parametric UPL for a future median will be used to calculate the GWPS if the pooled 
background data contain greater than 70 percent non-detects and normality cannot be achieved. 
Non-parametric methods assume that the data does not have an underlying distribution. To 
calculate the non-parametric UPL on a future value, the target per-constituent false positive rate 
(αconst) will be determined as follows: 
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𝛼𝛼𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐 = 1 − (1 − 𝛼𝛼)1/𝑐𝑐 

α = the site-wide false positive rate (SWFPR) of 0.10 recommended by the 
Unified Guidance 

c = the number of monitoring constituents 

The number of yearly statistical evaluation (nE) will be multiplied by the number of compliance 
wells (w) to determine the look-up table entry, w*. The background sample size (n) and w* will 
be used to select an achievable per-constituent false positive rate value in Table 19-24 of 
Appendix D in the Unified Guidance. The chosen achievable per-constituent false positive rate 
value will determine the type of non-parametric prediction limit (maximum or 2nd highest value 
in background) and a retesting scheme for a future median. The background data will be sorted 
in ascending order, and the upper prediction limit will be set to the appropriate order statistic 
previously determined by the achievable per-constituent false positive rate value in Table 19-24. 
If all constituent measurements in a background sample are non-detect, the Double 
Quantification rule will be used. The use of the Double Quantification rule in Compliance 
Monitoring will only be applicable if the RL is above the 35 I.A.C. § 845.600(a)(1) constituent 
concentration or a constituent concentration is not specified in § 845.600(a)(1). This scenario is 
highly unlikely. The constituent will also be removed from calculations identifying the target false 
positive rate.  

Two initial measurements per compliance well will be collected. If both do not exceed the upper 
prediction limit, a third initial measurement will not be collected since the median of order 3 will 
also not exceed the limit. If both exceed the prediction limit, a third initial measurement will not 
be collected since the median will also exceed the limit. If one initial measurement is above and 
one below the limit, a third initial observation may be collected to determine the position of the 
median relative to the UPL. Up to three resamples will be collected in order to assess the 
resample median. In all cases, if two or more of the compliance point observations are non-
detect, the median will be set equal to the RL. The median value for each compliance well will be 
compared to the UPL. For the 1-of-2 retesting scheme, if any compliance point median exceeds 
the limit, up to three additional resamples will may be collected from that well. The resample 
median will be computed and compared to the UPL. A GWPS exceedance has been deemed to 
occur at a compliance well when either the initial median, or both the initial median and resample 
median exceed the UPL.  

If the concentrations of detected constituents are below the established GWPS, Compliance 
Monitoring will continue.  

3.1.6 Parametric Linear Regression and Confidence Band 

If the t-test detects a significant trend in the parametric linear regression line using either 
background or compliance data for a particular constituent, confidence bands accounting for 
trends will be constructed to account for the trend-induced variation. If this is not accounted for, 
a wider confidence interval will inevitably be calculated for a given confidence level and sample 
size (n). A wider confidence interval will result in less statistical power, or ability to demonstrate 
an exceedance or return to compliance. When a linear trend line has been estimated, a series of 
confidence intervals is estimated at each point along the trend. This creates a simultaneous 
confidence band that follows the trend line. As the underlying population mean increases or 
decreases, the confidence band does also to reflect this change at that point in time. 
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Linear regression will be used when background or compliance data are approximately normally 
distributed, with a constant sample variance around the mean, and the frequency of non-detects 
is low. The linear regression of concentration against sampling date (time) will be computed as 
follows: 

𝑏𝑏� =  �(𝑡𝑡𝑖𝑖 − 𝑡𝑡)
𝑛𝑛

𝑖𝑖=1

⋅ 𝑥𝑥𝑖𝑖/(𝑛𝑛 − 1) ⋅ 𝑠𝑠𝑐𝑐2 

xi = ith concentration value and  

ti = ith sampling date 

𝑡𝑡 = sampling mean date 

𝑠𝑠𝑐𝑐2 = variance of the sampling dates 

This estimate leads to the following regression equation: 

𝑥𝑥� =  𝑥𝑥 + 𝑏𝑏� ⋅ (t − 𝑡𝑡) 

𝑥𝑥 = mean concentration level 

𝑥𝑥� = estimated mean concentration at time t 

The regression residuals will also be computed at each sampling event to ensure uniformity and 
lack of significant skewness. Regression residuals will be computed at each sampling event as 
follows: 

𝑟𝑟𝑖𝑖 =  𝑥𝑥𝑖𝑖 − 𝑥𝑥�𝑖𝑖 

The estimated variance around the regression line, or mean squared error (MSE) will be 
computed as follows: 

𝑠𝑠𝑒𝑒2 =  
1

𝑛𝑛 − 2�𝑟𝑟𝑖𝑖2
𝑛𝑛

𝑖𝑖=1

 

The confidence intervals around a linear regression trend line given confidence level (1-α) and a 
point in time (t0), will be computed as follows:  

𝑈𝑈𝐿𝐿𝑈𝑈1−𝛼𝛼 =  𝑥𝑥�0 − �2𝑠𝑠𝑒𝑒2 ⋅ 𝐹𝐹1−2α,2,n−1 ⋅ �
1
𝑛𝑛 +

�𝑡𝑡0 − 𝑡𝑡�2

(𝑛𝑛 − 1) ⋅ 𝑠𝑠𝑐𝑐2
� 

𝑈𝑈𝐿𝐿𝑈𝑈1−𝛼𝛼 =  𝑥𝑥�0 − �2𝑠𝑠𝑒𝑒2 ⋅ 𝐹𝐹1−2α,2,n−2 ⋅ �
1
𝑛𝑛 +

�𝑡𝑡0 − 𝑡𝑡�2

(𝑛𝑛 − 1) ⋅ 𝑠𝑠𝑐𝑐2
� 

𝑥𝑥�0 = estimated mean concentration from the regression equation at time t0 

𝐹𝐹1−2α,2,n−2 = upper (1-2α)th percentage point from an F-distribution with 2 and 
(n-2) degrees of freedom 

For background data, the UCL around the linear regression line will be used as the GWPS for the 
trending constituent. For compliance data, confidence bands around the linear regression line will 
be compared to the GWPS. The CCR unit is considered to be in compliance if the LCL is equal to 
or lower than the GWPS for all detected constituents at all compliance wells. A GWPS exceedance 
is determined when the LCL based on the trend line first exceeds the GWPS. 
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3.1.7 Non-Parametric Thiel-Sen Trend Line and Confidence Band 

If the Mann-Kendall test detects a significant trend in the non-parametric Thiel-Sen line using 
either background or compliance data for a particular constituent, confidence bands accounting 
for trends will be constructed to account for the trend-induced variation. The Thiel-Sen trend line 
will be used as a non-parametric alternative to linear regression when trend residuals cannot be 
normalized or if there are a higher percentage of non-detects in either background or compliance 
data. The Thiel-Sen trend line estimates the median concentration over time by combining the 
median pairwise slope with the median concentration value and the median sample date. To 
compute the Thiel-Sen line, the data will first be ordered by sampling event x1, x2, xn. All 
possible distinct pairs of measurements (xi, xj) for j > i will be considered and the simple pairwise 
slope estimate will be computed for each pair as follows: 

𝑚𝑚𝑖𝑖𝑖𝑖 = (𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑖𝑖)/(𝑗𝑗 − 𝐵𝐵) 

With a sample size of n, there will be a total of N = n(n-1)/2 pairwise estimates (mij). If a given 
observation is a non-detect, half the RL will be substituted. The N pairwise slope estimates (mij) 
will be ordered from least to greatest (renamed m(1), m(2),..m(N)). The Thiel-Sen estimate of 
slope (Q) will be calculated as the median value of the list depending on whether N is even or 
odd as follows: 

𝑄𝑄 =  �
𝑚𝑚([𝑁𝑁+1]/2) 𝐵𝐵𝑖𝑖 𝑁𝑁 𝐵𝐵𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜

(𝑚𝑚(𝑁𝑁/2) + 𝑚𝑚([𝑁𝑁+2]/2))/2 𝐵𝐵𝑖𝑖 𝑁𝑁 𝐵𝐵𝑠𝑠 𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛 

The sample concentration magnitude will be ordered from least to greatest, x(1), x(2), to x(n) 
and the median concentration will be calculated as follows: 

𝑥𝑥� =  �
𝑥𝑥([𝑛𝑛+1]/2) 𝐵𝐵𝑖𝑖 𝑛𝑛 𝐵𝐵𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜

(𝑥𝑥(𝑛𝑛/2) + 𝑥𝑥([𝑛𝑛+2]/2))/2 𝐵𝐵𝑖𝑖 𝑛𝑛 𝐵𝐵𝑠𝑠 𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛 

The median sampling date (�̃�𝑡) with ordered times (t(1), t(2), to t(n)) will also be determined in 
this way. The Thiel-Sen trend line will then be computed for an estimate at any time (t) of the 
expected median concentration (x) as follows: 

𝑥𝑥 =  𝑥𝑥� + 𝑄𝑄 ⋅ (t − �̃�𝑡) = (𝑥𝑥� − 𝑄𝑄 ⋅ �̃�𝑡) + 𝑄𝑄 ⋅ t 

To construct a confidence band around the Thiel-Sen line, sample pairs (ti, xi) will be formed with 
a sample date (ti) and the concentration measurement from that date (xi). Bootstrap samples 
(B) will be formed by repeatedly sampling n pairs at random with replacement from the original 
sample pairs. This will be repeated 500 times. For each bootstrap sample, a Thiel-Sen trend line 
will be constructed using the equation above. A series of equally spaced time points (tj) will be 
identified along the range of sampling dates represented in the original sample, j =1 to m. The 
Thiel-Sen trend line associated with each bootstrap replicate will be used to compute an 
estimated concentration (𝑥𝑥�𝑖𝑖𝐵𝐵). An LCL will be constructed for the lower αth percentile 𝑥𝑥�𝑖𝑖

[α] from the 
distribution of estimated concentrations at each time point (tj). For a UCL, compute the upper (1-
α)th percentile, 𝑥𝑥�𝑖𝑖

[1−α] at each time point (tj).  

For background data, the UCL around the Thiel-Sen trend line will be used as the GWPS for the 
trending constituent. For compliance data, confidence bands around the Thiel-Sen trend line will 
be compared to the GWPS. The CCR unit is considered to be in compliance if the LCL is equal to 
or lower than the GWPS for all detected constituents at all compliance wells. A GWPS exceedance 
is confirmed when the LCL based on the trend line first exceeds the GWPS. 
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3.2 Determination of Statistically Significant Increases over Background 

In accordance with 35 I.A.C. §§ 845.610(b)(3)(B) and 845.640(h), individual monitoring event 
concentrations for each constituent detected in the compliance monitoring wells during 
compliance monitoring sampling events will be compared to the background concentration as 
determined by the methods described above. An exceedance of the background concentration for 
any constituent measured at any compliance monitoring well, or constituent detection if not 
detected in the background samples, constitutes a Statistically Significant Increase (SSI). An 
exception to this method is pH, where two-sided (upper and lower) tolerance limits are 
established from the distribution of the background groundwater quality data. An exceedance of 
either the UTL or lower tolerance limit (LTL) would constitute an SSI for pH.  
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EXECUTIVE SUMMARY 

This Hydrogeologic Site Characterization Report (HCR) for the Kincaid Ash Pond (AP) expands 
upon the hydrogeology and groundwater quality data presented in previous hydrogeologic 
investigation reports prepared for the AP (Civil & Environmental Consultants, Inc. [CEC], 2010; 
Cabeno Field Services, 2013). This report has been assembled to satisfy the information and 
analysis requirements of Title 35 of the Illinois Administrative Code (35 I.A.C.) Section (§) 
845.620 as summarized in Table ES-1. The conceptual site model includes hydrogeologic and 
groundwater quality data specific to the AP, which has been collected between 2010 and 2021. 
The AP is part of the Kincaid Power Plant (KPP) which is located approximately four miles west of 
the Village of Kincaid in Christian County, Illinois. 

The KPP operates as a coal-fired power plant and has a single coal combustion residuals (CCR) 
management unit, the AP (Vistra Identification [ID] Number [No.] 141, Illinois Environmental 
Protection Agency [IEPA] ID No. W0218140002-01, and National Inventory of Dams [NID] No. 
IL50706. The Kincaid Ash Pond is a 172-acre, unlined surface impoundment (SI) used to manage 
CCR and non-CCR waste streams at the KPP. Its total storage capacity is approximately 3,560 
acre-feet. 

The AP is located between two lobes of Sangchris Lake (Figure 1-1), which was formed in 1964 
by damming Clear Creek, a tributary to the south fork of the Sangamon River. Sangchris Lake 
was created to provide a source of cooling water for the KPP. The western lobe of Sangchris Lake 
forms part of the western and the northern border of the AP and is connected to an intake flume 
for the KPP on the western edge of the AP. A discharge flume from the KPP forms the southern 
border of Kincaid Ash Pond and is connected to the eastern lobe of Sangchris Lake. The KPP 
property is surrounded by the lobes of Sangchris Lake and Sangchris Lake State Park to the 
north and east, and a combination of undeveloped land and surface support facilities associated 
with the former Peabody Coal Company #10 mine to the south and west. 

In addition to the CCR, there are two principal types of unlithified material present above the 
bedrock in the vicinity of the AP. Underlying the constructed AP are the silts and clays of the 
Cahokia Formation and sandy, compact till of the Vandalia Till Member of the Glasford Formation 
(Vandalia Till). The Cahokia Formation contains thin layers of interbedded sand, most of which 
are laterally discontinuous, but a thin bed of sand was observed at the bottom of the Cahokia 
Formation in the majority of soil borings advanced near the AP. This sand unit comprises the 
uppermost aquifer. Bedrock beneath the AP consists of the Pennsylvanian-age Bond Formation, 
comprised mainly of limestone with lesser amounts of shale and sandstone. Flow of groundwater 
from the KPP to Sangchris Lake through the uppermost aquifer is the primary pathway for 
contaminant migration. 

The unlithified materials were categorized into four hydrostratigraphic units in this report 
presented below in descending order: 

• CCR: Saturated CCR, consisting primarily of bottom ash, and boiler slag. 

• Upper Semi-Confining Unit (USCU): Low-permeability clay with some silt and minor sand, 
silt layers, and occasional discontinuous sand lenses. Includes the lithologic layers identified 
as the Cahokia Formation. Sand lenses with higher permeability within the USCU have a 
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higher probability of contaminant transport and these materials are referred to as the 
potential migration pathways (PMP). 

• Uppermost Aquifer: Thin (generally less than 4 feet), moderate permeability sand, silty 
sand, and clayey sand and gravel units, which include the clays and silts of the Upper Cahokia 
Formation, where saturated, and the thin, moderate permeability sands and gravels of the 
Lower Cahokia Formation, which, at some locations, also includes the interface with the 
Vandalia Till. 

• Lower Confining Unit (LCU): Underlying the aquifer unit is dense grey clay till; this till is 
easily distinguished during investigation by difficult drilling and/or refusal and is apparent on 
boring logs. The till was encountered at elevations ranging from approximately 570 to 583.5 
feet NAVD88. The LCU is comprised of low permeability silt and clay with minor sand, silt 
layers, and occasional discontinuous sand lenses (more frequently near the top of the unit). 
Includes the lithologic layers identified as the Vandalia Till. 

The water-bearing layer referred to as the bedrock confining unit (BCU) is composed of 
interbedded shale and limestone of the Pennsylvanian Age Bond Formation that underlie the 
Vandalia Till, and underlies the entire AP. 

Groundwater flow in the uppermost aquifer is to the northwest toward Sangchris Lake. 
Groundwater elevations are primarily controlled by the surface water levels in the lobes of 
Sangchris Lake and the water level within the AP. An apparent groundwater divide trending 
southwest to northeast has been observed beneath the AP. 

Part 845 parameters were monitored in the uppermost aquifer monitoring wells at the AP as part 
of the Title 40 of the Code of Federal Regulations (40 C.F.R.) § 257 and IEPA groundwater 
monitoring programs between 2015 and 2021. These data were supplemented with installation 
and sampling of additional locations installed in 2021. The results indicate the following 
parameters were detected at concentrations greater than the applicable 35 I.A.C. § 845.600 
groundwater protection standards (GWPSs) and are considered potential exceedances: 

• Arsenic, cobalt, lead, pH, sulfate, total dissolved solids (TDS), and radium 226 and 228 
combined were detected in the USCU wells (not including potential migration pathway [PMP] 
wells) downgradient of the AP. 

• Arsenic, barium, beryllium, boron, chromium, cobalt, lead, lithium, pH, sulfate, thallium, TDS, 
and radium 226 and 228 combined were detected in PMP wells downgradient of the AP. 

• Boron, chloride, cobalt, pH, sulfate, thallium, TDS were detected in the uppermost aquifer 
wells downgradient of the AP. 

• Chloride and pH were detected in the bedrock wells downgradient of the AP. 

Groundwater monitoring results were compared to the applicable 35 I.A.C. § 845.600 GWPSs to 
determine potential exceedances. Potential exceedances include results reported during the 
background groundwater monitoring or prior period that are greater than the GWPS. The results 
are considered potential exceedances because the results were compared directly to the standard 
and did not include an evaluation of background groundwater quality or the statistical 
methodologies proposed in the groundwater monitoring plan (GMP) provided in the Operating 
Permit application. Exceedances will be determined following IEPA approval of the GMP. 

  



TABLE ES-1. PART 845 REQUIREMENTS CHECKLIST
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

845.620(b) The hydrogeologic site characterization shall include but not be limited 
to the following: --

845.620(b)(1) Geologic well logs/boring logs;
Table 3-1
Figure 3-1
Appendix C

845.620(b)(2) Climatic aspects of the site, including seasonal and temporal fluctuations in 
groundwater flow;

Sections 3.2.4 & 3.3.1
Figures 3-3, 3-4 & 3-5

845.620(b)(3) Identification of nearby surface water bodies and drinking water intakes; Sections 3.3.2 & 5.2
Appendix B

845.620(b)(4) Identification of nearby pumping wells and associated uses of the 
groundwater;

Section 5.1
Appendix B

845.620(b)(5) Identification of nearby dedicated nature preserves; Section 5.3
Appendix B

845.620(b)(6) Geologic setting; Section 2.4 & 2.5
Figures 2-2 through 2-4

845.620(b)(7) Structural characteristics; Section 2.4.3
Figure 2-4

845.620(b)(8) Geologic cross-sections; Figures 2-7 through 2-11

845.620(b)(9) Soil characteristics;
Section 2.3
Figure 2-2
Tables 2-1 & 2-4

845.620(b)(10) Identification of confining layers; Section 3.2.1

Individual Part 845 Components
 Reviewed for CompletenessPart 845 Reference Location of Information in HCR
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Individual Part 845 Components
 Reviewed for CompletenessPart 845 Reference Location of Information in HCR

845.620(b)(11) Identification of potential migration pathways; Sections 3.2.1 & 3.2.3

845.620(b)(12) Groundwater quality data; Section 4.2
Table 4-1 & 4.2

845.620(b)(13) Vertical and horizontal extent of the geologic layers to a minimum depth of 
100 feet below land surface, including lithology and stratigraphy;

Section 2.5
Figures 2-7 through 2-11
Appendix C

845.620(b)(14) A map displaying any known underground mines beneath a CCR surface 
impoundment;

Section 2.4.5
Appendix B

845.620(b)(15) Chemical and physical properties of the geologic layers to a minimum depth 
of 100 feet below land surface;

Sections 2.5 & 3.2
Tables 2-1, 2-2, 2-4
Appendix D

845.620(b)(16) Hydraulic characteristics of the geologic layers identified as migration 
pathways and geologic layers that limit migration, including:

Sections 3.2.4.1, 3.2.5, & 3.2.6
Tables 3-2 to 3-4
Appendices D & E

845.620(b)(16)(A) water table depth;
Section 3.2.4
Figures 3-3 to 3-5
Appendix F

845.620(b)(16)(B) hydraulic conductivities;
Section 3.2.5
Tables 2-1 and 3-3
Appendices D & E

845.620(b)(16)(C) effective and total porosities; Section 2.5.1
Table 2-1

845.620(b)(16)(D) direction and velocity of groundwater flow; and

Sections 3.2.4 & 3.2.6
Tables 3-2 & 3-4
Figures 3-3 through 3-5
Appendix E

 9/40



TABLE ES-1. PART 845 REQUIREMENTS CHECKLIST
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS
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845.620(b)(16)(E) map of the potentiometric surface;  Figures 3-3 through 3-5

845.620(b)(17) Groundwater classification pursuant to 35 I.A.C. § 620; and  Section 3.2.7

Notes: [O: LDC 06/15/21, U: LDC 08/19/21; C: EJT 08/19/21; U: LDC 09/14/21; C: EJT 09/16/21]

-- = reference to main regulation
35 I.A.C. § 620 = Title 35 of the Illinois Administrative Code, Part 620

HCR = Hydrogeologic Site Characterization Report
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1. INTRODUCTION 

1.1 Overview 

In accordance with requirements of the Standards for the Disposal of Coal Combustion Residuals 
in Surface Impoundments: 35 I.A.C. § 845 (Part 845) (IEPA, 2021), Ramboll Americas 
Engineering Solutions, Inc. (Ramboll) has prepared this HCR on behalf of KPP, operated by 
Kincaid Generation, LLC, to provide content required by 35 I.A.C. § 845.620(b) (Hydrogeologic 
Site Characterization) for the CCR Unit referred to as the AP (see Figure 1-1). 

1.2 Part 845 Description 

CCR is commonly referred to as coal ash, and CCR SIs are commonly referred to as coal ash 
ponds. Part 845 contains comprehensive rules for the design, construction, operation, corrective 
action, closure, and post closure care of these SIs. This rule includes GWPSs applicable at the 
waste boundary at each CCR SI and requires each owner or operator to monitor groundwater. 
IEPA’s rule includes a permitting program as well as all federal standards for CCR SIs 
promulgated by the United States Environmental Protection Agency (USEPA). In addition, the 
rules include procedures for public participation, closure alternatives analyses, closure 
prioritization, and provides access to records via public website. The rules also include financial 
assurance requirements for CCR SIs. 

A checklist summarizing the specific requirements of 35 I.A.C. § 845.620 is included in Table 
ES-1. The table provides references to sections, tables, and figures included in this document to 
locate the information that meets specific requirements of 35 I.A.C. § 845.620. 

1.3 Previous Investigations and Reports 

Numerous hydrogeologic investigations have been performed concerning the AP. The information 
presented in this HCR includes data collected in support of the monitoring well network 
established for development of the GMP and supplements comprehensive data collection and 
evaluations from prior hydrogeologic investigation reports (recent to oldest), including, but not 
limited to, the following: 

• Ramboll, November 18, 2020. Illinois Administrative Code Part 845 Data Gap 
Analysis and Work Plan, Kincaid Ash Pond – CCR Unit 141. 
A technical memorandum prepared to assess the AP for the minimum criteria outlined in 
Part 845. Includes a data gap analysis and work plan designed to resolve identified data 
gaps, categorized by desktop evaluations and a hydrogeologic field evaluation. 

• Burns & McDonnell Engineering Company, Inc., September 28, 2020. CCR Surface 
Impoundment Demonstration for a Site-Specific Alternative to Initiation of Closure 
Deadline, Revision 0 – Kincaid Power Station, Project No. 122702. 
Provides a demonstration that the requirements of 40 C.F.R. § 257.103(f)(2) are satisfied for 
the site-specific alternative closure deadline for the initiation of closure. The request is for 
authorization to receive CCR and non-CCR waste streams after April 11, 2021, and grant the 
alternative deadline of October 17, 2028, by which to complete closure of the impoundment. 

• Natural Resource Technology, An OBG Company (NRT/OBG), October 17, 2017. 
Sampling and Analysis Plan, Kincaid Ash Pond – CCR Unit ID 141, Kincaid Power 
Station, Kincaid, Illinois. 
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A sampling and analysis plan to document the procedures and techniques used to fulfill the 
groundwater sampling and analysis requirements of 40 C.F.R. § 257.93 for the AP. 

• NRT/OBG, October 17, 2017. Hydrogeologic Monitoring Plan, Kincaid Ash Pond – 
CCR Unit ID 141, Kincaid Power Station, Kincaid, Illinois. 
An assessment of the monitoring well network at the AP to provide background information in 
support of the groundwater monitoring system established to comply with 40 C.F.R. § 257.91. 
Included a review of the placement and number of monitoring wells with respect to individual 
and contiguous CCR units as well as potential locations for new monitoring wells. 

• Kincaid Generation, LLC, August 8, 2017. Groundwater Monitoring Plan (GMP) for 
Kincaid Power Station Ash Impoundment, Revision 2. 
The second revision to the 2010 groundwater monitoring plan for the AP. 

• AECOM, October 2016. History of Construction, USEPA Final CCR Rule, 40 CFR § 
257.73(c), Kincaid Power Station, Kincaid, Illinois. 
A history of construction for the AP at the KPP which included review of construction 
drawings, geotechnical investigations, operation and maintenance information, and AECOM’s 
site experience. 

• AECOM, January 14, 2016. 30% Design Data Report for Dynegy Kincaid Power 
Station, Ash Pond CCR Unit.  
A geotechnical program consisting of installation of auger borings, cone penetrometer test 
(CPT) soundings, open standpipe piezometers, and vibratory wire piezometers to obtain 
information for compliance with requirements of the federal CCR rule. 

• Cabeno Field Services, January 10, 2013. Groundwater Reclassification and 
Manganese Discussion Report, Ash Impoundment, Kincaid Power Station. 
An evaluation to determine if shallow groundwater in the vicinity of the AP met IEPA Class I 
or Class II standards. Included a summary of slug testing at monitoring wells, a pump test at 
one well, and a discussion of naturally occurring manganese concentrations. 

• Dominion Electric Environmental Services, October 2010. Groundwater Monitoring 
Plan (GMP) for the Kincaid Power Station Ash (Slag) Impoundment. 
Plan to sample and analyze groundwater at the Kincaid Ash Pond. Included a description of 
the uppermost aquifer, groundwater monitoring system, including monitoring well 
construction and development, and groundwater sample collection, handling, and analysis 
procedures. 

• CEC, June 22, 2010. Hydrogeologic Assessment Report, Kincaid Power Station, Ash 
Impoundment. 
A hydrogeologic site investigation requested by the IEPA to characterize the shallow geologic 
materials, identify nearby locations with potable water supplies, and evaluate the potential for 
groundwater impacts from the impoundment. 

A GMP meeting the requirements of Part 845 is being prepared for the AP in conjunction with 
this HCR. 

1.4 Site Location and Description 

The KPP is located in the southwest quarter of Section 1, and the northeast quarter of Section 
12, Township 13 North, Range 4 West, along West Route 104, Christian County, Illinois and 
approximately four miles west of the Village of Kincaid. The AP is located between two lobes of 
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Sangchris Lake (Figure 1-1), which was formed in 1964 by damming Clear Creek, a tributary to 
the south fork of the Sangamon River. Sangchris Lake was created to provide a source of cooling 
water for the KPP. The western lobe of Sangchris Lake forms part of the western and northern 
border of the AP and is connected to an intake flume for the KPP on the western edge of the AP. 
A discharge flume from the KPP forms the southern border of Kincaid Ash Pond and is connected 
to the eastern lobe of Sangchris Lake. The KPP property is surrounded by the lobes of Sangchris 
Lake and Sangchris Lake State Park to the north and east, and a combination of undeveloped 
land and surface support facilities associated with the former Peabody Coal Company #10 mine 
to the south and west. 

The KPP operates as a coal-fired power plant and has a single CCR management unit, the AP 
(Figure 1-2), a 172-acre, unlined SI used to manage CCR and non-CCR waste streams at the 
KPP with a total storage capacity of approximately 3,560 acre-feet. 

1.5 Site History and Unit Description 

Construction of the AP began in 1964 and it was commissioned for use in 1967. The AP primarily 
contains bottom ash and boiler slag, and other minor materials, including water and wastewater 
treatment solids, excavation spoils, and dredge spoils. The discharge for the AP is located at the 
southeast corner of the unit. The approximate dates of construction of each successive stage of 
the AP are summarized in Table A below (AECOM, 2016b). 

Table A. History of Construction 

Date Event 

1964-1965 Construction of Ash Pond 

1967 Ash Pond was put into service 

1978-1980 Installation of Ash Pond recycle water intake structures and associated piping 

Mid-1980’s Erosion repair along north embankment adjacent to Sangchris Lake 

2006 Replacement of emergency outlet piping 

2009-2010 Tree removal, grading, and vegetation re-established along the north and east embankment 

2010 Riprap placement along the northwest Ash Pond embankment adjacent to Sangchris Lake 
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2. REGIONAL AND SITE GEOLOGY 

2.1 Topography 

The AP and surrounding areas are relatively flat at an elevation of approximately 600 feet North 
American Vertical Datum of 1988 (NAVD88). Sangchris Lake constitutes the lowest topographic 
feature in the area at approximately 585 feet NAVD88 (see Figure 1-1). 

A Plat of Survey Map (1966) shows the KPP intake flume at an elevation of 555 feet above mean 
sea level (msl) and the discharge flume at an elevation of 565 feet msl (Appendix A). In the 
northcentral portion of the site, a former drainage feature is present with the lowest mapped 
elevation of this feature at approximately 580 feet. The feature extends generally in a 
north-south direction and formerly connected with the western lobe of Sangchris Lake. 

A topographic field survey from 2021 (IngenAE, 2021) measured an average surface water 
elevation within the AP of 602.36 feet NAVD88. The embankments surrounding the AP extend 
upward to an elevation of approximately 616 feet NAVD88 northwest of the AP, 615 feet NAVD88 
northeast of the AP, 619 feet NAVD88 southwest of the AP, 624 feet NAVD88 south of the AP, 
and 606 feet NAVD88 southeast of the AP. Site surface topography is shown on Figure 2-1. 

2.2 Regional Geomorphology 

The KPP is located within Christian County, which has an area of 716 square miles, of which 
709 square miles is land and 6.3 square miles is water. The county is bounded on the north by 
the Sangamon River. The south fork of the Sangamon River runs through the center of Christian 
County. The majority of the county lies within the Sangamon Drainage Basin, which has an area 
of 5,418 square miles. The Sangamon River is a tributary to the Illinois River. 

The AP is located in the Springfield Plain, which is in the Till Plains Section of the Central Lowland 
Physiographic Province. The Springfield Plain is distinguished mainly by its flatness and by 
shallow entrenchment of drainage. The southern boundary is drawn along a line of which the drift 
thins and bedrock topography becomes a controlling factor; the western boundary follows the 
edge of the Illinoian drift. The greater part of the district is a flat till plain. The moraines are low 
and broad. Drainage systems are well developed. The Illinoian drift is moderately thick and is 
underlain by older drift, except in areas where the bedrock is close to the surface. Along the 
southeast side of the Illinois Valley, there is a belt of thick loess (Leighton et al., 1948). 

The Herrin Coal Seam was historically mined in the area and occurs at a depth of approximately 
300 to 380 feet below ground surface (bgs) in the vicinity of the AP. Mining activities are 
discussed in detail in Section 2.4.5. 

2.3 Soils 

Surficial soils at the AP and vicinity are shown on Figure 2-2, based on the soil survey data for 
Christian County available in the Soil Survey Geographic database (SSURGO) by the United 
States Department of Agriculture Natural Resources Conservation Service provided by the 
Environmental Systems Research Institute (ESRI) web-hosted layer. Surficial soils within the 
extents of the AP are classified as Mine dumps. Surficial soils in the vicinity of the AP consist of 
Assumption silt loam (5 to 10 percent slopes, eroded), Ipava silt loam (0 to 2 percent slopes), 
Denny silt loam (0 to 2 percent slopes, Loess, poorly drained), Virden silty clay loam (0 to 2 
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percent slopes, Loess, poorly drained), Orthents (loamy, undulating), and Osco silt loam (2 to 5 
percent slopes). Additional information sourced from SSURGO describing surficial soils listed 
above at the AP and vicinity is available in Appendix B. 

2.4 Regional Geology 

2.4.1 Regional Unlithified Geology 

The AP is located in the Illinois Valley where the general sequence of unlithified Quaternary 
deposits consists of poorly sorted sand, silt, and clay of the Cahokia Formation. The Upper 
Cahokia Formation consists of overbank silts and clays, while the coarser-textured Lower Cahokia 
Formation is mainly sandy channel and lateral accretion deposits. The Cahokia Formation is 
present along all Illinois streams, although locally absent where active stream erosion is 
occurring (Willman and Frye, 1970). 

The Cahokia Formation is predominantly a silty deposit because much of it is derived from 
erosion of loess and till. Loess was still accumulating in the region when some of the alluvium 
was deposited. Although lenses of sand and gravel are locally common in the alluvium, these 
lenses generally have a relatively high silt content. The degree of sorting varies but is generally 
poor. A major part of the alluvium consists of materials transported down the valley and 
deposited in the floodplains during intervals of flooding, but it also includes sediments deposited 
directly by tributary streams. The latter sediments commonly consist of lenses of relatively 
coarse material interbedded with floodplain silts. The thickness varies greatly, but 10 to 20 feet is 
common along many valleys and 50 to 75 feet is found along major valleys (ISGS, 2021d). 
Where present, the Cahokia Formation deposits at the AP are comprised of silts and clays 
interbedded with thin sand lenses near Sangchris Lake and extend to depths of approximately 40 
feet (NRT/OBG, 2017a). 

Underlying the Cahokia Formation is the Vandalia Till Member of the Glasford Formation. The 
Vandalia Till is the lowermost and oldest unlithified geologic material in the region. The Vandalia 
Till is a relatively sandy, gray, compact till (i.e., diamicton deposits), commonly 25 to 50 feet 
thick, but it is probably much thicker in some of the deep valleys. Its extent has not been 
determined, but it probably is the surface till throughout most of the area of Illinoian drift in 
southeastern Illinois (ISGS, 2021d). The Vandalia Till deposits at the AP are comprised of dense 
clay and silt with varying amounts of sand and gravel, and extend to depths of approximately 
50 feet (NRT/OBG, 2017a). 

Although not shown on available ISGS survey data which is mapped on a regional scale, the silts 
and clays of the Cahokia Formation have been identified adjacent to the former Clear Creek and 
underlying the constructed AP, in addition to the Vandalia Till. The regional surficial geologic 
deposits in the vicinity of the Site, as surveyed by ISGS, are shown on Figure 2-3. 

2.4.2 Regional Bedrock Geology 

Underlying the unlithified materials of the Vandalia Till is the Pennsylvanian-age Bond Formation 
consisting of a sequence of lithified marine sediments comprised mainly of limestone interbedded 
with lesser amounts of shale and sandstone. The top of bedrock surface in the vicinity of the site 
is approximately 550 feet msl (CEC, 2010). 
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2.4.3 Structure 

The major geological structure features around Illinois are shown on Figure 2-4. The KPP is 
located within a relatively stable region within the central portion of the Illinois Basin. The AP on 
the southern end of the Kincaid Anticline that is prominent on a structure map of the top of the 
Mississippian Karnak Limestone Member. The Anticline is about 11 miles long and plunges S15E. 
Closure is mapped in the northern part of the fold; vertical relief is about 80 feet on both flanks. 
The fold is relatively flat topped and has equal dips on both flanks. 

The Kincaid Anticline also is referenced in Nelson’s (1995) structural features of Illinois. The 
anticline is more irregular in outline and lower in relief on the coal than it is on the Karnak 
Limestone. A normal fault, the Sicily Fault, offsets the Herrin Coal along the west flank of the 
Kincaid Anticline. The fault is parallel to the fold axis and is downthrown toward the crest of the 
anticline. 

The upward loss of structural relief suggests that the Kincaid Anticline, like many anticlines in 
central Illinois, may have developed during late Mississippian to early Pennsylvanian time. The 
Edinburg West and Kincaid Consolidated Oil Field are situated on or close to the crest of the 
Kincaid Anticline. 

2.4.4 Seismic Setting 

A review of the available data from the United States Geological Survey (USGS), ISGS, and other 
available structural information was completed by Haley & Aldrich, Inc., (2018) for the Location 
Restriction Demonstration to address the requirements of 40 C.F.R. § 257.62 (Fault Areas). The 
review found that the nearest known mapped fault is the Sicily Fault referenced above, which is 
located approximately 2 miles east of the AP. The timeframe of the most recent activity on the 
Sicily Fault is unknown. There are no known active faults or fault damage zones that have had 
displacement in Holocene time reported or indicated within 200 feet of the AP (see Figure 2-4). 

35 I.A.C. § 845.330 requires that existing and new CCR SIs and lateral expansions of existing SIs 
must not be located in seismic impact areas, unless owners or operators demonstrate that the SI 
is designed to resist the maximum horizontal acceleration (g) in lithified earth material. This 
requirement is identical to that in 40 C.F.R. § 257.63. The definition of a seismic impact zone is 
“areas having a 2 percent or greater probability that the maximum expected horizontal 
acceleration, expressed as a percentage of the earth's gravitation pull, will exceed 0.10 g in 50 
years.” Although the AP is located within a seismic impact zone, it satisfies the demonstration 
requirements of 35 I.A.C. § 845.330. The AECOM report titled CCR Certification Report: Initial 
Structural Stability Assessment, Initial Safety Factor Assessment, and Initial Flow Design Control 
System Plan for the Kincaid Ash Pond at Kincaid Power Station”, dated October 2016, includes 
engineering analysis, calculations, and findings that support the requirements of 40 C.F.R. § 
257.63 (Haley & Aldrich, Inc., 2018), and, by extension, 35 I.A.C. § 845.330. 

2.4.5 Mining Activities 

Most of the areas immediately beneath and surrounding the facility have been mined 
underground by the Peabody Coal Company. Based on the directory of coal mines for Christian 
County, underground coal mines are located directly beneath most of the AP and throughout 
much of the region surrounding the KPP. The main power plant area and the southernmost edge 
of the AP are not underlain by a coal mine. The coal mined is referred to as the Herrin Seam and 
occurs at a depth of approximately 300 to 380 feet bgs in the vicinity of the AP. These mines, 
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identified as #8 and #10, are both abandoned underground shaft mines. Geological problems 
reported during mining activities included slips, sandstone rolls, and roof falls and failures. The 
#8 mine was active from 1914 to 1954. The mining method used was Room and Pillar Panel and 
the coal seam at this location ranged from 7 to 8 feet in thickness. The #10 mine operated from 
1951 to 1994. Mine #10 used the Blind Room and Pillar mining method and the coal seam at this 
location had a maximum thickness of 13 feet (ISGS, 2019; ISGS, 2021b; ISGS, 2021c). The 
nearest coal mines to the AP are shown in Figure B-1 of Appendix B. 

In 2013, minor subsidence of the embankment crest was observed along portions of the 
southwestern embankment of the AP. The subsidence was believed to have been caused by 
historical underground mining operations from the 1950s to 1990s. Gravel and soil fill was placed 
in the settlement areas to restore the embankment crest elevation (AECOM, 2016b). 

Karst topography or physiographic features, such as sinkholes, vertical shafts, sinking streams, 
caves, large springs, or blind valleys, do not exist at the KPP and karst features are not common 
in Christian County. Data reviews indicate that the KPP is in an area of low landslide incidence; 
there has not been a landslide occurrence at or near the AP (Haley & Aldrich, Inc., 2018). 

2.5 Site Geology 

A field investigation was performed in 2021 to collect additional data for the discussion of vertical 
and horizontal lithology, stratigraphy, chemical properties, and physical properties of geologic 
layers to a minimum of 100 feet bgs as specified in 35 I.A.C. § 845.620(b). Field investigation 
locations are shown on Figure 2-5. 

2.5.1 Site-Specific Unlithified Geology 

The three principal types of unlithified materials present above the bedrock in the vicinity of the 
AP consist of the following in descending order: 

• Fill, predominantly coal ash (bottom ash and slag) within the AP, but also including 
constructed berms and railroad embankments near the AP. 

• Clays and silts of the Cahokia Formation, interbedded with thin sand lenses near Sangchris 
Lake, which extend to depths of less than 44 feet. 

• Clay and silt with varying amounts of sand and gravel of the Vandalia Till, which extend to 
depths of up to 52 feet. 

Soil boring logs and well construction logs are provided in Appendix C. 

2.5.1.1 Fill and CCR 

CCR within the AP is comprised predominantly of bottom ash. Ash is present within the AP at a 
thickness of up to 30 feet as measured in XPW01 (Appendix C). The AP overlies the Cahokia 
Formation, and the bottom of the ash was observed at a depth of 22 feet bgs, and elevation of 
582.57 feet NAVD88, in the northern portion of the AP at XPW04. The bottom of ash elevation 
(Figure 2-6) was determined during the location restriction evaluation required by 40 C.F.R. § 
257.60 and was compared to the historic topography (Appendix A). The base of ash elevation is 
consistent with the historic topography, i.e., the bottom of the AP is the historic ground surface 
at the time the containment berms were constructed. 
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Eight samples were obtained from the ash within borings XPW01 through XPW04 (Figure 2-5) 
for geotechnical testing. Soil classifications using the Unified Soil Classification System (USCS) 
indicated poorly graded sand (SP) in XPW01 and XPW04, poorly graded sand/silty sand (SP-SM) 
in XPW02, and well graded sand, fine to coarse sand/silty sand (SW-SM) in XPW03. Geotechnical 
testing results are summarized in Table 2-1, and the geotechnical laboratory report is included 
in Appendix D. Geotechnical results from XPW01 through XPW04 indicated the following: 

• The average moisture content was 23.3 percent and ranged from 11.8 to 36.4 percent. 

• The average total porosity (calculated) was 54 percent and ranged from 46 to 64 percent. 

• The average dry density was 80.7 pounds per cubic foot (pcf) and ranged from 62.7 to 93.9 
pcf. 

• The average specific gravity was 2.796 and ranged from 2.770 to 2.838. 

• The distribution of particle sizes was 0 to 1.6 percent gravel, 91.4 to 98.4 percent sand, and 
1.3 to 8.4 percent fines (silt and clay). 

• The geometric mean vertical hydraulic conductivity was 1.4 x 10-3 centimeters per second 
(cm/s) and ranged from 3.5 x 10-4 to 4.3 x 10-3 cm/s. 

Solids samples from XPW01 through XPW04 were also submitted to an analytical laboratory for 
chemical analysis. The results of the soil sample chemical analysis are summarized in Table 2-2. 

Leachate wells were installed in XPW01 through XPW04 and porewater samples were collected for 
chemical analysis. The results of the porewater sample chemical analysis are summarized in 
Table 2-3. 

2.5.1.2 Cahokia Formation 

The Cahokia Formation was observed at boring locations MW-1 through MW-12, MW-8S, 
MW-12D, MW-12S, MW-20, MW-20S, MW-22 through MW-32, and MW-31S (Appendix C) and 
consists of predominantly clay and silt with some clayey sand and sandy clay intervals. Its color 
was described as pale brown, light yellowish brown, gray, brown, grayish brown, and dark 
yellowish brown. The thickness of the Cahokia Formation was observed to be up to 40 feet at 
MW-30 (Figures 2-7 through 2-11). 

Three samples were collected from the Upper Cahokia Formation for geotechnical testing within 
borings MW-12D (5-7 feet bgs and 11.5-12 feet bgs) and MW-23 (15-17 feet bgs). USCS soil 
classifications indicated lean clay (CL) and clayey sand (SC). Boring locations are shown on 
Figure 2-5. The geotechnical testing results are summarized in Table 2-1 and the geotechnical 
laboratory report is included in Appendix D. Geotechnical testing results from the Upper Cahokia 
Formation indicated the following: 

• The average moisture content was 21.7 percent and ranged from 18.2 to 28.4 percent. 

• The average total porosity (calculated) was 44 percent and ranged from 42 to 45 percent. 

• The average dry density was 95.0 pcf and ranged from 92.7 to 97.8 pcf. 

• The average specific gravity was 2.697 and ranged from 2.682 to 2.705. 

• The distribution of particle sizes was 0 to 4.9 percent gravel, 2.5 to 49.8 percent sand, and 
45.3 to 97.5 percent fines (silt and clay). 



Hydrogeologic Site Characterization Report 
Kincaid Power Plant Ash Pond 
 

KIN AP HCR FINAL 10.19.2021 19/40 

• The geometric mean vertical hydraulic conductivity was 1.2 x 10-7 cm/s and ranged from 7.2 x 
10-8 to 3.2 x 10-7 cm/s. 

Three samples were collected from the Lower Cahokia Formation for geotechnical testing within 
borings MW-12D (20.5-22.5 feet bgs), MW-20 (15-17 feet bgs), and MW-23 (25-27 feet bgs). 
USCS soil classifications indicated lean clay (CL) and clayey sand (SC). Boring locations are 
shown on Figure 2-5. The geotechnical testing results are summarized in Table 2-1 and 
geotechnical laboratory report is included in Appendix D. Geotechnical testing results from the 
Lower Cahokia Formation indicated the following: 

• The average moisture content was 16.2 percent and ranged from 14 to 18.9 percent. 

• The average total porosity (calculated) was 35 percent and ranged from 34 to 36 percent. 

• The average dry density was 109.0 pcf and ranged from 106.9 to 112.3 pcf. 

• The average specific gravity was 2.701 and ranged from 2.672 to 2.731. 

• The distribution of particle sizes was 0 to 6 percent gravel, 29.9 to 46.4 percent sand, and 
47.6 to 69.5 percent fines (silt and clay). 

• The geometric mean vertical hydraulic conductivity was 1.1 x 10-7 cm/s and ranged from 5.9 x 
10-8 to 2.0 x 10-7 cm/s. 

Soil samples collected from the Upper and Lower Cahokia Formation were also submitted to an 
analytical laboratory for chemical analysis. The results of this chemical analysis are summarized 
in Table 2-4. 

2.5.1.3 Vandalia Till 

The Vandalia Till was observed at boring locations MW-1 through MW-6, MW-8 through MW-10, 
MW-12, KIN-B001 through KIN-B012, MW-12D, MW-20, MW-20S, MW-23, MW-25, MW-26, 
MW-28, MW-30, MW-31, and MW-32 (Appendix C) and consists predominantly of dense clay 
and silt with varying amounts of sand and gravel. The lowermost portion may contain weathered 
limestone cobbles within a few feet of the top of bedrock. Field compressive strength readings on 
the Vandalia Till were 4.5 tons per square foot. The Vandalia Till is easily identified by difficult 
drilling and/or refusal and is apparent on boring logs. 

Its color was variously described in the boring logs as brown and gray, brownish gray, light 
brown, and greenish gray and brown. The average thickness of the Vandalia Till observed in the 
soil borings was 7.5 feet with maximum thicknesses of 37.5 feet. The till was encountered at 
elevations ranging from approximately 570 to 583.5 feet NAVD88 (Figures 2-7 through 2-11). 

Samples collected from the Vandalia Till were submitted to an analytical laboratory for chemical 
analysis, but were not submitted for geotechnical testing due to poor recovery. Boring locations 
are shown on Figure 2-5. The chemical analysis results are summarized in Table 2-4. 

2.5.2 Site-Specific Bedrock Geology 

Bedrock underlying the AP is the Pennsylvanian Age Bond Formation, which consists mainly of 
limestone with lesser amounts of shale and sandstone. Bedrock was encountered in borings 
MW-2, MW-5, B-12, KIN-B005, KIN-B010, MW-12D, and MW-20 (Appendix C). The elevation of 
the top of bedrock is highest at MW-20 (548.02 feet NAVD88) beneath the eastern portion of the 
AP and declines in elevation to the west toward MW-12D (540.68 feet NAVD88) and to the south 
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toward KIN-B005 (520 feet) (Figures 2-7 through 2-11). The top of bedrock was described as 
limestone overlaying shale in borings advanced to bedrock. 

No bedrock samples were collected for geotechnical testing or chemical analysis. Boring locations 
are shown on Figure 2-5. 
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3. REGIONAL AND LOCAL HYDROGEOLOGY 

3.1 Regional Hydrogeology 

Potable groundwater resources in Christian County range from poor to good. Extensive testing, 
however, is commonly required to locate suitable sources of groundwater in the valley flats. 
Domestic and farm supplies are generally obtainable throughout Christian County except for an 
area south and west of Pana and in the western part of the county where the drift is thin. In this 
area, water is obtained locally from large diameter dug wells in the drift or from wells drilled into 
the bedrock. The Pennsylvanian bedrock below the drift is composed principally of shale. Locally, 
sandstone lenses are present and may yield small water supplies. Wells drilled into the bedrock 
are generally limited to a depth of 200 to 250 feet or less below land surface, as water quality 
diminishes at greater depths (Selkregg and Kempton, 1958). 

3.2 Site Hydrogeology 

In 2010, 10 groundwater monitoring wells (MW-1 through MW-10) were installed at the KPP 
within and around the AP to evaluate potential impacts from the AP. In 2015, a groundwater 
monitoring program was initiated at these locations to meet the requirements of 40 C.F.R. § 257. 
In 2021, additional wells were installed to supplement the existing well network and provide 
information to meet the requirements of Part 845. A summary of monitoring well locations and 
construction details are included in Table 3-1 and depicted on Figure 3-1. 

3.2.1 Hydrostratigraphic Units 

Five distinct water-bearing layers have been identified at the AP based on stratigraphic 
relationships and common hydrogeologic characteristics, which are summarized below and 
discussed in subsequent sections. 

• CCR: Saturated CCR, consisting primarily of bottom ash, and boiler slag. 

• USCU: Low-permeability clay with some silt and minor sand, silt layers, and occasional 
discontinuous sand lenses. Includes the lithologic layers identified as the Cahokia Formation. 
Sand lenses with higher permeability within the USCU have a higher probability of 
contaminant transport and these materials are referred to as the PMPs. 

• Uppermost Aquifer: Thin (generally less than 4 feet), moderate permeability sand, silty 
sand, and clayey sand and gravel units, which include the clays and silts of the Upper Cahokia 
Formation, where saturated, and the thin, moderate permeability sands and gravels of the 
Lower Cahokia Formation, which, at some locations, also includes the interface with the 
Vandalia Till. 

• LCU: Underlying the aquifer unit is dense grey clay till; this till is easily distinguished during 
investigation by difficult drilling and/or refusal and is apparent on boring logs. The till was 
encountered at elevations ranging from approximately 570 to 583.5 feet NAVD88. The LCU is 
comprised of low permeability silt and clay with minor sand, silt layers, and occasional 
discontinuous sand lenses (more frequently near the top of the unit). Includes the lithologic 
layers identified as the Vandalia Till. 

• BCU: This unit is composed of interbedded shale and limestone of the Pennsylvanian Age 
Bond Formation that underlie the Vandalia Till, and underlies the entire AP. 
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3.2.2 Uppermost Aquifer 

Underlying the USCU is a sandy unit which is considered the uppermost aquifer in the area. The 
lithologic description of the uppermost aquifer ranges from well graded sand to sandy clay, but in 
most locations, it is described as silty or clayey sand. Based on interpreted groundwater 
elevations, the top of the uppermost aquifer appears to decline in elevation to the northwest 
toward Sangchris Lake (Figure 3-2). Below the AP the uppermost aquifer was encountered at an 
elevation ranging from 577.1 to 582.2 feet NAVD88. This unit occurs directly above the Vandalia 
Till. 

Although there may be other lenses of coarser grained material within the USCU, there is no 
evidence that they are laterally continuous across the Site. The determination that the sand unit 
is the uppermost aquifer is supported by a well search performed in the vicinity of the Site. Many 
of the nearby potable wells indicate the presence of this aquifer at a similar elevation to what 
was encountered at the Site. Potable well construction logs also identify this unit as the primary 
source of groundwater (Appendix B). 

3.2.3 Potential Migration Pathway 

The USCU, the Cahokia Formation, has been characterized with information collected from 
monitoring wells screened within both clay and silt and discontinuous sand lenses encountered 
during geologic investigations. The general discussion for the USCU, included below, includes all 
monitoring wells in this unit, but further subdivides the discussion to characterize PMPs based on 
information from wells screened within these materials. PMPs were interpreted using 
the lithologic composition and hydrogeologic properties (hydraulic conductivity and hydraulic 
position with respect to the unit) of the materials. In addition to the physical properties, the 
analytical results from baseline groundwater monitoring performed in wells screened in the USCU 
were used to identify PMPs. Monitoring wells are classified as follows: 

• USCU monitoring locations: MW-7S, MW-8S, MW-11S, MW-12S, MW-20S, MW-25, MW-27, 
and MW-31S 

• Interpreted PMP monitoring locations: MW-7S, MW-12S, MW-25, and MW27 

3.2.4 Water Table Elevation and Groundwater Flow 

The elevations of water within the AP (as observed in XPW-01 through XPW-04 and XSG-01) are 
greater than groundwater elevations in the surrounding areas, and, depending on the hydraulic 
connection between the AP and the surrounding aquifer, water may flow radially from the AP 
toward the lobes of Sangchris Lake. The phreatic surface within the AP between February and 
August 2021 averaged 603.29 feet NAVD88, ranging from 600.76 feet NAVD88 in XPW03 (in the 
northwest portion of the AP) to 607.38 feet NAVD88 in XSG-01 (in the southeast corner of the 
AP) (see Figures 3-3 through 3-5). 

The groundwater elevation in wells within the USCU (MW-7S, MW-8S, MW-11S, MW-12S, 
MW-20S, MW-25, MW-27, and MW-31S) averaged 591.34 feet NAVD88 between February and 
August 2021, with a range from 583.38 feet NAVD88 in MW-27 (west of the AP) to 602.14 feet 
NAVD88 in MW-25 (southwest of the AP). The groundwater elevation in wells within the PMP 
(MW-7S, MW-12S, MW-25, and MW-27) averaged 589.99 feet NAVD88 between February and 
August 2021, with a range from 583.38 feet NAVD88 in MW-27 (west of the AP) to 602.14 feet 
NAVD88 in MW-25 (southwest of the AP). USCU well MW-11S was dry during all events with the 
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exception of the May 2021 event. Wells MW-12S and MW-27, located on the north side of the AP 
near the former drainage feature, consistently recorded the lowest groundwater elevation, while 
MW-8S and MW-20S had relatively equal groundwater elevations, and the highest elevations 
were measured at MW-25, suggesting that the predominant horizontal groundwater flow in the 
USCU in the area of the AP is toward the north and northwest toward the western lobe of 
Sangchris Lake. There also appears to be a component of groundwater flow to the south and east 
toward the discharge flume that flows to the eastern lobe of Sangchris Lake (see Figures 3-3 
through 3-5), as evidenced by groundwater elevations on the southern side of the AP being 
consistently below the screen interval of MW-11S (591-595 feet NAVD88); this monitoring well 
was consistently dry during 2021 groundwater monitoring. These two components of 
groundwater flow suggest a groundwater divide beneath the AP. 

The groundwater elevation in wells screened in the uppermost aquifer (MW-1 through MW-12, 
MW-20, MW-22 through MW-24, MW-26, MW-28 through MW-32, and PZ4C) averaged 592.82 
feet NAVD88 between February and August 2021, with a range from 584.12 feet NAVD88 in 
MW-12 northwest of the AP to 598.93 feet NAVD88 in MW-20 east of the AP. As noted above, 
groundwater elevation contour maps suggest that there is a groundwater divide beneath the AP 
and horizontal groundwater flow in the uppermost aquifer is to the northwest and southeast 
toward the lobes of Sangchris Lake (see Figures 3-3 through 3-5). 

The groundwater elevation in BCU well MW-12D averaged 586.23 feet NAVD88 between February 
and August 2021, with a range from 584.55 to 587.18 feet NAVD88 (see Figures 3-3 through 
3-5). 

3.2.4.1 Vertical Hydraulic Gradient 

Vertical hydraulic gradients were calculated using available groundwater elevation data from 
February to August 2021 at nested well locations within the USCU/PMPs, uppermost aquifer, and 
BCU. Vertical hydraulic gradients are presented in Table 3-2. The results of the vertical hydraulic 
gradient calculations for these hydrostratigraphic units are summarized below:  

• BCU to uppermost aquifer:  

− Gradients calculated between MW-12D (BCU) and MW-12 (uppermost aquifer) were 
upward for all events. 

• Uppermost aquifer to USCU/PMP: 

− Gradients between MW-12 (uppermost aquifer) and MW-12S (PMP) were downward for all 
events. 

• Uppermost aquifer to USCU: 

− Gradients between MW-31 (uppermost aquifer) and MW-31S (USCU) were downward for 
seven events, and upward in the July 1, 2021 event. 

− Gradients between MW-8 (uppermost aquifer) and MW-8S (USCU) were variable, with 
upward gradient in three events (February through April 2021) and a downward gradient in 
two events (May and June 2021). Gradients were not calculated for the two events in July 
and one event in August because MW-8S was dry during those sampling events. 

− Gradients between MW-7 (uppermost aquifer) and MW-7S (USCU) were upward for seven 
events and downward in the June 2021 event. 
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These results are consistent with previous vertical gradient calculations (NRT/OBG, 2017a). 

3.2.4.2 Impact of Sangchris Lake on Groundwater Flow 

Groundwater elevations are primarily controlled by the level in Sangchris Lake, and the water 
level within the AP. There is an apparent groundwater divide beneath the AP with groundwater 
flow to the northwest and southeast toward the western and eastern lobes of Sangchris Lake, 
respectively (Figures 3-3 through 3-5 and Appendix E). 

3.2.5 Hydraulic Conductivity 

3.2.5.1 Field Hydraulic Conductivity 

Results of field hydraulic conductivity tests conducted in 2021 in the CCR (XPW01 through 
XPW04) ranged from 2.09 x 10-2 to 2.64 x 10-1 cm/s, with a geometric mean of 8.57 x 10-2 cm/s. 

Results of field hydraulic conductivity tests performed in 2021 in wells screened in the USCU 
(MW-12S, MW-25, MW-27, and MW-20S) ranged from 1.56 x 10-5 to 1.22 x 10-4 cm/s, with an 
overall geometric mean of 5.04 x 10-5 cm/s. Tests were not completed for all wells in the USCU, 
of the wells evaluated, two were screened in sandier zones of the USCU and the resulting 
geometric mean hydraulic conductivity for the unit is likely overestimated. 

Field hydraulic conductivity tests performed in 2021 in wells screened within the uppermost 
aquifer (MW-20, MW-22, MW-23, MW-26, MW-28, MW-29, MW-30, MW-31, MW-32, and PZ-4C) 
ranged from 1.29 x 10-6 to 5.35 x 10-4 cm/s, with an overall geometric mean hydraulic 
conductivity of 4.14 x 10-5 cm/s. The geometric mean likely underestimates the hydraulic 
conductivity of the unit because it includes locations where sandier material was not present 
(MW-20, MW-32, and PZ-4C). 

Field hydraulic conductivity tests were performed in BCU well MW-12D resulting in hydraulic 
conductivity of this unit is 1.69 x 10-3 cm/s. Well MW-12D was screened within the top 5 feet of 
the bedrock and the resulting hydraulic conductivity likely represents the weathered bedrock 
surface. 

Field hydraulic conductivity test results are summarized on Table 3-3 and the field hydraulic 
conductivity test data is included in Appendix F. 

3.2.5.2 Laboratory Hydraulic Conductivity 

Falling head permeability tests (ASTM D5084 Method F) were performed in the laboratory on 
samples collected during the 2021 investigations. Sample locations are shown on Figure 2-5. 
The geotechnical laboratory report is provided in Appendix D. The results are summarized in 
Table 2-1 and discussed below. 

• Eight samples were collected from ash borings XPW01 through XPW04. Laboratory falling 
head permeability test results in the ash indicated a geometric mean of 1.4 x 10-3 cm/s. 

• Three USCU samples were collected from borings MW-12D and MW-23. Laboratory falling 
head permeability test results in the USCU indicated a geometric mean vertical hydraulic 
conductivity of 1.2 x 10-7 cm/s. No laboratory vertical hydraulic conductivity tests were 
performed on samples from the PMP wells. 
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• Three uppermost aquifer samples were collected from borings MW-12D, MW-20, and MW-23. 
Test results indicated a geometric mean of 1.1 x 10-7 cm/s. 

• Laboratory hydraulic conductivity tests were not performed in the BCU. 

3.2.6 Horizontal Groundwater Gradients and Groundwater Flow Velocity 

Horizontal gradient and groundwater velocities for the uppermost aquifer were calculated based 
upon groundwater elevation measurements from February to August 2021 between MW-5 and 
MW-31, MW-6 and MW-12, and MW-8 and MW-26 (Table 3-4). Horizontal gradient between 
MW-5 and MW-31 averaged 0.015 feet per foot (ft/ft), between MW-6 and MW-12 it averaged 
0.008 ft/ft, and between MW-8 and MW-26 it averaged 0.015 ft/ft. Average groundwater flow 
velocity in the uppermost aquifer between MW-5 and MW-31 was calculated to be 0.004 feet per 
day (ft/day), between MW-6 and MW-12 was calculated to be 0.002 ft/day, and between MW-8 
and MW-26 was calculated to be 0.001 ft/day. 

The horizontal gradient and groundwater velocities for the USCU/PMP was determined at wells 
MW-25 and MW-27 (Table 3-4). The horizontal gradient for the USCU/PMP averaged 0.010 ft/ft. 
Average groundwater flow velocity in the USCU/PMP was 0.010 ft/day as determined by the 
interpolated groundwater elevation contours from February to August 2021. 

Horizontal hydraulic gradients and groundwater flow velocity calculations are summarized in 
Table 3-4. Groundwater flow velocity in the LCU could not be determined because there are no 
wells screened within the LCU well. Similarly, groundwater flow velocity in the BCU could not be 
determined because there is only one bedrock well (MW-12D). 

3.2.7 Groundwater Classification 

Groundwater at the AP does not meet the definition of Class I - Potable Resource Groundwater 
(35 I.A.C. § 620.210), based on the following criteria: 

• Site investigations have determined that water bearing lenses contain more than 12 percent 
fines (see Table 2-1) and are less than five feet in thickness (Cabeno, 2013), 

• Sustained groundwater yield, from a 12-inch borehole, of less than 150-gallons per day from 
a thickness of 15-feet or less. 

• Field (horizontal) hydraulic conductivity tests and laboratory (vertical) hydraulic conductivity 
tests from wells screened within the uppermost aquifer resulted in an overall (geometric 
mean) of 5.07 x 10-5 cm/s and 1.07 x 10-7 cm/s, respectively (see Table 2-1 and Table 3-4). 

As set forth in 35 I.A.C. § 620.220, any geologic material with a hydraulic conductivity of less 
than 1 x 10-4 cm/s, and which does not meet the provisions of 35 I.A.C. § 620.210 (Class I), 
35 I.A.C. § 620.230 (Class III), or 35 I.A.C. § 620.240 (Class IV), meets the definition of Class II: 
General Resource Groundwater. Based on the detailed geologic information provided for the 
unlithified materials and bedrock encountered at the AP and the hydrogeologic data, the 
groundwater in the uppermost aquifer can be classified as Class II groundwater: General 
Resource Groundwater. This is supported by results of the hydrogeologic study completed in 
2013 (Cabeno, 2013), which concluded that the AP does not meet most criteria of Class I 
Groundwater and the data collected supported a Class II Groundwater Classification. 
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3.3 Surface Water Hydrology 

3.3.1 Climate 

Average climatic data was obtained from the Illinois State Water Survey (ISWS) records between 
1981 and 2010 from Springfield, Illinois, located approximately 18 miles northwest of the AP. The 
data indicates that precipitation averages 37.43 inches per year. Monthly precipitation is greatest 
in April through August. On average, 20.9 inches of precipitation occur as snowfall. 

As shown in Table B below, ISWS temperature records show average maximum daily 
temperatures for 1989 to 2010 ranging from above 70 degrees Fahrenheit (°F) May through 
September and minimum average daily temperatures that are below freezing December through 
February. 

Table B. Average Monthly Temperature Extremes and Precipitation for Springfield, Illinois 

  Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Annual 

Max 

Temperature 

(°F) 

34.8  39.9 52.1 64.6 74.8 83.1 86.2 84.9 78.9 66.4 52.3 38.3 63.1 

Min 

Temperature 

(°F) 

18.7 22.6 32.2 42.4 52.6 61.9 65.4 63.6 54.6 43.8 33.9 22.5 43.0 

Precipitation 

(inches) 

1.82 1.81 2.63 3.51 4.24 4.46 3.94 3.24 2.90 3.15 3.21 2.52 37.43 

https://www.isws.illinois.edu/statecli/newnormals/normals.USW00093822.txt 

 

3.3.2 Surface Waters 

The predominant surface water body in the region is Sangchris Lake. Sangchris Lake is located 
directly adjacent to the AP. Bordering the northwest perimeter of the AP, Sangchris Lake has a 
normal pool elevation of about 585 feet NAVD88 (see Figure 1-1). The surface water elevation 
of Sangchris Lake was measured on May 21 and June 9, 2021 and was 585.62 and 585.20 feet 
NAVD88, respectively. Surface water elevations in Sangchris Lake are not expected to fluctuate 
in the vicinity of the KPP as a result of the lake being controlled by a dam to provide cooling 
water for the KPP. The phreatic surface within the AP between February and August 2021 
averaged 603.28 feet NAVD88, ranging from 600.76 feet NAVD88 in XPW03 (in the northwest 
portion of the AP) to 607.38 feet NAVD88 in XSG-01 (in the southeast corner of the AP). There is 
an apparent groundwater divide beneath the AP with groundwater flow to the northwest and 
southeast towards the western and eastern lobes of Sangchris Lake, respectively. 

Other surface waters in the vicinity include various freshwater emergent wetlands on the 
property to the northwest, freshwater forested/shrub wetland to the west, a small riverine to the 
southeast, and several freshwater ponds directly south of the AP.  
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4. GROUNDWATER QUALITY 

4.1 Summary of Groundwater Monitoring Activities 

4.1.1 IEPA Monitoring Program 

The current IEPA-required groundwater monitoring program associated with the AP consists of 12 
groundwater monitoring wells used to monitor the uppermost aquifer, including four background 
monitoring wells (MW-1, MW-2, MW-9, and MW-10) and eight wells downgradient of the AP 
(MW-3 through MW-8, MW-11, and MW-12) in accordance with the Groundwater Monitoring Plan 
(GMP; Kincaid Generation, LLC, 2017). The boring logs, well construction forms, and other 
related monitoring well forms for the well network are included in Appendix C of this HCR. The 
well locations are shown on Figure 3-1. 

Groundwater samples are collected semi-annually and analyzed for the parameters listed in 35 
I.A.C. § 620.410 (Groundwater Quality Standards for Class I: Potable Resource Groundwater) 
with the exception of perchlorate, which is not required under the GMP. The parameters analyzed 
for the IEPA Monitoring Program are listed in Table C below. 

Table C. IEPA Groundwater Monitoring Parameters at Kincaid Ash Pond 

Water Pollution Control Board Permit Monitored Groundwater Parameters 

Field Parameters    

Groundwater Elevation pH Specific conductivity Temperature 

General Chemistry Parameters 

Chloride (total) Fluoride (total) Nitrate (total) Total Dissolved Solids 

Cyanide (total) Nitrite (total) Sulfate(total)  

Metals (total)    

Antimony Cadmium Lead Silver 

Arsenic Chromium Manganese Thallium 

Barium Cobalt Mercury Vanadium 

Beryllium Copper Nickel Zinc 

Boron Iron Selenium Radium 226 and 228 
combined 

 

4.1.2 40 C.F.R. § 257 Program Monitoring and Well Network 

In 2015, additional well installation and groundwater sampling was initiated to meet the 
requirements of 40 C.F.R. § 257. The 40 C.F.R. § 257 monitoring well network consists of eight 
groundwater monitoring wells screened in the uppermost aquifer, including two background 
monitoring wells (MW-1 and MW-2) and six compliance wells (MW-5 through MW-8, MW-11, and 
MW-12). The boring logs, well construction forms, and other related monitoring well forms for the 
well network are included in Appendix C of this HCR. The well locations are shown on 
Figure 3-1. 

Assessment monitoring in accordance with 40 C.F.R. § 257.95 was initiated on April 9, 2018. 
Details of the procedures and techniques used to fulfill the groundwater sampling and analysis 
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program requirements are found in the Sampling and Analysis Plan for the AP. Results are 
discussed in Section 4.2. 

Groundwater samples are collected semi-annually and analyzed for the field and laboratory 
parameters from Appendix III and Appendix IV of 40 C.F.R. § 257, summarized in Table D 
below. 

Table D. 40 C.F.R. § 257 Groundwater Monitoring Program Parameters 

1 Dissolved oxygen, temperature, specific conductance, oxidation/reduction potential, and turbidity are 
recorded during sample collection. 

4.1.3 Part 845 Well Installation and Monitoring 

In 2021, 19 additional monitoring wells (MW-7S, MW-8S, MW-11S, MW-12S, MW-12D, MW-20S, 
MW-20, MW-22, MW-23, MW-24, MW-25, MW-26, MW-27, MW-28, MW-29, MW-30, MW-31, 
MW-32, and MW-31S) were installed along the perimeter of the AP to assess the vertical and 
horizontal lithology, stratigraphy, chemical properties, and physical properties of geologic layers 
to a minimum of 100 feet bgs as specified in 35 I.A.C. § 845.620(b). Additionally, four leachate 
monitoring wells (XPW01, XPW02, XPW03, and XPW04) were installed within the AP unit to 
characterize CCR materials and leachate. These locations and samples were discussed in Section 
2.5.1.1. The boring logs, well construction forms, and other related monitoring well forms for the 
well network are included in Appendix C of this HCR. The well locations are shown on 
Figure 3-1. 

Prospective monitoring wells were sampled for eight rounds between February and August 2021 
and the results were used to develop this HCR and assess well locations for inclusion in the AP 
Part 845 monitoring well network. 

Groundwater samples were analyzed for 35 I.A.C. § 845.600 parameters summarized in Table E 
below. Part 845 groundwater monitoring results are included below in Section 4.2. A summary 
of groundwater analytical data is presented in Table 4-1. 

  

Field Parameters1 

Groundwater Elevation pH   

Appendix III Parameters (Total, except TDS) 

Boron Chloride Sulfate  

Calcium Fluoride TDS  

Appendix IV Parameters (Total) 

Antimony Cadmium Lithium Selenium 

Arsenic Chromium Mercury Thallium 

Barium Cobalt Molybdenum Radium 226 and 228 
combined Beryllium Lead  
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Table E. Part 845 Groundwater Monitoring Program Parameters 

1Dissolved oxygen, temperature, specific conductance, and oxidation/reduction potential were recorded 
during sample collection. 

4.2 Groundwater Monitoring Results and Analysis 

Groundwater data collected from the 40 C.F.R. § 257 network monitoring wells between 2015 
and 2021 were supplemented with sampling of additional locations in 2021 and evaluated with 
respect to the standards included in 35 I.A.C. § 845.600(a)(1). This data set was selected 
because it includes parameters (total metals) consistent with the parameter list in 35 I.A.C. § 
845.600(a)(1). Based on this data set, there were no consistent and/or significant concentrations 
of antimony, cadmium, mercury, molybdenum, selenium, and fluoride greater than the GWPSs. 
Results indicate that the parameters discussed in the following sections were detected at 
concentrations greater than the applicable 35 I.A.C. § 845.600(a)(1) standards and are 
considered potential exceedances[1]. A summary of groundwater analytical data is provided in 
Table 4-1. Groundwater elevations and field parameters are included in Table 4-2. 

4.2.1 Arsenic 

• Arsenic was detected at concentrations greater than the GWPS (0.01 milligrams per liter 
[mg/L]) in downgradient USCU well MW-31S (two events in June and July 2021). Arsenic 
concentrations in the USCU ranged from 0.002 to 0.020 mg/L, with a median concentration of 
0.006 mg/L. 

• Arsenic was detected at concentrations greater than the GWPS in downgradient PMP wells 
MW-7S (four events in February, June, July, and August 2021), MW-12S (two events in June 
and July 2021), and MW-27 (four events in February, June, and July 2021). Arsenic 
concentrations in PMP wells MW-7S, MW-12S, and MW-27 ranged from 0.003 to 0.175 mg/L, 
with a median of 0.008 mg/L. 

 
[1] Potential exceedances include results reported during the eight rounds of baseline groundwater monitoring 
that are greater than the applicable 35 I.A.C. § 845.600(a)(1) standards. The results are considered potential 
exceedances because they were compared directly to the standard and did not include an evaluation of 
background groundwater quality or apply the statistical methodologies proposed in the Groundwater 
Monitoring Plan (GMP). For simplicity, “GWPS” will be used hereafter in discussing potential exceedances. 
Exceedances will be determined following IEPA approval of the GMP. 

Field Parameters1 

Groundwater elevation pH Turbidity 

Metals (Total) 

Antimony Boron Cobalt Molybdenum 

Arsenic Cadmium Lead Selenium 

Barium Calcium Lithium Thallium 

Beryllium Chromium Mercury  

Inorganics (Total) 

Fluoride Sulfate Chloride TDS 

Other (Total) 

Radium 226 and 228 combined 
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• Arsenic was detected at concentrations greater than the GWPS in uppermost aquifer wells 
during groundwater monitoring events between 2015 and 2021. 

• Arsenic was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.2 Barium 

• Barium was not detected at concentrations greater than the GWPS (2.0 mg/L) in USCU wells 
during groundwater monitoring events in 2021. 

• Barium was detected at a concentration greater than the GWPS in downgradient PMP well 
MW-27 (one event in June 2021). Barium concentrations in MW-27 ranged from 0.092 to 
2.660 mg/L, with a median concentration of 0.181 mg/L. 

• Barium was not detected at concentrations greater than the GWPS in uppermost aquifer wells 
during groundwater monitoring events between 2015 and 2021. 

• Barium was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. While not detected at concentrations greater than 
the GWPS, barium concentrations in BCU well MW-12D were consistently greater than 
concentrations observed from samples at wells in other units (ranging from 1.26 to 1.90 
mg/L). 

4.2.3 Beryllium 

• Beryllium was not detected at concentrations greater than the GWPS (0.004 mg/L) in USCU 
wells during groundwater monitoring events in 2021. 

• Beryllium was detected in concentrations greater than the GWPS in downgradient PMP well 
MW-27 (two events in February and June 2021). Beryllium concentrations in MW-27 ranged 
from non-detect (at a reporting limit of 0.001 mg/L) to 0.010 mg/L, with a median 
concentration of 0.001 mg/L. The reporting limit for the May 2021 sample from PMP well 
MW-7S was 0.005 mg/L, higher than the GWPS, but beryllium was not detected in that 
sample. 

• Beryllium was not detected at concentrations greater than the GWPS in uppermost aquifer 
wells during groundwater monitoring events between 2015 and 2021. 

• Beryllium was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.4 Boron 

• Boron was not detected at concentrations greater than the GWPS (2 mg/L) in USCU wells 
during groundwater monitoring events in 2021. 

• Boron was detected at concentrations greater than the GWPS in downgradient PMP wells 
MW-7S (eight events between February and August 2021) and MW-12S (two events in June 
and July 2021). Boron concentrations in PMP well MW-7S ranged from 3.56 to 5.51 mg/L, with 
a median concentration of 4.030 mg/L. Boron concentrations in PMP well MW-12S ranged 
from 0.856 mg/L to 2.630 mg/L with a median concentration of 1.505 mg/L. 

• Boron was detected at concentrations greater than the GWPS in five downgradient uppermost 
aquifer wells: MW-3 (two events in April and July 2021), MW-11 (one event in November 
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2018), MW-12 (20 events between 2015 and 2021), MW-23 (four events in February, May, 
June, and July 2021), and MW-28 (eight events between February and August 2021). Boron 
concentrations in uppermost aquifer wells ranged from 0.0488 to 10.90 mg/L, with a median 
concentration of 0.918 mg/L. 

• Boron was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.5 Chloride 

• Chloride was not detected at concentrations greater than the GWPS (200 mg/L) in USCU wells 
or PMP wells during groundwater monitoring events in 2021. 

• Chloride was detected at concentrations greater than the GWPS in uppermost aquifer well 
MW-10 (one event in November 2017). Chloride concentrations in uppermost aquifer well 
MW-10 ranged from 1.0 to 245 mg/L, with a median concentration of 22.0 mg/L. 

• Chloride was detected at concentrations greater than the GWPS in downgradient BCU well 
MW-12D (six events in February, March, May, July, and August 2021). Chloride concentrations 
in MW-12D ranged from 195 to 216 mg/L, with a median concentration of 209 mg/L. 

4.2.6 Chromium 

• Chromium was not detected at concentrations greater than the GWPS (0.1 mg/L) in USCU 
wells during groundwater monitoring events in 2021. 

• Chromium was detected at concentrations greater than the GWPS in downgradient PMP well 
MW-27 (two events in February and June 2021). Chromium concentrations in PMP well MW-27 
ranged from 0.0015 to 0.351 mg/L, with a median concentration of 0.0015 mg/L. 

• Chromium was not detected at concentrations greater than the GWPS in uppermost aquifer 
wells during groundwater monitoring events between 2015 and 2021. 

• Chromium was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.7 Cobalt 

• Cobalt was detected at concentrations greater than the GWPS (0.006 mg/L) in downgradient 
USCU well MW-31S (two events in June and July 2021). Cobalt concentrations in USCU well 
MW-31S ranged from 0.003 to 0.018 mg/L, with a median concentration of 0.005 mg/L. 

• Cobalt was detected at concentrations greater than the GWPS in downgradient PMP wells 
MW-7S (one event in July 2021) and MW-27 (five events in February, March, June, and July 
2021). Cobalt concentrations in PMP wells MW-7S and MW-27 ranged from 0.001 to 0.139 
mg/L, with a median concentration of 0.003 mg/L. 

• Cobalt was detected at concentrations greater than the GWPS in uppermost aquifer well 
MW-26 (one event in March 2021). Cobalt concentrations in uppermost aquifer well MW-26 
ranged from 0.003 to 0.007 mg/L, with a median concentration of 0.0043 mg/L. 

• Cobalt was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 
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4.2.8 Lead 

• Lead was detected at concentrations greater than the GWPS (0.0075 mg/L) in downgradient 
USCU well MW-31S (two events in June and July 2021). Lead concentrations in USCU well 
MW-31S ranged from non-detect (at a reporting limit of 0.001 mg/L) to 0.029 mg/L, with a 
median concentration of 0.003 mg/L. 

• Lead was detected at concentrations greater than the GWPS in downgradient PMP wells 
MW-7S (one event in July 2021) and MW-27 (three events in February, June, and July 2021). 
Lead concentrations in PMP wells MW-7S and MW-27 ranged from non-detect (at a reporting 
limit of 0.001 mg/L) to 0.254 mg/L, with a median concentration of 0.003 mg/L. 

• Lead was not detected at concentrations greater than the GWPS in uppermost aquifer wells 
during groundwater monitoring events between 2015 and 2021. 

• Lead was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.9 Lithium 

• Lithium was not detected at concentrations greater than the GWPS (0.04 mg/L) in USCU wells 
during groundwater monitoring events in 2021. 

• Lithium was detected at concentrations greater than the GWPS in downgradient PMP well 
MW-27 (two events in February and June 2021). Lithium concentrations in PMP well MW-27 
ranged from non-detect (at a reporting limit of 0.003 mg/L) to 0.178 mg/L, with a median 
concentration of 0.0071 mg/L. 

• Lithium was not detected at concentrations greater than the GWPS in uppermost aquifer wells 
during groundwater monitoring events between 2015 and 2021. 

• Lithium was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.10 pH 

• Measurements of pH were detected at less than the lower limit GWPS for pH (6.5 standard 
units [SU]) at USCU wells MW-31S (four events in April, May, June, and July 2021) and 
MW-8S (one event in May 2021). The upper limit standard for pH is 9.0 SU. Measurements of 
pH at USCU wells MW-31S and MW-8S ranged from 6.30 to 6.80 SU, with a median 
measurement of 6.55 SU. 

• Measurements of pH were detected at less than the lower limit GWPS in PMP wells MW-7S 
(one event in April 2021), MW-12S (four events in April, June, and July 2021), MW-27 (one 
event in April 2021), MW-20S, (two events in April and June 2021), and MW-25 (two events 
in April and May 2021). Measurements of pH at PMP wells MW-7S, MW-12S, MW-27, MW-20S, 
and MW-25 ranged from 6.20 to 7.00 SU, with a median measurement of 6.57 SU. 

• Measurements of pH were detected at less than the lower limit GWPS in uppermost aquifer 
wells MW-1 (nine events between 2015 and 2021), MW-10 (three events between 2015 and 
2021), MW-12 (one event in March 2021), MW-23 (two events in June and July 2021), MW-24 
(three events in March, April, and May 2021), MW-26 (two events in April and May 2021), 
MW-28 (one event in April 2021), MW-29 (one event in April 2021), MW-3 (one event in April 
2021), MW-30 (five events in April, May, June, and July 2021), MW-31 (two events in April 
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and June 2021), MW-32 (seven events in March, April, May, June, July, and August 2021), 
MW-4 (one event in April 2021), MW-5 (one event in June 2021), MW-6 (one events in June 
2021), MW-8 (one event in June 2021), and PZ-4C (two events in April and May 2021). 
Measurements of pH at uppermost aquifer wells MW-1, MW-10, MW-12, MW-23, MW-24, MW-
26, MW-28, MW-29, MW-3, MW-30, MW-31, MW-32, MW-4, MW-5, MW-6, MW-8, and PZ-4C 
ranged from 6.00 to 7.60 SU, with a median measurement of 6.7 SU. 

• Measurements of pH were detected at greater than the upper limit GWPS in BCU well MW-12D 
(one event in July 2021). Measurements of pH in BCU well MW-12D ranged from 6.70 to 9.9 
SU, with a median measurement of 7.2 SU. 

4.2.11 Sulfate 

• Sulfate was detected at concentrations greater than the GWPS (400 mg/L) in downgradient 
USCU well MW-8S (four events in February, March, April, and May 2021). Sulfate 
concentrations within USCU well MW-8S ranged from 427 to 609 mg/L, with a median 
concentration of 576 mg/L. 

• Sulfate was detected at concentrations greater than the GWPS in downgradient PMP well 
MW-7S (six events in February, March, June, July, and August 2021). Sulfate concentrations 
in PMP well MW-7S ranged from 343 to 577 mg/L, with a median concentration of 450 mg/L. 

• Sulfate was detected at concentrations greater than the GWPS in uppermost aquifer wells 
MW-7 (one event in December 2015), MW-10 (nine events between 2015 and 2020), MW-12 
(four events between 2017 and 2020), MW-28 (eight events between February and August 
2021), and MW-32 (eight events between February and August 2021). Sulfate concentrations 
in uppermost aquifer wells MW-6, MW-7, MW-10, MW-12, MW-28, and MW-32, ranged from 
10.0 to 929 mg/L, with a median concentration of 139 mg/L. 

• Sulfate was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.12 Thallium 

• Thallium was not detected at concentrations greater than the GWPS (0.002 mg/L) in USCU 
wells during groundwater monitoring events in 2021. 

• Thallium was detected at concentrations greater than the GWPS in downgradient PMP well 
MW-27 (one event in June 2021). Thallium concentrations in PMP well MW-27 ranged from 
non-detect (at a reporting limit at the GWPS of 0.002 mg/L) to 0.0022 mg/L. 

• Thallium was detected at concentrations greater than the GWPS in downgradient uppermost 
aquifer wells MW-3 (one event in July 2021) and MW-5 (one event in June 2021). Thallium 
concentrations in uppermost aquifer wells MW-3 and MW-5 ranged from non-detect (at 
reporting limit of 0.002 mg/L) to 0.0022 mg/L. 

• Thallium was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.13 Total Dissolved Solids 

• TDS was detected at concentrations greater than the GWPS (1,200 mg/L) in downgradient 
USCU well MW-8S (two events in April and May 2021). TDS concentrations in USCU well MW-
8S ranged from 1,150 to 1,320 mg/L, with a median concentration of 1,200 mg/L. 
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• TDS was detected at concentrations greater than the GWPS in PMP well MW-7S (two events in 
July and August 2021) during groundwater monitoring events in 2021. 

• TDS was detected at concentrations greater than the GWPS in uppermost aquifer wells MW-10 
(three events between 2015 and 2018), MW-12 (two events in May and November 2018), and 
MW-28 (seven events between February and August 2021). TDS concentrations in uppermost 
aquifer wells MW-10, MW-12, and MW-28 ranged from 224 to 1,830 mg/L, with a median 
concentration of 620 mg/L. 

• TDS was not detected at concentrations greater than the GWPS in BCU wells during 
groundwater monitoring events in 2021. 

4.2.14 Radium 226 and 228 Combined 

• Radium 226 and 228 combined was detected at concentrations greater than the GWPS (5 
picocuries per liter [pCi/L]) in downgradient USCU well MW-31S (one event in June 2021). 
Radium 226 and 228 combined concentrations in USCU well MW-31S ranged from 0.340 to 
5.29 pCi/L, with a median concentration of 2.8 pCi/L. 

• Radium 226 and 228 combined was detected at concentrations greater than the GWPS in 
downgradient PMP well MW-27 (two events in June and July 2021). Radium 226 and 228 
combined concentrations in PMP well MW-27 ranged from 0.318 to 9.25 pCi/L, with a median 
concentration of 0.897 pCi/L. 

• Radium 226 and 228 combined was not detected at concentrations greater than GWPS in 
uppermost aquifer wells during groundwater monitoring events between 2015 and 2021. 

• Radium 226 and 228 combined was not detected at concentrations greater than the GWPS in 
BCU wells during groundwater monitoring events in 2021. 
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5. EVALUATION OF POTENTIAL RECEPTORS 

5.1 Water Well Survey 

A potable water well inventory was completed in 2021 utilizing federal and state databases to 
assess nearby pumping wells, drinking water receptors, and other uses of water in the vicinity of 
the AP. The following sources of information were queried to identify well locations, drinking 
water receptors, and other uses of water within 1,000 meters of the AP boundary: 

• ISGS Illinois Water and Related Wells (ILWATER) Map1 

A search of the ILWATER Map identified nine wells located within 1,000-meters of the KPP. These 
included two dry wells, one Municipal Water Supply for the Sangchris State park, two 
farm/domestic wells, one water well for commercial Operation commonwealth, one coal test well, 
one engineering test, and one test hole. Two (120210003900 and 120212289800) of the nine 
wells are located downgradient of the AP. The water well potential receptors of the AP are 
detailed in Figure B-2 of Appendix B. 

5.2 Surface Water 

A comprehensive search was performed utilizing the United States Fish and Wildlife Service 
(USFWS) Wetlands Mapper2 and the USGS National Map3 for surface water bodies within 
1,000 meters of the AP.  

As indicated on the USFWS Wetlands Mapper and USGS National Map, 21 surface water features 
were identified within a 1,000-meter radius of the AP, nine of which are located downgradient of 
the AP. The predominant surface water body in the region is Sangchris Lake (Hydrologic Unit 
Code [HUC] 07130007). Sangchris Lake is located directly adjacent to and down‐gradient from 
the AP. Bordering the north perimeter of the AP, Sangchris Lake has a normal pool elevation of 
about 585 feet NAVD88 (see Figure 1-1). The surface water elevation of Sangchris Lake was 
measured on May 21 and June 9, 2021 and was 585.62 and 585.20 feet NAVD88, respectively. 
Surface water elevations in Sangchris Lake are not expected to fluctuate in the vicinity of the KPP 
as a result of the lake being controlled by a dam to provide cooling water for the KPP. 

Additional surface water features in the vicinity of the AP include nine freshwater ponds located 
northwest and southwest; Clear Creek located northwest and southeast; six freshwater emergent 
wetlands located to the north, northwest, and southwest; three freshwater forested/shrub 
wetlands located east and southeast; and a small riverine located southeast. A map of wetlands 
and surface waters in the vicinity of the AP is presented in Figure B-3 of Appendix B. 

The USGS National Map places the AP within the Sangchris Lake-Clear Creek Watershed (HUC 
071300070402). The HUC watershed location is presented in Figure B-3 of Appendix B. 

Based on groundwater elevation contour maps (see Figures 3-2 and 3-4), under normal 
conditions, groundwater predominantly flows to the northwest, towards Sangchris Lake. Due to 

 
1 ISGS ILWATER Map: 
https://prairieresearch.maps.arcgis.com/apps/webappviewer/index.html?id=e06b64ae0c814ef3a4e43a191cb57f87  

2 USFWS Wetlands Mapper: https://www.fws.gov/wetlands/data/mapper.html  
3 USGS National Map: https://apps.nationalmap.gov/viewer/  
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the downgradient location and proximity of Sangchris Lake to the AP, the Sangchris Lake is likely 
to be hydraulically connected to the uppermost aquifer beneath the AP. 

5.3 Nature Preserves, Historic Sites, Endangered/Threatened Species 

A search of the Illinois Department of Natural Resources (IDNR) Natural Heritage Database4 for 
natural areas and protected areas within 1,000 meters of the AP was performed. No natural 
areas were identified within 1,000 meters of the AP. The AP is located within the Abraham Lincoln 
National Heritage Area, a 17-million-acre Category III Natural Historic Site (see Figure B-4 in 
Appendix B). 

The IDNR Natural Heritage Database Threatened and Endangered Species by County5 lists two 
endangered and three threatened species in Christian County. Listed threatened species include 
the Kirtland’s Snake, American Orpine, and Franklin’s Ground Squirrel, and listed endangered 
species include the Upland Sandpiper and the Loggerhead Shrike. 

Additionally, a search of the IDNR Historic Preservation Division6 database for historic sites in the 
vicinity of the Site yielded no results within 1,000 meters of the AP. The Illinois State 
Archaeological Survey (ISAS)7 databases that do not require credentials to access were also 
searched and yielded no results within 1,000 meters of the AP. 

 
4 IDNR Natural Heritage Database: 
https://www2.illinois.gov/dnr/conservation/NaturalHeritage/Pages/NaturalHeritageDatabase.aspx  

5 Illinois Threatened and Endangered Species by County: 
https://www2.illinois.gov/dnr/ESPB/Documents/ET_by_County.pdf  

6 IDNR Historic Preservation Division: https://www2.illinois.gov/dnrhistoric/Pages/default.aspx  
7  ISAS: https://www.isas.illinois.edu/ 
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6. CONCLUSIONS 

Based on extensive site investigation and monitoring, the AP has been characterized and a 
detailed site conceptual model has been developed. Results of these hydrogeologic studies were 
reintroduced in this HCR and updated to include geologic, hydrogeologic, and groundwater 
quality data collected with a focus on the AP (Part 845 regulated CCR Unit and subject of this 
HCR). 

The data were summarized and evaluated for changes in groundwater conditions since 2015; 
available groundwater quality data for the Ash Pond was compared to the Part 845 Standards. 

The results of the hydrogeologic and groundwater quality evaluation are: 

• There are three principal types of unlithified materials above the bedrock in the vicinity of the 
Ash Pond, these include the following in descending order: 

− Fill (predominantly coal ash within the AP, but also including constructed berms and 
railroad embankments around the AP). 

− Cahokia Formation (clays and silts interbedded with thin sand lenses near Sangchris Lake); 
Vandalia Till (clay and silt with varying amounts of sand and gravel). 

− Bedrock underlying the AP is the Bond Formation, which consists mainly of limestone with 
lesser amounts of shale and sandstone. 

• Five distinct water bearing layers have been identified at the Ash Pond based on stratigraphic 
relationships and common hydrogeologic characteristics, these include the following in 
descending order:  

− CCR: saturated CCR, consisting primarily of fly ash and boiler slag. 

− USCU: low permeability clay with some silt and minor sand, silt layers, and occasional 
discontinuous sand lenses of the Cahokia Formation, as well as high-permeability sand 
lenses that have been identified as the PMPs. 

− Uppermost Aquifer: thin, generally less than 4 feet, moderate permeability sand, silty 
sand, and clayey sand and gravel units which includes the unconfined clays and silts of the 
Upper Cahokia Formation, where saturated, and the thin, moderate permeability sands and 
gravels of the Lower Cahokia Formation, which at some locations also includes the 
interface with the Vandalia Till. 

− LCU: low permeability silt and clay with minor sand, silt layers, and occasional 
discontinuous sand lenses of the Vandalia Till. 

− BCU: composed of interbedded shale and limestone of the Bond Formation. 

• The elevations of water within the AP are greater than the surrounding areas and depending 
on the hydraulic connection between the AP and the surrounding aquifer water may flow 
radially from the AP toward the lobes of Sangchris Lake.  

• Groundwater flow in the uppermost aquifer is to the northwest toward Sangchris Lake. 
Groundwater elevations are primarily controlled by the surface water level in Sangchris Lake, 
and the water level within the AP. Typically, groundwater from the AP flows from east to west 
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and discharges to Sangchris Lake, although there is an apparent groundwater divide located 
beneath the AP. 

• As determined by the detailed geologic information provided for the Ash Pond geology, and 
the hydrogeologic and groundwater quality data, groundwater within the uppermost aquifer at 
the Ash Pond is classified as Class II: General Resource Groundwater. 

• Potential exceedances of 35 I.A.C. § 845.600 GWPSs were detected in monitoring wells 
downgradient of the AP in the various hydrostratigraphic units as follows: 

− Arsenic, cobalt, lead, pH, sulfate, TDS, and radium 226 and 228 combined were detected 
in the USCU wells (not including PMP wells) downgradient of the AP.  

− Arsenic, barium, beryllium, boron, chromium, cobalt, lead, lithium, pH, sulfate, thallium, 
TDS, and radium 226 and 228 combined were detected in PMP wells downgradient of the 
AP. 

− Boron, chloride, cobalt, pH, sulfate, thallium, TDS were detected in the uppermost aquifer 
wells downgradient of the AP. 

− Chloride and pH were detected in the BCU wells downgradient of the AP. 

This HCR satisfies Part 845 content requirements specific to 35 I.A.C. Part 845.620(b) 
(Hydrogeologic Site Characterization) for the AP at the KPP. 
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TABLE 2-1. GEOTECHNICAL RESULTS
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Sample ID Field 
Location ID

Top of 
Sample 
(ft bgs)

Bottom of 
Sample
(ft bgs)

Moisture 
Content 

(%)

Dry Density
(pcf)

Specific 
Gravity

Calculated 
Porosity 1 

(%)

Vertical 
Hydraulic 

Conductivity
(cm/s)

LL PL PI  Laboratory
USCS

Gravel 
(%)

Sand 
(%)

Fines 
(%)

XPW01 (8.5-9) XPW01 8.5 9 19.4 74.8 2.790 57% 7.2E-04 12 14 NP SP 0 97.4 2.6
XPW01 (20.5-21) XPW01 20.5 21 26.8 79.2 2.838 55% 3.5E-04 17 15 2 SP 0 96.3 3.7
XPW02 (8.5-9) XPW02 8.5 9 11.8 62.7 2.787 64% 4.0E-03 4 9 NP SP-SM 0 94.1 5.9
XPW02 (21-21.5) XPW02 21 21.5 13.9 93.9 2.799 46% 1.9E-03 8 11 NP SP-SM 0 94.5 5.5
XPW03 (8-8.5) XPW03 8 8.5 27.4 86.9 2.805 50% 4.3E-03 14 13 1 SW-SM 0.2 91.4 8.4
XPW03 (18-18.5) XPW03 18 18.5 36.4 89.3 2.770 48% 3.5E-03 5 10 NP SP 1.6 97.1 1.3
XPW04 (10.5-11) XPW04 10.5 11 18.3 77.4 2.786 55% 9.2E-04 3 6 NP SP 0.2 98.4 1.4
XPW04 (21-21.5) XPW04 21 21.5 32.3 81.3 2.795 53% 5.5E-04 15 16 NP SP 0 97.3 2.7

MW-12D (5-7) MW-12D 5 7 18.6 97.8 2.682 42% 3.2E-07 22 13 9 SC 4.9 49.8 45.3
MW-12D (11.5-12) MW-12D 11.5 12 18.2 94.5 2.704 44% 7.2E-08 22 12 10 CL 1.1 34.7 64.2
MW-23 (15-17) MW-23 15 17 28.4 92.7 2.705 45% 7.4E-08 43 17 26 CL 0 2.5 97.5

MW-12D (20.5-22.5) MW-12D 20.5 22.5 14.0 106.9 2.672 36% 2.0E-07 22 13 9 SC 6 46.4 47.6
MW-20 (15-17) MW-20 15 17 18.9 107.7 2.701 36% 1.2E-07 32 14 18 CL 0.6 29.9 69.5
MW-23 (25-27) MW-23 25 27 15.6 112.3 2.731 34% 5.9E-08 32 14 18 CL 0 41.6 58.4

[O: SSW 04/30/21; U: CJC 08/11/21; C: LDC 08/17/21; U: LDC 09/13/21; C: EJT 09/19/21]
Notes:

1 Porosity calculated as relationship of bulk density (pb) to particle density (pd) (n = 100[1- (pb/pd)]) USCS = Unified Soil Classification System
bgs = below ground surface CL = Lean Clay
CCR = coal combustion residuals SC = Clayey Sand
cm/s = centimeters per second SP = Poorly Graded Sand
ft = foot/feet SP-SM = Poorly Graded Sand with Silt
LL = Liquid limit SW-SM = Well Graded Sand with Silt
NP = Non-Plastic
pcf = pounds per cubic foot
PI = Plasticity Index
PL = Plastic Limit
% = percent

CCR

Upper Cahokia Formation

Lower Cahokia Formation

1 of 1



TABLE 2-2. ASH ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Depth 

(ft BGS) 
Sample 

Date 
Antimony 
(mg/kg) 

Arsenic 
(mg/kg) 

Barium 
(mg/kg) 

Beryllium 
(mg/kg) 

Boron 
(mg/kg) 

Cadmium 
(mg/kg) 

Chromium 
(mg/kg) 

Cobalt 
(mg/kg) 

Lead 
(mg/kg) 

Lithium 
(mg/kg) 

Mercury 
(mg/kg) 

Molybdenum 
(mg/kg) 

Selenium 
(mg/kg) 

Thallium 
(mg/kg) 

XPW01 6-8 02/01/2021 1.12 1.84 83.8 2.31 107 <0.19 37.7 5.18 3.99 10.7 <0.011 3.35 <0.96 0.19 

XPW01 16-18 02/01/2021 <0.73 0.63 34.4 0.74 30.1 <0.19 11.5 2.16 0.68 4.43 <0.012 1.55 <0.93 0.28 

XPW01 26-28 02/01/2021 <0.77 1.4 22.7 0.53 21.7 <0.19 7.79 1.4 1.09 2.57 <0.012 1.52 <0.96 <0.19 

XPW02 6-8 01/26/2021 0.84 1.36 60.6 1.49 77 0.19 23.4 3.9 5.84 6.75 <0.01 2.08 <0.93 <0.19 

XPW02 16-18 01/26/2021 <0.8 2.26 57.7 1.39 69.1 0.26 21.3 4.54 5.68 6.02 <0.012 3.03 <0.96 0.31 

XPW03 6-8 01/26/2021 <0.77 1.48 1580 1.23 82.4 0.25 20.6 6.39 4.32 11.1 <0.01 2.09 <0.93 <0.19 

XPW03 16-18 01/26/2021 <0.75 1.31 470 2.59 106 <0.19 56.7 7.33 4.32 13.4 <0.01 3.07 <0.94 <0.19 

XPW04 5-7 01/26/2021 <1.92 0.45 164 2.09 84.9 <0.2 48.8 5.44 1.93 10.3 <0.011 2.2 <0.98 <0.2 

XPW04 20-20.5 01/26/2021 1.05 0.5 112 1.48 60.2 <0.19 23.9 3.81 1.54 7.28 <0.011 1.46 <0.93 <0.19 

Notes: 
< = concentration is less than the concentration shown, which corresponds to the reporting limit for the method. 
BGS = below ground surface 
ft = feet 
mg/kg = milligrams per kilogram 
generated 10/05/2021, 4:11:38 PM CDT 

 



TABLE 2-3. POREWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 and 228 
combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

XPW01 03/01/2021 <0.001 0.0019 0.056 <0.001 1.5 <0.001 76.8 29 <0.0015 <0.001 0.84 <0.001 0.0159 <0.0002 0.0154 7.5 0.239 0.0037 353 <0.002 

XPW01 03/18/2021 <0.001 0.0036 0.0702 <0.001 1.58 <0.001 78.2 25 0.0065 0.0015 0.8 0.0017 0.0197 <0.0002 0.0161 7.3 1.06 0.0198 280 <0.002 

XPW01 04/07/2021 <0.001 0.0013 0.0565 <0.001 1.53 <0.001 70.5 29 <0.0015 <0.001 0.73 <0.001 0.0179 <0.0002 0.0142 6.9 0.335 0.0178 295 <0.002 

XPW01 05/21/2021 <0.001 0.0013 0.0557 <0.001 1.53 <0.001 89.9 28 <0.0015 <0.001 0.63 <0.001 0.0171 <0.0002 0.0147 7.0 0.141 0.0238 312 <0.002 

XPW01 06/10/2021 <0.001 0.001 0.0475 <0.001 1.18 <0.001 80.1 29 <0.0015 <0.001 0.71 <0.001 0.0145 <0.0002 0.0131 7.3 0.729 0.0092 215 <0.002 

XPW01 07/02/2021 <0.001 0.0012 0.0521 <0.001 1.2 <0.001 66.1 28 <0.0015 <0.001 0.64 <0.001 0.0124 <0.0002 0.0121 7.3 0.862 0.0042 202 <0.002 

XPW01 07/22/2021 <0.001 0.0019 0.0487 <0.001 1.41 <0.001 64.8 29 <0.0015 <0.001 0.62 <0.001 0.0142 <0.0002 0.0147 7.3 0.263 0.0016 237 <0.002 

XPW01 08/11/2021 <0.001 0.0013 0.0442 <0.001 1.3 <0.001 60.8 29 <0.0015 <0.001 0.61 <0.001 0.0111 <0.0002 0.0161 7.5 0 <0.001 267 <0.002 

XPW02 03/01/2021 <0.001 0.0116 0.0638 <0.001 3.74 <0.001 160 6 0.0046 <0.001 0.45 0.0027 0.0529 <0.0002 0.0446 7.0 0.915 <0.001 437 <0.002 

XPW02 03/18/2021 <0.001 0.0091 0.0567 <0.001 4.22 <0.001 169 4 <0.0015 <0.001 0.37 <0.001 0.0573 <0.0002 0.0429 6.7 0.625 <0.001 465 <0.002 

XPW02 04/07/2021 <0.001 0.0148 0.0817 <0.001 4.22 <0.001 165 4 0.0075 0.001 0.37 0.004 0.057 <0.0002 0.0445 6.1 1.21 <0.001 435 <0.002 

XPW02 05/21/2021 <0.001 0.0073 0.0742 <0.001 3.49 <0.001 145 3 <0.0015 <0.001 0.32 <0.001 0.041 <0.0002 0.0358 6.5 0.675 0.001 314 <0.002 

XPW02 06/10/2021 <0.001 0.006 0.0657 <0.001 3.72 <0.001 158 3 <0.0015 <0.001 0.35 <0.001 0.0515 <0.0002 0.0364 6.4 0.532 <0.001 359 <0.002 

XPW02 07/02/2021 <0.001 0.0087 0.0675 <0.001 4.23 <0.001 145 3 <0.0015 <0.001 0.33 <0.001 0.0556 <0.0002 0.0349 6.6 0.188 <0.001 359 <0.002 

XPW02 07/22/2021 <0.001 0.006 0.0473 <0.001 3.11 <0.001 142 13 <0.0015 <0.001 0.31 <0.001 0.0437 <0.0002 0.0318 6.6 0.433 <0.001 330 <0.002 

XPW02 08/11/2021 <0.001 0.0076 0.0579 <0.001 3.52 <0.001 138 3 <0.0015 <0.001 0.31 <0.001 0.0505 <0.0002 0.0364 6.7 0.318 <0.001 353 <0.002 

XPW03 03/02/2021 <0.001 0.0037 0.0481 <0.001 2.92 <0.001 180 5 <0.0015 <0.001 0.69 <0.001 0.0299 <0.0002 0.0494 7.1 0.121 <0.001 937 <0.002 

XPW03 03/18/2021 <0.001 0.0165 0.0894 <0.001 2.69 <0.001 154 4 0.0036 <0.001 0.62 <0.001 0.0304 <0.0002 0.0434 6.8 0.64 0.0043 745 <0.002 

XPW03 04/07/2021 <0.001 0.0172 0.0823 <0.001 4.21 <0.001 153 4 0.0037 <0.001 0.78 <0.001 0.0308 <0.0002 0.0559 6.6 0.013 0.0088 1110 <0.002 

XPW03 05/20/2021 <0.001 0.0025 0.0329 <0.001 2.81 <0.001 150 3 <0.0015 <0.001 0.58 <0.001 0.0256 <0.0002 0.0346 6.7 0.178 0.0028 715 <0.002 

XPW03 06/10/2021 <0.001 0.0024 0.0356 <0.001 3.11 <0.001 140 4 <0.0015 <0.001 0.68 <0.001 0.0301 <0.0002 0.0383 6.7 0.0626 0.0023 751 <0.002 

XPW03 07/01/2021 <0.001 0.005 0.0503 <0.001 3.1 <0.001 128 3 <0.0015 <0.001 0.65 <0.001 0.0272 <0.0002 0.0386 6.8 0.979 <0.001 537 <0.002 

XPW03 07/22/2021 <0.001 0.0039 0.0389 <0.001 2.77 <0.001 156 3 <0.0015 <0.001 0.56 <0.001 0.0283 <0.0002 0.0441 6.8 0.11 <0.001 642 <0.002 

XPW03 08/11/2021 <0.001 0.0027 0.0373 <0.001 2.85 <0.001 161 3 <0.0015 <0.001 0.51 <0.001 0.0271 <0.0002 0.0353 6.9 0.287 <0.001 684 <0.002 



TABLE 2-3. POREWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 and 228 
combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

XPW04 03/02/2021 <0.001 <0.001 0.13 <0.001 1.5 <0.001 68.4 18 <0.0015 <0.001 0.46 <0.001 0.0315 <0.0002 0.0065 7.1 1.01 <0.001 51 <0.002 

XPW04 03/18/2021 <0.001 <0.001 0.133 <0.001 1.54 <0.001 62.2 14 <0.0015 <0.001 0.5 <0.001 0.0289 <0.0002 0.0064 6.7 0.131 <0.001 44 <0.002 

XPW04 04/07/2021 <0.001 0.0012 0.0946 <0.001 2.28 <0.001 63.7 15 <0.0015 <0.001 0.42 <0.001 0.0282 <0.0002 0.0088 6.3 0.235 <0.001 51 <0.002 

XPW04 05/20/2021 <0.001 0.0022 0.0719 <0.001 1.26 <0.001 51.8 7 <0.0015 <0.001 0.42 <0.001 0.019 <0.0002 0.0068 6.7 1.07 <0.001 78 <0.002 

XPW04 06/09/2021 <0.001 0.0034 0.0803 <0.001 1.5 <0.001 63 9 <0.0015 <0.001 0.5 <0.001 0.021 <0.0002 0.0099 6.6 0.337 <0.001 88 <0.002 

XPW04 07/01/2021 <0.001 0.0048 0.0951 <0.001 1.87 <0.001 61.1 10 <0.0015 <0.001 0.49 <0.001 0.0217 <0.0002 0.0135 6.9 1.25 <0.001 87 <0.002 

XPW04 07/22/2021 <0.001 0.0038 0.0718 <0.001 1.54 <0.001 65 10 <0.0015 <0.001 0.46 <0.001 0.0204 <0.0002 0.0107 6.7 0.248 <0.001 85 <0.002 

XPW04 08/10/2021 <0.001 0.0018 0.0681 <0.001 1.94 <0.001 69.7 12 <0.0015 <0.001 0.48 <0.001 0.0212 <0.0002 0.0107 6.9 1.12 <0.001 104 0.0031 

Notes: 
Field readings are reported with as many significant figures as provided by analytical laboratory. 
< = concentration is less than the concentration shown, which corresponds to the reporting limit for the method. 
mg/L = milligrams per liter 
pCi/L = picocuries per liter 
SU = standard units 
generated 10/05/2021, 4:27:09 PM CDT 

 



TABLE 2-4. SOIL ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location Geologic Unit 

Sample 
Depth 

(ft BGS) 
Sample 

Date 
Antimony 
(mg/kg) 

Arsenic 
(mg/kg) 

Barium 
(mg/kg) 

Beryllium 
(mg/kg) 

Boron 
(mg/kg) 

Cadmium 
(mg/kg) 

Chromium 
(mg/kg) 

Cobalt 
(mg/kg) 

Lead 
(mg/kg) 

Lithium 
(mg/kg) 

Mercury 
(mg/kg) 

Molybdenum 
(mg/kg) 

Selenium 
(mg/kg) 

Thallium 
(mg/kg) 

MW-12D Upper Cahokia 
Formation 3-5 01/26/2021 <0.37 8.46 127 0.59 9.36 <0.19 18 9.25 25.5 11.7 0.476 0.52 <0.94 <0.19 

MW-12D Upper Cahokia 
Formation 10.8-12.8 01/26/2021 <0.39 4.97 50 <0.29 7.02 <0.2 7.94 3.05 8.75 5.19 <0.012 0.58 <0.98 <0.2 

MW-12D Lower Cahokia 
Formation 33-35 01/26/2021 0.73 24.4 84.4 0.58 11.8 0.61 17.8 10 14.3 7.36 0.028 3.83 1.06 0.37 

MW-12D Bedrock 49-51 01/26/2021 <0.38 2.6 49.2 0.37 5.86 0.36 10.4 2.2 2.49 3.32 <0.01 <0.2 <1 <0.2 

MW-20 Upper Cahokia 
Formation 13-15 01/26/2021 <0.73 8.21 98.6 0.82 <4.63 <0.19 21.7 7.42 13 13.4 0.014 0.35 <0.93 <0.19 

MW-20 Lower Cahokia 
Formation 43-45 01/26/2021 <0.38 6.17 75.4 0.45 8.4 <0.18 14.8 7.16 9.57 15.6 0.014 1.71 <0.91 0.2 

MW-23 Upper Cahokia 
Formation 13-15 02/02/2021 <0.37 6.36 204 0.94 6.19 <0.19 23.6 9.21 14.2 11.7 0.029 <0.19 <0.96 0.25 

MW-23 Lower Cahokia 
Formation 25-27 02/02/2021 <0.39 6.42 74.5 0.59 9.61 <0.19 17.8 8.18 10.7 15.2 0.014 1.1 <0.93 <0.19 

Notes: 
< = concentration is less than the concentration shown, which corresponds to the reporting limit for the method. 
BGS = below ground surface 
ft = foot or feet 
mg/kg = milligrams per kilogram 
generated 10/05/2021, 4:27:20 PM CDT 

 



TABLE 3-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Well 

Number HSU 
Date 

Constructed 

Top of PVC 

Elevation 

(ft) 

Measuring 

Point 

Elevation 

(ft) 

Measuring 

Point 

Description 

Ground 

Elevation 

(ft) 

Screen 

Top 

Depth 

(ft BGS) 

Screen 

Bottom 

Depth 

(ft BGS) 

Screen Top 

Elevation 

(ft) 

Screen 

Bottom 

Elevation 

(ft) 

Well 

Depth 

(ft BGS) 

Bottom of 

Boring 

Elevation 

(ft) 

Screen 

Length 

(ft) 

Screen 

Diameter 

(inches) 

Latitude 

(Decimal 

Degrees) 

Longitude 

(Decimal 

Degrees) 

MW-1 UA 04/20/2010 604.71 604.71 Top of PVC 602.60 15.00 25.00 587.60 577.60 25.00 568.10 10 2 39.592051 -89.490283 

MW-2 UA 04/21/2010 601.10 601.10 Top of PVC 598.88 10.00 20.00 588.90 578.90 20.00 541.40 10 2 39.590698 -89.488916 

MW-3 UA 04/15/2010 601.46 601.46 Top of PVC 599.24 14.00 24.00 585.20 575.20 24.00 552.70 10 2 39.594458 -89.487173 

MW-4 UA 04/14/2010 600.88 600.88 Top of PVC 598.46 12.00 22.00 586.50 576.50 22.00 560.50 10 2 39.600751 -89.487354 

MW-5 UA 04/22/2010 619.44 619.44 Top of PVC 617.77 30.00 40.00 587.80 577.80 40.00 541.80 10 2 39.601296 -89.490402 

MW-6 UA 04/16/2010 600.46 600.46 Top of PVC 598.44 10.00 20.00 588.40 578.40 20.00 572.90 10 2 39.598638 -89.498944 

MW-7 UA 04/16/2010 597.75 597.75 Top of PVC 596.00 10.00 20.00 586.00 576.00 20.00 569.50 10 2 39.597637 -89.498959 

MW-7S USCU 02/02/2021 597.64 597.64 Top of PVC 595.59 6.00 11.00 589.59 584.59 11.00 580.59 5 2 39.59766 -89.498978 

MW-8 UA 04/13/2010 603.14 603.14 Top of PVC 601.14 12.00 22.00 589.10 579.10 22.00 563.10 10 2 39.594399 -89.496829 

MW-8S USCU 02/02/2021 603.30 603.30 Top of PVC 600.57 4.00 7.00 596.57 593.57 7.00 580.57 3 2 39.594381 -89.496822 

MW-9 UA 04/19/2010 599.39 599.39 Top of PVC 597.63 10.00 20.00 587.60 577.60 20.00 573.10 10 2 39.595204 -89.500968 

MW-10 UA 04/19/2010 600.11 600.11 Top of PVC 598.22 10.00 20.00 588.20 578.20 20.00 575.20 10 2 39.590652 -89.503745 

MW-11 UA 06/17/2015 601.81 601.81 Top of PVC 599.27 11.00 21.00 588.30 578.30 21.00 578.30 10 2 39.593104 -89.491115 

MW-11S USCU 01/26/2021 601.76 601.76 Top of PVC 599.43 4.00 8.00 595.43 591.43 8.00 591.43 4 2 39.593122 -89.491102 

MW-12 UA 07/23/2015 591.40 591.40 Top of PVC 589.04 15.00 25.00 573.90 563.90 25.00 563.90 10 2 39.600208 -89.496381 

MW-12S USCU 01/27/2021 591.10 591.10 Top of PVC 588.62 5.00 9.00 583.62 579.62 9.00 579.12 4 2 39.600208 -89.496412 

MW-12D BCU 01/26/2021 590.96 590.96 Top of PVC 589.08 50.00 55.00 539.08 534.08 55.00 489.08 5 2 39.600194 -89.496418 

MW-20 UA 01/26/2021 600.77 600.77 Top of PVC 598.52 14.00 24.00 584.52 574.52 24.00 547.52 10 2 39.598653 -89.48728 

MW-20S USCU 01/26/2021 600.64 600.64 Top of PVC 598.43 4.00 10.00 594.43 588.43 10.00 588.43 6 2 39.598665 -89.487279 

MW-22 UA 02/03/2021 601.77 601.77 Top of PVC 599.51 15.00 19.00 584.51 580.51 19.00 579.51 4 2 39.593235 -89.487638 

MW-23 UA 02/02/2021 610.32 610.32 Top of PVC 608.05 23.00 28.00 585.05 580.05 28.00 558.05 5 2 39.593293 -89.489352 

MW-24 UA 02/02/2021 615.48 615.48 Top of PVC 613.01 27.00 32.00 586.01 581.01 32.00 581.01 5 2 39.593271 -89.493267 

MW-25 USCU 02/02/2021 607.20 607.20 Top of PVC 604.60 9.00 14.00 595.60 590.60 14.00 579.60 5 2 39.594397 -89.495062 



TABLE 3-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Well 

Number HSU 
Date 

Constructed 

Top of PVC 

Elevation 

(ft) 

Measuring 

Point 

Elevation 

(ft) 

Measuring 

Point 

Description 

Ground 

Elevation 

(ft) 

Screen 

Top 

Depth 

(ft BGS) 

Screen 

Bottom 

Depth 

(ft BGS) 

Screen Top 

Elevation 

(ft) 

Screen 

Bottom 

Elevation 

(ft) 

Well 

Depth 

(ft BGS) 

Bottom of 

Boring 

Elevation 

(ft) 

Screen 

Length 

(ft) 

Screen 

Diameter 

(inches) 

Latitude 

(Decimal 

Degrees) 

Longitude 

(Decimal 

Degrees) 

MW-26 UA 02/02/2021 596.16 596.16 Top of PVC 593.33 7.00 12.00 586.33 581.33 12.00 573.33 5 2 39.595584 -89.497582 

MW-27 USCU 02/02/2021 600.05 600.05 Top of PVC 597.35 10.00 15.00 587.35 582.35 15.00 577.35 5 2 39.596694 -89.497927 

MW-28 UA 02/02/2021 601.40 601.40 Top of PVC 598.33 12.00 22.00 586.33 576.33 22.00 573.33 10 2 39.599258 -89.497962 

MW-29 UA 02/01/2021 599.94 599.94 Top of PVC 596.86 14.00 19.00 582.86 577.86 19.00 576.86 5 2 39.599691 -89.497249 

MW-30 UA 02/03/2021 618.47 618.47 Top of PVC 616.00 35.00 40.00 581.00 576.00 40.00 571.00 5 2 39.601262 -89.493996 

MW-31 UA 02/03/2021 617.34 617.34 Top of PVC 615.02 35.00 40.00 580.02 575.02 40.00 565.02 5 2 39.601301 -89.491702 

MW-31S USCU 02/03/2021 617.54 617.54 Top of PVC 615.13 25.00 30.00 590.13 585.13 30.00 585.13 5 2 39.601303 -89.491681 

MW-32 UA 02/03/2021 619.49 619.49 Top of PVC 617.20 32.00 37.00 585.20 580.20 37.00 577.20 5 2 39.601279 -89.488643 

PZ-4C UA 03/30/2016 600.57 600.57 Top of PVC 597.89 15.50 20.50 582.39 577.39 20.50 577.39 5 2 39.596398 -89.487207 

XPW01 CCR 02/01/2021 627.84 627.84 Top of PVC 625.48 22.00 32.00 603.48 593.48 32.00 593.48 10 2 39.594417 -89.493104 

XPW02 CCR 01/26/2021 620.19 620.19 Top of PVC 617.91 13.00 23.00 604.91 594.91 23.00 595.91 10 2 39.597918 -89.49687 

XPW03 CCR 01/26/2021 616.08 616.08 Top of PVC 616.08 10.00 20.00 606.08 596.08 20.00 596.08 10 2 39.599588 -89.495765 

XPW04 CCR 01/26/2021 606.53 606.53 Top of PVC 604.57 13.00 23.00 591.57 581.57 23.00 580.57 10 2 39.600737 -89.492276 

XSG-01 CCR -- -- 608.43 Staff gauge -- -- -- -- -- -- -- -- -- 39.593401 -89.48768 

SG-02 SW -- -- 564.80 Staff gauge -- -- -- -- -- -- -- -- -- 39.593106 -89.498155 

Notes: 
All elevation data are presented relative to the North American Vertical Datum 1988 (NAVD88), GEOID 12A 
-- = data not available 
BCU = bedrock confining unit 
BGS = below ground surface 
CCR = Coal Combustion Residual 
ft = foot or feet 
HSU = Hydrostratigraphic Unit 
PVC = polyvinyl chloride 
SW = surface water 
UA = uppermost aquifer 
USCU = upper semi-confining unit 
generated 10/05/2021, 4:22:06 PM CDT 

 



TABLE 3-2. VERTICAL HYDRAULIC GRADIENTS
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

MW-12
Groundwater 

Elevation
(ft NAVD88)

MW-12D
Groundwater 

Elevation
(ft NAVD88)

UA BCU

2/23/2021 584.12 584.55 -0.43 32.46 -0.013 up
3/15/2021 584.70 585.36 -0.66 32.46 -0.020 up
4/5/2021 585.10 586.23 -1.13 32.46 -0.035 up
5/20/2021 586.59 587.18 -0.59 32.46 -0.018 up
6/10/2021 585.02 586.55 -1.53 32.46 -0.047 up

7/01/2021-7/02/2021 585.41 586.71 -1.30 32.46 -0.040 up
7/22/2021-7/23/2021 584.98 586.58 -1.60 32.46 -0.049 up
8/10/2021-8/11/2021 585.05 586.71 -1.66 32.46 -0.051 up

569.0
536.6

MW-12S  
Groundwater 

Elevation
(ft NAVD88)

MW-12  
Groundwater 

Elevation
(ft NAVD88)

PMP UA

2/23/2021 584.81 584.12 0.69 12.58 0.055 down
3/15/2021 585.43 584.70 0.73 12.58 0.058 down
4/5/2021 585.53 585.10 0.43 12.58 0.034 down
5/20/2021 587.19 586.59 0.60 12.58 0.048 down
6/10/2021 585.27 585.02 0.25 12.58 0.020 down

7/01/2021-7/02/2021 585.60 585.41 0.19 12.58 0.015 down
7/22/2021-7/23/2021 585.12 584.98 0.14 12.58 0.011 down
8/10/2021-8/11/2021 585.31 585.05 0.26 12.58 0.021 down

581.6
569.0

Middle of screen elevation MW-12D

Middle of screen elevation MW-12S

Date 
Head 

Change
(ft)

Distance 
Change 1

(ft)

Vertical Hydraulic 
Gradient 2

(dh/dl)

Date 
Head 

Change
(ft)

Distance 
Change 1

(ft)

Vertical Hydraulic 
Gradient 2

(dh/dl)

Middle of screen elevation MW-12

Middle of screen elevation MW-12

1 of 3



TABLE 3-2. VERTICAL HYDRAULIC GRADIENTS
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

MW-31S  
Groundwater 

Elevation
(ft NAVD88)

MW-31    
Groundwater 

Elevation
(ft NAVD88)

USCU UA

2/23/2021 591.18 587.68 3.50 10.11 0.346 down
3/15/2021 591.83 587.96 3.87 10.11 0.383 down
4/5/2021 590.92 587.86 3.06 10.11 0.303 down
5/20/2021 592.83 588.63 4.20 10.11 0.415 down

6/09/2021-6/10/2021 588.77 586.66 2.11 11.25 0.188 down
7/1/2021 588.55 594.19 -5.64 11.03 -0.511 up

7/22/2021-7/23/2021 588.55 586.69 1.86 11.03 0.169 down
8/10/2021 588.30 587.49 0.81 10.78 0.075 down

587.6
577.5

MW-8S  
Groundwater 

Elevation
(ft NAVD88)

MW-8    
Groundwater 

Elevation
(ft NAVD88)

USCU UA

2/23/2021 594.97 595.54 -0.57 10.83 -0.053 up
3/15/2021 594.85 595.97 -1.12 10.71 -0.105 up
4/5/2021 594.45 594.70 -0.25 10.31 -0.024 up
5/21/2021 597.46 597.33 0.13 10.93 0.012 down
6/10/2021 593.90 593.85 0.05 9.76 0.005 down
7/1/2021 -- 598.50 -- -- -- --
7/22/2021 -- 594.15 -- -- -- --
8/10/2021 -- 596.10 -- -- -- --

595.1
584.1

Middle of screen elevation MW-8S
Middle of screen elevation MW-8

Date 
Head 

Change
(ft)

Distance 
Change 1

(ft)

Vertical Hydraulic 
Gradient 2

(dh/dl)

Date 
Head 

Change
(ft)

Distance 
Change 1

(ft)

Vertical Hydraulic 
Gradient 2

(dh/dl)

Middle of screen elevation MW-31
Middle of screen elevation MW-31S

2 of 3



TABLE 3-2. VERTICAL HYDRAULIC GRADIENTS
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

MW-7S  
Groundwater 

Elevation
(ft NAVD88)

MW-7    
Groundwater 

Elevation
(ft NAVD88)

USCU UA

2/23/2021 587.18 589.45 -2.27 6.18 -0.367 up
3/15/2021 587.26 594.86 -7.60 6.26 -1.214 up
4/5/2021 587.12 588.64 -1.52 6.12 -0.248 up
5/21/2021 587.86 591.55 -3.69 6.86 -0.538 up
6/10/2021 587.44 586.86 0.58 6.44 0.090 down

7/01/2021-7/02/2021 587.34 592.54 -5.20 6.34 -0.820 up
7/22/2021-7/23/2021 587.33 587.73 -0.40 6.33 -0.063 up
8/10/2021-8/11/2021 587.73 595.40 -7.67 6.73 -1.140 up

587.1
581.0

[O:SSW 06/09/21; U:LDC 08/18/21, C:CJC 08/18/21; U:LDC 09/13/21, C:EJT 09/15/21]

Notes:

    water table surface was above the top of the monitoring well screen, then distance change was calculated using
     the midpoint of both screens.

  groundwater elevation between wells.
 -- = data not available
BCU = bedrock confining unit
dh = head change
dl = distance change
ft = foot/feet
NAVD88 = North American Vertical Datum of 1988
PMP = potential migration pathway
UA = uppermost aquifer
USCU = upper semi-confining unit

Middle of screen elevation MW-7S

1 Distance change was calculated using the midpoint of the piezometer screen and water table surface. If the 

2 Vertical gradients between ±0.0015 are considered flat, and typically have less than 0.02 foot difference in 

Middle of screen elevation MW-7

Date 
Head 

Change
(ft)

Distance 
Change 1

(ft)

Vertical Hydraulic 
Gradient 2

(dh/dl)

3 of 3



TABLE 3-3. FIELD HYDRAULIC CONDUCTIVITIES
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Well ID Gradient
Position

Bottom of
Screen Elevation

(ft NAVD88)

Screen 
Length 1 

(ft)

Field Identified 
Screened 

Material (USCS)

Slug 
Type Analysis Method

Number
of Field 
Tests

Test 
Analyzed 2

Hydraulic 
Conductivity

(cm/s)

Minimum 
Hydraulic 

Conductivity
(cm/s)

Maximum 
Hydraulic 

Conductivity
(cm/s)

Hydraulic 
Conductivity 

Geometric Mean
(cm/s)

MW-12S* D 579.62 5 CL Solid Kansas Geological Survey 4 FH-1 3.30E-05
MW-25* D 590.60 5 SW-SM/CL Solid Kansas Geological Survey 4 FH-1 1.03E-04
MW-27* D 582.35 5 CL/SC/ML Solid Bouwer-Rice 1 FH-1 1.56E-05
MW-20S U 588.43 6 ML/CL Solid Bouwer-Rice 4 FH-1 1.22E-04

MW-20 U 574.52 10 ML/CL Solid Bouwer-Rice 1 FH-1 6.77E-06
MW-22 D 580.51 4 SC/SP-SC Solid Bouwer-Rice 2 RH-1 3.80E-05
MW-23 D 580.05 5 CL Solid Kansas Geological Survey 4 FH-1 5.35E-04
MW-26 D 581.33 5 SC/ML Solid Bouwer-Rice 1 FH-1 1.29E-06
MW-28 D 576.33 10 ML/SM Solid Bouwer-Rice 4 FH-1 1.34E-04
MW-29 D 577.86 5 SW-SM Solid Cooper-Bredehoeft-Papadopulos 4 FH-1 1.18E-04
MW-30 D 576.00 5 CL/ML/SM Solid Kansas Geological Survey 1 FH-1 7.07E-06
MW-31 D 575.02 5 CL/ML/SC Solid Cooper-Bredehoeft-Papadopulos 2 FH-1 3.30E-05
MW-32 D 580.20 5 CL/ML Solid Kansas Geological Survey 4 RH-1 4.61E-04
PZ-4C D 577.39 5 CL Solid Bouwer-Rice 2 FH-1 4.95E-05

MW-12D D 534.08 5 BR Solid Kansas Geological Survey 4 FH-1 1.69E-03 1.69E-03 1.69E-03 1.69E-03

XPW-01 NA 593.48 10 SW-SM Solid Springer-Gelhar 6 FH-1 2.64E-01
XPW-02 NA 594.91 10 SW/SP Solid Springer-Gelhar 4 RH-1 2.09E-02
XPW-03 NA 596.08 10 SW Solid Springer-Gelhar 4 RH-2 9.48E-02
XPW-04 NA 581.57 10 SW Solid Springer-Gelhar 6 FH-1 1.03E-01

[O: SSW 06/09/21; U:CJC 08/17/21; C: LDC 08/17/21; U: LDC 09/13/21; C: EJT 09/19/21]

Notes: USCS = Unified Soil Classification System
1 All wells are constructed from 2 inch polyvinyl chloride (PVC) with 0.01 inch slotted screens. BR = Bedrock
2 Test response data (elapsed time and corresponding changes in water levels) were plotted as normalized displacement to evaluate similarity among repeat CL = Lean Clay
test data within each well.  A single test was selected for analysis at each well based on the quality of the test data (i.e.,  smooth recovery curve) and ML = Silt
coincidence of repeat test data. SC = Clayey Sand
* Well in the upper semi-confining unit that has been identified to monitor the potential migration pathway. SM = Silty Sand
BCU = bedrock confining unit SP = Poorly Graded Sand
CCR = coal combustion residuals SP-SC = Poorly Graded Sand with Clay
cm/s = centimeters per second SW = Well Graded Sand with Gravel
D = Downgradient SW-SM = Well Graded Sand with Silt 
FH-1 = Falling Head 1 Test
ft = foot/feet
NAVD88 = North American Vertical Datum of 1988
RH-1 = Rising Head 1 Test
RH-2 = Rising Head 2 Test
U = Upgradient
UA = uppermost aquifer
USCU = upper semi-confining unit

4.14E-05

USCU

2.09E-02 2.64E-01

1.56E-05 1.22E-04 5.04E-05

8.57E-02

BCU

CCR 

UA

1.29E-06 5.35E-04
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TABLE 3-4. HORIZONTAL HYDRAULIC GRADIENTS AND GROUNDWATER FLOW VELOCITIES
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

V = K i  / ne V = Groundwater Velocity 1

K = Hydraulic Conductivity 2

i = hydraulic gradient
ne = Effective Porosity 3

Distance between Wells (ft): 360
Hydraulic Conductivity (ft/day): 0.05
Effective Porosity (%): 18.3 Assumes: sand, silt, and clay

Date

 MW-5
Groundwater 

Elevation
(ft NAVD88)

MW-31
Groundwater 

Elevation
(ft NAVD88)

Change in 
Elevation

(ft)

Horizontal 
Gradient
(ft/ft)

Velocity  
(ft/day) 

2/23/2021 594.09 587.68 6.41 0.018 0.005
3/15/2021 594.36 587.96 6.40 0.018 0.005
4/5/2021 593.84 587.86 5.98 0.017 0.004
5/20/2021 594.57 588.63 5.94 0.017 0.004
6/9/2021 593.15 586.66 6.49 0.018 0.005
7/1/2021 593.94 594.19 -0.25 -0.001 0.000
7/22/2021 593.09 586.69 6.40 0.018 0.005
8/10/2021 594.66 587.49 7.17 0.020 0.005

Average 0.015 0.004

Distance between Wells (ft): 905
Hydraulic Conductivity (ft/day): 0.04
Effective Porosity (%): 18.3 Assumes: sand, silt, and clay

Date

MW-6
Groundwater 

Elevation
(ft NAVD88)

MW-12
Groundwater 

Elevation
(ft NAVD88)

Change in 
Elevation

(ft)

Horizontal 
Gradient
(ft/ft)

Velocity
(ft/day)

2/23/2021 592.01 584.12 7.89 0.009 0.002
3/15/2021 592.27 584.70 7.57 0.008 0.002
3/30/2021 594.96 585.65 9.31 0.010 0.002
4/5/2021 593.71 585.10 8.61 0.010 0.002

5/20/2021-5/21/2021 595.26 586.59 8.67 0.010 0.002
6/10/2021 591.58 585.02 6.56 0.007 0.002
7/1/2021 590.43 585.41 5.02 0.006 0.001
7/22/2021 591.82 584.98 6.84 0.008 0.002
8/10/2021 592.67 585.05 7.62 0.008 0.002

Average 0.008 0.002

North of CCR Unit (MW-5 to MW-31): Uppermost Aquifer

Northwest of CCR Unit (MW-6 to MW-12): Uppermost Aquifer
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TABLE 3-4. HORIZONTAL HYDRAULIC GRADIENTS AND GROUNDWATER FLOW VELOCITIES
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Distance between Wells (ft): 485
Hydraulic Conductivity (ft/day): 0.01
Effective Porosity (%): 18.3 Assumes: sand, silt, and clay

Date

MW-8
Groundwater 

Elevation
(ft NAVD88)

MW-26
Groundwater 

Elevation
(ft NAVD88)

Change in 
Elevation

(ft)

Horizontal 
Gradient
(ft/ft)

Velocity
(ft/day)

2/23/2021 595.54 588.87 6.67 0.014 0.001
3/15/2021 595.97 589.61 6.36 0.013 0.001
4/5/2021 594.70 591.21 3.49 0.007 0.001
5/21/2021 597.33 592.50 4.83 0.010 0.001

6/9/2021-6/10/2021 593.85 589.04 4.81 0.010 0.001
7/1/2021 598.50 586.18 12.32 0.025 0.002
7/22/2021 594.15 585.02 9.13 0.019 0.001
8/10/2021 596.10 586.14 9.96 0.021 0.002

Average 0.015 0.001

Distance between Wells (ft): 1165
Hydraulic Conductivity (ft/day): 0.17
Effective Porosity (%): 17.5 Assumes: sand and clay

Date

MW-25
Groundwater 

Elevation
(ft NAVD88)

MW-27
Groundwater 

Elevation
(ft NAVD88)

Change in 
Elevation

(ft)

Horizontal 
Gradient
(ft/ft)

Velocity
(ft/day)

2/23/2021 601.41 586.05 15.36 0.013 0.013
3/15/2021 601.60 587.14 14.46 0.012 0.012
4/5/2021 601.24 591.44 9.80 0.008 0.008
5/21/2021 602.14 594.44 7.70 0.007 0.006

6/9/2021-6/10/2021 583.98 583.38 0.60 0.001 0.000
7/1/2021-7/2/2021 601.23 585.55 15.68 0.013 0.013

7/22/2021-7/23/2021 600.36 584.70 15.66 0.013 0.013
8/11/2021 601.24 585.72 15.52 0.013 0.013

Average 0.010 0.010
[O: SSW 06/09/21; U: LDC 08/18/21, C: EJT 08/18/21; U: CJC 10/01/21; C: SSW 10/01/21]

Southwest of CCR Unit (MW-8 to MW-26): Uppermost Aquifer

Southwest of CCR Unit (MW-25 to MW-27): Upper Semi-Confining Unit/Potential Migration Pathway
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TABLE 3-4. HORIZONTAL HYDRAULIC GRADIENTS AND GROUNDWATER FLOW VELOCITIES
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
KINCAID POWER PLANT
ASH POND
KINCAID, ILLINOIS

Notes:
1 A negative groundwater velocity indicates a reversal of groundwater flow from normal conditions.
2 Hydraulic conductivity values used above are average of the individual wells used in each velocity calculation as derived

from slug tests completed in August 2015 and April 2021 by Ramboll.
3 Effective porosity used in these calculations was derived from an average between estimated values of 0.20 for silt 

material, 0.267 for gravel, 0.07 for clay, and 0.28 for sand from Morris, D.A. and A.I. Johnson, 1967. Summary of 
hydrologic and physical properties of rock and soil materials as analyzed by the Hydrologic Laboratory of the U.S. 
Geological Survey, U.S. Geological Survey Water-Supply Paper 1839-D, 42p. and Heath, R.C., 1983. Basic ground-water 
hydrology,  U.S. Geological Survey Water-Supply Paper 2220, 86p. Effective porosity may be as high as maximum total 
porosity (45%) calculated in Table 2-1.

% = percent
ft= foot/feet
ft/day = feet per day
ft/ft = feet per foot
NAVD88 = North American Vertical Datum of 1988
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TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-1 06/03/2015 -- -- -- -- -- -- -- -- -- -- 0.17 -- -- <0 -- -- -- -- -- -- -- 

MW-1 06/16/2015 <0.001 <0.025 0.0482 <0.0005 0.192 <0.002 -- 10 <0.005 <0.005 0.16 <0.0075 -- <0.0002 -- 6.8 -- <0.04 106 <0.001 358 

MW-1 12/15/2015 <0.001 <0.001 0.0458 <0.001 0.255 <0.001 58.8 12 <0.001 <0.001 0.19 <0.001 0.0019 <0.0002 <0.001 6.6 0.47 <0.001 113 <0.001 314 

MW-1 02/29/2016 <0.001 <0.001 0.0448 <0.001 0.203 <0.001 63.9 11 <0.001 <0.001 0.16 <0.001 0.0017 <0.0002 <0.001 6.6 0.537 <0.001 117 <0.001 292 

MW-1 05/16/2016 <0.001 <0.001 0.0446 <0.001 0.229 <0.001 59.3 10 <0.001 <0.001 0.16 <0.001 0.0016 <0.0002 <0.001 6.9 0.34 <0.001 108 <0.001 336 

MW-1 08/22/2016 <0.001 <0.001 0.0465 <0.001 0.269 <0.001 61.1 11 <0.001 <0.001 0.18 <0.001 0.0016 <0.0002 <0.001 6.8 1.03 <0.001 117 <0.001 358 

MW-1 11/15/2016 <0.001 <0.001 0.0471 <0.001 0.271 <0.001 57.6 11 <0.001 <0.001 0.18 <0.001 0.0021 <0.0002 <0.001 7.0 0.16 <0.001 109 <0.001 390 

MW-1 02/13/2017 <0.001 <0.001 0.0437 <0.001 0.228 <0.001 57.5 10 <0.001 <0.001 0.16 <0.001 0.0015 <0.0002 <0.001 6.8 0.58 <0.001 105 <0.001 326 

MW-1 05/18/2017 <0.001 <0.001 0.0465 <0.001 0.256 <0.001 57 12 <0.001 <0.001 0.16 <0.001 0.0017 <0.0002 <0.001 6.7 0.41 <0.001 109 <0.001 370 

MW-1 07/18/2017 <0.001 <0.001 0.0443 <0.001 0.273 <0.001 55.6 11 0.0018 <0.001 0.18 <0.001 0.002 <0.0002 <0.001 6.7 1.35 <0.001 101 <0.001 334 

MW-1 11/06/2017 <0.001 <0.001 0.0487 <0.001 0.281 <0.001 60.3 11 <0.001 <0.001 0.18 <0.001 -- <0.0002 -- 6.8 1.53 <0.001 104 <0.001 340 

MW-1 05/31/2018 <0.001 <0.001 0.0444 <0.001 0.234 <0.001 59.1 12 0.0016 <0.001 0.19 <0.001 0.0017 <0.0002 <0.0015 6.5 1.72 <0.001 91 <0.002 356 

MW-1 08/28/2018 -- <0.001 0.044 -- 0.258 -- 59.8 11 0.009 <0.001 0.18 <0.001 0.0026 -- 0.0016 6.2 0.41 <0.001 94 -- 374 

MW-1 11/08/2018 <0.001 <0.001 0.0619 <0.001 0.352 <0.001 -- 12 <0.0015 <0.001 0.19 <0.001 -- <0.0002 -- 6.4 0.08 <0.001 95 <0.002 400 

MW-1 02/14/2019 <0.001 <0.001 0.0498 <0.001 0.243 <0.001 66 10 <0.0015 <0.001 0.17 <0.001 0.0019 <0.0002 <0.0015 6.7 0.92 <0.001 92 <0.002 312 

MW-1 05/14/2019 <0.001 <0.001 0.0451 <0.001 0.21 <0.001 -- 11 <0.0015 <0.001 0.19 <0.001 -- <0.0002 -- 6.4 0.26 <0.001 97 <0.002 364 

MW-1 08/21/2019 -- <0.001 0.0489 -- 0.29 -- 60.2 10 <0.0015 <0.001 0.18 <0.001 <0.003 -- <0.0015 6.3 0.68 <0.001 80 -- 334 

MW-1 11/13/2019 <0.001 <0.001 0.0462 <0.001 0.278 <0.001 -- 9 <0.0015 <0.001 0.19 <0.001 -- <0.0002 -- 6.5 0.48 <0.001 101 <0.002 326 

MW-1 02/11/2020 <0.001 <0.001 0.0466 <0.001 0.222 <0.001 59.6 8 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.6 2.38 <0.001 92 <0.002 366 

MW-1 05/12/2020 <0.001 <0.001 0.0464 <0.001 0.223 <0.001 -- 8 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.6 1.3 <0.001 102 <0.002 350 

MW-1 08/26/2020 <0.001 <0.001 0.0463 <0.001 0.252 -- 57.5 7 <0.0015 <0.001 0.23 <0.001 <0.003 -- <0.0015 6.6 2.55 <0.001 93 -- 300 

MW-1 12/02/2020 <0.001 <0.001 0.0459 <0.001 0.28 <0.001 -- 7 <0.0015 <0.001 0.2 <0.001 -- <0.0002 -- 6.6 1.31 <0.001 97 <0.002 302 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-1 02/24/2021 <0.001 <0.001 0.0475 <0.001 0.214 <0.001 57 7 <0.0015 <0.001 0.19 <0.001 <0.005 <0.0002 <0.0015 6.5 0.222 <0.001 93 <0.002 332 

MW-1 03/15/2021 <0.001 <0.001 0.043 <0.001 0.195 <0.001 55.3 6 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.5 0.38 <0.001 89 <0.002 330 

MW-1 03/30/2021 <0.001 <0.001 0.0445 <0.001 0.204 <0.001 57.8 6 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.5 0 <0.001 84 <0.002 298 

MW-1 04/05/2021 <0.001 <0.001 0.0412 <0.001 0.204 <0.001 56.4 7 <0.0015 <0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.0 0.0782 <0.001 84 <0.002 304 

MW-1 05/19/2021 <0.001 <0.001 0.0413 <0.001 0.218 <0.001 57.8 7 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.1 0.0767 <0.001 84 <0.002 310 

MW-1 06/10/2021 <0.001 <0.001 0.0441 <0.001 0.217 <0.001 54.8 8 <0.0015 <0.001 0.21 <0.001 <0.003 <0.0002 <0.0015 6.2 0.416 <0.001 90 <0.002 306 

MW-1 07/01/2021 <0.001 <0.001 0.0471 <0.001 0.226 <0.001 58.3 8 <0.0015 <0.001 0.2 <0.001 <0.003 <0.0002 <0.0015 6.2 0.54 <0.001 87 <0.002 306 

MW-1 07/22/2021 <0.001 <0.001 0.0504 <0.001 0.296 <0.001 57.3 12 <0.0015 <0.001 0.2 <0.001 <0.003 <0.0002 <0.0015 6.3 0.265 <0.001 85 <0.002 302 

MW-1 08/10/2021 <0.001 <0.001 0.0413 <0.001 0.266 <0.001 54.8 9 <0.0015 <0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.3 0.521 <0.001 86 <0.002 308 

MW-1 09/01/2021 <0.001 <0.001 0.0466 <0.001 0.301 <0.001 55.2 9 <0.0015 <0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.5 0.456 <0.001 85 <0.002 302 

MW-2 06/03/2015 -- -- -- -- -- -- -- -- -- -- 0.49 -- -- <0 -- -- -- -- -- -- -- 

MW-2 06/16/2015 <0.001 <0.025 0.122 <0.0005 0.0608 <0.002 -- 17 <0.005 <0.005 0.46 <0.0075 -- <0.0002 -- 7.5 -- <0.04 150 <0.001 500 

MW-2 12/15/2015 <0.001 0.0022 0.127 <0.001 0.11 <0.001 105 16 0.0025 0.0012 0.47 0.0014 0.0068 <0.0002 0.004 7.1 0.58 0.0048 171 <0.001 566 

MW-2 02/29/2016 <0.001 <0.001 0.111 <0.001 0.0873 <0.001 104 17 <0.001 <0.001 0.43 <0.001 0.0063 <0.0002 0.0053 7.2 0.16 <0.001 143 <0.001 416 

MW-2 05/16/2016 <0.001 0.0011 0.113 <0.001 0.0892 <0.001 101 15 <0.001 <0.001 0.45 <0.001 0.0056 <0.0002 0.0043 7.4 0.87 0.0016 159 <0.001 534 

MW-2 08/22/2016 <0.001 <0.001 0.114 <0.001 0.0808 <0.001 97.3 14 <0.001 <0.001 0.47 <0.001 0.0055 <0.0002 0.0039 7.4 1.26 <0.001 169 <0.001 566 

MW-2 11/15/2016 <0.001 0.0011 0.113 <0.001 0.102 <0.001 101 13 <0.001 <0.001 0.47 <0.001 0.0057 <0.0002 0.004 7.5 0.01 <0.001 161 <0.001 576 

MW-2 02/13/2017 <0.001 <0.001 0.112 <0.001 0.101 <0.001 97.5 14 <0.001 <0.001 0.44 <0.001 0.0058 <0.0002 0.0043 7.2 0 <0.001 173 <0.001 520 

MW-2 05/18/2017 <0.001 <0.001 0.112 <0.001 0.106 <0.001 104 14 <0.001 <0.001 0.43 <0.001 0.0051 <0.0002 0.0037 7.2 1.16 <0.001 178 <0.001 596 

MW-2 07/18/2017 <0.001 0.0015 0.112 <0.001 0.111 <0.001 99.2 15 0.0019 <0.001 0.45 <0.001 0.0055 <0.0002 0.0042 7.3 1.72 <0.001 159 <0.001 512 

MW-2 11/06/2017 <0.001 0.0015 0.114 <0.001 0.0848 <0.001 102 14 <0.001 <0.001 0.44 <0.001 -- <0.0002 -- 7.1 0.62 <0.001 159 <0.001 506 

MW-2 05/31/2018 <0.001 0.0058 0.163 <0.001 0.0787 <0.001 125 14 0.0139 0.0052 0.5 0.0067 0.016 <0.0002 0.0051 7.0 0.86 0.0026 142 <0.002 538 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-2 08/28/2018 -- 0.0013 0.103 -- 0.0907 -- 104 14 0.0023 <0.001 0.44 <0.001 0.0043 -- 0.0033 6.8 0.42 0.0023 145 -- 558 

MW-2 11/08/2018 <0.001 0.0024 0.156 <0.001 0.152 <0.001 -- 14 0.0017 <0.001 0.45 <0.001 -- <0.0002 -- 6.9 0.22 0.0056 139 <0.002 556 

MW-2 02/14/2019 <0.001 0.0015 0.116 <0.001 0.0701 <0.001 104 18 <0.0015 <0.001 0.55 <0.001 0.007 <0.0002 0.0058 7.4 0.24 <0.001 136 <0.002 442 

MW-2 05/14/2019 <0.001 0.001 0.107 <0.001 0.058 <0.001 -- 18 <0.0015 <0.001 0.55 <0.001 -- <0.0002 -- 7.2 0.61 <0.001 132 <0.002 516 

MW-2 08/20/2019 -- 0.001 0.107 -- 0.0667 -- 94.2 16 <0.0015 <0.001 0.48 <0.001 0.0051 -- 0.0046 7.1 0.94 <0.001 119 -- 488 

MW-2 11/13/2019 <0.001 0.0022 0.12 <0.001 0.0571 <0.001 -- 17 0.0029 0.0011 0.53 0.0012 -- <0.0002 -- 7.3 0.42 <0.001 132 <0.002 464 

MW-2 02/11/2020 <0.001 0.0021 0.117 <0.001 0.0565 <0.001 94.9 18 <0.0015 <0.001 0.52 <0.001 0.007 <0.0002 0.005 7.3 0.99 <0.001 138 <0.002 508 

MW-2 05/12/2020 <0.001 <0.001 0.107 <0.001 0.0488 <0.001 -- 18 <0.0015 <0.001 0.52 <0.001 -- <0.0002 -- 7.4 0 <0.001 153 <0.002 490 

MW-2 08/26/2020 <0.001 <0.001 0.106 <0.001 0.0576 -- 96.6 17 <0.0015 <0.001 0.55 <0.001 0.0051 -- 0.0047 7.3 0.92 <0.001 139 -- 442 

MW-2 12/02/2020 <0.001 <0.001 0.103 <0.001 0.0714 <0.001 -- 15 <0.0015 <0.001 0.48 <0.001 -- <0.0002 -- 7.3 1.32 <0.001 139 <0.002 474 

MW-2 02/24/2021 <0.001 0.0016 0.113 <0.001 0.0571 <0.001 96.7 15 <0.0015 <0.001 0.46 <0.001 <0.005 <0.0002 0.0038 7.2 0.0315 <0.001 138 <0.002 490 

MW-2 03/15/2021 <0.001 0.0014 0.115 <0.001 0.069 <0.001 97.3 17 <0.0015 <0.001 0.44 <0.001 0.0052 <0.0002 0.0037 7.3 0.178 <0.001 146 <0.002 494 

MW-2 03/30/2021 <0.001 0.0013 0.113 <0.001 0.0609 <0.001 96.2 16 <0.0015 <0.001 0.47 <0.001 0.005 <0.0002 0.0036 7.1 0.662 <0.001 129 <0.002 458 

MW-2 04/05/2021 <0.001 0.0048 0.15 <0.001 0.0711 <0.001 111 18 0.0095 0.0039 0.44 0.0051 0.0116 <0.0002 0.0041 6.7 0.103 0.0018 137 <0.002 482 

MW-2 05/19/2021 <0.001 <0.001 0.0937 <0.001 0.0698 <0.001 95.4 16 <0.0015 <0.001 0.43 <0.001 0.0035 <0.0002 0.0035 7.0 0.114 <0.001 145 <0.002 464 

MW-2 06/10/2021 <0.001 0.001 0.11 <0.001 0.0552 <0.001 92 18 <0.0015 <0.001 0.51 <0.001 0.0044 <0.0002 0.004 7.0 0.665 <0.001 150 <0.002 456 

MW-2 07/01/2021 <0.001 0.0014 0.116 <0.001 0.0582 <0.001 96.6 17 <0.0015 <0.001 0.48 <0.001 0.0042 <0.0002 0.0033 6.5 0.206 <0.001 151 <0.002 470 

MW-2 07/22/2021 <0.001 0.0014 0.126 <0.001 0.0852 <0.001 96.6 16 <0.0015 <0.001 0.46 <0.001 0.0048 <0.0002 0.0036 6.6 0.554 <0.001 146 <0.002 480 

MW-2 08/10/2021 <0.001 0.0017 0.126 <0.001 0.0791 <0.001 106 16 <0.0015 <0.001 0.45 <0.001 0.0061 <0.0002 0.0062 6.9 1.03 <0.001 144 <0.002 490 

MW-2 09/01/2021 <0.001 0.0014 0.101 <0.001 0.128 <0.001 93.4 15 <0.0015 <0.001 0.42 <0.001 0.004 <0.0002 0.0034 7.0 0.725 <0.001 133 <0.002 476 

MW-3 06/03/2015 -- -- -- -- -- -- -- -- -- -- 0.22 -- -- <0 -- -- -- -- -- -- -- 

MW-3 06/16/2015 <0.001 <0.025 0.065 <0.0005 1.5 <0.002 -- 30 <0.005 <0.005 0.23 <0.0075 -- <0.0002 -- 7.1 -- <0.04 209 <0.001 680 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-3 12/15/2015 <0.001 <0.001 0.0575 <0.001 1.68 <0.001 -- 37 <0.001 <0.001 0.25 <0.001 -- <0.0002 -- 7.0 -- <0.001 189 <0.001 686 

MW-3 05/16/2016 <0.001 <0.001 0.0573 <0.001 1.44 <0.001 -- 34 <0.001 <0.001 0.23 <0.001 -- <0.0002 -- 7.1 -- <0.001 188 <0.001 672 

MW-3 11/15/2016 <0.001 <0.001 0.0533 <0.001 1.66 <0.001 -- 34 <0.001 <0.001 0.22 <0.001 -- <0.0002 -- 7.3 -- <0.001 199 <0.001 708 

MW-3 05/18/2017 <0.001 <0.001 0.0494 <0.001 1.71 <0.001 -- 36 <0.001 <0.001 0.24 <0.001 -- <0.0002 -- 6.7 -- <0.001 182 <0.001 684 

MW-3 11/06/2017 <0.001 <0.001 0.0261 <0.001 1.02 <0.001 -- 32 <0.001 <0.001 0.23 <0.001 -- <0.0002 -- 7.1 0.04 <0.001 150 <0.001 618 

MW-3 05/31/2018 <0.001 <0.001 0.0448 <0.001 1.67 <0.001 -- 34 <0.0015 <0.001 0.26 <0.001 -- <0.0002 -- 6.8 0.52 <0.001 152 <0.002 634 

MW-3 11/08/2018 <0.001 <0.001 0.0461 <0.001 1.83 <0.001 -- 32 <0.0015 <0.001 0.26 <0.001 -- <0.0002 -- 7.0 0.52 <0.001 154 <0.002 656 

MW-3 05/14/2019 <0.001 <0.001 0.0416 <0.001 1.57 <0.001 -- 31 <0.0015 <0.001 0.27 <0.001 -- <0.0002 -- 6.7 0.36 <0.001 122 <0.002 586 

MW-3 11/13/2019 <0.001 <0.001 0.0466 <0.001 1.79 <0.001 -- 26 <0.0015 <0.001 0.25 <0.001 -- <0.0002 -- 6.8 0.73 <0.001 158 <0.002 584 

MW-3 05/12/2020 <0.001 <0.001 0.0503 <0.001 1.73 <0.001 -- 29 <0.0015 <0.001 0.25 <0.001 -- <0.0002 -- 6.9 0.43 <0.001 156 <0.002 628 

MW-3 12/02/2020 <0.001 <0.001 0.0453 <0.001 1.82 <0.001 -- 29 <0.0015 <0.001 0.24 <0.001 -- <0.0002 -- 6.8 0.4 <0.001 143 <0.002 582 

MW-3 02/25/2021 <0.001 <0.001 0.0503 <0.001 1.58 <0.001 102 33 <0.0015 0.0014 0.25 <0.001 <0.005 <0.0002 <0.0015 6.8 0.195 <0.001 141 <0.002 610 

MW-3 03/16/2021 <0.001 <0.001 0.0499 <0.001 1.58 <0.001 103 32 <0.0015 <0.001 0.24 <0.001 <0.003 <0.0002 <0.0015 6.7 0.387 <0.001 147 <0.002 616 

MW-3 04/05/2021 <0.001 <0.001 0.0837 <0.001 2.4 <0.001 104 34 <0.0015 0.0012 0.25 <0.001 0.004 <0.0002 <0.0015 6.4 0.381 <0.001 142 <0.002 606 

MW-3 05/18/2021 <0.001 <0.001 0.0479 <0.001 1.55 <0.001 104 31 <0.0015 <0.001 0.24 <0.001 <0.003 <0.0002 <0.0015 6.7 0.125 <0.001 145 <0.002 604 

MW-3 06/09/2021 <0.001 <0.001 0.0513 <0.001 1.56 <0.001 98.7 32 <0.0015 <0.001 0.27 <0.001 <0.003 <0.0002 <0.0015 6.5 0.271 <0.001 141 <0.002 558 

MW-3 07/01/2021 <0.001 <0.001 0.0491 <0.001 1.57 <0.001 101 31 <0.0015 <0.001 0.26 <0.001 <0.003 <0.0002 <0.0015 6.6 0.988 <0.001 138 0.0022 590 

MW-3 07/22/2021 <0.001 <0.001 0.0626 <0.001 2.28 <0.001 102 32 <0.0015 <0.001 0.26 <0.001 <0.003 <0.0002 <0.0015 6.7 0.115 <0.001 139 <0.002 588 

MW-3 08/10/2021 <0.001 <0.001 0.0471 <0.001 1.56 <0.001 98.3 32 <0.0015 <0.001 0.24 <0.001 <0.003 <0.0002 <0.0015 6.7 0 <0.001 139 <0.002 582 

MW-4 06/03/2015 -- -- -- -- -- -- -- -- -- -- 0.35 -- -- <0 -- -- -- -- -- -- -- 

MW-4 06/16/2015 <0.001 <0.025 0.172 <0.0005 0.339 <0.002 -- 31 <0.005 <0.005 0.35 <0.0075 -- <0.0002 -- 7.3 -- <0.04 35 <0.001 530 

MW-4 12/15/2015 <0.001 <0.001 0.132 <0.001 0.627 <0.001 -- 30 <0.001 <0.001 0.33 <0.001 -- <0.0002 -- 6.9 -- <0.001 72 <0.001 514 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-4 05/16/2016 <0.001 <0.001 0.121 <0.001 0.602 <0.001 -- 28 <0.001 <0.001 0.31 <0.001 -- <0.0002 -- 7.1 -- <0.001 74 <0.001 496 

MW-4 11/15/2016 <0.001 <0.001 0.171 <0.001 0.43 <0.001 -- 30 <0.001 <0.001 0.35 <0.001 -- <0.0002 -- 7.3 -- <0.001 35 <0.001 552 

MW-4 05/18/2017 <0.001 <0.001 0.121 <0.001 0.661 <0.001 -- 29 <0.001 <0.001 0.31 <0.001 -- <0.0002 -- 6.8 -- <0.001 72 <0.001 544 

MW-4 11/06/2017 <0.001 <0.001 0.0697 <0.001 0.4 <0.001 -- 28 0.0015 <0.001 0.31 <0.001 -- <0.0002 -- 7.1 0.59 <0.001 62 <0.001 506 

MW-4 05/31/2018 <0.001 <0.001 0.145 <0.001 0.563 <0.001 -- 29 <0.0015 <0.001 0.33 <0.001 -- <0.0002 -- 6.8 0.68 <0.001 58 <0.002 492 

MW-4 11/08/2018 <0.001 <0.001 0.14 <0.001 0.679 <0.001 -- 27 <0.0015 <0.001 0.32 <0.001 -- <0.0002 -- 7.0 0 <0.001 52 <0.002 546 

MW-4 05/14/2019 <0.001 <0.001 0.112 <0.001 0.618 <0.001 -- 26 <0.0015 <0.001 0.33 <0.001 -- <0.0002 -- 6.7 0.1 <0.001 51 <0.002 496 

MW-4 11/13/2019 <0.001 <0.001 0.152 <0.001 0.438 <0.001 -- 28 <0.0015 <0.001 0.38 <0.001 -- <0.0002 -- 6.9 0.35 <0.001 19 <0.002 458 

MW-4 05/12/2020 <0.001 <0.001 0.115 <0.001 0.668 <0.001 -- 26 <0.0015 <0.001 0.33 <0.001 -- <0.0002 -- 7.0 0.07 <0.001 43 <0.002 484 

MW-4 12/02/2020 <0.001 <0.001 0.146 <0.001 0.565 <0.001 -- 28 <0.0015 <0.001 0.38 <0.001 -- <0.0002 -- 7.2 0.13 <0.001 18 <0.002 432 

MW-4 02/25/2021 <0.001 <0.001 0.129 <0.001 0.55 <0.001 85.1 30 <0.0015 <0.001 0.34 <0.001 <0.005 <0.0002 <0.0015 6.9 0.487 <0.001 35 <0.002 474 

MW-4 03/16/2021 <0.001 <0.001 0.122 <0.001 0.567 <0.001 91.2 29 <0.0015 <0.001 0.32 <0.001 0.0031 <0.0002 <0.0015 6.9 0.0762 <0.001 34 <0.002 470 

MW-4 04/06/2021 <0.001 <0.001 0.133 <0.001 0.715 <0.001 94.6 27 <0.0015 <0.001 0.31 <0.001 0.0034 <0.0002 <0.0015 6.4 0.191 <0.001 45 <0.002 474 

MW-4 05/19/2021 <0.001 <0.001 0.0965 <0.001 0.843 <0.001 93.6 26 <0.0015 <0.001 0.29 <0.001 <0.003 <0.0002 <0.0015 6.6 0.685 <0.001 57 <0.002 478 

MW-4 06/09/2021 <0.001 <0.001 0.12 <0.001 0.49 <0.001 -- 30 <0.0015 <0.001 0.38 <0.001 -- <0.0002 -- 6.6 0.324 <0.001 27 <0.002 478 

MW-5 06/04/2015 -- -- -- -- -- -- -- -- -- -- 0.16 -- -- <0 -- -- -- -- -- -- -- 

MW-5 06/16/2015 <0.001 <0.025 0.15 <0.0005 0.544 <0.002 -- 32 <0.005 <0.005 0.15 <0.0075 -- <0.0002 -- 7.0 -- <0.04 <10 <0.001 695 

MW-5 12/15/2015 <0.001 <0.001 0.141 <0.001 0.573 <0.001 137 41 <0.001 0.0013 0.17 <0.001 0.0029 <0.0002 <0.001 6.6 0.78 <0.001 <10 <0.001 620 

MW-5 02/29/2016 <0.001 <0.001 0.143 <0.001 0.555 <0.001 148 39 <0.001 0.001 0.15 <0.001 0.003 <0.0002 <0.001 6.6 0.35 <0.001 <10 <0.001 564 

MW-5 05/16/2016 <0.001 <0.001 0.141 <0.001 0.588 <0.001 133 38 <0.001 <0.001 0.15 <0.001 0.0029 <0.0002 <0.001 7.0 0.89 <0.001 11 <0.001 646 

MW-5 08/22/2016 <0.001 <0.001 0.137 <0.001 0.54 <0.001 135 41 <0.001 <0.001 0.16 <0.001 0.0027 <0.0002 <0.001 7.2 1.11 <0.001 11 <0.001 660 

MW-5 11/15/2016 <0.001 <0.001 0.139 <0.001 0.507 <0.001 133 41 <0.001 <0.001 0.15 <0.001 0.0027 <0.0002 <0.001 7.2 1.08 <0.001 <10 <0.001 698 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-5 02/13/2017 <0.001 <0.001 0.14 <0.001 0.473 <0.001 130 39 <0.001 <0.001 0.15 <0.001 0.0029 <0.0002 <0.001 6.7 0.34 <0.001 <10 <0.001 624 

MW-5 05/18/2017 <0.001 <0.001 0.145 <0.001 0.571 <0.001 136 43 <0.001 <0.001 0.18 <0.001 0.0031 <0.0002 <0.001 6.7 0.95 <0.001 10 <0.001 680 

MW-5 07/18/2017 <0.001 <0.001 0.143 <0.001 0.574 <0.001 142 39 <0.001 <0.001 0.16 0.0013 0.0029 <0.0002 <0.001 6.8 2.41 <0.001 <10 <0.001 660 

MW-5 11/06/2017 <0.001 <0.001 0.139 <0.001 0.515 <0.001 141 40 0.0023 <0.001 0.15 <0.001 -- <0.0002 -- 7.1 0.63 <0.001 <10 <0.001 652 

MW-5 05/31/2018 <0.001 <0.001 0.179 <0.001 0.657 <0.001 136 43 <0.0015 <0.001 0.18 <0.001 0.0033 <0.0002 <0.0015 6.7 0.61 <0.001 <10 <0.002 666 

MW-5 08/28/2018 -- <0.001 0.132 -- 0.567 -- 135 41 <0.0015 <0.001 0.17 <0.001 0.0029 -- <0.0015 6.8 0.55 <0.001 12 -- 696 

MW-5 11/08/2018 <0.001 <0.001 0.146 <0.001 0.546 <0.001 -- 42 <0.0015 <0.001 0.16 <0.001 -- <0.0002 -- 6.9 0.37 <0.001 10 <0.002 712 

MW-5 02/14/2019 <0.001 <0.001 0.156 <0.001 0.53 <0.001 147 42 <0.0015 <0.001 0.16 <0.001 0.0029 <0.0002 <0.0015 7.0 0.04 <0.001 12 <0.002 650 

MW-5 05/14/2019 <0.001 <0.001 0.16 <0.001 0.536 <0.001 -- 44 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.6 0.3 <0.001 12 <0.002 674 

MW-5 08/21/2019 -- <0.001 0.15 -- 0.547 -- 150 41 <0.0015 <0.001 0.18 <0.001 <0.003 -- <0.0015 6.6 1.15 <0.001 <10 -- 646 

MW-5 11/14/2019 <0.001 <0.001 0.144 <0.001 0.521 <0.001 -- 42 <0.0015 <0.001 0.16 <0.001 -- <0.0002 -- 6.7 0.36 <0.001 12 <0.002 646 

MW-5 02/11/2020 <0.001 <0.001 0.131 <0.001 0.542 <0.001 146 44 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.7 0.85 <0.001 <10 <0.002 684 

MW-5 05/12/2020 <0.001 <0.001 0.149 <0.001 0.581 <0.001 -- 45 <0.0015 <0.001 0.17 <0.001 -- <0.0002 -- 6.8 0.16 <0.001 13 <0.002 680 

MW-5 08/26/2020 <0.001 <0.001 0.151 <0.001 0.507 -- 146 45 <0.0015 <0.001 <0.2 <0.001 <0.003 -- <0.0015 6.7 0.94 <0.001 14 -- 622 

MW-5 12/02/2020 <0.001 0.0016 0.163 <0.001 0.543 <0.001 -- 43 <0.0015 0.001 0.17 <0.001 -- <0.0002 -- 6.7 0.22 <0.001 10 <0.002 622 

MW-5 03/30/2021 <0.001 <0.001 0.154 <0.001 0.555 <0.001 150 43 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.5 0 <0.001 13 <0.002 666 

MW-5 06/09/2021 <0.001 <0.001 0.153 <0.001 0.543 <0.001 -- 47 <0.0015 <0.001 0.19 <0.001 -- <0.0002 -- 6.4 0.118 <0.001 13 0.0021 662 

MW-5 09/01/2021 <0.001 0.0014 0.144 <0.001 0.625 <0.001 143 47 <0.0015 <0.001 0.16 <0.001 0.0031 <0.0002 <0.0015 6.6 0.0861 <0.001 <10 <0.002 652 

MW-6 06/04/2015 -- -- -- -- -- -- -- -- -- -- 0.19 -- -- <0 -- -- -- -- -- -- -- 

MW-6 06/16/2015 <0.001 <0.025 0.0306 <0.0005 1 <0.002 -- 5 <0.005 <0.005 0.19 <0.0075 -- <0.0002 -- 7.0 -- <0.04 161 <0.001 635 

MW-6 12/15/2015 <0.001 <0.001 0.0316 <0.001 1.58 <0.001 113 7 <0.001 <0.001 0.18 <0.001 0.0012 <0.0002 <0.001 6.5 0.48 <0.001 287 <0.001 676 

MW-6 02/29/2016 <0.001 <0.001 0.0274 <0.001 0.837 <0.001 101 5 <0.001 <0.001 0.17 <0.001 <0.001 <0.0002 <0.001 6.7 0.01 <0.001 164 <0.001 358 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-6 05/16/2016 <0.001 <0.001 0.0298 <0.001 0.874 <0.001 98.6 5 <0.001 <0.001 0.19 <0.001 <0.001 <0.0002 <0.001 7.0 0.91 <0.001 167 <0.001 484 

MW-6 08/22/2016 <0.001 <0.001 0.0368 <0.001 1.16 <0.001 116 <5 <0.001 <0.001 0.2 <0.001 0.0012 <0.0002 <0.001 6.5 1.08 <0.001 187 <0.001 588 

MW-6 11/15/2016 <0.001 <0.001 0.0343 <0.001 1.54 <0.001 113 7 <0.001 <0.001 0.17 <0.001 0.0012 <0.0002 <0.001 6.8 0.29 <0.001 275 <0.001 726 

MW-6 02/13/2017 <0.001 <0.001 0.0286 <0.001 1.04 <0.001 100 <5 <0.001 <0.001 0.16 <0.001 <0.001 <0.0002 <0.001 6.6 0.35 <0.001 246 <0.001 624 

MW-6 05/18/2017 <0.001 <0.001 0.0292 <0.001 1.02 <0.001 96 <5 <0.001 <0.001 0.19 <0.001 <0.001 <0.0002 <0.001 6.6 0.27 <0.001 153 <0.001 530 

MW-6 07/18/2017 <0.001 <0.001 0.0597 <0.001 1.48 <0.001 105 <5 <0.001 <0.001 0.17 <0.001 <0.001 <0.0002 <0.001 6.5 3.14 <0.001 238 <0.001 622 

MW-6 11/06/2017 <0.001 <0.001 0.0412 <0.001 1.91 <0.001 139 11 <0.001 <0.001 0.16 <0.001 -- <0.0002 -- 6.7 0.73 <0.001 335 <0.001 780 

MW-6 05/31/2018 <0.001 <0.001 0.0322 <0.001 1.07 <0.001 93.6 <5 <0.0015 <0.001 0.19 <0.001 <0.0015 <0.0002 <0.0015 6.5 1.97 <0.001 195 <0.002 554 

MW-6 08/28/2018 -- <0.001 0.0436 -- 1.16 -- 122 <5 0.0016 <0.001 0.22 <0.001 <0.0015 -- <0.0015 6.6 0.53 0.001 133 -- 544 

MW-6 11/08/2018 <0.001 <0.001 0.0372 <0.001 1.45 <0.001 -- <5 0.0019 <0.001 0.19 <0.001 -- <0.0002 -- 6.8 0.22 0.0013 159 <0.002 620 

MW-6 02/15/2019 <0.001 <0.001 0.0366 <0.001 0.649 <0.001 101 <5 <0.0015 <0.001 0.19 <0.001 <0.0015 <0.0002 <0.0015 6.7 0.37 <0.001 106 <0.002 464 

MW-6 05/14/2019 <0.001 <0.001 0.035 <0.001 0.792 <0.001 -- <4 <0.0015 <0.001 0.22 <0.001 -- <0.0002 -- 6.6 0.03 <0.001 107 <0.002 532 

MW-6 08/21/2019 -- <0.001 0.0395 -- 1.32 -- 113 <5 <0.0015 <0.001 0.19 <0.001 <0.003 -- <0.0015 6.4 0.75 <0.001 153 -- 550 

MW-6 11/13/2019 <0.001 <0.001 0.0389 <0.001 0.804 <0.001 -- <4 <0.0015 <0.001 0.2 <0.001 -- <0.0002 -- 6.6 0.13 <0.001 114 <0.002 490 

MW-6 02/11/2020 <0.001 <0.001 0.0267 <0.001 0.632 <0.001 90.9 <5 <0.0015 <0.001 0.2 <0.001 <0.003 <0.0002 <0.0015 6.7 1.25 <0.001 97 <0.002 478 

MW-6 05/12/2020 <0.001 <0.001 0.0331 <0.001 0.836 <0.001 -- <4 <0.0015 <0.001 0.2 <0.001 -- <0.0002 -- 6.7 0.63 <0.001 131 <0.002 500 

MW-6 08/26/2020 <0.001 <0.001 0.0425 <0.001 1.09 -- 103 <5 <0.0015 <0.001 0.24 <0.001 <0.003 -- <0.0015 6.6 1.02 <0.001 157 -- 476 

MW-6 12/02/2020 <0.001 <0.001 0.0422 <0.001 1.46 <0.001 -- 7 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.6 1.15 <0.001 237 <0.002 608 

MW-6 03/30/2021 <0.001 <0.001 0.0293 <0.001 0.64 <0.001 75.6 <5 <0.0015 <0.001 0.21 <0.001 <0.003 <0.0002 <0.0015 6.6 0.0547 <0.001 98 <0.002 368 

MW-6 06/10/2021 <0.001 <0.001 0.0357 <0.001 0.906 <0.001 -- 3 <0.0015 <0.001 0.22 <0.001 -- <0.0002 -- 6.4 0.0391 <0.001 117 <0.002 442 

MW-6 09/01/2021 <0.001 <0.001 0.0405 <0.001 1.28 <0.001 93.5 4 <0.0015 <0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.4 1.17 <0.001 173 <0.002 498 

MW-7 06/04/2015 -- -- -- -- -- -- -- -- -- -- 0.23 -- -- <0 -- -- -- -- -- -- -- 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-7 06/17/2015 <0.001 <0.025 0.068 <0.0005 0.29 <0.002 -- <5 <0.005 <0.005 0.24 <0.0075 -- <0.0002 -- 7.5 -- <0.04 149 <0.001 575 

MW-7 12/15/2015 <0.001 <0.001 0.0848 <0.001 0.178 <0.001 145 <5 <0.001 <0.001 0.25 <0.001 0.0034 <0.0002 0.0033 7.1 1.29 <0.001 439 <0.001 766 

MW-7 02/29/2016 <0.001 <0.001 0.0515 <0.001 0.103 <0.001 107 <5 <0.001 <0.001 0.22 <0.001 0.0023 <0.0002 0.0033 7.3 0.32 <0.001 249 <0.001 430 

MW-7 05/16/2016 <0.001 <0.001 0.0572 <0.001 0.251 <0.001 105 <5 <0.001 <0.001 0.24 <0.001 0.003 <0.0002 0.0027 7.3 0.99 <0.001 170 <0.001 498 

MW-7 08/22/2016 <0.001 0.0011 0.0656 <0.001 0.287 <0.001 115 <5 <0.001 <0.001 0.27 <0.001 0.0048 <0.0002 0.0037 6.9 1.74 <0.001 177 <0.001 610 

MW-7 11/15/2016 <0.001 0.0015 0.0629 <0.001 0.648 <0.001 128 <5 0.0024 <0.001 0.32 <0.001 0.004 <0.0002 0.0032 7.3 2.16 <0.001 247 <0.001 740 

MW-7 02/13/2017 <0.001 <0.001 0.0656 <0.001 0.139 <0.001 149 <5 <0.001 <0.001 0.23 <0.001 0.0031 <0.0002 0.0021 7.1 0.81 <0.001 395 <0.001 816 

MW-7 05/19/2017 <0.001 <0.001 0.0505 <0.001 0.235 <0.001 105 <5 <0.001 <0.001 0.26 <0.001 0.0033 <0.0002 0.0028 7.0 0.64 <0.001 158 <0.001 504 

MW-7 07/18/2017 <0.001 <0.001 0.0516 <0.001 0.36 <0.001 120 <5 <0.001 <0.001 0.31 <0.001 0.0029 <0.0002 0.0033 7.1 1.76 <0.001 201 <0.001 646 

MW-7 11/07/2017 <0.001 <0.001 0.0505 <0.001 0.462 <0.001 127 <5 <0.001 <0.001 0.32 <0.001 -- <0.0002 -- 7.0 1.58 <0.001 247 <0.001 674 

MW-7 06/01/2018 <0.001 <0.001 0.0363 <0.001 0.24 <0.001 112 <5 <0.0015 <0.001 0.32 <0.001 0.0026 <0.0002 0.0029 7.0 0.95 <0.001 172 <0.002 602 

MW-7 08/28/2018 -- 0.0013 0.0349 -- 0.276 -- 104 <5 0.0029 <0.001 0.33 <0.001 0.0046 -- 0.0046 7.0 0.41 <0.001 143 -- 578 

MW-7 11/08/2018 <0.001 0.0012 0.0451 <0.001 0.195 <0.001 -- <5 <0.0015 <0.001 0.32 <0.001 -- <0.0002 -- 7.3 0.52 <0.001 230 <0.002 702 

MW-7 02/15/2019 <0.001 <0.001 0.0681 <0.001 0.114 <0.001 170 <5 <0.0015 <0.001 0.22 <0.001 0.0044 <0.0002 0.0023 7.2 0.38 <0.001 193 <0.002 726 

MW-7 05/14/2019 <0.001 <0.001 0.065 <0.001 0.263 <0.001 -- <4 <0.0015 <0.001 0.22 <0.001 -- <0.0002 -- 7.0 0.4 <0.001 160 <0.002 662 

MW-7 08/21/2019 -- 0.0017 0.0634 -- 0.395 -- 133 <5 <0.0015 0.0011 0.25 <0.001 0.0048 -- 0.0033 6.7 0.41 <0.001 150 -- 654 

MW-7 11/13/2019 <0.001 0.0024 0.0569 <0.001 0.194 <0.001 -- <4 <0.0015 0.0013 0.29 <0.001 -- <0.0002 -- 7.1 0.77 <0.001 220 <0.002 564 

MW-7 02/11/2020 <0.001 <0.001 0.0473 <0.001 0.12 <0.001 110 <5 <0.0015 <0.001 0.21 <0.001 <0.003 <0.0002 0.0022 7.2 0.25 <0.001 168 <0.002 556 

MW-7 05/12/2020 <0.001 <0.001 0.0469 <0.001 0.212 <0.001 -- <4 <0.0015 <0.001 0.22 <0.001 -- <0.0002 -- 7.2 0.21 <0.001 149 <0.002 512 

MW-7 08/26/2020 <0.001 <0.001 0.0437 <0.001 0.33 -- 104 <5 <0.0015 <0.001 0.36 <0.001 <0.003 -- 0.0029 7.1 1.66 <0.001 160 -- 494 

MW-7 12/02/2020 <0.001 <0.001 0.0535 <0.001 0.46 <0.001 -- 4 <0.0015 <0.001 0.29 <0.001 -- <0.0002 -- 7.0 0.25 <0.001 237 <0.002 610 

MW-7 03/30/2021 <0.001 <0.001 0.0522 <0.001 0.126 <0.001 104 <5 <0.0015 <0.001 0.23 <0.001 <0.003 <0.0002 0.0026 7.1 0.109 <0.001 132 <0.002 476 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-7 06/10/2021 <0.001 <0.001 0.0399 <0.001 0.281 <0.001 -- 2 <0.0015 <0.001 0.27 <0.001 -- <0.0002 -- 6.8 0.658 <0.001 135 <0.002 542 

MW-7 09/01/2021 <0.001 0.0014 0.0909 <0.001 0.604 <0.001 198 3 <0.0015 0.0017 0.26 <0.001 0.0043 <0.0002 0.0031 6.6 1.83 <0.001 317 <0.002 970 

MW-7S 02/24/2021 <0.001 0.0106 0.0461 <0.001 3.83 <0.001 183 12 <0.0015 0.0014 0.34 <0.001 <0.005 <0.0002 <0.0015 6.8 0.134 <0.001 432 <0.002 1130 

MW-7S 03/16/2021 <0.001 0.0072 0.047 <0.001 3.8 <0.001 175 11 0.0032 0.0012 0.33 <0.001 <0.003 <0.0002 <0.0015 6.8 0.227 <0.001 429 <0.002 1080 

MW-7S 04/06/2021 <0.001 0.003 0.0421 <0.001 3.57 <0.001 172 10 <0.0015 0.0012 0.34 <0.001 <0.003 <0.0002 <0.0015 6.2 0.149 <0.001 400 <0.002 1030 

MW-7S 05/21/2021 <0.005 0.0059 0.0543 <0.005 3.56 <0.005 170 10 <0.0075 <0.005 0.34 <0.005 <0.015 <0.0002 <0.0075 6.5 0.161 <0.005 343 <0.01 1010 

MW-7S 06/10/2021 <0.001 0.0141 0.0665 <0.001 4.23 <0.001 189 12 0.0045 0.002 0.35 0.003 <0.003 <0.0002 0.0017 6.8 1.12 <0.001 468 <0.002 -- 

MW-7S 07/02/2021 <0.001 0.0086 0.0402 <0.001 4.72 <0.001 204 11 <0.0015 0.0013 0.31 <0.001 <0.003 <0.0002 <0.0015 6.6 0.594 <0.001 563 <0.002 1160 

MW-7S 07/23/2021 0.0016 0.175 0.203 <0.001 5.51 <0.001 210 11 0.0221 0.0064 0.31 0.0113 0.0076 <0.0002 0.0043 6.7 0.0936 <0.001 573 <0.002 1240 

MW-7S 08/11/2021 <0.001 0.0261 0.071 <0.001 5.42 <0.001 224 11 0.0107 0.0027 0.29 0.0019 <0.003 <0.0002 0.0032 6.8 1.75 <0.001 577 <0.002 1270 

MW-8 06/04/2015 -- -- -- -- -- -- -- -- -- -- 0.2 -- -- <0 -- -- -- -- -- -- -- 

MW-8 06/17/2015 <0.001 <0.025 0.0366 <0.0005 0.935 <0.002 -- 24 <0.005 <0.005 0.2 <0.0075 -- <0.0002 -- 7.0 -- <0.04 319 <0.001 1000 

MW-8 12/15/2015 <0.001 <0.001 0.0364 <0.001 0.965 <0.001 167 27 <0.001 0.002 0.22 <0.001 0.0019 <0.0002 <0.001 6.6 2.08 <0.001 316 <0.001 866 

MW-8 02/29/2016 <0.001 <0.001 0.0329 <0.001 1.02 <0.001 180 25 <0.001 0.0013 0.19 <0.001 0.0019 <0.0002 <0.001 6.6 0.15 <0.001 336 <0.001 862 

MW-8 05/16/2016 <0.001 <0.001 0.0328 <0.001 0.997 <0.001 162 24 <0.001 0.0014 0.2 <0.001 0.002 <0.0002 <0.001 6.8 0.7 <0.001 325 <0.001 932 

MW-8 08/22/2016 <0.001 <0.001 0.0335 <0.001 0.954 <0.001 159 25 <0.001 0.0016 0.2 <0.001 0.0016 <0.0002 <0.001 6.5 2.11 <0.001 348 <0.001 952 

MW-8 11/15/2016 <0.001 <0.001 0.0359 <0.001 1.51 <0.001 162 25 <0.001 0.0019 0.2 <0.001 0.0022 <0.0002 <0.001 7.0 0 <0.001 327 <0.001 986 

MW-8 02/13/2017 <0.001 <0.001 0.0296 <0.001 0.9 <0.001 157 25 <0.001 0.0013 0.21 <0.001 0.002 <0.0002 <0.001 6.6 0.31 <0.001 324 <0.001 936 

MW-8 05/19/2017 <0.001 <0.001 0.0322 <0.001 1.09 <0.001 159 26 <0.001 0.0013 0.2 <0.001 0.002 <0.0002 <0.001 6.6 0.66 <0.001 311 <0.001 940 

MW-8 07/18/2017 <0.001 <0.001 0.0326 <0.001 1.17 <0.001 169 25 <0.001 0.0016 0.2 <0.001 0.0021 <0.0002 <0.001 6.8 2.32 <0.001 273 <0.001 898 

MW-8 11/07/2017 <0.001 <0.001 0.0323 <0.001 1.09 <0.001 164 24 <0.001 0.0015 0.2 <0.001 -- <0.0002 -- 6.9 0.71 <0.001 285 <0.001 872 

MW-8 06/01/2018 <0.001 <0.001 0.0338 <0.001 1.14 <0.001 163 25 <0.0015 0.0014 0.22 <0.001 0.0022 <0.0002 <0.0015 6.6 0.14 <0.001 264 <0.002 898 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-8 08/28/2018 -- <0.001 0.0303 -- 1.05 -- 157 25 <0.0015 0.0014 0.21 <0.001 0.002 -- <0.0015 6.6 0.39 <0.001 255 -- 884 

MW-8 11/08/2018 <0.001 <0.001 0.0338 <0.001 1.1 <0.001 -- 24 <0.0015 0.0015 0.2 <0.001 -- <0.0002 -- 6.9 0.3 <0.001 262 <0.002 922 

MW-8 02/14/2019 <0.001 <0.001 0.0267 <0.001 1.02 <0.001 175 21 <0.0015 <0.001 0.23 <0.001 0.0032 <0.0002 <0.0015 6.9 0.2 <0.001 332 <0.002 946 

MW-8 05/14/2019 <0.001 <0.001 0.0284 <0.001 0.971 <0.001 -- 22 <0.0015 0.0013 0.25 <0.001 -- <0.0002 -- 6.5 0.04 <0.001 281 <0.002 882 

MW-8 08/21/2019 -- <0.001 0.033 -- 1.1 -- 166 19 <0.0015 0.0014 0.21 <0.001 <0.003 -- <0.0015 6.5 0.34 <0.001 258 -- 864 

MW-8 11/14/2019 <0.001 <0.001 0.0302 <0.001 1.04 <0.001 -- 20 <0.0015 0.0014 0.23 <0.001 -- <0.0002 -- 6.7 0.21 <0.001 332 <0.002 894 

MW-8 02/11/2020 <0.001 <0.001 0.0222 <0.001 0.858 <0.001 168 17 <0.0015 <0.001 0.26 <0.001 <0.003 <0.0002 <0.0015 6.7 0.23 <0.001 337 <0.002 966 

MW-8 05/12/2020 <0.001 <0.001 0.0246 <0.001 0.938 <0.001 -- 16 <0.0015 0.001 0.26 <0.001 -- <0.0002 -- 6.7 0.41 <0.001 305 <0.002 870 

MW-8 08/26/2020 <0.001 <0.001 0.0306 <0.001 0.918 -- 154 17 <0.0015 0.0013 0.21 <0.001 <0.003 -- <0.0015 6.7 0.6 <0.001 289 -- 836 

MW-8 12/02/2020 <0.001 <0.001 0.0315 <0.001 1.05 <0.001 -- 18 <0.0015 0.0013 0.21 <0.001 -- <0.0002 -- 6.6 0 <0.001 272 <0.002 798 

MW-8 03/30/2021 <0.001 <0.001 0.0237 <0.001 0.865 <0.001 159 15 <0.0015 0.0013 0.26 <0.001 <0.003 <0.0002 <0.0015 6.6 0.217 <0.001 260 <0.002 800 

MW-8 06/10/2021 <0.001 <0.001 0.0249 <0.001 0.958 <0.001 -- 20 <0.0015 <0.001 0.25 <0.001 -- <0.0002 -- 6.3 0 <0.001 261 <0.002 806 

MW-8 09/01/2021 <0.001 <0.001 0.027 <0.001 0.986 <0.001 149 21 <0.0015 0.0013 0.21 <0.001 <0.003 <0.0002 <0.0015 6.5 0.604 <0.001 267 <0.002 794 

MW-8S 02/24/2021 <0.001 0.002 0.103 <0.001 0.742 <0.001 194 16 <0.0015 0.0044 0.2 0.001 <0.005 <0.0002 0.0037 6.8 2.01 <0.001 427 <0.002 1190 

MW-8S 03/17/2021 <0.001 0.0023 0.0848 <0.001 0.982 <0.001 184 12 0.0018 0.0028 0.33 0.0011 <0.003 <0.0002 0.0027 6.8 0.31 <0.001 586 <0.002 1150 

MW-8S 04/06/2021 <0.001 0.0044 0.0657 <0.001 1.1 <0.001 182 11 <0.0015 0.003 0.19 <0.001 <0.003 <0.0002 0.0023 6.7 0.476 <0.001 609 <0.002 1210 

MW-8S 05/21/2021 <0.001 0.0011 0.0688 <0.001 1.09 <0.001 241 11 <0.0015 0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.4 0.269 <0.001 566 <0.002 1320 

MW-9 06/04/2015 -- -- -- -- -- -- -- -- -- -- 0.18 -- -- <0 -- -- -- -- -- -- -- 

MW-9 06/17/2015 <0.001 <0.025 0.0781 <0.0005 0.101 <0.002 -- <5 <0.005 <0.005 0.18 <0.0075 -- <0.0002 -- 7.4 -- <0.04 48 <0.001 385 

MW-9 12/14/2015 <0.001 <0.001 0.0598 <0.001 0.0605 <0.001 -- 5 <0.001 <0.001 0.21 <0.001 -- <0.0002 -- 7.0 -- 0.0026 87 <0.001 334 

MW-9 05/16/2016 <0.001 <0.001 0.0502 <0.001 0.0898 <0.001 -- <5 <0.001 <0.001 0.18 <0.001 -- <0.0002 -- 7.2 -- <0.001 50 <0.001 258 

MW-9 11/15/2016 <0.001 <0.001 0.0577 <0.001 0.102 <0.001 -- 5 <0.001 <0.001 0.2 <0.001 -- <0.0002 -- 7.5 -- 0.0053 96 <0.001 416 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-9 05/19/2017 <0.001 <0.001 0.0597 <0.001 0.078 <0.001 -- <5 <0.001 <0.001 0.19 <0.001 -- <0.0002 -- 6.9 -- 0.0017 62 <0.001 340 

MW-9 11/07/2017 <0.001 <0.001 0.0601 <0.001 0.101 <0.001 -- 10 0.0016 <0.001 0.18 <0.001 -- <0.0002 -- 7.2 0.78 0.0071 139 <0.001 456 

MW-9 06/01/2018 <0.001 <0.001 0.0548 <0.001 0.14 <0.001 -- 11 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.9 1.58 0.0063 152 <0.002 466 

MW-9 11/08/2018 <0.001 <0.001 0.0659 <0.001 0.182 <0.001 -- 9 <0.0015 <0.001 0.17 <0.001 -- <0.0002 -- 7.2 0.03 0.0036 137 <0.002 494 

MW-9 05/14/2019 <0.001 <0.001 0.0583 <0.001 0.0766 <0.001 -- <4 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 7.0 0.05 <0.001 52 <0.002 324 

MW-9 11/14/2019 <0.001 <0.001 0.0654 <0.001 0.113 <0.001 -- <4 <0.0015 <0.001 0.17 <0.001 -- <0.0002 -- 7.0 0.22 0.0011 63 <0.002 292 

MW-9 05/12/2020 <0.001 <0.001 0.055 <0.001 0.0676 <0.001 -- <4 <0.0015 <0.001 0.17 <0.001 -- <0.0002 -- 7.1 0.04 <0.001 33 <0.002 266 

MW-9 12/02/2020 <0.001 <0.001 0.0618 <0.001 0.101 <0.001 -- 9 <0.0015 <0.001 0.16 <0.001 -- <0.0002 -- 6.9 0.25 0.0036 121 <0.002 390 

MW-9 06/10/2021 <0.001 <0.001 0.0529 <0.001 0.0918 <0.001 -- 1 <0.0015 <0.001 0.2 <0.001 -- <0.0002 -- 6.8 0.894 <0.001 33 <0.002 244 

MW-10 06/04/2015 -- -- -- -- -- -- -- -- -- -- 0.17 -- -- <0 -- -- -- -- -- -- -- 

MW-10 06/17/2015 <0.001 <0.025 0.0233 <0.0005 1.46 <0.002 -- 14 <0.005 <0.005 0.16 <0.0075 -- <0.0002 -- 6.7 -- <0.04 472 <0.001 1100 

MW-10 12/14/2015 <0.001 <0.001 0.0328 <0.001 1.25 <0.001 -- 74 <0.001 <0.001 0.17 <0.001 -- <0.0002 -- 6.3 -- 0.0207 527 <0.001 1140 

MW-10 05/16/2016 <0.001 <0.001 0.0228 <0.001 1.57 <0.001 -- 10 <0.001 <0.001 0.16 <0.001 -- <0.0002 -- 6.8 -- 0.0067 401 <0.001 902 

MW-10 11/15/2016 <0.001 <0.001 0.0231 <0.001 1.27 <0.001 -- 81 <0.001 <0.001 0.17 <0.001 -- <0.0002 -- 7.6 -- 0.0027 459 <0.001 1200 

MW-10 05/19/2017 <0.001 <0.001 0.0204 <0.001 1.46 <0.001 -- <5 <0.001 <0.001 0.21 <0.001 -- <0.0002 -- 6.5 -- 0.012 313 <0.001 754 

MW-10 11/07/2017 <0.001 <0.001 0.0343 <0.001 0.685 <0.001 -- 245 <0.001 <0.001 0.13 <0.001 -- <0.0002 -- 6.8 1.24 0.0048 492 <0.001 1430 

MW-10 06/01/2018 <0.001 <0.001 0.0223 <0.001 1.18 <0.001 -- 101 <0.0015 <0.001 0.16 <0.001 -- <0.0002 -- 6.6 0.93 0.008 480 <0.002 1310 

MW-10 11/08/2018 <0.001 <0.001 0.0328 <0.001 1.08 <0.001 -- 181 <0.0015 <0.001 0.12 <0.001 -- <0.0002 -- 6.8 0.07 0.0085 535 <0.002 1490 

MW-10 05/14/2019 <0.001 <0.001 0.0201 <0.001 1.69 <0.001 -- 5 <0.0015 <0.001 0.21 <0.001 -- <0.0002 -- 6.4 0.11 0.0153 323 <0.002 834 

MW-10 11/14/2019 <0.001 <0.001 0.0359 <0.001 1.45 <0.001 -- 45 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.5 0.58 0.0089 411 <0.002 978 

MW-10 05/12/2020 <0.001 <0.001 0.0238 <0.001 1.56 <0.001 -- <4 <0.0015 <0.001 0.2 <0.001 -- <0.0002 -- 6.6 0.25 0.0189 310 <0.002 728 

MW-10 12/02/2020 <0.001 <0.001 0.031 <0.001 1.04 <0.001 -- 108 <0.0015 <0.001 0.16 <0.001 -- <0.0002 -- 6.5 0.73 0.008 428 <0.002 1100 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-10 06/10/2021 <0.001 <0.001 0.0257 <0.001 1.45 <0.001 -- 11 <0.0015 <0.001 0.21 <0.001 -- <0.0002 -- 6.1 1.14 0.0036 311 <0.002 758 

MW-11 12/15/2015 <0.001 0.0028 0.157 <0.001 1.79 <0.001 130 45 <0.001 <0.001 0.53 <0.001 0.003 <0.0002 0.0026 6.9 0.18 <0.001 135 <0.001 660 

MW-11 02/29/2016 <0.001 0.0028 0.147 <0.001 1.65 <0.001 135 45 <0.001 <0.001 0.42 <0.001 0.002 <0.0002 0.0026 6.9 0.64 0.0012 130 <0.001 624 

MW-11 05/16/2016 <0.001 0.0013 0.139 <0.001 1.46 <0.001 125 41 <0.001 <0.001 0.46 <0.001 0.0021 <0.0002 0.0025 7.1 0.86 <0.001 130 <0.001 670 

MW-11 08/22/2016 <0.001 0.0015 0.14 <0.001 1.75 <0.001 121 43 <0.001 <0.001 0.51 <0.001 0.0022 <0.0002 0.002 7.3 0.56 <0.001 130 <0.001 664 

MW-11 11/15/2016 <0.001 0.0019 0.15 <0.001 1.67 <0.001 123 42 <0.001 <0.001 0.52 <0.001 0.0026 <0.0002 0.0025 7.4 1.54 <0.001 115 <0.001 678 

MW-11 02/13/2017 <0.001 0.0012 0.136 <0.001 1.38 <0.001 117 42 <0.001 <0.001 0.44 <0.001 0.0019 <0.0002 0.0023 6.9 0.39 <0.001 123 <0.001 660 

MW-11 05/18/2017 <0.001 <0.001 0.134 <0.001 1.61 <0.001 121 42 <0.001 <0.001 0.48 <0.001 0.0029 <0.0002 0.0023 7.0 1.02 0.0015 121 <0.001 670 

MW-11 07/18/2017 <0.001 0.0016 0.136 <0.001 1.79 <0.001 133 42 <0.001 <0.001 0.5 <0.001 0.0025 <0.0002 0.0022 7.0 1.22 0.0021 106 <0.001 664 

MW-11 11/06/2017 <0.001 0.0029 0.155 <0.001 1.95 <0.001 125 39 <0.001 <0.001 0.49 <0.001 -- <0.0002 -- 7.0 1.2 <0.001 114 <0.001 646 

MW-11 05/31/2018 <0.001 0.002 0.126 <0.001 1.52 <0.001 127 40 <0.0015 <0.001 0.52 <0.001 0.0021 <0.0002 0.0036 6.8 1.16 0.0011 102 <0.002 662 

MW-11 08/28/2018 -- 0.0017 0.126 -- 1.73 -- 114 41 0.0018 <0.001 0.54 <0.001 0.0032 -- 0.0032 6.8 0.29 <0.001 103 -- 658 

MW-11 11/08/2018 <0.001 0.0023 0.142 <0.001 2.28 <0.001 -- 41 <0.0015 <0.001 0.53 <0.001 -- <0.0002 -- 6.9 0.61 <0.001 97 <0.002 676 

MW-11 02/14/2019 <0.001 0.0081 0.138 <0.001 1.69 <0.001 131 38 <0.0015 0.0011 0.52 <0.001 0.0025 <0.0002 0.0025 7.1 0.81 <0.001 103 <0.002 616 

MW-11 05/14/2019 <0.001 <0.001 0.118 <0.001 1.42 <0.001 -- 38 <0.0015 <0.001 0.55 <0.001 -- <0.0002 -- 6.8 0.06 0.0037 104 <0.002 646 

MW-11 08/21/2019 -- 0.0012 0.129 -- 1.85 -- 125 30 <0.0015 <0.001 0.49 <0.001 <0.003 -- 0.0024 6.7 0.7 0.0027 88 -- 628 

MW-11 11/13/2019 <0.001 0.0015 0.16 <0.001 1.83 <0.001 -- 33 <0.0015 <0.001 0.54 <0.001 -- <0.0002 -- 6.8 0 <0.001 103 <0.002 620 

MW-11 02/11/2020 <0.001 0.0011 0.113 <0.001 1.49 <0.001 121 34 <0.0015 <0.001 0.53 <0.001 <0.003 <0.0002 0.002 6.9 1.28 0.0016 95 <0.002 658 

MW-11 05/12/2020 <0.001 <0.001 0.125 <0.001 1.49 <0.001 -- 36 <0.0015 <0.001 0.55 <0.001 -- <0.0002 -- 7.0 0 0.0025 112 <0.002 658 

MW-11 08/26/2020 <0.001 0.0013 0.129 <0.001 1.55 -- 120 35 <0.0015 <0.001 0.59 <0.001 <0.003 -- 0.0021 6.9 1.08 0.0016 107 -- 554 

MW-11 12/02/2020 <0.001 <0.001 0.139 <0.001 1.73 <0.001 -- 40 <0.0015 <0.001 0.54 <0.001 -- <0.0002 -- 6.8 0.95 <0.001 106 <0.002 612 

MW-11 03/30/2021 <0.001 0.0021 0.129 <0.001 1.34 <0.001 118 36 <0.0015 <0.001 0.51 <0.001 <0.003 <0.0002 0.0021 6.9 0.97 <0.001 96 <0.002 578 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-11 06/09/2021 <0.001 0.0011 0.127 <0.001 1.53 <0.001 -- 36 <0.0015 <0.001 0.53 <0.001 -- <0.0002 -- 6.6 0.24 0.0013 108 <0.002 604 

MW-11 09/01/2021 <0.001 0.0013 0.127 <0.001 1.56 <0.001 115 38 <0.0015 <0.001 0.48 <0.001 <0.003 <0.0002 0.0022 6.7 1.31 <0.001 110 <0.002 584 

MW-12 12/15/2015 <0.001 <0.001 0.137 <0.001 2.1 <0.001 197 49 <0.001 <0.001 0.22 <0.001 0.0093 <0.0002 0.0013 6.9 0.13 <0.001 326 <0.001 1070 

MW-12 02/29/2016 <0.001 <0.001 0.113 <0.001 2.64 <0.001 220 39 <0.001 <0.001 0.18 <0.001 0.0082 <0.0002 <0.001 6.8 0.19 <0.001 390 <0.001 1140 

MW-12 05/16/2016 <0.001 <0.001 0.119 <0.001 2.48 <0.001 205 44 <0.001 <0.001 0.18 <0.001 0.0088 <0.0002 <0.001 7.0 1.12 <0.001 379 <0.001 1140 

MW-12 08/22/2016 <0.001 <0.001 0.115 <0.001 2.53 <0.001 198 44 <0.001 <0.001 0.19 <0.001 0.0102 <0.0002 <0.001 7.2 1.51 <0.001 398 <0.001 1160 

MW-12 11/15/2016 <0.001 <0.001 0.112 <0.001 2.43 <0.001 200 42 <0.001 <0.001 0.21 <0.001 0.0106 <0.0002 0.0011 7.2 0.56 <0.001 330 <0.001 1140 

MW-12 02/13/2017 <0.001 <0.001 0.0941 <0.001 3.03 <0.001 199 41 <0.001 <0.001 0.17 <0.001 0.0088 <0.0002 <0.001 6.7 0 <0.001 390 <0.001 1180 

MW-12 05/18/2017 <0.001 <0.001 0.106 <0.001 2.51 <0.001 199 33 <0.001 <0.001 0.18 <0.001 0.009 <0.0002 <0.001 6.7 0.64 <0.001 406 <0.001 1170 

MW-12 07/18/2017 <0.001 <0.001 0.0953 <0.001 3.55 <0.001 235 39 <0.001 <0.001 0.18 <0.001 0.0097 <0.0002 <0.001 6.9 2.65 <0.001 383 <0.001 1170 

MW-12 11/06/2017 <0.001 <0.001 0.101 <0.001 2.99 <0.001 212 38 <0.001 <0.001 0.18 <0.001 -- <0.0002 -- 7.1 0.49 <0.001 388 <0.001 1110 

MW-12 05/31/2018 <0.001 <0.001 0.0701 <0.001 3.87 <0.001 214 35 <0.0015 <0.001 0.16 <0.001 0.0085 <0.0002 <0.0015 6.6 1.44 <0.001 413 <0.002 1230 

MW-12 08/28/2018 -- <0.001 0.0815 -- 3 -- 209 33 <0.0015 <0.001 0.18 <0.001 0.0097 -- <0.0015 6.7 1.05 <0.001 388 -- 1160 

MW-12 11/08/2018 <0.001 <0.001 0.0889 <0.001 3.3 <0.001 -- 35 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 7.0 0.57 <0.001 381 <0.002 1210 

MW-12 02/14/2019 <0.001 <0.001 0.0892 <0.001 3.06 <0.001 224 32 <0.0015 <0.001 0.19 <0.001 0.0095 <0.0002 <0.0015 6.9 0.4 <0.001 393 <0.002 1130 

MW-12 05/14/2019 <0.001 <0.001 0.0772 <0.001 1.95 <0.001 -- 20 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.5 0.28 <0.001 399 <0.002 1100 

MW-12 08/20/2019 -- <0.001 0.0655 -- 4.42 -- 219 29 <0.0015 <0.001 0.18 <0.001 0.0087 -- <0.0015 6.4 1.02 <0.001 371 -- 1160 

MW-12 11/13/2019 <0.001 <0.001 0.0921 <0.001 3 <0.001 -- 27 <0.0015 <0.001 0.18 <0.001 -- <0.0002 -- 6.7 0.24 <0.001 345 <0.002 1100 

MW-12 02/11/2020 <0.001 <0.001 0.056 <0.001 2.26 <0.001 197 22 <0.0015 <0.001 0.17 <0.001 0.0068 <0.0002 <0.0015 6.7 0.99 <0.001 370 <0.002 1070 

MW-12 05/12/2020 <0.001 <0.001 0.0762 <0.001 2.05 <0.001 -- 22 <0.0015 <0.001 0.21 <0.001 -- <0.0002 -- 6.8 0 <0.001 368 <0.002 1040 

MW-12 08/26/2020 <0.001 <0.001 0.0734 <0.001 3.76 -- 211 31 <0.0015 <0.001 0.22 <0.001 0.0079 -- <0.0015 6.6 4.2 <0.001 424 -- 1100 

MW-12 12/02/2020 <0.001 <0.001 0.0708 <0.001 3.76 <0.001 -- 32 <0.0015 <0.001 0.16 <0.001 -- <0.0002 -- 6.7 0.28 <0.001 411 <0.002 1150 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-12 03/30/2021 <0.001 0.0013 0.0848 <0.001 1.97 <0.001 181 17 <0.0015 <0.001 0.18 <0.001 0.0069 <0.0002 <0.0015 6.5 0.429 0.0019 295 <0.002 908 

MW-12 06/10/2021 <0.001 <0.001 0.0884 <0.001 2.48 <0.001 -- 34 <0.0015 <0.001 0.26 <0.001 -- <0.0002 -- 6.6 0.447 <0.001 329 <0.002 985 

MW-12 09/01/2021 <0.001 <0.001 0.0802 <0.001 2.78 <0.001 197 40 <0.0015 <0.001 0.22 <0.001 0.0096 <0.0002 <0.0015 6.7 1.97 <0.001 332 <0.002 1050 

MW-12S 02/25/2021 <0.001 0.0029 0.0826 <0.001 0.856 <0.001 124 25 <0.0015 0.0016 0.15 <0.001 <0.005 <0.0002 0.004 6.8 1.65 <0.001 140 <0.002 598 

MW-12S 03/16/2021 <0.001 0.0032 0.0942 <0.001 1.18 <0.001 145 15 <0.0015 0.0017 0.19 <0.001 <0.003 <0.0002 0.0035 6.8 0.339 <0.001 128 <0.002 648 

MW-12S 04/06/2021 <0.001 0.0082 0.0729 <0.001 1.73 <0.001 169 7 <0.0015 0.0025 0.21 <0.001 <0.003 <0.0002 0.0037 6.2 0.518 <0.001 212 <0.002 814 

MW-12S 05/20/2021 <0.001 0.0033 0.114 <0.001 1.43 <0.001 154 2 <0.0015 0.0012 0.19 <0.001 <0.003 <0.0002 0.0044 6.5 0.587 <0.001 118 <0.002 654 

MW-12S 06/10/2021 <0.001 0.0113 0.0567 <0.001 2.07 <0.001 169 5 <0.0015 0.0021 0.26 <0.001 <0.003 <0.0002 0.0035 6.5 0.695 <0.001 243 <0.002 -- 

MW-12S 07/02/2021 <0.001 0.005 0.174 <0.001 1.33 <0.001 181 5 <0.0015 0.0012 0.21 <0.001 <0.003 <0.0002 0.007 6.4 0.565 <0.001 176 <0.002 730 

MW-12S 07/23/2021 <0.001 0.0178 0.106 <0.001 2.63 <0.001 175 6 <0.0015 0.0023 0.27 <0.001 <0.003 <0.0002 0.0047 6.5 0.0467 <0.001 239 <0.002 884 

MW-12S 08/11/2021 <0.001 0.0083 0.107 <0.001 1.58 <0.001 159 6 <0.0015 0.0012 0.24 <0.001 <0.003 <0.0002 0.0055 6.6 0.729 <0.001 223 <0.002 818 

MW-12D 02/25/2021 <0.001 0.0012 1.26 <0.001 0.709 <0.001 55.6 210 <0.0015 <0.001 0.78 <0.001 0.0086 <0.0002 <0.0015 7.2 0.773 <0.001 <10 <0.002 606 

MW-12D 03/16/2021 <0.001 0.002 1.61 <0.001 0.829 <0.001 66.4 209 0.0102 0.0021 0.33 0.0023 0.0123 <0.0002 <0.0015 7.3 3.12 <0.001 <10 <0.002 634 

MW-12D 04/06/2021 <0.001 0.0013 1.52 <0.001 0.827 <0.001 62.1 195 0.0053 <0.001 0.73 0.0012 0.0112 <0.0002 <0.0015 6.7 1.3 <0.001 <10 <0.002 616 

MW-12D 05/20/2021 <0.001 <0.001 1.52 <0.001 0.876 <0.001 61.2 210 0.0017 <0.001 0.72 <0.001 0.0105 <0.0002 <0.0015 7.2 1.84 <0.001 <10 <0.002 632 

MW-12D 06/10/2021 <0.001 <0.001 1.47 <0.001 0.833 <0.001 62.5 199 <0.0015 <0.001 0.78 <0.001 0.0103 <0.0002 <0.0015 7.1 1.47 <0.001 <10 <0.002 -- 

MW-12D 07/02/2021 <0.001 <0.001 1.55 <0.001 0.839 <0.001 60.6 209 <0.0015 <0.001 0.75 <0.001 0.0101 <0.0002 <0.0015 9.9 2.23 <0.001 <10 <0.002 602 

MW-12D 07/23/2021 <0.001 <0.001 1.9 <0.001 1.08 <0.001 61 216 <0.0015 <0.001 0.74 <0.001 0.0118 <0.0002 <0.0015 7.1 2.48 <0.001 <10 <0.002 614 

MW-12D 08/11/2021 <0.001 <0.001 1.64 <0.001 0.863 <0.001 66 210 <0.0015 <0.001 0.71 <0.001 0.0095 <0.0002 <0.0015 7.2 2.12 <0.001 <10 <0.002 612 

MW-20 02/26/2021 <0.001 <0.001 0.164 <0.001 0.34 <0.001 106 25 <0.0015 <0.001 0.42 <0.001 0.0233 <0.0002 0.0124 7.2 0.312 <0.001 134 <0.002 572 

MW-20 03/16/2021 <0.001 <0.001 0.142 <0.001 0.4 <0.001 115 24 <0.0015 <0.001 0.4 <0.001 0.0201 <0.0002 0.0094 7.1 0.0709 <0.001 127 <0.002 594 

MW-20 04/06/2021 <0.001 0.0011 0.122 <0.001 0.442 <0.001 112 26 <0.0015 <0.001 0.41 <0.001 0.0169 <0.0002 0.0064 6.5 0.0814 <0.001 130 <0.002 608 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-20 05/18/2021 <0.001 0.0012 0.115 <0.001 0.463 <0.001 123 23 <0.0015 <0.001 0.38 <0.001 0.0142 <0.0002 0.0055 6.9 0.524 <0.001 134 <0.002 624 

MW-20 06/09/2021 <0.001 0.0011 0.117 <0.001 0.44 <0.001 132 24 <0.0015 <0.001 0.41 <0.001 0.0118 <0.0002 0.0051 6.8 0.132 <0.001 141 <0.002 -- 

MW-20 07/01/2021 <0.001 0.0014 0.117 <0.001 0.503 <0.001 119 24 <0.0015 <0.001 0.39 <0.001 0.0122 <0.0002 0.0055 6.9 0.698 <0.001 137 <0.002 628 

MW-20 07/22/2021 <0.001 0.0024 0.138 <0.001 0.564 <0.001 125 24 <0.0015 <0.001 0.39 <0.001 0.0134 <0.0002 0.006 6.9 0.459 <0.001 143 <0.002 610 

MW-20 08/10/2021 <0.001 0.0023 0.119 <0.001 0.499 <0.001 127 26 <0.0015 <0.001 0.37 <0.001 0.01 <0.0002 0.0056 6.9 0.44 <0.001 147 <0.002 636 

MW-20S 02/26/2021 <0.001 <0.001 0.038 <0.001 1.18 <0.001 158 24 <0.0015 <0.001 0.18 <0.001 <0.005 <0.0002 <0.0015 6.8 0.139 <0.001 243 <0.002 842 

MW-20S 03/16/2021 <0.001 <0.001 0.0423 <0.001 1.2 <0.001 163 20 <0.0015 <0.001 0.17 <0.001 <0.003 <0.0002 <0.0015 6.9 0 <0.001 254 <0.002 846 

MW-20S 04/06/2021 <0.001 <0.001 0.0373 <0.001 1.2 <0.001 162 21 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.3 0.00643 <0.001 260 <0.002 878 

MW-20S 05/19/2021 <0.001 <0.001 0.0407 <0.001 1.38 <0.001 174 21 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.5 0.807 <0.001 297 <0.002 922 

MW-20S 06/09/2021 <0.001 <0.001 0.0378 <0.001 1.37 <0.001 187 20 <0.0015 <0.001 0.2 <0.001 <0.003 <0.0002 <0.0015 6.4 0.308 <0.001 346 <0.002 -- 

MW-20S 07/01/2021 <0.001 <0.001 <0.001 <0.001 0.0611 <0.001 175 20 <0.0015 <0.001 0.2 <0.001 <0.003 <0.0002 <0.0015 6.5 0.582 <0.001 312 <0.002 936 

MW-20S 07/22/2021 <0.001 <0.001 0.0442 <0.001 1.89 <0.001 187 20 <0.0015 <0.001 0.2 <0.001 <0.003 <0.0002 <0.0015 6.5 0.262 <0.001 392 <0.002 1020 

MW-20S 08/10/2021 <0.001 <0.001 0.0492 <0.001 1.65 <0.001 201 22 <0.0015 <0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.6 0.269 <0.001 383 <0.002 1020 

MW-22 02/26/2021 <0.001 <0.001 0.0822 <0.001 1.55 <0.001 91.7 26 <0.0015 <0.001 0.36 <0.001 <0.005 <0.0002 0.0051 7.0 0.291 <0.001 104 <0.002 510 

MW-22 03/17/2021 0.001 <0.001 0.0762 <0.001 1.45 <0.001 91.1 28 <0.0015 <0.001 0.36 <0.001 0.0036 <0.0002 0.0038 7.0 0.483 <0.001 123 <0.002 500 

MW-22 04/07/2021 <0.001 <0.001 0.0726 <0.001 1.44 <0.001 91 28 <0.0015 <0.001 0.36 <0.001 <0.003 <0.0002 0.0034 6.5 0.151 <0.001 119 <0.002 494 

MW-22 05/18/2021 <0.001 <0.001 0.0719 <0.001 1.47 <0.001 92.8 25 <0.0015 <0.001 0.34 <0.001 <0.003 <0.0002 0.0029 6.9 0.0665 <0.001 118 <0.002 506 

MW-23 02/26/2021 <0.001 <0.001 0.159 <0.001 2.01 <0.001 109 33 <0.0015 0.001 0.34 <0.001 <0.005 <0.0002 0.0024 6.9 0.151 <0.001 55 <0.002 586 

MW-23 03/18/2021 <0.001 <0.001 0.052 <0.001 0.932 <0.001 50.5 30 <0.0015 <0.001 0.36 <0.001 <0.003 <0.0002 <0.0015 6.7 0.194 <0.001 43 <0.002 582 

MW-23 04/06/2021 <0.001 0.0013 0.107 <0.001 1.95 <0.001 107 31 <0.0015 0.0012 0.37 <0.001 <0.003 <0.0002 <0.0015 6.6 0.311 <0.001 42 <0.002 580 

MW-23 05/19/2021 <0.001 <0.001 0.0987 <0.001 2.17 <0.001 116 30 <0.0015 0.001 0.33 <0.001 <0.003 <0.0002 <0.0015 6.6 1.15 <0.001 43 <0.002 566 

MW-23 06/09/2021 <0.001 <0.001 0.101 <0.001 2.09 <0.001 120 31 <0.0015 <0.001 0.38 <0.001 <0.003 <0.0002 <0.0015 6.4 0.744 <0.001 43 <0.002 -- 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-23 07/01/2021 <0.001 0.001 0.0938 <0.001 1.98 <0.001 114 29 <0.0015 0.0011 0.36 <0.001 <0.003 <0.0002 <0.0015 6.5 0.502 <0.001 45 <0.002 608 

MW-23 07/22/2021 <0.001 0.0016 0.122 <0.001 2.67 <0.001 114 30 <0.0015 0.0016 0.37 <0.001 <0.003 <0.0002 <0.0015 6.5 0.502 <0.001 46 <0.002 594 

MW-23 08/10/2021 <0.001 0.0011 0.0913 <0.001 1.91 <0.001 102 30 <0.0015 0.0012 0.36 <0.001 <0.003 <0.0002 <0.0015 6.6 0.0477 <0.001 45 <0.002 592 

MW-24 03/01/2021 <0.001 0.001 0.169 <0.001 0.124 <0.001 109 18 <0.0015 0.0018 0.23 <0.001 0.0066 <0.0002 0.0033 6.6 0.156 <0.001 63 <0.002 608 

MW-24 03/18/2021 <0.001 <0.001 0.212 <0.001 0.214 <0.001 138 17 <0.0015 0.0012 0.22 <0.001 0.0045 <0.0002 0.0027 6.4 0.545 <0.001 59 <0.002 664 

MW-24 04/07/2021 <0.001 <0.001 0.195 <0.001 0.242 <0.001 135 16 <0.0015 <0.001 0.26 <0.001 0.0051 <0.0002 0.0026 6.0 0.959 <0.001 76 <0.002 664 

MW-24 05/19/2021 <0.001 <0.001 0.18 <0.001 0.203 <0.001 141 15 <0.0015 <0.001 0.26 <0.001 <0.003 <0.0002 0.0027 6.4 1.29 <0.001 75 <0.002 670 

MW-25 02/25/2021 <0.001 0.0025 0.0668 <0.001 1.04 <0.001 72.9 8 0.003 0.0039 0.17 0.0012 0.0077 <0.0002 0.0022 6.7 0.113 <0.001 177 <0.002 448 

MW-25 03/17/2021 <0.001 0.0049 0.0833 <0.001 1.08 <0.001 77.9 8 0.0059 0.0056 0.17 0.0028 0.0064 <0.0002 <0.0015 6.6 0.269 <0.001 177 <0.002 454 

MW-25 04/07/2021 <0.001 0.0039 0.0548 <0.001 1.06 <0.001 75.2 8 0.0027 0.0045 0.17 0.0011 0.0037 <0.0002 <0.0015 6.2 0.186 <0.001 174 <0.002 436 

MW-25 05/21/2021 <0.001 0.0062 0.0694 <0.001 1.11 <0.001 80.6 7 0.0052 0.0055 0.17 0.0021 0.0048 <0.0002 <0.0015 6.3 0.0383 <0.001 177 <0.002 450 

MW-25 08/11/2021 <0.001 0.0068 0.0569 <0.001 1.14 <0.001 78.7 8 0.0027 0.0051 0.17 0.0016 <0.003 <0.0002 0.0018 6.5 0.157 <0.001 205 <0.002 440 

MW-26 02/25/2021 <0.001 0.0014 0.103 <0.001 1.09 <0.001 125 19 0.0055 0.0026 0.21 0.0017 <0.005 <0.0002 0.0023 6.7 2.45 <0.001 179 <0.002 660 

MW-26 03/17/2021 <0.001 0.0044 0.158 <0.001 1.1 <0.001 137 19 0.0138 0.0065 0.22 0.0061 0.0071 <0.0002 0.0022 6.7 0.522 <0.001 181 <0.002 708 

MW-26 04/06/2021 <0.001 0.0027 0.0961 <0.001 1.07 <0.001 134 20 0.0045 0.0048 0.22 0.002 0.0031 <0.0002 <0.0015 6.4 0.251 <0.001 175 <0.002 712 

MW-26 05/21/2021 <0.001 0.0022 0.0687 <0.001 1.32 <0.001 144 19 <0.0015 0.0038 0.21 <0.001 <0.003 <0.0002 <0.0015 6.4 0.914 <0.001 196 <0.002 724 

MW-27 02/24/2021 <0.001 0.0649 0.926 0.0048 0.774 <0.001 162 18 0.155 0.0552 0.17 0.0777 0.088 0.00023 0.0086 7.0 0.318 <0.001 247 <0.002 344 

MW-27 03/16/2021 <0.001 0.0067 0.19 <0.001 1.13 <0.001 156 15 0.0158 0.0074 0.72 0.0074 0.0092 <0.0002 0.0042 6.9 0.454 <0.001 313 <0.002 938 

MW-27 04/06/2021 <0.001 0.0026 0.106 <0.001 1.18 <0.001 165 16 0.0034 0.0022 0.22 0.0018 <0.003 <0.0002 0.0023 6.4 0.355 <0.001 283 <0.002 962 

MW-27 05/21/2021 <0.001 0.0054 0.0916 <0.001 1.34 <0.001 174 14 0.0024 0.0012 0.22 0.0012 <0.003 <0.0002 <0.0015 6.8 0.32 <0.001 232 <0.002 958 

MW-27 06/10/2021 <0.001 0.14 2.66 0.0104 0.866 0.0017 377 17 0.351 0.139 0.25 0.254 0.178 0.00048 0.0278 6.7 9.25 <0.001 266 0.0022 -- 

MW-27 07/02/2021 0.001 0.0111 0.172 <0.001 1.45 <0.001 187 14 0.0096 0.0077 0.24 0.0044 0.0049 <0.0002 0.0048 6.7 1.34 <0.001 326 <0.002 1100 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-27 07/23/2021 <0.001 0.0269 0.436 0.0021 1.5 <0.001 205 15 0.0721 0.0284 0.21 0.031 0.0377 <0.0002 0.0081 6.6 5.81 <0.001 346 <0.002 1080 

MW-27 08/11/2021 <0.001 0.0054 0.143 <0.001 1.27 <0.001 168 16 0.0079 0.0044 0.2 0.0035 0.0046 <0.0002 0.0033 6.7 1.53 <0.001 336 <0.002 1050 

MW-28 02/24/2021 <0.001 <0.001 0.0243 <0.001 9.09 <0.001 265 14 <0.0015 0.0011 0.13 <0.001 0.0066 <0.0002 <0.0015 6.9 0 <0.001 884 <0.002 1790 

MW-28 03/16/2021 <0.001 <0.001 0.0234 <0.001 9.29 <0.001 264 13 <0.0015 <0.001 0.54 <0.001 0.0066 <0.0002 <0.0015 7.0 0.303 <0.001 929 <0.002 1830 

MW-28 04/07/2021 <0.001 <0.001 0.0292 <0.001 10.8 <0.001 247 13 <0.0015 0.0015 0.13 <0.001 0.0076 <0.0002 <0.0015 6.3 0 <0.001 889 <0.002 1640 

MW-28 05/18/2021 <0.001 <0.001 0.0209 <0.001 9.7 <0.001 256 12 <0.0015 <0.001 0.12 <0.001 0.0069 <0.0002 <0.0015 6.5 0.0913 <0.001 795 <0.002 1700 

MW-28 06/10/2021 <0.001 <0.001 0.0196 <0.001 9.42 <0.001 261 14 <0.0015 <0.001 0.14 <0.001 0.0072 <0.0002 <0.0015 6.6 0.0444 <0.001 903 <0.002 -- 

MW-28 07/02/2021 <0.001 <0.001 0.0263 <0.001 9.56 <0.001 237 13 <0.0015 <0.001 0.13 <0.001 0.0061 <0.0002 <0.0015 6.7 0.327 <0.001 815 <0.002 1610 

MW-28 07/23/2021 <0.001 <0.001 0.0241 <0.001 10.9 <0.001 244 12 <0.0015 <0.001 0.14 <0.001 0.0078 <0.0002 <0.0015 6.7 0.18 <0.001 774 <0.002 1720 

MW-28 08/11/2021 <0.001 <0.001 0.0215 <0.001 8.35 <0.001 219 13 <0.0015 <0.001 0.12 <0.001 0.0057 <0.0002 <0.0015 6.8 0.172 <0.001 883 <0.002 1570 

MW-29 02/25/2021 <0.001 <0.001 0.0913 <0.001 1.59 <0.001 144 50 <0.0015 <0.001 0.13 <0.001 0.0084 <0.0002 <0.0015 6.7 0.311 <0.001 148 <0.002 778 

MW-29 03/16/2021 <0.001 <0.001 0.0885 <0.001 1.65 <0.001 149 47 <0.0015 <0.001 0.6 <0.001 0.009 <0.0002 <0.0015 6.9 1.32 <0.001 149 <0.002 774 

MW-29 04/06/2021 <0.001 <0.001 0.0907 <0.001 1.78 <0.001 148 48 <0.0015 <0.001 0.13 <0.001 0.0091 <0.0002 <0.0015 6.2 0.182 <0.001 148 <0.002 768 

MW-29 05/21/2021 <0.001 <0.001 0.0789 <0.001 1.66 <0.001 154 44 <0.0015 <0.001 0.12 <0.001 0.0083 <0.0002 <0.0015 6.6 0.194 <0.001 148 <0.002 764 

MW-29 06/10/2021 <0.001 <0.001 0.0814 <0.001 1.66 <0.001 153 46 <0.0015 <0.001 0.13 <0.001 0.0087 <0.0002 <0.0015 6.6 0.499 <0.001 154 <0.002 -- 

MW-29 07/02/2021 <0.001 <0.001 0.0983 <0.001 1.85 <0.001 149 48 <0.0015 <0.001 0.12 <0.001 0.0088 <0.0002 <0.0015 6.6 0 <0.001 154 <0.002 788 

MW-29 07/23/2021 <0.001 <0.001 0.0952 <0.001 2.01 <0.001 150 51 <0.0015 <0.001 0.12 <0.001 0.0106 <0.0002 <0.0015 6.7 0.835 <0.001 163 <0.002 790 

MW-29 08/11/2021 <0.001 <0.001 0.0796 <0.001 1.57 <0.001 136 49 <0.0015 <0.001 0.11 <0.001 0.0078 <0.0002 <0.0015 6.7 0.749 <0.001 161 <0.002 756 

MW-30 02/25/2021 <0.001 0.0014 0.17 <0.001 1.14 <0.001 129 52 0.0047 0.0026 0.2 <0.001 <0.005 <0.0002 0.0043 6.6 4.64 <0.001 85 <0.002 678 

MW-30 03/17/2021 <0.001 0.002 0.162 <0.001 1.19 <0.001 137 53 0.0021 0.0025 0.25 <0.001 0.0042 <0.0002 0.0036 6.6 0.783 <0.001 54 <0.002 682 

MW-30 04/07/2021 <0.001 0.0021 0.16 <0.001 1.6 <0.001 132 49 0.0024 0.0027 0.23 <0.001 0.0033 <0.0002 0.0026 6.2 1.14 <0.001 40 <0.002 682 

MW-30 05/20/2021 <0.001 0.0023 0.135 <0.001 1.18 <0.001 136 54 <0.0015 0.0021 0.25 <0.001 <0.003 <0.0002 <0.0015 6.4 0.733 <0.001 22 <0.002 684 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-30 06/09/2021 <0.001 0.0037 0.155 <0.001 1.09 <0.001 141 52 <0.0015 0.002 0.29 <0.001 <0.003 <0.0002 0.0019 6.4 0.692 <0.001 22 <0.002 -- 

MW-30 07/01/2021 <0.001 0.0044 0.173 <0.001 1.24 <0.001 133 51 <0.0015 0.003 0.29 <0.001 <0.003 <0.0002 0.0019 6.5 0.532 <0.001 18 <0.002 690 

MW-30 07/22/2021 <0.001 0.0073 0.174 <0.001 1.29 <0.001 129 52 <0.0015 0.0023 0.28 <0.001 <0.003 <0.0002 <0.0015 6.4 0.757 <0.001 14 <0.002 680 

MW-30 08/10/2021 <0.001 0.0048 0.155 <0.001 1.06 <0.001 122 52 <0.0015 0.0018 0.27 <0.001 <0.003 <0.0002 <0.0015 6.6 1.48 <0.001 12 <0.002 676 

MW-31 02/24/2021 <0.001 0.0032 0.279 <0.001 0.217 <0.001 125 51 <0.0015 0.0013 0.2 <0.001 0.0057 <0.0002 0.0029 6.8 0.454 <0.001 <10 <0.002 530 

MW-31 03/17/2021 <0.001 0.0032 0.263 <0.001 0.259 <0.001 138 51 <0.0015 <0.001 0.19 <0.001 0.0054 <0.0002 0.0023 6.7 1.87 <0.001 <10 <0.002 620 

MW-31 04/07/2021 <0.001 0.0036 0.22 <0.001 0.369 <0.001 137 48 <0.0015 <0.001 0.18 <0.001 0.0063 <0.0002 0.0019 6.2 0.926 <0.001 <10 <0.002 618 

MW-31 05/20/2021 <0.001 0.0026 0.218 <0.001 0.285 <0.001 143 47 <0.0015 <0.001 0.17 <0.001 0.0047 <0.0002 0.0022 6.5 1.3 <0.001 <10 <0.002 646 

MW-31 06/09/2021 <0.001 0.0028 0.244 <0.001 0.296 <0.001 140 51 <0.0015 <0.001 0.19 <0.001 0.0052 <0.0002 0.0017 6.4 0.688 <0.001 <10 <0.002 -- 

MW-31 07/01/2021 <0.001 0.0028 0.263 <0.001 0.325 <0.001 142 50 <0.0015 <0.001 0.17 <0.001 0.0055 <0.0002 <0.0015 6.6 0.381 <0.001 <10 <0.002 658 

MW-31 07/22/2021 <0.001 0.0031 0.269 <0.001 0.327 <0.001 136 50 <0.0015 <0.001 0.18 <0.001 0.0059 <0.0002 0.0019 6.5 2.27 <0.001 <10 <0.002 626 

MW-31 08/10/2021 <0.001 0.0023 0.22 <0.001 0.259 <0.001 139 48 <0.0015 <0.001 0.16 <0.001 0.0049 <0.0002 <0.0015 6.6 0.902 <0.001 <10 <0.002 614 

MW-31S 02/24/2021 <0.001 0.0021 0.233 <0.001 0.0539 <0.001 170 17 <0.0015 0.0034 0.21 <0.001 <0.005 <0.0002 0.004 6.6 0.34 <0.001 216 <0.002 872 

MW-31S 03/17/2021 0.0012 0.0064 0.255 <0.001 0.0606 <0.001 184 15 0.007 0.0056 0.22 0.0037 0.0052 <0.0002 0.0036 6.7 1.25 <0.001 177 <0.002 896 

MW-31S 04/06/2021 <0.001 0.0063 0.224 <0.001 0.0542 <0.001 181 16 0.0032 0.0038 0.23 0.0016 <0.003 <0.0002 0.0031 6.3 1.55 <0.001 160 <0.002 900 

MW-31S 05/20/2021 <0.001 0.0083 0.213 <0.001 0.0493 <0.001 182 14 <0.0015 0.0037 0.24 <0.001 <0.003 <0.0002 0.0024 6.4 3.82 <0.001 119 <0.002 840 

MW-31S 06/10/2021 0.0014 0.02 0.633 0.0012 0.0575 <0.001 235 21 0.0477 0.018 0.25 0.0294 0.0255 <0.0002 0.0061 6.4 5.29 <0.001 102 <0.002 -- 

MW-31S 07/01/2021 <0.001 0.0195 0.503 <0.001 0.059 <0.001 191 17 0.0381 0.0168 0.23 0.0169 0.0167 <0.0002 0.005 6.5 2.8 <0.001 78 <0.002 820 

MW-31S 07/23/2021 <0.001 0.0096 0.304 <0.001 0.0527 <0.001 167 17 0.0145 0.0051 0.23 0.0046 0.0052 <0.0002 0.0053 6.8 4.19 <0.001 69 <0.002 770 

MW-31S 08/10/2021 <0.001 0.0075 0.247 <0.001 0.0444 <0.001 149 16 0.0094 0.004 0.22 0.0029 0.0033 <0.0002 0.0049 6.6 -- <0.001 63 <0.002 762 

MW-31S 08/11/2021 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.84 -- -- -- -- 

MW-32 02/25/2021 <0.001 <0.001 0.104 <0.001 1.56 <0.001 172 14 <0.0015 0.0013 0.18 <0.001 <0.005 <0.0002 <0.0015 6.6 0.471 <0.001 443 <0.002 1180 



TABLE 4-1. GROUNDWATER ANALYTICAL RESULTS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Location 
Sample 

Date 

Antimony, 
 total 

(mg/L) 

Arsenic, 
 total 

(mg/L) 

Barium, 
 total 

(mg/L) 

Beryllium, 
 total 

(mg/L) 

Boron, 
 total 

(mg/L) 

Cadmium, 
 total 

(mg/L) 

Calcium, 
 total 

(mg/L) 

Chloride, 
 total 

(mg/L) 

Chromium, 
 total 

(mg/L) 

Cobalt, 
 total 

(mg/L) 

Fluoride, 
 total 

(mg/L) 

Lead, 
 total 

(mg/L) 

Lithium, 
 total 

(mg/L) 

Mercury, 
 total 

(mg/L) 

Molybdenum, 
 total 

(mg/L) 

pH 
(field) 
(SU) 

Radium 226 
and 228 

combined 
(pCi/L) 

Selenium, 
 total 

(mg/L) 

Sulfate, 
 total 

(mg/L) 

Thallium, 
 total 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

35 I.A.C. 
845.600 

Lower 0 0 0 0 0 0 -- 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 

Upper 0.006 0.010 2.0 0.004 2 0.005 -- 200 0.1 0.006 4.0 0.0075 0.04 0.002 0.1 9.0 5 0.05 400 0.002 1200 

MW-32 03/17/2021 <0.001 <0.001 0.0977 <0.001 1.58 <0.001 190 13 <0.0015 0.0011 0.16 <0.001 <0.003 <0.0002 <0.0015 6.4 0.239 <0.001 425 <0.002 1190 

MW-32 04/07/2021 <0.001 <0.001 0.0905 <0.001 1.88 <0.001 193 14 <0.0015 0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.0 0.338 <0.001 477 <0.002 1190 

MW-32 05/19/2021 <0.001 <0.001 0.0795 <0.001 1.67 <0.001 193 13 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.3 0.591 <0.001 462 <0.002 1190 

MW-32 06/09/2021 <0.001 <0.001 0.0851 <0.001 1.62 <0.001 198 14 <0.0015 <0.001 0.19 <0.001 <0.003 <0.0002 <0.0015 6.2 0.285 <0.001 474 <0.002 -- 

MW-32 07/01/2021 <0.001 <0.001 0.0973 <0.001 1.75 <0.001 186 13 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.4 0.149 <0.001 464 <0.002 1180 

MW-32 07/22/2021 <0.001 <0.001 0.0882 <0.001 1.87 <0.001 192 13 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.5 1.55 <0.001 454 <0.002 1150 

MW-32 08/10/2021 <0.001 0.0013 0.0732 <0.001 1.44 <0.001 176 13 <0.0015 <0.001 0.18 <0.001 <0.003 <0.0002 <0.0015 6.5 0 <0.001 465 <0.002 1190 

PZ-4C 02/25/2021 <0.001 <0.001 0.233 <0.001 1.34 <0.001 117 43 0.0016 <0.001 0.41 <0.001 0.0076 <0.0002 <0.0015 7.4 0.485 <0.001 71 <0.002 570 

PZ-4C 03/16/2021 <0.001 <0.001 0.252 <0.001 1.49 <0.001 124 40 <0.0015 <0.001 0.41 <0.001 0.0076 <0.0002 <0.0015 7.0 2.02 <0.001 71 <0.002 564 

PZ-4C 04/05/2021 <0.001 <0.001 0.25 <0.001 1.57 <0.001 118 39 <0.0015 <0.001 0.4 <0.001 0.007 <0.0002 <0.0015 6.4 0.328 <0.001 77 <0.002 560 

PZ-4C 05/20/2021 <0.001 <0.001 0.258 <0.001 1.54 <0.001 123 36 <0.0015 <0.001 0.38 <0.001 0.0067 <0.0002 <0.0015 6.5 0.522 <0.001 82 <0.002 582 

PZ-4C 06/10/2021 <0.001 0.0014 0.295 <0.001 1.57 <0.001 123 40 0.0023 <0.001 0.42 0.0013 0.0089 <0.0002 <0.0015 6.7 0.482 <0.001 82 <0.002 -- 

PZ-4C 07/02/2021 <0.001 0.0045 0.335 <0.001 1.69 <0.001 134 39 0.0104 0.0042 0.4 0.0059 0.0134 <0.0002 0.0018 6.7 2.04 <0.001 82 <0.002 568 

PZ-4C 07/23/2021 <0.001 0.0026 0.341 <0.001 1.93 <0.001 119 39 0.0023 <0.001 0.41 0.0011 0.0095 <0.0002 <0.0015 6.7 1.46 <0.001 82 <0.002 578 

PZ-4C 08/11/2021 <0.001 0.0039 0.302 <0.001 1.41 <0.001 121 39 0.0099 0.0036 0.39 0.0062 0.0137 <0.0002 <0.0015 6.8 1.93 <0.001 55 <0.002 568 

Notes: 
Detected at concentration greater than the GWPS 
-- = data not available 
GWPS = Groundwater Protection Standard 
mg/L = milligrams per liter 
pCi/L = picocuries per liter 
SU = standard units 
< = concentration is less than the concentration shown, which corresponds to the reporting limit for the method. Estimated concentrations below the reporting limit and associated qualifiers are not provided since they are not utilized in 
statistics to determine exceedances above Part 845 standards. 
35 I.A.C. 845.600 = Residuals in Surface Impoundments: Title 35 of the Illinois Administrative Code § 845 

 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-1 06/16/2015 -- -- 6.8 447 -- -- 

MW-1 12/15/2015 <1 94 6.6 407 16.1 <1 

MW-1 02/29/2016 <1 122 6.6 397 13.8 <1 

MW-1 05/16/2016 <1 103 6.9 356 12.9 <1 

MW-1 08/22/2016 <1 136 6.8 429 18.4 1 

MW-1 11/15/2016 <1 51 7.0 397 15.6 <1 

MW-1 02/13/2017 <1 115 6.8 409 14.8 <1 

MW-1 05/18/2017 1.81 69 6.7 429 14.7 <1 

MW-1 07/18/2017 <1 137 6.7 411 19.5 <1 

MW-1 11/06/2017 0 263 6.8 478 16.2 4.5 

MW-1 05/31/2018 <1 163 6.5 578 15.0 <1 

MW-1 08/28/2018 <1 86 6.2 461 17.7 2.5 

MW-1 11/08/2018 -- -- 6.4 499 16.0 -- 

MW-1 02/14/2019 <1 100 6.7 526 11.8 <1 

MW-1 05/14/2019 -- -- 6.4 593 11.5 -- 

MW-1 08/21/2019 1.00 233 6.3 603 15.1 2.8 

MW-1 11/13/2019 -- -- 6.5 616 9.2 -- 

MW-1 02/11/2020 <1 128 6.6 566 12.8 1.8 

MW-1 05/12/2020 -- -- 6.6 501 11.9 -- 

MW-1 08/26/2020 1.00 109 6.6 482 16.3 1.7 

MW-1 12/02/2020 -- -- 6.6 487 15.6 -- 

MW-1 02/24/2021 0.46 219 6.5 562.5 9.8 0 

MW-1 03/15/2021 0.18 182 6.5 511.4 11.5 0 

MW-1 03/30/2021 <1 126 6.5 534 11.6 <1 

MW-1 04/05/2021 0.30 204 6.0 475.4 12.8 0 

MW-1 05/19/2021 0.41 214 6.1 538 12.4 <1 

MW-1 06/10/2021 0.37 68 6.2 528 12.9 <1 

MW-1 07/01/2021 0.44 81 6.2 572 13.9 <1 

MW-1 07/22/2021 1.26 94 6.3 548 18.0 <1 

MW-1 08/10/2021 0.92 106 6.3 513 19.1 <1 

MW-1 09/01/2021 0.58 117 6.5 555 20.0 4.4 

MW-10 06/17/2015 -- -- 6.7 1038 -- -- 

MW-10 12/14/2015 -- -- 6.3 1544 14.3 -- 

MW-10 05/16/2016 -- -- 6.8 800 12.3 -- 

MW-10 11/15/2016 -- -- 7.6 1260 -- -- 

MW-10 05/19/2017 -- -- 6.5 776 12.8 -- 

MW-10 11/07/2017 -- -- 6.8 1980 15.6 -- 

MW-10 06/01/2018 -- -- 6.6 1530 15.7 -- 

MW-10 11/08/2018 -- -- 6.8 2060 15.0 -- 

MW-10 05/14/2019 -- -- 6.4 1150 11.9 -- 

MW-10 11/14/2019 -- -- 6.5 1370 15.1 -- 

MW-10 05/12/2020 -- -- 6.5 973 13.2 -- 

MW-10 12/02/2020 -- -- 6.5 1370 14.5 -- 

MW-10 06/10/2021 -- -- 6.1 1090 13.1 -- 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-11 12/15/2015 <1 55 6.9 812 17.1 8.3 

MW-11 02/29/2016 6.74 121 6.9 779 16.0 5.9 

MW-11 05/16/2016 <1 83 7.1 720 14.4 4.8 

MW-11 08/22/2016 <1 0 7.3 821 21.2 3.4 

MW-11 11/15/2016 6.65 -21 7.4 784 17.3 2.5 

MW-11 02/13/2017 <1 101 6.9 813 16.4 2.9 

MW-11 05/18/2017 <1 94 7.0 771 19.6 <1 

MW-11 07/18/2017 <1 35 7.0 809 19.4 2.1 

MW-11 11/06/2017 0 248 7.0 952 15.5 0 

MW-11 05/31/2018 <1 77 6.8 1088 17.4 9.8 

MW-11 08/28/2018 1.25 31 6.8 884 17.8 2.6 

MW-11 11/08/2018 -- -- 6.9 948 16.3 -- 

MW-11 02/14/2019 1.16 106 7.1 994 13.6 <1 

MW-11 05/14/2019 -- -- 6.8 1120 13.5 -- 

MW-11 08/21/2019 <1 147 6.7 1150 17.2 1.6 

MW-11 11/13/2019 -- -- 6.8 1180 16.1 -- 

MW-11 02/11/2020 <1 61 6.9 1080 13.0 2 

MW-11 05/12/2020 -- -- 7.0 979 13.1 -- 

MW-11 08/26/2020 1.00 63 6.9 967 16.8 2.1 

MW-11 12/02/2020 -- -- 6.8 977 14.9 -- 

MW-11 03/30/2021 1.61 109 6.9 1010 14.1 2.4 

MW-11 06/09/2021 -- -- 6.6 1070 14.7 -- 

MW-11 09/01/2021 0.44 72 6.7 1030 17.2 3.6 

MW-12 12/15/2015 <1 40 6.9 1080 15.1 3.7 

MW-12 02/29/2016 <1 18 6.8 1130 13.8 27 

MW-12 05/16/2016 <1 -19 7.0 1030 13.1 17.6 

MW-12 08/22/2016 <1 -77 7.2 1370 17.0 13.1 

MW-12 11/15/2016 <1 -97 7.2 1080 14.9 3.5 

MW-12 02/13/2017 <1 5 6.7 1300 14.5 18.5 

MW-12 05/18/2017 <1 19 6.7 1120 15.7 9.3 

MW-12 07/18/2017 <1 -81 6.9 1280 18.4 15.2 

MW-12 11/06/2017 0 160 7.1 1450 15.7 6.9 

MW-12 05/31/2018 <1 40 6.6 1648 14.3 9.7 

MW-12 08/28/2018 <1 -53 6.7 1480 17.3 9.9 

MW-12 11/08/2018 -- -- 7.0 1610 15.4 -- 

MW-12 02/14/2019 <1 -34 6.9 1630 12.6 42.3 

MW-12 05/14/2019 -- -- 6.5 1580 11.8 -- 

MW-12 08/20/2019 <1 42 6.4 1750 16.2 1.4 

MW-12 11/13/2019 -- -- 6.7 1740 14.5 -- 

MW-12 02/11/2020 <1 -10 6.6 1520 12.4 24 

MW-12 05/12/2020 -- -- 6.8 1350 12.5 -- 

MW-12 08/26/2020 1.00 -28 6.6 1480 15.7 7.8 

MW-12 12/02/2020 -- -- 6.7 1500 14.8 -- 

MW-12 03/30/2021 <1 28 6.5 1410 11.8 5.3 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-12 06/10/2021 -- -- 6.6 1550 13.2 -- 

MW-12 09/01/2021 0.29 -64 6.7 1460 15.8 9.6 

MW-12D 02/25/2021 0.16 12.4 7.2 1207 9.0 27.1 

MW-12D 03/16/2021 0.13 -20.2 7.3 1134 13.4 0 

MW-12D 04/06/2021 0.17 6 6.7 1160 14.0 114 

MW-12D 05/20/2021 0.21 -99 7.2 1270 14.3 18 

MW-12D 06/10/2021 0.44 -72 7.1 1210 14.7 9.3 

MW-12D 07/02/2021 0.45 61 9.9 1330 14.8 8 

MW-12D 07/23/2021 1.23 -74 7.1 1290 18.1 19 

MW-12D 08/11/2021 1.06 -73 7.2 1090 17.8 7.9 

MW-12S 02/25/2021 4.95 10.6 6.8 805.1 3.6 0 

MW-12S 03/16/2021 3.00 27.3 6.8 926 8.0 0 

MW-12S 04/06/2021 0.23 -24 6.2 1188 10.9 0 

MW-12S 05/20/2021 0.46 -21 6.5 908 14.0 4.6 

MW-12S 06/10/2021 0.78 145 6.5 1260 15.6 <1 

MW-12S 07/02/2021 0.53 -20 6.4 1190 18.4 <1 

MW-12S 07/23/2021 0.48 -107 6.5 1370 19.1 1 

MW-12S 08/11/2021 0.62 -89 6.6 1040 20.0 7.9 

MW-2 06/16/2015 -- -- 7.5 684 -- -- 

MW-2 12/15/2015 <1 -5 7.1 635 14.7 65.4 

MW-2 02/29/2016 2.23 78 7.2 571 12.7 10.8 

MW-2 05/16/2016 <1 4 7.4 546 13.0 30.5 

MW-2 08/22/2016 <1 34 7.4 680 18.8 4.5 

MW-2 11/15/2016 <1 -49 7.5 614 14.6 9.8 

MW-2 02/13/2017 2.09 143 7.2 658 13.8 1.9 

MW-2 05/18/2017 2.86 62 7.2 690 14.7 <1 

MW-2 07/18/2017 <1 -23 7.3 646 17.0 6 

MW-2 11/06/2017 0 207 7.1 700 15.3 7.2 

MW-2 05/31/2018 <1 44 7.0 843 15.0 23.2 

MW-2 08/28/2018 2.41 -38 6.8 647 18.9 13.2 

MW-2 11/08/2018 -- -- 6.9 725 14.9 -- 

MW-2 02/14/2019 4.64 76 7.4 714 10.6 27.6 

MW-2 05/14/2019 -- -- 7.2 820 12.8 -- 

MW-2 08/20/2019 <1 2 7.1 820 15.0 5 

MW-2 11/13/2019 -- -- 7.3 846 11.6 -- 

MW-2 02/11/2020 4.82 103 7.3 785 11.4 9.1 

MW-2 05/12/2020 -- -- 7.4 714 12.0 -- 

MW-2 08/26/2020 1.00 77 7.3 717 16.0 6.9 

MW-2 12/02/2020 -- -- 7.3 717 14.2 -- 

MW-2 02/24/2021 1.80 38.9 7.2 837.4 10.5 61.5 

MW-2 03/15/2021 0.76 15.6 7.3 762.2 11.0 211 

MW-2 03/30/2021 <1 86 7.1 784 11.5 9.9 

MW-2 04/05/2021 1.01 68.7 6.7 722.3 15.8 75.1 

MW-2 05/19/2021 0.22 -73 7.0 778 12.6 10 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-2 06/10/2021 0.40 -63 7.0 780 13.5 9.8 

MW-2 07/01/2021 0.60 62 6.5 843 13.4 9.8 

MW-2 07/22/2021 1.30 124 6.6 809 14.2 7.2 

MW-2 08/10/2021 1.18 102 6.9 751 19.5 21 

MW-2 09/01/2021 0.37 -41 7.0 726 15.8 25 

MW-20 02/26/2021 2.97 173 7.2 1012 8.6 3.11 

MW-20 03/16/2021 0.89 70.8 7.1 920.7 11.2 0 

MW-20 04/06/2021 0.57 71.3 6.5 922.3 12.7 0 

MW-20 05/18/2021 0.52 107 6.9 1430 14.6 9.4 

MW-20 06/09/2021 0.72 -118 6.8 1060 18.1 8.6 

MW-20 07/01/2021 0.57 -93 6.9 1040 17.1 7.5 

MW-20 07/22/2021 1.26 -93 6.9 1100 22.4 8.7 

MW-20 08/10/2021 1.05 -63 6.9 1010 21.0 9.9 

MW-20S 02/26/2021 1.84 151 6.8 1336 8.4 0.79 

MW-20S 03/16/2021 1.16 114 6.9 1292 9.1 0 

MW-20S 04/06/2021 0.54 162 6.3 1300 11.2 0 

MW-20S 05/19/2021 0.50 77 6.5 1400 14.8 9.8 

MW-20S 06/09/2021 0.70 58 6.4 1480 14.7 7.3 

MW-20S 07/01/2021 0.48 83 6.5 1530 16.8 3.8 

MW-20S 07/22/2021 0.84 81 6.5 1570 18.8 1.3 

MW-20S 08/10/2021 0.10 73 6.6 1360 19.9 5.1 

MW-22 02/26/2021 2.62 177 7.0 881.7 9.7 41 

MW-22 03/17/2021 1.41 80.3 7.0 851.5 10.2 261 

MW-22 04/07/2021 0.59 133 6.5 423.9 14.1 0 

MW-22 05/18/2021 0.35 -36 6.9 1170 12.7 8.8 

MW-23 02/26/2021 1.38 182 6.9 1074 12.2 1.86 

MW-23 03/18/2021 0.92 220 6.7 1058 11.9 14.7 

MW-23 04/06/2021 1.02 104 6.6 1007 16.7 0 

MW-23 05/19/2021 1.68 429 6.6 1030 15.3 9.7 

MW-23 06/09/2021 1.12 141 6.4 1060 15.1 <1 

MW-23 07/01/2021 0.73 112 6.5 1130 15.6 1.2 

MW-23 07/22/2021 0.91 120 6.5 1080 16.3 1 

MW-23 08/10/2021 0.89 106 6.6 998 19.1 <1 

MW-24 03/01/2021 4.11 471 6.6 937 13.7 25.9 

MW-24 03/18/2021 3.76 555 6.4 1088 12.8 246 

MW-24 04/07/2021 3.98 487 6.0 1112 17.4 0 

MW-24 05/19/2021 4.20 373 6.4 1110 18.0 7.6 

MW-25 02/25/2021 3.33 118 6.7 732.5 10.5 973 

MW-25 03/17/2021 1.21 29 6.6 645.3 11.4 0 

MW-25 04/07/2021 1.10 69.3 6.2 662.2 14.7 146 

MW-25 05/21/2021 0.40 -65 6.3 777 15.8 34 

MW-25 08/11/2021 0.76 -98 6.5 679 19.7 36 

MW-26 02/25/2021 2.36 11.8 6.7 1133 10.0 91.7 

MW-26 03/17/2021 1.99 20 6.7 1095 8.8 47.2 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-26 04/06/2021 0.25 -68.9 6.4 979 14.5 0 

MW-26 05/21/2021 0.92 -110 6.4 1290 16.8 8.4 

MW-27 02/24/2021 4.66 120 7.0 1035 11.6 66.7 

MW-27 03/16/2021 3.71 115 6.9 1331 10.3 2370 

MW-27 04/06/2021 0.86 18.6 6.4 1386 15.2 0 

MW-27 05/21/2021 0.51 -180 6.8 1680 16.0 68 

MW-27 06/10/2021 0.48 -145 6.6 1560 14.1 28 

MW-27 07/02/2021 0.66 -83 6.7 1760 14.4 180 

MW-27 07/23/2021 4.54 44 6.6 1710 14.9 620 

MW-27 08/11/2021 2.96 -42 6.6 1420 15.8 150 

MW-28 02/24/2021 0.45 89 6.9 2305 11.8 0 

MW-28 03/16/2021 0.22 15.6 7.0 1484 11.8 0 

MW-28 04/07/2021 0.41 65.2 6.3 2138 15.2 0 

MW-28 05/18/2021 0.28 -59 6.5 2840 12.9 <1 

MW-28 06/10/2021 0.76 -6 6.6 2200 15.3 <1 

MW-28 07/02/2021 0.43 47 6.7 2360 14.3 <1 

MW-28 07/23/2021 0.42 4 6.6 2230 14.9 1 

MW-28 08/11/2021 1.39 -50 6.8 1910 20.5 2.7 

MW-29 02/25/2021 0.15 106 6.7 1338 10.7 0 

MW-29 03/16/2021 0.19 76.3 6.9 1224 12.2 0 

MW-29 04/06/2021 0.22 103 6.2 1065 13.1 0 

MW-29 05/21/2021 1.21 48 6.6 1400 15.9 1.5 

MW-29 06/10/2021 0.51 29 6.6 1280 13.6 <1 

MW-29 07/02/2021 0.48 28 6.6 1410 13.8 <1 

MW-29 07/23/2021 0.47 47 6.7 1360 14.7 <1 

MW-29 08/11/2021 0.60 -4 6.7 1160 16.2 <1 

MW-3 06/16/2015 -- -- 7.1 902 -- -- 

MW-3 12/15/2015 -- -- 7.0 785 15.5 -- 

MW-3 05/16/2016 -- -- 7.1 712 12.6 -- 

MW-3 11/15/2016 -- -- 7.3 771 -- -- 

MW-3 05/18/2017 -- -- 6.7 793 13.7 -- 

MW-3 11/06/2017 -- -- 7.1 871 15.2 -- 

MW-3 05/31/2018 -- -- 6.8 1035 15.4 -- 

MW-3 11/08/2018 -- -- 7.0 860 14.3 -- 

MW-3 05/14/2019 -- -- 6.7 1020 12.4 -- 

MW-3 11/13/2019 -- -- 6.8 1110 13.8 -- 

MW-3 05/12/2020 -- -- 6.9 936 12.3 -- 

MW-3 12/02/2020 -- -- 6.8 924 14.5 -- 

MW-3 02/25/2021 0.34 78.3 6.8 1087 12.2 16.8 

MW-3 03/16/2021 0.32 208 6.7 1010 11.4 0 

MW-3 04/05/2021 0.29 146 6.4 954.4 12.7 0 

MW-3 05/18/2021 0.86 46 6.7 1400 13.8 <1 

MW-3 06/09/2021 0.32 54 6.5 1030 13.2 <1 

MW-3 07/01/2021 0.53 99 6.6 1090 14.3 <1 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-3 07/22/2021 0.77 89 6.7 1030 19.2 <1 

MW-3 08/10/2021 0.77 91 6.7 947 20.3 <1 

MW-30 02/25/2021 0.94 -31.6 6.6 1212 14.6 11.6 

MW-30 03/17/2021 0.34 -33.5 6.6 889.5 12.8 47.8 

MW-30 04/07/2021 1.59 28.9 6.2 1113 15.9 0 

MW-30 05/20/2021 0.44 -68 6.4 1310 15.7 10 

MW-30 06/09/2021 0.48 -90 6.4 1260 15.4 10 

MW-30 07/01/2021 0.90 -77 6.5 1360 17.2 9.8 

MW-30 07/22/2021 0.62 -79 6.4 1270 15.5 4.6 

MW-30 08/10/2021 0.88 -79 6.6 1150 18.1 2.6 

MW-31 02/24/2021 0.55 -42.1 6.8 1015 13.3 0 

MW-31 03/17/2021 0.38 -30.5 6.7 1136 11.9 0 

MW-31 04/07/2021 0.39 -9.9 6.2 968.6 14.9 0 

MW-31 05/20/2021 0.80 -76 6.5 1200 15.1 8.5 

MW-31 06/09/2021 0.83 -92 6.4 1160 15.9 10 

MW-31 07/01/2021 0.69 -89 6.6 1240 15.9 9.8 

MW-31 07/22/2021 0.87 -77 6.5 1170 15.7 10 

MW-31 08/10/2021 0.80 -70 6.6 1090 18.1 1 

MW-31S 02/24/2021 0.48 -60.5 6.6 1320 14.2 21.5 

MW-31S 03/17/2021 0.89 -8.3 6.7 1384 10.4 67.7 

MW-31S 04/06/2021 1.30 17.4 6.3 1147 18.7 0 

MW-31S 05/20/2021 0.73 -102 6.4 1330 16.3 36 

MW-31S 06/10/2021 3.25 -102 6.4 1360 17.0 37 

MW-31S 07/01/2021 4.15 -48 6.5 1460 16.8 21 

MW-31S 07/23/2021 5.66 -9 6.8 1420 15.9 320 

MW-31S 08/10/2021 6.88 -122 6.6 1180 15.5 160 

MW-32 02/25/2021 0.35 -50.4 6.6 1678 15.4 0 

MW-32 03/17/2021 0.36 34.7 6.4 1641 13.4 0 

MW-32 04/07/2021 0.53 63.8 6.0 1581 17.8 0 

MW-32 05/19/2021 0.86 -40 6.3 1550 15.8 1 

MW-32 06/09/2021 1.22 -7 6.2 1660 16.2 <1 

MW-32 07/01/2021 1.30 51 6.4 1760 16.4 3.4 

MW-32 07/22/2021 2.13 35 6.5 1690 19.9 1 

MW-32 08/10/2021 0.93 20 6.5 1550 18.1 <1 

MW-4 06/16/2015 -- -- 7.3 727 -- -- 

MW-4 12/15/2015 -- -- 6.9 654 15.7 -- 

MW-4 05/16/2016 -- -- 7.1 593 12.6 -- 

MW-4 11/15/2016 -- -- 7.3 646 -- -- 

MW-4 05/18/2017 -- -- 6.8 693 13.7 -- 

MW-4 11/06/2017 -- -- 7.1 775 15.9 -- 

MW-4 05/31/2018 -- -- 6.8 904 15.2 -- 

MW-4 11/08/2018 -- -- 7.0 769 15.3 -- 

MW-4 05/14/2019 -- -- 6.7 921 12.9 -- 

MW-4 11/13/2019 -- -- 6.9 969 14.2 -- 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-4 05/12/2020 -- -- 7.0 793 12.4 -- 

MW-4 12/02/2020 -- -- 7.2 787 14.6 -- 

MW-4 02/25/2021 0.11 -80.2 6.9 912.9 12.1 0 

MW-4 03/16/2021 0.14 -36.1 6.9 864.4 11.7 0 

MW-4 04/06/2021 0.19 -9.5 6.4 845.3 13.0 0 

MW-4 05/19/2021 0.30 -139 6.6 876 13.4 <1 

MW-4 06/09/2021 -- -- 6.6 889 14.5 -- 

MW-5 06/16/2015 -- -- 7.0 997 -- -- 

MW-5 12/15/2015 <1 76 6.6 858 14.6 9.4 

MW-5 02/29/2016 <1 83 6.6 839 15.3 1.9 

MW-5 05/16/2016 <1 71 7.0 770 14.3 <1 

MW-5 08/22/2016 <1 30 7.2 920 16.4 1 

MW-5 11/15/2016 1.16 -13 7.2 828 13.9 <1 

MW-5 02/13/2017 <1 96 6.7 878 14.9 7.5 

MW-5 05/18/2017 1.11 69 6.7 867 16.9 <1 

MW-5 07/18/2017 <1 31 6.8 897 17.4 1 

MW-5 11/06/2017 0 208 7.1 992 14.1 0 

MW-5 05/31/2018 <1 74 6.7 1194 17.4 <1 

MW-5 08/28/2018 <1 28 6.8 980 15.8 3.7 

MW-5 11/08/2018 -- -- 6.9 1070 13.6 -- 

MW-5 02/14/2019 1.90 40 7.0 1090 12.4 <1 

MW-5 05/14/2019 -- -- 6.6 1270 14.6 -- 

MW-5 08/21/2019 <1 132 6.6 1320 16.4 1.4 

MW-5 11/14/2019 -- -- 6.6 1340 12.5 -- 

MW-5 02/11/2020 <1 39 6.7 1250 13.3 1.3 

MW-5 05/12/2020 -- -- 6.8 1130 14.0 -- 

MW-5 08/26/2020 1.00 69 6.7 1100 16.3 2.1 

MW-5 12/02/2020 -- -- 6.7 1100 13.6 -- 

MW-5 03/30/2021 <1 130 6.5 1290 14.6 5.2 

MW-5 06/09/2021 -- -- 6.4 1270 15.4 -- 

MW-5 09/01/2021 2.43 42 6.6 1280 18.6 9.3 

MW-6 06/16/2015 -- -- 7.0 718 -- -- 

MW-6 12/15/2015 <1 169 6.5 722 14.8 3.3 

MW-6 02/29/2016 4.91 136 6.7 573 13.6 3.6 

MW-6 05/16/2016 3.05 165 7.0 540 12.3 2 

MW-6 08/22/2016 <1 154 6.5 719 17.2 3.7 

MW-6 11/15/2016 <1 62 6.8 732 15.2 5.8 

MW-6 02/13/2017 4.65 170 6.6 675 14.0 2 

MW-6 05/18/2017 3.63 53 6.6 590 13.9 <1 

MW-6 07/18/2017 <1 103 6.5 703 17.4 2.5 

MW-6 11/06/2017 0 218 6.7 914 16.0 0 

MW-6 05/31/2018 6.74 168 6.5 842 14.1 <1 

MW-6 08/28/2018 2.74 71 6.6 697 17.4 6.1 

MW-6 11/08/2018 -- -- 6.8 773 15.1 -- 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-6 02/15/2019 7.31 161 6.7 838 10.1 8.6 

MW-6 05/14/2019 -- -- 6.5 863 11.7 -- 

MW-6 08/21/2019 1.95 224 6.4 984 16.3 2.2 

MW-6 11/13/2019 -- -- 6.6 909 14.0 -- 

MW-6 02/11/2020 6.29 126 6.7 753 11.8 3 

MW-6 05/12/2020 -- -- 6.7 717 11.7 -- 

MW-6 08/26/2020 2.38 128 6.5 744 16.2 6.5 

MW-6 12/02/2020 -- -- 6.5 863 14.5 -- 

MW-6 03/30/2021 9.26 116 6.6 630 11.5 <1 

MW-6 06/10/2021 -- -- 6.4 727 13.1 -- 

MW-6 09/01/2021 0.28 78 6.4 841 19.1 7.3 

MW-7 06/17/2015 -- -- 7.5 692 -- -- 

MW-7 12/15/2015 3.87 142 7.1 772 14.1 <1 

MW-7 02/29/2016 7.43 139 7.3 556 11.3 1.8 

MW-7 05/16/2016 2.47 149 7.3 519 12.9 2 

MW-7 08/22/2016 <1 1 6.9 707 17.6 <1 

MW-7 11/15/2016 <1 -44 7.3 719 15.3 <1 

MW-7 02/13/2017 <1 140 7.1 799 13.5 1.7 

MW-7 05/19/2017 3.53 153 7.0 621 14.0 <1 

MW-7 07/18/2017 <1 -91 7.1 720 16.4 <1 

MW-7 11/07/2017 0 150 7.0 843 16.1 8 

MW-7 06/01/2018 <1 103 7.0 803 15.7 <1 

MW-7 08/28/2018 <1 -32 7.0 674 17.7 1.3 

MW-7 11/08/2018 -- -- 7.3 805 14.6 -- 

MW-7 02/15/2019 1.22 152 7.2 1160 6.6 <1 

MW-7 05/14/2019 -- -- 7.0 1030 11.5 -- 

MW-7 08/21/2019 <1 -112 6.7 1140 17.6 3.6 

MW-7 11/13/2019 -- -- 7.1 952 14.7 -- 

MW-7 02/11/2020 3.08 113 7.2 843 9.3 2.6 

MW-7 05/12/2020 -- -- 7.2 719 11.5 -- 

MW-7 08/26/2020 1.00 23 7.1 748 17.4 3.9 

MW-7 12/02/2020 -- -- 7.0 914 14.4 -- 

MW-7 03/30/2021 1.46 113 7.1 773 11.7 1.8 

MW-7 06/10/2021 -- -- 6.8 820 13.1 -- 

MW-7 09/01/2021 0.59 107 6.6 1550 20.5 15 

MW-7S 02/24/2021 0.28 -28.8 6.8 1686 11.8 3.06 

MW-7S 03/16/2021 0.27 -21.6 6.8 1536 11.0 0 

MW-7S 04/06/2021 1.64 63 6.2 1418 14.9 0 

MW-7S 05/21/2021 0.44 -111 6.5 1590 13.5 2.6 

MW-7S 06/10/2021 4.30 -130 6.8 1620 14.4 790 

MW-7S 07/02/2021 0.50 -84 6.6 1860 15.5 7.8 

MW-7S 07/23/2021 4.64 -19 6.7 1820 17.4 190 

MW-7S 08/11/2021 5.63 -62 6.8 1540 18.0 91 

MW-8 06/17/2015 -- -- 7.0 1085 -- -- 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

MW-8 12/15/2015 <1 124 6.6 959 15.3 2 

MW-8 02/29/2016 <1 220 6.6 932 14.4 1.3 

MW-8 05/16/2016 <1 150 6.8 858 13.5 <1 

MW-8 08/22/2016 <1 78 6.5 1040 15.4 <1 

MW-8 11/15/2016 <1 42 7.0 951 14.4 <1 

MW-8 02/13/2017 <1 154 6.6 1000 15.5 <1 

MW-8 05/19/2017 1.95 138 6.6 935 14.9 <1 

MW-8 07/18/2017 <1 50 6.8 978 16.8 <1 

MW-8 11/07/2017 0 206 6.9 1120 15.3 2.5 

MW-8 06/01/2018 <1 153 6.6 1280 16.2 <1 

MW-8 08/28/2018 1.25 63 6.6 1030 16.5 1 

MW-8 11/08/2018 -- -- 6.9 1130 15.0 -- 

MW-8 02/14/2019 <1 100 6.9 1260 12.8 <1 

MW-8 05/14/2019 -- -- 6.5 1370 12.8 -- 

MW-8 08/21/2019 <1 74 6.5 1410 15.1 1.6 

MW-8 11/14/2019 -- -- 6.6 1420 14.6 -- 

MW-8 02/11/2020 <1 129 6.7 1380 13.3 1.6 

MW-8 05/12/2020 -- -- 6.7 1180 12.8 -- 

MW-8 08/26/2020 1.00 100 6.7 1160 15.1 1.7 

MW-8 12/02/2020 -- -- 6.6 1170 14.9 -- 

MW-8 03/30/2021 <1 103 6.6 1250 12.9 <1 

MW-8 06/10/2021 -- -- 6.3 1280 14.8 -- 

MW-8 09/01/2021 0.29 98 6.5 1160 15.0 4.8 

MW-8S 02/24/2021 5.53 36.1 6.8 1696 9.3 25.2 

MW-8S 03/17/2021 4.15 31.3 6.8 1393 8.1 260 

MW-8S 04/06/2021 6.46 121 6.7 1661 26.3 0 

MW-8S 05/21/2021 2.99 78 6.4 1950 18.9 19 

MW-9 06/17/2015 -- -- 7.4 463 -- -- 

MW-9 12/14/2015 -- -- 7.0 617 13.9 -- 

MW-9 05/16/2016 -- -- 7.2 304 12.0 -- 

MW-9 11/15/2016 -- -- 7.5 452 -- -- 

MW-9 05/19/2017 -- -- 6.9 435 12.3 -- 

MW-9 11/07/2017 -- -- 7.2 607 14.8 -- 

MW-9 06/01/2018 -- -- 6.9 489 14.0 -- 

MW-9 11/08/2018 -- -- 7.2 618 15.0 -- 

MW-9 05/14/2019 -- -- 7.0 526 11.6 -- 

MW-9 11/14/2019 -- -- 7.0 549 15.1 -- 

MW-9 05/12/2020 -- -- 7.1 419 11.5 -- 

MW-9 12/02/2020 -- -- 6.9 582 14.3 -- 

MW-9 06/10/2021 -- -- 6.8 434 12.5 -- 

PZ-4C 02/25/2021 5.66 113 7.4 1007 9.9 26.8 

PZ-4C 03/16/2021 1.86 10 7.0 930.8 9.5 61.4 

PZ-4C 04/05/2021 1.03 44.1 6.4 858.1 17.2 0 

PZ-4C 05/20/2021 0.28 -57 6.5 1050 19.3 9 



TABLE 4-2. GROUNDWATER FIELD PARAMETERS 
HYDROGEOLOGIC SITE CHARACTERIZATION REPORT 
KINCAID POWER PLANT 
ASH POND 
KINCAID, ILLINOIS 
 

Sample 
Location 

Sample 
Date 

Dissolved Oxygen 
(mg/L) 

Oxidation Reduction 
Potential (mV) 

pH (field) 
(SU) 

Specific Conductance 
(micromhos/cm) 

Temperature (deg. 
C) 

Turbidity 
(NTU) 

PZ-4C 06/10/2021 0.34 -118 6.7 994 20.9 43 

PZ-4C 07/02/2021 8.96 -3 6.7 964 15.4 650 

PZ-4C 07/23/2021 0.41 -93 6.7 1060 16.7 25 

PZ-4C 08/11/2021 0.45 -231 6.8 886 18.1 210 

Notes: 
Field readings are reported with as many significant figures as provided by analytical laboratory. 
-- = data not available 
cm = centimeter 
deg. C = degrees Celsius 
mg/L = milligrams per liter 
mV = millivolts 
NTU = nephelometric turbidity units 
SU = standard units 
generated 10/05/2021, 3:58:28 PM CDT 
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NOTES
1. This profile was developed by interpolation

between widely spaced boreholes.  Only at the
borehole location should it be considered as an
approximately accurate representation and then
only to the degree implied by the notes on the
borehole logs.

2. Scale is approximate.
3. Vertical scale is exaggerated 10X.
4. Vertical Datum: NAVD88
5. Groundwater elevations measured on July

22-23, 2021.
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NOTES
1. This profile was developed by interpolation

between widely spaced boreholes.  Only at the
borehole location should it be considered as an
approximately accurate representation and then
only to the degree implied by the notes on the
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2. Scale is approximate.
3. Vertical scale is exaggerated 10X.
4. Vertical Datum: NAVD88
5. Groundwater elevations measured on July

22-23, 2021.



650

550

3,000

C
(WEST)

0 4,0002,0001,000

600

500

ASH POND
XPW01

C'
(EAST)

INTAKE FLUME MW-3MW-25

BEDROCK
CONFINING
UNIT

LOWER CONFINING UNIT

MW-8S

MW-8

MW-9

UPPERMOST AQUIFER UPPER SEMI-CONFINING UNIT

SANGCHRIS LAKE

A

C

ASH POND

MW-22

D

E B

A'

MW-5

MW-3

MW-30 MW-32

XPW02

MW-20

MW-9

MW-8

MW-31

XPW03

XPW01

MW-26

MW-12D

MW-25

MW-11

C'

MW-11S

D'

MW-2

MW4

B'

E'

XPW04

PR
O

JE
C

T:
 1

94
01

00
80

6 
 D

AT
ED

: 1
0/

6/
20

21
 8

:5
1 

AM
  D

ES
IG

N
ER

: E
N

G
EL

H
SA

\\r
am

bo
ll.

sh
ar

ep
oi

nt
.c

om
@

SS
L\

D
av

W
W

W
R

oo
t\s

ite
s\

vi
st

ra
\S

ha
re

d 
D

oc
um

en
ts

\-C
C

R
 G

W
\D

el
iv

er
ab

le
s\

Pa
rt 

84
5 

O
pe

ra
tin

g 
Pe

rm
its

\S
ite

s\
Ki

nc
ai

d\
H

yd
ro

ge
o\

Fi
gu

re
s\

EV
S\

w
or

ki
ng

 fi
le

s\
C

AD
\C

ro
ss

 S
ec

tio
ns

\K
in

ca
id

 C
ro

ss
 S

ec
tio

ns
.d

w
g

RAMBOLL AMERICAS
ENGINEERING SOLUTIONS, INC.

KINCAID, ILLINOIS
KINCAID POWER PLANT

FIGURE 2-9
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NOTES
1. This profile was developed by interpolation

between widely spaced boreholes.  Only at the
borehole location should it be considered as an
approximately accurate representation and then
only to the degree implied by the notes on the
borehole logs.

2. Scale is approximate.
3. Vertical scale is exaggerated 10X.
4. Vertical Datum: NAVD88
5. Groundwater elevations measured on July

22-23, 2021.
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FIGURE 2-10

ASH POND

GEOLOGIC CROSS SECTION
D-D'

0
400'

40'

HYDROGEOLOGIC SITE CHARACTERIZATION REPORT

LEGEND
COAL COMBUSTION RESIDUALS, CCRs
FILL
CLAY (CL/CH)
SILT (ML)
SAND (SP/SM/SW)
BEDROCK / WEATHERED BEDROCK (INTERBEDDED

SHALE, LIMESTONE, SANDSTONE, V. LITTLE SS)

WELL SCREEN INTERVAL
UPPERMOST AQUIFER POTENTIOMETRIC  SURFACE
UPPER AQUIFER GROUNDWATER ELEVATION
POREWATER ELEVATION
BEDROCK GROUNDWATER / OTHER GROUNDWATER /
SURFACE WATER ELEVATION(S)
SURFACE WATER

NOTES
1. This profile was developed by interpolation

between widely spaced boreholes.  Only at the
borehole location should it be considered as an
approximately accurate representation and then
only to the degree implied by the notes on the
borehole logs.

2. Scale is approximate.
3. Vertical scale is exaggerated 10X.
4. Vertical Datum: NAVD88
5. Groundwater elevations measured on July

22-23, 2021.
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FIGURE 2-11
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NOTES
1. This profile was developed by interpolation

between widely spaced boreholes.  Only at the
borehole location should it be considered as an
approximately accurate representation and then
only to the degree implied by the notes on the
borehole logs.

2. Scale is approximate.
3. Vertical scale is exaggerated 10X.
4. Vertical Datum: NAVD88
5. Groundwater elevations measured on July

22-23, 2021.
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APPENDICES 



 

APPENDIX A 
HISTORIC PLAT OF SURVEY MAP (1966) 
 





APPENDIX B 
INFORMATION PERTINENT TO 35 I.A.C. § 845.220(A)(3) 



SUMMARY OF POTENTIAL RECEPTORS WITHIN 1,000 METERS 
DESKTOP STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

Category

Number of 
Receptors Identified
Within 1,000 Meters

Number of 
Receptors Identified 
Downgradient of Unit Notes

Wells 9 2
Surface Water Features 21 9
Historic Sites 1 1
Natural Sites - ---
Threatened or Endangered Species 5 5 Data provided only at county level
Mines 2 --- Mines identified are located beneath unit
Oil Sites 2 2 Dry/ Plugged Units

[O: LTA 04/08/21; C: LDC 09/15/21]
Notes:

--- = none

1 of 1



MINING ACTIVITIES 



ACTIVE AND ABANDONED COAL MINES
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MINES WITHIN 1,000 METERS 
DESKTOP STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

Mine ID Mine Name

Distance 
from Unit 
(meters)

Physical 
Orientation 

to Unit

Hydraulic 
Orientation 

to Unit Range of Active Dates Mine Type
Coal Unit

 Mined
Mine Depth 
Top (ft BGS)

Mine Depth
Bottom (ft BGS)

Final Extent 
Map Available

0220 Peabody No. 8 Mine 244 Below and surrounding Downgradient 1914-1954 Main Shaft/Air Shaft Herrin -- 370 Yes
0693 Peabody No. 10 Mine 0 Below and surrounding Upgradient 1951-1994 Main Slopt/Air Shaft Herrin 300 380 Yes

[O: LTA 04/08/21; C: LDC 09/15/21]
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WATER WELL SURVEY 



DRINKING WATER INTAKES, PUMPS, AND OTHER WATER USES
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WELLS WITHIN 1,000 METERS 
DESKTOP STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

Well Number
Date

Constructed

Ground 
Elevation 

(ft NAVD88)

Screen 
Top Depth
(FT BGS)

Screen 
Bottom Depth 

(ft BGS)
Screen 

Length (ft)

Screen 
Diameter 
(inches)

Well Depth 
(ft BGS)

Total Boring 
Depth 

(ft BGS)
Latitude 

(DD)
Longitude 

(DD)

Hydraulic 
Position 

Designation 
(B/Sd/U/D) Notes

120210003900 12/31/1911 --- --- --- --- --- --- 310 39.601681 -89.495745 D coal test, Herrin Coal #6
120210052100 4/1/1956 590 --- --- --- --- --- 1933 --- --- --- dry and abandoned
120210070900 12/1/1954 606 --- --- --- --- --- 1914 --- --- --- dry and abandoned
120210245500 7/1/1964 --- --- --- --- --- 25 28 39.59156 -89.479955 --- engineering test
120212289800 4/1/1975 --- 11 47 36 36 47 47 39.605548 -89.492034 D municipal water well
120212346200 3/4/1980 --- 10 30 20 30 30 30 39.590652 -89.483559 --- water well, commercial
120212449100 11/1/1996 --- --- --- --- --- --- 21 39.590657 -89.478728 --- test hole
120212464000 02/08/1996 --- 12 35 23 36 50 50 39.547152 -89.447541 --- private water well
120212464200 2/14/1996 --- 11 62 51 36 68 68 39.595172 -89.489659 --- private water well

[O: LTA 04/08/21; C: LDC 09/15/21]

Notes:
--- = no data
B = background
BGS = below ground surface
D = downgradient
DD = decimal degrees
ft = foot/feet
LCU = lower confining unit
Sd= Sidegradient
U = upgradient
NAVD88 = North American Vertical Datum of 1988, GEOID 12A

1 of 1



COUNTY Christian 1 - 13N - 4W

FARM

January 1, 1912DATE DRILLED

Bottom

ownerCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top
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1
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ILLINOIS STATE GEOLOGICAL SURVEY2Page

Total Depth  310

Driller's Log filed 

1 - 13N - 4W

owner

Christian
8Whitecraft, Mrs.

COUNTY

Location source: Location from the driller

sandstone

slate, black

limestone

slate, black

coal (6)

fireclay, very soft

278

287

289

298

299

306

287

289

298

299

306

310

120210003900API

Herrin Coal #6 299 306

  , Owner Address:



API#120210052100COUNTY CHRISTIAN 7-13N-3W

FARM

April 1, 1956DATE DRILLED 

Bottom

Wirth, Edward LeeCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

Bryant

1

590'ELEVATION

LOCATION

1

Page

COUNTY NO.

NO.

00521

275'N line, 321'W line of section

KB

March 23, 1956 958Permit #:Permit Date:

Total Depth

 834
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 1422
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 817

Ste Genevieve  

Rosiclare  

Fredonia  

Osage  

Keokuk  

Chouteau  

Kinderhook  

Rockford  

New Albany  

Devonian  

Silurian  

Aux Vases  

 1933

AUTHORITY

Electric Log filed.

Drilling Time Log filed.

Survey Core Study filed.

Dry and abandoned.

Core # 3332 

Sample set # 26587 

1844'- 1874'Silurian

1844'- 1874'Devonian

110'- 1930'

Imaged Log viewing help:  New users please read this.

Induction Electric LogGET FILE 

Plugged March 2, 1956.

Get Scout Check Ticket for this well. 

Reference #:803578

Get Scanned Documents for this well. 

Get Handwritten Scout Ticket for this well. 

Get Scanned Drilling Time Log. 



Bottom

ILLINOIS STATE GEOLOGICAL SURVEY

Top

2Page

7-13N-3W

Wirth, Edward Lee

CHRISTIAN

#1Bryant

COUNTY 120210052100API#



API#120210070900COUNTY CHRISTIAN 2-13N-4W

FARM

December 1, 1954DATE DRILLED 

Bottom

Heath, B. M. etalCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

Kavanaugh Trust

1

606'ELEVATION

LOCATION

1

Page

COUNTY NO.

NO.

00709

330'S line, 990'W line of NE

DF

December 16, 1954 288Permit #:Permit Date:

Total Depth

 71

 743

 795

 804

 835

 850

 882

 1148

 1354

 1616

 1632

 1760

 1826

 743

 795

 804

 824

 850

 882

 1148

 1354

 1616

 1632

 1760

 1826

 1914

Pennsylvanian  

Paint Creek  

Renault  

Aux Vases  

Ste Genevieve  

Rosiclare  

Fredonia  

Osage  

Keokuk  

Chouteau  

Kinderhook  

New Albany  

Silurian  

 1914

AUTHORITY

Electric Log filed.

Drilling Time Log filed.

Survey Core Study filed.

Dry and abandoned.

Core # 3192 

Sample set # 25281 

1828'- 1853'Silurian

100'- 1915'

Imaged Log viewing help:  New users please read this.

Induction Electric LogGET FILE 

Plugged December 23, 1954.

Get Scout Check Ticket for this well. 

Reference #:803638

Get Scanned Documents for this well. 

Get Handwritten Scout Ticket for this well. 



Bottom

ILLINOIS STATE GEOLOGICAL SURVEY

Top

2Page

2-13N-4W

Heath, B. M. etal

CHRISTIAN

#1Kavanaugh Trust

COUNTY 120210070900API#

Get Scanned Drilling Time Log. 



COUNTY Christian 12 - 13N - 4W

FARM

July 1, 1964DATE DRILLED

Bottom

ownerCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

SBI 104

1

587GLELEVATION

LOCATION

1

Page

COUNTY NO.

NO.

02455

Permit Date:

Total Depth  28

Engineering Test

Location source: Location from the driller

Permit #:

red-brown silty clay (medium)

gray-brown silty clay (stiff)

black silty clay loam (medium)

gray-brown silty clay till (hard)

brown silt (very dense)(medium)

gry-brn sty cl till (vy dns)anglr lyrs

0

7

9

18

22

24

7

9

18

22

24

28

LATITUDE LONGITUDE -89.47995539.59156

120210245500API

SE NE

  , Owner Address:



COUNTY Christian 1 - 13N - 4W

FARM

April 1, 1975DATE DRILLED

Bottom

ownerCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

SangChris State Park

1

0ELEVATION

LOCATION

1-1975

Page

COUNTY NO.

NO.

22898

October 29, 1974 34214Permit Date:

Total Depth

Casing:

 47

Driller's Log filed 

6" 40# STEEL PIPE from -1' to 11'
36" CONCRETE PIPE from 11' to 46'
38" CONCRETE PIPE from 44' to 47'

Water from drift at 11' to 47'.
Static level 4'  below casing top which is 1' above GL
Pumping level 23'  when pumping at 5 gpm for 3 hours 

Sample set # 60180 (0' - 50')  Received: February 10, 1976

FALSE

ST.of Ill. Dept.of Conser

Add'l loc. info:

Location source: Location from permit

Permit #:

SS#60180

top soil, black

yellow clay

yellow sand & gravel, little water

gray sandy clay

brown shale soft

brown clay

rock at

0

0

2

15

17

36

42

47

0

2

15

17

36

42

47

47

LATITUDE LONGITUDE -89.49203439.605548

120212289800API

2315'N line, 1390'W line of NW

Municipal Water Supply

  , Owner Address:



COUNTY Christian 12 - 13N - 4W

FARM

March 4, 1980DATE DRILLED

Bottom

Erwin, James RayCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

Commonwealth Edison

1

0ELEVATION

LOCATION

1

Page

COUNTY NO.

NO.

23462

February 27, 1980 92795Permit Date:

Total Depth

Casing:

 30

Driller's Log filed 

6" PVC SCH 40 from -2' to 10'
30" CONCRETE from 10' to 30'

Water from clay at 16' to 18'.
Static level 3'  below casing top which is 2' above GL

Sample set # 62948 (0' - 30')  Received: April 14, 1980

Location source: Platbook verified

Permit #:

top soil

light gray clay

medium gray w/yellow

dark gray w/yellow

0

1

8

18

1

8

18

30

LATITUDE LONGITUDE -89.48355939.590652

120212346200API

Water Well for Commercial Operation

SE SW NE

sub pump set at 27'Remarks:

  Kincade, ILOwner Address:



COUNTY Christian 12 - 13N - 4W

FARM

DATE DRILLED

Bottom

ownerCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

SBI 104 test

1

0ELEVATION

LOCATION

2

Page

COUNTY NO.

NO.

24491

Permit Date:

Total Depth  21

 

 

Core #C 4911 (0' - 21')  Received: November 1, 1996

FALSE

Paris District

Add'l loc. info:

Location source: Location from the driller

Permit #:

C#C4911 (0-20.5') 0 0

LATITUDE LONGITUDE -89.47872839.590657

120212449100API

Test Hole                               

SE SE NE

  , Owner Address:



COUNTY Christian 29 - 13N - 3W

FARM

February 8, 1996DATE DRILLED

Bottom

Walters, StevenCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

Braeuniger, Walter

1

0ELEVATION

LOCATION

Page

COUNTY NO.

NO.

24640

January 31, 1996Permit Date:

Total Depth

Casing:

 50

6" PLASTIC from 0' to 10'
36" CONCRETE from 0' to 50'

Water from gravelly clay-sand at 12' to 35'.

Location source: Location from permit

Permit #:

clay

sandy clay

gravelly clay

gray gravelly clay

gray sandy gravel

gray gravelly clay

0

8

12

17

34

35

8

12

17

34

35

50

LATITUDE LONGITUDE -89.44754139.547152

120212464000API

Private Water Well

SE SW NE

R.R. #2 Box #148  Pawnee, ILOwner Address:



COUNTY Christian 12 - 13N - 4W

FARM

February 14, 1996DATE DRILLED

Bottom

Reynolds Well DrillingCOMPANY

ILLINOIS STATE GEOLOGICAL SURVEY

Top

Terra International Inc.

1

0ELEVATION

LOCATION

Page

COUNTY NO.

NO.

24642

February 14, 1996Permit Date:

Total Depth

Casing:

 68

6" PVC from -1' to 11'
36" CONCRETE from 11' to 68'

Water from clay-sandstone at 11' to 62'.

Location source: Location from permit

Permit #:

black dirt

brown clay

sandy brown clay

gray clay

sand

gray clay

sand

gray clay

soft sandstone

0

2

11

16

22

23

30

31

62

2

11

16

22

23

30

31

62

68

LATITUDE LONGITUDE -89.48965939.595172

120212464200API

Private Water Well

NE NW

R.R. #2 Box #137 E  Pawnee, ILOwner Address:



SURFACE WATERS 



SURFACE WATERBODIES

ASH POND
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Sangamon River 071300070801

FIGURE B-3

RAMBOLL AMERICAS
ENGINEERING SOLUTIONS, INC.
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Service Layer Credits: Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

SANGCHRIS LAKE

KASKASKIA RIVER ELEVATION: 368.25 FT**

SURFACE WATERBODY

WATERSHED BOUNDARY (HUC 12)

PART 845 REGULATED UNIT (SUBJECT UNIT) 

1000 METER UNIT BUFFER

PROPERTY BOUNDARY

NATIONAL WETLANDS INVENTORY
FRESHWATER EMERGENT WETLAND

FRESHWATER FORESTED/SHRUB WETLAND

FRESHWATER POND

LAKE

OTHER

RIVERINE

HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
ASH POND

KINCAID POWER PLANT
KINCAID, ILLINOIS

SOURCES:
USGS, USFWS



SURFACE WATER FEATURES WITHIN 1,000 METERS 
DESKTOP STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

HUC Surface Water ID

Distance
from Unit
(meters)

Physical 
Orientation

to Unit

Hydraulic 
Orientation 

to Unit
Classification 

Code
Size

(acres)
07130007 Lake (Sangchris Lake) 27 NW, SE Downgradient L1UBHh 300.4

-- Freshwater Pond 1 30 NW Downgradient PUBGh 2.60
-- Freshwater Pond 2 335 SW Upgradient PUBGx 1.40
-- Freshwater Pond 3 305 SW Upgradient PUBGx 2.10
-- Freshwater Pond 4 146 SW Upgradient PUBGx 0.45
-- Freshwater Pond 5 91 SW Upgradient PUBGx 0.65
-- Freshwater Pond 6 91 SW Upgradient PUBGx 0.83
-- Freshwater Pond 7 152 SW Upgradient PUBGx 0.63
-- Freshwater Pond 8 183 SW Upgradient PUBGx 0.42
-- Freshwater Pond 9 213 SW Upgradient PUBGx 0.86
-- Creek (Clear Creek) 229 NW, SE Downgradient -- --
-- Freshwater Emergent Wetland 1 914 NW Downgradient PEM1Af 6.59
-- Freshwater Emergent Wetland 2 701 NW Downgradient PEM1Af 0.36
-- Freshwater Emergent Wetland 3 853 NW Downgradient PEM1Af 0.98
-- Freshwater Emergent Wetland 4 731 N Downgradient PEM1C 0.57
-- Freshwater Emergent Wetland 5 320 N Upgradient PEM1Af 0.64
-- Freshwater Emergent Wetland 6 1067 SW Upgradient PEM1Af 0.26
-- Freshwater Forested/Shrub Wetland 1 716 E Downgradient PFO1A 1.00
-- Freshwater Forested/Shrub Wetland 2 762 SE Downgradient PFO1Ah 2.99
-- Freshwater Forested/Shrub Wetland 3 823 SE Upgradient PFO1Ah 0.82
-- Riverine 792 SE Upgradient R5UBH 0.07

[O: LTA 04/08/21; C: LDC 09/15/21]
Notes:

-- = not applicable
E = east
HUC = Hydrologic Unit Code
N = north
NW = northwest
SE = southeast
SW = southwest
W = west

1 of 1



NATURE PRESERVES, HISTORIC SITES, 
ENDANGERED/THREATENED SPECIES 



NATURE PRESERVES

ASH POND
Sangchris Lake

State
Recreation Area

Sangchris Lake
State

Recreation Area

FIGURE B-4

RAMBOLL AMERICAS
ENGINEERING SOLUTIONS, INC.
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Service Layer Credits: Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

SANGCHRIS LAKE

KASKASKIA RIVER ELEVATION: 368.25 FT**

PROTECTED AREA

PART 845 REGULATED UNIT (SUBJECT UNIT) 

1000 METER UNIT BUFFER

PROPERTY BOUNDARY HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
ASH POND

KINCAID POWER PLANT
KINCAID, ILLINOIS

SOURCES:
USGS - PAD-US, USFWS



NATURAL AND HISTORIC SITES WITHIN 1,000 METERS 
DESKTOP STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

INAI/INPC Number INAI/INPC Name Category/Categories
Size 

(acres)
Distance from
 Unit (meters)

Orientation
 to Unit

-- Abraham Lincoln National Heritage Area I, III 17,053,708 0 Within
[O: LTA 04/08/21; C: LDC 09/15/21]

Notes:
-- = not applicable
INAI = Illinois Natural Areas Inventory
INPC = Illinois Nature Preserves Commission
I = High quality natural community and natural community restorations
II = Specific suitable habitat for state-listed species or state-listed species relocations
III = State dedicated Nature Preserves, Land and Water Reserves, & Natural Heritage Landmarks
IV = Outstanding geological features
V = Not used at this time
VI = Unusual concentrations of flora or fauna and high quality streams

1 of 1



CHRISTIAN COUNTY THREATENED AND ENDANGERED SPECIES DESKTOP 
STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

Scientific Name Common Name Status
Number of 
Occurances 

Last 
Observed

Bartramia longicauda Upland Sandpiper LE 1 1979-07-28
Clonophis kirtlandii Kirtland's Snake LT 4 2019-09-01
Hylotelephium telephioides American Orpine LT 1 1948-06-02
Lanius ludovicianus Loggerhead Shrike LE 1 2000-06-12
Poliocitellus franklinii Franklin's Ground Squirrel LT 1 2019-06-01

[O: LTA 04/08/21; C: LDC 09/15/21]
Notes:

-- = not provided/cannot be determined
LE = listed endangered
LT = listed threatened

1 of 1



OIL FIELDS 



OIL FIELDS WITHIN 1,000 METERS 
DESKTOP STUDY
KINCAID POWER PLANT
ASH POND
KINCAID, IL

ID Number Oil Field Name

Distance 
from Unit 
(meters)

Physical 
Orientation 

to Unit 

Hydraulic 
Orientation 

to Unit
Range of

 Active Dates Field Type
Producing 

Unit

Top Depth of
 Producing Zone

 (ft BGS)

Bottom Depth of 
Producing Zone 

(ft BGS) Notes
120210052100 Bryant 686 east Downgradient None Given - - - - Dry and Abandoned, No Shows, Plugged
120210070900 Kavanaugh Trust 808 northwest Downgradient None GIven - - - - Dry and Abandoned, No Shows, Plugged

[O: LTA 04/08/21; C: LDC 09/15/21]

Notes:
-- = not applicable
BGS = below ground surface

1 of 1



APPENDIX C 
BORING AND WELL CONSTRUCTION LOGS 



2021 Ramboll Soil Boring Logs



FIELD INVESTIGATION LOCATION MAP
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FIGURE C-1

RAMBOLL AMERICAS
ENGINEERING SOLUTIONS, INC.
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SANGCHRIS LAKE

KASKASKIA RIVER ELEVATION: 368.25 FT**

"D MONITORING WELL

"D SOURCE SAMPLE LOCATION 

@A SOIL BORING

PART 845 REGULATED UNIT (SUBJECT UNIT) 

PROPERTY BOUNDARY

HYDROGEOLOGIC SITE CHARACTERIZATION REPORT
ASH POND

KINCAID POWER PLANT
KINCAID, ILLINOIS

NOTE:
BORINGS LABELED KIN-B00X WERE INSTALLED 
IN 2015 FOR 40 C.F.R. § 257. LOCATIONS ARE 
SHOWN FOR THESE BORINGS BECAUSE 
INFORMATION WAS USED IN THE 
HYDROGEOLOGIC SITE CHARACTERIZATION.



4.5

3

1.5

1

60
60

36
26

CS = Core
Sample

1
CS

2
CS

 0 - 8' SILTY CLAY: CL/ML, dark brown (10YR3/3),
yellowish brown (10YR 5/6) mottling (5-10%), sand
(0-10%), gravel (0-5%), hard to stiff, no dilatancy to
slow dilatancy, medium to low toughness, dry to
moist.

 2.4' - 2.7' layer of silt brown (10YR 5/3), gravel
(0-5%), dry.

 5' brown (10YR 5/3), yellowish brown (10YR 5/6)
mottling (15-25%), firm to stiff, slow dilatancy, moist.

 8' End of Boring.

CL/ML

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-11S

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ

State

1/26/2021

Facility ID

Surface Elevation
1/26/2021

SOIL BORING LOG INFORMATION

Christian

MW-11S

Lat

Long

°

°

599.43 Feet (NAVD88)

'

'

"

"

Local Grid Location

Boring Number

Date Drilling Started

I hereby certify that the information on this form is true and correct to the best of my knowledge.

N, R

Final Static Water Level

4 W

License/Permit/Monitoring Number

Drilling Method

39

29

35

-89

35.214

27.9672 FeetFeet

Kincaid Power Station

/

 Feet (NAVD88) 6.0 inches

E W

Ramboll
234 W. Florida Street, Milwaukee,WI 53204

Tel:   (414) 837-3607
Fax:   (414) 837-3608

State Plane
(estimated: )   or   Boring Location

Adam Jochimsen
Cascade Drilling

Date Drilling Completed

E
W

FirmSignature

County

Mini Sonic

Local Grid Origin

IL

1/4 of 13

Borehole DiameterCommon Well Name

1/4 of Section
Civil Town/City/ or Village

12,

Facility/Project Name

N
ST

1,066,374.94 N,   2,486,959.86 E

Kincaid
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Soil/Rock Description

And Geologic Origin For

Each Major Unit
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2218.6

60
60

24
24

36
36

45.3

CS = Core
Sample

SH = Shelby
Tube

9

1
CS

2
SH

3
CS

 0 - 1.8' LEAN CLAY: CL, dark yellowish brown
(10YR 4/6), roots (5-15%), silt (5-15%), sand (0-5%),
no dilatancy, medium toughness, medium plasticity,
wet.

 1.8 - 3.1' POORLY-GRADED SAND: SP, dark
yellowish brown (10YR 4/6), silt (15-30%), clay
(5-15%), gravel (0-5%), loose, moist.

 3.1 - 5' LEAN CLAY: CL, dark grayish brown
(10YR 4/2), silt (15-30%), sand (0-5%), roots (0-5%),
no dilatancy, low toughness, low plasticity.

 5 - 7' CLAYEY SAND: SC.

 7 - 7.5' LEAN CLAY: CL, dark grayish brown
(10YR 4/2), silt (15-30%), sand (0-5%), roots (0-5%),
no dilatancy, low toughness, low plasticity.
 7.5 - 10' LEAN CLAY: CL, brownish yellow (10YR
6/6), dark yellowish brown (10YR 4/6) mottling
(5-15%), no dilatancy, low toughness, low to medium
plasticity, moist.

CL

SP

CL

SC

CL

CL

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-12D

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ

State

1/26/2021

Facility ID

Surface Elevation
1/26/2021

SOIL BORING LOG INFORMATION

Christian

MW-12D

Lat

Long

°

°

589.08 Feet (NAVD88)

'

'

"

"

Local Grid Location

Boring Number

Date Drilling Started

I hereby certify that the information on this form is true and correct to the best of my knowledge.

N, R

Final Static Water Level

4 W

License/Permit/Monitoring Number

Drilling Method

39

29

36

-89

0.6732

47.1048 FeetFeet

Kincaid Power Station

/

 Feet (NAVD88) 6.0 inches

E W

Ramboll
234 W. Florida Street, Milwaukee,WI 53204

Tel:   (414) 837-3607
Fax:   (414) 837-3608

State Plane
(estimated: )   or   Boring Location

Dave Gordon
Cascade Drilling

Date Drilling Completed

E
W

FirmSignature

County

Mini Sonic

Local Grid Origin

IL

1/4 of 13

Borehole DiameterCommon Well Name

1/4 of Section
Civil Town/City/ or Village

1,

Facility/Project Name

N
ST

1,068,939.69 N,   2,485,442.58 E

Kincaid

W
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P
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22

22

18.2

14

24
24

36
36

60
60

24
7

156
156

64.2

47.6

MC =
Modified
California

10

9

4
MC

5
CS

6
CS

7
SH

8
CS

 10 - 12' LEAN CLAY: CL.

 12 - 12.8' WELL-GRADED SAND WITH SILT: SW,
brownish yellow (10YR 6/6), subrounded to
subangular sand, gravel (15-30%), clay (5-15%),
wet.
 12.8 - 14.5' SILTY SAND: to SANDY SILT: SM,
brownish yellow (10YR 6/6), fine subrounded sand,
clay (15-30%), dense, wet.

 14.5 - 20' SILT: ML, grayish brown (10YR 5/2),
clay (15-30%), sand (5-15%), gravel (0-5%), no
dilatancy, high toughness, low plasticity, dry.

 20 - 22' CLAYEY SAND: SC.

 22 - 39.8' SILT: ML, grayish brown (10YR 5/2),
clay (15-30%), sand (5-15%), gravel (0-5%), no
dilatancy, high toughness, low plasticity, dry.

 23.5' - 24' layer of silty clay, olive brown (2.5Y 4/3)
mottling (5-15%), gray (10YR 5/1) mottling (0-5%),
sand (5-15%), gravel (0-5%).

 25' - 26.5' layer of silty clay, olive brown (2.5Y 4/3)
mottling (0-5%), gray (10YR 5/1) mottling (5-15%).
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SW

SM

ML

SC
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36
36

120
98

9
CS

10
CS

 22 - 39.8' SILT: ML, grayish brown (10YR 5/2),
clay (15-30%), sand (5-15%), gravel (0-5%), no
dilatancy, high toughness, low plasticity, dry.
(continued)

 28.5' gray (10YR 5/1) mottling (15-30%), olive brown
(2.5Y 4/3) mottling (5-15%), sand (15-30%).

 31' - 33.5' layer of silty clay, gray (10YR 5/1),
grayish brown (10YR 5/2) mottling (15-30%), olive
brown (2.5Y 4/3) mottling (0-5%), dark yellowish
brown (10YR 3/4) mottling (0-5%).

 33.5' brown (10YR 4/3).

 34' - 34.5' layer of silty clay, gray (10YR 5/1),
grayish brown (10YR 5/2) mottling (15-30%), olive
brown (2.5Y 4/3) mottling (0-5%), dark yellowish
brown (10YR 3/4) mottling (0-5%).
 34.5' dark gray (10YR 4/1).

 39.9 - 47.3' LEAN CLAY: CL, very dark gray
(10YR 3/1), gray (10YR 5/1) mottling (0-5%), sand
(0-5%), gravel (0-5%), slow dilatancy, high
toughness, high plasticity, moist, laminated black
(10YR 2/1) (0-5%).

ML

CL
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30.0

30.5

31.0

31.5

32.0

32.5

33.0

33.5

34.0
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37.0

37.5

38.0

38.5
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72
72

72
72

11
CS

12
CS

 39.9 - 47.3' LEAN CLAY: CL, very dark gray
(10YR 3/1), gray (10YR 5/1) mottling (0-5%), sand
(0-5%), gravel (0-5%), slow dilatancy, high
toughness, high plasticity, moist, laminated black
(10YR 2/1) (0-5%). (continued)

 47.3 - 48.4' WELL-GRADED GRAVEL: GW, gray
(10YR 5/1), sand (5-15%), dry.

 48.4 - 56.6' LIMESTONE: BDX (LS), bluish black
(GLEY2 5PB 2.5/1), fossiliferous, light gray (GLEY1
N 7/1) in recrystallized fossils, calcite replacement in
some fossils.

 56.6 - 60.8' SHALE: BDX (SH), black (GLEY 1
2.5/N).

CL

GW

BDX
(LS)

BDX
(SH)

MW-12DBoring Number

SOIL BORING LOG INFORMATION SUPPLEMENT

W
el

l
D

ia
gr

am

P
ID

 1
0.

6 
eV

 L
am

pSample
B

lo
w

 C
ou

nt
s

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

43.5

44.0

44.5

45.0
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240
120

13
CS

 56.6 - 60.8' SHALE: BDX (SH), black (GLEY 1
2.5/N). (continued)

 60.8 - 68.8' LIMESTONE: BDX (LS), bluish black
(GLEY2 5PB 2.5/1), fossiliferous, light gray (GLEY1
N 7/1) in recrystallized fossils, calcite replacement in
some fossils.

 68.8 - 81' SHALE: BDX (SH), black (GLEY 1
2.5/N).

BDX
(SH)

BDX
(LS)

BDX
(SH)

MW-12DBoring Number

SOIL BORING LOG INFORMATION SUPPLEMENT

W
el

l
D

ia
gr

am

P
ID

 1
0.

6 
eV

 L
am

pSample
B

lo
w

 C
ou

nt
s

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

60.5

61.0

61.5

62.0

62.5

63.0

63.5

64.0

64.5

65.0

65.5

66.0

66.5

67.0

67.5

68.0

68.5

69.0

69.5

70.0

70.5

71.0

71.5

72.0

72.5

73.0

73.5

74.0

74.5

75.0

75.5

76.0

76.5

Soil/Rock Description

And Geologic Origin For

Each Major Unit

U
 S

 C
 S

G
ra

ph
ic

L
og

D
ep

th
 I

n 
F

ee
t

N
um

be
r

an
d 

T
yp

e

Page 5 of

C
om

pr
es

si
ve

S
tr

en
gt

h 
(t

sf
)

M
oi

st
ur

e
C

on
te

nt

L
iq

ui
d

L
im

it

P
la

st
ic

it
y

In
de

x

P
 2

00

R
Q

D
/

C
om

m
en

ts

Soil Properties
7



120
71

120
120

14
CS

15
CS

 68.8 - 81' SHALE: BDX (SH), black (GLEY 1
2.5/N). (continued)

 81 - 83' LIMESTONE: BDX (LS), bluish black
(GLEY2 5PB 2.5/1), fossiliferous, light gray (GLEY1
N 7/1) in recrystallized fossils, calcite replacement in
some fossils.

 83 - 100' SHALE: BDX (SH), greenish gray (GLEY
1 10Gy 5/1) to gray (GLEY1 N 5/N), dark gray (10YR
4/1) laminae (5-15%), white (10YR 8/1) laminae
(0-5%).

BDX
(SH)

BDX
(LS)

BDX
(SH)

MW-12DBoring Number
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 83 - 100' SHALE: BDX (SH), greenish gray (GLEY
1 10Gy 5/1) to gray (GLEY1 N 5/N), dark gray (10YR
4/1) laminae (5-15%), white (10YR 8/1) laminae
(0-5%). (continued)

 97' dark gray (10YR 4/1).

 100' End of Boring.

BDX
(SH)
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 0 - 1.8' LEAN CLAY: CL, Blind drill to 9.5 feet
below ground surface. See MW-12D boring log for
detailed lithologies.

 1.8 - 3.1' POORLY-GRADED SAND: SP.

 3.1 - 5' LEAN CLAY: CL.

 5 - 7' CLAYEY SAND: SC.

 7 - 7.5' LEAN CLAY: CL.

 7.5 - 9.5' LEAN CLAY: CL.

 9.5' End of Boring.

CL

SP

CL

SC

CL

CL

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-12S

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ
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Cascade Drilling
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1.5

2

3.5

3.5

1.5

0.75

60
49

60
44

60
53

CS = Core
Sample

1
CS

2
CS

3
CS

 0 - 2' FILL, LEAN CLAY: CL, brown (10YR 5/3) to
pale brown (10YR 6/3), silt (15-25%), roots (0-5%),
sand (0-5%), gravel (0-5%), stiff, slow dilatancy, low
toughness, medium plasticity, moist.

 2 - 6.2' CLAYEY SILT ML/CL, very dark grayish
brown (10YR 3/2), sand (0-5%), very stiff, slow
dilatancy, medium toughness, low plasticity, moist.

 6.2 - 15' LEAN CLAY: CL, pale brown (10YR 6/3)
to brownish yellow (10YR 6/6), silt (15-25%), sand
(0-5%), stiff to firm, slow dilatancy, low toughness,
medium to high plasticity, moist.

(FILL)
CL

ML/CL

CL

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-20

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ
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N, R

Final Static Water Level

4 W

License/Permit/Monitoring Number

Drilling Method

39

29

35

-89

55.122

14.208 FeetFeet

Kincaid Power Station

/

 Feet (NAVD88) 6.0 inches
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0.75

0.75

0.75

4.5

4.5

4.5

2.5

3218.924
24

96
89

60
50

60
49

69.5 SH = Shelby
Tube

184
SH

5
CS

6
CS

7
CS

 6.2 - 15' LEAN CLAY: CL, pale brown (10YR 6/3)
to brownish yellow (10YR 6/6), silt (15-25%), sand
(0-5%), stiff to firm, slow dilatancy, low toughness,
medium to high plasticity, moist. (continued)

 15 - 17' LEAN CLAY: CL.

 17 - 20.2' SILT: ML, light yellowish brown (2.5Y
6/4), clay (15-25%), sand (5-10%), gravel (0-5%),
hard, no dilatancy, medium toughness, low plasticity,
dry.

 20.2 - 23.4' SILTY CLAY: CL/ML, gray (10YR 5/1),
sand (0-5%), gravel (0-5%), very stiff to hard, no
dilatancy, medium toughness, non-plastic, dry.

 23.4 - 26.8' CLAYEY SILT ML/CL, gray (10YR
5/1), sand (0-5%), gravel (0-5%), very stiff to hard,
no dilatancy, medium toughness, low plasticity, dry.

 26.8 - 37.8' SILT: ML, gray (10YR 5/1), sand
(0-10%), gravel (0-5%), stiff, no dilatancy, medium
toughness, non-plastic, dry.

CL
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ML

CL/ML

ML/CL

ML

MW-20Boring Number
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4.5

4.5

4.5

4.5

4.5

4.5

4.5

60
42

60
55

60
54

12
12

Shelby Tube
and
Modified
California
samples
attempted
with refusal
at 45 feet
below
ground
surface.

8
CS

9
CS

11
CS

12
CS

 26.8 - 37.8' SILT: ML, gray (10YR 5/1), sand
(0-10%), gravel (0-5%), stiff, no dilatancy, medium
toughness, non-plastic, dry. (continued)

 37.8 - 48.9' LEAN CLAY: CL, gray (10YR 5/1), silt
(15-25%), sand (5-10%), gravel (0-5%), hard, no
dilatancy, medium toughness, medium plasticity, dry
to moist.

 48.9 - 49.5' WELL-GRADED SAND: SW, grayish
brown (10YR 5/2), subrounded to round, fine sand,
loose, moist.
 49.5 - 50.5' LEAN CLAY: CL, gray (10YR 5/1), silt
(15-25%), sand (5-10%), gravel (0-5%), hard, no
dilatancy, medium toughness, medium plasticity, dry
to moist.
 50.5 - 51' LIMESTONE: BDX (LS).
 51' End of Boring.
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 0 - 2' FILL, LEAN CLAY: CL, Blind drill to 10 feet
below ground surface. See MW-20 boring log for
detailed lithologies.

 2 - 6.2' CLAYEY SILT ML/CL.

 6.2 - 10' LEAN CLAY: CL.

 10' End of Boring.
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2.5

3.5

4

0.5

0.5
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43

60
59

60
56

CS = Core
Sample

1
CS

2
CS

3
CS

 0 - 0.7' FILL, LEAN CLAY: CL, light yellowish
brown (10YR 6/4), silt (15-25%), gravel (0-5%), sand
(0-5%), stiff , slow dilatancy, low toughness, medium
plasticity, moist.
 0.7 - 5' CLAYEY SILT ML/CL, dark brown (10YR
3/3), organic material (5-10%), sand (0-5%), very
stiff, slow dilatancy, low toughness, low plasticity,
moist.

 5 - 16.7' LEAN CLAY: CL, yellowish brown (10YR
5/6) to gray (10YR 5/1), sand (0-5%), soft, slow
dilatancy, low toughness, medium to high plasticity,
moist.
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1.75

1.75

4.5

4.5

60
60

4
CS

 5 - 16.7' LEAN CLAY: CL, yellowish brown (10YR
5/6) to gray (10YR 5/1), sand (0-5%), soft, slow
dilatancy, low toughness, medium to high plasticity,
moist. (continued)

 16.7 - 20' SANDY LEAN CLAY: to CLAYEY
SAND: s(CL), yellowish brown (10YR 5/4), hard, no
dilatancy, medium toughness, low to medium
plasticity, moist to dry.
 17.2' - 17.4' layer of silty sand.

 20' End of Boring.
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s(CL)
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CS = Core
Sample

1
CS

2
CS

3
CS

 0 - 8.3' FILL, LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), silt (15-25%), sand (0-5%), gravel
(0-5%), roots (0-5%), stiff, no dilatancy to slow
dilatancy, low toughness, medium plasticity.

 8.3 - 15' SILTY CLAY: CL/ML, brown (10YR 5/3),
yellowish brown (10YR 5/6) mottling (10-15%), silt
seams (0-5%) 1-3 mm thick, gravel (0-5%), sand
(0-5%), stiff, no dilatancy, low to medium toughness,
medium to low plasticity, moist to dry.
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2.5

1.25

1.25
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4.5
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43
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60
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54
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SH = Shelby
Tube

26

18

4
SH

5
CS

6
CS

7
CS

 8.3 - 15' SILTY CLAY: CL/ML, brown (10YR 5/3),
yellowish brown (10YR 5/6) mottling (10-15%), silt
seams (0-5%) 1-3 mm thick, gravel (0-5%), sand
(0-5%), stiff, no dilatancy, low to medium toughness,
medium to low plasticity, moist to dry. (continued)
 13.3' very dark grayish brown (10YR 3/2), organic
material (5-10%), stiff, no dilatancy, medium
toughness, medium plasticity, moist to dry.

 15 - 17' LEAN CLAY: CL.

 17 - 25' LEAN CLAY: CL, brown (10YR 5/3),
yellowish brown (10YR 5/6) mottling (5-10%), gray
(10YR 5/1) mottling (5-10%), sand (0-5%), silt seams
(0-5%) 1 mm thick, firm, slow dilatancy, low
toughness, high plasticity, moist.

 25 - 27' LEAN CLAY: CL.
 25.3' - 25.8' sand (10-15%).

 27 - 27.3' LEAN CLAY: CL, brown (10YR 5/3),
yellowish brown (10YR 5/6) mottling (5-10%), gray
(10YR 5/1) mottling (5-10%), sand (0-5%), silt seams
(0-5%) 1 mm thick, firm, slow dilatancy, low
toughness, high plasticity, moist.
 27.3 - 40' CLAYEY SILT ML/CL, gray (10YR 5/1),
sand (0-5%), gravel (0-5%), hard, no dilatancy,
medium toughness, non-plastic to low plasticity, dry.

CL/ML

CL

CL

CL

CL

ML/CL
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Shelby Tube
and
Modified
California
samples
attempted
with refusal
at 45 feet
below
ground
surface.

8
CS

9
CS

12
CS

 27.3 - 40' CLAYEY SILT ML/CL, gray (10YR 5/1),
sand (0-5%), gravel (0-5%), hard, no dilatancy,
medium toughness, non-plastic to low plasticity, dry.
(continued)

 35' sand seams 1mm thick, loose, dry.

 40 - 50' SILTY CLAY: CL/ML, gray (10YR 5/1),
sand (5-10%), gravel (0-5%), hard, no dilatancy,
medium to high toughness, medium plasticity, dry to
moist.

 44' yellowish brown (10YR 5/4) mottling (10-15%).

 50' End of Boring.

ML/CL

CL/ML
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0.75

60
60

60
60
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60

CS = Core
Sample

Advanced
8-inch
override
casing to 15
feet below
ground
surface.

1
CS

2
CS

3
CS

 0 - 10.6' ASH, very dark gray (10YR 3/1) to black
(10YR 2/1), silt to clay sized grains, coal (5-10%),
gravel (0-5%), wood (0-5%), brick (0-5%), firm, slow
to rapid dilatancy, low toughness, low plasticity,
moist to dry.

 10.6 - 32' LEAN CLAY: CL, brown (10YR 5/3),
yellowish brown (10YR 5/6) mottling (5-10%), silt
(5-10%), sand (0-5%), gravel (0-5%), firm, slow
dilatancy, low toughness, medium plasticity, moist.
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1

1

2

4

4

2.25

2.5

1.5
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4.5

120
73

84
71

4
CS

5
CS

 10.6 - 32' LEAN CLAY: CL, brown (10YR 5/3),
yellowish brown (10YR 5/6) mottling (5-10%), silt
(5-10%), sand (0-5%), gravel (0-5%), firm, slow
dilatancy, low toughness, medium plasticity, moist.
(continued)

 29.6' - 30' layer of sandy clay.

 31.5' hard.

 32' End of Boring.

CL

MW-24Boring Number
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1.5

4

4

4

60
0

60
60

60
60

NR = No
Recovery

CS = Core
Sample

1
NR

2
CS

3
CS

 0 - 5' No Recovery.

 5 - 5.8' WELL-GRADED SAND WITH GRAVEL:
(SW)g, grayish brown (10YR 5/2), wet.

 5.8 - 6.6' LEAN CLAY: CL, brown (10YR 5/3),
sand (0-5%), gravel (0-5%), stiff, medium plasticity,
moist.
 6.6 - 10' SILTY CLAY: CL/ML, gray (10YR 5/1),
gravel (0-5%), hard, low plasticity.

 10 - 12' WELL-GRADED SAND WITH SILT:
SW-SM, gray (10YR 5/1), clay (15-25%), wet.

(SW)g

CL

CL/ML

SW-SM

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-25
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0.25

160
60

60
60

4
CS

5
CS

 12 - 14.2' LEAN CLAY: CL, yellowish brown (10YR
5/6), orange mottling (15-25%), silt (15-25%),
medium to high plasticity, soft, moist.

 14.2 - 19.6' SILTY CLAY: CL/ML, reddish yellow
(7.5YR 6/8), sand (0-5%), gravel (0-5%), stiff,
medium plasticity, moist.

 19.6 - 25' SILTY CLAY WITH GRAVEL (CL/ML)g,
gray (10YR 6/1), gravel (15-25%), sand (0-5%),
hard, low plasticity, dry.

 25' End of Boring.

CL

CL/ML

(CL/ML)g

MW-25Boring Number
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0.25

0.25

0.25

120
79

120
120

CS = Core
Sample

1
CS

2
CS

 0 - 2.1' SILT: ML, dark grayish brown (10YR 4/2),
dark yellowish brown (10YR 4/4) mottling (5-15%),
very dark gray (10YR 3/1) mottling (0-5%), organic
material (5-15%), roots (5-15%), sand (0-5%), slow
dilatancy, medium toughness, low plasticity, moist.

 2.1 - 10' LEAN CLAY: CL, grayish brown (10YR
5/2) to yellowish brown (10YR 5/6), silt (15-30%),
sand (0-5%), organic material (0-5%), very soft, no
dilatancy, low toughness, medium plasticity, moist.

 10 - 10.9' CLAYEY SAND: (SM)g, yellowish brown
(10YR 5/4), gravel (5-15%), dense, wet.

 10.9 - 11.7' CLAYEY SILT to SILTY CLAY: ML/CL,
gray (10YR 5/1), grayish brown (10YR 5/2), to
yellowish brown (10YR 5/4), sand (5-15%), gravel
(0-5%), no dilatancy, low to high toughness, low to
medium plasticity, dry to wet.
 11.7 - 20' SILT: ML, gray (10YR 5/1) to grayish
brown (10YR 5/2), clay (15-30%), sand (5-15%),
gravel (0-5%), hard, no dilatancy, high toughness,
low plasticity, dry.

ML

CL

(SM)g

ML/CL

ML

Boring Drilled By:  Name of crew chief (first, last) and Firm
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Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ

State

2/2/2021

Facility ID

Surface Elevation
2/2/2021

SOIL BORING LOG INFORMATION

Christian

MW-26

Lat

Long

°

°
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Local Grid Location

Boring Number

Date Drilling Started

I hereby certify that the information on this form is true and correct to the best of my knowledge.
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4 W

License/Permit/Monitoring Number

Drilling Method

39

29

35

-89

44.0772

51.2952 FeetFeet

Kincaid Power Station

/

 Feet (NAVD88) 6.0 inches

E W

Ramboll
234 W. Florida Street, Milwaukee,WI 53204

Tel:   (414) 837-3607
Fax:   (414) 837-3608

State Plane
(estimated: )   or   Boring Location

Dave Gordon
Cascade Drilling

Date Drilling Completed

E
W

FirmSignature

County

Mini Sonic

Local Grid Origin

IL

1/4 of 13

Borehole DiameterCommon Well Name

1/4 of Section
Civil Town/City/ or Village

11,

Facility/Project Name

N
ST

1,067,258.09 N,   2,485,127.12 E

Kincaid

W
el

l
D

ia
gr

am

P
ID

 1
0.

6 
eV

 L
am

pSample

B
lo

w
 C

ou
nt

s

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Soil/Rock Description

And Geologic Origin For

Each Major Unit

U
 S

 C
 S

G
ra

ph
ic

L
og

D
ep

th
 I

n 
F

ee
t

N
um

be
r

an
d 

T
yp

e

Page 1 of

C
om

pr
es

si
ve

S
tr

en
gt

h 
(t

sf
)

M
oi

st
ur

e
C

on
te

nt

L
iq

ui
d

L
im

it

P
la

st
ic

it
y

In
de

x

P
 2

00

R
Q

D
/

C
om

m
en

ts

Soil Properties

2



4.5

4.5

 11.7 - 20' SILT: ML, gray (10YR 5/1) to grayish
brown (10YR 5/2), clay (15-30%), sand (5-15%),
gravel (0-5%), hard, no dilatancy, high toughness,
low plasticity, dry. (continued)

 20' End of Boring.
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0.25

0.75

1.25

0.25

0.25

0.25

120
95

120
86

CS = Core
Sample

1
CS

2
CS

 0 - 1.2' SILT: ML, very dark grayish brown (10YR
3/2) to dark yellowish brown (10YR 4/6), clay
(15-30%), gravel (0-5%), roots (0-5%), very soft, no
dilatancy, low to medium toughness, low plasticity,
wet.
 1.2 - 9.6' LEAN CLAY: CL, dark yellowish brown
(10YR 4/6), yellowish brown (10YR 5/6) mottling
5-15%), silt (15-30%), sand (0-5%), firm to very soft,
no dilatancy, low toughness, medium plasticity,
moist.

 4.5' grayish brown (10YR 5/2), yellowish brown
(10YR 5/6) mottling (5-15%).
 5.3' - 5.8' very dark grayish brown (10YR 3/2)
mottling (15-30%), roots (5-15%).

 9.6 - 10.8' CLAYEY SAND: SC, yellowish brown
(10YR 5/4), subrounded, fine sand, gravel (5-15%),
wet.
 10.8 - 13.5' SANDY LEAN CLAY: s(CL), grayish
brown (10YR 5/2), yellowish brown (10YR 5/4)
mottling (30-45%), silt (15-30%), very soft, low
toughness, low plasticity, wet.

 13.5 - 17.5' SILT: ML, gray (10YR 5/1), clay
(15-30%), sand (5-15%), gravel (0-5%), no dilatancy,
medium toughness, non-plastic to low plasticity, dry.

ML

CL

SC

s(CL)

ML

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-27

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ
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Boring Number

Date Drilling Started
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N, R

Final Static Water Level

4 W

License/Permit/Monitoring Number

Drilling Method

39

29

35

-89

48.0732

52.5372 FeetFeet

Kincaid Power Station

/

 Feet (NAVD88) 6.0 inches

E W

Ramboll
234 W. Florida Street, Milwaukee,WI 53204

Tel:   (414) 837-3607
Fax:   (414) 837-3608

State Plane
(estimated: )   or   Boring Location

Dave Gordon
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 13.5 - 17.5' SILT: ML, gray (10YR 5/1), clay
(15-30%), sand (5-15%), gravel (0-5%), no dilatancy,
medium toughness, non-plastic to low plasticity, dry.
(continued)

 17.5 - 20' SILTY SAND: SM, gray (10YR 5/1),
rounded to subangular, fine sand, gravel (0-5%),
loose, dry.

 20' End of Boring.

ML

SM
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120
91

120
103

CS = Core
Sample

1
CS

2
CS

 0 - 5.2' LEAN CLAY: CL, dark yellowish brown
(10YR 4/4), dark grayish brown (10YR 4/2) mottling
(0-5%), silt (15-30%), sand (0-5%), organic material
(0-5%), no dilatancy, low toughness, medium
plasticity, moist to wet.

 5.2 - 6.8' SILTY CLAY: CL/ML, dark yellowish
brown (10YR 4/4), sand (5-15%), no dilatancy, low
toughness, low plasticity, moist.

 6.8 - 8.4' SILT: ML, yellowish brown (10YR 5/6),
clay (15-30%), sand (5-15%), gravel (0-5%), no
dilatancy, medium toughness, low plasticity, moist.

 8.4 - 11.2' CLAYEY SILT to SILTY CLAY: ML/CL,
yellowish brown (10YR 5/6), sand (15-30%), gravel
(0-5%), no dilatancy, low toughness, non-plastic to
low plasticity, wet.

 11.2 - 17.6' SILT: ML, yellowish brown (10YR 5/4),
clay (15-30%), sand (5-15%), gravel (0-5%), no
dilatancy, medium toughness, non-plastic, moist.

CL

CL/ML

ML

ML/CL

ML

Boring Drilled By:  Name of crew chief (first, last) and Firm
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60
60

3
CS

 11.2 - 17.6' SILT: ML, yellowish brown (10YR 5/4),
clay (15-30%), sand (5-15%), gravel (0-5%), no
dilatancy, medium toughness, non-plastic, moist.
(continued)

 17.6 - 19.5' SILT WITH SAND: (ML)s, yellowish
brown (10YR 5/4), yellowish brown (10YR 5/6)
mottling (5-15%), gravel (0-5%), no dilatancy,
medium toughness, non-plastic, moist.

 19.5 - 22' SANDY SILT: s(ML), gray (10YR 5/1),
wet to moist.

 21' - 21.5' layer of sand, gray (10YR 5/1)
subrounded fine sand, loose, wet.

 22 - 24.3' SILTY SAND: SM, grayish brown (10YR
5/2) to gray (10YR 5/1), subrounded, fine sand,
gravel (0-5%), dense, wet.

 24.3 - 25' CLAYEY SAND: SC, grayish brown
(10YR 5/2), gravel (5-15%), loose, wet.
 25' End of Boring.

ML

(ML)s

s(ML)

SM

SC

MW-28Boring Number
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0.25

0.25

0.25

120
120

CS = Core
Sample

1
CS

 0 - 3.7' LEAN CLAY: CL, grayish brown (10YR
5/2), dark yellowish brown (10YR 4/6) mottling
(15-30%), very dark grayish brown (10YR 3/2)
mottling (0-5%), silt (15-30%), roots (0-5%), organic
material (0-5%), slow dilatancy, low toughness,
medium to high plasticity, moist.

 3.7 - 6.8' SILTY CLAY: ML/CL, dark yellowish
brown (10YR 4/6), sand (0-5%), low to medium
plasticity, moist.

 6.8 - 8.4' LEAN CLAY: CL, dark yellowish brown
(10YR 4/6), silt (15-30%), sand and sand seams
(15-30%), no dilatancy, low toughness, low to
medium plasticity, moist.

 8.4 - 10' SANDY LEAN CLAY: s(CL), dark
yellowish brown (10YR 4/6), silt (15-30%), gravel
(0-5%), no dilatancy, medium toughness, low
plasticity.

CL

ML/CL

CL

s(CL)

Boring Drilled By:  Name of crew chief (first, last) and Firm
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120
95

2
CS

 10 - 11.6' CLAYEY SAND: SC, dark yellowish
brown (10YR 4/4), subrounded medium sand, gravel
(5-15%), wet.

 11.6 - 16' SANDY SILT: s(ML), dark yellowish
brown (10YR 4/6), grayish brown (10YR 5/2) mottling
(5-15%), clay (5-15%), gravel (0-5%), slow dilatancy,
medium toughness, non-plastic to low plasticity, dry.

 16 - 17.5' WELL-GRADED SAND: GW, dark
yellowish brown (10YR 4/6), gravel (5-15%), clay
(5-15%), wet.

 17.5 - 20' SILT: ML, dark yellowish brown (10YR
4/6), grayish brown (10YR 5/2) mottling (5-15%),
sand (5-15%), clay (5-15%), gravel (0-5%), no
dilatancy, medium toughness, low plasticity, dry.

 20' End of Boring.
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CS = Core
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1
CS

 0 - 1.5' FILL, SILT: ML, dark gray (10YR 4/1) to
very dark gray (10YR 3/1), medium sand sized ash
(5-15%), roots (5-15%), gravel (0-5%), soft, slow
dilatancy, low toughness, low plasticity, wet.

 1.1' - 1.2' layer of ash.

 1.5 - 7.4' SILTY CLAY: CL/ML, grayish brown
(10YR 5/2), very dark grayish brown (10YR 3/2)
mottling (0-5%), dark gray (10YR 4/1) laminations
(5-15%), yellowish brown (10YR 5/6) laminations
(0-5%), sand (0-5%), gravel (0-5%), firm to stiff, no
dilatancy, high toughness, low plasticity, dry
yellowish brown (10YR 5/6 sand seams (0-5%), 1/8"
thick.

(FILL)
ML

CL/ML

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-30

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ
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 1.5 - 7.4' SILTY CLAY: CL/ML, grayish brown
(10YR 5/2), very dark grayish brown (10YR 3/2)
mottling (0-5%), dark gray (10YR 4/1) laminations
(5-15%), yellowish brown (10YR 5/6) laminations
(0-5%), sand (0-5%), gravel (0-5%), firm to stiff, no
dilatancy, high toughness, low plasticity, dry
yellowish brown (10YR 5/6 sand seams (0-5%), 1/8"
thick. (continued)

 7.4 - 7.9' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), yellowish brown (10YR 5/6)
mottling (5-15%), silt (5-15%), organic material
(5-15%), slow dilatancy, low toughness, high
plasticity, moist.
 7.9 - 8.7' SILT WITH SAND: (ML)s, light brownish
gray (10YR 6/2), gray (10YR 6/1) mottling (0-5%),
clay (5-15%), gravel (0-5%), high toughness, low
plasticity, dry.

 8.7 - 9.5' SILT: ML, dark grayish brown (10YR 4/2),
yellowish brown (10YR 5/6) mottling (0-5%), clay
(5-15%), sand (5-15%), gravel (0-5%), stiff, no
dilatancy, high toughness, low plasticity, dry.

 9.5 - 24.5' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), silt (15-30%), sand (0-5%), gravel
(0-5%), slow dilatancy, low toughness, medium
plasticity.

 11.3' greenish gray (GLEY2 6/10BG) mottling
(5-15%), olive brown (2.5Y 4/4) mottling (5-15%),
yellowish brown (10YR 5/6) mottling (0-5%).

 12.5' greenish gray (GLEY2 6/10BG), very dark
grayish brown (10YR 3/2) mottling (15-30%), olive
brown (2.5Y 4/4) mottling (5-15%), dark yellowish
brown (10YR 4/6) mottling (0-5%).

CL/ML

CL

(ML)s

ML

CL

MW-30Boring Number

SOIL BORING LOG INFORMATION SUPPLEMENT

W
el

l
D

ia
gr

am

P
ID

 1
0.

6 
eV

 L
am

pSample
B

lo
w

 C
ou

nt
s

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

12.5

13.0

Soil/Rock Description

And Geologic Origin For

Each Major Unit

U
 S

 C
 S

G
ra

ph
ic

L
og

D
ep

th
 I

n 
F

ee
t

N
um

be
r

an
d 

T
yp

e

Page 2 of

C
om

pr
es

si
ve

S
tr

en
gt

h 
(t

sf
)

M
oi

st
ur

e
C

on
te

nt

L
iq

ui
d

L
im

it

P
la

st
ic

it
y

In
de

x

P
 2

00

R
Q

D
/

C
om

m
en

ts

Soil Properties
6



120
116

3
CS

 9.5 - 24.5' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), silt (15-30%), sand (0-5%), gravel
(0-5%), slow dilatancy, low toughness, medium
plasticity. (continued)

 14' very dark grayish brown (10YR 3/2), greenish
gray (GLEY2 6/10BG) mottling (5-15%), olive brown
(2.5Y 4/4) mottling (5-15%), yellowish brown (10YR
5/6) mottling (0-5%).

 15' very dark grayish brown (10YR 3/2) to very dark
gray (10YR 3/1), dark grayish brown (10YR 4/2)
mottling, organic material (0-5%), high plasticity.
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 9.5 - 24.5' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), silt (15-30%), sand (0-5%), gravel
(0-5%), slow dilatancy, low toughness, medium
plasticity. (continued)

 24.5 - 25' CLAYEY SILT to SILTY CLAY: ML/CL,
dark grayish brown (10YR 4/2) to grayish brown
(10YR 5/2), gray (10YR 5/1) mottling (15-30%), sand
(0-5%), gravel (0-5%), no dilatancy, medium
toughness, low to medium plasticity, moist.
 25 - 26.6' SILT: ML, gray (10YR 5/1), dark grayish
brown (10YR 4/2) mottling (5-15%), yellowish brown
(10YR 5/4) laminations (5-15%), clay (15-30%), sand
(5-15%), gravel (0-5%), moist.

 26.6 - 35' CLAYEY SILT to SILTY CLAY: ML/CL,
dark grayish brown (10YR 4/2) to grayish brown
(10YR 5/2), gray (10YR 5/1) mottling (15-30%),
greenish gray (GLEY2 6/10BG) mottling (0-5%),
sand (0-5%), gravel (0-5%), no dilatancy, medium
toughness, low to medium plasticity, moist.
 27.1' - 28.5' very dark gray (10YR 3/1) to dark gray
(10YR 4/1).

CL

ML/CL

ML
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 26.6 - 35' CLAYEY SILT to SILTY CLAY: ML/CL,
dark grayish brown (10YR 4/2) to grayish brown
(10YR 5/2), gray (10YR 5/1) mottling (15-30%),
greenish gray (GLEY2 6/10BG) mottling (0-5%),
sand (0-5%), gravel (0-5%), no dilatancy, medium
toughness, low to medium plasticity, moist.
(continued)

 35 - 37.2' SANDY LEAN CLAY: to CLAYEY
SAND: (CL)g, yellowish brown (10YR 5/6), grayish
brown (10YR 5/2) mottling (0-10%), gravel (0-5%),
low toughness, low plasticity to non-plastic, loose,
wet.

 37.2 - 39.2' SILT WITH SAND: (ML)s, yellowish
brown (10YR 5/4), yellowish brown (10YR 5/6)
mottling (5-15%), dark grayish brown (10YR 4/2)
mottling (0-5%), gravel (0-5%), moist.

ML/CL

(CL)g

(ML)s
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 37.2 - 39.2' SILT WITH SAND: (ML)s, yellowish
brown (10YR 5/4), yellowish brown (10YR 5/6)
mottling (5-15%), dark grayish brown (10YR 4/2)
mottling (0-5%), gravel (0-5%), moist. (continued)

 39.2 - 40' SILTY SAND: SM, yellowish brown
(10YR 5/4), yellowish brown (10YR 5/6) mottling
(0-5%), gravel (0-5%), moist.

 40 - 45' CLAYEY SILT ML/CL, dark grayish brown
(10YR 4/2) to dark gray (10YR 4/1), sand (5-15%),
gravel (0-5%).

 45' End of Boring.

(ML)s

SM

ML/CL
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1
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2
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 0 - 2' ASH, dark gray (10YR 4/1), silt sized grains,
clay (5-15%), moist.

 2 - 8' SILTY CLAY: CL/ML, grayish brown (10YR
5/2), sand (5-15%), gravel (0-5%), hard to firm, no
dilatancy, medium toughness, low plasticity, moist.

 8 - 9' SILTY SAND: SM, brown (10YR 5/3), clay
(15-30%), gravel (0-5%), loose, moist.
 9 - 18' SILTY CLAY: CL/ML, yellowish brown
(10YR 5/4), grayish brown (10YR 5/2) mottling
(5-15%), sand (0-5%), organic material (0-5%), soft
to firm, low toughness, medium to low plasticity,
moist.

 11.4' dark brown (10YR 3/3) mottling (5-15%).
 11.9' dark brown (10YR 3/3) mottling (0-5%), silt
(15-30%), medium plasticity.

 14.6' dark brown (10YR 3/3) mottling (5-15%),
yellowish brown (10YR 5/6) silt seams (0-5%).

(FILL)
ASH

CL/ML

SM

CL/ML

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-31

Template: RAMBOLL_IL_BORING LOG - Project: 845_KINCAID_2021.GPJ
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 18 - 20.2' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), grayish brown (10YR 5/2) mottling
(5-15%), yellowish brown (10YR 5/6) mottling
(0-5%), silt (15-30%), organic material (15-30%),
medium to high plasticity.
 20.2 - 23.8' SILTY CLAY: CL/ML, yellowish brown
(10YR 5/4), dark brown (10YR 3/3) mottling 5-15%),
yellowish brown (10YR 5/6) silt seams (0-5%).

 22.8' wet in clay fracture.

 23.8 - 26.1' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), grayish brown (10YR 5/2) mottling
(5-15%), yellowish brown (10YR 5/6) mottling
(0-5%), silt (15-30%), organic material (15-30%),
medium to high plasticity.
 26.1 - 26.7' LEAN CLAY: CL, yellowish brown
(10YR 5/4), dark grayish brown (10YR 4/2) mottling
(5-15%), very dark gray (10YR 3/1) mottling (0-5%),
no dilatancy, medium toughness, medium to high
plasticity, moist.
 26.7 - 28' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), grayish brown (10YR 5/2) mottling
(5-15%), yellowish brown (10YR 5/6) mottling
(0-5%), silt (15-30%), organic material (15-30%),
sand (0-5%), medium to high plasticity.
 28 - 32.8' LEAN CLAY: CL, yellowish brown (10YR
5/4), dark grayish brown (10YR 4/2) mottling
(5-15%), very dark gray (10YR 3/1) mottling (0-5%),
no dilatancy, medium toughness, medium to high
plasticity, moist.
 31.4' dark grayish brown (10YR 4/2) to dark gray
(10YR 4/1).
 32.8 - 35.4' CLAYEY SILT ML/CL, grayish brown
(10YR 5/2), yellowish brown (10YR 5/4) mottling
(5-15%), light gray (10YR 7/2) mottling (0-5%), very
dark gray (10YR 3/1) mottling (0-5%), sand (0-5%),
gravel (0-5%), no dilatancy, medium toughness, low
plasticity.
 34.6' olive brown (2.5Y 4/3) mottling (15-30%) in
sand seams, sand (15-30%).
 35.4 - 38.3' SANDY LEAN CLAY: s(CL), olive
brown (2.5Y 4/3), dark gray (10YR 4/1) mottling
(5-15%), gravel (0-5%), no dilatancy, low toughness,
low plasticity, wet.
 38.3 - 39.8' POORLY-GRADED SAND: SP,
yellowish brown (10YR 5/4), yellowish brown (10YR
5/6) mottling (5-15%), subrounded, fine sand, silt
(5-15%), clay (5-15%), gravel (0-5%), dense, moist
to wet.
 39.8 - 50' SILT: ML, dark gray (10YR 4/1) to gray
(10YR 5/1), clay (15-30%), sand (5-15%), gravel
(0-5%), no dilatancy, high toughness, low plasticity to
non-plastic, dry.
 42' low plasticity.
 43.6' - 43.7' layer of medium to coarse sand, wet.

 46' fine sand seams 1/8" to 1/2" thick, moist to dry.
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CL/ML
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ML/CL
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ML
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 39.8 - 50' SILT: ML, dark gray (10YR 4/1) to gray
(10YR 5/1), clay (15-30%), sand (5-15%), gravel
(0-5%), no dilatancy, high toughness, low plasticity to
non-plastic, dry. (continued)

 50' End of Boring.

ML

MW-31Boring Number

SOIL BORING LOG INFORMATION SUPPLEMENT

W
el

l
D

ia
gr

am

P
ID

 1
0.

6 
eV

 L
am

pSample
B

lo
w

 C
ou

nt
s

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

49.5

Soil/Rock Description

And Geologic Origin For

Each Major Unit

U
 S

 C
 S

G
ra

ph
ic

L
og

D
ep

th
 I

n 
F

ee
t

N
um

be
r

an
d 

T
yp

e

Page 3 of

C
om

pr
es

si
ve

S
tr

en
gt

h 
(t

sf
)

M
oi

st
ur

e
C

on
te

nt

L
iq

ui
d

L
im

it

P
la

st
ic

it
y

In
de

x

P
 2

00

R
Q

D
/

C
om

m
en

ts

Soil Properties
3



120
88

CS = Core
Sample

1
CS

 0 - 2' ASH, Blind drill to 10 feet below ground
surface. See MW-31 boring log for detailed
lithologies.

 2 - 8' SILTY CLAY: CL/ML.

 8 - 9' SILTY SAND: SM.

 9 - 10' SILTY CLAY: CL/ML.

(FILL)
ASH

CL/ML

SM

CL/ML

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-31S
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120
120

120
120

2
CS

3
CS

 10 - 12.4' SILT: ML, grayish brown (10YR 5/2),
yellowish brown (10YR 5/6) mottling (5-15%), very
dark grayish brown (10YR 3/2) mottling (0-5%), clay
(15-30%), sand (5-15%), gravel (0-5%), no dilatancy,
medium toughness, moist.
 10.8' - 11.2' yellowish brown (10YR 5/6), grayish
brown (10YR 5/2) mottling (5-15%), sand (15-30%),
hard.

 12.4 - 15.4' LEAN CLAY: CL, dark grayish brown
(10YR 4/2), very dark grayish brown (10YR 3/2)
mottling (5-15%), olive brown (2.5Y 4/4) mottling
(0-5%), yellowish brown (10YR 5/6) mottling (0-5%),
silt (15-30%), organic material (0-5%), sand (0-5%),
gravel (0-5%), no dilatancy, medium toughness,
medium plasticity, moist.
 14' olive brown (2.5Y 4/4), dark grayish brown
(10YR 4/2) mottling (5-15%), dry.

 15.4 - 16.6' SILT: ML, yellowish brown (10YR 5/4),
yellowish brown (10YR 5/6) mottling (5-15%), clay
(15-30%), sand (5-15%), gravel (0-5%), no dilatancy,
high toughness, low plasticity, dry.

 16.6 - 26.8' LEAN CLAY: CL, very dark grayish
brown (10YR 3/2), dark grayish brown (10YR 4/2)
and yellowish brown (10YR 5/4) laminations
(15-30%), olive brown (2.5Y 4/4) laminations (0-5%),
silt (5-15%), organic material (5-15%), gravel (0-5%),
sand (0-5%), slow dilatancy, low to medium
toughness, high plasticity, moist.
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ML
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 26.8 - 30' LEAN CLAY: CL, yellowish brown (10YR
5/6), very dark grayish brown (10YR 3/2) mottling
(0-5%), yellowish brown (10YR 5/6) mottling (0-5%),
silt (15-30%), organic material (0-5%), sand (0-5%),
gravel (0-5%), no dilatancy, medium toughness, low
plasticity, moist.

 30' End of Boring.
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0.25

0.25

3.25

2.75

2.75

60
36

60
45

60
43

CS = Core
Sample

Advanced
8-inch
override
casing to 10
feet below
ground
surface.

1
CS

2
CS

3
CS

 0 - 1.2' ASH, very dark gray (10YR 3/1), gravel to
sand sized grians, loose, dry.

 1.2 - 4.6' FILL, SILT WITH SAND: (ML)s, yellowish
brown (10YR 5/4), gravel (0-5%), soft, slow
dilatancy, low toughness, non-plastic, moist.

 4.6 - 6.3' ASH, black (10YR 2/1) to very dark gray
(10YR 3/1), sand to silt sized grains, loose.

 6.3 - 10.3' SILTY CLAY: ML/CL, pale brown (10YR
6/3), sand (5-10%), gravel (0-5%), very stiff, slow
dilatancy, low toughness, low plasticity, moist.

 10.3 - 11.7' LEAN CLAY: CL, pale brown (10YR
6/3), silt (15-25%), sand (0-5%), gravel (0-5%), stiff,
no dilatancy, medium toughness, medium plasticity,
moist.
 11.7 - 20.1' LEAN CLAY: CL, grayish brown (2.5Y
5/2), gray (10YR 5/1) mottling (5-15%), silt (15-25%),
organic material (5-10%), sand (0-5%), stiff, no
dilatancy, medium toughness, medium plasticity,
moist.

(FILL)
ASH

(FILL)
(ML)s

(FILL)
ASH

ML/CL

CL

CL
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2.75

3

4

0.75

1.75

3

0.75

1.25

0.5

0.5

4.5

4.5

60
35

60
56

120
120

60
60

Wood in
shoe of core
barrel.

4
CS

5
CS

6
CS

7
CS

 11.7 - 20.1' LEAN CLAY: CL, grayish brown (2.5Y
5/2), gray (10YR 5/1) mottling (5-15%), silt (15-25%),
organic material (5-10%), sand (0-5%), stiff, no
dilatancy, medium toughness, medium plasticity,
moist. (continued)
 14.9' layer of wood.

 20.1 - 22.9' LEAN CLAY: CL, light yellowish brown
(10YR 6/4) to light brownish gray (10YR 6/2),
yellowish brown (10YR 5/6) mottling (5-10%), silt
(15-25%), gravel (0-5%), sand (0-5%), stiff, slow
dilatancy, low toughness, medium plasticity, moist.

 22.9 - 25' LEAN CLAY: CL, grayish brown (2.5Y
5/2), gray (10YR 5/1) mottling (5-15%), silt (15-25%),
organic material (5-10%), sand (0-5%), stiff, no
dilatancy, medium toughness, medium plasticity,
moist.

 25 - 31.6' LEAN CLAY: CL, yellowish brown (10YR
5/4), yellowish brown (10YR 5/8) mottling, silt
(10-15%), sand (0-5%), firm, slow dilatancy, low
toughness, medium plasticity, moist.

 31.6 - 36.2' SANDY LEAN CLAY WITH  GRAVEL:
to LEAN CLAY WITH SAND: s(CL), yellowish
brown (10YR 5/8), gravel (0-5%), soft, slow
dilatancy, low toughness, low to medium plasticity,
moist.

 36.2 - 40' SILTY CLAY: ML/CL, gray (10YR 5/1),
sand (0-10%), gravel (0-5%), hard, no dilatancy, high
toughness, low plasticity, wet.

CL

CL

CL

CL

s(CL)

ML/CL

MW-32Boring Number
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4.5

 36.2 - 40' SILTY CLAY: ML/CL, gray (10YR 5/1),
sand (0-10%), gravel (0-5%), hard, no dilatancy, high
toughness, low plasticity, wet. (continued)

 40' End of Boring.

ML/CL
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1

1.25

2.75

0.5

0.25

120
104

60
60

CS = Core
Sample

1
CS

2
CS

 0 - 3.5' CLAYEY SILT ML/CL, very dark grayish
brown (10YR 3/2), dark grayish brown (10YR 4/2)
mottling (5-15%), dark yellowish brown (10YR 4/6)
mottling (5-15%), sand (5-15%), gravel (0-5%), roots
(0-5%), firm, slow dilatancy, low to medium
toughness, low plasticity, moist.

 3.5 - 7.5' LEAN CLAY: CL, grayish brown (10YR
5/2), very dark grayish brown (10YR 3/2) mottling
(5-15%), dark yellowish brown (10YR 4/6) mottling
(5-15%), silt (15-30%), sand (0-5%), gravel (0-5%),
stiff to soft, no dilatancy, medium toughness, low to
medium plasticity, moist.

 7.2' red brick (15-30%).
 7.5 - 13' LEAN CLAY: CL, grayish brown (10YR
5/2), silt (15-30%), dark yellowish brown (10YR 4/4)
mottling (5-15%), sand (0-5%), gravel (0-5%), no
dilatancy, low to medium toughness, medium
plasticity, moist.

ML/CL

CL

CL

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-7S
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 7.5 - 13' LEAN CLAY: CL, grayish brown (10YR
5/2), silt (15-30%), dark yellowish brown (10YR 4/4)
mottling (5-15%), sand (0-5%), gravel (0-5%), no
dilatancy, low to medium toughness, medium
plasticity, moist. (continued)

 13 - 15' SANDY LEAN CLAY: to CLAYEY SAND:
s(CL), dark yellowish brown (10YR 4/4), gravel
(0-5%), non-cohesive to cohesive, low plasticity, wet.

 15' End of Boring.

CL

s(CL)

MW-7SBoring Number
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120
120

120
120

CS = Core
Sample

1
CS

2
CS

 0 - 1.9' LEAN CLAY: CL, grayish brown (10YR
5/2), dark yellowish brown (10YR 4/4) mottling
(5-15%), very dark gray (10YR 3/1) mottling (0-5%),
silt (15-30%), gravel (0-5%), no dilatancy, low
toughness, medium plasticity, wet to moist.

 1.9 - 5.6' SILT: ML, dark grayish brown (10YR 4/2),
very dark grayish brown (10YR 3/2) mottling
(5-15%), dark yellowish brown (10YR 4/6) mottling
(0-5%), clay (15-30%), sand (0-5%), gravel (0-5%),
roots (0-5%), no dilatancy, high toughness, low
plasticity, moist.

 5.6 - 7.1' LEAN CLAY: CL, very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2), silt
(15-30%), organic material (0-5%), slow dilatancy,
low toughness, medium to high plasticity, moist.

 7.1 - 8.8' SILTY CLAY: CL/ML, grayish brown
(10YR 5/2), yellowish brown (10YR 5/4) mottling
(15-30%), no dilatancy, low toughness, medium
plasticity, moist.

 8.8 - 15' SILT WITH SAND: (ML)s, gray (10YR
5/1), dark yellowish brown (10YR 4/6) mottling
(5-15%), clay (15-30%), no dilatancy, low toughness,
non-plastic to low plasticity, moist to wet.

CL

ML

CL

CL/ML

(ML)s
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 8.8 - 15' SILT WITH SAND: (ML)s, gray (10YR
5/1), dark yellowish brown (10YR 4/6) mottling
(5-15%), clay (15-30%), no dilatancy, low toughness,
non-plastic to low plasticity, moist to wet. (continued)

 15 - 18.5' SANDY LEAN CLAY: to CLAYEY
SAND: s(CL), yellowish brown (10YR 5/4), gravel
(0-5%), dense, non-plastic to low plasticity, wet.

 18.5 - 20' SILT: ML, gray (10YR 5/1) to grayish
brown (10YR 5/2), clay (15-30%), sand (0-5%),
gravel (0-5%), dry.

 20' End of Boring.

(ML)s

s(CL)

ML

MW-8SBoring Number
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1219.4

60
60

36
36

24
24

60
60

2.6

CS = Core
Sample

MC =
Modified
California

1
CS

2
CS

3
MC

4
CS

 0 - 8' ASH, black (10YR 2/1), silt to sand sized
grains, fine to medium sand, gravel (0-5%), slag-like
material (0-5%), dry.

 8 - 10' ASH, sand sized grains.

 10 - 15.6' ASH, black (10YR 2/1), silt to sand sized
grains, gravel (0-5%), slag-like material (0-5%), dry.

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH

Boring Drilled By:  Name of crew chief (first, last) and Firm
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1726.8

36
36

24
12

24
24

36
36

60
60

24
24

3.72

5
CS

6
MC

7
MC

8
CS

9
CS

10
MC

 10 - 15.6' ASH, black (10YR 2/1), silt to sand sized
grains, gravel (0-5%), slag-like material (0-5%), dry.
(continued)

 15.6 - 18' ASH, black (10YR 2/1), sand to silt sized
grains, slag-like material (0-5%), gravel (0-5%), dry.

 18 - 20' ASH, Not Analyzed.

 20 - 22' ASH, sand sized grains.

 22 - 30' ASH, black (10YR 2/1), sand to silt sized
grains, slag-like material (0-5%), gravel (0-5%), dry.

 23' wet.

 28' - 28.2' layer of clay, brown.

 30 - 32' LEAN CLAY: CL, Not Analyzed.

 32' End of Boring.
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ASH
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ASH

(FILL)
ASH
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ASH

(FILL)
ASH
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411.8

60
60

36
36

24
18

60
60

5.9

CS = Core
Sample

MC =
Modified
California

1
CS

2
CS

3
MC

4
CS

 0 - 8' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), slag-like material (0-5%), silt (0-5%),
dry.

 8 - 10' ASH, sand sized grains.

 10 - 15' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), slag-like material (0-5%), silt (0-5%),
dry.

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH

Boring Drilled By:  Name of crew chief (first, last) and Firm
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Russ Gordon
Cascade Drilling
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813.9

36
25

24
0

24
24

5.5

5
CS

6
MC

7
MC

 10 - 15' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), slag-like material (0-5%), silt (0-5%),
dry. (continued)

 15 - 18' ASH, black (10YR 2/1), sand to gravel sized
grains, slag-like material (0-5%), silt (0-5%), wet.

 18 - 20' ASH, Not Analyzed.

 20 - 22' ASH, sand sized grains.

 22 - 23' Blind drilled to 23 feet below ground surface.

 23' End of Boring.

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH
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1.5

1427.4

60
49

36
36

24
18

60
40

8.4

CS = Core
Sample

MC =
Modified
California

1

1
CS

2
CS

3
MC

4
CS

 0 - 3.2' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), slag-like material (0-5%), dry.

 3.2 - 5.8' FILL, SILTY CLAY WITH SAND
(CL/ML)S, yellowish brown (10YR 5/8), sand
(15-25%), gravel (0-5%), brick (0-5%), stiff, low
plasticity, moist.

 5.8 - 8' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), brick (0-5%), slag-like material
(0-5%), dry.

 8 - 10' ASH.

 10 - 10.2' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), brick (0-5%), slag-like material
(0-5%), dry.
 10.2 - 10.8' FILL, SANDY LEAN CLAY: s(CL),
grayish brown (10YR 5/2), gravel (0-5%), brick
(0-5%), very stiff, low plasticity, wet.

(FILL)
ASH

(FILL)
(CL/ML)S

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH

(FILL)
s(CL)

(FILL)
ASH
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Cascade Drilling

Date Drilling Completed
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536.4

36
36

24
24

1.3

5
CS

6
MC

 10.8 - 18' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), slag-like material (0-5%), brick
(0-5%), wet. (continued)

 15 - 16' ASH, black (10YR 2/1), sand to clay sized
grains, gravel (0-5%), slag-like material (0-5%), brick
(0-5%), wet.

 16 - 18' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), slag-like material (0-5%), brick
(0-5%), wet.

 18 - 20' ASH.

 20' End of Boring.
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ASH
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ASH

(FILL)
ASH

(FILL)
ASH
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318.3

60
34

36
24

24
0

24
12

CS = Core
Sample

MC =
Modified
California

1.4

1
CS

2
CS

3
MC

4
MC

 0 - 3.6' ASH, dark gray (10YR 4/1), sand to silt sized
grains, fine sand, moist.

 3.6 - 8' ASH, black (10YR 2/1), sand sized grains ,
gravel (0-5%), wet.

 8 - 10' ASH, No Recovery.

 10 - 12' ASH, sand sized grains.

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH

(FILL)
ASH

Boring Drilled By:  Name of crew chief (first, last) and Firm
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Fax:   (414) 837-3608
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Cascade Drilling

Date Drilling Completed
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1

1532.3

36
0

36
0

24
0

24
24

24
24

2.7
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 12 - 18' ASH, black (10YR 2/1), sand sized grains,
gravel (0-5%), wet.

 18 - 20' ASH, No Recovery.

 20 - 22' ASH, sand sized grains.

 22 - 24' LEAN CLAY: CL, grayish brown (10YR
5/2), stiff, medium plasticity, moist.

 24' End of Boring.
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W
el

l
D

ia
gr

am

P
ID

 1
0.

6 
eV

 L
am

pSample
B

lo
w

 C
ou

nt
s

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

13

14

15

16

17

18

19

20

21

22

23

24

Soil/Rock Description
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13 4

Cascade Drilling

602.72

601.76

599.4

MW-11S
1,066,375 2,486,960

Date Modified: 5/3/2021

598.4

596.4

595.4

591.4

591.4

591.4

01/26/2021

 6.0

 2.38

 2.07

598.4

39° 35' 35.2" -89° 29' 28.0"

12

1.0

3.0

4.0

8.0

8.0

8.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 71/dw

0 2

Mini Sonic

3/8 in.

0.349

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

4.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

0.873

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

1.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

591.33

590.96

589.1

MW-12D
1,068,940 2,485,443

Date Modified: 5/3/2021

543.1

541.1

539.1

534.1

532.1

489.1

01/27/2021

 6.0

 2.38

 2.07

587.1

39° 36' 0.7" -89° 29' 47.1"

1

46.0

48.0

50.0

55.0

57.0

100.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

9.5

Mini Sonic

3/8 in.

7.679

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Slurry Grout

a. Screen Type:

1.614

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

591.35

591.10

588.6

MW-12S
1,068,945 2,485,444

Date Modified: 5/3/2021

587.6

586.1

584.6

579.6

579.6

579.1

01/27/2021

 6.0

 2.38

 2.07

587.6

39° 36' 0.7" -89° 29' 47.1"

1

1.0

2.5

4.0

9.0

9.0

9.5

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 71/dw

0 2

Mini Sonic

3/8 in.

0.262

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

1.134

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

1.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

601.44

600.77

598.5

MW-20
1,068,398 2,488,022

Date Modified: 5/3/2021

588.5

586.5

584.5

574.5

572.5

547.5

01/26/2021

 6.0

 2.38

 2.07

596.5

39° 35' 55.1" -89° 29' 14.2"

1

10.0

12.0

14.0

24.0

26.0

51.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

1.396

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Slurry Grout

a. Screen Type:

2.487

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

601.23

600.64

598.4

MW-20S
1,068,402 2,488,022

Date Modified: 5/3/2021

597.4

595.4

594.4

588.4

588.4

588.4

01/26/2021

 6.0

 2.38

 2.07

597.4

39° 35' 55.2" -89° 29' 14.2"

1

1.0

3.0

4.0

10.0

10.0

10.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 71/dw

0 2

Mini Sonic

3/8 in.

0.349

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

6.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

1.222

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

1.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

602.16

601.77

599.5

MW-22
1,066,423 2,487,936

Date Modified: 5/3/2021

589.5

586.5

584.5

580.5

579.5

579.5

02/03/2021

 6.0

 2.38

 2.07

597.5

39° 35' 35.6" -89° 29' 15.5"

12

10.0

13.0

15.0

19.0

20.0

20.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

1.396

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

4.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Slurry Grout

a. Screen Type:

1.244

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

610.57

610.32

608.1

MW-23
1,066,441 2,487,452

Date Modified: 5/3/2021

589.1

587.1

585.1

580.1

578.1

558.1

02/02/2021

 6.0

 2.38

 2.07

606.1

39° 35' 35.8" -89° 29' 21.7"

12

19.0

21.0

23.0

28.0

30.0

50.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

2.967

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Slurry Grout

a. Screen Type:

1.614

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

615.85

615.48

613.0

MW-24
1,066,425 2,486,349

Date Modified: 5/3/2021

591.0

588.0

586.0

581.0

581.0

581.0

02/02/2021

 6.0

 2.38

 2.07

611.0

39° 35' 35.8" -89° 29' 35.8"

12

22.0

25.0

27.0

32.0

32.0

32.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

3.491

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

1.222

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

607.53

607.20

604.6

MW-25
1,066,831 2,485,840

Date Modified: 5/3/2021

599.6

597.6

595.6

590.6

590.6

579.6

02/02/2021

 6.0

 2.38

 2.07

602.6

39° 35' 39.8" -89° 29' 42.2"

12

5.0

7.0

9.0

14.0

14.0

25.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

0.524

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Chips

a. Screen Type:

1.222

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

596.56

596.16

593.3

MW-26
1,067,258 2,485,127

Date Modified: 5/3/2021

591.3

588.3

586.3

581.3

580.3

573.3

02/02/2021

 6.0

 2.38

 2.07

591.3

39° 35' 44.1" -89° 29' 51.3"

11

2.0

5.0

7.0

12.0

13.0

20.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

0.524

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Chips

a. Screen Type:

1.418

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

600.37

600.05

597.3

MW-27
1,067,662 2,485,027

Date Modified: 5/3/2021

591.3

589.3

587.3

582.3

581.3

577.3

02/02/2021

 6.0

 2.38

 2.07

595.3

39° 35' 48.1" -89° 29' 52.5"

11

6.0

8.0

10.0

15.0

16.0

20.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

0.698

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Chips

a. Screen Type:

1.418

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

601.66

601.40

598.3

MW-28
1,068,595 2,485,010

Date Modified: 5/3/2021

590.3

588.3

586.3

576.3

573.3

573.3

02/02/2021

 6.0

 2.38

 2.07

596.3

39° 35' 57.3" -89° 29' 52.7"

2

8.0

10.0

12.0

22.0

25.0

25.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

1.047

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

2.683

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

600.19

599.94

596.9

MW-29
1,068,755 2,485,210

Date Modified: 5/3/2021

586.9

584.9

582.9

577.9

576.9

576.9

02/01/2021

 6.0

 2.38

 2.07

594.9

39° 35' 58.9" -89° 29' 50.1"

2

10.0

12.0

14.0

19.0

20.0

20.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

1.396

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

1.418

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

619.15

618.47

616.0

MW-30
1,069,336 2,486,122

Date Modified: 5/3/2021

585.0

583.0

581.0

576.0

574.0

571.0

02/03/2021

 6.0

 2.38

 2.07

614.0

39° 36' 4.6" -89° 29' 19.1"

1

31.0

33.0

35.0

40.0

42.0

45.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

5.061

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Chips

a. Screen Type:

1.614

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

617.66

617.34

615.0

MW-31
1,069,353 2,486,768

Date Modified: 5/3/2021

584.0

582.0

580.0

575.0

574.0

565.0

02/03/2021

 6.0

 2.38

 2.07

613.0

39° 36' 4.7" -89° 29' 30.1"

1

31.0

33.0

35.0

40.0

41.0

50.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

5.061

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Chips

a. Screen Type:

1.418

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

617.85

617.54

615.1

MW-31S
1,069,353 2,486,774

Date Modified: 5/3/2021

594.1

592.1

590.1

585.1

585.1

585.1

02/03/2021

 6.0

 2.38

 2.07

613.1

39° 36' 4.7" -89° 29' 30.1"

1

21.0

23.0

25.0

30.0

30.0

30.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 71/dw

0 2

Mini Sonic

3/8 in.

3.316

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

1.222

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

619.76

619.49

617.2

MW-32
1,069,354 2,487,630

Date Modified: 5/3/2021

590.2

587.2

585.2

580.2

579.2

577.2

02/03/2021

 6.0

 2.38

 2.07

615.2

39° 36' 4.6" -89° 29' 19.1"

1

27.0

30.0

32.0

37.0

38.0

40.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 72/dp

0 2

Mini Sonic

3/8 in.

4.363

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Adam Jochimsen

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Formation Materials

a. Screen Type:

1.418

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

598.14

597.64

595.6

MW-7S
1,068,011 2,484,728

Date Modified: 5/3/2021

593.6

591.6

589.6

584.6

583.6

580.6

02/02/2021

 6.0

 2.38

 2.07

593.6

39° 35' 51.5" -89° 29' 56.3"

2

2.0

4.0

6.0

11.0

12.0

15.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 71/dw

0 2

Mini Sonic

3/8 in.

0.349

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

5.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Bentonite Chips

a. Screen Type:

1.418

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

603.68

603.30

600.6

MW-8S
1,066,822 2,485,345

Date Modified: 5/3/2021

599.6

598.1

596.6

593.6

592.6

580.6

02/02/2021

 6.0

 2.38

 2.07

599.6

39° 35' 39.7" -89° 29' 48.6"

12

1.0

2.5

4.0

7.0

8.0

20.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 71/dw

0 2

Mini Sonic

3/8 in.

0.262

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

3.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Dave Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

Formation Materials and Bentonite Chips

a. Screen Type:

0.982

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

1.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

628.23

627.84

625.5

XPW01
1,066,842 2,486,392

Date Modified: 5/3/2021

607.5

605.5

603.5

593.5

593.5

593.5

02/02/2021

 6.0

 2.38

 2.07

623.5

39° 35' 39.9" -89° 29' 35.2"

12

18.0

20.0

22.0

32.0

32.0

32.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 99/ot

0 2

Mini Sonic

3/8 in.

2.793

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Russ Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

2.094

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

620.71

620.19

617.9

XPW02
1,068,110 2,485,321

Date Modified: 5/3/2021

608.9

606.9

604.9

594.9

594.9

595.9

01/26/2021

 6.0

 2.38

 2.07

615.9

39° 35' 52.5" -89° 29' 48.7"

1

9.0

11.0

13.0

23.0

23.0

22.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 99/ot

0 2

Mini Sonic

3/8 in.

1.222

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Russ Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

2.094

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No



13 4

Cascade Drilling

619.03

618.86

616.1

XPW03
1,068,720 2,485,628

Date Modified: 5/3/2021

610.1

608.1

606.1

596.1

596.1

596.1

01/26/2021

 6.0

 2.38

 2.07

614.1

39° 35' 58.5" -89° 29' 44.8"

1

6.0

8.0

10.0

20.0

20.0

20.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 99/ot

0 2

Mini Sonic

3/8 in.

0.698

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Russ Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

2.094

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No
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Cascade Drilling

606.78

606.53

604.6

XPW04
1,069,146 2,486,608

Date Modified: 5/3/2021

595.6

593.6

591.6

581.6

580.6

580.6

01/26/2021

 6.0

 2.38

 2.07

602.6

39° 36' 2.6" -89° 29' 32.2"

1

9.0

11.0

13.0

23.0

24.0

24.0

6.

Bentonite
Other

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

ft. (NAVD88) or

Signature

Cap and lock?

4.

Air
Drilling Mud

Distilled Water

Drilling Mud

GP

Well Name

2.

7.

SC

E
W

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Bentonite
Concrete

Other

Firm

Filter Sil, Industrial Quartz

b. Manufacturer

Well Code 99/ot

0 2

Mini Sonic

3/8 in.

1.222

How installed:

a. Inside diameter:
b. Length:
c. Material:

N.
S.

E.
W.

15. Drilling fluid used:

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

No

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

Schedule 40 PVC

10.0

State

/

Protective cover pipe:
in.

Johnson Screens

5.

c. Other

Water

MH

ft. E.

Bedrock

13. Sieve analysis attached?

in.

in.

in.

ft. (NAVD88) or

Screen material:

Rotary

Location of Well Relative to Waste/Source

)   or   Well Location

CH
If yes, describe:SPGM GC GW

Tel:  (414) 837-3607
Fax:  (414) 837-3608

SW

Steel
Other

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.0
5.0

Yes

None

16. Drilling additives used?

0 3

1/2 in.

10.

Distance from Waste/
Source

, T. N, R.

(estimated:

d. Slotted length:

a.

c. Slot size:

St. Plane ft. N,
Section Location of Waste/Source

IL

Bollards

Bentonite seal: a. Bentonite granules

9.

Gov. Lot Number

b. Volume added

Kincaid Power Station

Russ Gordon

Sand

Tremie
Tremie pumped

Gravity17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

1.

Type of Well

Describe

Local Grid Location of Well

ft.
Facility License, Permit or Monitoring No.

a. Screen Type:

2.291

Well casing:

in.
ft.

1/4 of 1/4 of Sec.

ft.

d. Additional protection? Yes12. USCS classification of soil near screen:

11. Backfill material (below filter pack):

Annular space seal:

8.

2.0 ft.

Surface seal:3.

ft. (NAVD88)

ft. (NAVD88)

ft. (NAVD88)

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility/Project Name

or

SM

Date Well Installed

Well Installed By:  (Person's Name and Firm)

Bentonite chips

Filter pack material:  Manufacturer, product name & mesh size

Fine sand material:  Manufacturer, product name & mesh size

No

14. Drilling method used: Material between well casing and protective pipe:

a.

Local Grid Origin

No

MONITORING WELL CONSTRUCTION

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

Lbs/gal mud weight . . .
Lbs/gal mud weight . . .
% Bentonite . . .

b.
c.
d.
e.
f.

None
Other

Factory cut
Continuous slot

Other

Facility ID

ft.

0.010

E W

234 W. Florida Street, Milwaukee,WI 53204
Ramboll

Hollow Stem Auger

ft.

b. Volume added ft3

ft3

Ft3 volume added for any of the above

CLML

Yes No
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580.0

568.0
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50 / 5"

27
41

50 / 4 "

100

0

83

0

0

100

67

59

6.0

12.0

18.0

30.0

Rock blocked S2.

Shelby tube refusal
at 18 ft.

Installed
Piezometer KIN -
P001 in boring.

598.0

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

0.0

 11.8

 20.8

 8.9

 8.9

 10.8

Medium dense, brown and gray, CLAY with fine
to medium sand, trace fine gravel, with topsoil
and roots, (CL) (FILL)

Stiff, moist, brown, high plasticity, SILT with
sand, with topsoil,  (ML) (FILL)

Stiff, gray, silty CLAY (CL) with reddish brown
silt seams, trace fine sand

Hard, very moist, brown and gray, low plasticity,
sandy silty CLAY with orange brown silt seams,
trace fine gravel,  (CL) (TILL)

Hard, wet, gray, sandy CLAY, trace fine gravel,
(CL) (TILL)

Hard, wet, gray, sandy CLAY (CL) (TILL)

End of Boring at 30 ft
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l

SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

30.0 ft

598.0 ft NAVD 88

08/14/2015 8:20 AM to 08/14/2015 12:00 AM

Piezometer KIN-P001

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1066408.5  E 2487814 (ft NAD83) Not Encountered
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Log of Boring KIN-B001
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Project Location:   Kincaid Power Station, IL
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603.1

596.1

581.1

3
5
5

2
5
6

2
3
4

2
2
2

WOH
2
2

12
23
41

30
41

50 / 5"

78

71

100

94

100

100

100

78

94

1.0

8.0

23.0

Organic content
5.9%.

Shelby tube refusal
at 23' bgs.  No
recovery.

604.1

S1

S2

S3

S4

S5

S6

S7

S8

S9

0.0

 18.1

 19.0

 13.9

 28.4

 26.2

 27.5

 27.1

 12.6

 8.4

Moist, light gray, sandy GRAVEL, trace silt,
(GM) (FILL)
Stiff, moist, brown and gray, high plasticity,
CLAY, trace sand and gravel with topsoil and
roots, (CL) (EMBANKEMENT FILL)

Stiff, moist, brown and gray, sandy CLAY, trace
fine gravel, (CL) (EMBANKMENT FILL)

Medium stiff,  moist, dark gray, high plasticity,
CLAY with topsoil, (CL)

Soft, wet, brown and gray, CLAY (CL)

Gray and yellowish brown, trace dark gray, high
plasticity, CLAY, trace sand and gravel, (CL)

Soft, very wet, brown and gray, CLAY, trace
fine sand, (CL)

Hard, very moist to wet, brown, low plasticity,
sandy CLAY, trace fine gravel, (CL) (TILL)

Hard, wet, gray, sandy CLAY, (CL) (TILL)

 130.7
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 38

 48

 41

 22

 21

 26

 24

 8

3.5

3.5

0.5

1.5

0.5

> 4.5

> 4.5

REMARKS

T
yp

e
N

um
b

er MATERIAL  DESCRIPTION

P
la

st
ic

ity
 I

nd
ex

N
at

ur
al

 M
oi

st
ur

e
C

on
te

nt
 (

%
)

E
le

va
tio

n 
(f

ee
t)

D
ep

th
 (

fe
e

t)

T
X

U
U

 (
ks

f)

T
or

va
ne

S
u 

(k
sf

)

Li
qu

id
 L

im
it

Sa
m

pl
in

g 
R

es
is

t.
O

R
C

or
e 

R
Q

D
 (%

)

R
ec

ov
er

y 
(%

)

SAMPLES

Elevation
(feet)

P
oc

ke
t P

en
.

S
u 

(k
sf

)

Depth
(feet)

T
ot

al
 U

ni
t

W
ei

gh
t 

(p
cf

)

G
ra

ph
ic

 S
ym

bo
l

SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

50.0 ft

604.1 ft NAVD 88

08/12/2015 9:00 AM to 08/13/2015 12:00 AM

Cement-Bentonite Grout (Installed KIN-P002 5 ft
East of KIN-B002)

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger / Rotary Wash

N 1066471  E 2487815.2 (ft NAD83) Not Encountered
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Project Location:   Kincaid Power Station, IL

Project Number:     60440697
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554.1

16
41

50 / 3"

10
32
50

27
27
34

17
23
29

78

89

100

50.0

8/12/15

Rig needs to be
repaired at site,
work stopped 12 N.

8/13/15

Work continued on
hole at 9:45 a.m.

Switch to Rotary
drilling.

Installed
Piezometer
KIN-P002 with 5 ft
offset to the East.
Coordinates shown
are for Boring
KIN-B002.

S10

S11

S12

S13

 8.9
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 11.9

Hard, wet, gray, sandy CLAY, trace fine gravel,
(CL) (TILL)

Hard, very wet, brown and gray, sandy CLAY,
(CL) (TILL)

Hard, wet, brown and gray, sandy CLAY, trace
fine gravel, (CL) (TILL)

End of Boring at 50 ft
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Project Location:   Kincaid Power Station, IL

Project Number:     60440697
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603.3

599.8

592.8
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18.5

22.0

29.0

621.8

S1

S2

S3

S4

S5
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S7

S8

S9

0.0

 11.6

 15.5

 16.4

 9.5

 18.0

 23.9

 21.4

 18.4

 29.7

Stiff, brown and gray, CLAY with fine to coarse
sand, trace fine gravel with roots and topsoil,
(CL) (EMBANKMENT FILL)

Stiff, brown and gray, CLAY with fine to
medium sand, trace fine gravel, (CL)
(EMBANKMENT FILL)

Stiff, brown and gray, sandy CLAY, trace fine
gravel, (CL) (EMBANKMENT FILL)

Stiff, moist, brown and gray, CLAY, trace fine to
medium sand, (CL) (EMBANKMENT FILL)

Stiff, moist, brown and gray, very plastic, CLAY,
trace fine to medium sand, (CH)
(EMBANKMENT FILL)

Moist, dark grayish brown with gray and olive,
trace yellowish brown, high plasticity, CLAY
with sand, with organics (CL)

Stiff to very stiff, moist, grayish green, medium
plastic, sandy CLAY, trace fine gravel with
reddish brown silt seams (CL)

Medium stiff, wet, brown and gray, CLAY
(CL-CH)
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SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

50.0 ft

621.8 ft NAVD 88

08/14/2015 1:20 PM to 08/15/2015 3:35 PM

Piezometer KIN-P003

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1066923.6  E 2485626.8 (ft NAD83) 29 ft on 8/14/2015 1:20:00 PM
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Log of Boring KIN-B003
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Project Location:   Kincaid Power Station, IL

Project Number:     60440697
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50 / 5"
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33.0

41.0

49.0

50.0

Installed
Piezometer
KIN-P003 in boring.

S10

S11

S12

S13

S14

 25.2

 26.0

 9.2

 17.3

Very soft, very wet, brown and gray, medium
plastic, CLAY,  trace fine sand, with reddish
brown silt seams, (CL)

Soft, very wet, brown and gray, high plasticity,
sandy CLAY (CL)

Hard, gray, sandy CLAY, trace fine gravel, (CL)
(TILL)

Very dense, very wet, brown and gray, silty fine
to medium SAND, trace clay and fine gravel
(SM) (TILL)

End of Boring at 50 ft
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61
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92
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22.0
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30.0

No S5 Sample.

617.8

S1

S2

S3

S4

S6

S7

S8

S9

S10

0.0

 9.1

 12.1

 9.8

 19.3

 14.6

 21.6

 19.0

 29.0

Very stiff, moist, brown, sandy CLAY, trace fine
gravel, (CL) (EMBANKMENT FILL)

Very stiff, brown, medium plastic, sandy CLAY,
trace fine gravel (CL) (EMBANKMENT FILL)

Medium stiff, brown, sandy CLAY, trace fine
gravel, (CL) (EMBANKMENT FILL)

Medium stiff, moist, brown, sandy CLAY, trace
fine gravel with reddish brown silt seams (CL)
(EMBANKMENT FILL)

Stiff, moist, dark grayish brown with dark
yellowish brown, medium plastic, CLAY with
sand, with reddish brown silt seams (CL)
(EMBANKMENT FILL)
Dark brown and green, medium plastic, CLAY
with sand (CL) (EMBANKMENT FILL)

Very stiff, moist, brown and gray, CLAY, with
fine to medium sand, trace fine gravel, with
organics (CL)

Very stiff, moist, greenish gray, silty CLAY,
(CH).

Stiff, moist, brown and dark brown, high
plasticity, CLAY (CH)
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 125.1
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SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

50.0 ft

617.8 ft NAVD 88

08/18/2015 3:50 PM to 08/19/2015 12:00 AM

Cement-Bentonite Grout Piezometer KIN-P005

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1067731.3  E 2485043.6 (ft NAD83) Not Encountered
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Project Location:   Kincaid Power Station, IL
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573.8

567.8

WOH
2
3

20
50 / 3"

25
30
33

100

100

67
44.0

50.0

ST refusal at 39 ft.

Installed
Piezometer
KIN-P005 in boring.

S11

S12

S13

S14

S15

 25.9

 21.2

 21.2

 9.0

 7.7

Brown and gray, CLAY (CL)

Medium stiff, wet, brown and gray, high
plasticity, CLAY with reddish orange silt seams
(CL)

Brown and gray, high plasticity, CLAY, trace
fine gravel (CL)

Hard, wet, brown and gray, sandy CLAY, trace
fine gravel (CL) (TILL)

Hard, very moist, brownish gray, sandy CLAY,
trace fine gravel (CL) (TILL)

End of Boring at 50 ft
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 132.8

 42

 43
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 28

1.0

> 4.5

> 4.5
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591.5

588.5

577.5

576.0

566.0

2
4
6
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4

2
2
2

5
6
8

22
29
35

6
10
14

83

100
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100

100
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100
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3.0

6.0

17.0

18.5

28.5

594.5

S1

S2

S3

S4

S5

S6

S7

S8

S9

0.0

 9.8

 29.2

 23.9

 24.2

 21.9

 13.8

 10.2

 6.7

 27.7

Stiff, moist, brown and gray with dark brown,
CLAY,  with fine to coarse sand (FILL)

Medium stiff, moist, brown and gray, CLAY with
silt seams (CH)

Grayish brown, medium plastic, CLAY, trace
sand (CL)

Stiff, moist, grayish brown, medium plastic,
CLAY with sand, with reddish brown silt seams
(CL).

Soft, very moist to wet, brown and gray, CLAY,
with fine to medium sand, trace fine gravel,
(CL)

Brown and gray, low plasticity, clayey SAND,
trace fine gravel, with reddish brown silt seams,
(SC) (TILL)
Stiff, brown and gray, medium plastic, sandy
CLAY, trace fine gravel (CL) (TILL)

Hard, moist, low plasticity, sandy CLAY, trace
fine gravel (CL) (TILL)

Very stiff, dry, brownish gray, shaley CLAY,
trace silt seams (CL-CH)

 127.0

 126.6

 139.3

 35

 38
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 SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

85.0 ft

594.5 ft NAVD 88

08/21/2015 8:00 AM to 08/23/2015 12:00 PM

Cement-Bentonite Grout (Installed  KIN-P006 5
ft Southeast of KIN-B005)

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger / Mud Rotary / Rock Core

N 1067675.7  E 2484973.6 (ft NAD83) Not Encountered
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560.513
18
23

16
24
30

12
23
36
20
23
30

8
14
21

10
16
26

100

100

100

100

100

94

34.0

Auger head broke
at 10 a.m.  Restart
8/23/15.  Grout
hole; offset 8 ft. SE,
set 14 ft.  HSA as
casing, drill mud
rotary and start
sampling at 42 ft (S
12A).

S10

S11

S12A

S12

S13

S14

 7.7

 7.8

 8.2

 9.5

 17.5

 16.6

Hard, moist, brown, sandy CLAY, trace fine
gravel (CL) (TILL)

Hard, brown and gray, sandy CLAY, trace fine
gravel (CL) (TILL)

Hard, brown, medium plastic, CLAY, trace fine
sand (CL) (TILL)

Hard, very wet, brown and gray, sandy CLAY
(CL) (TILL)

 129.6  36  18
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> 4.5
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523.0

522.0

519.5

514.9

509.5

23
50 / 5"

79

53

72

100

91

71.5

72.5

75.0

79.6

85.0

Switch to roller bit.
Hard drilling 74 -
75'.  Rollerbit
refusal  at 75 ft.
Start wireline coring
on 8/24/15.

Installed
Piezometer
KIN-P006 with 5 ft
offset to the
Southeast.
Coordinates shown
are for Boring
KIN-B005.

S15A

C1

C2

 15.2

 8.4

 1.0

 8.4

Hard, gray, shaley CLAY, trace fine gravel (CL)

Very soft, gray, sandy shaley CLAY, trace fine
gravel, (CL) (BEDROCK)

Limestone, hard, medium strong, light to
medium gray.  qu = 6,500 psi (75.9 - 76.5 ft)

SHALE, very soft, laminated, waxy, dark gray
SHALE, moderately hard, laminated, black

End of Boring at 85 ft

 163.6

 116.3

> 4.5
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613.7

602.2

588.2

3
3
3

WOH
1

WOH

WOH

1
1
1

2
2
3

100

100

0

100

100

47

100

0

100

56

3.5

15.0

29.0

Piston sample.

Piston sample.
8/14/15 12:05 work
stopped.

8/18/15 9:15 work
resumed.
Piston sample.

617.2

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

0.0

 34.2

 71.4

 48.0

 38.5

 30.4

Dry, black, CINDERS with fine to coarse
grained sand (ASH)

Loose, wet, brown and gray, CINDERS with
clayey silt (ASH)

Very soft, wet, brown with black, CLAY, with
cinders (CL)

Dark brown, very wet, fine to medium grained
sandy CLAY with ash (CL)

Very soft, very wet, dark brown and gray, sandy
CLAY, with organics, with ash (CL)

Very loose, wet, coarse grained CINDERS
(ASH)

Very loose, very wet, dark brown, CINDERS,
with organics and clay (ASH)

Very loose, very wet, black, fine to coarse
grained CINDERS (ASH)

Very loose, wet, coarse grained CINDERS
(ASH)

Medium stiff, very wet, brown and gray,
medium plastic CLAY, trace fine sand, with
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Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

41.0 ft

617.2 ft NAVD 88

08/14/2015 9:30 AM to 08/18/2015 12:00 PM

Cement-Bentonite Grout

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger / Cased, Rotary Wash

N 1068130.5  E 2485427.3 (ft NAD83) Not Encountered
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46

33.5

41.0

S11

S12

S13

 28.2

reddish brown silt seams (CL)

Medium stiff, very wet, CLAY, with reddish
brown silt seams (CH)

End of Boring at 41 ft
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608.3

592.8

591.8
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26
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78

100

100

100

100

83

100

100

100

100

4.0

8.5

24.0

25.0

Organic content
3.9%.

616.8

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

0.0

 5.5

 8.0

 20.8

 6.2

 15.0

 10.3

 24.9

 10.8

Hard, dry, brown, sandy CLAY, trace fine
gravel (CL) (EMBANKMENT FILL)

Very stiff, moist, brown, low plasticity, sandy
CLAY, trace fine gravel (CL)

Stiff, moist, brown to dark brown, sandy CLAY,
trace fine gravel (CL) (EMBANKMENT FILL)

Green, brown and gray, medium plastic CLAY,
with sand (CL) (EMBANKMENT FILL)

Stiff, very moist, brown and gray, sandy CLAY,
trace fine gravel, (CL) (EMBANKMENT FILL)

Stiff, very moist, brown and gray with dark gray,
CLAY, with fine to medium sand, trace fine
gravel (CL - CH) (EMBANKMENT FILL)
Soft, grayish brown, silty CLAY (CL)

Medium stiff, very moist, brown to light brown,
sandy CLAY, trace silt, trace fine gravel, with
roots (CL)
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Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

50.0 ft

616.8 ft NAVD 88

08/20/2015 11:35 AM to 08/20/2015 2:15 PM

Cement-Bentonite Grout (Installed KIN-P007
adj. to KIN-B007).

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1069102.7  E 2485773.3 (ft NAD83) Not Encountered
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578.8

577.3

566.8

WOH
WOH

6

24
38
42

25
34
50

100

100

67

100

38.0

39.5

50.0

Installed
Piezometer
KIN-P007 with
offset.  Coordinates
shown are for
Boring KIN-B007.

S11

S12

S13

S14

S15

 13.8

 11.2

 7.7

Medium stiff, wet, light brown, sandy CLAY
(CL)

Very loose, very wet, brown, clayey SAND,
trace fine gravel (SC)

Medium stiff, wet, light brown, Sandy CLAY,
trace silt (CL) (TILL)

Hard, very wet, gray, medium plastic, sandy
CLAY,  trace fine gravel (CL) (TILL)

Hard, brownish gray, sandy CLAY, trace fine
gravel (CL) (TILL)

End of Boring at 50 ft
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589.5

581.5

560.5

7
5
5

2
2
4

2
2
3

15
30
39

13
31
41

20
35
43

18
32

50 / 4"

0

100

100

100

100

100

100

1.0

9.0

30.0

Rock lodged in S1.

Till material at the
bottom of S4.

Installed
Piezometer
KIN-P008 in boring.

590.5

S1

S2

S3

S4

S5

S6

S7

S8

0.0

 25.4

 22.8

 11.4

 13.3

 10.7

 7.6

 7.1

Rockfill (3 - 7 inch), little topsoil.

Medium stiff, very moist, brown and gray,
sandy CLAY, (CL) (FILL)

Soft to medium stiff, wet, brown, sandy CLAY
(CL) (FILL)

Low plasticity, sandy CLAY (CL) (TILL)

Hard, wet, brown and gray, medium plastic,
sandy CLAY,  trace fine to coarse gravel (CL)
(TILL)

Hard, brownish gray, sandy CLAY, trace fine
gravel (CL) (TILL)

Hard, slightly moist, brownish gray, sandy
CLAY, trace fine gravel (CL) (TILL)

End of Boring at 30 ft
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Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

30.0 ft

590.5 ft NAVD 88

08/20/2015 7:45 AM to 08/20/2015 11:10 AM

Piezometer KIN-P008

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1069150.5  E 2485729.9 (ft NAD83) Not Encountered
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589.6

588.6

586.1

563.6

3
3
4

2
2
3

2
3
5

6
15
19

16
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40

18
32

50 / 5"

16
33

50 / 5"

100

100

100

100

63

0

100

100

94

94

4.0

5.0

7.5

30.0

S9 and S10
collocated hole.

Shelby tube refusal.

Installed
Piezometer
KIN-P009 in boring.

593.6

S1

S2

S3

S4

S9

S10

S5

S6

S7

S8

0.0

 20.3

 23.8

 21.3

 19.9

 10.3

 7.5

 11.5

 9.2

Medium stiff, moist, dark brown, CLAY, with
fine sand, with roots (CL) (FILL)

Medium stiff, moist, dark brown, high plasticity,
CLAY, with sand, with roots (CL)
Medium stiff, moist, brown and gray, CLAY,
with fine to medium sand, with silt seams (CH)

Grayish brown, medium plastic, sandy CLAY,
with pebbles

Hard, wet, brown, sandy CLAY, trace fine
gravel, (CL) (TILL)

Gray

Hard, gray, sandy silty CLAY, trace fine gravel
(CL) (TILL)

Hard, brownish gray, sandy CLAY, trace fine
gravel (CL) (TILL)

End of Boring at 30 ft
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SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

30.0 ft

593.6 ft NAVD 88

08/14/2015 1:15 PM to 08/14/2015 2:35 PM

Cement-Bentonite Grout (Installed KIN-P009
adj. to KIN-B009)

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1069390.8  E 2486478.7 (ft NAD83) Not Encountered
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610.4

590.4

587.0

582.4

4
4
6

4
5
7

3
3
4

4
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7

2
5
5

3
5
7

2
2
3

78

89

100

89

100

20

18

94

100

1.0

21.0

24.4

29.0

ST refusal

Organic content
5.3%.

611.4

S1

S2

S3

S4

S5

S6

S7

S8

S9

0.0

 4.9

 8.9

 9.5

 11.8

 19.5

 21.1

 11.8

 23.3

 17.6

 28.9

Topsoil and gravel basecourse (fill).

Stiff, moist, brown, sandy CLAY, trace fine
gravel (CL) (EMBANKMENT FILL)

Medium stiff, moist, brown, low plasticity, sandy
CLAY, trace fine to coarse gravel (CL)
(EMBANKMENT FILL)

Stiff, moist, brown and dark brown, sandy
CLAY, trace fine gravel (CL) (EMBANKMENT
FILL)

Brown and gray

Stiff, moist, grayish brown, medium plastic,
CLAY, with sand (CL) (EMBANKMENT FILL)

Very stiff, CLAY, with sand (CL)

Stiff, very wet, brown and gray with dark brown,
CLAY, with fine to medium sand (CH)

Medium stiff, dark brown, medium plastic,
CLAY (CL)

 135.8

 128.1

 137.7

 136.5

 23

 33

 31

 40

 9

 19

 16

 20

> 4.5

4.0

1.75
3.0

> 4.5
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SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA / 4 in. Roller Bit

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Elliott Drumright

75.0 ft

611.4 ft NAVD 88

08/26/2015 8:00 AM to 08/26/2015 5:00 PM

Cement-Bentonite Grout (Installed KIN-010 12 ft
West of KIN-B010)

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger / Rotary

N 1069316.4  E 2486478.7 (ft NAD83) Not Encountered
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579.4

573.4

568.4

3
4
4

13
32

50 / 3"

23
42
50

27
50 / 5"

23
35

50 / 5"

22

100

89

89

89

100

32.0

38.0

43.0

30 - 32':  Duttings
appear as topsoil.

38':  Hard augering.

40':  Mud rotary

61 - 63':  Easier
drilling.

S10

S11

S12

S13

S14

S15

 20.9

 9.8

 10.7

 9.9

 9.5

Medium stiff, very wet, brown and gray, sandy
CLAY, trace fine gravel, (CL - CH) (TILL)

Very dense, very wet, brown and gray, clayey
SAND, trace fine gravel (SC) (TILL)

Hard, wet, gray, sandy CLAY, trace fine gravel
(CL) (TILL)

Low plasticity
 149.4  23  9

1.75

1.75

> 4.5

> 4.5

> 4.5
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541.9

541.1

536.4

13
50

50 / 1"

53

89

95

69.5

70.3

75.0

Roller bit refusal.
S17-SPT bouncing.
Switch to rock
coring.

Installed
Piezometer
KIN-P010 with 12 ft
offset West.

S16

C1

 17.0

 0.3

Greenish gray and brown
Shale (BEDROCK)
Shale, dark gray, very soft, waxy
Run #1 70.3 - 75':  Limestone, gray, thinly
bedded, strong, moderately hard, qu = 11,380
psi (70.6 - 71.2 ft)

End of Boring at 75 ft

 165.8

> 4.5
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610.8

603.3

597.3

593.8

587.8

3
4
4

3
6
7

3
5
8

3
5
8

3
5
6

2
2
3

WOH

33

83

100

100

96

100

100

96

100

1.0

8.5

14.5

18.0

24.0

Organic Content of
2.9%.

Organic content
2.5%.

611.8

S1

S2

S3

S4

S5

S6

S7

S8

S9

0.0

 16.6

 18.6

 17.2

 20.4

 22.9

 27.7

 26.8

 26.5

Sandy gravel fill.

Medium stiff, moist, brown, CLAY, with fine
sand, (CL) (EMBANKMENT FILL)

Stiff, moist, brown and dark brown, medium
plastic, CLAY, with fine sand, trace fine gravel
(CL) (EMBANKMENT FILL)

Stiff, brown and dark brown, high plasticity,
sandy CLAY, trace fine gravel (CL)
(EMBANKMENT FILL)

Stiff, brown to gray, CLAY, trace fine sand (CL
- CH) (EMBANKMENT FILL)

Dark brown, high plasticity, CLAY (CH)
(EMBANKMENT FILL)

16 - 18':  Possible topsoil

Stiff, brown and gray, high plasticity, CLAY,
trace fine sand (CL - CH)

Medium stiff, moist, brown and gray, CLAY,
trace fine sand, with reddish brown silt seams
(CL)

Very soft, moist, brown and gray, high
plasticity, CLAY, trace fine sand, with reddish

 118.0

 140.7

 38

 44

 58

 49

 40
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 26

 37

 29

 21
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0.5

0.3
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SS / STBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

6.50 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Matthew Stone

50.0 ft

611.8 ft NAVD 88

08/11/2015 11:30 AM to 08/11/2015 4:30 PM

Cement-Bentonite Grout

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1068580.1  E 2487911.8 (ft NAD83) 26 ft on 8/11/2015
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574.8

569.8

561.8

WOH
1
1

12
21

50 / 2"

37
50 / 3"

50 / 5"

100

100

61

33

37.0

42.0

50.0

S10

S11

S12

S13

 25.0

 8.2

 9.0

 9.6

brown silt seams (CL)

Very soft, wet, brown and gray, medium plastic,
sandy CLAY (CL)

Very dense, wet, brown and gray, low plasticity,
clayey SAND, trace fine gravel (SC) (TILL)

Hard, wet, brownish gray, sandy CLAY, trace
fine gravel, (CL) (TILL)

End of Boring at 50 ft

 33

 23

 17

 9

> 4.5

> 4.5
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590.4

7
8
12

12
18
18

3
3
4

11
28
43

83

100

0

44

60

100

92

100

100

13.8

Piston sample 6' to
8': NR.  Auger to
8.5'.

Ash flowing into
auger at 8.5'.  Use
SPT.

Piston sampler.

28' Harder drilling

604.2

S1

S2

S3

S4

S5

S6

S7

S8

S9

0.0

 11.2

 12.0

 19.4

 8.4

Medium dense, moist, black, fine to coarse
grained CINDERS (ASH)

Very dense, very wet, black, CINDERS (ASH)

Loose, very wet, black, CINDERS (ASH)

Very soft, wet, light brown, silty CLAY (CL)

Very soft to soft

Soft

Soft, grayish brown, sandy silty CLAY, trace
fine gravel (CL)

Hard, brown and gray, low plasticity, sandy silty
CLAY, trace fine gravel (CL)

 19  6

0.25

0.5

0.75

0.6

> 4.5
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SS / ST/ Piston SampleBorehole
Backfill

Drill Bit
Size/Type

Elliott Drumright

7.75 in. O.D. HSA

Hammer
Data

Surface
ElevationTerracon

Groundwater
Level(s)

CME-550X

Drilling
Method

Drill Rig
Type

Elliott Drumright

40.0 ft

604.2 ft NAVD 88

08/25/2015 8:00 AM to 08/25/2015 12:00 PM

Cement-Bentonite Grout

Checked
By

Boring
Location

Date(s)
Drilled

Sampling
Method(s) Automatic

Borehole
Depth

Drilling
Contractor

Logged
By

Hollow Stem Auger

N 1067650.8  E 2486203 (ft NAD83) Not Encountered
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566.2

564.2

22
47

50 / 3"

27
38

50 / 4"

89

89

38.0

40.0

35' Very hard
drilling

S10

S11

 7.1

 14.9

Hard, brown and gray, sandy CLAY, trace fine
gravel (CL)

Very dense, very wet, brown and gray, clayey
SAND, trace fine gravel (SC)

End of Boring at 40 ft

REMARKS

T
yp

e
N

um
b

er MATERIAL  DESCRIPTION

P
la

st
ic

ity
 I

nd
ex

N
at

ur
al

 M
oi

st
ur

e
C

on
te

nt
 (

%
)

E
le

va
tio

n 
(f

ee
t)

D
ep

th
 (

fe
e

t)

T
X

U
U

 (
ks

f)

T
or

va
ne

S
u 

(k
sf

)

Li
qu

id
 L

im
it

Sa
m

pl
in

g 
R

es
is

t.
O

R
C

or
e 

R
Q

D
 (%

)

R
ec

ov
er

y 
(%

)

SAMPLES

Elevation
(feet)

P
oc

ke
t P

en
.

S
u 

(k
sf

)

Depth
(feet)

T
ot

al
 U

ni
t

W
ei

gh
t 

(p
cf

)

G
ra

ph
ic

 S
ym

bo
l

30

35

40

45

50

55

60

65

Project: Dynegy
Log of Boring KIN-B012

Sheet 2 of 2

R
ep

or
t:

 G
E

O
_S

O
IL

; F
ile

 N
:\P

R
O

JE
C

T
S

\6
04

28
79

4_
D

Y
N

E
G

Y
_C

C
R

_R
U

LE
A

S
M

T
\S

U
B

_0
0\

10
.0

_C
A

LC
U

LA
T

IO
N

S
_A

N
A

LY
S

IS
_D

A
T

A
\S

IT
E

 IN
V

E
S

T
IG

A
T

IO
N

\K
IN

C
A

ID
\B

O
R

IN
G

S
\G

IN
T

 T
E

M
P

LA
T

E
\D

Y
N

E
G

Y
_K

IN
C

A
ID

_2
01

5.
G

P
J;

 1
2/

29
/2

0
15

 5
:0

0:
30

 P
M

Project Location:   Kincaid Power Station, IL

Project Number:     60440697

570

565

560

555

550

545

540





























































"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D
"D

"D
"D

"D
"D

"D

"D

"D
"D

@A

@A

@A

"D

"D
"D

"D

"D

@A@A

@A@A@A

@A@A@A

@A@A@A

@A

"D

"D

"D

"D
"D

"D

"D

"D

"D

"D

"D

"D

"D
"D

MW-1

MW-2

MW-3 

MW-4 

MW-5 

MW-6

MW-7

MW-8

MW-9 

MW-10 

MW-11 

MW-12 

KIN-B001 

KIN-B002

KIN-B003 
KIN-P004 

KIN-B004

KIN-B005 

KIN-B007
KIN-B008

KIN-B009 

KIN-B010

KIN-P011 

KIN-P012 

KIN-B006 

KIN-B011 

KIN-B012

KIN-C014
KIN-C015

KIN-C009 

PZ-3C 

PZ-2C

PZ-4C 

GP-5 

PZ-3B

PZ-1B
PZ-1C 

PZ-2B
PZ-2A

PZ-4A
PZ-4B

KIN-C004 

KIN-C005 

KIN-C008 

KIN-C011 

KIN-C012 

KIN-C021

KIN-C022 

KIN-C023 

KIN-C025 
KIN-C026 

KIN-C030 

KIN-C031

KIN-C036 

KIN-C037

0 500250

SCALE IN FEET

PROJECT NO: 2365/5
FIGURE NO: 2

IN
VE

ST
IG

A
TI

O
N

 L
O

C
A

TI
O

N
S

CC
R 

RU
LE

 G
RO

UN
DW

AT
ER

 M
ON

ITO
RI

NG
 

KIN
CA

ID
 AS

H 
PO

ND
KIN

CA
ID

 P
OW

ER
 ST

AT
IO

N
KIN

CA
ID

, IL
LIN

OI
S

DR
AW

N 
BY

/D
AT

E:
TD

C 
5/1

9/1
6

RE
VIE

W
ED

 B
Y/D

AT
E:

NR
K 5

/19
/16

AP
PR

OV
ED

 B
Y/D

AT
E:

SJ
C 

5/1
9/1

6

 Y:
\M

ap
pin

g\P
roj

ec
ts\

22
\22

85
_K

inc
aid

\M
XD

\Fi
gu

re 
2_

To
p o

f A
qu

ife
r_r

ev
2.m

xd
   A

uth
or:

 tc
us

hm
an

;  D
ate

/Ti
me

: 5
/19

/20
16

, 3
:55

:29
 P

M

DRAFT

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

³

NOTE:
ELEVATIONS CONTAINING A LESS THAN SYMBOL (I.E.
<583.5) INDICATE ONE OF THE FOLLOWING: THE BORING
DID NOT EXTEND TO THE CLAY TILL CONTACT, THE SANDY
UNIT WAS NOT ENCOUNTERED, OR THE PRECISE
ELEVATION COULD NOT BE DETERMINED BECAUSE SOIL
SAMPLING WAS NOT CONTINUOUS.

@A PIEZOMETER OR GEOPROBE LOCATION
@A 30% DESIGN LOCATIONS
"D AECOM CONE PENETROMETER LOCATION
"D MONITORING WELL LOCATION

CCR MONITORED UNIT















































 0 - 2' FILL, SILT: ML, very dark gray (2.5YR 3/1),
mostly silt, trace clay, roots, and subangular gravel,
noncohesive, dry.
 0.9' dark grayish brown (2.5YR 4/2), no roots,
noncohesive to cohesive.

 2 - 4' FILL, CLAYEY SILT ML/CL, dark grayish
brown (2.5YR 4/2), trace gravel, trace fine sand
seams, nonplastic, cohesive, dry to moist.

 3.3' very dark grayish brown (2.5YR 3/2), trace ash,
trace slag, trace clear glass fragments.

 4 - 6' Shelby Tube Sample.

 6 - 6.2' FILL, CLAYEY SILT ML/CL, dark grayish
brown (2.5YR 4/2), trace gravel, trace fine sand
seams, trace fine to coarse ash, nonplastic,
cohesive, moist.
 6.2 - 8' SILTY CLAY CL/ML, yellowish brown
(10YR 5/4), trace sand seams, trace gravel.
 6.9' noncohesive to cohesive, wet.
 8 - 10' CLAYEY SILT ML/CL, yellowish brown
(10YR 5/4), trace gravel, trace to few fine sand, wet.

 9.4' nonplastic, noncohesive to cohesive.

 10 - 12' CLAYEY SAND: SC, yellowish brown
(10YR 5/4), trace yellowish brown (10YR 5/8)
mottling, clay content decreasing with depth, trace
fine gravel, noncohesive, moist.
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 12 - 14.4' WELL-GRADED SAND: SW, yellowish
brown (10YR 5/4), trace clay, trace subrounded
gravel, noncohesive, wet.

 14.4 - 16' SILTY SAND: SW-SM, yellowish brown
(10YR 5/4), mostly very fine sand, trace yellowish
brown (10YR 5/8) mottling, trace fine sand seams,
trace gravel, trace black silt, trace clay, nonplastic,
cohesive, moist to dry.

 16 - 18' Shelby Tube Sample.

 18 - 30' SILTY CLAY to POORLY-GRADED
SAND: CL/ML, gray (2.5YR 5/1), some very fine
sand, little clay, nonplastic, cohesive, dry.

 19.2' dark gray (2.5YR 4/1), trace coarse sand.

 20' - 21.2' trace clay, trace coarse sand to fine
gravel.

 22' - 23.2' trace to little clay, trace coarse sand.

 22.8' trace gravel.

 24' -25.1' clay (0-15%), trace coarse sand.

 26' clay (15-30%).

 30 - 32' Shelby Tube Sample, No Recovery.
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 32 - 34' Shelby Tube Sample.

 34 - 42' CLAYEY SILT ML/CL, gray (2.5YR 5/1),
trace to few fine to coarse sand, nonplastic to low
plasticity, cohesive, hard (>4.5 tsf), moist.

 35.2' trace gravel.

 36' olive brown (2.5YR 4/4) mottling, trace fine sand,
trace coarse sand, hard (>4.5 tsf), moist to dry.

 37.9' trace fine sand seams, hard (4.0 - 4.5+ tsf).

 40' low plasticity, stiff to very stiff (1.5 - 3.0 tsf), dry.

 42 - 44' Shelby Tube Sample.

 44 - 48' LEAN CLAY: CL, very dark gray (10YR
3/1), trace silt, medium plasticity, cohesive, soft (0.5
tsf), dry.

 46 - 48' trace gravel-sized shale pieces, very stiff to
hard (3.0 - 4.5+ tsf).

 48 - 50' Shelby Tube Sample.

 50 - 52' LEAN CLAY: CL, as above, hard (>4.5
tsf).
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 52 - 52.1' No Recovery.
 52.1 - 62' LIMESTONE: BDX (LS), white (GLEY 1
8/N), trace shaley limestone, fossiliferous, vuggy
texture, microcrystalline, massive, intensely
fractured, very narrow to moderately narrow
apertures.
 53.5' no vuggy texture.

 54.8' mud-filled fracture.

 57.6' color change to light gray (GLEY 17/N).

 60.2' shale layer (0.1" thick).

 62' End of Boring.
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SS
28

CORE

1
0

119
116

Split Spoon
Refusal at
52.1' bgs.

RQD =
61.3% (fair).
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 0 - 0.2' SILTY CLAY CL/ML, very dark gray (10YR
3/1), 5-50% roots, trace gravel, wet.
 0.2 - 3' CLAYEY SILT ML/CL, dark brown (10YR
3/3),  yellowish brown (10YR 5/6) mottling, trace
gravel, dry.
 1.5' dark yellowish brown (10YR 4/6).

 2' trace coarse sand to fine gravel, color grades to
yellowish brown (10YR 4/6).

 3 - 4' SILT: ML, black (10YR 2/1), 5-15% clay,
cohesive, nonplastic, moist.

 4 - 6' CLAYEY SILT ML/CL, very dark brown
(10YR 2/2), cohesive, low plasticity.
 4.5' grading to silty clay, color grades to light olive
brown (2.5Y 5/3) with olive yellow (2.5Y 6/6) mottling,
cohesive, medium to high plasticity.
 5.5' color grades to very dark brown (10YR 2/2),
cohesive, low plasticity.
 6 - 8' Shelby Tube Sample.

 8 - 15.3' SILTY CLAY CL/ML, light olive brown
(2.5Y 5/3), olive yellow (2.5Y 6/6) and very dark
brown (10YR 2/2) mottling, cohesive, medium
plasticity, moist.

 9.3' very dark grayish brown (2.5Y 3/2).

 10' low to medium plasticity, moist.
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 8 - 15.3' SILTY CLAY CL/ML, light olive brown
(2.5Y 5/3), olive yellow (2.5Y 6/6) and very dark
brown (10YR 2/2) mottling, cohesive, medium
plasticity, moist. (continued)
 12.2' dark grayish brown (2.5Y 4/2) with olive yellow
(2.5Y 6/6) mottling.
 12.5' wet.

 15.3 - 16.9' SILTY CLAY CL/ML, light olive brown
(2.5Y 5/4), trace sand, trace fine gravel, cohesive,
nonplastic, wet.

 16.9 - 18' SILTY SAND: SM, light olive brown
(2.5Y 5/4), mostly fine grained sand, silt is cohesive
and nonplastic.

 18 - 18.4' SILT: ML, light olive brown (2.5Y 5/4),
trace sand, cohesive, nonplastic, wet.
 18.4 - 20.8' SILTY CLAY CL/ML, light olive brown
(2.5Y 5/3), 5-15% sand and gravel, hard, dry.

 20' trace sand and gravel.

 20.8 - 21' Overdrilled to Install Monitoring Well.
 21' End of Boring.
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 0 - 2' FILL, SILT: ML.

 2 - 4' FILL, CLAYEY SILT ML/CL.

 4 - 6' Shelby Tube Sample Collected at Location
B-12.

 6 - 6.2' FILL, CLAYEY SILT ML/CL.
 6.2 - 8' SILTY CLAY CL/ML.

 8 - 10' CLAYEY SILT ML/CL.

 10 - 12' CLAYEY SAND: SC.

(FILL)
ML

(FILL)
ML/CL

(FILL)
ML/CL

CL/ML

ML/CL

SC

0-15' Blind
Drilled. See
log B-12 for
soil
description
details.
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 12 - 14.4' WELL-GRADED SAND: SW.

 14.4 - 15' SILTY SAND: SW-SM.

 15 - 15.2' SILT: ML, very dark gray (2.5YR 3/1),
trace roots, clay, gravel, and sand, noncohesive,
moist.
 15.2 - 17' CLAYEY SILT to SANDY SILT: ML/CL,
yellowish brown (10YR 5/4), very fine sand, sand
content increasing with depth, nonplastic, cohesive,
moist.
 15.9' gray (2.5YR 5/1).
 17 - 17.4' SILTY SAND: SM, gray (2.5YR 5/1),
trace clay, moist.
 17.4 - 19' SILTY CLAY to CLAYEY SILT CL/ML,
gray (2.5YR 5/1), trace coarse sand, clay content
decreasing with depth, low to medium plasticity,
cohesive.
 19 - 23' CLAYEY SILT ML/CL, gray (2.5YR 5/1),
trace coarse sand, low plasticity, cohesive, moist.

 23 - 25' SILTY CLAY to POORLY-GRADED
SAND: CL/ML.

 25' End of Boring.
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See log
B-12 for soil
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details.
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 0 - 2' FILL, SILT: ML.

 2 - 4' FILL, CLAYEY SILT ML/CL.

 4 - 6' Shelby Tube Sample Collected at Location
B-12.

 6 - 6.2' FILL, CLAYEY SILT ML/CL.
 6.2 - 8' SILTY CLAY CL/ML.

 8 - 10' CLAYEY SILT ML/CL.

 10 - 12' CLAYEY SAND: SC.

(FILL)
ML

(FILL)
ML/CL

(FILL)
ML/CL

CL/ML

ML/CL

SC

0-39' Blind
Drilled. See
log B-12 for
soil
description
details.

Boring Drilled By:  Name of crew chief (first, last) and Firm

TW-12

Template: ILLINOIS BORING LOG - Project: KINCAID POWER STATION CCR RULE 2015 LOGS.GPJ

State

7/22/2015

Facility ID

Surface Elevation
7/22/2015
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Long

°

°

588.86 Feet (NAVD88)
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SOIL BORING LOG INFORMATION
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Facility/Project Name
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1,068,944.76 N,   2,485,453.08 E

KincaidChristian
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State Plane
(estimated: )   or   Boring Location

Chad Dutton
Bulldog Drilling

Date Drilling Completed

E
W

FirmSignature

County

hollow stem
auger

Local Grid Origin

Illinois

N, R

Final Static Water Level

License/Permit/Monitoring Number

Drilling Method

39

29

36

-89

0.722

46.969 FeetFeet

Natural Resource Technology Tel:  (414) 837-3607
Fax:  (414) 837-3608234 W. Florida St., Fifth Floor, Milwaukee, WI 53204

Kincaid Power Station

WE /

 Feet (NAVD88) 8.3 inches

W
el

l
D

ia
gr

am

B
lo

w
 C

ou
nt

s

3

Sample

L
en

gt
h 

A
tt

. &
R

ec
ov

er
ed

 (
in

)

1

2

3

4

5

6

7

8

9

10

11

12

Soil/Rock Description

And Geologic Origin For

Each Major Unit

U
 S

 C
 S

G
ra

ph
ic

L
og

M
oi

st
ur

e
C

on
te

nt

L
iq

ui
d

L
im

it

P
la

st
ic

it
y

In
de

x

P
 2

00

R
Q

D
/

C
om

m
en

ts

Soil Properties

D
ep

th
 I

n 
F

ee
t

N
um

be
r

an
d 

T
yp

e

Page 1 of

C
om

pr
es

si
ve

S
tr

en
gt

h 
(t

sf
)



 12 - 14.4' WELL-GRADED SAND: SW.

 14.4 - 16' SILTY SAND: SW-SM.

 16 - 18' Shelby Tube Sample Collected at Location
B-12.

 18 - 30' SILTY CLAY to POORLY-GRADED
SAND: CL/ML.

 30 - 32' Shelby Tube Sample Collected at Location
B-12.

SW

SW-SM

CL/ML

TW-12Boring Number
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 32 - 34' Shelby Tube Sample Collected at Location
B-12.

 34 - 39' CLAYEY SILT ML/CL.

 39 - 43' CLAYEY SILT ML/CL, gray (2.5YR 5/1)
with olive brown (2.5YR 4/4) mottling, trace fine to
coarse sand and gravel, low plasticity, cohesive, dry.

 41.8' - 42' increased clay content.

 43 - 45' LEAN CLAY: CL, very dark gray (10YR
3/1), trace silt, trace gravel-sized pieces of
weathered shale (very hard, dry), very stiff (2.5-3.0
tsf), dry, low plasticity, cohesive.

 45 - 47' Shelby Tube Sample. No Recovery.

 47 - 49' LEAN CLAY: CL, very dark gray (10YR
3/1), trace silt, no gravel, cohesive, medium
plasticity, stiff to very stiff (2.0 tsf), dry.

 49' End of Boring.
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APPENDIX D 
GEOTECHNICAL LABORATORY REPORTS 



Terracon Consultants, Inc.     192 Exchange Boulevard     Glendale Heights, Il linois 60139
P  [630] 717 4263     F  [630] 357 9489     terracon.com

March 23, 2021
Revised: May 10, 2021

Mr. Scott Woods
Ramboll Environ U.S. Corporation
333 West Wacker Drive, Ste 2700
Chicago, IL 60606-2872

RE:  Laboratory Testing Program for the Kinkaid Power Station Project – Terracon Project No.
11215018

Dear Mr. Woods,

We are pleased to submit our report pertaining to geotechnical laboratory testing of soil samples
in reference to the Edwards Power Station Project.  As instructed, Terracon performed the
following tests on samples selected by Ramboll:

· Specific Gravity of Soils – ASTM D854
· Water Content of Soil and Rock – ASTM D2216
· Liquid Limit, Plastic Limit and Plasticity Index of Soils – ASTM D4318
· Permeability of Granular Soils (Constant Head) – ASTM D 2434
· Hydraulic Conductivity of Saturated Porous Materials Using a

Flexible-Wall Permeameter – ASTM D5084
· Laboratory Determination of Density (Unit Weight) of Soil Specimens – ASTM D7263
· Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis – ASTM D6913
· Particle-Size Distribution (Gradation) of Fine-Grained Soils Using the

Sedimentation (Hydrometer) Analysis – ASTM D7928

The permeability test method was changed to ASTM D2434 for several samples.  Because of the
granular matrix of the samples, use a flexible-wall permeameter was not a suitable test method.

The test data included in this report, only represent the samples tested and may not reflect
actual site materials and/or conditions.  The scope of services provided by Terracon did not
include interpretation of the laboratory test data, and therefore, we are not liable for any
interpretation performed by others.  If you wish us to provide you with this service, we would be
happy to discuss this matter with you at your convenience.  Any reproduction of this report must
be done in its entirety.

We are pleased to have the opportunity to provide you with our testing services.  Should you
have any questions, or require additional assistance, please feel free to contact us at any time.

Sincerely,
Terracon Consultants, Inc.

William P. Quinn
Department Manager – Laboratory Services

Attachments:



Boring
Number

Sample
Number Depth Description USCS WC %

Dry Density
(pcf)

%
Gravel

%
Sand % Silt % Clay LL PL PI

Permeability
k (cm/sec)

Specific
Gravity

MW-12D 0915 5.0'-7.0' BROWN CLAYEY SAND SC 18.6 97.8 4.9 49.8 27.2 18.1 22 13 9 3.16E-07 2.682

MW-12D 0940 11.5'-12.0' BROWN TO GRAY SANDY LEAN CLAY CL 18.2 94.5 1.1 34.7 41.2 23.0 22 12 10 7.21E-08 2.704

MW-12D 1025 20.5'-22.5' GRAY CLAYEY SAND SC 14.0 106.9 6.0 46.4 26.7 20.9 22 13 9 1.97E-07 2.672

MW-20 0815 15.0'-17.0' BROWN AND GRAY SANDY LEAN CLAY CL 18.9 107.7 0.6 29.9 46.2 23.3 32 14 18 1.19E-07 2.701

MW-23 1135 15.0'-17.0' BROWN AND GRAYISH BROWN LEAN CLAY CL 28.4 92.7 0.0 2.5 63.7 33.8 43 17 26 7.40E-08 2.705

MW-23 1245 25.0'-27.0' YELLOWISH BROWN SANDY LEAN CLAY CL 15.6 112.3 0.0 41.6 32.4 26.0 32 14 18 5.85E-08 2.731

XPW-01 1535 8.5'-9.0' BLACK POORLY GRADED SAND - CINDERS AND BRICK NOTED SP 19.4 74.8 0.0 97.4 1.1 1.5 12 14 NP 7.16E-04 2.790

XPW-01 1600 20.5'-21.0' BLACK POORLY GRADED SAND - CINDERS AND ROOTS NOTED SP 26.8 79.2 0.0 96.3 2.1 1.6 17 15 2 3.51E-04 2.838

XPW-02 0810 8.5'-9.0' BLACK POORLY GRADED SAND WITH SILT - CINDERS NOTED SP-SM 11.8 62.7 0.0 94.1 4.2 1.7 4 9 NP 4.04E-03 2.787
XPW-02 0845 21.0'-21.5' DARK BROWN TO BLACK POORLY GRADED SAND WITH SILT -

CINDERS NOTED
SP-SM 13.9 93.9 0.0 94.5 3.7 1.8 8 11 NP 1.94E-03 2.799

XPW-03 1015 8.0'-8.5' BLACK WELL GRADED SAND WITH SILT - CINDERS NOTED SW-SM 27.4 86.9 0.2 91.4 6.0 2.4 14 13 1 4.31E-03 2.805

XPW-03 1055 18.0'-18.5' BLACK POORLY GRADED SAND - CINDERS NOTED SP 36.4 89.3 1.6 97.1 0.2 1.1 5 10 NP 3.52E-03 2.770

XPW-04 1320 10.5'-11.0' BLACK AND DARK BROWN POORLY GRADED SAND - CINDERS AND
ROOTS NOTED

SP 18.3 77.4 0.2 98.4 0.4 1.0 3 6 NP 9.22E-04 2.786

XPW-04 1405 21.0'-21.5 BLACK AND DARK BROWN POORLY GRADED SAND - CINDERS
NOTED

SP 32.3 81.3 0.0 97.3 1.7 1.0 15 16 NP 5.54E-04 2.795

LABORATORY TESTING SUMMARY

PROJECT NAME:  Kincaid Power Station PROJECT NUMBER: 11215018 CLIENT: Confidential



Responsive ■ Resourceful ■ Reliable

Specific Gravity of Soils
ASTM D854



ASTM D-854
AASHTO T 100

Laboratory Services Group                       192 Exchange Blvd.                   Glendale Heights, Illinois 60139                   Ph.  (630) 717-4263

Project Number: 11215018
Project Name: Kincaid Power Station
Test Date: 3/1/2021

Boring / Sample Sample Number Depth (ft) Specific Gravity (Gs)

MW-12D 0915 5.0'-7.0' 2.682

MW-12D 0940 11.5'-12.0' 2.704

MW-12D 1025 20.5'-22.5' 2.672

MW-20 0815 15.0'-17.0' 2.701

MW-23 1135 15.0'-17.0' 2.705

MW-23 1245 25.0'-27.0' 2.731

XPW-01 1535 8.5'-9.0' 2.790

XPW-01 1600 20.5'-21.0' 2.838

XPW-02 0810 8.5'-9.0' 2.787

XPW-02 0845 21.0'-21.5' 2.799

XPW-03 1015 8.0'-8.5' 2.805

XPW-03 1055 18.0'-18.5' 2.770

XPW-04 1320 10.5'-11.0' 2.786

XPW-04 1405 21.0'-21.5' 2.795

Tested By: SJH Checked By: WPQ

SPECIFIC GRAVITY OF SOIL SOLIDS

Results Summary



Responsive ■ Resourceful ■ Reliable

Liquid Limit, Plastic Limit and Plasticity Index of Soils
ASTM D4318



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: MW-12D Depth: 5.0'-7.0'
Sample Number: 0915

Figure

BROWN CLAYEY SAND 22 13 9 76.8 45.3 SC

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: MW-12D Depth: 11.5'-12.0'
Sample Number: 0940

Figure

BROWN TO GRAY SANDY LEAN CLAY 22 12 10 87.3 64.2 CL

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: MW-12D Depth: 20.5'-22.5'
Sample Number: 1025

Figure

GRAY CLAYEY SAND 22 13 9 73.5 47.6 SC

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: MW-20 Depth: 15.0'-17.0'
Sample Number: 0815

Figure

BROWN AND GRAY SANDY LEAN CLAY 32 14 18 93.6 69.5 CL

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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Project No. Client: Remarks:
Project:

Source of Sample: MW-23 Depth: 15.0'-17.0'
Sample Number: 1135

Figure

BROWN AND GRAYISH BROWN LEAN CLAY 43 17 26 99.0 97.5 CL

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: MW-23 Depth: 25.0'-27.0'
Sample Number: 1245

Figure

YELLOWISH BROWN SANDY LEAN CLAY 32 14 18 87.1 58.4 CL

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-01 Depth: 8.5'-9.0'
Sample Number: 1535

Figure

BLACK POORLY GRADED SAND - CINDERS AND
BRICK NOTED 12 14 NP 16.2 2.6 SP

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-01 Depth: 20.5'-21.0'
Sample Number: 1600

Figure

BLACK POORLY GRADED SAND - CINDERS AND
ROOTS NOTED 17 15 2 17.1 3.7 SP

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-02 Depth: 8.5'-9.0'
Sample Number: 0810

Figure

BLACK POORLY GRADED SAND WITH SILT -
CINDERS NOTED 4 9 NP 44.5 5.9 SP-SM

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-02 Depth: 21.0'-21.5'
Sample Number: 0845

Figure

DARK BROWN TO BLACK POORLY GRADED SAND
WITH SILT - CINDERS NOTED 8 11 NP 38.4 5.5 SP-SM

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-03 Depth: 8.0'-8.5'
Sample Number: 1015

Figure

BLACK WELL GRADED SAND WITH SILT -
CINDERS NOTED 14 13 1 44.1 8.4 SW-SM

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-03 Depth: 18.0'-18.5'
Sample Number: 1055

Figure

BLACK POORLY GRADED SAND - CINDERS NOTED 5 10 NP 10.9 1.3 SP

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-04 Depth: 10.5'-11.0'
Sample Number: 1320

Figure

BLACK AND DARK BROWN POORLY GRADED
SAND - CINDERS AND ROOTS NOTED 3 6 NP 15.5 1.4 SP

11215018 CONFIDENTIAL
KINCAID POWER STATION



Tested By: DT Checked By: WPQ
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Source of Sample: XPW-04 Depth: 21.0'-21.5
Sample Number: 1405

Figure

BLACK AND DARK BROWN POORLY GRADED
SAND - CINDERS NOTED 15 16 NP 11.9 2.7 SP

11215018 CONFIDENTIAL
KINCAID POWER STATION



Responsive ■ Resourceful ■ Reliable

Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis
ASTM D6913

Particle-Size Distribution (Gradation) of Fine-Grained Soils
Using the Sedimentation (Hydrometer) Analysis

ASTM D7928



Tested By: SJH Checked By: WPQ

2-25-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BROWN CLAYEY SAND
.375
#4
#10
#20
#40
#60
#100
#200

0.0456 mm.
0.0326 mm.
0.0209 mm.
0.0122 mm.
0.0088 mm.
0.0063 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
95.1
90.5
84.5
76.8
64.6
53.6
45.3
38.6
35.9
31.4
27.7
23.2
20.5
16.9
14.2
9.9

13 22 9

1.8498 0.9081 0.2064
0.1148 0.0167 0.0036
0.0013 154.15 1.01

SC A-4(1)

F.M.=1.22

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: MW-12D Depth: 5.0'-7.0'
Sample Number: 0915 Date:

Client:
Project:

Project No: Figure
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-25-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BROWN TO GRAY SANDY LEAN CLAY
.375
#4
#10
#20
#40
#60
#100
#200

0.0434 mm.
0.0314 mm.
0.0204 mm.
0.0120 mm.
0.0086 mm.
0.0062 mm.
0.0044 mm.
0.0031 mm.
0.0013 mm.

100.0
98.9
96.6
92.0
87.3
79.9
70.4
64.2
52.9
47.1
39.4
33.6
29.7
24.8
21.9
18.1
13.5

12 22 10

0.6011 0.3458 0.0598
0.0371 0.0088 0.0020

CL A-4(3)

F.M.=0.67

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: MW-12D Depth: 11.5'-12.0'
Sample Number: 0940 Date:

Client:
Project:

Project No: Figure
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-25-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

GRAY CLAYEY SAND
.375
#4
#10
#20
#40
#60
#100
#200

0.0446 mm.
0.0319 mm.
0.0205 mm.
0.0121 mm.
0.0087 mm.
0.0062 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
94.0
92.0
78.3
73.5
65.6
56.1
47.6
45.5
42.7
38.1
31.7
28.1
23.5
19.8
17.1
10.9

13 22 9

1.7145 1.2854 0.1859
0.0983 0.0103 0.0023

SC A-4(1)

F.M.=1.30

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: MW-12D Depth: 20.5'-22.5'
Sample Number: 1025 Date:

Client:
Project:

Project No: Figure
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-25-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BROWN AND GRAY SANDY LEAN CLAY
.375
#4
#10
#20
#40
#60
#100
#200

0.0428 mm.
0.0309 mm.
0.0203 mm.
0.0122 mm.
0.0087 mm.
0.0062 mm.
0.0044 mm.
0.0031 mm.
0.0013 mm.

100.0
99.4
97.9
96.2
93.6
89.0
82.7
69.5
57.5
51.6
40.8
32.7
28.1
25.2
22.2
19.3
16.6

14 32 18

0.2765 0.1768 0.0487
0.0289 0.0100

CL A-6(10)

F.M.=0.37

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: MW-20 Depth: 15.0'-17.0'
Sample Number: 0815 Date:

Client:
Project:

Project No: Figure
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-25-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BROWN AND GRAYISH BROWN LEAN CLAY
#4
#10
#20
#40
#60
#100
#200

0.0370 mm.
0.0271 mm.
0.0185 mm.
0.0113 mm.
0.0082 mm.
0.0060 mm.
0.0043 mm.
0.0030 mm.
0.0012 mm.

100.0
99.8
99.6
99.0
98.5
98.0
97.5
90.8
83.8
66.8
51.8
43.8
36.7
31.7
28.7
23.9

17 43 26

0.0351 0.0281 0.0153
0.0106 0.0036

CL A-7-6(27)

F.M.=0.04

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: MW-23 Depth: 15.0'-17.0'
Sample Number: 1135 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

YELLOWISH BROWN SANDY LEAN CLAY
#4
#10
#20
#40
#60
#100
#200

0.0435 mm.
0.0313 mm.
0.0201 mm.
0.0119 mm.
0.0085 mm.
0.0061 mm.
0.0043 mm.
0.0030 mm.
0.0013 mm.

100.0
97.5
93.2
87.1
75.8
65.9
58.4
49.9
45.0
41.2
34.4
30.6
27.7
24.8
21.9
17.3

14 32 18

0.5310 0.3782 0.0869
0.0439 0.0080

CL A-6(7)

F.M.=0.70

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: MW-23 Depth: 25.0'-27.0'
Sample Number: 1245 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK POORLY GRADED SAND - CINDERS AND BRICK
NOTED#4

#10
#20
#40
#60
#100
#200

0.0491 mm.
0.0348 mm.
0.0221 mm.
0.0127 mm.
0.0090 mm.
0.0064 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
96.1
44.7
16.2
8.5
5.0
2.6
2.4
1.9
1.5
1.5
1.5
1.5
1.5
1.5
1.1

14 12 NP

1.7391 1.5843 1.0768
0.9256 0.6402 0.4036
0.2921 3.69 1.30

SP A-1-b

F.M.=2.94

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-01 Depth: 8.5'-9.0'
Sample Number: 1535 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK POORLY GRADED SAND - CINDERS AND ROOTS
NOTED#4

#10
#20
#40
#60
#100
#200

0.0483 mm.
0.0341 mm.
0.0217 mm.
0.0125 mm.
0.0089 mm.
0.0063 mm.
0.0044 mm.
0.0031 mm.
0.0013 mm.

100.0
94.9
42.5
17.1
9.9
6.4
3.7
2.8
2.8
1.9
1.9
1.9
1.9
1.4
1.4
1.1

15 17 2

1.7938 1.6347 1.1167
0.9615 0.6575 0.3802
0.2514 4.44 1.54

SP A-1-b

F.M.=2.96

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-01 Depth: 20.5'-21.0'
Sample Number: 1600 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK POORLY GRADED SAND WITH SILT - CINDERS
NOTED#4

#10
#20
#40
#60
#100
#200

0.0488 mm.
0.0347 mm.
0.0220 mm.
0.0127 mm.
0.0090 mm.
0.0064 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
99.7
76.1
44.5
25.5
14.0
5.9
3.5
2.5
2.5
2.5
2.0
2.0
1.5
1.5
0.7

9 4 NP

1.2561 1.0736 0.5965
0.4816 0.2895 0.1590
0.1144 5.21 1.23

SP-SM A-1-b

F.M.=2.07

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-02 Depth: 8.5'-9.0'
Sample Number: 0810 Date:

Client:
Project:

Project No: Figure
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Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

DARK BROWN TO BLACK POORLY GRADED SAND
WITH SILT - CINDERS NOTED#4

#10
#20
#40
#60
#100
#200

0.0481 mm.
0.0341 mm.
0.0217 mm.
0.0126 mm.
0.0089 mm.
0.0063 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
98.5
71.5
38.4
20.6
11.1
5.5
5.3
4.9
3.9
3.4
2.5
2.5
1.5
1.5
0.7

11 8 NP

1.3786 1.1845 0.6692
0.5464 0.3422 0.1928
0.1381 4.85 1.27

SP-SM A-1-b

F.M.=2.25

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-02 Depth: 21.0'-21.5'
Sample Number: 0845 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

PE
R

C
EN

T
FI

N
ER

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110

Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 0.0 1.5 60.1 32.9 3.7 1.8

¾
in

.

½
in

.

3/
8

in
.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK WELL GRADED SAND WITH SILT - CINDERS
NOTED.375

#4
#10
#20
#40
#60
#100
#200

0.0478 mm.
0.0340 mm.
0.0217 mm.
0.0125 mm.
0.0089 mm.
0.0063 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
99.8
95.9
72.8
44.1
26.0
15.8
8.4
6.1
5.2
3.8
3.3
2.9
2.4
2.4
1.9
1.6

13 14 1

1.4720 1.2199 0.6214
0.4909 0.2872 0.1414
0.0915 6.79 1.45

SW-SM A-1-b

F.M.=2.13

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-03 Depth: 8.0'-8.5'
Sample Number: 1015 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

PE
R

C
EN

T
FI

N
ER

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110

Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 0.2 3.9 51.8 35.7 6.0 2.4

¾
in

.

½
in

.

3/
8

in
.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK POORLY GRADED SAND - CINDERS NOTED
.375
#4
#10
#20
#40
#60
#100
#200

0.0497 mm.
0.0351 mm.
0.0222 mm.
0.0128 mm.
0.0091 mm.
0.0064 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
98.4
81.3
32.0
10.9
4.9
2.6
1.3
1.3
1.3
1.1
1.1
1.1
1.1
1.1
1.0
0.5

10 5 NP

2.5554 2.1887 1.3646
1.1641 0.8160 0.5240
0.4023 3.39 1.21

SP A-1-b

F.M.=3.36

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-03 Depth: 18.0'-18.5'
Sample Number: 1055 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

PE
R

C
EN

T
FI

N
ER

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110

Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 1.6 17.1 70.4 9.6 0.2 1.1

¾
in

.

½
in

.

3/
8

in
.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK AND DARK BROWN POORLY GRADED SAND -
CINDERS AND ROOTS NOTED.375

#4
#10
#20
#40
#60
#100
#200

0.0494 mm.
0.0349 mm.
0.0221 mm.
0.0128 mm.
0.0090 mm.
0.0064 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
99.8
93.6
46.4
15.5
6.3
3.0
1.4
1.4
1.4
1.4
1.4
1.4
1.0
1.0
0.5
0.2

6 3 NP

1.8159 1.6267 1.0599
0.9020 0.6231 0.4170
0.3321 3.19 1.10

SP A-1-b

F.M.=2.99

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-04 Depth: 10.5'-11.0'
Sample Number: 1320 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

PE
R

C
EN

T
FI

N
ER
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90
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GRAIN SIZE - mm.

0.00010.0010.010.1110

Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 0.2 6.2 78.1 14.1 0.4 1.0

¾
in

.

½
in

.

3/
8

in
.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Analysis of Soils ASTM D6913 and D7928



Tested By: SJH Checked By: WPQ

2-19-21

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

BLACK AND DARK BROWN POORLY GRADED SAND -
CINDERS NOTED#4

#10
#20
#40
#60
#100
#200

0.0490 mm.
0.0347 mm.
0.0220 mm.
0.0127 mm.
0.0090 mm.
0.0064 mm.
0.0045 mm.
0.0031 mm.
0.0013 mm.

100.0
86.1
27.8
11.9
7.6
4.9
2.7
2.4
2.0
1.5
1.5
1.5
1.0
1.0
0.5
0.2

16 15 NP

2.5540 1.9597 1.3571
1.1905 0.8856 0.5606
0.3429 3.96 1.69

SP A-1-b

F.M.=3.32

CONFIDENTIAL
KINCAID POWER STATION

11215018

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: XPW-04 Depth: 21.0'-21.5
Sample Number: 1405 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

PE
R

C
EN

T
FI

N
ER

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110

Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 0.0 13.9 74.2 9.2 1.7 1.0

¾
in

.

½
in

.

3/
8

in
.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Analysis of Soils ASTM D6913 and D7928



Responsive ■ Resourceful ■ Reliable

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible-Wall Permeameter

ASTM D5084



HYDRAULIC CONDUCTIVITY DETERMINATION
ASTM D 5084, METHOD C

RISING TAILWATER LEVEL

Laboratory Services Group                                   192 Exchange Blvd                                    Glendale Heights, Illinois 60139                                     Ph.  (630) 717-4263

TERRACON PROJECT NO.:11215018 3/23/2021
PROJECT NAME: KINCAID POWER STATION
CLIENT: CONFIDENTIAL
LOCATION : CONFIDENTIAL

SUMMARY OF TEST RESULTS

BORING NO. MW12D

TIME SAMPLED: 9:15

DEPTH: 5.0'-7.0'

CLASSIFICATION BROWN CLAYEY SAND (SC)

INITIAL FINAL

DRY UNIT 97.8 98.2
WEIGHT (pcf)

WATER CONTENT 18.6 25.4
(%)

DIAMETER 7.147 7.144
(cm)

LENGTH 10.536 10.501
(cm)

B VALUE PARAMETER: 0.96

HYDRAULIC GRADIENT 18.96
(MAXIMUM)

PERCENT 97.1 (Percent saturation calculation is based on final
SATURATION measurements and a measured specific gravity.)

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

Deaired water was used as the liquid permeant.

3.16E-07

SPECIMEN PHOTO

12D 5.0'-7.0' PERM



HYDRAULIC CONDUCTIVITY DETERMINATION
ASTM D 5084, METHOD C

RISING TAILWATER LEVEL

Laboratory Services Group                               192 Exchange Blvd                                 Glendale Heights, Illinois 60139                                Ph.  (630) 717-4263

TERRACON PROJECT NO.:11215018 3/23/2021
PROJECT NAME: KINCAID POWER STATION
CLIENT: CONFIDENTIAL
LOCATION : CONFIDENTIAL

SUMMARY OF TEST RESULTS

BORING NO. MW12D

TIME SAMPLED: 9:40

DEPTH: 11.0'-11.5'

CLASSIFICATION BROWN TO GRAY SANDY LEAN CLAY (CL)

INITIAL FINAL

DRY UNIT 94.5 106.6
WEIGHT (pcf)

WATER CONTENT 18.2 21.0
(%)

DIAMETER 6.155 6.143
(cm)

LENGTH 9.627 8.564
(cm)

B VALUE PARAMETER: 0.97

HYDRAULIC GRADIENT 20.75
(MAXIMUM)

PERCENT 99.6 (Percent saturation calculation is based on final
SATURATION measurements and a measured specific gravity.)

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

Deaired water was used as the liquid permeant.

7.21E-08

SPECIMEN PHOTO

12D 11.0'-11.5' PERM



HYDRAULIC CONDUCTIVITY DETERMINATION
ASTM D 5084, METHOD C

RISING TAILWATER LEVEL

Laboratory Services Group                                 192 Exchange Blvd                                   Glendale Heights, Illinois 60139                                  Ph.  (630) 717-4263

TERRACON PROJECT NO.:11215018 3/23/2021
PROJECT NAME: KINCAID POWER STATION
CLIENT: CONFIDENTIAL
LOCATION : CONFIDENTIAL

SUMMARY OF TEST RESULTS

BORING NO. MW12D

TIME SAMPLED: 10:25

DEPTH: 20.5'-22.0'

CLASSIFICATION GRAY CLAYEY SAND (SC)

INITIAL FINAL

DRY UNIT 106.9 107.0
WEIGHT (pcf)

WATER CONTENT 14.0 20.9
(%)

DIAMETER 7.174 7.221
(cm)

LENGTH 7.740 7.633
(cm)

B VALUE PARAMETER: 0.97

HYDRAULIC GRADIENT 21.27
(MAXIMUM)

PERCENT 99.9 (Percent saturation calculation is based on final
SATURATION measurements and a measured specific gravity.)

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

Deaired water was used as the liquid permeant.

1.09E-07

SPECIMEN PHOTO

12D 20.5'-22.0' PERM



HYDRAULIC CONDUCTIVITY DETERMINATION
ASTM D 5084, METHOD C

RISING TAILWATER LEVEL

Laboratory Services Group                                 192 Exchange Blvd                                   Glendale Heights, Illinois 60139                                  Ph.  (630) 717-4263

TERRACON PROJECT NO.:11215018 3/23/2021
PROJECT NAME: KINCAID POWER STATION
CLIENT: CONFIDENTIAL
LOCATION : CONFIDENTIAL

SUMMARY OF TEST RESULTS

BORING NO. MW-20

TIME SAMPLED: 8:15

DEPTH: 15.0'-17.0'

CLASSIFICATION BROWN AND GRAY SANDY LEAN CLAY (CL)

INITIAL FINAL

DRY UNIT 107.7 110.6
WEIGHT (pcf)

WATER CONTENT 18.9 19.2
(%)

DIAMETER 6.951 6.977
(cm)

LENGTH 10.259 9.915
(cm)

B VALUE PARAMETER: 0.99

HYDRAULIC GRADIENT 29.75
(MAXIMUM)

PERCENT 99.7 (Percent saturation calculation is based on final
SATURATION measurements and a measured specific gravity.)

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

Deaired water was used as the liquid permeant.

1.19E-07

SPECIMEN PHOTO

MW-20 15.0'-17.0' PERM



HYDRAULIC CONDUCTIVITY DETERMINATION
ASTM D 5084, METHOD C

RISING TAILWATER LEVEL

Laboratory Services Group                                  192 Exchange Blvd                                      Glendale Heights, Illinois 60139                                    Ph.  (630) 717-4263

TERRACON PROJECT NO.:11215018 3/23/2021
PROJECT NAME: KINCAID POWER STATION
CLIENT: CONFIDENTIAL
LOCATION : CONFIDENTIAL

SUMMARY OF TEST RESULTS

BORING NO. MW-23

TIME SAMPLED: 11:35

DEPTH: 15.0'-17.0'

CLASSIFICATION BROWN AND GRAYISH BROWN LEAN CLAY (CL)

INITIAL FINAL

DRY UNIT 92.7 94.5
WEIGHT (pcf)

WATER CONTENT 28.4 28.9
(%)

DIAMETER 7.199 7.132
(cm)

LENGTH 9.515 9.516
(cm)

B VALUE PARAMETER: 0.99

HYDRAULIC GRADIENT 24.69
(MAXIMUM)

PERCENT 99.7 (Percent saturation calculation is based on final
SATURATION measurements and a measured specific gravity.)

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

Deaired water was used as the liquid permeant.

7.40E-08

SPECIMEN PHOTO

MW-23 15.0'-17.0' PERM



HYDRAULIC CONDUCTIVITY DETERMINATION
ASTM D 5084, METHOD C

RISING TAILWATER LEVEL

Laboratory Services Group                                    192 Exchange Blvd                                   Glendale Heights, Illinois 60139                                   Ph.  (630) 717-4263

TERRACON PROJECT NO.:11215018 3/23/2021
PROJECT NAME: KINCAID POWER STATION
CLIENT: CONFIDENTIAL
LOCATION : CONFIDENTIAL

SUMMARY OF TEST RESULTS

BORING NO. MW-23

TIME SAMPLED: 12:45

DEPTH: 25.0'-27.0'

CLASSIFICATION YELLOWISH BROWN SANDY LEAN CLAY (CL)

INITIAL FINAL

DRY UNIT 112.3 112.6
WEIGHT (pcf)

WATER CONTENT 15.6 18.5
(%)

DIAMETER 7.104 7.152
(cm)

LENGTH 10.067 9.909
(cm)

B VALUE PARAMETER: 0.95

HYDRAULIC GRADIENT 19.84
(MAXIMUM)

PERCENT 98.8 (Percent saturation calculation is based on final
SATURATION measurements and a measured specific gravity.)

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

Deaired water was used as the liquid permeant.

5.85E-08

SPECIMEN PHOTO

MW-23 25.0'-27.0' PERM



Responsive ■ Resourceful ■ Reliable

Permeability of Granular Soils (Constant Head)
ASTM D2434



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                   192 Exchange Blvd                                     Glendale Heights, Illinois 60139                                     Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-01

TIME SAMPLED: 15:35

DEPTH: 8.5'-9.0'

CLASSIFICATION BLACK POORLY GRADED SAND - CINDERS AND BRICK NOTED

INITIAL

DRY UNIT 74.8
WEIGHT (pcf)

WATER CONTENT 19.4
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 1.323

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

7.16E-04

SPECIMEN CHARATERISTICS

SUMMARY OF TEST RESULTS

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                         192 Exchange Blvd                                    Glendale Heights, Illinois 60139                                     Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-01

TIME SAMPLED: 16:00

DEPTH: 21.0'-21.5'

CLASSIFICATION BLACK POORLY GRADED SAND -  CINDERS AND ROOTS NOTED

INITIAL

DRY UNIT 79.2
WEIGHT (pcf)

WATER CONTENT 26.8
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

SUMMARY OF TEST RESULTS

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 1.231

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

3.51E-04

SPECIMEN CHARACTERISTICS

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                     192 Exchange Blvd                                         Glendale Heights, Illinois 60139                                   Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-02

TIME SAMPLED: 8:10

DEPTH: 9.0'-9.5'

CLASSIFICATION BLACK POORLY GRADED SAND WITH SILT - CINDERS NOTED

INITIAL

DRY UNIT 62.7
WEIGHT (pcf)

WATER CONTENT 11.8
          (%)

DIAMETER 2.87
    (cm)

LENGTH 11.85
   (cm)

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 1.769

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

4.04E-03

SPECIMEN CHARACTERISTICS

SUMMARY OF TEST RESULTS

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                          192 Exchange Blvd                                          Glendale Heights, Illinois 60139                                      Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-02

TIME SAMPLED: 8:45

DEPTH: 20.5'-21.0'

CLASSIFICATION BLACK TO DARK BROWN POORLY GRADED SAND - CINDERS NOTED

INITIAL

DRY UNIT 93.9
WEIGHT (pcf)

WATER CONTENT 13.9
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 0.857

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

1.94E-03

SUMMARY OF TEST RESULTS

SPECIMEN CHARACTERISTICS

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                       192 Exchange Blvd                                     Glendale Heights, Illinois 60139                                    Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-03

TIME SAMPLED: 10:15

DEPTH: 8.5'-9.0'

CLASSIFICATION BLACK WELL GRADED SAND WITH SILT - CINDERS NOTED

INITIAL

DRY UNIT 86.9
WEIGHT (pcf)

WATER CONTENT 27.4
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 1.011

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

4.31E-03

SUMMARY OF TEST RESULTS

SPECIMEN CHARACTERISTICS

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                   192 Exchange Blvd                                     Glendale Heights, Illinois 60139                                    Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-03

TIME SAMPLED: 10:55

DEPTH: 18.5'-19.0'

CLASSIFICATION BLACK POORLY GRADED SAND - CINDERS NOTED

INITIAL

DRY UNIT 89.3
WEIGHT (pcf)

WATER CONTENT 36.4
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 0.932

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

3.52E-03

SUMMARY OF TEST RESULTS

SPECIMEN CHARACTERISTICS

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                   192 Exchange Blvd                                     Glendale Heights, Illinois 60139                                   Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-04

TIME SAMPLED: 13:20:00 AM

DEPTH: 10.0'-10.5'

CLASSIFICATION

INITIAL

DRY UNIT 77.4
WEIGHT (pcf)

WATER CONTENT 18.3
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 1.242

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

9.22E-04

SPECIMEN CHARACTERISTICS

SUMMARY OF TEST RESULTS

BLACK AND DARK BROWN POORLY GRADED SAND - CINDERS AND
ROOTS NOTED

Report



PERMEABILITY OF GRANULAR SOILS
CONSTANT HEAD METHOD IN RIGID WALL PERMEAMETER

ASTM D 2434

Laboratory Services Group                                    192 Exchange Blvd                                     Glendale Heights, Illinois 60139                                    Ph.  (630) 717-4263

PROJECT NO.: 11215018

PROJECT: KINCAID POWER STATION

DATE: 3/18/2021

BORING NO. XPW-04

TIME SAMPLED: 13:20:00 AM

DEPTH: 10.0'-10.5'

CLASSIFICATION DARK BROWN TO BLACK POORLY GRADED SAND WITH SILT - CINDERS NOTED

INITIAL

DRY UNIT 81.3
WEIGHT (pcf)

WATER CONTENT 32.3
          (%)

DIAMETER 2.57
    (cm)

LENGTH 11.85
   (cm)

SUMMARY OF TEST RESULTS

HYDRAULIC GRADIENT 1.3

HEAD HEIGHT 15.00
        (cm)

VOID RATIO 1.140

HYDRAULIC
CONDUCTIVITY
k (cm/sec)

5.54E-04

SPECIMEN CHARACTERISTICS

Report



APPENDIX E 
GROUNDWATER CONTOUR MAPS AND ELEVATIONS 



GROUNDWATER CONTOUR MAPS 
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SANGCHRIS LAKE 
ELEVATION = 583.0**

NOTES: 
**SANGCHRIS LAKE ELEVATION OBTAINED FROM A 
TRANSDUCER MONITORING WATER LEVELS LOCATED
NEAR PLANT INTAKE. ELEVATION DATUM PRE-DATED
NAVD88 AND WAS ASSUMED TO BE IN NGVD29. 
ELEVATION DATA WAS CONVERTED TO NAVD88. AT THE 
TIME OF THIS DRAWING, THE DATA WAS PRELIMINARY 
AND SUBJECT TO CHANGE. THE AVERAGE ELEVATION 
ON NOVEMBER 6, 2017 WAS ESTIMATED TO THE 
NEAREST 0.1 FOOT.

O'BRIEN & GERE ENGINEERS, INC.
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SANGCHRIS LAKE 
ELEVATION = 585.4**

NOTES: 
**SANGCHRIS LAKE ELEVATION OBTAINED FROM A 
TRANSDUCER MONITORING WATER LEVELS LOCATED
NEAR PLANT INTAKE. ELEVATION DATUM PRE-DATED
NAVD88 AND WAS ASSUMED TO BE IN NGVD29. 
ELEVATION DATA WAS CONVERTED TO NAVD88. AT THE 
TIME OF THIS DRAWING, THE DATA WAS PRELIMINARY 
AND SUBJECT TO CHANGE. THE AVERAGE ELEVATION 
FROM AUG. 28, 2018 WAS ESTIMATED TO THE 
NEAREST 0.1 FOOT.
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Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

SANGCHRIS LAKE 
ELEVATION = 585.8**

NOTES: 
**SANGCHRIS LAKE ELEVATION OBTAINED FROM A 
TRANSDUCER MONITORING WATER LEVELS LOCATED
NEAR PLANT INTAKE. ELEVATION DATUM PRE-DATED
NAVD88 AND WAS ASSUMED TO BE IN NGVD29. 
ELEVATION DATA WAS CONVERTED TO NAVD88. AT THE 
TIME OF THIS DRAWING, THE DATA WAS PRELIMINARY 
AND SUBJECT TO CHANGE. THE AVERAGE ELEVATION 
FROM FEB. 14TH, 2019 WAS ESTIMATED TO THE 
NEAREST 0.1 FOOT.

O'BRIEN & GERE ENGINEERS, INC.
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Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

SANGCHRIS LAKE 
ELEVATION = 585.0**

NOTES: 
**SANGCHRIS LAKE ELEVATION OBTAINED FROM A 
TRANSDUCER MONITORING WATER LEVELS LOCATED
NEAR PLANT INTAKE. ELEVATION DATUM PRE-DATED
NAVD88 AND WAS ASSUMED TO BE IN NGVD29. 
ELEVATION DATA WAS CONVERTED TO NAVD88. AT THE 
TIME OF THIS DRAWING, THE DATA WAS PRELIMINARY 
AND SUBJECT TO CHANGE. THE AVERAGE ELEVATION 
FROM MAY 31 TO JUNE 1, 2018 WAS ESTIMATED TO THE 
NEAREST 0.1 FOOT.

O'BRIEN & GERE ENGINEERS, INC.
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Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

SANGCHRIS LAKE 
ELEVATION = 585.1**

NOTES: 
**SANGCHRIS LAKE ELEVATION OBTAINED FROM A 
TRANSDUCER MONITORING WATER LEVELS LOCATED
NEAR PLANT INTAKE. ELEVATION DATUM PRE-DATED
NAVD88 AND WAS ASSUMED TO BE IN NGVD29. 
ELEVATION DATA WAS CONVERTED TO NAVD88. AT THE 
TIME OF THIS DRAWING, THE DATA WAS PRELIMINARY 
AND SUBJECT TO CHANGE. THE AVERAGE ELEVATION 
FROM AUG. 20TH, 2019 WAS ESTIMATED TO THE 
NEAREST 0.1 FOOT.

O'BRIEN & GERE ENGINEERS, INC.
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CCR RULE GROUNDWATER MONITORING
KINCAID POWER STATION

KINCAID, ILLINOIS

SANGCHRIS LAKE 
ELEVATION = 585.7**

NOTES: 
**SANGCHRIS LAKE ELEVATION OBTAINED FROM A 
TRANSDUCER MONITORING WATER LEVELS LOCATED
NEAR PLANT INTAKE. ELEVATION DATUM PRE-DATED
NAVD88 AND WAS ASSUMED TO BE IN NGVD29. 
ELEVATION DATA WAS CONVERTED TO NAVD88. AT THE 
TIME OF THIS DRAWING, THE DATA WAS PRELIMINARY 
AND SUBJECT TO CHANGE. THE AVERAGE ELEVATION 
FROM FEBRUARY 11, 2020 WAS ESTIMATED TO THE 
NEAREST 0.1 FOOT.



 

 

TABLE E-1. GROUNDWATER ELEVATION RESULTS 
 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-1 06/16/2015 604.71 

MW-1 12/14/2015 589.14 

MW-1 12/15/2015 589.14 

MW-1 02/29/2016 589.82 

MW-1 05/16/2016 589.77 

MW-1 08/22/2016 589.83 

MW-1 11/15/2016 588.19 

MW-1 02/13/2017 589.37 

MW-1 05/18/2017 589.93 

MW-1 07/18/2017 588.80 

MW-1 11/06/2017 587.63 

MW-1 05/31/2018 588.77 

MW-1 08/28/2018 590.05 

MW-1 11/08/2018 589.66 

MW-1 02/14/2019 590.38 

MW-1 05/14/2019 590.03 

MW-1 08/20/2019 589.44 

MW-1 11/13/2019 589.86 

MW-1 02/11/2020 590.81 

MW-1 05/12/2020 590.05 

MW-1 08/26/2020 589.00 

MW-1 12/02/2020 588.22 

MW-1 02/23/2021 589.03 

MW-1 02/24/2021 589.03 

MW-1 03/15/2021 589.38 

MW-1 03/30/2021 590.48 

MW-1 04/05/2021 589.90 

MW-1 05/19/2021 592.24 

MW-1 06/10/2021 589.60 

MW-1 07/01/2021 589.63 

MW-1 07/22/2021 589.36 

MW-1 08/10/2021 589.63 

MW-1 09/01/2021 589.14 

MW-2 06/16/2015 601.10 

MW-2 12/14/2015 595.87 

MW-2 12/15/2015 595.87 

MW-2 02/29/2016 595.88 

MW-2 05/16/2016 594.58 

MW-2 08/22/2016 594.46 

MW-2 11/15/2016 593.59 

MW-2 02/13/2017 593.90 

MW-2 05/18/2017 594.29 

MW-2 07/18/2017 592.75 

MW-2 11/06/2017 592.42 

MW-2 05/31/2018 593.65 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-2 08/28/2018 595.30 

MW-2 11/08/2018 595.32 

MW-2 02/14/2019 595.94 

MW-2 05/14/2019 594.78 

MW-2 08/20/2019 593.94 

MW-2 11/13/2019 594.15 

MW-2 02/11/2020 596.50 

MW-2 05/12/2020 594.48 

MW-2 08/26/2020 593.43 

MW-2 12/02/2020 593.53 

MW-2 02/23/2021 594.92 

MW-2 02/24/2021 594.92 

MW-2 03/15/2021 595.03 

MW-2 03/30/2021 596.21 

MW-2 04/05/2021 594.46 

MW-2 05/19/2021 596.68 

MW-2 06/10/2021 594.12 

MW-2 07/01/2021 594.79 

MW-2 07/22/2021 593.95 

MW-2 08/10/2021 595.70 

MW-2 09/01/2021 594.10 

MW-3 12/14/2015 593.38 

MW-3 05/16/2016 592.92 

MW-3 11/15/2016 592.91 

MW-3 02/13/2017 593.06 

MW-3 05/18/2017 592.99 

MW-3 07/18/2017 592.37 

MW-3 11/06/2017 592.97 

MW-3 05/31/2018 591.72 

MW-3 08/28/2018 593.40 

MW-3 11/08/2018 593.00 

MW-3 02/14/2019 593.48 

MW-3 05/14/2019 593.18 

MW-3 08/20/2019 592.94 

MW-3 02/11/2020 594.52 

MW-3 05/12/2020 593.17 

MW-3 08/26/2020 592.83 

MW-3 12/02/2020 592.82 

MW-3 02/23/2021 593.71 

MW-3 02/25/2021 593.71 

MW-3 03/15/2021 593.20 

MW-3 03/16/2021 593.20 

MW-3 03/30/2021 594.05 

MW-3 04/05/2021 593.15 

MW-3 05/18/2021 598.11 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-3 06/09/2021 592.88 

MW-3 07/01/2021 592.86 

MW-3 07/22/2021 592.82 

MW-3 08/10/2021 593.34 

MW-3 09/01/2021 591.57 

MW-4 12/14/2015 593.81 

MW-4 05/16/2016 593.28 

MW-4 11/15/2016 593.25 

MW-4 02/13/2017 593.30 

MW-4 05/18/2017 593.26 

MW-4 07/18/2017 592.14 

MW-4 11/06/2017 590.75 

MW-4 05/31/2018 593.29 

MW-4 08/28/2018 593.48 

MW-4 11/08/2018 593.48 

MW-4 02/14/2019 593.59 

MW-4 05/14/2019 593.39 

MW-4 08/20/2019 592.44 

MW-4 02/11/2020 595.29 

MW-4 05/12/2020 593.42 

MW-4 08/26/2020 592.82 

MW-4 12/02/2020 592.56 

MW-4 02/23/2021 593.41 

MW-4 02/25/2021 593.41 

MW-4 03/15/2021 593.45 

MW-4 03/16/2021 593.45 

MW-4 03/30/2021 594.38 

MW-4 04/05/2021 593.33 

MW-4 04/06/2021 593.33 

MW-4 05/19/2021 597.08 

MW-4 06/09/2021 594.37 

MW-4 07/01/2021 595.32 

MW-4 07/22/2021 593.20 

MW-4 08/10/2021 593.49 

MW-4 09/01/2021 592.30 

MW-5 06/16/2015 619.44 

MW-5 12/14/2015 593.99 

MW-5 12/15/2015 593.99 

MW-5 02/29/2016 594.00 

MW-5 05/16/2016 593.61 

MW-5 08/22/2016 593.26 

MW-5 11/15/2016 592.44 

MW-5 02/13/2017 593.54 

MW-5 05/18/2017 593.32 

MW-5 07/18/2017 591.61 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-5 11/06/2017 590.64 

MW-5 05/31/2018 592.94 

MW-5 08/28/2018 593.77 

MW-5 11/08/2018 593.84 

MW-5 02/14/2019 594.29 

MW-5 05/14/2019 593.85 

MW-5 08/20/2019 592.94 

MW-5 11/14/2019 593.77 

MW-5 02/11/2020 594.43 

MW-5 05/12/2020 593.91 

MW-5 08/26/2020 591.82 

MW-5 12/02/2020 591.53 

MW-5 02/23/2021 594.09 

MW-5 03/15/2021 594.36 

MW-5 03/30/2021 594.41 

MW-5 04/05/2021 593.84 

MW-5 05/20/2021 594.57 

MW-5 06/09/2021 593.15 

MW-5 07/01/2021 593.94 

MW-5 07/22/2021 593.09 

MW-5 08/10/2021 594.66 

MW-5 09/01/2021 593.13 

MW-6 06/16/2015 600.46 

MW-6 12/14/2015 590.25 

MW-6 12/15/2015 590.25 

MW-6 02/29/2016 592.76 

MW-6 05/16/2016 592.15 

MW-6 08/22/2016 592.31 

MW-6 11/15/2016 589.50 

MW-6 02/13/2017 591.61 

MW-6 05/18/2017 593.45 

MW-6 07/18/2017 589.38 

MW-6 11/06/2017 588.21 

MW-6 05/31/2018 590.71 

MW-6 08/28/2018 593.18 

MW-6 11/08/2018 592.61 

MW-6 02/14/2019 590.21 

MW-6 02/15/2019 594.21 

MW-6 05/14/2019 593.46 

MW-6 08/20/2019 590.14 

MW-6 11/13/2019 592.19 

MW-6 02/11/2020 594.23 

MW-6 05/12/2020 593.49 

MW-6 08/26/2020 590.40 

MW-6 12/02/2020 588.64 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-6 02/23/2021 592.01 

MW-6 03/15/2021 592.27 

MW-6 03/30/2021 594.96 

MW-6 04/05/2021 593.71 

MW-6 05/21/2021 595.26 

MW-6 06/10/2021 591.58 

MW-6 07/01/2021 590.43 

MW-6 07/22/2021 591.82 

MW-6 08/10/2021 592.67 

MW-6 09/01/2021 591.27 

MW-7 06/17/2015 597.75 

MW-7 12/14/2015 595.14 

MW-7 12/15/2015 595.14 

MW-7 02/29/2016 595.33 

MW-7 05/16/2016 589.11 

MW-7 08/22/2016 588.66 

MW-7 11/15/2016 589.22 

MW-7 02/13/2017 588.95 

MW-7 05/18/2017 588.63 

MW-7 05/19/2017 588.63 

MW-7 07/18/2017 587.56 

MW-7 11/06/2017 588.02 

MW-7 11/07/2017 588.02 

MW-7 06/01/2018 588.10 

MW-7 08/28/2018 589.18 

MW-7 11/08/2018 589.00 

MW-7 02/14/2019 595.16 

MW-7 02/15/2019 595.16 

MW-7 05/14/2019 590.46 

MW-7 08/20/2019 591.18 

MW-7 11/13/2019 588.69 

MW-7 02/11/2020 595.28 

MW-7 05/12/2020 589.51 

MW-7 08/26/2020 587.70 

MW-7 12/02/2020 586.57 

MW-7 02/23/2021 589.45 

MW-7 03/15/2021 594.86 

MW-7 03/30/2021 590.96 

MW-7 04/05/2021 588.64 

MW-7 05/21/2021 591.55 

MW-7 06/10/2021 586.86 

MW-7 07/01/2021 592.54 

MW-7 07/22/2021 587.73 

MW-7 08/10/2021 595.40 

MW-7 09/01/2021 593.93 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-7S 02/23/2021 587.18 

MW-7S 02/24/2021 587.18 

MW-7S 03/15/2021 587.26 

MW-7S 03/16/2021 587.26 

MW-7S 04/05/2021 587.12 

MW-7S 04/06/2021 587.12 

MW-7S 05/21/2021 587.86 

MW-7S 06/10/2021 587.44 

MW-7S 07/02/2021 587.34 

MW-7S 07/23/2021 587.33 

MW-7S 08/11/2021 587.73 

MW-8 06/17/2015 603.14 

MW-8 12/14/2015 595.68 

MW-8 12/15/2015 595.68 

MW-8 02/29/2016 597.61 

MW-8 05/16/2016 594.39 

MW-8 08/22/2016 594.46 

MW-8 11/15/2016 593.20 

MW-8 02/13/2017 594.05 

MW-8 05/18/2017 594.30 

MW-8 05/19/2017 594.30 

MW-8 07/18/2017 593.16 

MW-8 11/06/2017 593.59 

MW-8 11/07/2017 593.59 

MW-8 06/01/2018 593.27 

MW-8 08/28/2018 597.19 

MW-8 11/08/2018 594.24 

MW-8 02/14/2019 596.72 

MW-8 05/14/2019 595.03 

MW-8 08/20/2019 594.68 

MW-8 11/14/2019 594.40 

MW-8 02/11/2020 597.42 

MW-8 05/12/2020 594.93 

MW-8 08/26/2020 593.30 

MW-8 12/02/2020 593.90 

MW-8 02/23/2021 595.54 

MW-8 03/15/2021 595.97 

MW-8 03/30/2021 597.13 

MW-8 04/05/2021 594.70 

MW-8 05/21/2021 597.33 

MW-8 06/10/2021 593.85 

MW-8 07/01/2021 598.50 

MW-8 07/22/2021 594.15 

MW-8 08/10/2021 596.10 

MW-8 09/01/2021 594.91 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-8S 02/23/2021 594.97 

MW-8S 02/24/2021 594.97 

MW-8S 03/15/2021 594.85 

MW-8S 03/17/2021 594.85 

MW-8S 04/05/2021 594.45 

MW-8S 04/06/2021 594.45 

MW-8S 05/21/2021 597.46 

MW-8S 06/10/2021 593.90 

MW-9 12/14/2015 587.69 

MW-9 05/16/2016 594.59 

MW-9 11/15/2016 585.95 

MW-9 02/13/2017 590.05 

MW-9 05/18/2017 594.59 

MW-9 07/18/2017 587.95 

MW-9 11/06/2017 583.15 

MW-9 06/01/2018 590.00 

MW-9 08/28/2018 589.59 

MW-9 11/08/2018 587.86 

MW-9 02/14/2019 596.55 

MW-9 05/14/2019 595.34 

MW-9 08/20/2019 590.03 

MW-9 02/11/2020 596.77 

MW-9 05/12/2020 595.14 

MW-9 08/26/2020 590.19 

MW-9 12/02/2020 584.93 

MW-9 02/23/2021 590.65 

MW-9 03/15/2021 593.28 

MW-9 03/30/2021 596.07 

MW-9 04/05/2021 595.16 

MW-9 05/21/2021 595.70 

MW-9 06/10/2021 590.55 

MW-9 07/01/2021 590.54 

MW-9 07/22/2021 588.84 

MW-9 08/10/2021 590.23 

MW-9 09/01/2021 587.63 

MW-10 12/14/2015 588.99 

MW-10 05/16/2016 589.51 

MW-10 11/15/2016 587.00 

MW-10 02/13/2017 587.96 

MW-10 05/18/2017 589.65 

MW-10 07/18/2017 586.29 

MW-10 11/06/2017 586.27 

MW-10 06/01/2018 587.14 

MW-10 08/28/2018 588.90 

MW-10 11/08/2018 585.03 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-10 02/14/2019 590.82 

MW-10 05/14/2019 590.44 

MW-10 08/20/2019 587.91 

MW-10 02/11/2020 592.16 

MW-10 05/12/2020 591.21 

MW-10 08/26/2020 587.46 

MW-10 12/02/2020 587.21 

MW-10 02/23/2021 588.69 

MW-10 03/15/2021 589.21 

MW-10 03/30/2021 591.71 

MW-10 04/05/2021 590.58 

MW-10 05/21/2021 592.26 

MW-10 06/10/2021 588.19 

MW-10 07/01/2021 587.97 

MW-10 07/22/2021 587.53 

MW-10 08/10/2021 587.88 

MW-10 09/01/2021 585.27 

MW-11 12/14/2015 590.36 

MW-11 02/29/2016 590.40 

MW-11 05/16/2016 590.15 

MW-11 08/22/2016 590.18 

MW-11 11/15/2016 590.10 

MW-11 02/13/2017 590.19 

MW-11 05/18/2017 590.15 

MW-11 07/18/2017 589.89 

MW-11 11/06/2017 590.06 

MW-11 05/31/2018 590.06 

MW-11 08/28/2018 590.21 

MW-11 11/08/2018 590.17 

MW-11 02/14/2019 590.40 

MW-11 05/14/2019 590.22 

MW-11 08/20/2019 590.26 

MW-11 11/13/2019 589.96 

MW-11 02/11/2020 590.54 

MW-11 05/12/2020 590.25 

MW-11 08/26/2020 590.05 

MW-11 12/02/2020 590.05 

MW-11 02/23/2021 590.21 

MW-11 03/15/2021 590.53 

MW-11 03/30/2021 590.36 

MW-11 04/05/2021 590.22 

MW-11 05/18/2021 591.66 

MW-11 06/09/2021 590.12 

MW-11 07/01/2021 590.21 

MW-11 07/22/2021 590.06 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-11 08/10/2021 590.32 

MW-11 09/01/2021 590.21 

MW-11S 05/19/2021 591.82 

MW-12 12/14/2015 584.09 

MW-12 02/29/2016 585.23 

MW-12 05/16/2016 585.24 

MW-12 08/22/2016 585.02 

MW-12 11/15/2016 583.89 

MW-12 02/13/2017 585.05 

MW-12 05/18/2017 585.38 

MW-12 07/18/2017 584.57 

MW-12 11/06/2017 583.17 

MW-12 05/31/2018 585.02 

MW-12 08/28/2018 585.11 

MW-12 11/08/2018 585.09 

MW-12 02/14/2019 585.57 

MW-12 05/14/2019 585.45 

MW-12 08/20/2019 584.80 

MW-12 11/13/2019 585.12 

MW-12 02/11/2020 585.85 

MW-12 05/12/2020 585.05 

MW-12 08/26/2020 584.65 

MW-12 12/02/2020 583.81 

MW-12 02/23/2021 584.12 

MW-12 03/15/2021 584.70 

MW-12 03/30/2021 585.65 

MW-12 04/05/2021 585.10 

MW-12 05/20/2021 586.59 

MW-12 06/10/2021 585.02 

MW-12 07/01/2021 585.41 

MW-12 07/22/2021 584.98 

MW-12 08/10/2021 585.05 

MW-12 09/01/2021 585.02 

MW-12S 02/23/2021 584.81 

MW-12S 02/25/2021 584.81 

MW-12S 03/15/2021 585.43 

MW-12S 03/16/2021 585.43 

MW-12S 04/05/2021 585.53 

MW-12S 04/06/2021 585.53 

MW-12S 05/20/2021 587.19 

MW-12S 06/10/2021 585.27 

MW-12S 07/02/2021 585.60 

MW-12S 07/23/2021 585.12 

MW-12S 08/11/2021 585.31 

MW-12D 02/23/2021 584.55 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-12D 02/25/2021 584.55 

MW-12D 03/15/2021 585.36 

MW-12D 03/16/2021 585.36 

MW-12D 04/05/2021 586.23 

MW-12D 04/06/2021 586.23 

MW-12D 05/20/2021 587.18 

MW-12D 06/10/2021 586.55 

MW-12D 07/02/2021 586.71 

MW-12D 07/23/2021 586.58 

MW-12D 08/11/2021 586.71 

MW-20 02/23/2021 594.82 

MW-20 02/26/2021 594.82 

MW-20 03/15/2021 595.12 

MW-20 03/16/2021 595.12 

MW-20 04/05/2021 595.05 

MW-20 04/06/2021 595.05 

MW-20 05/18/2021 598.93 

MW-20 06/09/2021 594.68 

MW-20 07/01/2021 595.07 

MW-20 07/22/2021 594.18 

MW-20 08/10/2021 594.91 

MW-20S 02/23/2021 594.83 

MW-20S 02/26/2021 594.83 

MW-20S 03/15/2021 595.19 

MW-20S 03/16/2021 595.19 

MW-20S 04/05/2021 595.05 

MW-20S 04/06/2021 595.05 

MW-20S 05/19/2021 599.06 

MW-20S 06/09/2021 594.64 

MW-20S 07/01/2021 595.04 

MW-20S 07/22/2021 594.17 

MW-20S 08/10/2021 594.95 

MW-22 02/23/2021 596.14 

MW-22 02/26/2021 596.14 

MW-22 03/15/2021 596.20 

MW-22 03/17/2021 596.20 

MW-22 04/05/2021 595.33 

MW-22 04/07/2021 595.33 

MW-22 05/18/2021 597.51 

MW-22 06/09/2021 594.94 

MW-22 07/01/2021 595.65 

MW-22 07/22/2021 594.93 

MW-22 08/10/2021 595.48 

MW-23 02/23/2021 594.21 

MW-23 02/26/2021 594.21 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-23 03/15/2021 594.14 

MW-23 03/18/2021 594.14 

MW-23 04/05/2021 594.03 

MW-23 04/06/2021 594.03 

MW-23 05/19/2021 595.87 

MW-23 06/09/2021 593.63 

MW-23 07/01/2021 593.82 

MW-23 07/22/2021 593.54 

MW-23 08/10/2021 593.93 

MW-24 02/23/2021 592.21 

MW-24 03/01/2021 592.21 

MW-24 03/15/2021 593.41 

MW-24 03/18/2021 593.41 

MW-24 04/05/2021 593.93 

MW-24 04/07/2021 593.93 

MW-24 05/19/2021 594.36 

MW-24 06/09/2021 593.65 

MW-24 07/01/2021 590.51 

MW-24 07/22/2021 593.47 

MW-25 02/23/2021 601.41 

MW-25 02/25/2021 601.41 

MW-25 03/15/2021 601.60 

MW-25 03/17/2021 601.60 

MW-25 04/05/2021 601.24 

MW-25 04/07/2021 601.24 

MW-25 05/21/2021 602.14 

MW-25 06/09/2021 583.98 

MW-25 07/01/2021 601.23 

MW-25 07/22/2021 600.36 

MW-25 08/11/2021 601.24 

MW-26 02/23/2021 588.87 

MW-26 02/25/2021 588.87 

MW-26 03/15/2021 589.61 

MW-26 03/17/2021 589.61 

MW-26 04/05/2021 591.21 

MW-26 04/06/2021 591.21 

MW-26 05/21/2021 592.50 

MW-26 06/09/2021 589.04 

MW-26 07/01/2021 586.18 

MW-26 07/22/2021 585.02 

MW-26 08/10/2021 586.14 

MW-27 02/23/2021 586.05 

MW-27 02/24/2021 586.05 

MW-27 03/15/2021 587.14 

MW-27 03/16/2021 587.14 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-27 04/05/2021 591.44 

MW-27 04/06/2021 591.44 

MW-27 05/21/2021 594.44 

MW-27 06/10/2021 583.38 

MW-27 07/02/2021 585.55 

MW-27 07/23/2021 584.70 

MW-27 08/11/2021 585.72 

MW-28 02/23/2021 595.40 

MW-28 02/24/2021 595.40 

MW-28 03/15/2021 595.92 

MW-28 03/16/2021 595.92 

MW-28 04/05/2021 595.85 

MW-28 04/07/2021 595.85 

MW-28 05/18/2021 597.59 

MW-28 06/10/2021 594.85 

MW-28 07/02/2021 594.20 

MW-28 07/23/2021 593.48 

MW-28 08/11/2021 595.14 

MW-29 02/23/2021 595.74 

MW-29 02/25/2021 595.74 

MW-29 03/15/2021 596.20 

MW-29 03/16/2021 596.20 

MW-29 04/05/2021 596.58 

MW-29 04/06/2021 596.58 

MW-29 05/21/2021 597.06 

MW-29 06/10/2021 595.41 

MW-29 07/02/2021 595.14 

MW-29 07/23/2021 594.94 

MW-29 08/11/2021 595.36 

MW-30 02/23/2021 593.97 

MW-30 02/25/2021 593.97 

MW-30 03/15/2021 594.53 

MW-30 03/17/2021 594.53 

MW-30 04/05/2021 594.90 

MW-30 04/07/2021 594.90 

MW-30 05/20/2021 595.69 

MW-30 06/09/2021 593.99 

MW-30 07/01/2021 593.96 

MW-30 07/22/2021 593.72 

MW-30 08/10/2021 593.37 

MW-31 02/23/2021 587.68 

MW-31 02/24/2021 587.68 

MW-31 03/15/2021 587.96 

MW-31 03/17/2021 587.96 

MW-31 04/05/2021 587.86 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

MW-31 04/07/2021 587.86 

MW-31 05/20/2021 588.63 

MW-31 06/09/2021 586.66 

MW-31 07/01/2021 594.19 

MW-31 07/22/2021 586.69 

MW-31 08/10/2021 587.49 

MW-31S 02/23/2021 591.18 

MW-31S 02/24/2021 591.18 

MW-31S 03/15/2021 591.83 

MW-31S 03/17/2021 591.83 

MW-31S 04/05/2021 590.92 

MW-31S 04/06/2021 590.92 

MW-31S 05/20/2021 592.83 

MW-31S 06/10/2021 588.77 

MW-31S 07/01/2021 588.55 

MW-31S 07/23/2021 588.55 

MW-31S 08/10/2021 588.30 

MW-32 02/23/2021 596.90 

MW-32 02/25/2021 596.90 

MW-32 03/15/2021 596.92 

MW-32 03/17/2021 596.92 

MW-32 04/05/2021 596.93 

MW-32 04/07/2021 596.93 

MW-32 05/19/2021 598.69 

MW-32 06/09/2021 596.24 

MW-32 07/01/2021 596.38 

MW-32 07/22/2021 596.09 

MW-32 08/10/2021 596.34 

PZ-4C 02/23/2021 593.95 

PZ-4C 02/25/2021 593.95 

PZ-4C 03/15/2021 594.09 

PZ-4C 03/16/2021 594.09 

PZ-4C 04/05/2021 593.92 

PZ-4C 05/20/2021 595.67 

PZ-4C 06/10/2021 593.78 

PZ-4C 07/02/2021 593.87 

PZ-4C 07/23/2021 593.42 

PZ-4C 08/11/2021 593.75 

XPW01 02/23/2021 603.48 

XPW01 03/01/2021 603.48 

XPW01 03/15/2021 603.48 

XPW01 03/18/2021 603.48 

XPW01 04/05/2021 603.40 

XPW01 04/07/2021 603.40 

XPW01 05/21/2021 603.18 



 
Sample Location Sample Date Groundwater Elevation (ft NAVD88) 

XPW01 06/10/2021 603.19 

XPW01 07/02/2021 603.28 

XPW01 07/22/2021 603.14 

XPW01 08/11/2021 603.39 

XPW02 02/23/2021 603.78 

XPW02 03/01/2021 603.78 

XPW02 03/15/2021 603.71 

XPW02 03/18/2021 603.71 

XPW02 04/05/2021 603.91 

XPW02 04/07/2021 603.91 

XPW02 05/21/2021 603.91 

XPW02 06/10/2021 603.79 

XPW02 07/02/2021 603.59 

XPW02 07/22/2021 603.50 

XPW02 08/11/2021 603.61 

XPW03 02/23/2021 600.95 

XPW03 03/02/2021 600.95 

XPW03 03/15/2021 600.93 

XPW03 03/18/2021 600.93 

XPW03 04/05/2021 601.23 

XPW03 04/07/2021 601.23 

XPW03 05/20/2021 601.02 

XPW03 06/10/2021 601.63 

XPW03 07/01/2021 600.76 

XPW03 07/22/2021 600.86 

XPW03 08/11/2021 600.85 

XPW04 02/23/2021 603.42 

XPW04 03/02/2021 603.42 

XPW04 03/15/2021 603.42 

XPW04 03/18/2021 603.42 

XPW04 04/05/2021 603.21 

XPW04 04/07/2021 603.21 

XPW04 05/20/2021 603.24 

XPW04 06/09/2021 602.79 

XPW04 07/01/2021 602.88 

XPW04 07/22/2021 602.92 

XPW04 08/10/2021 603.10 

XSG-01 05/21/2021 607.26 

XSG-01 06/09/2021 606.93 

XSG-01 07/01/2021 607.26 

XSG-01 07/22/2021 607.38 

SG-02 05/21/2021 585.62 

SG-02 06/09/2021 585.20 
 

Notes: 
ft NAVD88 = feet relative to the North American Vertical Datum 1988, GEOID 12A 

 
generated 09/30/2021, 12:28:01 AM CD 



APPENDIX F 
HYDRAULIC CONDUCTIVITY TEST DATA 
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12D FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/09/2021

AQUIFER DATA

Saturated Thickness:  9.3 ft

WELL DATA (12D)

Initial Displacement:  1.51 ft Static Water Column Height:  52.3 ft
Total Well Penetration Depth:  7.7 ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 0.00169 cm/sec Ss  = 4.39E-7 ft-1

Kz/Kr = 1.
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/09/2021

AQUIFER DATA

Saturated Thickness:  36.9 ft

WELL DATA (12S)

Initial Displacement:  1.02 ft Static Water Column Height:  5.969 ft
Total Well Penetration Depth:  5.97 ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  KGS Model

Kr  = 3.3E-5 cm/sec Ss  = 0.0472 ft-1

Kz/Kr = 1.
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/09/2021

AQUIFER DATA

Saturated Thickness:  22.8 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (20)

Initial Displacement:  1.5 ft Static Water Column Height:  6.44 ft
Total Well Penetration Depth:  9. ft Screen Length:  9. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 6.77E-6 cm/sec y0 = 2.33 ft
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/09/2021

AQUIFER DATA

Saturated Thickness:  6.75 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (20S)

Initial Displacement:  1.15 ft Static Water Column Height:  6.75 ft
Total Well Penetration Depth:  6.75 ft Screen Length:  6. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.000122 cm/sec y0 = 1.18 ft
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  03/18/2021

AQUIFER DATA

Saturated Thickness:  50.3 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (22)

Initial Displacement:  1.69 ft Static Water Column Height:  16.8 ft
Total Well Penetration Depth:  2.3 ft Screen Length:  2.3 ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 3.8E-5 cm/sec y0 = 1.27 ft
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23 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  48.3 ft

WELL DATA (23)

Initial Displacement:  1.62 ft Static Water Column Height:  14.2 ft
Total Well Penetration Depth:  0.7 ft Screen Length:  0.7 ft
Casing Radius:  0.08625 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 0.000535 cm/sec Ss  = 0.000399 ft-1

Kz/Kr = 1.
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25 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  5.4 ft

WELL DATA (25)

Initial Displacement:  1.43 ft Static Water Column Height:  11. ft
Total Well Penetration Depth:  5.4 ft Screen Length:  3. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 0.000103 cm/sec Ss  = 0.000145 ft-1

Kz/Kr = 1.
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26 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  03/19/2021

AQUIFER DATA

Saturated Thickness:  50.9 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (26)

Initial Displacement:  1.58 ft Static Water Column Height:  10.5 ft
Total Well Penetration Depth:  2. ft Screen Length:  2. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 1.29E-6 cm/sec y0 = 1.47 ft
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/28/2021

AQUIFER DATA

Saturated Thickness:  55.3 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (27)

Initial Displacement:  0.81 ft Static Water Column Height:  7.37 ft
Total Well Penetration Depth:  5.4 ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 1.56E-5 cm/sec y0 = 0.778 ft
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28 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  60.6 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (28)

Initial Displacement:  1.43 ft Static Water Column Height:  19.8 ft
Total Well Penetration Depth:  16.8 ft Screen Length:  10. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.000134 cm/sec y0 = 1.04 ft
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29 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  56. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (29)

Initial Displacement:  1.46 ft Static Water Column Height:  18.97 ft
Total Well Penetration Depth:  10.6 ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.201 cm2/sec S = 1.88E-5
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/27/2021

AQUIFER DATA

Saturated Thickness:  48.5 ft

WELL DATA (30)

Initial Displacement:  1.78 ft Static Water Column Height:  18.3 ft
Total Well Penetration Depth:  5. ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 7.07E-6 cm/sec Ss  = 3.3E-5 ft-1

Kz/Kr = 1.
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/27/2021

AQUIFER DATA

Saturated Thickness:  49.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (31)

Initial Displacement:  1.45 ft Static Water Column Height:  12.6 ft
Total Well Penetration Depth:  5. ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.05 cm2/sec S = 1.91E-5
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32 RH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/28/2021

AQUIFER DATA

Saturated Thickness:  53.1 ft

WELL DATA (32)

Initial Displacement:  1.63 ft Static Water Column Height:  16.27 ft
Total Well Penetration Depth:  5.4 ft Screen Length:  5. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 0.000461 cm/sec Ss  = 1.31E-5 ft-1

Kz/Kr = 1.
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PZ-4C FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  3. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-4C)

Initial Displacement:  1.65 ft Static Water Column Height:  16.72 ft
Total Well Penetration Depth:  3. ft Screen Length:  3. ft
Casing Radius:  0.086 ft Well Radius:  0.35 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 4.95E-5 cm/sec y0 = 1.91 ft
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XPW-01 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  8. ft Anisotropy Ratio (Kz/Kr):  0.2158

WELL DATA (XPW-01)

Initial Displacement:  0.74 ft Static Water Column Height:  2.71 ft
Total Well Penetration Depth:  7.97 ft Screen Length:  7.97 ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Springer-Gelhar

K  = 0.264 cm/sec Le = 1.03 ft
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XPW-02 RH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  03/19/2021

AQUIFER DATA

Saturated Thickness:  8.4 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (XPW-02)

Initial Displacement:  0.702 ft Static Water Column Height:  8.91 ft
Total Well Penetration Depth:  8.4 ft Screen Length:  8.4 ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.0209 cm/sec y0 = 0.664 ft
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PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  03/19/2021

AQUIFER DATA

Saturated Thickness:  6.74 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (XPW-03)

Initial Displacement:  2.45 ft Static Water Column Height:  7.74 ft
Total Well Penetration Depth:  6.74 ft Screen Length:  6.74 ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.0948 cm/sec y0 = 4.16 ft
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XPW-04 FH-1

PROJECT INFORMATION

Company:  Ramboll
Client:  Kincaid Generation, LLC
Location:  Kincaid Power Plant
Test Date:  04/08/2021

AQUIFER DATA

Saturated Thickness:  20.81 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (XPW-04)

Initial Displacement:  0.258 ft Static Water Column Height:  21.81 ft
Total Well Penetration Depth:  20.81 ft Screen Length:  9. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Springer-Gelhar

K  = 0.103 cm/sec Le = 14.5 ft
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October 2016

Kincaid Generation, L.L.C.
199 Illinois 104
Kincaid, IL 62540

RE:  History of Construction
USEPA Final CCR Rule, 40 CFR § 257.73(c)
Kincaid Power Station
Kincaid, Illinois

On behalf of Kincaid Generation, L.L.C., AECOM has prepared the following history of construction
for the Ash Pond at the Kincaid Power Station in accordance with 40 CFR § 257.73(c).

BACKGROUND

40 CFR § 257.73(c)(1) requires the owner or operator of an existing coal combustion residual (CCR)
surface impoundment that either (1) has a height of five feet or more and a storage volume of 20
acre-feet or more, or (2) has a height of 20 feet or more to compile a history of construction by
October 17, 2016 that contains, to the extent feasible, the information specified in 40 CFR §
257.73(c)(1)(i)–(xii).

The history of construction presented herein was compiled based on existing documentation, to the
extent that it is reasonably and readily available (see 80 Fed. Reg. 21302, 21380 [April 17, 2015]) and
AECOM’s site experience.  AECOM’s document review included construction drawings, geotechnical
investigations, operation and maintenance information, etc. for the Ash Pond at the Kincaid Power
Station.
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HISTORY OF CONSTRUCTION

§ 257.73(c)(1)(i): The name and address of the person(s) owning or operating the CCR unit; the
name associated with the CCR unit; and the identification number of the CCR unit if one has
been assigned by the state.

Owner: Kincaid Generation, L.L.C.

Address: 1500 Eastport Plaza Drive
Collinsville, IL 62234

CCR Unit: Ash Pond

The Ash Pond does not have a state assigned identification number.

§ 257.73(c)(1)(ii): The location of the CCR unit identified on the most recent USGS 71/2 or 15
minute topographic quadrangle map or a topographic map of equivalent scale if a USGS map
is not available.

The location of the Ash Pond has been identified on an USGS 7-1/2 minute topographic
quadrangle map in Appendix A.

§ 257.73(c)(1)(iii): A statement of the purpose for which the CCR unit is being used.

The Ash Pond is being used to store and dispose of sluiced bottom ash and to clarify other
non-CCR waste streams to be used as recycled water for plant operations.  Newly placed
ash is recovered by a third party and recycled for beneficial use.

§ 257.73(c)(1)(iv): The name and size in acres of the watershed where the CCR unit is located.

Most of the Kincaid Power Plant property including the entire Kincaid Ash Pond is located in
the northeastern portion of the Sangchris Lake Watershed with a 12-digit Hydrologic Unit
Code (HUC) of 071300070402 and a drainage area of 23,382 acres (USGS, 2016).  The
remaining portion of the Kincaid Power Station property is located in the northwestern portion
of the Town of Tovey Watershed and a 12-digit Hydrologic Unit Code (HUC) of
071300070401 with a drainage area of 23,341 acres (USGS, 2016).

§ 257.73(c)(1)(v): A description of the physical and engineering properties of the foundation
and abutment materials on which the CCR unit is constructed.

The foundation materials consist of foundation clay overlying glacial till.  The physical
properties of the foundation clay for the Ash Pond are described as native fine grained soils
of alluvial origin with occasional layers of coarse-grained soil.  The fine-grained soils (clays)
are generally classified as low to medium plasticity silty clay, sandy clay, clay with sand, or
clay (CL) with trace amounts of sand or gravel; or high plasticity clay (CH). The CL and CH
soils are soft to very stiff, very moist to very wet, and brown to gray with some occurrence of
reddish brown silt seams. The coarse-grained soil is classified as clayey sand (SC), with a
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trace amount of gravel, very loose, very wet, and brown to gray.  The fines portion of the
clayey sand is low plastic.  The foundation clay is underlain by glacial till that is predominantly
classified as sandy clay (CL) with some occurrences of clayey sand (SC) or silty sand (SM),
usually with a trace amount of fine gravel, generally hard, low to medium plasticity, slightly
moist to very wet, and brown to gray.  An available summary of the engineering properties of
the foundation materials is presented in Table 1 below.

Table 1. Summary of Foundation Material Engineering Properties

Material
Unit

Weight
(pcf)

Peak Drained
Shear Strength

Peak Undrained
Shear Strength

Post-Earthquake
Shear Strength

Cohesion, c′
(psf)

Friction Angle, f’
(deg) Su/p' Sur/p'

Foundation Clay
(Under
Embankment)

125 0

32
with curved
envelope for

s'ff ˂ 2160 psf

Su/p' = 0.48,
Minimum

Su = 800 psf

Sur/p' = 0.30,
Minimum

Su = 400 psf

Foundation Clay
(Free Field) 125 0 30

Su/p' = 0.30,
Minimum

Su = 400 psf

Sur/p' = 0.30,
Minimum

Su = 400 psf

 Till 135 0 40
Su/p' = 0.64,
Minimum

Su = 800 psf

Su/p' = 0.64,
Minimum

Su = 800 psf

The Ash Pond is an enclosed impoundment with embankments and does not have
abutments.

§ 257.73(c)(1)(vi): A statement of the type, size, range, and physical and engineering
properties of the materials used in constructing each zone or stage of the CCR unit; the
method of site preparation and construction of each zone of the CCR unit; and the
approximate dates of construction of each successive stage of construction of the CCR unit.

The physical properties of the materials used for embankment construction of the Ash Pond
are described as low to medium plasticity sandy clay or clay with sand (CL), or high plasticity
clay (CH). The CL and CH soils have occasional occurrences of trace levels of fine gravel,
are medium stiff to very stiff with occasional soft zones, moist to very moist, and brown to
gray. The embankment fill generally appears to be well-compacted.  An available summary of
the engineering properties of the embankment materials is presented in Table 2 below.
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Table 2. Summary of Construction Material Engineering Properties

Material
Unit

Weight
(pcf)

Peak Drained
Shear Strength

Peak Undrained
Shear Strength

Post-Earthquake
Shear Strength

Cohesion, c′
(psf)

Friction Angle, f’
(deg) Su/p' Sur/p'

Embankment Fill 135 0

40
with curved
envelope for

s'ff ˂ 1440 psf

Su/p' = 0.68,
Minimum

Su = 575 psf

Su/p' = 0.68,
Minimum

Su = 575 psf

The method of site preparation and construction for the Ash Pond is not reasonably and
readily available.

The approximate dates of construction of each successive stage of construction of the Ash
Pond are provided in Table 3 below.

Table 3. Approximate dates of construction of each successive stage of construction.
Date Event

1964-1965 Construction of Ash Pond

1967 Ash Pond was put into service

1978-1980 Installation of Ash Pond recycle water intake structures and associated piping

Mid-
1980’s Erosion repair along north embankment adjacent to Sangchris Lake

2006 Replacement of emergency outlet piping

2009-2010 Tree removal, grading, and vegetation re-established along the north and east
embankment

2010 Riprap placement along the northwest Ash Pond embankment adjacent to
Sangchris Lake

§ 257.73(c)(1)(vii): At a scale that details engineering structures and appurtenances relevant to
the design, construction, operation, and maintenance of the CCR unit, detailed dimensional
drawings of the CCR unit, including a plan view and cross sections of the length and width of
the CCR unit, showing all zones, foundation improvements, drainage provisions, spillways,
diversion ditches, outlets, instrument locations, and slope protection, in addition to the
normal operating pool surface elevation and the maximum pool surface elevation following
peak discharge from the inflow design flood, the expected maximum depth of CCR within the
CCR surface impoundment, and any identifiable natural or manmade features that could
adversely affect operation of the CCR unit due to malfunction or mis-operation.

Drawings that contain items pertaining to the requested information for the Ash Pond are
listed in Table 4 below. Items marked as "Not Available" are items not found during a review
of the reasonably and readily available record documentation.
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Table 4. List of drawings containing items pertaining to the information requested in
§ 257.73(c)(1)(vii).

Ash Pond

Dimensional plan
view (all zones) B-32

Dimensional
cross sections B-32

Foundation
Improvements Not Applicable

Drainage
Provisions Not Applicable

Spillways and
Outlets

869D4-C12A,
869D4-C36 to C37,

869D-M69

Diversion Ditches Not Applicable

Instrument
Locations Figure 2A

Slope Protection B-32

Normal Operating
Pool Elevation Not Available

Maximum Pool
Elevation Not Available

Approximate
Maximum Depth
of CCR in 2016

30 feet

All drawings referenced in Table 4 above can be found in Appendix B and Appendix C.

Based on the review of the drawings listed above, no natural or manmade features that could
adversely affect operation of the CCR unit due to malfunction or mis-operation were
identified.
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§ 257.73(c)(1)(viii): A description of the type, purpose, and location of existing
instrumentation.

Existing instrumentation within the Ash Pond consists of vibrating-wire and open standpipe
piezometers and a water level gauge.  The purpose of the piezometers is to measure the
pore water pressures within the embankment.  The purpose of the water level gauge is to
measure the water surface level within the Ash Pond.  Twelve (12) vibrating-wire and open-
standpipe piezometers were installed in 2015 and the locations are presented on Figure 2A in
Appendix C.  Three (3) piezometers were installed in 2016 and the locations are presented
on Figure 2A in Appendix C.  The water level gauge is located adjacent to the emergency
outlet structure in the southeast corner of the Ash Pond.  A location map of the water level
gauge is not reasonably and readily available.

§ 257.73(c)(1)(ix): Area-capacity curves for the CCR unit.

The area-capacity curve for the Ash Pond is presented in Figure 1 below. “Area-capacity
curves”, as defined by 40 CFR § 257.53, “means graphic curves which readily show the
reservoir water surface area, in acres, at different elevations from the bottom of the reservoir
to the maximum water surface, and the capacity or volume, in acre-feet, of the water
contained in the reservoir at various elevations.”

Figure 1. Area-capacity curve for Ash Pond

The area-capacity curve shown was taken from the pond modeling analysis. Actual pond
capacity is limited to the approximate berm elevation listed in Table 5 below. Any information
above berm elevation should be disregarded.
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§ 257.73(c)(1)(x): A description of each spillway and diversion design features and capacities
and calculations used in their determination.

A recycle water intake structure (screen house) is located in the southeast corner of the Ash
Pond.  Impounded water from the Ash Pond is screened through the intake structure and fed
into a gated 60-inch diameter (dia.) pipe (Invert El. 592.3 feet.) where it flows to the recycle
pump house.  Design drawings indicate that the 60-inch dia. pipe is reinforced concrete pipe
(RCP).  The Ash Pond also contains an emergency outlet structure in the southeast corner of
the pond.  The emergency outlet structure consists of a sluice gate (Invert El. 597.5 feet.) and
concrete overflow weir (Invert El. 604.3 feet.), with an ungated 48-inch dia. corrugated metal
pipe (CMP) outlet.  Unless otherwise noted, all elevations in this report are based on the
NAVD88 datum.

In 2016, the discharge capacity of the Ash Pond was evaluated using HydroCAD 10 software
modeling a 1,000-year, 24-hour rainfall event. The model results indicate that the Ash Pond
has enough storage capacity above the existing placed CCR, and will not overtop the
embankment during the 1,000-year, 24-hour storm event. The results of the HydroCAD 10
analysis are presented below in Table 5.

Table 5. Results of HydroCAD 10 analysis

Ash Pond

Approximate
Minimum Berm
Elevation1 (ft)

605.2

Approximate
Emergency
Spillway Elevation1

(ft)
Not Applicable

Starting Pool
Elevation1 (ft) 603.3

Peak Elevation1 (ft) 605.1

Time to Peak (hr) 21.9

Surface Area (ac) 75.5

Storage2 (ac-ft) 110.7

§ 257.73(c)(1)(xi): The construction specifications and provisions for surveillance,
maintenance, and repair of the CCR unit.

Drawings for the Ash Pond refer to construction specification Job Specification G-1943, but
that specification is not reasonably and readily available.
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The operations and maintenance plans for the Ash Pond are currently being prepared by
Kincaid Generation, L.L.C.

§ 257.73(c)(1)(xii): Any record or knowledge of structural instability of the CCR unit.

In 2013, minor subsidence of the embankment crest was observed along portions of the
southwestern Ash Pond embankment.  The subsidence was believed to have been caused
by historical underground mining operations below the Ash Pond from the 1950s to the
1990s.  Gravel and soil fill was placed in the settlement areas to restore the embankment
crest elevation.  The embankment is observed during the weekly inspections and no further
evidence of subsidence has occurred since 2013.  Information regarding the subsidence is
presented in Appendix D.

There is no record or knowledge of any other structural instability of the Ash Pond at Kincaid
Power Station.

LIMITATIONS

The signature of AECOM's authorized representative on this document represents that to the best of
AECOM’s knowledge, information and belief in the exercise of its professional judgment, it is
AECOM’s professional opinion that the aforementioned information is accurate as of the date of such
signature.  Any recommendation, opinion or decisions by AECOM are made on the basis of AECOM's
experience, qualifications and professional judgment and are not to be construed as warranties or
guaranties. In addition, opinions relating to environmental, geologic, and geotechnical conditions or
other estimates are based on available data and that actual conditions may vary from those
encountered at the times and locations where data are obtained, despite the use of due care.

Sincerely,

Claudia Prado Victor Modeer, P.E., D.GE
Project Manager Senior Project Manager
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Appendix A: History of Construction Vicinity Map
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Appendix B: Kincaid Power Station Drawings
1. “Outside Piping Sheet II”, Drawing No. 869D4-M69, Revision R2, 10 August, 1978, Harza

Engineering Company.

2. “Ash Pond Dike Piping Prevention”, Drawing No. 869D4-C12A, Revision R1, 29 June, 1978,
Harza Engineering Company.

3. “Ash Sluice Water Intake Structures”, Drawing No. 869D4-C36, Revision R2, 25 September,
1980, Harza Engineering Company.

4. “Ash Sluice Water Stilling Well and Emergency Effluent Sump Structures”, Drawing No. 869D4-
C37, Revision R4, 8 May, 1979, Harza Engineering Company.

5. “Intake & Discharge Flumes, Plans & Sections”, Drawing No. B-32, Revision P, 2 December,
1965, Harza Engineering Company.
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Appendix C: Kincaid Ash Pond Piezometer Locations



KINCAID ASH POND

KIN-P001

KIN-P002

KIN-P008 KIN-P010

KIN-P009

KIN-P003

KIN-P004

KIN-P011

KIN-P012

KIN-P007

KIN-P005

KIN-P006
PZ-4A
PZ-4B
PZ-4C
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Appendix D: Ash Pond Embankment Settlement (2013)
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Hanson Professional Services Inc. 
1525 S. Sixth Street 
Springfield, IL 62703 
(217) 788-2450 
Fax: (217) 788-2503 

www.hanson-inc.com 
 

August 2, 2013 
 
 
Mr. Don Torricelli 
Performance Specialist  
Kincaid Power Station 
 
RE: Ash Pond Embankment Settlement 
  
Dear Mr. Torricelli: 
 
After a call by Kincaid personnel on July 31, 2013 regarding transverse cracking of the crest of a 
portion of the southwest embankment section of the Kincaid Station Ash Pond, James P. 
Knutelski, P.E. of Hanson visited the site to observe the cracks.  He was accompanied by Don 
Torricelli of the Kincaid Power Station.  The following observations were made: 
 

 The affected area was approximately 250 ft by 250 ft.  The area is situated on the 
southwest side of the ash pond adjacent to the water intake channel for the power 
station.  The location of the affected area is shown on the attached aerial photo and coal 
mine map. 
 

 Surface features within the affected area include tension cracks, compression heaving, 
and apparent settlement.  There is no survey data showing that settlement has occurred, 
however the crest of the dam is approximately 2 ft lower in the affected area than the 
adjacent crest.  
 

 Tension cracks cross the embankment perpendicular to the embankment crest.  On the 
upstream side of the embankment where ash has been filled to the elevation of the 
crest, the tension cracks change direction slightly.  
 

 Compression heaving of the ground surface was observed along two lines near the 
center of the affected area and the lines of heaving were separated by about 12 ft.  
Compression heaving only occurred in the low area of the depression.   
 

 The tension cracks were not visible more than 5 ft down the downstream slope of the 
embankment due to dense vegetative cover.  A noticeable depression in the 
downstream slope was observed in the affected area.   
 

 Cracks, settlement, or other surface features were not observed between the toe of the 
embankment and the inlet channel.  They either did not exist, or were not visible due to 
dense vegetative cover.  
 

 There were no wet areas, seepage, or evidence of seepage observed on the 
downstream slope of the embankment, the toe of the embankment, or the area between 
the embankment toe and the inlet channel.   
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The surficial features at the southwest embankment of the ash pond appear to be related to 
mine subsidence of the Peabody No. 10 coal mine that was active between 1951 and 1994.  
The following points indicate data or observations to support this conclusion: 
 

 The affected area is undermined according to the available map. 
 

 There are no utilities or other underground structures within the affected area that could 
be a source of leakage and underground erosion.   
 

 The tension cracking and surface heaving that was observed transverse to the 
embankment crest are consistent with a sag subsidence above room and pillar mining.   

 
The Peabody No. 10 mine is listed as blind room and pillar mine.  Between 40% and 70% of the 
coal is removed in this type of mining.  The Herrin coal seam was mined at depths between   
300 ft and 380 ft.  The average thickness of the coal seam was between 6.5 ft and 7.5 ft in this 
mine and the maximum thickness was 13.0 ft.  The coal was mined beneath the Anna Shale or 
a limestone roof.  Generally 6 ft to 7 ft of the coal was removed.   
 
In Illinois, the maximum settlement for a sag type subsidence is generally situated near the 
center of the subsided area and the maximum settlement magnitude is generally between 2 ft 
and 4 ft.  A review of the map of the coal mine for the affected area would allow a more precise 
estimate of maximum settlement magnitude.  
 
Subsidence events can manifest rapidly in a manner of days, or slowly over several months or 
years.  Prediction of future or continued subsidence is generally not economical or reliable with 
the technology available today.   
 
In order to protect critical components of the Kincaid Power Station from additional or future 
subsidence, methods to prevent or minimize subsidence are probably the most feasible and 
economical.   
 
Since injection of coal combustion byproduct (CCB) materials into the abandoned mine around 
the power station is currently part of the plant operation, it is recommended that CCB injection 
into areas beneath critical components of the power plant be given priority.  Filling these areas 
would most likely result in greatly reduced, or eliminate future surface subsidence.  Filling 
undermined areas that have already experienced subsidence may reduce or prevent additional 
subsidence.     
 
Repair of the embankment does not appear to be necessary at this time because: there is no 
observed seepage or evidence of seepage in the embankment in this area, the depression in 
the embankment crest does detrimentally affect the freeboard of the impoundment, and the 
water detention within the impoundment is hundreds of feet from the affected embankment 
 
This area should be observed daily for a week following the date of subsidence event and 
weekly thereafter for a period of 2 months.  Noticeable additional cracking or settlement, 
seepage through the embankment, or wet areas near the toe of then embankment should be 
reported to Hanson immediately.   
 
The portion of the coal mine that extends under Sangchris Lake was likely mined around the 
same time period as the two recently subsided areas near the power station.  A similar event 
occurring under the lake has the potential to flood the mine.  A significant loss of lake water into 



C:\Users\knute00893\Desktop\Kincaid Conveyor\20130731 Visit.docx 

the mine is unlikely; however, considering the consequences, it is prudent to be observant of 
unusual conditions on the lake.  Non-typical surface disturbances such as bubbling, swirls, or 
whirlpools could be evidence of drainage into the abandoned mine.  Hanson should be 
contacted if any of these occurrences are observed.   
 
Please contact me at (217) 747-9380 if you have any questions concerning this letter or if you 
require additional information. 
 

Sincerely, 
 
HANSON PROFESSIONAL SERVICES INC. 

 
James P. Knutelski, PE, GE 
Geotechnical Engineer 
 

 
References 
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http://www.isgs.illinois.edu/maps-data-pub/coal-maps/topo-mines/kincaid.pdf  

 
Mine Subsidence in Illinois: Facts for Homeowners, Bauer, Robert A., IDNR, ISGS Circular 569, 
2006 
 
Attachments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C:\Users\knute00893\Desktop\Kincaid Conveyor\20130731 Visit.docx  

 

 
 

Aerial photo of affected area  
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Tension cracking in embankment crest 
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Compression heaving in crest of embankment 
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Depression in embankment crest and downstream slope, tension cracks visible 
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         October 11, 2021 
        

Kincaid Generation, LLC 
199 IL-104 
Kincaid, Illinois 62540 
 
Subject:  USEPA CCR Rule and IEPA Part 845 Rule Applicability Cross-Reference 
   2021 USEPA CCR Rule Periodic Certification Report 
   Ash Pond, Kincaid Power Plant, Kincaid, Illinois 
 
At the request of Kincaid Generation, LLC (KG), Geosyntec Consultants (Geosyntec) has prepared this 
letter to document how the attached 2021 United States Environmental Protection Agency (USEPA) 
CCR Rule Periodic Certification Report (Report) was prepared in accordance with both the Federal 
USEPA CCR Rule1 and the state-specific Illinois Environmental Protection Agency (IEPA) Part 845 
Rule2. Specific sections of the report and the applicable sections of the USEPA CCR Rule and Illinois 
Part 845 Rule are cross-referenced in Table 1. A certification from a Qualified Professional Engineer 
for each of the CCR Rule sections listed in Table 1 is provided in Section 9 of the attached Report. This 
certification statement is also applicable to each section of the Part 845 Rule listed in Table 1.  

Table 1 – USEPA CCR Rule and Illinois Part 845 Rule Cross-Reference 
Report 
Section USEPA CCR Rule Illinois Part 845 Rule 

3 §257.73 
(a)(2) 

Hazard Potential 
Classification 845.440 Hazard Potential Classification Assessment3 

4 §257.73 
(c)(1) History of Construction 845.220(a) Design and Construction Plans  

(Construction History) 

5 §257.73 
(d)(1) 

Structural Stability 
Assessment 

845.450 
(a) and (c) 

Structural Stability Assessment 

6 §257.73 
(e)(1) 

Safety Factor 
Assessment 

845.460 
(a-b) 

Safety Factor Assessment 

7 

§257.82 
(a)(1-3) 

Adequacy of Inflow 
Design Control System 

Plan 

845.510(a), 
(c)(1), 
(c)(3) 

Hydrologic and Hydraulic Capacity 
Requirements / Inflow Design Flood Control 

System Plan 
§257.82 

(b) 
Discharge from CCR 

Unit 
845.510(b) Discharge from CCR Surface Impoundment 

 

1 United Stated Environmental Protection Agency, 2015. 40 CFR Parts 257 and 261, Hazardous and Solid Waste 

Management System, Disposal of Coal Combustion Residuals from Electric Utilities, Final Rule. 
2 State of Illinois, Joint Committee on Administrative Rule, Administrative Code (2021). Title 35: Environmental 

Protection, Subtitle G: Waste Disposal, Chapter I: Pollution Control Board, Subchapter j: Coal Combustion 

Waste Surface Impoundment, Part 845 Standards for the Disposal of Coal Combustion Residuals in Surface 

Impoundments. 
3 “Significant” and “High” hazard, per the CCR Rule1, are equivalent to Class II and Class I hazard potential, 
respectively, per Part 8452. 
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CLOSING 

This letter has been prepared to demonstrate that the content and Qualified Professional Engineer 
Certification of the 2021 Periodic USEPA CCR Rule Certification Report fulfills the corresponding 
requirements of Part 845 of Illinois Administrative Code listed in Table 1.  

Sincerely, 

 

Thomas Ward, P.E.     John Seymour, P.E. 
Senior Engineer      Senior Principal 

      



 

 
2021 USEPA CCR RULE PERIODIC 

CERTIFICATION REPORT 
§257.73(a)(2)-(3), (c), (d1), (e) and §257.82 

ASH POND 
Kincaid Power Plant 

Kincaid, Illinois 
 

 

Submitted to 

Kincaid Generation, LLC 
199 IL-104 

Kincaid, Illinois 62540 

Submitted by 

 
1 McBride and Son Center Drive, Suite 202 

Chesterfield, Missouri 63005 
 
 

October 11, 2021 

 
1 Except for §257.73(d)(1)(vi). 
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EXECUTIVE SUMMARY 

This Periodic United States Environmental Protection Agency (USEPA) Coal Combustion 
Residuals (CCR) Rule [1] certification report (Periodic Certification Report) for the Ash Pond 
(AP) at the Kincaid Power Plant (KPP)2, also known as the Kincaid Power Station (KIN), has been 
prepared in accordance with Rule 40, Code of Federal Regulations (CFR) §257, herein referred to 
as the “CCR Rule” [1]. The CCR Rule requires that initial certifications for existing CCR surface 
impoundment, completed in 2016 and subsequently posted on Kincaid Generation, LLC (KG) 
CCR Website ( [2], [3], [4], [5], [6], [7]), be updated on a five-year basis.  

The initial certification reports developed in 2016 and 2017 were independently reviewed by 
Geosyntec ( [2], [3], [4], [5], [6], [7], [8], [9]). Additionally, field observations, interviews with 
plant staff, updated engineering analyses, and evaluations were performed to compare conditions 
in 2021 at the Ash Pond relative to the 2016 and 2017 initial certifications. These tasks determined 
that updates are not required for the Initial Hazard Potential Classification and Initial Safety Factor 
Assessment. However, due to changes at the site, updates were required and were performed for 
the:  

• History of Construction Report;  

• Initial Structural Stability Assessment, and 

• Initial Inflow Design Flood Control System Plan.  

Geosyntec’s evaluations of the initial certification reports and updated analyses determined that 
the KPP Ash Pond meets all requirements for hazard potential classification, history of 
construction reporting, structural stability, safety factor assessment, and hydrologic and hydraulic 
control. Table 1 provides a summary of the initial 2016 certifications and the updated 2021 
periodic certifications.  

 

 

 

 

 
2 The Ash Pond is also referred to as ID Number W0218140002-01, Ash Pond by the Illinois Environmental Protection 
Agency (IEPA); CCR unit ID 141 by KG; and IL50706 within the National Inventory of Dams (NID) maintained by 
the Illinois Department of Natural Resources (IDNR). Within this document it is referred to as the AP. 
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Table 1 – Periodic Certification Summary 

 
 CCR Rule Reference Requirement Summary 

2016 Initial Certification 2021 Periodic Certification 
Requirement 

Met? Comments 
Requirement 

Met? Comments 
Hazard Potential Classification 
3 §257.73(a)(2) Document Hazard 

Potential Classification 
Yes Impoundment was determined to 

have “Significant” hazard 
potential classification [2]. 

Yes No changes were identified that may 
affect this requirement. 

History of Construction 
5 §257.73(c)(1) Compile a History of 

Construction 
Yes A History of Construction report 

was prepared for the Ash Pond 
[4]. 

Yes A letter listing updates to the History 
of Construction report is provided in 
Attachment C. 

Structural Stability Assessment 
6 §257.73(d)(1)(i) Stable Foundations Yes Foundations were found to be 

stable [9]. 
Yes No changes were identified that may 

affect this requirement.  
§257.73(d)(1)(ii) Adequate Slope 

Protection 
Yes Slope protection was adequate 

[9]. 
Yes No changes were identified that may 

affect this requirement.  
§257.73(d)(1)(iii) Sufficiency of Dike 

Compaction 
Yes Dike compaction was sufficient 

for expected ranges in loading 
conditions [9]. 

Yes No changes were identified that may 
affect this requirement. 

§257.73(d)(1)(iv) Presence and Condition of 
Slope Vegetation 

Yes Vegetation was present on 
exterior slopes and is maintained 
[9]. 

Yes No substantial bare or overgrown 
areas were observed.  

§257.73(d)(1)(v)(A) 
and (B) 

Adequacy of Spillway 
Design and Management 

Yes Spillways were adequately 
designed and constructed and 
were expected to adequately 
manage flow during 1,000-year 
flood [9]. 

Yes Spillways were found to be 
adequately designed and constructed 
and are expected to manage flow 
during the 1,000-year flood, after 
performing updated hydrologic and 
hydraulic analyses, if the starting 
water surface elevation does not 
exceed El. 602.8 ft.  

§257.73(d)(1)(vi) Structural Integrity of 
Hydraulic Structures 

No Requirement could not be 
certified in 2016 due to inability 
to complete a CCTV inspection 
of the recycle intake structure 
pipe. AECOM recommended 
inspecting this pipe as soon as 
feasible to address the issue [9].  

Periodic certification of §257.73(d)(1)(vi) was 
performed independently Luminant in 2020 [10]. 

§257.73(d)(1)(vii) Stability of Downstream 
Slopes Inundated by 
Waterbody  

Yes A sudden drawdown factor of 
safety was determined to satisfy 
§257.73(d)(1)(vii) [9].  

Yes No changes were identified that may 
affect this requirement. 

Safety Factor Assessment 
7 §257.73€(1)(i) Maximum storage pool 

safety factor must be at 
least 1.50 

Yes The safety factor was calculated 
to be 1.57 [6]. 

Yes No changes were identified that may 
affect this requirement. 

§257.73€(1)(ii) Maximum surcharge pool 
safety factor must be at 
least 1.40 

Yes The safety factor was calculated 
to be 1.57 [6].  

Yes No changes were identified that may 
affect this requirement. 

§257.73(e)(1)(iii) Seismic safety factor must 
be at least 1.00 

Yes Safety factor was calculated to be 
1.27 [6].  

Yes No changes were identified that may 
affect this requirement. 

§257.73(e)(1)(iv) For dike construction of 
soils that have susceptible 
to liquefaction, safety 
factor must be at least 
1.20 

Not 
Applicable 

Dike soils were not susceptible to 
liquefaction [6].  

Not Applicable No changes were identified that may 
affect this requirement. 

Inflow Design Flood Control System Plan 
8 §257.82(a)(1), (2), (3) Adequacy of Inflow 

Design Control System 
Plan 

Yes Flood control system adequately 
managed inflow and peak 
discharge during the 1,000-year, 
24-hour, Inflow Design Flood 
[9]. 

Yes 
 

The flood control system was found 
to adequately manage inflow and 
peak discharge during the 1,000-
year, 24-hour, Inflow Design Flood, 
after performing updated hydrologic 
and hydraulic analyses, if the starting 
water surface elevation does not 
exceed El. 602.8 ft. 

§257.82(b) Discharge from CCR Unit Yes Discharge from the CCR Unit is 
routed through an NPDES-
permitted outfall during both 
normal and 1,000-year, 24-hour 
Inflow Design Flood conditions 
[7].  

Yes Discharge in pollutants in violation 
of the NPDES permit were found to 
not be expected to occur during both 
normal and 1,000-year, 24-hour 
Inflow Design Flood conditions, 
after performing updated hydrologic 
and hydraulic analyses, if the starting 
water surface elevation does not 
exceed El. 602.8 ft. 
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SECTION 1 

INTRODUCTION AND BACKGROUND 

This Periodic United States Environmental Protection Agency (USEPA) Coal Combustion 
Residual (CCR) Rule [1] Certification Report was prepared by Geosyntec Consultants (Geosyntec) 
for Kincaid Generation, LLC (KG) to document the periodic certification of the Ash Pond (AP) at 
the Kincaid Power Plant (KPP), also known as the Kincaid Power Station, located at 199 IL-104, 
Kincaid, Illinois, 62540. The location of KPP is provided in Figure 1, and a site plan showing the 
location of the Ash Pond (AP) is provided in Figure 2.  

 
Figure 1 – Kincaid Power Plant Location Map (from AECOM, 2016) 
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Figure 2 – Kincaid Power Plant Site Plan (adapted from Google Earth Pro, October 2018) 

1.1 Ash Pond Description  

The Kincaid Ash Pond serves as the wet ash impoundment basin and contains materials such as 
bottom ash, fly ash, and miscellaneous non-CCR process water from the Kincaid Power Plant. The 
Kincaid Ash Pond receives sluiced bottom ash from the power plant through eight sluice pipes, 
which discharge into the southwest side of the basin. A third-party recycling company recovers 
acceptable ash for beneficial reuse, and unacceptable materials are left in the Kincaid Ash Pond. 
Due to the volumes of ash removed for beneficial reuse, the quantity of ash within the Kincaid 
Ash Pond does not significantly change from year to year [9].  
 
Normal outflow from the Kincaid Ash Pond is conveyed into the recycle intake structure (screen 
house) located at the southeast corner of the embankment. This structure is comprised of a concrete 
headwall, a fiberglass and steel grating system to control (screen) debris, and a 60-in. diameter 
reinforced concrete recycle pipe (RCP) with an obvert centerline elevation of 589.45 feet3, which 
is used to convey water approximately 2,000 feet westward to the recycle pump house, where it is 
recycled for use in plant processes or is diverted to the onsite wastewater treatment plant. Outflow 

 
3 All elevations in this report are in the North American Vertical Datum of 1988 (NAVD88) unless otherwise noted.  
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from the Kincaid Ash Pond into the recycle pipe is controlled by a steel gate valve installed on the 
pipe inlet, which can be operated from inside the screen house. A concrete weir is also present in 
front of the recycle pipe but has a top elevation of 595.21 feet, which is lower than the maximum 
normal operating pool of the Kincaid Ash Pond (El. 603.3 feet). Therefore, the weir is completely 
submerged during normal operations [9]. 
 
An emergency outlet (effluent) structure is also located at the southeast corner of the impoundment 
and serves to discharge pond water into the adjacent discharge flume during emergency or upset 
conditions. The discharge flume feeds into Sangchris Lake. The emergency outlet structure 
consists of a square concrete riser structure with an exterior steel 3-foot circular gate valve (invert 
El. 597.21 feet) and opening discharging into the center of the concrete riser structure, which leads 
into an open 48-inch corrugated metal pipe (CMP) emergency outlet (approximate centerline 
elevation of 529.5 feet, based on historic drawings). The gate valve can be operated from an access 
walkway leading to the emergency outlet structure. The top of the emergency outlet structure is 
open to the Kincaid Ash Pond on three sides, with open dimensions of 3-foot square. The opening 
effectively acts as a 9-foot-wide overflow weir that is activated when the pool level in the Kincaid 
Ash Pond exceeds El. 604.3 feet. As the 48-inch CMP is ungated, flow is transmitted freely into 
the emergency outlet structure when the pond level exceeds El. 604.3 feet and outflows to the 
discharge flume via the 48-inch CMP, without needing to manually operate the exterior gate valve 
[9]. 
 
An approximately 1,100-foot-long section of the south embankment, adjacent to the discharge 
flume, has a crest elevation around 6 to 17 feet lower than the rest of the embankment, with typical 
elevation of 605 ft, and is intended to act as a secondary emergency spillway. Outside of the gravel 
crest access road and riprap erosion protection at the embankment toe adjacent to the discharge 
channel, this area is not lined [9]. 
 
An engineered liner system is not present beneath the Kincaid Ash Pond. The surface area of the 
impoundment is approximately 178 acres, and the embankment portion of the Kincaid Ash Pond 
has a total length of approximately 11,000 feet and a maximum height above the exterior grade of 
30 feet. The embankment was constructed as a homogenous earthen structure with well-compacted 
clayey fill. Portions of the north embankment adjacent to Sangchris Lake include crushed stone 
near the waterline for erosion protection. The north, northwest, and south embankment sections 
exhibit approximately 1.4H:1V (horizontal: vertical) downstream slopes, and the south 
embankment sections near the southeast corner exhibit a 6H:1V slope. Upstream slopes are 
typically around 3H:1V. Embankment crest width ranges from approximately 10 to 25 feet, and 
the crest is covered with a gravel access road [9]. 
 
As currently operated, the normal pool elevation ranges from 601.8 to 602.5 feet during non-winter 
conditions. A maximum pool elevation of 603.3 feet may be used during winter conditions to 
alleviate problems with freezing that may affect flow into the recycle intake structure. Dike crest 
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elevations range from approximately 604.5 to 607 feet for the south embankment and 614 to 622 
feet for all other embankments with erosion-resistant material [9].  
 
Initial certifications for the AP for Hazard Potential Classification (§257.73(a)(2)), History of 
Construction (§257.73(c)), Structural Stability Assessment (§257.73(d)), Safety Factor 
Assessment (§257.73(e)(1)), and Inflow Design Flood Control System Plan (§257.82) were 
completed by Stantec and AECOM in 2016 and 2017 and subsequently posted to KG’s CCR 
Website ( [2], [3], [4], [5], [6], [7]). Additional documentation for the initial certifications included 
detailed operating record reports containing calculations and other information prepared for the 
hazard potential classification by Stantec [8] and for the structural stability assessment, safety 
factor assessment, and inflow design flood control system plan by AECOM [9]. These operating 
record reports were not posted to KG’s CCR Website.  

1.2 Report Objectives 

These following are the objectives of this report:  

• Compare site conditions from 2015/2016, when the initial certifications were developed, 
to site conditions in 2020/2021, when data for the periodic certification was obtained, and 
evaluate if updates are required for the: 

o §257.73(a)(2) Hazard Potential Classification [2]; 

o §257.73(c) History of Construction [4];  

o §257.73(d) Structural Stability Assessment [5];  

o §257.73(e) Safety Factor Assessment [6]; and/or 

o §257.82 Inflow Design Flood Control System Plan [7]. 

• Independently review the Hazard Potential Classification ( [2], [8]), Inundation Map [3], 
Structural Stability Assessment ( [5], [9]), Safety Factor Assessment ( [6], [9]), and Inflow 
Design Flood Control System Plan ( [7], [9]) reports to assess if updates may be required 
based on technical considerations.  

o The History of Construction report [4] was not independently reviewed for 
technical considerations, as this report contained historical information primarily 
developed prior to promulgation of the CCR Rule [1] for the CCR units at KPP and 
did not include calculations or other information used to certify performance and/or 
integrity of the impoundments under §257.73(a)(2)-(3), §257.73(c)-(e), or §257.82.  

• If updates are required, they will be performed and documented within this report.  
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• Confirm that the AP meets all the requirements associated with §257.73(a)(2)-(3), (c), (d), 
(e), and §257.82, or, if the AP does not meet all requirements, provide recommendations 
for compliance with these sections of the CCR Rule [1].
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SECTION 2 

COMPARISON OF INITIAL AND PERIODIC SITE CONDITIONS 

2.1 Overview 

This section describes the comparison of conditions at the Ash Pond (AP) between the start of the 
initial CCR certification program in 2015 and 2016 (initial conditions) and subsequent collection 
of periodic certification site data in 2020 and 2021 (periodic conditions).  

2.2 Review of Annual Inspection Reports 

Annual onsite inspections for the AP were performed between 2016 and 2020 ( [11], [12], [13], 
[14], [15]) and were certified by a licensed professional engineer in accordance with §257.83(b). 
Each inspection report stated the following information, relative to the previous inspection: 

• A statement that no changes in geometry of the impounding structure were observed since 
the previous inspection;  

•  Information on maximum recorded instrumentation readings and water levels;  

• Approximate volumes of impounded water and CCR at the time of inspection;  

• A statement that no appearances of actual or potential structural weakness or other 
disruptive conditions were observed; and 

• A statement that no other changes which may have affected the stability or operation of the 
impounding structure were observed.  

In summary, the reports did not indicate any significant changes to the Ash Pond between 2015 
and 2020. No signs of instability, structural weakness, or changes which may have affected the 
operation or stability of the AP were noted in the inspection reports.  

2.3 Review of Instrumentation Data 

Fifteen piezometers are present at the AP and were monitored monthly by KG between August 23, 
2015 and June 16, 2021 [16]. These piezometers consist of KIN-P001 through KIN-P012 and PZ-
4A through PZ-4C. Geosyntec reviewed the piezometer data to evaluate if significant fluctuations, 
partially increases in phreatic levels, may have occurred between development of the initial 
structural stability and factor of safety certifications ( [9], [5], [6]) and May 19, 2021. Available 
piezometer readings are plotted in Attachment A.  

In summary, only minor changes in phreatic conditions were observed in the available piezometric 
data. Phreatic levels typically varied by five feet on average. Changes in these phreatic levels do 
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not significantly differ from those utilized in the initial structural stability and factor of safety 
certifications ( [9], [5], [6]). 

2.4 Comparison of Initial to Periodic Surveys 

The initial survey of the Ash Pond, conducted by Weaver Consultants Group (Weaver) in 2015 
[17], was compared to the periodic survey of the AP, conducted by IngenAE, LLC (IngenAE) in 
2020 [18], using AutoCAD Civil3D 2021 software. This comparison quantified changes in the 
volume of CCR placed within the AP and considered volumetric changes above and below the 
starting water surface elevation (SWSE) used for the 2016 §257.82 inflow design flood control 
plan hydraulic analysis [9]. Potential changes to embankment geometry were also evaluated. This 
comparison is presented in a side-by-side view of the surveys in Drawing 1 and a plan view 
isopach map denoting changes in ground surface elevation in Drawing 2. A summary of the water 
elevations and changes in CCR volumes is provided in Table 2.  

Table 2 – Initial to Periodic Survey Comparison 
Initial Surveyed Pool Elevation (ft) 602.6 

Periodic Surveyed Pool Elevation (ft) 602.4 
Initial §257.82 Starting Water Surface Elevation (SWSE) (ft) 603.3 

Total Change in CCR Volume (CY) -77,671 
Change in CCR Volume Above SWSE (CY) -49,042 
Change in CCR Volume Below SWSE (CY) -28,819 

 
The comparison indicated that approximately 78,000 CY of CCR may have been removed from 
the Ash Pond between the initial and periodic surveys. The periodic survey also indicated dike 
crest elevations of initial and periodic surveys on the order of two feet lower than the initial survey, 
with the minimum crest elevation being 604.5 feet, compared to 605.2 ft in the initial survey.  

2.5 Comparison of Initial to Periodic Aerial Photography  

Initial aerial photographs of the Ash Pond collected by Weaver in 2015 [17] were compared to 
periodic aerial photographs collected by IngenAE in 2020 [18] to visually evaluate if potential site 
changes (i.e., changes to the embankment, outlet structures, limits of CCR, other appurtenances) 
may have occurred. A comparison of these aerial photographs is provided in Drawing 3. No 
significant changes were identified.  

2.6 Comparison of Initial to Periodic Site Visits 

An initial site visit to the Ash Pond was conducted by AECOM in 2015 and documented with a 
Site Visit Summary and corresponding photographs [19].  

A periodic site visit was conducted by Geosyntec on June 10, 2021, with Mr. Thomas Ward, P.E. 
and Ms. Crystal Luttrell conducting the site visit. The site visit was intended to evaluate potential 
changes at the site since the initial certifications were prepared (i.e., modification to the 
embankment, outlet structures or other appurtenances, limits of CCR, maintenance programs, 
repairs), in addition to performing visual observations of the AP to evaluate if the structural 
stability requirements (§257.73(d)) were met. The site visit included walking the perimeter of the 
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AP, visually observing conditions, recording filed notes, and collecting photographs. The site visit 
is documented in a field observation form and photographic log provided in Attachment B.  

2.7 Interview with Power Plant Staff 

An interview with Mr. Tim Arnold of KPP was conducted by Mr. Thomas Ward, P.E. and Ms. 
Crystal Luttrell of Geosyntec on June 10, 2021. Mr. Arnold was employed at KPP between 2019 
and 2021 as the manager of environmental, with the responsibility of managing the Ash Pond from 
an environmental standpoint. The interview included a discussion of potential changes that may 
have occurred at the Ash Pond since development of the initial certifications ( [2], [3], [4], [5], [6], 
[7]).  

A summary of the interview is provided below.  

• Were any construction projects completed for the CCR Surface Impoundment since 2015, 
and, if so, can you please describe the work, reason for the work, and provide any design 
drawings and/or details available? 

o No.  

• Were there any changes to the purpose of the CCR Surface Impoundment since 2015? 

o No.  

• Were there any changes to the instrumentation program and/or physical instruments for the 
CCR Surface Impoundment between 2015 and 2021, and, if so, are records available? 

o No. 

• Have any area-capacity curves for the CCR Surface Impoundment been prepared since 
2015? 

o No. 

• Were there any changes to spillways and/or diversion features for the CCR Surface 
Impoundment completed since 2015, and, if so, are records available? 

o No. 

• Were there any changes to construction specifications, surveillance, maintenance, and 
repair procedures for the CCR Surface Impoundment since 2015, and, if so, are records 
available? 

o No.  

• Were there any instances of dike and/or structural instability for the CCR Surface 
Impoundment since 2015, and, if so, are records available? 



Periodic USEPA CCR Rule Certification Report 
Ash Pond - Kincaid Power Plant 

October 11, 2021 
 

GLP8027\KPP_SI_Full_2021_Cert_Report_20211011_Text 11 
 

o No. 
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SECTION 3 

 

HAZARD POTENTIAL CLASSIFICATION - §257.73(a)(2) 

3.1 Overview of Initial HPC 

The Initial Hazard Potential Classification (Initial HPC) was prepared by Stantec Consulting 
Services, Inc. (Stantec) in 2016 ( [2], [8]), following the requirements of §257.73(a)(2). The Initial 
HPC included the following information:  

• Performing a breach analysis to evaluate the potential hazards associated with a failure of 
the AP’s perimeter containment dike, along the east embankment and the lowest crest 

elevation on the AP embankment [2]. 

• Evaluation of potential breach flow paths were evaluated using elevation data and aerial 
imagery to evaluate potential impacts to downstream structures, infrastructure, frequently 
occupied facilities/areas, and waterways [2].  

• While a breach map is not included within the Initial HPC, it included within the 
§257.73(a)(3) Initial Emergency Action Plan  [3].  

The visual analysis indicated that none of the breach scenarios appeared to impact occupied 
structures, although a breach of the east embankment could impact an infrequently used gravel site 
access road and a breach to the north would inundate the leachate pond. The Initial HPC concluded 
that neither breach would be likely to result in a probable loss of human life, although the breach 
could cause CCR to be released onto farmland, thereby causing environmental damage. The Initial 
HPC therefore recommended a “Significant” hazard potential classification for the Ash Pond [2].  

3.2 Review of Initial HPC 

Geosyntec performed a review of the Initial HPC ( [2], [8]) in terms of technical approach, input 
parameters, assessment of the results, and applicable requirements of the CCR Rule [1]. Some technical 
issues were noted within the technical review, although a detailed review (e.g., check) of the 
calculations. The review included the following tasks: 

• Review of all report documentation and figures 

• Check that correct CCR Rule guidance is referenced and followed 

• Review of appropriate failure mode selections 

• Review for changes to the site and surrounding area 

• Review that appropriate breach analysis methodology, model software, and inputs were 
utilized 

• Check that selected HPC is appropriate per results of the breach analysis 
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No significant technical issues were noted within the technical review, although a detailed review 
(e.g., check) of the calculations was not performed. 

3.3 Summary of Site Changes Affecting the Initial HPC 

Geosytnec recommends retaining the “Significant” hazard potential classification for the Ash 

Pond, per §257.73(a)(2), based on the lack of site changes potentially affecting the Initial HPC 
occurring since the Initial HPC was developed, as described in Section 3.3, and the lack of 
significant review comments, as described in Section 3.2. Updates to the Initial HPC reports ( [2], 
[8]) are not recommended at this time.  
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SECTION 4 

 

     HISTORY OF CONSTRUCTION REPORT - §257.73(c) 

 
4.1 Overview of Initial HoC 

The Initial History of Construction report (Initial HoC) was prepared by AECOM in 2016 [4], 
following the requirements of §257.73(c), and included information on the CCR surface 
impoundment, AP, at KPP. The Initial HoC included the following information for the CCR 
surface impoundment:  

• The name and address of the owner/operator,  

• Location maps,  

• Statements of purpose,  

• The names and size of the surrounding watershed,  

• A description of the foundation and abutment materials,  

• A description of the dike materials,  

• Approximate dates and stages of construction,  

• Available design and engineering drawings,  

• A summary of instrumentation,  

• A statement that area-capacity curves are not available,  

• Information on spillway structures,  

• Construction specifications,  

• Inspection and surveillance plans,  

• Information on operational and maintenance procedures, and  

• A statement that historical structural instability had not occurred at any of the CCR surface 
impoundments.  

4.2 Summary of Site Changes Affecting the Initial HoC 

Several significant changes were identified at the site that occurred after development of the Initial 
HoC report [4] and are described below:  
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• A state identification number (ID) of W0218140002-01 was assigned to the AP by the 
Illinois Environmental Protection Agency (IEAP). 

• Revised area-capacity curves and spillway design calculations for the AP were prepared as 
part of the Periodical Inflow Design Flood Control System Plan Assessment, as described 
in Section 7. 

A letter documenting changes to the HoC report is provided in Attachment C.  
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SECTION 5 

 

     STRUCTURAL STABILITY ASSESSMENT - §257.73(d) 

5.1 Overview of Initial SSA 

The Initial Structural Stability Assessment (Initial SSA) was prepared by AECOM in 2016 ( [5], 
[9]), following the requirements of §257.73(d)(1), and included the following evaluations: 

• Stability of dike foundations, slope protection, dike compaction, and slope vegetation,  

• Spillway stability including capacity, structural stability and integrity; and 

• Downstream slope stability under sudden drawdown conditions for a downstream water 
body.  

The Initial SSA concluded that the AP met all structural stability requirements for §257.73(d)(1)(i) 
through (v) and (vii), but recommended inspection of the recycle intake structure pipe in the 
southeast corner of the AP in order to verify that the AP meets the stability and structural integrity 
criteria for hydraulic outfall structures, per §257.73(d)(1)(vi). An inspection of this intake pipe 
was not previously performed due to high pipe flows required for operation precluding closed-
circuit television (CCTV) inspections.  

A periodic certification of the structural stability and structural integrity for hydraulic outfall 
structures (§257.73(d)(1)(vi)) was performed by Luminant in 2020 [10]. This certification 
independently determined that the criteria was met due to the condition of the spillway pipes and 
the soil types within the embankment. Therefore, the review and certification of §257.73(d)(1)(vi) 
is not included within the scope of this report.  

The Initial SSA referenced the results of the Initial Structural Factor Assessment (Initial SFA) ( 
[6], [9]), to demonstrate stability of the stability of foundations and abutments (§257.73(d)(1)(i)) 
and sufficiency of dike compaction (§257.73(d)(1)(iii)) portions of the SSA criteria. This included 
stating that slope stability analyses for slip surfaces passing through the foundation met or 
exceeded the criteria listed in §257.73(e)(1), for the stability of foundations and abutments. For 
the sufficiency of dike compaction, this included stating that slope stability analyses for slip 
surfaces passing through the dike also met or exceeded the §257.73(e)(1) criteria.  

Additionally, the Initial SSA included a sudden drawdown slope stability analysis to evaluate the 
effect of a drawdown event in adjacent Sangchris Lake from normal pool to empty pool, as 
required by §257.73(d)(1)(vii) for CCR units where the downstream slopes are inundated by an 
adjacent water body. The minimum factor of safety for this loading condition was assumed to be 
1.3 based on U.S. Army Corps of Engineers guidance [20].  
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5.2 Review of Initial SSA 

Geosyntec performed a review of the Initial SSA ( [5], [9]) in terms of technical approach, 
calculation input parameters and methodology, recommendations, and completeness. The review 
included the following tasks: 

• Review of photographs collected in 2015 and used to demonstrate compliance with 
§257.73(d)(1)(i)-(vii). 

• Reviewing geotechnical calculations used to demonstrate the stability of foundations, per 
§257.73(d)(1)(i); sufficiency of dike compaction, per §257.73(d)(1)(iii); and downstream 
slope stability, per §257.73(d)(1)(vii).  Supporting geotechnical investigation and testing 
data, input parameters, analysis methodology, selection of critical cross-sections, and 
loading conditions were reviewed.  

• Review of the methodology used to demonstrate that a downstream water body that could 
induce a sudden drawdown condition, per §257.73(d)(1)(vii), is not present. 

No significant technical issues were noted within the technical review of the Initial SSA, 
although a detailed review (e.g., check) of the calculations was not performed.  
 
5.3 Summary of Site Changes Affecting the Initial SSA

One change at the site that occurred after development of the Initial SSA was identified. This
change required an update to the Initial SSA and is described below:

• The Initial SSA utilized the results of the Initial Inflow Design Flood Control System Plan
(IDF) to demonstrate compliance with the adequacy of spillway design and management
(§257.73(d)(1)(v)(A)-(B)). The Initial IDF was subsequently updated to develop a Periodic
IDF, based on site changes, as discussed in Section 7.

5.4 Periodic SSA

The Periodic IDF (Section 7) indicates that spillways are adequately designed and constructed to
adequately manage flow during the 1,000-year flood, as the spillways can adequately manage flow
during peak discharge from the 1,000-year storm event without overtopping of the embankments.
Therefore, the requirements of §257.73(d)(1)(v)(A)-(B) are met for the Periodic SSA.

Certification of §257.73(d)(1)(vi) was independently performed by Luminant [10].
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SECTION 6 

 

             SAFETY FACTOR ASSESSMENT - §257.73(e)(1) 

6.1 Overview of Initial SFA 

The Initial Safety Factor Assessment (Initial SFA) was prepared by AECOM in 2016 ( [6], [9]), 
following the requirements of §257.73(e)(1). The Initial SFA included the following information: 

• A geotechnical investigation program with in-situ and laboratory testing;  

• An assessment of the potential for liquefaction in the dike and foundation soils;  

• The development of five slope stability cross-sections for limit equilibrium stability 
analysis utilizing GeoStudio SLOPE/W software; and 

• The analysis of the critical cross-sections for maximum storage pool, maximum surcharge 
pool, and seismic loading conditions.  

o Liquefaction loading conditions were evaluated via post-earthquake analysis as 
liquefaction-susceptible soil layers were identified in the soft clay layer located 
between the foundation clay and glacial till layer in the Kincaid Ash Pond.  

The Initial SFA concluded that the Ash Pond met all safety factor requirements, per §257.73(e), 
as all calculated safety factors were equal to or higher than the minimum required values.  

6.2 Review of Initial SFA 

Geosyntec performed a review of the Initial SFA ( [6], [9]) in terms of technical approach, 
calculation input parameters and methodology, recommendations, and completeness. The review 
included the following tasks: 

• Reviewing geotechnical calculations used to demonstrate the acceptable safety factors, per 
§257.73(e)(1), in terms of: 

o Completeness and adequacy of supporting geotechnical investigation and testing 
data;  

o Completeness and approach of liquefaction triggering assessments; and  

o Analyzed loading conditions relative to the applicable CCR Rule [1] requirements 
and site-specific conditions. 

o Input parameters, analysis methodology, selection of critical cross-sections, 
loading conditions, and piezometric/groundwater levels utilized for slope stability 
analyses.  
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• Reviewing the contents vs. the applicable CCR Rule requirements [1]. 

No significant technical issues were noted within the technical review, although a detailed review 
(e.g., check) of the calculations was not performed. 

6.3 Summary of Site Changes Affecting the Initial SFA 

No changes since development of the Initial SFA were identified that would require updates to the 
Initial SFA ( [6], [9]). Although normal and peak (i.e., flood) water levels within the AP have 
changed as a result of the Periodic IDF (Section 7), water levels are lower than those utilized in 
the Initial SFA. Therefore, the water levels utilized in the Initial SFA are conservative relative to 
current conditions.  
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SECTION 7 

 

INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN - §257.82 

7.1 Overview of Initial IDF 

The Initial Inflow Design Flood Control System Plan (Initial IDF) was prepared by AECOM in 
2016 ( [7], [9]), following the requirements of §257.82. The Initial IDF included the following 
information:  

• A hydraulic and hydrologic analysis, performed for the 1,000-year design flood event 
because of the hazard potential classification of “Significant”, which corresponded to 8.08 
inches of rainfall over a 24-hour period.  

• The Initial IDF utilized a HydroCAD (Version 10) model to evaluate spillway flows and 
pool level increases during the design flood, with a SWSE of 603.3 feet.  

The Initial IDF concluded that the Ash Pond met the requirements of §257.82, as the peak water 
surcharge elevation estimated by the HydroCAD model was 605.1 feet, relative to a minimum Ash 
Pond dike crest elevation of 605.2 feet. Therefore, overtopping was not expected. The Initial IDF 
also evaluated the potential for discharge from the CCR unit and concluded that discharge in 
violation of the existing NDPES for the Ash Pond was not expected, as all discharge from the Ash 
Pond during both normal and inflow design flood conditions was expected to be routed back to 
KPP for use in plant operations, is discharged via a NPDES-permitted outfall after treatment or is 
routed through the emergency outlet structure and NDPES-permitted outfall to Sangchris Lake [7]. 

7.2 Review of Initial IDF 

Geosyntec performed a review of the Initial IDF ( [7], [9]) in terms of technical approach, 
calculation input parameters and methodology, recommendations, and completeness. The review 
included the following tasks: 

• Reviewing the return interval used vs. the hazard potential classification, 

• Reviewing the rainfall depth and distribution for appropriateness, 

• Performing a high-level review of the inputs to the hydrological modeling, 

• Reviewing the hydrologic model parameters for spillway parameters, starting pool 
elevation, and storage vs. the reference data, and 

• Reviewing the overall Initial IDF vs. the applicable requirements of the CCR Rule [1].   

Several comments were identified during review of the Initial IDF. The comments are described 
below: 
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• The Initial IDF utilized the National Resource Conservation Service (NRCS) Type II 
rainfall distribution type [21]. Geosyntec recommends utilizing the Huff 3rd Quartile 
distribution for areas less than 10 square miles [22] for the reasons listed below.  

o Huff 3rd Quartile distribution was identified to be a more appropriate representation 
of a 1,000-year, 24-hour storm event per the Illinois State Water Survey (ISWS) 
Circular 173 [22] which developed standardized rainfall distributions from 
compiled rainfall data at sites throughout Illinois.  

o Illinois Department of Natural Resources, Office of Water Resources (IDNR-
OWR) [23] recommends use of the Huff Quartile distributions in Circular 173 when 
using frequency events to determine the spillway design flood inflow hydrograph, 
“The suggested method to distribute this rainfall is described in the ISWS 

publication, Circular 173, “Time Distributions of Heavy Rainstorms in Illinois”. 

7.3 Summary of Site Changes Affecting the Initial IDF 

Two changes at the site that occurred since development of the Initial IDF were identified. These 
changes required updates to the Initial IDF and are described below:    

• The minimum elevation of the perimeter dike is estimated to be 604.5 feet based on the 
2020 survey [18], which is 0.7 ft lower than the El. 605.2 ft perimeter dike elevation 
estimated from the 2015 survey [17]. 

• Approximately 78,000 CY of CCR were removed above the SWSE utilized for the Initial 
IDF certification, thereby altering the stage-storage curve, relative to the Initial IDF.  

7.4  Periodic IDF 

Geosyntec revised the HydroCAD model associated with the Initial IDF to account for the changes 
in the drainage area, changes in the time of concentration, changes in CCR volume, revised rainfall 
distribution type, and changes in the lowest point of the perimeter dike elevation, as described in 
Section 7.3. 

The following approach and input data were used for the revised analyses: 

• The SWSE was lowered from El. 603.3 ft to El. 602.8 ft, in order to provide additional 
capacity.  

• The AP drainage area was updated from 178 acres to 171 acres to reflect the 2020 site 
survey. 

• Time of concentration was updated from 5 minutes to 6 minutes in accordance with the 
recommended minimum time of concentration for direct entry of rainfall [24]. 
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• The stage-storage (i.e., area-capacity) curve for the AP was updated based on the 2020 site 
survey [18]. 

o A revised stage-volume curve for the AP was prepared based on measuring the 
storage volume of the AP at every one-foot increment of depth from an elevation 
at the bottom of the AP (594 ft) to the approximate minimum perimeter dike 
embankment crest elevation (605 ft). This analysis identified an overall increase of 
90,378 CY (56 ac-ft) of storage volume at the AP from the storage used in the 2016 
Initial IDF Certification.  

• The rainfall distribution type was updated to the “Huff 3rd Quartile” storm type provided 
by HydroCAD [22]. 
 

• The minimum dike crest elevation was updated from 605.2 ft to 604.5 ft based on the 2020 
site survey.   

• All other input data and settings from the Initial IDF HydroCAD model were utilized, 
including, but not limited to software package and version, runoff method, analysis time 
span and analysis time step. 

The results of the Periodical IDF Assessment are summarized in Table 3 and confirm that the AP 
sill meets the requirements of §257.82(a)-(b) if the SWSE is maintained no higher than El. 602.8 
ft, as the peak water surface elevation does not exceed the minimum perimeter dike crest 
elevations. Additionally, all discharge from the AP is routed through the existing spillway system 
to the NPDES-permitted outfall, during both normal and IDF conditions. Updated area-capacity 
curves and HydroCAD model output is provided in Attachment D.  

Table 3 – Water Levels from Periodical IDF Assessment 
 Starting Water 

Surface Elevation (ft) 
Peak Water Surface 

Elevation (ft) 
Minimum Dike 

Crest Elevation (ft) Analysis 
Initial IDF 603.3 605.1 605.2 

Periodical IDF Assessment 602.8 604.4 604.5 
Initial to Periodic Change1 -0.5 -0.7  

Notes: 
1Postive change indicates increase in the WSE, negative change indicates decrease in the WSE.  
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SECTION 8  CONCLUSIONS 

The Ash Pond at KPP was evaluated relative to the USEPA CCR Rule periodic assessment 
requirements for: 

• Hazard potential classification (§257.73(a)(2)); 

• History of Construction reporting (§257.73(d));  

• Structural stability assessment (§257.73(d)) with the exception of §257.73(d)(1)(vi) that 
was independently certified by Luminant [10], and considering a starting water surface 
elevation no higher than El. 602.8 ft; 

• Safety factor assessment (§257.73(e)); and  

• Inflow design flood control system planning (§257.82), if the starting water surface 
elevation does not exceed El. 602.8 ft.  

Based on the evaluations presented herein, the referenced requirements are satisfied. 
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SECTION 9 

CERTIFICATION STATEMENT 

CCR Unit: Kincaid Generation, LLC, Kincaid Power Plant, Ash Pond 

I, Thomas W. Ward, being a Registered Professional Engineer in good standing in the State of 
Illinois, do hereby certify, to the best of my knowledge, information, and belief that the information 
contained in this 2021 USEPA CCR Rule Periodic Certification Report, has been prepared in 
accordance with the accepted practice of engineering. I certify, for the above-referenced CCR Unit, 
that the periodic assessment of the hazard potential classification, history of construction report, 
structural stability, safety factors, and inflow design flood control system planning, dated October 
2016, were conducted in accordance with the requirements of 40 CFR §257.73(a)(2), (c), (d), (e), 
and §257.82, with the exception of §257.73(d)(1)(vi)) that was independently certified by others.  

 

 

_____________________________________ 
Thomas W. Ward

 

 

_____________________________________ 
Date 

 

 

 

Exp. 11/30/2021
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NOTES:

1. THE INITIAL SURVEY WAS TAKEN FROM THE DRAWING PACKAGE TITLED “DYNEGY, COLLINSVILLE, ILLINOIS, 2015 -
KINCAID TOPOGRAPHY”, PREPARED BY WEAVER CONSULTANTS GROUP, DATED DECEMBER 1, 2015.

2. THE PERIODIC SURVEY WAS TAKEN FROM THE DRAWING PACKAGE TITLED “LUMINANT, KINCAID GENERATION, LLC,
KINCAID POWER STATION, DECEMBER 2020 TOPOGRAPHY”, PREPARED BY INGENAE, DATED FEBRUARY 26, 2021.

3. ALL SURVEY DATA WAS COLLECTED IN THE NORTH AMERICAN VERTICAL DATUM OF 1988 (NAVD88) AND NORTH
AMERICAN DATUM OF 1983 (NAD83) FOR VERTICAL AND HORIZONTAL COORDINATES, RESPECTIVELY.
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12

NOTES:

1. THE INITIAL SURVEY WAS TAKEN FROM THE DRAWING PACKAGE TITLED “DYNEGY, COLLINSVILLE, ILLINOIS, 2015 -
KINCAID TOPOGRAPHY”, PREPARED BY WEAVER CONSULTANTS GROUP, DATED DECEMBER 1, 2015.

2. THE PERIODIC SURVEY WAS TAKEN FROM THE DRAWING PACKAGE TITLED “LUMINANT, KINCAID GENERATION, LLC,
KINCAID POWER STATION, DECEMBER 2020 TOPOGRAPHY”, PREPARED BY INGENAE, DATED FEBRUARY 26, 2021.

3. ALL SURVEY DATA WAS COLLECTED IN THE NORTH AMERICAN VERTICAL DATUM OF 1988 (NAVD88) AND NORTH
AMERICAN DATUM OF 1983 (NAD83) FOR VERTICAL AND HORIZONTAL COORDINATES, RESPECTIVELY.

4. THE STARTING WATER SURFACE ELEVATION (SWSE) OF THE KINCAID ASH POND IS EL. 603.3 FT, AS NOTED IN THE
REPORT TITLED “CCR CERTIFICATION REPORT: INITIAL STRUCTURAL STABILITY ASSESSMENT, INITIAL SAFETY FACTOR
ASSESSMENT, AND INITIAL INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN FOR KINCAID ASH POND AT KINCAID
POWER STATION”, PREPARED BY AECOM, DATED OCTOBER, 2016.
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NOTES:

1. THE INITIAL IMAGERY WAS TAKEN FROM THE DRAWING PACKAGE TITLED “DYNEGY, COLLINSVILLE, ILLINOIS, 2015 -
KINCAID TOPOGRAPHY”, PREPARED BY WEAVER CONSULTANTS GROUP, DATED DECEMBER 1, 2015.

2. THE PERIODIC IMAGERY WAS TAKEN FROM THE DRAWING PACKAGE TITLED “LUMINANT, KINCAID GENERATION, LLC,
KINCAID POWER STATION, DECEMBER 2020 TOPOGRAPHY”, PREPARED BY INGENAE, DATED FEBRUARY 26, 2021.
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Attachment A 
 

Ash Pond Piezometer Data Plots 
  



NOTES:
1. Piezometer data was taken from the spreadsheet titled "2021 Piezometer Spreadsheet", provided by the Kincaid Power Station.
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Ash Pond Site Visit Photolog 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 01 

 

Date: 06/10/2021 
Direction Facing: 
West 
Comments:  
Typical crest along 
the southern berm, 
north of the power 
station. 

Photo: 02 

 

Date: 06/10/2021  
Direction Facing: 
South 
Comments:  
Power station 
south of the ash 
pond.  



GLP8027/KIN_ASH POND_SITE_VISIT_PHOTOLOG 2 21.10.05 

 

GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 03 

 

Date: 06/10/2021  
Direction Facing: 
West  
Comments: Crest 
view of steep and 
uneven slopes of 
the southern berm, 
north of the power 
plant. Slopes 
previously noted in 
the initial site 
investigation by 
AECOM and not 
considered a 
change in site 
conditions.  

Photo: 04 

 

Date: 06/10/2021  
Direction Facing: 
West  
Comments: 
Erosion rills and 
bulging at southern 
berm toe. Straw 
laid.  Slopes 
previously noted in 
the initial site 
investigation by 
AECOM and not 
considered a 
change in site 
conditions. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 05 

 

Date: 06/10/2021  
Direction Facing: 
Northeast  
Comments: 4- to 
6-inch wide 
apparent animal 
borrows on slope. 
Straw laid in the 
area. 

Photo: 06 

 

Date: 06/10/2021  
Direction Facing: 
West  
Comments: Crest 
view of southern 
berm.  
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 07 

 

Date: 06/10/2021  
Direction Facing: 
South  
Comments: 
Typical perimeter 
berm slope along 
north-south access 
road.  

Photo: 08 

 

Date: 06/10/2021  
Direction Facing: 
Northwest  
Comments:  
Typical southwest 
perimeter berm 
slope. Slope is 
steep with some 
irregularities and 
some depressions.  
Slopes previously 
noted in the initial 
site investigation 
by AECOM and 
not considered a 
change in site 
conditions. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 09 

 

Date: 06/10/2021  
Direction Facing: 
Northwest   
Comments: 
Location of 
settlement noted in 
the History of 
Construction 
(AECOM, 2016) 
and mitigated at 
the southwestern 
berm crest. No 
indication of 
settlement 
observed during 
this site 
observation.   

Photo: 10 

 

Date: 06/10/2021  
Direction Facing: 
Southwest  
Comments: 6-foot 
wide by 8-inch 
deep depression 
along the 
southwestern berm 
roughly 400 feet 
northwest of KIN-
P006.  Slopes 
previously noted in 
the initial site 
investigation by 
AECOM and not 
considered a 
change in site 
conditions. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 11 

 

Date: 06/10/2021  
Direction Facing: 
Northeast  
Comments: 
Typical 
northwestern 
perimeter berm 
slope. Slopes are 
steep with areas of 
irregularity.  
Slopes previously 
noted in the initial 
site investigation 
by AECOM and 
not considered a 
change in site 
conditions. 

Photo: 12 

 

Date: 06/10/2021  
Direction Facing: 
Southeast   
Comments: Steep 
slope and minor 
depression at the 
edge of the crest. 
Located roughly 
800 feet southwest 
of KIN-P007. See 
Photo 13.  Slopes 
previously noted in 
the initial site 
investigation by 
AECOM and not 
considered a 
change in site 
conditions. 
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GEOSYNTEC CONSULTANTS 

Site Owner: Dynegy Kincaid 
Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 13 

 

Date: 06/10/2021  
Direction Facing: 
Southwest   
Comments: Crest 
view of depression 
and steep slope.  
Slopes previously 
noted in the initial 
site investigation 
by AECOM and 
not considered a 
change in site 
conditions. 

Photo: 14 

 

Date: 06/10/2021  
Direction Facing: 
Southeast   
Comments: Steep 
slope and 8-foot by 
6-inch depression 
located roughly 
400 feet southwest 
of KIN-P007.  
Slopes previously 
noted in the initial 
site investigation 
by AECOM and 
not considered a 
change in site 
conditions.    
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 15 

 

Date: 06/10/2021  
Direction Facing: 
Southwest   
Comments: 
Disturbed area 
from apparent 
monitoring well 
installation.  

Photo: 16 

 

Date: 06/10/2021  
Direction Facing: 
Northeast   
Comments: Steep 
slope along the 
northwestern 
portion of the ash 
pond where the 
riverside bench is 
minimal.  Slopes 
previously noted 
in the initial site 
investigation by 
AECOM and not 
considered a 
change in site 
conditions. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 17 

 

Date: 06/10/2021  
Direction Facing: 
Northeast   
Comments: 
Apparent riprap 
buttress along 
perimeter berm 
slope located 
along the 
northwestern 
portion of the ash 
pond where the 
riverside bench is 
minimal. The 
riprap appears to 
have been 
overgrown.   

Photo: 18 

 

Date: 06/10/2021  
Direction Facing: 
Northeast   
Comments: 
Riprap erosion 
protection.  
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 19 

 

Date: 06/10/2021 
Direction Facing: 
Northeast   
Comments: 20-
foot long / wide 
depression of the 
perimeter berm slope 
located along the 
northwestern portion 
of the ash pond where 
the riverside bench is 
minimal.  Slopes 
previously noted in 
the initial site 
investigation by 
AECOM and not 
considered a change 
in site conditions. 

Photo: 20 

 

Date: 06/10/2021 
Direction Facing: 
Southwest 
Comments: 
Typical crest view 
of northwestern 
perimeter berm. 



GLP8027/KIN_ASH POND_SITE_VISIT_PHOTOLOG 11 21.10.05 

 

GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 21 

 

Date: 06/10/2021 
Direction Facing: 
Northeast   
Comments:  
Typical crest view 
of northern 
perimeter berm. 

Photo: 22 

 

Date: 06/10/2021 
Direction Facing: 
Northeast 
Comments: 
Typical toe view 
of northern 
perimeter berm. 
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GEOSYNTEC CONSULTANTS 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 23 

 

Date: 06/10/2021 
Direction Facing: 
South 
Comments: Toe 
view of 
depressions and 
bulging along 
northern perimeter 
berm.  Slopes 
previously noted 
in the initial site 
investigation by 
AECOM and not 
considered a 
change in site 
conditions. 

Photo: 24 

 

Date: 06/10/2021 
Direction Facing: 
N/A 
Comments: 
Straw and gravel 
filling on toe 
along northern 
perimeter berm. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Dynegy Kincaid Generation, 
LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 25 

 

Date: 06/10/2021 
Direction Facing: 
South 
Comments: Crest 
view of eastern 
perimeter berm 
with straw on the 
slope and gravel 
along the toe. 

Photo: 26 

 

Date: 06/10/2021 
Direction Facing: 
South 
Comments:  
Crest view of 
eastern perimeter 
berm. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 27 

 

Date: 06/10/2021 
Direction Facing: 
East  
Comments: 
Outfall east of ash 
pond. 

Photo: 28 

 

Date: 06/10/2021 
Direction Facing: 
Northeast  
Comments: 
Southeast corner 
of ash pond. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 

Site Owner: Kincaid Generation, LLC Project Number: GLP8027 

CCR Unit: Ash Pond Site Location: Kincaid Power Plant 

Photo: 29 

 

Date: 06/10/2021 
Direction Facing: 
Northeast  
Comments: 
Screen house at 
southeast corner 
of ash pond. 

Photo: 30 

 

Date: 06/10/2021 
Direction Facing: 
South 
Comments: 
Emergency 
spillway south of 
ash pond. 
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GEOSYNTEC CONSULTANTS 
Photographic Record 
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1 McBride and Son Center Drive, Suite 202 
Chesterfield, MO 63005 

PH 636-812-0800 
www.geosyntec.com 

October 11, 2021 

Kincaid Generation, LLC 
199 IL-104 
Kincaid, Illinois 62540 

Subject: Periodic History of Construction Report Update Letter 
USEPA Final CCR Rule, 40 CFR §257.73(c) 
Kincaid Power Plant 
Kincaid, Illinois 

At the request of Kincaid Generation, LLC (KG), Geosyntec Consultants (Geosyntec) has 
prepared this Letter to document updates to the Initial History of Construction (HoC) report for 
the Kincaid Power Plant (KPP), also known as the Kincaid Power Station (KIN). The Initial 
HoC report was prepared by AECOM in October of 2016 [1] in accordance with 40 Code of 
Federal Regulations (CFR) §257.73(c) of the United States Environmental Protection Agency 
(USEPA) Coal Combustion Residuals Rule, known as the CCR Rule [2]. This letter also 
includes information required by Section 845.220(a)(1)(B) (Design and Construction Plans) of 
the state-specific Illinois Environmental Protection Agency (IEPA) Part 845 CCR Rule [3] that 
is not expressly required by §257.73(c). 

BACKGROUND 

The CCR Rule required that, by October 17, 2016, Initial HoC reports to be compiled for 
existing CCR surface impoundments with: (1) a height of five feet or more and a storage volume 
of 20 acre-feet or more, or (2) a height of 20 feet or more. The Initial HoC report was required 
to contain, to the extent feasible, the information specified in 40 CFR §257.73(c)(1)(i)-(xii). 
The Initial HoC report for KPP, which included the existing CCR surface impoundment, the 
Ash Pond (AP), was prepared and subsequently posted to KG’s CCR Website prior to October 
17, 2016.  

The CCR Rule requires that the Initial HoC to be updated if there is a significant change to any 
information complied in the Initial HoC report, as listed below: 

KPP_AP_HoC_Update_Letter_20211011 
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§ 257.73(c)(2): If there is a significant change to any information complied under paragraph
(c)(1) of this section, the owner or operator of the CCR unit must update the relevant
information and place it in the facility’s operating record as required by § 257.105(f)(9).

KG retained Geosyntec to review the Initial HoC report, review reasonably and readily 
available information for the AP generated since the Initial HoC report was prepared, and 
perform a site visit to KPP to evaluate if significant changes may have occurred since the Initial 
HoC report was prepared. This Letter contains the results of Geosyntec’s evaluation and 
documents significant changes that have occurred at the AP and KPP, as they pertain the 
requirements of §257.73(c)(1)(i)-(xii). 

UPDATES TO HISTORY OF CONSTRUCTION REPORT 

Geosyntec’s evaluation for the KPP AP determined that no known significant changes requiring 
updates to the information in the Initial HoC report pertaining to §257.73(c)(1)(ii)-(viii) and 
§257.73(c)(1)(xi)-(xii) of the CCR Rule had occurred since the Initial HoC report was
developed.

However, Geosyntec’s evaluation determined that significant changes at the KPP AP pertaining 
to §257.73(c)(1)(i) and (ix)-(x) of the CCR Rule had occurred since the Initial HoC report had 
been developed. Additionally, information how long the CCR surface impoundments have been 
operating and the types of CCR in the surface impoundments, as required by Section 
845.220(a)(1)(B) of the Part 845 Rule were not included in the Initial HoC report, as this 
information is not required by the CCR Rule. Each change and the subsequent updates to the 
Initial HoC report is described within this section.  

Section 845.220(a)(1)(B): A statement of … how long the CCR surface impoundment has been 
in operation, and the types of CCR that have been placed in the surface impoundment.  

East Ash Pond 
The AP is in operation since 1965. As of the date of this report, the AP has been present 
for approximately 56 years [4]. 

CCR placed in the AP is being used to store and dispose of sluiced bottom ash and to clarify 
other non-CCR waste streams to be used as recycled water for plant operations. Newly 
placed ash is recovered by a third party and recycled for beneficial use. [4].  
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§ 257.73(c)(1)(i): The name and address of the person(s) owning or operating the CCR unit;
the name associated with the CCR unit; and the identification number of the CCR unit if one
has been assigned by the state.

A State identification number (ID) for the AP has been assigned by the Illinois 
Environmental Protection Agency (IEPA). The ID is listed in Table 1. 

Table 1 – IEPA ID Numbers 
CCR Surface Impoundment State ID 
Ash Pond (AP) W0218140002-01 

§ 257.73(c)(1)(ix): Area-capacity curves for the CCR unit.

An updated area-capacity curve was prepared for the AP in 2021. This curve is provided 
in Figure 1.  

Figure 1 – Area-Capacity Curve for the Ash Pond 

§ 257.73(c)(1)(x): A description of each spillway and diversion design features and capacities
and calculations used in their determination.

Updated discharge capacity calculations for the existing spillway were prepared in 2021 
using HydroCAD 10 modeling software. The calculations indicate that the AP has 
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sufficient storage capacity and will not overtop the embankments during the 1,000-year, 
24-hour, storm event. The results of the calculations are provided in Table 2.

Table 2 – Results of Updated Discharge Capacity Calculations 
Ash Pond 

Approximate Berm Minimum Elevation1, ft 604.5 
Approximate Emergency Spillway Elevation1, ft Not Applicable 
Starting Water Surface Elevation1 (SWSE), ft 601.8 
Peak Water Surface Elevation1 (PWSE), ft 603.8 
Time to Peak, hr 16 
Surface Area2, ac 65.0 
Storage3, ac-ft 115.1 
Notes: 
1Elevations are based on the NAVD88 datum 
2Surface Area is defined as the water surface area at the PWSE 
3Storage is defined as the volume between the SWSE and PWSE 
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CLOSING 

This letter has been prepared to document Geosyntec’s evaluation of changes that have occurred 
at the AP at the KPP since the Initial HoC was developed, based on reasonably and readily 
available information provided by KG, observed by Geosyntec during the site visit, or generated 
by Geosyntec as part of subsequent calculations.   

Sincerely, 

Thomas Ward, P.E. John Seymour, P.E. 
Senior Engineer  Senior Principal 
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1S

Kincaid Drainage Basin

2P

Kincaid Ash Pond

Routing Diagram for 2021-08_Kincaid_H&H Model_Periodic Review_SWSE_602.8
Prepared by SCCM,  Printed 8/26/2021

HydroCAD® 10.00-26  s/n 00928  © 2020 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



2021-08_Kincaid_H&H Model_Periodic Review_SWSE_602.8
  Printed  8/26/2021Prepared by SCCM
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

160.500 93 CCR Surface  (1S)
10.500 98 Water Surface  (1S)

171.000 93 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

171.000 Other 1S

171.000 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 0.000 0.000 160.500 160.500 CCR Surface 1S
0.000 0.000 0.000 0.000 10.500 10.500 Water Surface 1S

0.000 0.000 0.000 0.000 171.000 171.000 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 2P 590.96 590.00 158.0 0.0061 0.025 48.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=171.000 ac   6.14% Impervious   Runoff Depth=8.08"Subcatchment 1S: Kincaid Drainage Basin
   Tc=6.0 min   CN=93   Runoff=164.05 cfs  115.093 af

Peak Elev=604.44'  Storage=304.885 af   Inflow=164.05 cfs  115.093 afPond 2P: Kincaid Ash Pond
   Outflow=1.36 cfs  2.632 af

Total Runoff Area = 171.000 ac   Runoff Volume = 115.093 af   Average Runoff Depth = 8.08"
93.86% Pervious = 160.500 ac     6.14% Impervious = 10.500 ac
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Summary for Subcatchment 1S: Kincaid Drainage Basin

Runoff = 164.05 cfs @ 15.66 hrs,  Volume= 115.093 af,  Depth= 8.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Huff 0-10sm 3Q 24.00 hrs  1,000-yr Huff Rainfall=8.80", Ia/S=0.04

Area (ac) CN Description
* 10.500 98 Water Surface
* 160.500 93 CCR Surface

171.000 93 Weighted Average
160.500 93.86% Pervious Area

10.500 6.14% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Rainfall Directly Into Impoundment

Subcatchment 1S: Kincaid Drainage Basin

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Huff 0-10sm 3Q 24.00 hrs
1,000-yr Huff Rainfall=8.80"

Ia/S=0.04
Runoff Area=171.000 ac

Runoff Volume=115.093 af
Runoff Depth=8.08"

Tc=6.0 min
CN=93

164.05 cfs
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Summary for Pond 2P: Kincaid Ash Pond

Inflow Area = 171.000 ac, 6.14% Impervious,  Inflow Depth = 8.08"    for  1,000-yr Huff event
Inflow = 164.05 cfs @ 15.66 hrs,  Volume= 115.093 af
Outflow = 1.36 cfs @ 24.19 hrs,  Volume= 2.632 af,  Atten= 99%,  Lag= 512.0 min
Primary = 1.36 cfs @ 24.19 hrs,  Volume= 2.632 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Starting Elev= 602.80'   Surf.Area= 0.000 ac   Storage= 190.055 af
Peak Elev= 604.44' @ 24.19 hrs   Surf.Area= 0.000 ac   Storage= 304.885 af   (114.830 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= 1,227.5 min ( 2,062.4 - 834.9 )

Volume Invert Avail.Storage Storage Description
#1 594.00' 452.335 af Custom Stage Data_2021 Listed below

Elevation Cum.Store
(feet) (acre-feet)

594.00 0.000
595.00 0.141
596.00 0.766
597.00 3.702
598.00 9.361
599.00 26.387
600.00 55.333
601.00 98.783
602.00 145.198
603.00 201.269
604.00 264.392
605.00 355.929
606.00 452.335

Device Routing     Invert Outlet Devices
#1 Primary 590.96' 48.0"  Round Culvert   

L= 158.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 590.96' / 590.00'   S= 0.0061 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 12.57 sf   

#2 Device 1 604.30' 9.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow  Max=1.35 cfs @ 24.19 hrs  HW=604.44'   (Free Discharge)
1=Culvert  (Passes 1.35 cfs of 155.52 cfs potential flow)

2=Broad-Crested Rectangular Weir  (Weir Controls 1.35 cfs @ 1.06 fps)
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Pond 2P: Kincaid Ash Pond

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=171.000 ac
Peak Elev=604.44'

Storage=304.885 af

164.05 cfs

1.36 cfs



 

 

ATTACHMENT D: TYPES OF CCR AND CHEMICAL CONSTITUENTS 
845.220(a)(2)(A) 

  



Kincaid Power Plant – Ash Pond’s Chemical Constituents 

 

In accordance with 35 I.A.C. 845.230(d)(2)(C), Kincaid Generation L.L.C. is submitting available/existing 
analyses of “the chemical constituents of all waste streams, chemical additives and sorbent materials 
entering or contained in” the CCR impoundment, Ash Pond.    

A list of the chemical constituents’ analyses contained in the CCR surface impoundment can be found in 
Appendix A.  As determined through antidegradation studies, this list contains chemical constituents 
found in the surface free liquid and the subsurface free liquids.  Kincaid Generation L.L.C. is also 
including a list of chemical additives, sorbent materials and waste streams that were submitted in the 
facility’s NPDES permit applications to IEPA within the past ten years at a minimum and/or listed in the 
current NPDES permit (IL0001554) in Appendix B.    

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix A:  Chemical Constituents Contained in the Ash Pond 
 

Pollutant Units 
Surface Free 

Liquids Average 
Concentration 

Subsurface 
Free Liquids 

Average 
Concentration 

Acidity (total) mg/L < 20.0 < 20.0 
Alkalinity (total) mg/L  102  305 
Ammonia Nitrogen mg/L  0.10 U  0.3 
Antimony (dissolved) mg/L < 0.00018  0.0008 
Antimony (total) mg/L < 0.00021  0.0006 
Arsenic (dissolved) mg/L  0.0018  0.002 
Arsenic (total) mg/L  0.0023  0.0033 
Barium (dissolved) mg/L  0.215  0.123 
Barium (total) mg/L  0.258  0.12 
Beryllium (dissolved) mg/L < 0.0005 < 0.0005 
Beryllium (total) mg/L < 0.0005  0.0005 
Boron (dissolved) mg/L  1.33  2.4 
Boron (total) mg/L  1.34  2.4 
Cadmium (dissolved) mg/L < 0.0005  0.0003 
Cadmium (total) mg/L  0.0003  0.0003 
Calcium (total recoverable) mg/L  51  104 
Chemical Oxygen Demand  mg/L < 6.7  9.2 
Chloride (total) mg/L  26.6  7.8 
Chromium (dissolved) mg/L < 0.00067 < 0.00048 
Chromium (hexavalent) mg/L  0.00038  0.00013 
Chromium (total) mg/L  0.0009  0.0017 
Cobalt (dissolved) mg/L  0.001  0.001 
Cobalt (total) mg/L < 0.00018  0.001 
Copper (dissolved) mg/L < 0.00065  0.0005 
Copper (total) mg/L  0.0013  0.001 
Cyanide (dissociable) mg/L < 0.0050 < 0.0050 
Cyanide mg/L  0.0045 < 0.0050 
Fluoride mg/L  0.63  0.4 
Iron (dissolved) mg/L < 0.0312  9.72 
Iron (Ferric) mg/L  0.12  11.7 
Iron (Ferrous) mg/L  0.14  0.6 
Iron (total) mg/L  0.157  12.3 
Kjeldahl Nitrogen (total) mg/L  1.0  0.5 
Lead (dissolved) mg/L < 0.001 < 0.001 
Lead (total) mg/L  0.001  0.001 
Lithium (total recoverable) mg/L  0.0170  0.02 
Magnesium (total recoverable) mg/L  30.3  30.4 
Manganese (dissolved) mg/L  0.0042  0.184 
Manganese (total) mg/L  0.0167  0.171 
Mercury (dissolved) mg/L  0.0000004  0.0000004 
Mercury (total) mg/L  7.295E-07  0.0000005 



 

Pollutant Units 
Surface Free 

Liquids Average 
Concentration 

Subsurface 
Free Liquids 

Average 
Concentration 

Molybdenum (dissolved) mg/L  0.0142  0.025 
Molybdenum (total) mg/L  0.016  0.0255 
Nickel (dissolved) 2008 WD mg/L < 0.00061  0.0031 
Nickel (dissolved) 6020 WD mg/L < 0.00059  0.004 
Nickel (total) mg/L  0.0009  0.004 
Nitrate as N mg/L < 0.10  0.29 
Nitrite as N mg/L < 0.10  0.09 
Oil & grease mg/L < 5.3  4.8 
Oxidation/Reduction Potential mg/L  158.8  123 
pH* SU  8.0  7.3 
Phenols mg/L < 0.050 < 0.050 
Phosphorus mg/L < 0.31  0.8 
Potassium (dissolved) mg/L  7.19  9.70 
Potassium (total recoverable) mg/L  7.64  9.77 
Radium - 226 mg/L  0.711  0.687 
Radium - 228 mg/L  1.80  1.11 
Radium (total) mg/L  2.51  1.80 
Selenium (total) mg/L < 0.00058  0.001 
Silica mg/L  4.35  23.9 
Silver (dissolved) mg/L < 0.0005  0.0004 
Silver (total) mg/L < 0.0005 < 0.0005 
Sodium (total recoverable) mg/L  74.0  77.9 
Specific Conductance mg/L  799  1015 
Sulfate mg/L  247  262 
Sulfide (total) mg/L  0.057  0.05 
Thallium (dissolved) mg/L < 0.001  0.0007 
Thallium (total) mg/L < 0.001  0.0007 
Total dissolved solids mg/L  563  710 
Total Organic Carbon mg/L  3.8  1.4 
Total suspended solids mg/L  19.8  47.5 
Zinc (dissolved) mg/L < 0.01 < 0.01 
Zinc (total) mg/L < 0.01  0.01 
*Used https://calstormcompliance.com/ph-averaging-tool 



 

Appendix B:  List of Chemical Additives, Waste Streams and Sorbent Materials  
 

Chemical Additives 
Ammonia Hydroxide 
Coal Dust Suppression Products* 
Aqueous Ammonia 
Anodamine 
Potassium Iodide 
Mill Scale 

* Only a very small percentage of these chemicals would enter the ash pond. A high majority of the 
product would be consumed in the combustion process. Varying products may be used.  While the 
products are comprised of different ingredients (e.g., lignosulfonates, acrylic and vinyl polymers, 
petroleum distillates), they all share the same inherent properties in that they adhere to solids for 
stabilization purposes and are not readily washed away during rainfall events.  
 
 

Waste Streams and Sorbent Materials*  
Bottom Ash and Economizer Ash sluice water 
Air Heater Ash water  
Tunnel Ground Water Sump 
Coal Pile Runoff  
Slag Tank Cooling Water  
Intake Pump House Sump 
Ammonia Storage Tank Sump 
Building low Volume Wastewater 
Condensate Storage Area and Overflows 
Station Basement Sumps 
Stormwater Sources 
Boiler Drain Water  

*No sorbent materials 
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Bottom Ash
            SDS Number: 0.0

         Revision Date: 03/2018

Safety Data Sheet

Preparation Date: 02/23/2018

Section 1
Identification of the Substance and of the Supplier

1.1 Product Identifier

Product Name/Identification: ASTM Bottom Ash

Synonyms:
Ash; Ashes; Ash residues; Ashes, residues, bottom; Bottom
ash; Bottom ash residues; Coal Fly Ash; Pozzolan; Waste
solids.

Formula: UVCB Substance

1.2 Relevant Identified Uses of the Substance or Mixture and Uses Advices Against

Relevant Identified Uses: Component of wallboard, concrete, roofing material, bricks,
cement kiln feed.

Uses Advised Against: None known.

1.3 Details of the Supplier of the SDS

Manufacturer/Supplier: Dynegy, Inc.

Street Address: 601 Travis Street, Suite 1400

City, State and Zip Code: Houston, TX  77002

Customer Service Telephone: 800-633-4704
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Bottom Ash
            SDS Number: 1.0

         Revision Date: 03/2018

Section 2
Hazards Identification

2.1 Classification of the Substance

GHS Classification(s) according to OSHA Hazard Communication Standard (29 CFR 1910.1200):

· Eye Irritant, Category 2A
· STOT-SE, Category 3 (Respiratory Irritation)
· Carcinogen, Category 1A
· STOT-RE, Category 1 (Lungs)
· Toxic to Reproduction, Category 2

2.2 Label Elements

Labelling according to 29 CFR 1910.1200 Appendices A, B and C*

Hazard Pictogram(s):

Signal word: DANGER

Hazard Statement(s):

Causes serious eye irritation.

May cause respiratory irritation.

May cause damage to lungs after repeated/prolonged exposure via inhalation.

May cause cancer of the lung.

Suspected of damaging fertility or the unborn child.

Precautionary
Statement(s):

Obtain special instructions before use.
Do not handle until all safety precautions have been read and understood.
Avoid breathing dust.
Wash thoroughly after handling.
Do not eat drink or smoke when using this product.
Wear protective gloves/protective clothing/eye protection/face protection.
Use outdoors or in a well-ventilated area.
If exposed or concerned: Get medical advice/attention.
Store in a secure area.
Dispose of product in accordance with local/national regulations.

* Fly ash and other coal combustion products (CCPs) are UVCB substances (unknown or variable composition or biological).
Various CCPs, noted as ashes/ash residuals; Ashes, residues, bottom; Bottom ash; Bottom ash residues; Waste solids, ashes
under TSCA are defined as: “The residuum from the burning of a combination of carbonaceous materials.  The following
elements may be present as oxides:  aluminum, calcium, iron, magnesium, nickel, phosphorus, potassium, silicon, sulfur,
titanium, and vanadium.”  Ashes including fly ash and fluidized bed combustion ash are identified by CAS number 68131-74-8.
The exact composition of the ash is dependent on the fuel source and flue additives composed of many constituents.  The
classification of the final substance is dependent on the presence of specific identified oxides as well as other trace elements.
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2.3 Other Hazards

Listed Carcinogens:

-Respirable Crystalline Silica

IARC: [Yes] NTP: [Yes] OSHA: [Yes] Other: (ACGIH) [Yes]

Section 3
Composition/Information on Ingredients

Substance CAS No. Percentage (%) GHS Classification

Crystalline Silica 14808-60-7 20 - 40%
Repeat Dose STOT, Category 1
Carcinogen, Category 1A

Silica, crystalline respirable
(RCS)

14808-60-7 See Footnote 1
Repeat Dose STOT, Category 1
Carcinogen. Category 1A

Aluminosilicates2 Various, see Footnote 2 10 - 60% Single Exposure STOT, Category 3

Calcium oxide (CaO) 1305-78-8 10 - 30%
Skin Irritant, Category 2
Eye Irritant, Category 1
Single Exposure STOT, Category 3

Iron oxide 1309-37-1 1 - 10% Not Classified

Manganese dioxide (MnO2) 1313-13-9 <2%
Skin Irritant, Category 2
Eye Irritant, Category 2B

Magnesium oxide 1309-48-4 2 - 10% Not Classified

Phosphorus pentoxide (P2O5) 1314-56-3 ≤2%
Skin Irritant, Category 2
Eye Irritant, Category 2B

Sodium oxide 1313-59-3 1 - 10% Not Classified

Potassium oxide (K2O) 12136-45-7 ≤1%
Skin Irritant Category 2
Eye Irritant Category 2B

Titanium dioxide (TiO2) 13463-67-7 <3% Not Classified
1The percentage of respirable crystalline silica has not been determined.  Therefore, a GHS classification of Carcinogen 1A has been
assigned.
2Aluminosilicates (CAS# 1327-36-2) may be in the form of mullite (CAS# 1302-93-8); aluminosilicate glass; pozzolans (CAS# 71243-67-9); or
calcium aluminosilicates such as tricalcium aluminate (C3A), or calcium sulfoaluminate (C4A3S). The form is dependent on the source of
the coal and or the process used to create the CCP. Pulverized coal combustion would be more likely to create high levels of pozzolans.
Aluminosilicates may have inclusions of calcium, titanium, iron, potassium, phosphorus, magnesium and other metal oxides.
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Section 4
First Aid Measures

4.1 Description of First Aid Measures

Inhalation:
If product is inhaled and irritation of the nose or coughing occurs, remove
person to fresh air.  Get medical advice/attention if respiratory symptoms
persist.

Skin Contact: If skin exposure occurs, wash with soap and water.

Eye Contact:
If product gets into the eye, rinse copiously with water for several minutes.
Remove contact lenses, if present and easy to do.  Seek medical
attention/advice if irritation occurs or persists.

Ingestion: No specific first aid measures are required.

4.2 Most Important Health Effects, Both Acute and Delayed

Acute Effects: Direct exposure may cause respiratory irritation, eye irritation and skin irritation.  The product
dust can dry and irritate the skin and cause dermatitis and can irritate eyes and skin through mechanical abrasion.

Chronic Effects: Chronic exposure may cause lung damage from repeated exposure.  Prolonged inhalation of
respirable crystalline silica above certain concentrations may cause lung diseases, including silicosis and lung
cancer.

4.3 Indication of Any Immediate Medical Attention and Special Treatment Needed

Seek first aid or call a doctor or Poison Control Center if contact with eyes occurs and irritation remains after
rinsing.  Get medical advice if inhalation occurs and respiratory symptoms persist.
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Section 5
Firefighting Measures

5.1 Extinguishing Media

Suitable Extinguishing Media: Product is not flammable.  Use extinguishing media appropriate for
surrounding fire.

Unsuitable Extinguishing Media: Not applicable, the product is not flammable.

5.2 Special Hazards Arising from the Substance or Mixture

Hazardous Combustion
Products: None known.

5.3 Advice for Firefighters

Special Protective Equipment
and Precautions for Firefighters:

As with any fire, wear self-contained breathing apparatus (NIOSH
approved or equivalent) and full protective gear.

Section 6
Accidental Release Measures

6.1 Personal Precautions, Protective Equipment and Emergency Procedures

Personal precautions/Protective
Equipment:

See Section 8.2.2 Individual Protective Measures.  For concentrations
exceeding Occupational Exposure Levels (OELs), use a self-contained
breathing apparatus (SCBA).

Emergency procedures: Use scooping, water spraying/flushing/misting or ventilated vacuum
cleaning systems to clean up spills.  Do not use pressurized air.

6.2 Environmental Precautions

Environmental precautions: Prevent contamination of drains or waterways and dispose according to
local and national regulations.
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6.3 Methods and Material for Containment and Cleaning Up

Methods and materials for
containment and cleaning up:

Do not use brooms or compressed air to clean surfaces.  Use dust
collection vacuum and extraction systems.

Large spills of dry product should be removed by a vacuum system.
Dampened material should be removed by mechanical means and
recycled or disposed of according to local and national regulations.

See Sections 8 and 13 for additional information on exposure controls and disposal.

Section 7
Handling and Storage

7.1 Precautions for Safe Handling

Practice good housekeeping.  Use adequate exhaust ventilation, dust collection and/or water mist to maintain
airborne dust concentrations below permissible exposure limits (note: respirable crystalline silica dust may be in
the air without a visible dust cloud).

Do not permit dust to collect on walls, floors, sills, ledges, machinery, or equipment.  Maintain and test ventilation
and dust collection equipment.  In cases of insufficient ventilation, wear a NIOSH approved respirator for silica
dust when handling or disposing dust from this product.  Avoid contact with skin and eyes.  Wash or vacuum
clothing that has become dusty.  Avoid eating, smoking, or drinking while handling the material.

7.2 Conditions for Safe Storage, Including any Incompatibilities

Minimize dust produced during loading and unloading.
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Section 8
Exposure Controls/Personal Protection

8.1 Control Parameters

OCCUPATIONAL EXPOSURE LIMITS

SUBSTANCE
OSHA PEL

TWA (mg/m3)

NIOSH REL

TWA (mg/m3)

ACGIH TLV

TWA (mg/m3)

CA - OSHA PEL
(mg/m3)

Calcium oxide 5 2 2 2

Particulates Not
Otherwise
Regulated

Total 15 15 10 10

Respirable 5 5 3 5

Respirable
Crystalline Silica Respirable 0.05 0.05 0.025 0.05

Manganese dioxide

(as manganese
compounds)

Total 5 (Ceiling) 1
3 (STEL)

0.1 0.2

Respirable - - 0.02 -

8.2 Exposure Controls

8.2.1 Engineering Controls

Provide ventilation to maintain the ambient workplace atmosphere below the occupational exposure limit(s).  Use
general and local exhaust ventilation and dust collection systems as necessary to minimize exposure.

8.2.2 Personal Protective Equipment (PPE)

Respiratory protection:

Wear a NIOSH approved particulate respirator if exposure to airborne
particulates is unavoidable and where occupational exposure limits may
be exceeded.  If airborne exposures are anticipated to exceed
applicable PELs or TLVs, a self-contained breathing apparatus or
airline respirator is recommended.

Eye and face protection: If eye contact is possible, wear protective glasses with side shields.
Avoid contact lenses.

Hand and skin protection: Wear gloves and protective clothing.  Wash hands with soap and water
after contact with material.
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Section 9
Physical and Chemical Properties

9.1 Information on Basic Physical and Chemical Properties

Property: Value Property: Value

Appearance (physical state, color, etc.): Fine tan/
gray particulate

Upper/lower flammability or explosive limits: Not
applicable

Odor: Odorless1 Vapor Pressure (Pa): Not applicable

Odor threshold: Not applicable Vapor Density: Not applicable

pH (25 °C) (in water): 8 - 11 Specific gravity or relative density: 2.2 – 2.9

Melting point/freezing point (°C): Not applicable Water Solubility: Slight

Initial boiling point and boiling range (°C): Not
applicable

Partition coefficient: n-octane/water: Not
determined

Flash point (°C): Not determined Auto ignition temperature (°C): Not applicable

Evaporation rate: Not applicable Decomposition temperature (°C):  Not determined

Flammability (solid, gas): Not combustible Viscosity: Not applicable
1 The use of urea or aqueous ammonia injected into the flue gas to reduce nitrogen oxides (NOx) emissions may result in the
presence of ammonium sulfate or ammonium bisulfate in the ash at less than 0.1%.  When ash containing these substances
becomes wet under high pH (>9), free ammonia gas may be released resulting in objectionable/nuisance ammonia odor and
potential exposure to ammonia gas especially in confined spaces.
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Section 10
Stability and Reactivity

10.1 Reactivity: The material is an inert, inorganic material primarily composed of elemental
oxides.

10.2 Chemical stability: The material is stable under normal use conditions.

10.3 Possibility of hazardous
reactions:

The material is a relatively stable, inert material; however, when ash
containing ammonia becomes wet under high pH (>9), free ammonia gas
may be released resulting in an objectionable/nuisance ammonia odor and
potential exposure to ammonia gas especially in confined spaces.
Polymerization will not occur.

10.4 Conditions to avoid:
Product can become airborne in moderate winds.  Dry material should be
stored in silos.  Materials stored out of doors should be covered or
maintained in a damp condition.

10.5 Incompatible materials: None known.

10. 6 Hazardous decomposition
products: None known.
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Section 11
Toxicological Information

11.1 Information on Toxicological Effects

Endpoint Data

Acute oral toxicity LD50 > 2000 mg/kg

Acute dermal toxicity LD50 > 2000 mg/kg

Acute inhalation toxicity LD50 > 5.0 mg/L

Skin corrosion/irritation
Does not meet the classification criteria but may cause slight
skin irritation. Product dust can dry the skin which can result in
irritation.

Eye damage/irritation

Causes serious eye irritation.  Positive scores for conjunctiva
irritation and chemosis in 2/3 animals based on average of 24, 48
and 72-hour scores with irritation clearing within 21 days; no corneal
or iritis effects observed.

Respiratory/skin sensitization Not a respiratory or dermal sensitizer.

Germ cell mutagenicity
Not mutagenic in in-vitro and in-vivo assays with or without
metabolic activation.

Carcinogenicity Not available. Respirable crystalline silica has been identified as a
carcinogen by OSHA, NTP, ACGIH and IARC.

Reproductive toxicity

No developmental toxicity was observed in available animal
studies. Reproductive studies on CCPs showed either no
reproductive effects, or some effects on male and female
reproductive organs and parameters but without a clear dose
response.

STOT-SE CCPs when present as a nuisance dust may result in respiratory
irritation.

STOT-RE

In a 180-day inhalation study with fly ash dust, no effects were
observed at the highest dose tested. NOEC = 4.2 mg/m3; it is not
possible to assess the level at which toxicologically
significant effects may occur.

Repeated inhalation exposures to high levels of respirable
crystalline silica may result in lung damage (i.e., silicosis).

Aspiration Hazard Not applicable based product form.
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Section 12
Ecological Information

12.1 Toxicity

Fly Ash (CAS# 68131-74-8)

Toxicity to Fish LC50 > 100 mg/L

Toxicity to Aquatic Invertebrates Data indicates that the test substance is not toxic to Daphnia magna
(EC50 undetermined)

Toxicity to Aquatic Algae and Plants EC50 = 10 mg/L

Calcium oxide CAS# 1305-78-8

Toxicity to Fish
LC50 = 50.6 mg/L
The findings were closely related to the pH of the test solutions;
therefore, pH is considered to be the main reason for the effects.

Toxicity to Aquatic Invertebrates
EC50 = 49.1 mg/L
The findings were closely related to the pH of the test solutions;
therefore, pH is considered to be the main reason for the effects.

Toxicity to Aquatic Algae and Plants
NOEC =48 mg/L @ 72 hours based on Ca(OH)2
The initial pH of the test medium was not directly related to the
biologically relevant effects. The formation of precipitates is likely the
result of the reaction between CO2 dissolved in the medium.

12.2 Persistence and Degradability
Not relevant for inorganic materials.

12.3 Bioaccumulative Potential

This material does not contain any compounds that would bioaccumulate up the food chain.

12.4 Mobility in Soil
No data available.

12.5 Results of PBT and vPvB Assessment
This material does not contain any compounds classified as “persistent, bioaccumulative or toxic” nor as
“very persistent/very bioaccumulative”.

12.6 Other Adverse Effects
None known.
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Section 13
Disposal Considerations

See Sections 7 and 8 above for safe handling and use, including appropriate industrial hygiene practices.

Dispose of all waste product and containers in accordance with federal, state and local regulations.

Section 14
Transport Information

Regulatory entity:
U.S. DOT

Shipping Name: Not Regulated

Hazard Class: Not Regulated

ID Number: Not Regulated

Packing Group: Not Regulated
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Section 15
Regulatory Information

15.1 Safety, Health and Environmental Regulations/Legislation Specific for the Mixture
o TSCA Inventory Status

All components are listed on the TSCA Inventory.

o California Proposition 65

The following substances are known to the State of California to be carcinogens and/or reproductive
toxicants:

§ Respirable crystalline silica

§ Titanium dioxide

o State Right-to-Know (RTK)

Component CAS MA1,2 NJ3,4 PA5 RI6
Ammonium bisulfate 7803-63-6 No Yes No No
Ammonium sulfate 7783-20-2 Yes No Yes No
Calcium oxide 1305-78-8 Yes Yes Yes No
Iron oxide 1309-37-1 Yes Yes Yes No
Magnesium oxide 1309-48-4 No Yes No No
Phosphorus pentoxide (or
phosphorus oxide)

1314-56-3 Yes Yes Yes No

Potassium oxide 12136-45-7 No Yes No No
Silica-crystalline (SiO2), quartz 14808-60-7 Yes Yes Yes No
Sodium oxide 1313-59-3 No Yes No No
Titanium dioxide 13463-67-7 Yes Yes Yes Yes
1 Massachusetts Department of Public Health, no date
2 189th General Court of The Commonwealth of Massachusetts, no date
3 New Jersey Department of Health and Senior Services, 2010a
4 New Jersey Department of Health, 2010b
5 Pennsylvania Code, 1986
6 Rhode Island Department of Labor and Training, no date
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Section 16
Other Information, Including Date of Preparation or Last Revision

16.1 Indication of Changes

Date of preparation or last revision: February 23, 2018

16.2 Abbreviations and Acronyms

· ACGIH: American Conference of Industrial Hygienists
· CA: California
· CAS: Chemical Abstract Services
· CCP: Coal Combustion Product
· CFR: Code of Federal Regulations
· EPA: Environmental Protection Agency
· GHS: Globally Harmonized System of Classification and Labelling
· IARC: International Agency for Research on Cancer
· LC50: Concentration resulting in the mortality of 50 % of an animal population
· LD50: Dose resulting in the mortality of 50 % of an animal population
· MA: Massachusetts
· NA: Not Applicable
· NJ: New Jersey
· NOEC: No observed effect concentration
· NIOSH: National Institute of Occupational Safety and Health
· NOx: Nitrogen oxides
· NTP: US National Toxicology Program
· OEL: Occupational Exposure Limit
· OSHA: Occupational Safety and Health Administration
· PA: Pennsylvania
· PBT: Persistent, Toxic and Bioaccumulative
· PEL: Permissible exposure limit
· PPE: Personal Protective Equipment
· REL: Recommended exposure limit
· RI: Rhode Island
· RCS: Respirable Crystalline Silica
· RTK: Right-to-Know
· SCBA: Self-contained breathing apparatus
· SDS: Safety Data Sheet
· STEL: Short-term exposure limit
· STOT-RE: Specific target organ toxicity-repeated exposure
· STOT-SE: Specific target organ toxicity-single exposure
· TLV: Threshold limit value
· TSCA: Toxic Substances Control Act
· TWA: Time-weighted average
· UEL: Upper explosive limit
· UVCB: Unknown or Variable Composition/Biological
· U.S.: United States
· U.S. DOT: United States of Department of Transportation
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16.3 Other Hazards

Hazardous Materials Identification System (HMIS)

Degree of hazard (0= low, 4 = extreme)

Health: 2* Flammability: 0 Physical
Hazards:

0 Personal
protection:**

* Chronic Health Effects
** Appropriate personal protection is defined by the activity to be performed.
See Section 8 for additional information.

DISCLAIMER:

This SDS has been prepared in accordance with the Hazard Communication Rule 29 CFR 1910.1200.
Information herein is based on data considered to be accurate as of date prepared.  No warranty or
representation, express or implied, is made as to the accuracy or completeness of this data and safety
information.  No responsibility can be assumed for any damage or injury resulting from abnormal use, failure to
adhere to recommended practices, or from any hazards inherent in the nature of the product.



 

 

ATTACHMENT E: SITE PLAN MAP AND ON-SITE TRANSPORTATION PLAN 
845.220(a)(4) AND 845.220(a)(2)(E) 
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ATTACHMENT F: SITE LOCATION MAP 845.220(a)(3) 
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NOTE
1. CCR unit limits and Site boundary locations are approximate.
2. Local utilities including, but not limited to, service electric lines, gas lines, water and sewer lines,
telecommunication lines, plant utilities, and/or private utilities are not shown on this figure and shall be verified in
the field prior to any site work.
3. There are no Nature Preserves or Land and Water Reserves within the project area or 1,000m of the project
area.
4. There are no historic and archaeological sites within the project area or 1,000m of the project area.
5. The Kirtland's Snake (Clonophis kirtlandii) is a threatened/endangered species of nonvenomous snake that
has an identified habitat approximately 940 meters north of the existing ash pond, opposite of Sangchris Lake.



 

 

ATTACHMENT G:  FINAL CLOSURE PLAN AND PROPOSED CLOSURE 
SCHEDULE                                                                                                     
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845.210, 845.220(a)(5-6), 845.720(b), 845.220(d)(2) 
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1.0 INTRODUCTION 

Kincaid Generation, L.L.C. is the operator of the coal-fired Kincaid Power Plant (KPP) located in 

Christian County near Kincaid, Illinois. One Coal Combustion Residuals (CCR) surface impoundment, 

the Kincaid Ash Pond (KAP) is present at the KPP. The KAP has an Illinois Environmental Protection 

Agency (IEPA) identification number of W0218140002‐01.  

This Final Closure Plan was developed in accordance with 35 Ill. Admin. Code 845, Standards for the 

Disposal of Coal Combustion Residuals in Surface Impoundments (Part 845). Closure of the KAP is 

scheduled to be completed no later than October 31, 2028. As part of the closure effort, a new 

photovoltaic (PV) solar power facility will be installed on top of the closed KAP. The PV facility will 

have a rated power of approximately 29 megawatts AC (MWac) and an installed power of approximately 

34 megawatts DC (MWdc). Interconnection of the solar facility will occur at the existing Kincaid 

substation. 

1.1 Selected Closure Method 

Section 845.720(b)(3): The final closure plan must identify the proposed selected closure method and 

must include the information required in subsection (a)(1) and the closure alternatives analysis specified 

in Section 845.710. 

Based on the Closure Alternatives Analysis (CAA) completed for the KAP, a hybrid closure with a final 

cover system has been identified as the most appropriate closure method. All CCR in the northern portion 

of the impoundment will be removed and relocated to the southern portion of the impoundment which 

will be closed in accordance with Section 845.750. Under this hybrid approach, approximately 52% of the 

current CCR footprint within the impoundment will be removed. The CAA is provided in Appendix A 

and information developed to support the CAA is provided in Appendix B.  

1.2 Organization of Final Closure Plan 

This Final Closure Plan is organized in the following manner:  

• Section 2 includes the Final Closure Plan, as required by Section 875.720(a)(1);  

• Section 3 includes a summary of amendments of the Closure Plan; 

• Section 4 includes a discussion of how the closure using a final cover system will comply with the 

performance and design requirements of Sections 845.720 and 845.750;  
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• Section 5 includes additional information regarding the closure; 

• Section 6 includes a Certification from a Qualified Professional Engineer; and 

• Section 7 includes reference documents used in the development of this Final Closure Plan.  
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2.0 FINAL CLOSURE PLAN 

Section 845.720(a)(1): Content of the Preliminary Closure Plan.  The owner or operator of a new CCR 

surface impoundment or an existing CCR surface impoundment not required to close under Section 

845.700 must prepare a preliminary written closure plan that describes the steps necessary to close the 

CCR surface impoundment at any point during the active life of the CCR surface impoundment consistent 

with recognized and generally accepted engineering practices. 

This section includes the final closure plan for the KAP, as required by Section 845.720(a)(1). Specific 

requirements of the closure plan and the relevant regulatory citations are included in the following 

sections.  

2.1 Narrative Closure Description 

Section 845.720(a)(1)(A): A narrative description of how the CCR surface impoundment will be closed in 

accordance with this Part. 

The KAP will be closed in place by consolidating the CCR into a reduced footprint and covering the 

consolidated CCR with a final cover compliant with 40 C.F.R. § 257.102(d)(3) and Section 845.750(c). 

The remainder of the KAP footprint will be closed by removing all of the CCR and placing these CCR 

materials within the consolidated footprint. The KAP is an unlined CCR surface impoundment; however, 

the impoundment is underlain by lean clay overlying hard glacial till (lean sandy clay) and closure of the 

KAP will include constructing a final cover system that ties into existing, low permeability subsoils; 

existing, low permeability perimeter berm soils; or low permeability fill soils; thereby encapsulating CCR 

within the KAP on the top, bottom, and sides. 

During the closure process, off-site CCR beneficial use opportunities will continue to be assessed. CCR 

consolidation and closure in place in combination with offsite beneficial use may result in a smaller onsite 

CCR footprint, for the purposes of final cover system design, and a reduced construction schedule. 

Permit-level engineering drawings and material specifications for the closure are provided in Appendix 

C.  

2.1.1 Water Management During Closure 

The KAP currently operates as a closed-loop impoundment, whereby water is recirculated from the KAP 

back to the KPP for bottom ash sluicing. In addition to bottom ash sluice water, stormwater from the 

West Area Runoff Basin is also discharged to the KAP. During the initial phase of closure (Phase 1), a 
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temporary operating pool, approximately 9.4 acres in size, will be constructed in the southeastern corner 

of the KAP using sheet pile or other vertical hydraulic barrier system. Ponded and subsurface free liquids 

generated during KAP closure activities will be transferred to the temporary operating pool. During Phase 

1 closure, bottom ash sluice water recirculation will continue while free liquids are removed from the 

KAP and CCR from the northern portion of the KAP is removed and consolidated with CCR in the 

southern portion of KAP. The temporary operating pool is sized to accommodate West Area Runoff Basin 

discharges, including storm surges (Type II, 10-year, 24-hour event), while bottom ash discharges to the 

KAP and sluice water recirculation to the KPP continue; however, the West Area Runoff Basin discharge 

can also be routed to the onsite wastewater treatment plant (WWTP) for treatment and subsequent 

discharge via National Pollutant Discharge Elimination System (NPDES) Outfall B01. Sizing calculations 

for the temporary operating pool are provided in Appendix D. 

Under normal circumstances, the West Area Runoff Basin discharge will be routed to the WWTP, 

providing the capacity needed for the KAP temporary operating pool to receive free liquids removed from 

the CCR during closure activities. However, in the event of a WWTP upset or large storm event, West 

Area Runoff Basin discharges can still be routed to the KAP temporary operating pool. This arrangement 

will also allow bottom ash sluice water recirculation to continue while free liquids are removed from the 

remainder of the KAP and CCR from the northern portion of the KAP is removed and consolidated with 

CCR in the southern portion of KAP.  No other changes in waste streams are expected to occur during 

closure of the KAP.  

Under certain circumstances (e.g., periods of high CCR unwaters/dewaters production), it may be 

necessary to transfer water from the KAP temporary operating pool to the WWTP for treatment and 

discharge via Outfall B01. Modifications to the existing WWTP may also be required to meet NPDES 

discharge permit requirements. Final NPDES discharge requirements will be established, and WWTP 

modification needs will be determined based on the results of a pending antidegradation study. 

The KPP will be retired prior to the start of the second phase of KAP closure. Near the end of the second 

phase of closure, free liquids will be removed from the temporary operating pool and the pool will be 

filled in with CCR. The hydraulic barrier system used to create the temporary operating pool will not be 

removed but will be closed in place beneath the final cover system. Final CCR grading, general fill 

placement and grading, and cover system construction will be completed during the second phase of 

closure.  
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2.1.2 Phase 1 Closure 

The initial phase of KAP closure with a final cover system will include the following tasks: 

• Prepare the site for closure by establishing perimeter stormwater Best Management Practices 

(BMPs), as and if needed, at the construction limits of disturbance. 

• Construct a temporary operating pool, approximately 9.4 acres in size, in the southeastern corner 

of the KAP using sheet pile or other vertical hydraulic barrier system.  

• Modify the existing ash sluice pipelines and relocate the existing bottom ash sluice channel to 

convey CCR discharges from the existing ash sluice pipelines to the temporary operating pool. 

• Unwater the KAP by pumping ponded free liquids to the temporary operating pool.  

• Abandon existing geotechnical piezometers XPW-01 through XPW-04 that will not be utilized as 

post-closure instrumentation. Abandonment will be performed in accordance with Illinois 

monitoring well regulations.  

• Establish a temporary dewatering and water management system within the KAP consisting of 

trenches and sumps to support passive (i.e., gravity) removal of free liquids and to collect contact 

stormwater during closure and maintain the KAP in an unwatered state. During construction, 

contact stormwater will be pumped to the temporary operating pool within the KAP. As discussed 

in Section 2.1.1, water collecting with the temporary operating pool will either be recirculated to 

the KPP or transferred to the onsite WWTP for treatment and subsequent discharge via NDPES 

Outfall B01.  

• Remove all CCR from the northern portion of the KAP and consolidate it with CCR in the 

southern Closure-In-Place (CIP) portion of KAP. A new soil dike will be constructed along the 

northern boundary of the CIP portion of the KAP in accordance with the Illinois Department of 

Natural Resources Part 3702 Rules. To alleviate stability concerns for the new dike construction, 

any saturated soils underlying the proposed location of the new dike will be over excavated and 

replaced with compacted, low permeability soils. This includes any materials located in the 

former stream channels leading to Sangchris Lake.  

• After CCR has been removed from the northern portion of the KAP, subsoils will be visually 

inspected for indications of CCR. If subsoils with the presence of CCR are observed, they will be 

removed and consolidated in the southern portion of the KAP. It is anticipated that up to 1 ft of 
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subsoils may be removed; however, visual inspection will be conducted to confirm that all CCR 

is removed. CCR will be placed in lifts and compacted to provide a subgrade suitable for 

construction of a final cover system. Free liquids will be removed from the CCR to support 

construction activity and fill placement, using the water management system.   

• Begin constructing a final cover system extending over the footprint of the KAP that contains 

consolidated CCR, and includes, from bottom to top: 

o A 40-mil linear low-density polyethylene (LLDPE) geomembrane, placed on a prepared 

subgrade with rocks no larger than one inch in diameter and other sharp objects removed 

prior to placement;  

o A nonwoven geotextile cushioning layer, to protect the geomembrane from rocks and/or 

sharp objects in the cover soil;  

o Based on a demonstration included as Appendix E, pursuant to Section 845.750(c)(2), 

final soil cover including an alternative 1.5 foot (ft) protective layer (i.e., cover soil) to 

protect the geomembrane and 0.5 ft of topsoil capable of supporting vegetation, for a total 

cover soil thickness of 2 ft.  

o The final cover system grades will be approximately 3-percent (%) over the majority of 

the KAP, with a 7% slope along the southern extent and 25% (4 horizontal to 1 vertical 

[4H:1V]) around the perimeter, to intersect existing grades or final grades where CCR 

has been removed.  

o The final cover system will include an anchor trench for the geosynthetic materials along 

the entire perimeter of the KAP to secure the final cover system into existing grades. The 

anchor trench will be placed beyond the final limits of CCR.  

o Existing groundwater monitoring wells MW-23 and MW-24 and existing piezometer P-

002, will be retained and modified by extending the wells through the final cover system, 

sealing the penetration with a pipe boot, and constructing a new surface completion on 

top of the final cover.  

2.1.3 Phase 2 Closure 

The second phase of KAP closure with a final cover system will include the following tasks: 
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• Continue maintaining BMPs, the temporary operating pool and the temporary dewatering and 

water management system. The KPP will be retired prior to the start of Phase 2 closure activities; 

consequently, bottom ash discharges to the KAP and bottom ash sluice recirculation from the 

KAP will not occur during Phase 2. 

• Abandon existing outflow structures and culverts connecting the KAP to Sangchris Lake and the 

Bottom Ash Sluice Recycle System. This will prevent unplanned discharges through these 

conduits under post-closure conditions. This will be accomplished by completing the following: 

o For the bottom ash sluice recycle intake structure, demolish the concrete intake structure 

and building, clean the interior of the 60-inch concrete reinforced pipe (RCP) [intake 

pipe] via pressure washing, and seal the RCP intake pipe. Following cleaning of the RCP, 

a plug will be inserted outside of the portion of the pipe that penetrates through the dike 

(approximately 50 ft south of the intake structure, north of the 90-degree bend), as shown 

on drawings provided in Attachment C of the Construction Permit Application. The 

entire extent of the RCP intake pipe, from the intake structure to the plug, will then be 

filled with cement-bentonite grout.   

o For the emergency overflow structure, demolish the concrete intake structure and 

catwalk, clean the interior of the 48-inch corrugated metal pipe (CMP) [outflow pipe] via 

pressure washing, and seal the outflow pipe by inserting a plug near the discharge end 

and filling the entire length with cement-bentonite grout.  

• Complete removal of all CCR from the northern portion of the KAP and consolidation of this 

CCR in the southern portion of KAP. After CCR has been removed, subsoils will be visually 

inspected for indications of CCR. If subsoils with the presence of CCR are observed, they will be 

removed and consolidated in the southern portion of the KAP. It is anticipated that up to 1 ft of 

subsoils may be removed; however, visual inspection will be conducted to confirm that all CCR 

is removed. CCR will be placed in lifts and compacted to provide a subgrade suitable for 

construction of a final cover system. Free liquids will be removed from the CCR to support 

construction activity and fill placement, using the water management system.   

o In total, approximately 1,872,000 cubic yards (CY) of CCR will be removed from the 

northern portion of the KAP and placed in the consolidated footprint in the southern 

portion of the Site. 
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• There are a total of four (4) towers supporting 345-kilovolt transmission lines owned by 

Commonwealth Edison Company (ComEd), located within the footprint of the KAP. All four of 

the towers lie within the northern portion of the KAP where all CCR will be removed. Based on 

correspondence between ComEd and Kincaid Generation, L.L.C., each leg of each transmission 

tower is encased below grade in a concrete cylinder and is believed to be founded on subsurface 

materials lying below the CCR. The transmission lines will be relocated, raised, or otherwise 

modified, in coordination with ComEd, as and if needed to allow for construction access. If the 

towers are to remain in place during construction, proper safety protocols established by ComEd 

will be adhered to during the removal of CCR around the base of the transmission towers.  

• Upon completion of the new dike for the CIP portion of the KAP, a section of the existing dike 

along the north boundary of the existing KAP will be breached to allow non-contact stormwater 

to flow by gravity into Sangchris Lake. A riprap-lined stormwater conveyance channel will be 

constructed through the opening of the dike to prevent erosion and sediment from entering the 

Lake.   

• Clean, imported general fill will be placed and graded within the northern portion of the KAP 

Pond to promote positive stormwater drainage away from the CIP footprint to the conveyance 

channel and into Sangchris Lake.  

• Complete construction of a final cover system extending over the entire footprint of the 

consolidated CCR footprint. The cover system will be constructed as described in Section 2.1.2. 

• Remove free liquids from the temporary operating pool by discharging the contents through an 

NPDES-permitted outfall following treatment, as required.  

• To minimize infiltration and prevent erosion, construct a post-closure non-contact stormwater 

management system consisting of cross-slope swales, riprap-lined letdown channels and 

perimeter ditches. These features will convey stormwater from the KAP final cover system to the 

northern portion of the KAP where CCR has been removed and to Sangchris Lake. 

• In the southeast corner of the KAP, install five culvert pipes to convey stormwater from the 

perimeter ditches to the Sangchris Lake channel that runs parallel to the southern boundary of the 

KAP. 

• Establish vegetation on the final cover system by: 
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o Fertilizing the topsoil, as needed to support vegetation, based on agronomical soil tests;  

o Seeding the topsoil with a suitable grass seed for local climatic and soil conditions;  

o Providing temporary BMPs measures such as mulch, erosion control blankets, silt fences, 

and/or straw wattles, as necessary to reduce the potential for soil erosion until vegetation 

is established; and 

o Restoring the site, after vegetation is established and the site is stabilized, by removing 

stormwater BMPs and temporary stabilization measures that are no longer needed. 

o For select areas of the site, the vegetation shall include native pollinator plantings 

consistent with the Illinois Department of Natural Resources (IDNR) “Solar Site 

Pollinator Scorecard” (Solar Site Pollinator Scorecard, 2022). In the northern portion of 

the KAP, outside of the CIP area, the soils will be fertilized and planted with pollinator 

plants. If pollinators are proposed for the CIP area, the final grading plan shall be revised 

to increase the depth of the protective soil to accommodate the deeper roots of the 

pollinators. In accordance with the Pollinator Establishment Guidelines prepared by the 

IDNR, native prairie species will be planted approximately 1/8”-1/4” deep on bare firm 

ground free of weeds. A ratio of 25% Native Grasses to 75% wildflowers is preferred and 

on slopes with grades of 5% or less, with a minimum seeding rate of 20 seeds per square 

foot (SF) of Pure Live Seed (PLS).  PLS is calculated by the following equation: PLS = 

% Purity X % Total Germination/100 (Illinois Department of Natural Resources, 2019).  

Long-term maintenance of the pollinators shall be performed in accordance with IDNR 

guidelines. The site should be checked for undesirable species such as woody plants or 

invasive species at least annually.  During the first year, mowing at a height of 10” or 

greater 1-3 times during the growing season.  Spot mowing and/or spot herbicide 

treatment will be performed to control noxious and undesirable weeds. After the first 

year, mowing will not take place during April 15th – October 1st.   

2.2 Decontamination of CCR Surface Impoundment 

Section 845.720(a)(1)(B): If closure of the CCR surface impoundment will be accomplished through 

removal of CCR from the CCR surface impoundment, a description of the procedures to remove the CCR 

and decontaminate the CCR surface impoundment in accordance with Section 845.740. 

After all CCR has been removed from the northern portion of the KAP and consolidated with CCR in the 

southern portion of KAP, subsoils will be visually inspected for signs of CCR. If subsoils with the 

presence of CCR are observed, they will be removed and consolidated in the southern portion of the KAP. 
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It is anticipated that up to 1 ft of subsoils may be removed; however, visual inspection will be conducted 

to confirm that all CCR in the northern portion of the KAP is removed. The portion of the earthen berm 

along the northern boundary of the KAP that is removed to provide a stormwater conveyance will also be 

consolidated with CCR in the southern portion of the KAP. Decontamination of areas outside of the 

northern portion of the KAP will not be required because there have been no releases of CCR from the 

northern portion of the KAP and there is no containment system within the KAP.  

2.3 Final Cover System 

Section 845.720(a)(1)(C): If closure of the CCR surface impoundment will be accomplished by leaving 

CCR in place, a description of the final cover system, designed in accordance with Section 845.750, and 

the methods and procedures to be used to install the final cover.  The closure plan must also discuss how 

the final cover system will achieve the performance standards specified in Section 845.750. 

A description of the final cover system design, the methods and procedures used for installation, and how 

the final cover system will achieve the Section 845.750 performance standards is provided in Section 4 of 

this Final Closure Plan.  

2.4 Maximum CCR Inventory 

Section 845.720(a)(1)(D): An estimate of the maximum inventory of CCR ever on-site over the active life 

of the CCR surface impoundment. 

The KAP currently contains approximately 2,949,000 CY of CCR. Approximately 180,000 CY of 

additional bottom ash will be generated between the end of 2021 and the time CCR generation ceases at 

the KPP in July 2027, resulting in a maximum CCR capacity of approximately 3,129,000 CY. 

2.5 Largest Surface Area Estimate 

Section 845.720(a)(1)(E): An estimate of the largest area of the CCR surface impoundment ever requiring 

a final cover (see Section 845.750), at any time during the CCR surface impoundment’s active life. 

The largest surface area of the KAP, in plan-view, is approximately 172 acres (Ramboll, 2021). This is 

the current size of the KAP. As part of the closure plan, the CCR material will be consolidated in the 

southern portion of the KAP. The final cover will be placed over an area of approximately 84 acres, 

extending completely across the surface area of the consolidated CCR footprint and beyond the limits of 

CCR within the KAP. The geosynthetic components of the cover system will terminate in an anchor 

trench to prevent surface water from infiltrating under the cover system. 
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During the closure process, off-site CCR beneficial use opportunities will continue to be assessed. CCR 

consolidation and closure in place in combination with offsite beneficial use may result in a smaller onsite 

CCR footprint, for the purposes of final cover system design, and a reduced construction schedule. 

2.6 Closure Completion Schedule 

Section 845.720(a)(1)(F): A schedule for completing all activities necessary to satisfy the closure criteria 

in this Section, including an estimate of the year in which all closure activities for the CCR surface 

impoundment will be completed.  The schedule should provide sufficient information to describe the 

sequential steps that will be taken to close the CCR surface impoundment, including identification of 

major milestones such as coordinating with and obtaining necessary approvals and permits from other 

agencies, the dewatering and stabilization phases of CCR surface impoundment closure, or installation of 

the final cover system, and the estimated timeframes to complete each step or phase of CCR surface 

impoundment closure.  

All KAP closure activities are expected to be completed prior to October 2028. A milestone closure 

completion schedule has been prepared and is provided in Table 2-1. Key sequential phases and sub-tasks 

that will be completed as part of the closure will include: 

Phase 1 – While the KPP is operational: 

• Prepare the site for closure by establishing perimeter stormwater BMPs, as and if needed, at the 

construction limits of disturbance. 

• Construct a temporary operating pool, approximately 9.4 acres in size, in the southeastern corner 

of the KAP using sheet pile or other vertical hydraulic barrier system. Relocate the existing 

bottom ash sluice channel to convey CCR discharges from the existing ash sluice pipelines to the 

temporary operating pool. 

• Unwater the KAP by pumping ponded free liquid to the temporary operating pool.  

• Abandon existing geotechnical piezometers XPW-01 through XP2-004 that will not be utilized as 

post-closure instrumentation. Abandonment will be performed in accordance with Illinois 

monitoring well regulations.  

• Establish a temporary dewatering and water management system within the KAP consisting of 

trenches and sumps to support the passive (i.e., gravity) removal of free liquids from CCR for 
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stabilization and to collect contact stormwater during closure and maintain the KAP in an 

unwatered state.  

• Remove all CCR from the northern portion of the KAP and consolidate it with CCR in the 

southern portion of KAP.  

• Begin constructing a final cover system extending over the consolidated CCR footprint. 

Phase 2 – After the KPP ceases operations on July 1, 2027: 

• Continue maintaining BMPs, the temporary operating pool and the temporary dewatering and 

water management system. The KPP will be retired prior to the start of Phase 2 closure activities; 

consequently, bottom ash discharges to the KAP and bottom ash sluice recirculation from the 

KAP will not occur during Phase 2. 

• Abandon existing outflow structures and culverts connecting the KAP to Sangchris Lake and the 

Bottom Ash Sluice Recycle System. 

• Complete removal of all CCR from the northern portion of the KAP and consolidation of CCR in 

the southern portion of KAP.  

• Open a section of the berm along the northern boundary of the KAP and construct a riprap-lined 

stormwater conveyance channel to allow non-contact stormwater to flow by gravity into 

Sangchris Lake.  

• Place and grade clean, imported general fill within the northern portion of the KAP Pond to 

promote positive stormwater drainage to the conveyance channel and into Sangchris Lake.  

• Complete construction of a final cover system extending over the entire consolidated CCR 

footprint.  

• Remove free liquids from the temporary operating pool by discharging the contents through an 

NPDES-permitted outfall following treatment, as required.  

• Construct a post-closure non-contact stormwater management system consisting of cross-slope 

swales, riprap-lined letdown channels and perimeter ditches to convey stormwater from the KAP 

final cover system to the northern portion of the KAP and Sangchris Lake.   



CCR Surface Impoundment Final Closure Plan Rev. A Final Closure Plan 

Kincaid Generation, L.L.C. 2-11 Burns & McDonnell 

• In the southeast corner of the KAP, install five culvert pipes to convey non-contact stormwater 

from perimeter ditches to the Sangchris Lake channel that runs parallel to the southern boundary 

of the KAP. 

• Restore the site, after vegetation is established and the site is stabilized, by removing stormwater 

BMPs and temporary stabilization measures that are no longer needed. 

Table 2-1: Closure Completion Milestone Schedule 

Milestone 

Timeframe 

(Preliminary Estimates) 

Final Closure Plan Submittal  

Agency Coordination, Approvals, and Permitting 

• Obtain state permits, as needed, for free 

liquids removal, water discharge, land 

disturbance, and dam modifications. 

8 to 12 months after final Closure Plan 

Approval 

Final Design and Bid Process 

• Complete final design of the closure and 

select a construction contractor. 

6 to 8 months after Agency 

Coordination, Approvals, and Permitting 

Remove Free Liquids and Stabilize CCR, Install 

Final Cover System 

• Complete contractor mobilization, 

installation of stormwater BMPs, and 

unwatering of the KAP 

• Consolidate CCR material in the southeast 

footprint and grade to design contours 

• Abandon outfall structures, stabilize the 

KAP, and complete grading.  

• Install the final cover system and stormwater 

management features 

20 to 26 months after necessary permits 

are issued 

Site Restoration 

• Seed and stabilize the KAP.  

• Complete Contractor demobilization.  

3 to 5 months 

Timeframe to Complete Closure 39 to 54 months (prior to October 2028) 

 

During the closure process, off-site CCR beneficial use opportunities will continue to be assessed. CCR 

consolidation and closure in place in combination with offsite beneficial use may result in a smaller onsite 

CCR footprint, for the purposes of final cover system design, and a reduced construction schedule. 



CCR Surface Impoundment Final Closure Plan Rev. A Final Closure Plan 

Kincaid Generation, L.L.C. 2-12 Burns & McDonnell 

Section 845.720(a)(1)(F) (Continued): When preparing the preliminary written closure plan, if the owner 

or operator of a CCR surface impoundment estimates that the time required to complete closure will 

exceed the timeframes specified in Section 845.760(a), the preliminary written closure plan must include 

the site-specific information, factors and considerations that would support any time extension sought 

under Section 845.760(b). 

The time required to complete closure construction is not currently expected to exceed the timeframe 

specified in Section 845.760(a). Therefore, closure extensions for the KAP are not being sought at this 

time.  
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3.0 AMENDMENTS OF FINAL CLOSURE PLAN 

Section 845.720(b)(4): If a final written closure plan revision is necessary after closure activities have 

started for a CCR surface impoundment, the owner or operator must submit a request to modify the 

construction permit within 60 days following the triggering event. 

If revisions are required for this Final Closure Plan, the owner will submit a request to modify the 

construction permit within 60 days following the triggering event. 

Table 3-1: CCR Final Closure Plan Revisions 

Revision Number and 
Date Pages or Section 

Description of 
Revision 

Professional Engineer 
Certifying Plan 
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4.0 CLOSURE WITH FINAL COVER SYSTEM 

This section includes a description of the final closure with a final cover system that will be completed for 

the KAP surface impoundment, including principal design and construction features, material 

specifications, and a discussion of how each feature satisfies the requirements of Section 845.750. 

Drawings showing each design feature and material specifications are provided in Appendix C.  

4.1 Minimization of Post-Closure Infiltration and Releases 

Section 845.750(a)(1): The owner or operator of a CCR surface impoundment must ensure that, at a 

minimum, the CCR surface impoundment is closed in a manner that will: Control, minimize or eliminate, 

to the maximum extent feasible, post-closure infiltration of liquids into the waste and releases of CCR, 

leachate, or contaminated run-off to the ground or surface waters or to the atmosphere. 

The proposed CIP design will control, minimize, or eliminate, as much as feasible, “post-closure 

infiltration of liquids” and releases of CCR, leachate, or contaminated runoff as interpreted by Illinois 

EPA in the Part 845 rulemaking. 

Closure will, to the maximum extent feasible, minimize the post-closure infiltration of liquids into the 

retained CCR through the installation of a final cover system with the following design features and 

specifications: 

• A 40-mil LLDPE geomembrane low-permeability layer will be placed on the prepared subgrade 

to minimize vertical infiltration into the surface impoundment. The geomembrane will be 

constructed on a subgrade that is free of sharp rocks or other debris and will be protected from 

damage by installing a geotextile cushion layer and a total of two feet of cover soil and topsoil 

over the top of the geomembrane. 

• Surface stormwater will be routed off the top of the final cover by the construction of a free-

draining, post-closure stormwater management system including swales, letdown channels and 

perimeter ditches. The stormwater management system will drain by gravity and preclude water 

impoundment on top of the final cover system, thereby minimizing post-closure infiltration into 

the CCR.  

The need for a geocomposite drainage layer within the final cover system was evaluated for stability and 

infiltration. The geotechnical analyses documented in Appendix F demonstrate that a geocomposite 

drainage layer is not required for cover system stability purposes. The infiltration modeling results 
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presented in Attachment B of the Part 845 Construction Permit Application demonstrate that a 

geocomposite drainage layer is not required for final cover system transmissivity purposes. 

Releases of CCR leachate and/or contaminated run-off into the groundwater, surface waters, and/or 

atmosphere will be minimized, to the maximum extent feasible, as: 

• The KAP is an unlined CCR surface impoundment; however, the impoundment is underlain by 

lean clay overlying hard, glacial till (lean sandy clay). Closure of the KAP will include 

constructing a final cover system that ties into existing, low permeability subsoils; existing, low 

permeability perimeter berm soils; or low permeability fill soils; thereby encapsulating CCR 

within the KAP on the top, bottom, and sides. This will minimize and control lateral migration of 

water into the unit and minimize any releases of CCR leachate into ground or surface waters, in 

addition to minimizing any lateral migration of CCR leachate out of the KAP.   

o The final cover system will tie into surrounding low permeability soils, by constructing a 

final cover anchor trench beyond the horizontal limits of the consolidated CCR. The final 

cover will therefore provide continuous encapsulation between the CCR and surrounding 

environment on the top, bottom, and sides of the CCR.  

o This continuous barrier will result in the CCR being physically isolated from the 

surrounding environment on all sides, including the groundwater, surface water, and 

atmosphere and therefore minimize the releases of CCR, leachate, or contaminated run-

off into the ground, surface waters, and atmosphere.   

• CCR leachate (e.g., pore water within the CCR) volumes will be minimized via the installation of 

the final cover system including a low-permeability geomembrane layer. The final cover system 

will minimize infiltration and therefore the amount of leachate within the CCR. As shown in the 

groundwater modeling results presented in Attachment B of the Part 845 Construction Permit 

Application, the CIP closure design will result in a 99% reduction in infiltration into the KAP, as 

compared to pre-closure conditions. The Groundwater Modeling Report also shows that the 

closure design will result in a 99% reduction in hydraulic flux out of the KAP, as compared to 

pre-closure conditions. Due to the reduction in the hydraulic flux out of the KAP, the mass flux of 

CCR constituents out of the KAP will also be controlled or minimized as much as feasible as a 

result of closure design. 
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• Releases of CCR leachate via the existing bottom ash sluice recycle intake structure and the 

emergency overflow structure will be prevented by removing the structures and sealing the 

associated pipes connecting the KAP to adjacent areas. Sealing will include cleaning the RCP and 

CMP pipes, and filling the pipes with cement-bentonite grout, thereby removing potential flow 

paths that could otherwise allow leachate to be released. 

• Based on hydrogeological studies previously conducted by Ramboll, CCR consolidated within 

the KAP will be located above the uppermost aquifer (Ramboll, 2021).  

• The groundwater modeling results presented in Attachment B of the Part 845 Construction Permit 

Application demonstrate that closure of the KAP by consolidation and construction of a final 

cover system will limit surface water infiltration and the potential release of CCR leachate, 

resulting in reductions of groundwater CCR constituent concentrations. 

4.2 Preclusion of Future Impoundment 

Section 845.750(a)(2): Preclude the probability of future impoundment of water, sediment, or slurry. 

A final cover system will be installed over the area of consolidated CCR within the KAP. The final cover 

system will be sloped to positively drain away from the area of consolidated CCR, to the exterior of the 

KAP, and preclude future impoundment of water, sediment, or slurry. This will include final CCR 

grading and cover system construction at grades of approximately 3% over the majority of the area of 

consolidated CCR, with a 7% slope along the southern extent and 25% (4H:1V) grades around the 

perimeter, to intersect existing grades or final grades where CCR has been removed. Stormwater will be 

conveyed off the final cover system by stormwater swales that will flow by gravity into perimeter 

stormwater conveyance ditches via riprap-lined letdown channels. Riprap-lined letdown channels will 

also convey stormwater off the cover and into the northern portion of the KAP where CCR will be 

removed. In the southeast corner of the KAP, culvert pipes will be installed to convey stormwater from 

perimeter ditches to the Sangchris Lake channel that runs parallel to the southern boundary of the KAP. 

Hydrologic and hydraulic calculations used to design the stormwater channels and other control features 

to preclude impoundment are provided in Appendix G.  

4.3 Provisions for Preventing Instability, Sloughing and Movement 

Section 845.750(a)(3): Include measures that provide for major slope stability to prevent the sloughing or 

movement of the final cover system during the closure and post-closure care period. 
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The perimeter berms of the KAP are constructed of compacted fill materials and are founded on clay 

overlying glacial till. A new berm will be constructed along the north and northwest perimeter of the area 

of consolidated CCR within the KAP. To alleviate stability concerns for the new dike construction, any 

saturated soils underlying the proposed location of the new dike will be over excavated and replaced with 

compacted, low permeability soils. Evaluations were performed to estimate the general stability of four 

perimeter berm sections that will be constructed or modified during closure construction. Long-term 

steady-state, end of construction and seismic stability evaluations were performed. The resulting factors 

of safety exceed typical regulatory minimum values for static and seismic loading conditions. Slope 

stability analyses are provided in Appendix F.  

Sloughing and movement of the final cover system will be minimized by constructing the final cover 

system at relatively flat slopes, including 3% over most of the final cover, 7% along the southern extent, 

and 25% (4H:1V) around the perimeter, to intersect existing or final grades where CCR has been 

removed. The potential for sloughing and movement of the final cover system has been evaluated by 

performing a cover system stability check for the various interfaces within the final cover system.  The 

resulting factors of safety exceed typical minimum values for static and seismic loading conditions. 

Veneer stability analyses are provided in Appendix F. 

Existing information was reviewed to assess the potential for mine subsidence to impact stability of the 

KAP under post-closure conditions. Based on the review, potential movement associated with mine 

subsidence is not expected to affect the stability of the KAP under post-closure conditions. The results of 

the mine subsidence review are summarized in Appendix F. 

4.4 Minimize the Need for Further Maintenance 

Section 845.750(a)(4): Minimize the need for further maintenance of the CCR surface impoundment. 

Future maintenance needs will be minimized using the following design features: 

• The final cover system will be installed at 3% slopes over most of the consolidated CCR area, 

with a 7% slope along the southern extent of the KAP, and 25% slopes (4H:1V) around the 

perimeter of the consolidated CCR area, to intersect existing grades or final grades where CCR 

has been removed. 

o The relatively flat 3% slopes will minimize erosion of the final cover soils and thereby 

minimize maintenance needs by reducing stormwater flow velocities relative to steeper 

slopes.  
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o The relatively flat 3% slopes will also support routine mowing of vegetation of the final 

cover system by allowing tractor-based mowing equipment to operate on these slopes.  

• The final cover, outside of stormwater conveyances, will be stabilized by placing topsoil, 

fertilizing the topsoil, establishing vegetation using suitable grass species.  

o The vegetation will minimize erosion of the final cover system by stabilizing the topsoil. 

The use of fertilizer and selection of a suitable grass species will minimize maintenance 

required to repair areas of poor vegetation establishment.  

• Stormwater swales and perimeter ditches will be stabilized with erosion control blankets and 

straw wattles. Stormwater letdown channels and conveyance channels leading to Sangchris Lake 

will be armored with riprap erosion protection. Erosion control blankets and riprap will minimize 

post-closure erosion and associated maintenance for stormwater channels. 

o Calculations used to design the stormwater channel stabilization and riprap armoring 

were based on the 100-year, 24-hour, and 25-year, 24-hour storms. These calculations are 

provided in Appendix G. 

4.5 Be Completed in Shortest Amount of Time 

Section 845.750(a)(5): Be completed in the shortest amount of time consistent with recognized and 

generally accepted engineering practices. 

Closure construction is expected to be completed within an amount of time that is consistent with 

recognized and generally accepted timeframes required to permit, design, bid, and construct a CCR 

impoundment final closure system, with a consideration of other permits form multiple agencies that are 

also required for the project. An estimated closure construction schedule is provided in Section 2.6. It 

should be noted that this schedule may change based on contractor, equipment, and material availability 

and actual weather conditions at the time at which closure occurs.  

4.6 Drainage and Stabilization 

Section 845.750(b)(1): Free liquids must be eliminated by removing liquid wastes or solidifying the 

remaining wastes and waste residues. 

Section 845.750(b)(2): Remaining wastes must be stabilized sufficiently to support the final cover system. 
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Prior to installing the final cover system, free liquids will be removed from the CCR within the KAP 

during both phases of closure. Engineering measures necessary to remove liquid waste that is readily 

separable under ambient temperature and pressure are being evaluated. The removal of free liquids will 

result in the stabilization of the remaining CCR and will therefore allow the final cover to be placed on a 

stable subgrade.  

4.7 Final Cover System 

Section 845.750(c): If a CCR surface impoundment is closed by leaving CCR in place, the owner or 

operator must install a final cover system that is designed to minimize infiltration and erosion, and, at a 

minimum, meets the requirements of this subsection (c) unless the owner or operator demonstrates that 

another construction technique or material provides equivalent or superior performance to the 

requirements of this subsection (c) and is approved by the Agency.  The final cover system must consist of 

a low permeability layer and a final protective layer.  The design of the final cover system must be 

included in the preliminary and final written closure plans required by Section 845.720 and the 

construction permit application for closure submitted to the Agency. 

A final cover system has been designed consistent with the requirements of Section 845.720(c). The final 

cover will use a geomembrane as a low-permeability barrier with protective and vegetative soil covers 

overlying the geomembrane. The design of the final cover system is discussed in the proceeding sections. 

During the closure process, off-site CCR beneficial use opportunities will continue to be assessed. CCR 

consolidation and closure in place in combination with offsite beneficial use may result in a smaller onsite 

CCR footprint, for the purposes of final cover system design, and a reduced construction schedule. 

4.7.1 Low Permeability Layer – Geomembrane 

Section 845.750(c)(1)(B): A geomembrane constructed in accordance with the following standards: i) 

The geosynthetic membrane must have a minimum thickness of 40 mil (0.04 inches) and, in terms of 

hydraulic flux, must be equivalent or superior to a three-foot layer of soil with a hydraulic conductivity of 

1 x 10‑7 cm/sec; ii) The geomembrane must have strength to withstand the normal stresses imposed by 

the waste stabilization process; and (iii) The geomembrane must be placed over a prepared base free 

from sharp objects and other materials that may cause damage. 

The final cover system will include a 40-mil LLDPE geomembrane. Ramboll completed a Hydrologic 

Evaluation of Landfill Performance (HELP) (Tolaymat, T. & Krause, M., 2020) model of the final cover 

system that estimated a total infiltration rate of 0.0041 inches of water per year (in/yr).   
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The geomembrane will be installed on a prepared subgrade, after the underlying CCR has been stabilized. 

Therefore, additional normal stresses will not be imparted on the geomembrane due to the waste 

stabilization process. The subgrade (e.g., base) for the geomembrane will be visually inspected and sharp 

objects such as rocks or debris that may damage the geomembrane will be removed, prior to deployment 

of the geomembrane.  

4.7.2 Final Protective Layer 

Section 845.750(c)(2): The final protective layer must meet the following requirements, unless the owner 

or operator demonstrates that another final protective layer construction technique or material provides 

equivalent or superior performance to the requirements of this subsection (c)(2) and is approved by the 

Agency. 

A) Cover the entire low permeability layer;  

B) Be at least three feet thick, be sufficient to protect the low permeability layer from freezing, and 

minimize root penetration of the low permeability layer;  

C) Consist of soil material capable of supporting vegetation;  

D) Be placed as soon as possible after placement of the low permeability layer; and  

E) Be covered with vegetation to minimize wind and water erosion. 

A final protective layer will be placed over and extend slightly beyond the entire geomembrane low-

permeability layer in plan. Based on the demonstration included in Appendix E, pursuant to Section 

845.750(c)(2), the protective layer will include, from bottom to top, a nonwoven geotextile, a 1.5-ft thick 

cover soil layer, and a 0.5-ft thick topsoil layer, for a total thickness of 2 ft.  

The nonwoven geotextile and 1.5-ft thick cover soil layer will protect the geomembrane from root 

penetration. Geomembranes are not susceptible to freeze damage. The geotextile and cover soil will be 

placed as soon as practical after the geomembrane has been deployed and both quality assurance and 

quality control testing has been performed on the geomembrane seams. The 0.5-ft thick topsoil layer will 

be fertilized, as necessary, to vegetate the final protective layer.  
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4.8 Certification
Section 845.750(c)(4): The owner or operator of the CCR surface impoundment must obtain and submit 

with its construction permit application for closure a written certification from a qualified professional 

engineer that the design of the final cover system meets the requirements of this Section.

The undersigned qualified professional engineer registered in Illinois certifies that the design of the final 

cover system meets the requirements of Section 845.750.

John R. Hesemann
Printed Name

7/a 6 /So3 2.
ignature Date

062.058523_________ EL____________11/30/2023

Registration Number State Expiration Date

4.9 Uses of CCR in Closure
Section 845.750(d): This subsection specifies the allowable uses of CCR in the closure of CCR surface 

impoundments closing under Section 845.700. Notwithstanding the prohibition on further placement in 

Section 845.700, CCR may be placed in these surface impoundments, but only for purposes of grading 

and contouring in the design and construction of the final cover system, if: 1) The CCR placed was 

generated at the facility and is located at the facility at the time closure was initiated; 2) CCR is placed 

entirely above the elevation of CCR in the surface impoundment, following dewatering and stabilization 

(see subsection (b)j; 3) The CCR is placed entirely within the perimeter berms of the CCR surface 

impoundment; and 4) The final cover system is constructed with either: A) A slope not steeper than 5% 

grade after allowance for settlement; or B) At a steeper grade, if the Agency determines that the steeper 

slope is necessary, based on conditions at the site, to facilitate run-off and minimize erosion, and that side 

slopes are evaluated for erosion potential based on a stability analysis to evaluate possible erosion 

potential. The stability analysis, at a minimum, must evaluate the site geology; characterize soil shear

Kincaid Generation, L.L.C. 4-8 Burns & McDonnell
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strength; construct a slope stability model; establish groundwater and seepage conditions, if any; select 

loading conditions; locate critical failure surface; and iterate until minimum factor of safety is achieved. 

CCR currently residing in the northern portion of the KAP will be relocated to southern portion of the 

KAP where it will be placed above the elevation of existing CCR in the surface impoundment, following 

the removal of free liquids and stabilization. This CCR was generated onsite and will be located at the 

facility at the time closure is initiated. The CCR will be placed entirely within the perimeter berms of the 

KAP.  

As shown in the drawing package provided in Appendix C, final cover slopes will typically consist of 

3% over the majority of the KAP, with a 7% slope along the southern extent and 25% (4H:1V) grades 

around the perimeter, to intersect existing grades or final grades where CCR has been removed. The 25% 

slopes will be required to connect stormwater swales to perimeter ditches via letdown channels. The 

perimeter ditches will route stormwater to the north, where it will be conveyed through the northern 

portion of the KAP, where CCR has been removed, to Sangchris Lake via a stormwater conveyance 

channel, or to the southeast corner of the KAP, where it will be conveyed to the Sangchris Lake channel 

that runs parallel to the southern boundary of the KAP. The flowlines of stormwater perimeter ditches 

within the limits of final cover will be sloped at 1%. 

The stability of the 7% and 25% final cover slopes has been evaluated both for the final cover system 

itself (e.g., veneer stability) and the global stability of the slope. These calculations included 

characterizing soil shear strength based on site geology, constructing slope stability models, establishing 

groundwater seepage conditions, selecting loading conditions, locating the critical failure surface, and 

iterating until minimum factors of safety were calculated. These calculations are provided in Attachment 

F. Resulting factors of safety exceed typical minimum factors of safety for both global and veneer 

stability.  

4.10 Proposed PV Solar Panel Array 

Upon completion of the closure construction, a new PV solar power facility will be installed on top of the 

closed ash pond with a rated power of approximately 29 megawatts MWac and an installed power of 

approximately 34 megawatts MWdc. Interconnection of the solar facility will occur at the existing KPP 

substation. 

The solar facility layout is proposed to include a 2-volt, fixed tilt ballasted system using FirstSolar Series 

6 CuRe PV modules rated at 480 watts and 25 Sungrow 1,100-kilovolt-ampere (kVA) inverters. The 

layout includes PV modules, inverters and MV transformers, access roads, and entrances. Alternate PV 
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module and inverter models may be installed, as approved by Engineer, to incorporate the most efficient 

technology available at the time of installation. The layout includes various 16-footwide access roads to 

connect for access to the solar facility entrances. Transmission line easements intersecting the KAP will 

be clear of the PV panels. The facility layout is shown on Drawing CG009 included in Appendix C. 

The PV racking system and electrical equipment will be placed on concrete foundations placed directly 

on the protective soil layer. A thin layer of select aggregate may be placed beneath some of the concrete 

foundations for leveling purposes. The racks and equipment will be placed to avoid interference with 

existing monitoring devices or the stormwater management system. The final design of the solar PV 

facility may be revised based on site conditions and the available equipment technology at the time of 

installation. 

The ballast blocks will be designed to minimize the additional load on the protective soil layer so it will 

not adversely impact the final cover system. The stormwater drainage system will not be significantly 

altered by the proposed solar PV facility. All PV electric components will be installed above grade or 

within the protective soil layer; the geomembrane will not be penetrated. If changes to the proposed 

closure design are required, a revised closure plan will be submitted to the IEPA for approval. 
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5.0 ADDITIONAL INFORMATION 

The vertical infiltration of liquids and releases of CCR, and leachate, and contaminated run-off into and 

out of the KAP will be controlled, minimized or eliminated, to the maximum extent feasible, under post-

closure conditions.   

• Closure of the KAP will include constructing a final cover system that ties into existing, low 

permeability subsoils; existing, low permeability perimeter berm soils; or low permeability fill 

soils; thereby encapsulating CCR within the KAP on the top, bottom, and sides, as discussed in 

Section 4.0.   

• Based on information presented by Ramboll (Ramboll, 2021), CCR within the KAP is expected 

to be perennially above the uppermost aquifer level following closure. Additionally, there will not 

be an intermittent, recurring, or sustained hydraulic connection between any portion of the CCR 

unit and the uppermost aquifer due to normal fluctuations in groundwater elevations, including 

the seasonal high-water table.   

Based on available data, the top of the uppermost aquifer occurs at an elevation ranging from 580 - 583 ft 

above mean sea level (amsl). A review of existing boring and CPT logs, in addition to the historic 

topographic contours, indicates the base of CCR is between approximately 592 and 596 ft amsl within the 

CIP footprint, resulting in a range of separation distance between the top of the uppermost aquifer and the 

base of CCR of 9 to 16 ft. Following closure, the lowest elevation of CCR within the CIP footprint will be 

approximately 595 ft amsl, as shown in Sheet CG007 in Attachment D. The resulting separation distance 

between the top of the uppermost aquifer and the base of CCR will be approximately 12 to 16 ft.  
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6.0 CERTIFICATION FROM A QUALIFIED PROFESSIONAL ENGINEER

Section 845.720(b)(5): The owner or operator of the CCR surface impoundment must obtain and submit 

with its construction permit application for closure a written certification from a qualified professional 

engineer that the final written closure plan meets the requirements of this Part.

I, John R. Hesemann, being a Registered Professional Engineer in good standing in the State of Illinois, 

do hereby certify, to the best of my knowledge, information, and belief, that the information contained in 

this construction permit application has been prepared in accordance with the accepted practice of 

engineering and the requirements of Title 35, Subtitle G, Chapter I, Subchapter j, Section 845.720 of the 

Illinois Administrative Code.

Kincaid Generation, L.L.C. 6-1 Burns & McDonnell
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Summary of Findings 

Title 35, Part 845 of the Illinois Administrative Code (IAC; IEPA, 2021a) requires the development of a 
Closure Alternatives Analysis (CAA) prior to undertaking closure activities at certain surface 
impoundments containing coal combustion residuals (CCRs) in the State of Illinois.  Pursuant to 
requirements under IAC Section 845.710, this report presents a CAA for the Ash Pond located on Kincaid 
Generation, LLC's Kincaid Power Plant property near the Village of Kincaid, Illinois.  The goal of a CAA 
is to holistically evaluate potential closure scenarios with respect to a wide range of factors, including the 
efficiency, reliability, and ease of implementation of the closure scenario; its potential positive and 
negative short- and long-term impacts on human health and the environment; and its ability to address 
concerns raised by residents (IAC Part 845; IEPA, 2021a).  Gradient evaluated two specific closure 
scenarios for the Ash Pond:  Closure-in-Place (CIP) with CCR excavation and consolidation, as well as 
Closure-by-Removal with Off-Site CCR Disposal (CBR-Offsite).  The CIP scenario entails excavating 
CCR from the northern portion of the Ash Pond, consolidating it into the southern portion, and then 
capping the CCR with a new cover system consisting of, from bottom to top, a geomembrane layer, a 
geotextile drainage layer, and 24 inches of low-permeability soil with a vegetated surface.  The CBR-
Offsite scenario entails excavating all of the CCR from the Ash Pond and transporting it to an off-Site 
landfill for disposal.  Even though capping the entire Ash Pond (without any excavation or consolidation) 
would be an acceptable closure approach based on IAC Section 845.710 (IEPA, 2021a), it was not 
evaluated in this CAA.  Kincaid Generation, LLC will also continue to evaluate potential opportunities 
for beneficial re-use of the CCR excavated from the Ash Pond as an alternative to disposal. 
 
IAC Section 845.710(c)(2) requires CAAs to "[i]dentify whether the facility has an onsite landfill with 
remaining capacity that can legally accept CCR, and, if not, whether constructing an onsite landfill is 
possible" (IEPA, 2021a).  There is no existing on-Site landfill on the Kincaid Power Plant property.  Due 
to the planned redevelopment of the Site as a utility-scale solar generation and battery energy storage 
facility, there is not sufficient space available to construct an on-Site landfill. 
 
Table S.1 summarizes the expected impacts of the CIP and CBR-Offsite closure scenarios with regard to 
each of the factors specified under IAC Section 845.710 (IEPA, 2021a).  Based on this evaluation and the 
additional details provided in Section 2 of this report, CIP has been identified as the most appropriate 
closure scenario for the Ash Pond.  Key benefits of the CIP scenario relative to the CBR-Offsite scenario 
include the more rapid redevelopment of the Site for installation of solar panels on the capped 
impoundment and reduced impacts to workers, community members, and the environment during 
construction (e.g., fewer constructed-related accidents, lower energy demands, less air pollution and 
greenhouse gas [GHG] emissions, and reduced duration of traffic-related impacts).  Moreover, the CIP 
scenario will meet the required closure schedule (i.e., closure completed by October 2028) defined in IAC 
Section 845.700(d)(2)(C)(ii) (IEPA, 2021a), whereas the CBR-Offsite scenario will be unable to meet this 
required schedule.  
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Table S.1  Comparison of Proposed Closure Scenarios 
Evaluation Factor 
(Report Section; IAC Part 845 Section) 

Closure Scenario 
CIP CBR-Offsite 

Closure Alternative Descriptions 
(Section 2.1; IAC Section 845.710(c)) 

The CCR in the Ash Pond would be excavated from the northern portion of the Ash Pond, consolidated 
into the southern portion, and then capped in place with a new cover system consisting of, from bottom 
to top, a geomembrane layer, a geotextile drainage layer, and 24 inches of low-permeability soil with a 
vegetated surface.  During the closure process, we will continue to assess off-Site CCR beneficial use 
opportunities.  Ash consolidation and closure in place, in combination with offsite beneficial use, may 
result in a smaller footprint for purposes of our ultimate cap design, along with a reduced construction 
schedule. 

All CCR would be excavated from the Ash Pond and transported via truck to an off-Site landfill for disposal.  
Expansion of the off-Site landfill may be necessary in order to accept all of the CCR from the Ash Pond.  
Due to the planned redevelopment of the Site as a utility-scale solar energy generation and battery energy 
storage facility, there is not sufficient space available to construct an on-site landfill.  This scenario meets 
the requirements of IAC Section 845.710(c)(2) (IEPA, 2021a), which requires an assessment be included in 
the CAA of whether the Site has an on-Site landfill with available capacity or whether an on-Site landfill 
can be constructed. 

Type and Degree of Long-Term 
Management, Including Monitoring, 
Operation, and Maintenance 
(Section 2.2.3; IAC Section 845.710(b)(1)(C)) 

Monitoring would be performed for 30 years post-closure or until GWPSs are achieved, whichever is 
longer.  Additionally, the final cover system for the Ash Pond would undergo 30 years of annual 
inspections, mowing, and maintenance. 

Monitoring would be performed for 3 years post-closure or until GWPSs are achieved, whichever is longer. 

Magnitude of Reduction of Existing Risks 
(Section 2.2.1; IAC Sections 845.710(b)(1)(A) 
and 845.710(b)(1)(F)) 

There are no current unacceptable risks to any human or ecological receptors associated with the Ash 
Pond.  Because there are no current risks, and dissolved constituent concentrations would be expected to 
decline post-closure, no risks to human or ecological receptors would be expected post-closure. 

There are no current unacceptable risks to any human or ecological receptors associated with the Ash 
Pond.  Because there are no current risks, and dissolved constituent concentrations would be expected to 
decline post-closure, no risks to human or ecological receptors would be expected post-closure. 

Likelihood of Future Releases of CCR 
(Section 2.2.2; IAC Sections 845.710(b)(1)(B) 
and 845.710(b)(1)(F)) 

During closure, there would be minimal risk of dike failure occurring at the Ash Pond (due to, for 
example, flooding or seismic activity) and minimal risk of dike overtopping during flood conditions.  Post-
closure, the risks of overtopping and dike failure would be even smaller than they are currently, due to 
the installation of a protective soil cover and new stormwater control structures.  Dikes, final cover, and 
stormwater control features have been designed to withstand earthquakes and storm events. 

During closure, there would be minimal risk of dike failure occurring at the Ash Pond (due to, e.g., flooding 
or seismic activity) and minimal risk of dike overtopping during flood conditions.  Following excavation, 
there would be no risk of CCR releases due to dike failure. 
 
Changing geochemical conditions during an extended excavation can be a mechanism that results in the 
mobilization and increased transport in groundwater for some constituents. 

Worker Risks (Section 2.2.4.1; 
IAC Sections 845.710(b)(1)(D) and 
845.710(b)(1)(F)) 

An estimated 0.016 worker fatalities and 2.5 worker injuries would be expected to occur due to on-Site 
activities under this closure scenario.  An additional 0.014 worker fatalities and 1.01 worker injuries 
would be expected to occur off-Site due to vehicle accidents during hauling, labor and equipment 
mobilization and demobilization, and material deliveries.  In total, 0.030 worker fatalities and 3.5 worker 
injuries would be expected to occur under this closure scenario.  Overall, risks to workers would likely be 
higher under the CBR-Offsite scenario and lower under the CIP scenario. 

An estimated 0.018 worker fatalities and 2.8 worker injuries would be expected to occur due to on-Site 
activities under this closure scenario.  An additional 0.027 worker fatalities and 1.9 worker injuries would 
be expected to occur off-Site due to vehicle accidents during hauling, labor and equipment mobilization 
and demobilization, and material deliveries.  In total, 0.046 worker fatalities and 4.7 worker injuries would 
be expected to occur under this closure scenario.  Overall, risks to workers would likely be higher under 
the CBR-Offsite scenario and lower under the CIP scenario. 

Community Risks (Section 2.2.4.2; 
IAC Sections 845.710(b)(1)(D) and 
845.710(b)(1)(F)) 

  

 Off-Site Impacts on Nearby Residents 
and EJ Communities 

Off-Site impacts on nearby residents (including accidents, traffic, noise, and air pollution) would be less 
under the CIP closure scenario than under the CBR-Offsite scenario, because the former would require 
less off-Site vehicle and equipment travel miles than the CBR-Offsite scenario.  In total, an estimated 
0.012 fatalities and 0.58 injuries would be expected to occur among community members due to off-Site 
activities under this scenario.  With regard to traffic impacts, a haul truck would be likely to pass a 
location near the Site every 4.6 minutes on average during working hours for approximately 500 working 
days under this closure scenario. 

Off-Site impacts on nearby residents would be greater under the CBR-Offsite scenario than under the CIP 
closure scenario, because the former would require significantly more off-Site vehicle and equipment 
travel miles.  In total, an estimated 0.047 fatalities and 1.7 injuries would be expected to occur among 
community members due to off-Site activities under this scenario.  With regard to traffic impacts, a haul 
truck would be likely to pass a location near the Site every 1.7 minutes on average during working hours 
for approximately 2,140 working days under this closure scenario. 

 Impacts on Scenic, Historical, and 
Recreational Value 

Due to, for example, noise and visual disturbances, construction activities may have short-term negative 
impacts on the recreational use of Sangchris Lake and the greater Sangchris Lake State Recreation Area.  
Because the expected duration of construction activities is shorter under this closure scenario (2.1-2.8 
years) compared to the CBR-Offsite scenario (8.9-11.5 years), short-term impacts on the scenic and 
recreational value of natural areas near the Site would likely be lesser under the CIP scenario than CBR-
Offsite scenario. 
 
There are no historical sites in the vicinity of the Ash Pond or the proposed on-Site landfill location.  Thus, 
no impacts on historical sites would be expected under any closure scenario. 

Due to, for example, noise and visual disturbances, construction activities may have short-term negative 
impacts on the recreational use of Sangchris Lake and the greater Sangchris Lake State Recreation Area.  
Because the expected duration of construction activities is longer under the CBR-Offsite scenario (8.9-
11.5 years) than under the CIP scenario (2.1-2.8 years), short-term impacts on the scenic and recreational 
value of natural areas near the Site would be greater under the CBR-Offsite scenario than under the CIP 
scenario 
 
There are no historical sites in the vicinity of the Ash Pond or the proposed on-Site landfill location.  Thus, 
no impacts on historical sites would be expected under any closure scenario. 

Environmental Risks (Section 2.2.4.3; 
IAC Sections 845.710(b)(1)(D) and 
845.710(b)(1)(F)) 
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Evaluation Factor 
(Report Section; IAC Part 845 Section) 

Closure Scenario 
CIP CBR-Offsite 

 Impacts on Greenhouse Gas Emissions 
and Energy Consumption 

Total energy demands and GHG emissions would be lower under the CIP closure scenario than under the 
CBR-Offsite scenario, because the total equipment and vehicle mileage required under the former would 
be lower than those required under the CBR closure scenarios. 
 
The CIP scenario would have an additional, unquantified carbon footprint due to the need to 
manufacture geomembranes for use in the final cover system. 
 
At the grid scale, construction of a solar facility at the Site and installation of a solar facility on the capped 
impoundment would put energy back on the grid and reduce reliance on non-renewable energy sources.  
The CIP scenario would result in more rapid redevelopment of the solar facility on the capped 
impoundment – and, hence, the more rapid realization of grid-scale solar energy benefits – than the CBR-
Offsite scenario. 

Total energy demands and GHG emissions would be higher under the CBR-Offsite scenario than under the 
CIP closure scenario, because the total equipment and vehicle mileage required under the former would 
be higher than those required under the CIP closure scenario. 
 
If the expansion of the off-Site landfill became necessary in order to accept all of the CCR from the Ash 
Pond, then the CBR-Offsite scenario would have an additional, unquantified carbon footprint due to the 
need to manufacture geomembranes for use in the expanded landfill liner. 
 
At the grid scale, construction of a solar facility at the Site would put energy back on the grid and reduce 
reliance on non-renewable energy sources.   

 Impacts on Natural Resources and 
Habitat 

Construction activities may have short-term negative impacts on species located near the Ash Pond, the 
off-Site borrow soil location, the on-Site landfill, and the off-Site landfill.  Because the expected duration 
of construction activities is shorter under the CIP scenario (2.1-2.8 years) compared to the CBR-Offsite 
scenario (8.9-11.5 years), short-term impacts on natural resources and habitat would likely be lesser 
under the CIP than under the CBR-Offsite scenario. 

Construction activities may have short-term negative impacts on species located near the Ash Pond, the 
off-Site borrow soil location, the on-Site landfill, and the off-Site landfill.  Because the expected duration 
of construction activities is longer under the CBR-Offsite scenario (8.9-11.5 years) than it is under the CIP 
scenario (2.1-2.8 years), short-term impacts on natural resources and habitat would likely be greater 
under the CBR-Offsite scenario than under the CIP scenario. 

Time Until Groundwater Protection 
Standards Are Achieved (Section 2.2.5; 
IAC Sections 845.710(b)(1)(E) and 
845.710(d)(2 and 3)) 

Groundwater modeling was performed to evaluate future groundwater quality in the vicinity of the Ash 
Pond under each of the proposed closure alternatives (Ramboll, 2022).  The modeling demonstrated that 
groundwater concentrations will decline below the GWPS for all constituents within 17 years after 
closure for all closure scenarios (Ramboll, 2022). 

Groundwater modeling was performed to evaluate future groundwater quality in the vicinity of the Ash 
Pond under each of the proposed closure alternatives (Ramboll, 2022).  The modeling demonstrated that 
groundwater concentrations will decline below the GWPS for all constituents within 17 years after closure 
for all closure scenarios (Ramboll, 2022). 
 
Additionally, changing geochemical conditions during an extended excavation can be a mechanism that 
results in the mobilization and increased transport in groundwater for some constituents.  This may result 
in GWPS exceedance durations in excess of the model predictions. 

Long-Term Reliability of the Engineering and 
Institutional Controls (Section 2.2.7; 
IAC Section 845.710(b)(1)(G)) 

CIP would be expected to be a reliable closure alternative over the long term. CBR-Offsite would be expected to be a reliable closure alternative over the long term. 

Potential Need for Future Corrective Action 
(Section 2.2.8; IAC Section 845.710(b)(1)(H)) 

Corrective action is expected to be necessary at the Site.  An evaluation of potential corrective measures 
and corrective actions has not yet been completed, but will be conducted consistent with the 
requirements outlined in IAC Sections 845.660 and 845.670. 

Corrective action is expected to be necessary at the Site.  An evaluation of potential corrective measures 
and corrective actions has not yet been completed, but will be conducted consistent with the 
requirements outlined in IAC Sections 845.660 and 845.670. 

Effectiveness of the Alternative in 
Controlling Future Releases (Section 2.3; 
IAC Section 845.710(b)(2)(A and B)) 

There are no current or future risks to any human or ecological receptors associated with the Ash Pond.  
During closure, there would be minimal risk of dike failure occurring and minimal risk of dike overtopping 
during flood conditions.  Post-closure, the risks of overtopping and dike failure would be even lower than 
they are currently, due to the installation of a protective soil cover and new stormwater control 
structures.  Dikes, final cover, and stormwater control features have been designed to withstand 
earthquakes and storm events. 

There are no current or future risks to any human or ecological receptors associated with the Ash Pond.  
During closure, there would be minimal risk of dike failure occurring and minimal risk of dike overtopping 
during flood conditions.  Following excavation, there would be no risk of CCR releases due to dike failure. 

Ease or Difficulty of Implementing the 
Alternative (Section 2.4; 
IAC Section 845.710(b)(3)) 

  

 Degree of Difficulty Associated with 
Construction 

CIP is a reliable and standard method for managing and closing waste impoundments.  Dewatering 
saturated CCR to construct a stabilized final cover system subgrade may present challenges during 
closure; however, these challenges are common to most CCR surface impoundment closures and are 
commonly addressed via surface water management and dewatering techniques. 

Relative to the CIP scenario, the CBR-Offsite scenario poses additional implementation difficulties due to 
the larger earthwork volumes and larger dewatering volumes involved.  Hauling to an off-Site landfill 
would be required under the CBR scenario.  Because the CCR would be hauled on public roads, it would 
require haul trucks with a smaller capacity (16.5 cubic yards vs. 34 cubic yards) and would also need to be 
dewatered to a greater extent than would be necessary under the CIP scenario.  Off-Site landfilling would 
additionally require the development of a disposal plan and could raise issues related to the co-disposal of 
CCR and other non-hazardous wastes.  The off-Site landfill may also need to be expanded to receive all of 
the CCR generated during excavation.  Off-Site landfilling would additionally require the development of a 
disposal plan and could raise issues related to the co-disposal of CCR and other non-hazardous wastes.  
The off-Site landfill may also need to be expanded to receive all of the CCR generated during excavation. 
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Evaluation Factor 
(Report Section; IAC Part 845 Section) 

Closure Scenario 
CIP CBR-Offsite 

 Expected Operational Reliability Operational reliability would be expected under all closure scenarios. Operational reliability would be expected under all closure scenarios. 
 Need for Permits and Approvals Permits required under all of the closure scenarios would include a modification to the existing NPDES 

permit, a construction permit from the IDNR Dam Safety Program to allow the embankment and 
spillways of the Ash Pond to be modified as part of closure, a construction stormwater permit through 
IEPA, and a joint water pollution control construction and operating permit (WPC permit). 

Permits required under all of the closure scenarios would include a modification to the existing NPDES 
permit, a construction permit from the IDNR Dam Safety Program to allow the embankment and spillways 
of the Ash Pond to be modified as part of closure, a construction stormwater permit through IEPA, and a 
WPC permit.  Additional permits and approvals may be required under the CBR-Offsite scenario if the off-
Site landfill must be expanded to receive all of the CCR from the Ash Pond. 

 Availability of Equipment and Specialists CIP and CBR rely on common construction equipment and materials and typically do not require the use 
of specialists.  However, global supply chains have been disrupted due to the COVID-19 pandemic, 
resulting in shortages in the availability of construction equipment and parts.  There may be delays in 
construction under all of the closure scenarios if supply chain resilience does not improve by the time 
construction begins.  Due to the smaller earthwork volumes involved and a lesser need for construction 
equipment under the CIP scenario than under the CBR-Offsite, shortages may cause fewer challenges 
under the CIP scenario than under the CBR-Offsite scenario. 

CIP and CBR rely on common construction equipment and materials and typically do not require the use of 
specialists.  However, global supply chains have been disrupted due to the COVID-19 pandemic, resulting 
in shortages in the availability of construction equipment and parts.  There may be delays in construction 
under all of the closure scenarios if supply chain resilience does not improve by the time construction 
begins.  Due to the larger earthwork volumes involved and a greater need for construction equipment 
under the CBR-Offsite than under the CIP scenario, shortages may cause greater challenges under the 
CBR-Offsite scenario than under the CIP scenario.  The current shortage of truck drivers may be 
particularly impactful under the CBR-Offsite scenario, due to the large volumes of borrow soil and CCR to 
be hauled to and from the Site under this scenario. 

 Available Capacity and Location of 
Treatment, Storage, and Disposal 
Services 

Under the CIP scenario, all of the CCR currently within the Ash Pond would be stored within the existing 
footprint of the impoundment.  Treatment would consist of unwatering the Ash Pond at the start of 
construction, performing limited dewatering to stabilize the CCR subgrade, and managing stormwater 
inflow.  Water from unwatering and dewatering the Ash Pond would be discharged in accordance with 
the NPDES permit for the facility. 

The capacity remaining at the chosen off-Site landfill (the Five Oaks Landfill in Taylorville, Illinois) would be 
sufficient to receive all of the CCR in the Ash Pond.  However, due to the relatively short period over which 
CCR would be received at the landfill, vertical and/or lateral expansions of the landfill may become 
necessary.  Additionally, the landfill operators may need to develop a disposal plan to account for the 
increased volume of material that would be received and CCR waste's unique characteristics.  If expansion 
of the chosen off-Site landfill were found to be impractical or infeasible, then an alternative landfill 
located farther from the Site would need to be identified.  Two likely alternatives to the Five Oaks Landfill 
are the Sangamon Valley Landfill in Springfield, Illinois, and Litchfield-Hillsboro Landfill in Litchfield, Illinois.  
Due to insufficient capacity, both landfills would require expansion if selected.  Water from unwatering 
and dewatering the Ash Pond would be discharged in accordance with the NPDES permit for the facility. 

Impact of Alternative on Waters of the State 
(Section 2.5; IAC Section 845.710(d)(4)) 

No current or future exceedances of any screening benchmarks for surface water would be expected 
under any closure scenario. 

No current or future exceedances of any screening benchmarks for surface water would be expected 
under any closure scenario. 

Potential Modes of Transportation 
Associated with CBR (Section 2.1; 
IAC Section 845.710(c)(1) 

This factor is not relevant for the CIP scenario. IAC Section 845.710(c)(1) requires that CBR alternatives consider multiple methods for transporting CCR 
off-site, including rail, barge, and trucks.  Burns & McDonnell evaluated the feasibility of transporting CCR 
to the off-Site landfill via rail or barge and found that neither option is viable at this Site.  Truck transport 
has been identified as the preferred option for transporting CCR to the off-Site landfill under this closure 
scenario.  The local availability and use of natural gas-powered trucks, or other low-pollution trucks, will 
be evaluated prior to the start of construction. 

Concerns of Residents Associated with 
Alternatives (Section 2.6; 
IAC Section 845.710(b)(4)) 

Despite the preference for CBR that has been expressed by nonprofits in the region, CIP would effectively 
address residents' concerns regarding potential impacts to groundwater and surface water quality at the 
Site.  Relative to the two CBR scenarios, the CIP scenario also presents less risks to nearby residents in the 
form of accidents, traffic, noise, and air pollution.  Under the CIP scenario, the Site could be more rapidly 
redeveloped for installation of a solar facility on the capped impoundment than under the CBR-Offsite 
scenario. 
 
A public meeting was held on June 15, 2022, pursuant to requirements under IAC Section 845.710(e).  
Questions raised by attendees were addressed at the meeting; subsequently, a written summary of the 
questions and responses was prepared. 

Despite the preference for CBR that has been expressed by nonprofits in the region, the CBR-Offsite 
scenario has potential disadvantages with regard to potential community concerns.  Relative to the CIP 
scenario, the CBR-Offsite scenario presents greater risks to nearby residents in the form of accidents, 
traffic, noise, and air pollution.   
 
A public meeting was held on June 15, 2022, pursuant to requirements under IAC Section 845.710(e).  
Questions raised by attendees were addressed at the meeting; subsequently, a written summary of the 
questions and responses was prepared. 

Notes: 
CAA = Closure Alternatives Analysis; CBR = Closure-by-Removal; CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal; CCR = Coal Combustion Residual; CIP = Closure-in-Place; EJ = Environmental Justice; GHG = Greenhouse Gas; GWPS = Groundwater Protection Standard; IAC = Illinois 
Administrative Code; IDNR = Illinois Department of Natural Resources; IEPA = Illinois Environmental Protection Agency; NPDES = National Pollutant Discharge Elimination System. 
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1 Introduction 

1.1 Site Description and History 

1.1.1 Site Location and History 

Kincaid Generation, LLC's Kincaid Power Plant is an electric power generating facility with coal-fired 
units located approximately 4 miles west of the Village of Kincaid, Illinois, along the shores of Sangchris 
Lake.  From 1914 until 1994, the Peabody Coal Company undertook underground shaft mining below and 
surrounding the single coal combustion residual (CCR)-containing impoundment at the Site – the Kincaid 
Ash Pond.  Mining operations on the property have since ceased (Ramboll, 2021).  The Kincaid Power 
Plant began operating in 1967 and will be retired by the end of 2027 (Moore, 2020; Ramboll, 2021; 
Power-technology.com, 2021). 
 
1.1.2 CCR Impoundment 

The Kincaid Power Plant produces and stores CCRs as a part of its operations.  The Kincaid Ash Pond 
(Vistra ID No. CCR Unit 141, Illinois Environmental Protection Agency [IEPA] ID No. W0218140002-
01, and National Inventory of Dams [NID] ID No. IL50706), which is the only CCR-containing 
impoundment at the Site, is the subject of this report. 
 
The Ash Pond (Figure 1.1) is a 172-acre unlined surface impoundment that was constructed in 1964-1965 
for the management of both CCR and non-CCR waste streams (AECOM, 2016a; Ramboll, 2021).  The 
Ash Pond has been in continuous operation since 1967 (Ramboll, 2021).  Currently, it receives sluiced 
bottom ash via eight sluice pipes, which discharge into the southwest side of the basin.  A third-party 
recycling company periodically recovers a portion of the ash from the Ash Pond for beneficial re-use 
(AECOM, 2016b).  After the Kincaid Power Plant is retired in 2027, the Ash Pond will no longer receive 
sluiced ash.  The closure of the Ash Pond will be done in phases, beginning when the power plant is 
retired; the final closure of the Ash Pond is expected to be completed in 2028 (Appendix B). 
 
During normal operating conditions, outflows from the Ash Pond are either conveyed back to the Kincaid 
Power Plant via a concrete recycle pipe for re-use in plant processes or are diverted to an on-Site 
wastewater treatment plant.  Effluent from the wastewater treatment plant is conveyed into the discharge 
flume that runs along the southern boundary of the pond (Figure 1.1), which is permitted to discharge to 
the eastern lobe of Sangchris Lake via a National Pollutant Discharge Elimination System (NPDES)-
permitted outfall (Geosyntec, 2021; IEPA, 2021b). 
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Figure 1.1  Site Location Map.  Adapted from Geosyntec (2021, Figure 2). 
 
1.1.3 Surface Water Hydrology 

The Kincaid Ash Pond is located within the Sangchris Lake Watershed (Hydrologic Unit Code 
071300070402) and directly borders a portion of Sangchris Lake to the northwest (Figure 1.1; AECOM, 
2016a; Ramboll, 2021).  Sangchris Lake is the cooling pond for the Kincaid Power Plant.  It was formed 
in 1964 by damming Clear Creek, a tributary to the south fork of the Sangamon River (Ramboll, 2021).  
As described above (Section 1.1.2), the Ash Pond discharges decanted water either directly or indirectly 
(e.g., via the on-Site wastewater treatment plant) to the discharge flume along the southern boundary of 
the pond, which connects to the eastern lobe of Sangchris Lake (AECOM, 2016a,b; Geosyntec, 2021; 
IEPA, 2021b; Ramboll, 2021). 
 
Sangchris Lake is listed on the 2018 Illinois Section 303(d) List as being impaired for fish consumption 
due to mercury.  In addition, Sangchris Lake is impaired for aesthetic quality due to total phosphorus and 
total suspended solids (IEPA, 2016, 2019a). 
 
In addition to Sangchris Lake, there are also several unnamed freshwater ponds located on the property to 
the south of the Ash Pond (Figure 1.2; Ramboll, 2021; US FWS, 2021). 
 
A total of 33 surface water samples were collected from locations along Sangchris Lake adjacent to the 
Site in October 2021 (Golder Associates Inc., 2021).  These data are summarized in Gradient's human 
health and ecological risk assessment for the Site, which is provided as Appendix A of this report. 
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Figure 1.2  Wetlands and Surface Water Bodies in the Vicinity of the Kincaid Ash Pond.  Adapted from 
US FWS (2021). 
 
1.1.4 Hydrogeology 

The geology underlying the Site in the vicinity of the Ash Pond consists of several distinct 
hydrostratigraphic units (Ramboll, 2021): 
 
 Upper Semi-confining Unit (USCU):  The USCU consists of low-permeability clay, with some 

silt and minor sand, silt layers, and some discontinuous lenses of sand.  The higher-permeability 
sand lenses located within this unit have been identified as potential migration pathways (PMPs).  
The USCU includes the lithologic layers identified as the Cahokia Formation. 

 Uppermost Aquifer (UA):  The UA is a thin (generally less than 4 feet thick) unit comprised of 
moderately permeable sand, silty sand, and clayey sand and gravel.  The UA includes the clays 
and silts of the Upper Cahokia Formation and the sands and gravels of the Lower Cahokia 
Formation.  Groundwater flow through the UA is the primary pathway for contaminant migration 
at the Site. 
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 Lower Confining Unit (LCU):  The LCU, which underlies the UA, is comprised of low-
permeability silt and clay with minor sand, silt layers, and occasional discontinuous lenses of 
sand.  The LCU includes the lithologic layers identified as the Vandalia Till. 

 Bedrock Confining Unit (BCU):  The BCU, which is comprised of interbedded shale and 
limestone of the Pennsylvanian Age Bond Formation, underlies the entire Ash Pond and acts as 
an aquitard due to its low hydraulic conductivity. 

 
Groundwater within the UA flows northwest toward Sangchris Lake.  In the vicinity of the Ash Pond, 
groundwater within the USCU similarly appears to flow predominantly north/northwest towards the 
western lobe of Sangchris Lake.  However, there is also a component of groundwater flow to the south 
and east towards the discharge flume that runs along the southern boundary of the Ash Pond, which flows 
into the eastern lobe of Sangchris Lake (Ramboll, 2021). 
 
The "Hydrogeologic Site Characterization Report" prepared by Ramboll as part of the operating permit 
for the Ash Pond includes an evaluation of groundwater data collected from Ash Pond monitoring wells 
between 2015 and 2021 (Ramboll, 2021). 
 
1.1.5 Site Vicinity 

The Kincaid Power Plant property is located in a primarily rural area.  It is bounded by the lobes of 
Sangchris Lake to the north and east, and by Route 104 to the south.  The Ash Pond overlies two 
abandoned underground coal mines, the Peabody No. 8 Mine (active from 1914 to 1954) and the Peabody 
No. 10 Mine (active from 1951 to 1994) (AECOM, 2016b; Ramboll, 2021). 
 
Scenic, recreational, and historical areas near the Site include the Sangchris Lake State Recreation Area 
and the Abraham Lincoln National Heritage Area (Ramboll, 2021).  The Sangchris Lake State Recreation 
Area, which surrounds the Site to the north and east, is used for boating, fishing, camping, hunting, 
hiking, and picnicking (IDNR, 2022).  The Abraham Lincoln National Heritage Area is a Category III 
Natural Historic Site that spans 43 counties and 17 million acres in Central Illinois (Looking for Lincoln 
Heritage Coalition, 2022; Ramboll, 2021).  Although the Kincaid Power Plant property is located within 
the greater Abraham Lincoln National Heritage Area, the nearest site with known historic relevance 
inside of the greater heritage area (the Great Eastern Stagecoach, exhibit on the "Looking for Lincoln 
Story Trail") lies over 6 miles from the Site, in Edinburg, Illinois (Looking for Lincoln Heritage 
Coalition, 2022; Ramboll, 2021).  Based on a review of the Illinois Department of Natural Resources 
(IDNR) Historic Preservation Division database and the Illinois State Archaeological Survey database, 
there are no historic sites located within 1,000 meters of the Ash Pond (Ramboll, 2021). 
 
1.2 IAC Part 845 Regulatory Review and Requirements 

Title 35, Part 845 of the Illinois Administrative Code (IAC; IEPA, 2021a) requires the development of a 
Closure Alternatives Analysis (CAA) prior to undertaking closure activities at certain CCR-containing 
surface impoundments in the State of Illinois.  Section 2 of this report presents a CAA for the Ash Pond 
pursuant to requirements under IAC Section 845.710.  The goal of a CAA is to holistically evaluate each 
potential closure scenario with respect to a wide range of factors, including the efficiency, reliability, and 
ease of implementation of the closure scenario; its potential positive and negative short- and long-term 
impacts on human health and the environment; and its ability to address concerns raised by residents 
(IEPA, 2021a).  A CAA is a decision-making tool that is designed to aid in the selection of an optimal 
closure alternative for the impoundments at a site.  



 

   5 
 
\\camfs\G_Drive\Projects\221118_Vistra-Kincaid\TextProc\r072622m.docx 

2 Closure Alternatives Analysis 

2.1 Closure Alternative Descriptions (IAC Section 845.710(c)) 

This section of the report presents a CAA for the Ash Pond pursuant to requirements under IAC Section 
845.710 (IEPA, 2021a).  The two closure scenarios evaluated in this CAA are Closure-in-Place (CIP) 
with CCR consolidation and Closure-by-Removal with Off-Site CCR Disposal (CBR-Offsite).  Under the 
CIP scenario, the CCR in the Ash Pond would be consolidated in the southern portion of the Ash Pond 
and then capped with a new cover system.  Under the CBR-Offsite scenario, all of the CCR would be 
excavated from the Ash Pond and hauled to an off-Site landfill.  Kincaid Generation, LLC will also 
continue to evaluate potential opportunities for beneficial re-use of the CCR excavated from the Ash Pond 
as an alternative to disposal. 
 
IAC Section 845.710(c)(2) requires CAAs to "[i]dentify whether the facility has an onsite landfill with 
remaining capacity that can legally accept CCR, and, if not, whether constructing an onsite landfill is 
possible" (IEPA, 2021a).  There is no existing on-Site landfill on the Kincaid Power Plant property.  Due 
to the planned redevelopment of the Site as a utility-scale solar generation and battery energy storage 
facility, there is not sufficient space available to construct an on-Site landfill. 
 
Sections 2.1.1 and 2.1.2 provide detailed descriptions of the CIP and CBR-Offsite closure scenarios.  
These scenarios are based on closure documents and analyses provided to Gradient by Burns & 
McDonnell, which are attached to this report as Appendix B. 
 
2.1.1 Closure-in-Place (CIP) 

Under the CIP scenario, CCR would be excavated from the northern portion of the Ash Pond, 
consolidated into the southern portion, and then capped in place with a final cover system.  This scenario 
includes the following work elements (Appendix B): 
 
 Dewatering and unwatering to remove liquids from the Ash Pond via pumping and the 

construction of drilled sumps, engineered trenches, and/or horizontal wells.  Water would be 
treated, as necessary, and discharged to Sangchris Lake via an NPDES-permitted outfall. 

 Excavation of CCR from the northern portion of the Ash Pond and relocation into the southern 
portion of the Ash Pond, followed by contouring and grading to manage stormwater.  The 
excavation and consolidation of CCRs will result in CCRs being separated vertically from 
underlying groundwater during the simulated post-closure conditions (Ramboll, 2022). 

 Construction of a new soil berm with an east-west orientation, in order to separate the 
consolidated CCR area from the clean-closed area to the north. 

 Installation of a hydraulic cut-off wall (sheet piling) along the north and west berms of the 
consolidated footprint area in order to maintain an operating pool during the operation of the 
Kincaid Power Plant.  This operating pool would also receive dewatering fluids during the CCR 
excavation and consolidation.  After the Kincaid Power Plant has been retired, and prior to the 
installation of the final cover system, any free water remaining within the consolidated area 
would be removed via pumping. 
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 Construction of an alternative cover system consisting of a 40-mil linear low-density 
polyethylene (LLDPE) geomembrane layer, a geotextile drainage layer, and 24 inches of 
protective soil cover suitable for supporting vegetative growth.  An alternative cover performance 
demonstration has been submitted to IEPA for approval pursuant to IAC Section 845.750(c)(2) 
(Geosyntec, 2022).  A solar facility atop the cover system is currently being designed.  
Components of the vegetative cover may change as details of the solar facility are finalized.  
However, any changes to the cover are expected to be protective of human health and the 
environment and meet the requirements of Section 845.750(c). 

 Long-term (post-closure) monitoring and maintenance, including at least 30 years of groundwater 
monitoring at the impoundment, or until such time as groundwater protection standards (GWPSs) 
are achieved.  Additionally, 30 years of post-closure care would be undertaken for the final cover 
system, including annual cap inspections, mowing, and maintenance. 

 
This CIP plan meets all closure requirements of IAC Section 845.750 (IEPA, 2021a).  Key closure 
elements that address the Part 845 closure requirements are summarized below.  Further details are 
provided in the Closure Plan (Burns & McDonnell Engineering Company, Inc., 2022). 
 
 An alternative cover system would be installed over the CCR that remains in the Ash Pond.  The 

cover, consisting of a 40-mil LLDPE geomembrane low-permeability layer, a geotextile drainage 
layer, and 24 inches of soil, would minimize the vertical infiltration of precipitation into the basin 
(IAC Section 845.750(a)(1)) (Geosyntec, 2022).  A solar facility atop the cover system is 
currently being designed.  Components of the vegetative cover may change as details of the solar 
facility are finalized.  However, any changes are expected to be protective of human health and 
the environment and meet the requirements of Section 845.750(c). 

 The final cover system would be gently sloped to direct surface water away from the Ash Pond.  
Beyond the final cover system, channels would direct surface water away from the Ash Pond to 
existing Site drainages (IAC Section 845.750(a)(2)). 

 Impounded water would be removed from the Ash Pond and managed in accordance with the 
NPDES permit for the facility (IAC Sections 845.750(b)(1) and 845.750(b)(2)). 

 Free liquids in the CCR would be eliminated by removing liquid wastes or solidifying the 
remaining wastes.  Engineered trenches would facilitate gravity drainage of liquid wastes in the 
CCR and direct the liquid wastes to sumps.  Other engineering measures, such as drilled sumps 
and/or horizontal wells, may also be considered to facilitate removal of liquid wastes and 
stabilization of wastes.  Liquid wastes will be managed in accordance with the NPDES permit for 
the Site (IAC Sections 845.750(b)(1) and 845.750(b)(2)). 

 The proposed CIP design will control, minimize, or eliminate as much as feasible post-closure 
infiltration of liquids and releases of CCR, leachate, or contaminated runoff as interpreted by 
IEPA in the Part 845 rulemaking.  Specifically, CIP will result in a reduction of infiltration into 
the Ash Pond by 99.8% compared to pre-closure conditions (Ramboll, 2022).  Additionally, CIP 
will result in a reduction of hydraulic flux out of the Ash Pond by 99.8% compared to pre-closure 
conditions (Ramboll, 2022).  Due to the reduction in the hydraulic flux out of the Ash Pond, the 
mass flux out of the Ash Pond will also be controlled or minimized as much as feasible as a result 
of CIP. 

 
Furthermore, during the closure process, we will continue to assess off-Site CCR beneficial use 
opportunities.  Ash consolidation and closure in place in combination with offsite beneficial use may 
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result in a smaller footprint for purposes of our ultimate cap design along with a reduced construction 
schedule. 
 
Approximately 1,872,000 cubic yards (CY) of CCR would be relocated south of the berm under this 
scenario (an assumed travel distance of 0.5 miles; Appendix B).  Construction of the new berm and the 
final cover system would require an additional 542,000 CY of soil to be hauled to the Site from an off-
Site borrow area, as well as existing berms and dikes on the Kincaid Power Plant property.  It is expected 
that a suitable off-Site borrow location can be identified within 5 miles of the Site (Appendix B).  Borrow 
soil would be hauled to the Site using haul trucks with an assumed capacity of 16.5 CY each 
(Appendix B). 
 
Under the CIP scenario, the expected overall duration of construction and earthwork activities is 
approximately 2.1-2.8 years (or 25-34 months; Appendix B).  The CIP scenario is expected to meet the 
required closure schedule (i.e., closure completed by October 2028) defined in IAC Section 
845.700(d)(2)(C)(ii) (IEPA, 2021a).  Key parameters for the CIP scenario are shown in Table 2.1. 
 

Table 2.1  Key Parameters for the Closure-in-Place (CIP) Scenario 
Parameter Value 
Surface Area of Ash Pond 172 acres 
Surface Area of Final Cover System 84 acres 
Volume of CCR to be Relocated 1,872,000 CY 
Travel Distance for Relocation of CCR 0.5 miles 
Required Volume of Borrow Soil 542,000 CY 
Distance to the Borrow Site 5 miles 
Duration of Construction 2.1-2.8 years 
Labor Hours 
Total On-Site Labor 213,000 hours 
Total Off-Site Labor 4,000 hours 
30% Contingency 652,000 hours 

Total Labor Hours: 282,000 hours 
Vehicle and Equipment Travel Miles 
Vehicles On-Site 53,300 miles 
Equipment On-Site 500,000 miles 
On-Site Haul Trucks (Unloaded + Loaded) 55,100 miles 
Labor Mobilization 1,520,000 miles 
Equipment Mobilization (Unloaded + Loaded) 51,500 miles 
Off-Site Haul Trucks (Unloaded + Loaded) 328,000 miles 
Material Deliveries (Unloaded + Loaded) 176,000 miles 

Total On-Site Vehicle and Equipment Travel Miles: 608,000 miles 
Total Off-Site Vehicle and Equipment Travel Miles: 2,080,000 miles 

Total Vehicle and Equipment Travel Miles: 2,690,000 miles 
Notes: 
CCR = Coal Combustion Residual; CY = Cubic Yard. 
Source:  Appendix B. 

 
2.1.2 Closure-by-Removal with Off-Site CCR Disposal (CBR-Offsite) 

Under the CBR-Offsite scenario, all of the CCR would be excavated from the Ash Pond and transported 
to an off-Site landfill for disposal.  Evaluation of landfill capacity and permitted use must be taken into 
consideration for each landfill considered for off-Site disposal.  For example, a municipal landfill is often 
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designed and permitted to accept waste from the local community at a specific rate.  The landfill owner 
relies on this information to determine the remaining life of a landfill and determine when it will be 
necessary to expand or close the landfill.  Due to the lengthy permitting and construction process, a 
landfill would need to continue accepting current waste streams and ash for a significant period of time to 
be a viable option, assuming the landfill owner and state approve.  Furthermore, given the volume of ash 
that would need to be transported, it is important to evaluate impacts to communities that will be affected 
by the increase in truck traffic to and from the landfill.  The nearest operating landfill to meet these 
criteria is the Five Oaks Landfill in Taylorville, Illinois (890 East 1500 North Road), which is located 
approximately 7.5 miles from the Site by road (Appendix B).  CCR would be hauled to the off-Site 
landfill using haul trucks with a capacity of 16.5 CY, a smaller capacity than that of the haul trucks that 
would haul CCR to the on-Site landfill (34 CY), due to restrictions placed on the size of trucks that can be 
used on public roadways.  As is described below in Section 2.4.5, while the Five Oaks Landfill currently 
has adequate capacity to accept all of the excavated CCR form the Ash Pond, due to the timing over 
which the CCR is expected to be received, lateral or vertical expansions of the landfill may be required. 
 
IAC Section 845.710(c)(1) requires CBR alternatives to consider multiple methods for transporting CCR 
off-site, including rail, barge, and trucks.  Burns & McDonnell evaluated the feasibility of transporting 
CCR to the off-Site landfill via rail and barge, summarized below (Appendix B). 
 
 Rail transportation of CCR is unlikely to be a viable option because of the need to design, permit, 

and construct additional rail lines and loading infrastructure (Appendix B).  Additionally, the 
existing rail lines would have to be shared with other users, which may cause delays.  
Furthermore, loading and unloading facilities at the power plant and the landfill may need to be 
upgraded and/or replaced (Appendix B).  For this alternative, trucks would still be needed to haul 
CCR to and from the terminals, and additional CCR exposures could occur during the loading and 
unloading of CCR into trucks and rail cars. 

 Barge transport to the Five Oaks Landfill is not a viable option, because the Kincaid Power Plant 
property does not have barge loading capabilities and is also not connected to a reasonably close 
navigable waterway that leads to the landfill (Appendix B). 

 
This CAA assumes transport of CCR to the off-Site landfill under this closure scenario by truck; however, 
rail transportation, if it is determined to be viable during the on-going evaluations, is not expected to 
change the conclusions in this CAA.  Transport via truck would not require the construction of additional 
loading or unloading infrastructure and would not result in project delays due to permitting and 
coordination with other parties.  The existing travel routes from the Site to the off-Site landfill are suitable 
for CCR transport via truck (Appendix B).  The local availability and use of natural gas-powered trucks, 
or other low-pollution trucks, will be evaluated prior to the start of construction. 
 
This scenario includes the following work elements (Appendix B): 
 
 Dewatering and unwatering to remove liquids from the Ash Pond via pumping and passive 

dewatering methods.  Water would be treated, as necessary, and discharged to Sangchris Lake via 
an NPDES-permitted outfall.an NPDES-permitted outfall. 

 Excavation of CCR and at least 1 additional foot of underlying soils from the Ash Pond and 
transportation of these materials to the off-Site landfill. 

 Backfilling as necessary to allow post-closure, non-contact stormwater to gravity flow into 
Sangchris Lake. 
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 Site restoration, including the placement of 6 inches of topsoil along the side slopes and bottom 
of the Ash Pond and revegetation with native grasses. 

 Monitoring for 3 years post-closure or until such time as GWPSs are achieved, whichever is 
longer. 

 
In total, approximately 2,950,000 CY of CCR would be excavated from the Ash Pond under this scenario.  
Backfilling of the Ash Pond and Site restoration would require an additional 3,260,000 CY of soil to be 
hauled to the Site from an off-Site borrow area, as well as existing berms and dikes on the Kincaid Power 
Plant property.  A suitable borrow location is assumed to be located within 5 miles of the Site.  A haul 
truck capacity of 16.5 CY each is assumed for the off-Site transport of borrow soil and CCR 
(Appendix B). 
 
The overall duration of construction and earthwork activities under this closure scenario is approximately 
8.9-11.5 years (or 107-138 months; Appendix B).  As discussed previously, there would be a potential 
delay in the start of excavation activities under this scenario, due to the fact that agency coordination, 
approvals, and permitting are expected to take longer under this scenario than under the CIP scenario (8-
12 months for CIP vs. 12-18 months for CBR-Offsite).  The CBR-Offsite scenario will not meet the 
required closure schedule (i.e., closure completed by October 2028) defined in IAC Section 
845.700(d)(2)(C)(ii) (IEPA, 2021a).  Key parameters for the CBR-Offsite scenario are shown in 
Table 2.2. 
 

Table 2.2  Key Parameters for the Closure-by-Removal with Off-Site 
CCR Disposal (CBR-Offsite) Scenario 

Parameter Value 
Surface Area of Ash Pond 172 acres 
Hauled Volume of CCR 2,950,000 CY 
Distance to the Off-Site Landfill 7.5 miles 
Hauled Volume of Borrow Soil 3,260,000 CY 
Distance to the Borrow Site 5 miles 
Duration of Construction 8.9 to 11.5 years 
Labor Hours 
Total On-Site Labor 241,000 hours 
Total Off-Site Labor 23,400 hours 
30% Contingency 79,400 hours 

Total Labor Hours: 344,000 hours 
Vehicle and Equipment Travel Miles 
Vehicles On-Site 99,200 miles 
Equipment On-Site 2,140,000 miles 
On-Site Haul Trucks (Unloaded + Loaded) 0 miles 
Labor Mobilization 2,410,000 miles 
Equipment Mobilization (Unloaded + Loaded) 96,000 miles 
Off-Site Haul Trucks (Unloaded + Loaded) 2,870,000 miles 
Material Deliveries (Unloaded + Loaded) 0 miles 

Total On-Site Vehicle and Equipment Travel: 2,240,000 miles 
Total Off-Site Vehicle and Equipment Travel: 5,380,000 miles 

Total Vehicle and Equipment Travel: 7,620,000 miles 
Notes: 
CCR = Coal Combustion Residual; CY = Cubic Yard. 
Source:  Appendix B. 
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2.2 Long- and Short-Term Effectiveness of the Closure Alternative (IAC Section 
845.710(b)(1)) 

2.2.1 Magnitude of Reduction of Existing Risks (IAC Section 845.710(b)(1)(A)) 

This section of the report addresses the potential risks to human and ecological receptors due to exposure 
to CCR-associated constituents in groundwater or surface water.  Gradient has performed a human health 
and ecological risk assessment for the Site (included as Appendix A of this report), which provides a 
detailed evaluation of the magnitude of existing risks to human and ecological receptors associated with 
the Ash Pond.  This report concluded that there are no current unacceptable risks to any human or 
ecological receptors associated with the Ash Pond.  Because there are no current risks to any human or 
ecological receptors, and dissolved constituent concentrations would be expected to decline post-closure, 
no post-closure risks would be expected under any of the closure scenarios.  Thus, there would be no 
current risk or future risk under any of the closure scenarios, and the magnitude of reduction of existing 
risks would be the same under all of the closure scenarios. 
 
2.2.2 Likelihood of Future Releases of CCR (IAC Section 845.710(b)(1)(B)) 

This section of the report quantifies the risk of future releases of CCR that may occur during dike failure 
and storm-related events. 
 
Storm-Related Releases and Dike Failure During Flood Conditions 
 
Based on the effective Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map for 
the Site, the Ash Pond is not located within the 100-year flood zone for Sangchris Lake (FEMA, 2011).  
Engineering analyses show that the risk of overtopping occurring during flood conditions is also minimal 
under current conditions.  Specifically, AECOM evaluated the risk of flood overtopping occurring at the 
Ash Pond and found that the impoundment can adequately manage flow during peak discharge from even 
a 1,000-year storm event, thus preventing overtopping (AECOM, 2016b; Geosyntec, 2021).  
Additionally, engineering analyses show that the Ash Pond dikes are expected to remain stable under 
static, seismic, and flood conditions (AECOM, 2016c; Geosyntec, 2021).  Prior to closure (i.e., under 
current conditions), the risk of dike failure occurring during floods or other storm-related events is 
therefore minimal.  Post-closure, the risks of overtopping and dike failure occurring due to floods or other 
storm-related events would be even lower than they are currently.  Under the CIP scenario, a new cover 
system would be installed, which would include 24 inches of soil and a geomembrane liner, as well as 
new stormwater control structures.  Relative to current conditions, this cover system would provide 
increased protection against berm and surface erosion, groundwater infiltration, and other adverse effects 
that could potentially trigger a dike slope failure event.  Under the CBR-Offsite scenario, all of the CCR 
in the Ash Pond would be excavated and relocated, eliminating the risk of a CCR release occurring post-
closure.  In summary, there is minimal current or future risk of sudden CCR releases occurring under any 
closure scenario either during or following closure. 
 
Dike Failure Due to Seismicity 
 
Sites in Illinois may be subject to seismic risks arising from the Wabash Valley Seismic Zone and the 
New Madrid Seismic Zone (IEMA, 2020).  Although the Kincaid Power Plant property is located within a 
seismic impact zone, all structural components of the Ash Pond have been designed to resist the 
maximum horizontal acceleration in lithified earth material for the Site.  The Ash Pond therefore meets 
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the seismic safety requirements of 40 Code of Federal Regulations (CFR) Section 257.63(a) and IAC 
Section 845.330(a), and the overall risk of dike failure due to seismicity is expected to be low (Haley & 
Aldrich, Inc., 2018a; Burns & McDonnell, 2021).  Additionally, the Ash Pond does not lie within 200 feet 
of an active fault or fault damage zone at which displacement has occurred within the current geological 
epoch (i.e., within the last ~11,650 years; Haley & Aldrich, Inc., 2018b).  The nearest known fault is the 
Sicily Fault, which is located about 2 miles east of the Ash Pond.  The Sicily Fault does not have known 
recent activity (Haley & Aldrich, Inc., 2018b).  Thus, the risk of dike failure occurring during or 
following closure activities due to seismic activity is expected to be low at the Ash Pond. 
 
Risks of Future Releases of CCR at the On-Site Landfill 
 
The effective FEMA Flood Insurance Rate Map for the Site demonstrates that the proposed on-Site 
landfill location does not lie within the 100-year flood zone for Sangchris Lake (Appendix B; FEMA, 
2011).  Additionally, although the Kincaid Power Plant property is located within a seismic impact zone, 
all structural components of the new on-Site landfill will be designed to meet the seismic safety 
requirements of 40 CFR Section 257.63(a) and IAC Section 845.330(a).  Thus, the overall risk of CCR 
escaping the on-Site landfill during flooding or seismic conditions is low.  Flooding risks and seismic 
risks at the off-Site landfill were not evaluated, because the off-Site landfill has previously been 
constructed and permitted and is already in operation.  We assume that the off-Site landfill would operate 
in compliance with all state and federal regulations designed to minimize the threat of waste releases, 
including under seismic and flood conditions. 
 
2.2.3 Type and Degree of Long-Term Management, Including Monitoring, Operation, and 

Maintenance (IAC Section 845.710(b)(1)(C)) 

The long-term operation and management plans for the Ash Pond under each closure scenario are 
described in Section 2.1 (Closure Alternatives Descriptions).  In summary, under the CIP scenario, the 
Ash Pond would undergo monitoring for 30 years post-closure, or until such time as GWPSs are 
achieved.  Under the CBR-Offsite scenario, the Ash Pond would undergo monitoring for 3 years post-
closure, or until such time as GWPSs are achieved.  The post-closure care plan for the CIP scenario would 
additionally include annual inspections, mowing, and maintenance of the final cover system. 
 
2.2.4 Short-Term Risks to the Community or the Environment During Implementation of 

Closure (IAC Section 845.710(b)(1)(D)) 

2.2.4.1 Worker Risks 

Best practices would be employed during construction in order to ensure worker safety and comply with 
all relevant regulations, permit requirements, and safety plans.  However, it is impossible to completely 
eliminate the risk of accidents occurring during construction activities, both on and off Site.  On-Site 
accidents include injuries and deaths arising from the use of heavy equipment and/or earthmoving 
operations during construction activities.  Off-Site accidents include injuries and deaths due to vehicle 
accidents during labor and equipment mobilization/demobilization, material deliveries, and the hauling of 
borrow soil and CCR. 
 
As shown in Tables 2.1 through 2.3, Burns & McDonnell estimates that the CIP scenario would require 
213,000 on-Site labor hours (Appendix B).  The CBR-Offsite scenario would require approximately 
241,000 on-Site labor hours.  The United States Bureau of Labor Statistics (US DOL, 2020a,b) provides 
estimates of the hourly fatality and injury rates for construction workers.  Based on the accident rates 
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reported by United States Bureau of Labor Statistics and the on-Site labor hours reported in Appendix B, 
we estimate that approximately 2.5 worker injuries and 0.016 worker fatalities would occur on-Site under 
the CIP scenario; approximately 2.8 worker injuries and 0.018 worker fatalities would occur on-Site 
under the CBR-Offsite scenario (Table 2.3).  The rate of on-Site worker accidents is therefore expected to 
be higher under the CBR-Offsite scenario and lower under the CIP scenario. 
 

Table 2.3  Expected Number of On-Site Worker Accidents Under Each Closure Scenario 
Closure Scenario Injuries Fatalities 
CIP 2.5 0.016 
CBR-Offsite 2.8 0.018 

Notes: 
CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal; CIP = Closure-in-Place. 

 
Off-Site, a greater number of haul truck miles, labor and equipment mobilization/demobilization miles, 
and material delivery miles would be required under the CBR-Offsite scenario than would be required 
under the CIP scenario (Tables 2.1 and 2.2).  For example, under the CBR-Offsite scenario, 5,380,000 
haul truck miles would be required, and, under the CIP scenario, only 2,080,000 haul truck miles would 
be required (Appendix B).  The United States Department of Transportation (US DOT, 2020) provides 
estimates of the expected number of fatalities and injuries "per vehicle mile driven" for drivers and 
passengers of large trucks and passenger vehicles.  Table 2.4 shows the expected number of off-Site 
accidents under each closure scenario due to all categories of off-Site vehicle usage.  For these 
calculations, it was assumed that labor mobilization/demobilization would rely upon passenger vehicles 
(cars or light trucks, including pickups, vans, and sport utility vehicles) and that hauling, equipment 
mobilization/demobilization, and material deliveries would rely upon large trucks.  Based on US DOT's 
accident statistics and the mileage estimates in Appendix B, an estimated 1.01 worker injuries and 
0.014 worker fatalities would be expected to occur due to off-Site activities under the CIP scenario; an 
estimated 1.9 worker injuries and 0.027 worker fatalities would be expected to occur due to off-Site 
activities under the CBR-Offsite scenario. 
 

Table 2.4  Expected Number of Off-Site Worker Accidents Under Each Closure Scenario 

Off-Site Vehicle Use Category CIP CBR-Offsite 
Injuries Fatalities Injuries Fatalities 

Hauling 0.042 9.53 x 10-4 0.37 0.0083 
Labor Mobilization/ 
Demobilization 

0.94 0.012 1.5 0.019 

Equipment Mobilization/ 
Demobilization 

0.0066 0.00015 0.012 0.00028 

Material Deliveries 0.023 0.00051 0 0 
Total: 1.01 0.014 1.9 0.027 

Notes: 
CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal; CIP = Closure-in-Place. 

 
Overall, taking into account accidents occurring both on- and off-Site, 3.5 worker injuries and 
0.030 worker fatalities would be expected to occur under the CIP scenario; 4.7 worker injuries and 0.046 
worker fatalities would be expected to occur under the CBR-Offsite scenario. 
 
In summary, risks to workers due to accidents would be expected to be greater under the CBR-Offsite 
scenario than under the CIP scenario.  Differences in worker risks between the two scenarios would 
largely be driven by off-Site activities. 
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2.2.4.2 Community Risks 

Accidents 
 
Vehicle accidents that occur off-Site can result in injuries or fatalities among community members, as 
well as workers.  Based on the accident statistics reported by US DOT (2020) and the off-Site travel 
mileages reported in Appendix B, off-Site vehicle accidents could result in an estimated 0.58 injuries and 
0.012 fatalities among community members (i.e., people involved in haul truck accidents that are neither 
haul truck drivers nor passengers, including pedestrians, drivers of other vehicles, etc.) under the CIP 
scenario (Table 2.5).  Under the CBR-Offsite scenario, off-Site vehicle accidents could result in an 
estimated 1.7 community injuries and 0.047 community fatalities. 
 

Table 2.5  Expected Number of Community Accidents Under Each Closure Scenario 

Off-Site Vehicle Use Category 
CIP CBR-Offsite 

Injuries Fatalities Injuries Fatalities 
Hauling 0.12 0.0044 1.06 0.038 
Labor Mobilization/ 
Demobilization 

0.38 0.0048 0.60 0.0076 

Equipment Mobilization/ 
Demobilization 

0.019 0.00069 0.035 0.0013 

Material Deliveries 0.06 0.0024 0 0 
Total: 0.58 0.012 1.7 0.047 

Notes: 
CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal; CIP = Closure-in-Place. 

 
Traffic 
 
Haul routes would be expected to use major arterial roads and highways wherever possible, which would 
reduce the incidence of traffic.  However, the heavy use of local roads for construction operations may 
result in traffic near the Site, the off-Site landfill, and the borrow area.  Traffic could potentially cause 
travel delays on local roads and also cause damage to local roadways.  It could also cause delays in the 
redevelopment of the Site for the installation of a solar facility on the capped impoundment. 
 
Traffic may increase temporarily around the Site under all closure scenarios due to the daily arrival and 
departure of the workforce, equipment mobilization/demobilization, and material deliveries.  However, 
these impacts would be expected to largely occur at the beginning or end of each work day (for the 
arrival/departure of the work force), at the beginning or end of the construction period (for equipment 
mobilization/demobilization), and at specific times throughout the construction period (for material 
deliveries).  These impacts would therefore likely be less disruptive to community members than the 
constant and steady movement of haul trucks to and from the Site due to CCR hauling and borrow soil 
hauling.  Under the CBR-Offsite scenario, hauling-related construction activities would be expected to 
take approximately 2,140 working days and require approximately 377,000 truckloads 
(179,000 truckloads of CCR and 198,000 truckloads of borrow soil; Appendix B).  Assuming 10-hour 
working days, a haul truck would need to pass a given location near the Site once every 1.7 minutes on 
average under this closure scenario.  Off-Site traffic demands due to hauling are expected to be lesser 
under the CIP scenarios than under the CBR-Offsite scenario, because no off-Site hauling of CCR would 
be required.  The CIP scenario requires approximately 33,000 truckloads to transport borrow soil to the 
Site, which corresponds with a haul truck passing a given location near the Site once every 4.6 minutes on 
average for the approximately 500 working days duration of hauling-related construction activities. 
 



 

   14 
 
\\camfs\G_Drive\Projects\221118_Vistra-Kincaid\TextProc\r072622m.docx 

Noise 
 
Construction generates a great deal of noise, both in the vicinity of the Site and along haul routes.  In a 
closure impact analysis performed by the Tennessee Valley Authority (TVA, 2015), the authors found 
that "typical noise levels from construction equipment used for closure are expected to be 85 dBA 
[decibels] or less when measured at 50 ft.  These types of noise levels would diminish with distance…at a 
rate of approximately 6 dBA per each doubling of distance and therefore would be expected to attenuate 
to the recommended EPA noise guideline of 55 dBA at 1,500 ft."  As identified in Google Street View 
(Google LLC, 2022), there is at least one residence and one business (HARSCO Minerals, Pawnee Plant) 
located within 1,500 feet of the Ash Pond along County Road 1640 N. to the south of the Site.  This 
residence and this business may be adversely impacted by noise pollution under all of the closure 
scenarios.  Recreators and wildlife along Sangchris Lake or within the greater Sangchris Lake State 
Recreation Area could also be temporarily impacted by construction noise under all of the closure 
scenarios.  For example, one of the picnicking pavilions within the Sangchris Lake State Recreation Area 
(the West Hill Picnic Area) is located just over 1,500 feet north of the Ash Pond on the opposite bank of 
Sangchris Lake (Google LLC, 2022; Ramboll, 2021).  The duration of noise impacts in the vicinity of the 
Ash Pond would be longer under the CBR-Offsite scenario than under the CIP scenario, because the 
expected duration of construction is longer under the former scenario than under the latter scenario (2.1-
2.8 years under the CIP scenario vs. 8.9-11.5 years under the CBR-Offsite scenario). 
 
In addition to impacts in the immediate vicinity of planned construction areas at the Site, local roads near 
the Site, the off-Site landfill (under the CBR-Offsite scenario only), and the off-Site borrow area (under 
all of the closure scenarios) may also experience noise pollution due to high volumes of truck traffic.  As 
described above (Traffic), the construction schedule for the CBR-Offsite scenario requires haul trucks to 
pass by a given location every 1.7 minutes on average for 10 hours each day for approximately 2,140 
working days, and the construction schedule for the CIP scenario requires haul trucks to pass a given 
location every 4.6 minutes on average for 10 hours each day for approximately 500 working days.  Dump 
trucks generate significant noise pollution, with noise levels of approximately 88 decibels or higher 
expected within a 50-foot radius of the truck (Exponent, 2018).  This noise level is similar to the noise 
level of a gas-powered lawnmower or leaf blower (CDC, 2019).  Decibel levels above 80 can damage 
hearing after 2 hours of exposure (CDC, 2019). 
 
In addition to haul truck impacts, noise pollution may also arise from the daily arrival and departure of the 
workforce, equipment mobilization/demobilization, and material deliveries.  These impacts would be 
expected to largely occur at the beginning or end of each work day (for the arrival/departure of the work 
force), at the beginning or end of the construction period (for equipment mobilization/demobilization), 
and at specific times throughout the construction period (for material deliveries).  These impacts would 
therefore likely be less disruptive to community members than the constant and steady movement of haul 
trucks to and from the Site.  In summary, noise impacts are likely to be greater under the CBR-Offsite 
scenario than under the CIP scenario due to the need for off-Site hauling. 
 
Air Quality 
 
Construction can adversely impact air quality.  Air pollution can occur both on-Site and off-Site (e.g., 
along haul routes), potentially impacting workers as well as community members.  With regard to 
construction activities, two categories of air pollution are of particular concern:  equipment emissions and 
fugitive dust.  The equipment emissions of greatest concern are those found in diesel exhaust.  Most 
construction equipment is diesel-powered, including the dump trucks that would be used to haul material 
to and from the Site.  Diesel exhaust contains numerous air pollutants, including nitrogen oxides (NOx), 
particulate matter (PM), carbon monoxide (CO), and volatile organic compounds (VOCs) (Hesterberg et 
al., 2009; Mauderly and Garshick, 2009).  Fugitive dust, another major air pollutant at construction sites, 
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is generated by earthmoving operations and other soil- and CCR-handling activities.  Along haul routes, 
an additional source of fugitive dust is road dust along unpaved dirt roads.  Careful planning and the use 
of Best Management Practices (BMPs) such as wet suppression are used to minimize and control fugitive 
dust during construction activities; however, it is not possible to prevent dust generation entirely. 
 
On-Site, emissions would be higher under the CBR-Offsite scenario than under the CIP scenario, due to 
the greater amount of on-Site vehicle and equipment travel miles required under these scenarios (608,000 
total on-Site travel miles under the CIP scenario vs. 2,240,000 total on-Site travel miles under the CBR-
Offsite scenario; Tables 2.1 and 2.2).  Off-Site, emissions would similarly be higher under the CBR-
Offsite scenarios than under the CIP scenario, due to the greater amount of off-Site vehicle and equipment 
travel miles required under these scenarios (2,080,000 total off-Site travel miles under the CIP scenario 
vs. 5,380,000 total off-Site travel miles under the CBR-Offsite scenario). 
 
Environmental Justice 
 
The State of Illinois defines environmental justice (EJ) communities to be those communities with a 
minority population above twice the state average and/or a total population below twice the state poverty 
rate (IEPA, 2019b). 
 
As shown in a map of EJ communities throughout the state (IEPA, 2019b), the outer perimeter of the 1-
mile buffer zone for the nearest EJ community lies over 10 miles northwest of the Site, near Springfield, 
Illinois (Figure 2.1).  As described above (Noise), significant noise impacts due to construction are 
expected to be limited to potential receptors located within 1,500 feet (or 0.28 miles) of the Site.  
Similarly, the air quality impacts of construction are expected to be limited to potential receptors located 
within 1,000 feet (or 0.19 miles) of the Site (CARB, 2005; BAAQMD, 2017).  Along heavily trafficked 
roadways, air quality impacts are expected to be limited to potential receptors located within 600 feet (or 
0.11 miles) of the roadway (US EPA, 2014).  The EJ community near Springfield is therefore unlikely to 
be directly impacted by on-Site air emissions, noise pollution, or other negative impacts arising at the 
Site.  However, this community could potentially be impacted by off-Site impacts, including CCR hauling 
(under the CBR-Offsite scenario only), borrow soil hauling (under all of the closure scenarios), labor and 
equipment mobilization/demobilization, and material deliveries.  Off-Site impacts due to labor and 
equipment mobilization/demobilization and material deliveries would be expected to be diffuse (i.e., to 
span a wide range of transport routes originating over a wide area).  Additionally, these impacts would be 
expected to largely occur at the beginning or end of each work day (for the arrival/departure of the work 
force), at the beginning or end of the construction period (for equipment mobilization/demobilization), 
and at specific times throughout the construction period (for material deliveries).  Hauling, in contrast, 
would rely on a single transport route used continuously throughout the entire excavation period.  Off-Site 
hauling is therefore more likely to have a significant impact on EJ communities than other types of off-
Site vehicle use. 
 
Two types of off-Site hauling are evaluated in this report:  CCR hauling and borrow soil hauling.  
Overall, haul truck impacts on EJ communities due to borrow soil hauling are expected to be small, 
because borrow soil would be sourced from within 5 miles of the Site, and there are no EJ communities 
within 5 miles of the Site.  A review of the Illinois map of EJ communities reveals that the preferred off-
Site landfill (the Five Oaks Landfill in Taylorville, Illinois) is similarly not located near any EJ 
communities.  Finally, based on the haul route suggested by Google Maps (Google LLC, 2022), transport 
of CCR to the off-Site landfill is unlikely to require CCR hauling through any EJ communities 
(Figure 2.1).  In summary, no impacts on EJ communities are expected at the Kincaid Site under any 
closure scenario. 
 



 

   16 
 
\\camfs\G_Drive\Projects\221118_Vistra-Kincaid\TextProc\r072622m.docx 

 
Figure 2.1  Environmental Justice Communities in the Vicinity of the Site and the Off-Site Landfill.  
Adapted from IEPA (2019b). 
 
Scenic, Historical, and Recreational Value 
 
During construction activities, negative impacts on scenic and recreational value may occur along 
Sangchris Lake and within the greater Sangchris Lake State Recreation Area.  Noise impacts were 
described above.  In addition, construction activities at the Ash Pond may be visible to recreators using 
these scenic and recreational areas, potentially interfering with the enjoyment of the view of the lake.  The 
expected duration of construction activities is longer under the CBR-Offsite scenario than under the CIP 
scenario (8.9-11.5 years under the CBR-Offsite scenario vs. 2.1-2.8 years under the CIP scenario).  It is 
therefore anticipated that short-term impacts on the scenic and recreational value of natural areas near the 
Site would be greater under the CBR-Offsite scenario than under the CIP scenario. 
 
Based on a review of the IDNR Historic Preservation Division database and the Illinois State 
Archaeological Survey database, there are no historic sites located within 1,000 meters of the Ash Pond or 
the proposed on-Site landfill location (Ramboll, 2021). 
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2.2.4.3 Environmental Risks 

Greenhouse Gas Emissions 
 
In addition to the air pollutants listed above in Section 2.2.4.2, construction equipment emits greenhouse 
gases (GHGs), including carbon dioxide (CO2) and possibly nitrous oxide (N2O).  The potential impact of 
each closure scenario on GHG emissions is proportional to the potential impact of each closure scenario 
on other emissions from construction vehicles and equipment, as described above in Section 2.2.4.2.  In 
summary, GHG emissions from construction equipment and vehicles would be higher under the CBR-
Offsite scenario than under the CIP scenario, because the total on-Site and off-Site vehicle and equipment 
travel miles required under the CBR-Offsite scenario (7,620,000 miles total vehicle and equipment travel 
miles) are greater than those required under the CIP scenario (2,690,000 total vehicle and equipment 
travel miles) (Tables 2.1 and 2.2). 
 
We did not quantify the carbon footprint of the approximately 84 acres of 40-mil LLDPE geomembrane 
liner required for the final Ash Pond cover system under the CIP scenario.  The carbon footprint of this 
geomembrane (i.e., the fossil fuel emissions required to manufacture it) is an additional source of GHG 
emissions at the Site under the CIP scenario.  The potential expansion of the off-Site landfill under the 
CBR-Offsite scenario would have additional, unquantified carbon footprints due to the manufacture of 
geomembranes used in the expanded or newly constructed landfill liners. 
 
Energy Consumption 
 
Energy consumption at a construction site is synonymous with fossil fuel consumption, because the 
energy to power construction vehicles and equipment comes from the burning of fossil fuels.  Fossil fuel 
demands considered in this analysis include the burning of diesel fuel during construction activities and 
the carbon footprint of manufacturing geomembrane textiles.  Because GHG emission impacts and energy 
consumption impacts both arise from the same sources at construction sites, the trends discussed above 
with respect to GHG emissions also apply to the evaluation of energy demands.  Specifically, the energy 
demands of construction equipment and vehicles would be higher under the CBR-Offsite scenario than 
under the CIP scenario.  We did not quantify the energy demands of the geomembranes required for the 
construction of the final cover system under the CIP scenario or, potentially, the geomembranes required 
for expansion of the off-Site landfill under the CBR-Offsite scenario. 
 
The Kincaid Site is slated for redevelopment as a utility-scale solar power generating facility and a battery 
energy storage facility.  The installation of the utility-scale solar-power-generating facility and a battery 
energy storage facility will provide additional tax revenue to the local community, create jobs, increase 
the reliability of the electrical grid, and support Illinois's path toward 100% clean energy by 2050.  
Because the CIP scenario requires less construction activities than the CBR-Offsite scenario and would be 
completed over a shorter time period, the CIP scenario would be expected to result in fewer delays to 
redevelopment of a solar facility on the capped impoundment – hence, the more rapid realization of grid-
scale solar energy benefits – than the CBR-Offsite scenario. 
 
Natural Resources and Habitat 
 
During closure, major construction activities such as the excavation of the Ash Pond, the excavation of 
the borrow area, the construction of the on-Site landfill, and, potentially, the expansion of the off-Site 
landfill may require the destruction of some existing habitat atop portions of these construction areas, 
resulting in negative impacts to natural resources and habitat within the footprint of these areas.  
Construction may also have indirect negative impacts on the natural resources and habitat in the 
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immediate vicinity of these locations by causing alarm and escape behavior in nearby wildlife (e.g., due 
to noise disturbances).  Finally, although erosion prevention and sediment control measures will be 
undertaken under all of the closure scenarios, it is possible that limited negative short-term impacts could 
occur to sensitive aquatic species in Sangchris Lake and other minor surface water bodies located 
adjacent to construction areas on the Site due to sediment runoff during construction.  The duration of 
time over which various short-term negative habitat impacts might occur due to construction would be 
longer under the CBR-Offsite scenario than under the CIP scenario, due to the longer expected duration 
of construction activities under the former scenario (2.1-2.8 years under the CIP scenario vs. 8.9-11.5 
years under the CBR-Offsite scenario).  Thus, negative short-term impacts to natural resources and habitat 
due to closure activities would likely be greater under the CBR-Offsite scenario than under the CIP 
scenario. 
 
In addition to the short-term habitat impacts described above, closure of the Ash Pond may also result in 
long-term shifts in the habitat types overlying the major construction locations associated with the closure 
(the Ash Pond, the borrow area, and the off-Site landfill).  This assessment does not make any value 
judgments regarding the relative value of the habitat types currently overlying these locations and the 
habitat types that could potentially overlie these locations post-closure under the various closure 
scenarios. 
 
According to the IDNR Natural Heritage Database, there are three threatened species and two endangered 
species within Christian County (Ramboll, 2021).  To our knowledge, however, no threatened or 
endangered species have been identified at the Site.  Based on the information that is currently available, 
we do not expect construction activities to have negative impacts on any threatened or endangered 
species. 
 
2.2.5 Time Until Groundwater Protection Standards Are Achieved (IAC Sections 

845.710(b)(1)(E) and 845.710(d)(2 and 3)) 

The time horizon over which GWPSs would be exceeded at the Site is immaterial from a risk perspective, 
because there is no unacceptable risk associated with exceedances of a GWPS at the Site (see 
Section 2.2.1).  Nonetheless, pursuant to requirements under IAC Section 845.710, this section of the text 
describes the time required to achieve GWPSs at the Site. 
 
As described in Section 1.1.4 (Hydrogeology), groundwater within the UA flows northwest towards 
Sangchris Lake.  In the vicinity of the Ash Pond, groundwater within the USCU similarly appears to flow 
predominantly north/northwest towards the western lobe of Sangchris Lake.  However, there is also a 
component of groundwater flow to the south and east towards the discharge flume that runs along the 
southern boundary of the Ash Pond, which flows into the eastern lobe of Sangchris Lake.  This suggests 
that there is a groundwater divide beneath the Ash Pond, such that groundwater flows towards both the 
western and eastern lobes of Sangchris Lake (Ramboll, 2021). 
 
Groundwater elevations in the vicinity of the Ash Pond are primarily controlled by water levels in 
Sangchris Lake and the Ash Pond.  Surface water levels in Sangchris Lake are not expected to fluctuate in 
the vicinity of the Ash Pond, because the lake is controlled by a dam (Ramboll, 2021). 
 
Groundwater modeling was performed to evaluate future groundwater quality in the vicinity of the Ash 
Pond under each of the proposed closure alternatives (Ramboll, 2022).  The modeling demonstrated that 
that groundwater concentrations will decline below the GWPS for all constituents within 17 years after 
closure for all closure scenarios, including CIP and CBR-Offsite (Ramboll, 2022).  For all closure 
scenarios, constituents that exceed GWPS are predicted to remain in close proximity to the Ash Pond, 
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and/or within current plume extents, as the plumes recede over time (Ramboll, 2022).  Because the 
estimated duration of construction activities for the CBR-Offsite scenario is so much longer than the 
duration of construction activities for CIP (2.1-2.8 years for CIP compared to 8.9-11.5 years for CBR-
Offsite; Section 2.1), CIP may actually achieve the GWPSs faster the CBR-Offsite scenario. 
 
Additionally, changing geochemical conditions during an extended excavation associated with the CBR-
Offsite scenario can be a mechanism that results in the mobilization and increased transport in 
groundwater for some constituents.  This may result in GWPS exceedance durations in excess of the 
model predictions for the CBR-Offsite scenario. 
 
2.2.6 Potential for Exposure of Humans and Environmental Receptors to Remaining Wastes, 

Considering the Potential Threat to Human Health and the Environment Associated 
with Excavation, Transportation, Re-disposal, Containment, or Changes in 
Groundwater Flow (IAC Section 845.710(b)(1)(F)) 

Section 2.2.1 evaluates potential risks to human and ecological receptors arising from the leaching of 
CCR-associated constituents into groundwater during closure activities and following the closure of the 
Ash Pond.  Section 2.2.2 evaluates the potential for CCR releases to occur due to dike failure or 
overtopping during floods or other storm-related events.  In summary, there is no current or future risk to 
any human or ecological receptors associated with the Ash Pond.  Additionally, there is minimal current 
or future risk of overtopping occurring at the embankments due to flood conditions at the Site.  Dike 
failure due to, e.g., seismic activity and storm-related events is also exceedingly unlikely. 
 
Section 2.2.4 evaluates several potential risks to human health and the environment during closure 
activities, including risks of accidents occurring among workers; risks to nearby residents and EJ 
communities related to accidents, traffic, noise, and air pollution; and risks to natural resources and 
wildlife.  The findings from this section of the text are summarized in Table S.1 (Summary of Findings). 
 
2.2.7 Long-Term Reliability of the Engineering and Institutional Controls (IAC Section 

845.710(b)(1)(G)) 

Post-closure, there is minimal risk of engineering or institutional failures leading to sudden releases of 
CCR from the Ash Pond under the CIP scenario.  There is no post-closure risk of engineering or 
institutional failures under the CBR-Offsite scenario (see Section 2.2.2 above).  Additionally, there are no 
current or future unacceptable risks to any human or ecological receptors under any of the closure 
scenarios (see Section 2.2.1 above).  Moreover, reliable engineering and institutional controls (e.g., a 
bottom liner, a leachate management system, and groundwater monitoring) would be implemented at the 
off-Site landfill under the CBR-Offsite scenario.  All of the evaluated closure scenarios are therefore 
reliable with respect to long-term engineering and institutional controls. 
 
2.2.8 Potential Need for Future Corrective Action Associated with the Closure (IAC Section 

845.710(b)(1)(H)) 

Corrective action is expected to be necessary at the Site.  An evaluation of potential corrective measures 
and corrective actions has not yet been completed, but will be conducted consistent with the requirements 
outlined in IAC Sections 845.660 and 845.670. 
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2.3 Effectiveness of the Closure Alternative in Controlling Future Releases 
(IAC Section 845.710(b)(2)) 

2.3.1 Extent to Which Containment Practices Will Reduce Further Releases (IAC Section 
845.710(b)(2)(A)) 

The CCR in the Ash Pond currently poses no unacceptable risks to human health or the environment 
(Section 2.2.1).  Because current conditions do not present a risk to human health or the environment, and 
dissolved constituent concentrations would be expected to decline post-closure, there would also be no 
unacceptable risks to human health or the environment following closure, regardless of the closure 
scenario. 
 
Section 2.2.2 discussed the potential for dike failure or overtopping to occur during or following closure 
activities, resulting in a sudden release of CCR.  That analysis showed that there is minimal risk of 
sudden CCR releases occurring during or following closure under any of the closure scenarios. 
 
2.3.2 Extent to Which Treatment Technologies May Be Used (IAC Section 845.710(b)(2)(B)) 

Under all three closure scenarios, water generated during the dewatering and unwatering of the Ash Pond 
would be treated, if necessary, prior to disposal.  Following treatment, water from unwatering and 
dewatering would be discharged in accordance with the NPDES permit for the facility. 
 
2.4 Ease or Difficulty of Implementing Closure Alternative (IAC Section 

845.710(b)(3)) 

2.4.1 Degree of Difficulty Associated with Constructing the Closure Alternative 

CIP using a final cover system is a reliable and standard method for managing and closing impoundments 
that relies on common construction activities.  Dewatering saturated CCR to construct a stabilized final 
cover system subgrade can present challenges during closure; however, these challenges are common to 
most CCR surface impoundment closures and are commonly addressed via surface water management 
and dewatering techniques. 
 
Excavation and landfilling of CCR is also a reliable and standard method for closing impoundments.  
However, relative to the CIP scenario, the CBR-Offsite scenario poses additional implementation 
difficulties due to the larger earthwork volumes and larger dewatering volumes involved.  Under the 
CBR-Offsite scenario, hauling over public roads rather than private roads would require the use of lower-
volume haul trucks, which would increase the number of trucks and trips required for CCR excavation 
and transport.  Additionally, because the CBR-Offsite scenario would involve hauling CCR off-Site (i.e., 
intrastate travel), a higher level of dewatering would be required under this scenario compared to the CIP 
scenario.  As described in Section 2.2.4.2 (Community Risks), off-Site hauling may also have detrimental 
community impacts due to an increased incidence of vehicle accidents, traffic-related impacts, noise, and 
air pollution. 
 
In addition to off-Site hauling, off-Site landfilling under the CBR-Offsite scenario may pose particular 
challenges.  A disposal plan would need to be developed between Kincaid Generation, LLC and the 
owner/operator of the third-party landfill in order to outline acceptable waste conditions upon delivery, 
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daily waste production rates, and the expected duration of the project.  Off-Site landfilling may 
additionally raise issues related to the co-disposal of CCR and other non-hazardous wastes.  Finally, the 
construction schedule for excavation may be negatively impacted if, during the course of closure, it is 
determined that the off-Site landfill must be expanded in order to receive all of the materials excavated 
from the Ash Pond. 
 
2.4.2 Expected Operational Reliability of the Closure Alternative 

There is no post-closure risk of operational failures leading to sudden releases of CCR from the Ash Pond 
under the CBR-Offsite scenario.  There is minimal post-closure risk of sudden CCR releases occurring 
under the CIP scenario, because:  (i) the final cover system will be constructed and maintained in 
accordance with all relevant state and federal safety regulations, and (ii) the dikes, final cover, and 
stormwater control features have all been designed to withstand earthquakes and storm events (see 
Section 2.2.2 above).  Moreover, appropriate operational controls are expected to be implemented at the 
off-Site landfill under the CBR-Offsite scenario.  As such, operational reliability would be expected under 
all of the closure scenarios. 
 
2.4.3 Need to Coordinate with and Obtain Necessary Approvals and Permits from Other 

Agencies 

Permits and approvals would be needed under all of the closure scenarios.  Components of the three 
closure scenarios that would be expected to require a permit include: 
 
 A modification to the existing NPDES permit through IEPA to allow the disposal of water 

generated from unwatering and dewatering operations via the existing NPDES-permitted outfall 
for the Site; 

 A construction permit from the IDNR Office of Water Resources Dam Safety Program to allow 
the embankment and spillways of the Ash Pond to be modified as part of its closure; 

 A construction stormwater permit through IEPA, including construction stormwater controls and 
other BMPs such as silt fences and other measures; and 

 A joint water pollution control construction and operating permit (WPC permit). 

 
Under the CBR-Offsite scenario, it may be necessary to expand the off-Site landfill.  Additional 
permitting may be required under this scenario for the transport of the CCR and to expand the off-Site 
landfill.  It may also be necessary to modify the operating plan for the off-Site landfill in order to 
accommodate the increased rate of filling of the landfill and the likely need for additional equipment and 
personnel to manage the receipt and disposal of the CCR. 
 
2.4.4 Availability of Necessary Equipment and Specialists 

CIP and CBR-Offsite are reliable and standard methods for managing waste that rely on common 
construction equipment and materials and typically do not require the use of specialists, outside of typical 
construction labor and equipment operators.  However, global supply chains have been disrupted due to 
the COVID-19 pandemic, resulting in shortages in the availability of construction equipment and parts.  
There may be some shortages in construction equipment under all of the closure scenarios if supply chain 
resilience does not improve by the time construction begins.  Alternatively, extended downtime may be 
required for equipment repairs and maintenance.  A national shortage of truck drivers has also developed 
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during the COVID-19 pandemic.  Due to the larger earthwork volumes involved under the CBR-Offsite 
scenario than under the CIP scenario, shortages in construction equipment may cause greater challenges 
under the former than under the CIP scenario.  The current shortage of truck drivers may be particularly 
impactful under the CBR-Offsite scenario, due to the large volume of CCR to be hauled from the Site 
under this scenario.  If sufficient trucks and truck drivers are not available, the construction schedule at 
the Ash Pond may lengthen based on hauling-related delays. 
 
The availability of critical materials such as metal, wood, and electronic chips has also been impacted by 
the COVID-19 pandemic.  However, soil materials and geomembrane liner materials have generally been 
available during 2021 and early 2022 for landfill development and closure projects. 
 
2.4.5 Available Capacity and Location of Needed Treatment, Storage, and Disposal Services 

Under the CIP scenario, all of the CCR currently within the Ash Pond would be stored within the existing 
footprint of the Ash Pond.  Treatment would consist of unwatering the Ash Pond at the start of 
construction, performing limited dewatering to stabilize the CCR subgrade, and managing stormwater 
inflow.  Water from unwatering and dewatering the Ash Pond would be discharged in accordance with 
the NPDES permit for the facility.  Under the CBR-Offsite scenario, water treatment would similarly 
consist of unwatering and dewatering the Ash Pond at the start of construction and discharging water 
from unwatering/dewatering in accordance with the NPDES permit for the facility.  Due to the need for 
dewatering prior to CCR hauling, a higher volume of water would be expected to be generated during 
dewatering under the CBR-Offsite scenario than under the CIP scenario. 
 
For the CBR-Offsite scenario, approximately 2,950,000 CY of CCR would be excavated from the Ash 
Pond and require disposal.  For the CBR-Offsite scenario, the closest nearby third-party landfill with the 
ability to receive and dispose of CCR from the Site is the Five Oaks Landfill in Taylorville, Illinois 
(Appendix B).  This facility has 7,050,000 CY of remaining capacity in its current permitted footprint.  It 
receives 250,000 CY of waste annually and is located 7.5 miles from the Site by road (Appendix B; 
IEPA, 2021c).  The Five Oaks Landfill therefore has sufficient capacity to receive CCR from the Ash 
Pond.  However, closure of the Ash Pond would increase the annual waste receipt rate at the off-Site 
landfill.  Due to the short timeframe over which CCR would be received at the landfill, vertical and/or 
lateral expansions of the landfill may become necessary.  Additionally, the landfill operators may need to 
develop a disposal plan to account for the increased volume of material that would be received and CCR 
waste's unique characteristics.  Elements of this disposal plan might include increasing daily operational 
capacity and procedures, expediting planned airspace construction, and potentially expediting the 
expansion of the landfill. 
 
If disposal at the Five Oaks Landfill is impractical or infeasible, then an alternative landfill located farther 
from the Site would need to be identified.  Two likely alternatives to the Five Oaks Landfill are the 
Sangamon Valley Landfill in Springfield, Illinois, and the Litchfield-Hillsboro Landfill in Litchfield, 
Illinois.  The Sangamon Valley Landfill has 2,350,000 CY of remaining capacity in its current permitted 
footprint, receives 149,000 CY of waste annually, and is located 24.5 miles from the Site (IEPA, 2021c).  
The Litchfield-Hillsboro Landfill has 1,540,000 CY of remaining capacity in its current permitted 
footprint, receives 83,000 CY of waste annually, and is located 41.5 miles from the Site (IEPA, 2021c).  
Neither of these two alternative landfills has sufficient capacity for the volume of CCR to be excavated 
from the Ash Pond (2,950,000 CY) and would therefore require expansion if they were selected. 
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2.5 Impact of Closure Alternative on Waters of the State (IAC Section 
845.710(d)(4)) 

As demonstrated in Gradient's human health and ecological risk assessment (Appendix A), modeled and 
measured surface water concentrations in Sangchris Lake are all below relevant human health and 
ecological screening benchmarks.  Surface water concentrations of CCR-associated constituents would be 
expected to decline over time under all of the closure scenarios.  Thus, no current or future exceedances 
of any human health or ecological screening benchmarks would be anticipated under any of the closure 
scenarios. 
 
The lined landfills that would receive the CCR excavated from the Ash Pond under the CBR-Offsite 
scenario would be managed to ensure that no surface water impacts would occur in the vicinity of the 
landfill.  In summary, no impacts on any waters of the state would be expected under any of the closure 
scenarios. 
 
2.6 Concerns of Residents Associated with Closure Alternatives (IAC Section 

845.710(b)(4)) 

Several nonprofits have raised concerns regarding the potential impacts of the coal ash impoundments at 
this Site and other sites throughout the region on groundwater and surface water quality, including 
Earthjustice, the Prairie Rivers Network, and the Sierra Club (Earthjustice et al., 2018; Sierra Club, 2014; 
Sierra Club and CIHCA, 2014).  These parties generally prefer CBR to CIP, citing fears that allowing 
CCR to remain in place "allows the widespread groundwater contamination to continue indefinitely" 
(Earthjustice et al., 2018, p. 24).  However, it is not the case that closing the Ash Pond at the Kincaid Site 
via CIP rather than CBR would result in undue risks to groundwater and surface water in the vicinity of 
the Site post-closure.  As described in Sections 2.2.1 and 2.2.2, no current or future unacceptable risks to 
human or ecological receptors are associated with the Ash Pond under any of the closure scenarios.  There 
is also minimal risk of future CCR releases occurring under any of the closure scenarios.  Furthermore, 
groundwater modeling conducted at the Site demonstrated that groundwater concentrations will decline 
below the GWPS for all constituents at the same time for all closure scenarios (i.e., within 17 years after 
closure; Ramboll, 2022).  All three closure scenarios are therefore responsive to residents' concerns 
regarding impacts to groundwater and surface water quality. 
 
The CIP scenario has several advantages over the CBR-Offsite scenario with regard to likely community 
concerns.  Notably, the CIP scenario presents fewer risks to workers and nearby residents during 
construction in the form of accidents, traffic-related impacts, noise, and air pollution (see Section 2.2.4 
above).  Closure would also be achieved more rapidly under the CIP scenario than under the CBR-Offsite 
scenario, due to the shorter expected duration of construction activities (2.1-2.8 years under the CIP 
scenario vs. 8.9-11.5 years under the CBR-Offsite scenario).  Finally, because the CIP scenario would 
require less construction activity than the CBR-Offsite scenario and would also be completed over a 
shorter time period, the Site could be more rapidly redeveloped for the installation of a solar facility on 
the capped impoundment under the CIP scenario than under the CBR-Offsite scenario.  Redevelopment of 
the Site for use in solar generation and battery energy storage would bring new jobs to the community and 
contribute positively to Illinois's growing renewable energy portfolio. 
 
A public meeting was held on June 15, 2022, pursuant to requirements under IAC Section 845.710(e).  
Questions raised by attendees were addressed at the meeting; subsequently, a written summary of the 
questions and responses was prepared. 
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2.7 Class 4 Estimate (IAC Section 845.710(d)(1))  

Analyses in the Final Closure Plan were prepared, consistent with Class 4 estimates, based on the 
Association for the Advancement of Cost Engineering (AACE) Classification Standard (or a comparable 
classification practice as provided in the AACE Classification Standard), as required by IAC Section 
845.710 (IEPA, 2021a). 
 
2.8 Summary 

Table S.1 (Summary of Findings) summarizes the expected impacts of the CIP and CBR-Offsite closure 
scenarios with regard to each of the factors specified under IAC Section 845.710 (IEPA, 2021a).  Based 
on this evaluation and the details provided in Section 2 above, CIP has been identified as the most 
appropriate closure scenario for the Ash Pond.  Key benefits of the CIP scenario relative to the CBR-
Offsite scenarios include the more rapid redevelopment of the Site for the installation of a solar facility on 
the capped impoundment and reduced impacts to workers, community members, and the environment 
during construction (e.g., fewer constructed-related accidents, lower energy demands, less air pollution 
and GHG emissions, and reduced duration of traffic-related impacts).  Moreover, the CIP scenario will 
meet the required closure schedule (i.e., closure completed by October 2028) defined in IAC Section 
845.700(d)(2)(C)(ii) (IEPA, 2021a), whereas the CCBR-Offsite scenario will be unable to meet this 
required schedule.   
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1 Introduction 

The Kincaid Power Plant (KPP, or "the Site") is an electric power generating facility with coal-fired units 
located approximately four miles west of the Village of Kincaid in Christian County, Illinois.  The KPP is 
owned and operated by Kincaid Generation LLC.  The KPP operates as a coal-fired power plant and has a 
single coal combustion residuals (CCR) management unit, the Ash Pond (AP) (Vistra Identification [ID] 
Number [No.] 141, Illinois Environmental Protection Agency [IEPA] ID No. W0218140002-01, and 
National Inventory of Dams [NID] No. IL50706 (Ramboll, 2021).  The Kincaid AP, the subject of this 
report, is a 172-acre, unlined surface impoundment (SI) used to manage CCR and non-CCR waste streams 
at the KPP (Ramboll, 2021).   
 
This report presents the results of an evaluation that characterizes potential risk to human and ecological 
receptors that may be exposed to CCR constituents in environmental media originating from the AP.  This 
risk evaluation was performed to support the Closure Alternatives Assessment for the AP in accordance 
with requirements in Title 35 Part 845 of the Illinois Administrative Code (IEPA, 2021).  Human and 
ecological risks were evaluated for Site-specific constituents of interest (COIs).  The conceptual site model 
(CSM) assumed that Site-related COIs in groundwater may migrate to the adjacent Sangchris Lake and 
affect surface water and sediment in the vicinity of the Site.   
 
Consistent with United States Environmental Protection Agency (US EPA) guidance (US EPA, 1989), this 
report used a tiered approach to evaluate potential risks, which included the following steps:   
 

1. Identify complete exposure pathways and develop a conceptual exposure model (CEM). 

2. Identify Site-related COIs:  Constituents detected in groundwater were considered COIs if their 
maximum detected concentration over the period from 2015 to 2021 exceeded a groundwater 
protection standard (GWPS) identified in Part 845.600 (IEPA, 2021), or a relevant surface water 
quality standard (IEPA, 2019; US EPA Region IV, 2018).  

3. Perform screening-level risk analysis:  Compare maximum measured or modeled COI 
concentrations in surface water and sediment to conservative, health-protective benchmarks to 
determine constituents of potential concern (COPCs). 

4. Perform refined risk analysis:  If COPCs are identified, perform a refined analysis to evaluate 
potential risks associated with the COPCs.  

5. Formulate risk conclusions and discuss any associated uncertainties. 

 
This assessment relies on a conservative (i.e., health-protective) approach and is consistent with the risk 
approaches outlined in US EPA guidance.  Specifically, we considered evaluation criteria detailed in IEPA 
guidance documents (e.g., IEPA, 2013, 2019), incorporating principles and assumptions consistent with the 
Federal CCR Rule (US EPA, 2015a) and US EPA's "Human and Ecological Risk Assessment of Coal 
Combustion Residuals" (US EPA, 2014a). 
 



    2 
 
\\camfs\G_Drive\Projects\221118_Vistra-Kincaid\TextProc\a071122m.docx 

US EPA has established acceptable risk metrics.  Risks above these US EPA-defined metrics are termed 
potentially "unacceptable risks."  Based on the evaluation presented in this report, no unacceptable risks to 
human or ecological receptors resulting from CCR exposures associated with the AP were identified.  This 
means that the risks from the Site are likely indistinguishable from normal background risks.  Specific risk 
assessment results include the following:   
 
 No completed exposure pathways were identified for any groundwater receptors; consequently, no 

risks were identified relating to the use of groundwater. 

 No unacceptable risks were identified for recreators boating in Sangchris Lake adjacent to the Site.   

 No unacceptable risks were identified for recreators exposed to sediment in Sangchris Lake 
adjacent to the Site.   

 No unacceptable risks were identified for anglers consuming locally caught fish. 

 No unacceptable risks were identified for ecological receptors exposed to surface water or 
sediment. 

 No bioaccumulative ecological risks were identified. 

 
It should be noted that this evaluation incorporates a number of conservative assumptions that tend to 
overestimate exposure and risk.  Moreover, it should be noted that because current conditions do not present 
a risk to human health or the environment, there will also be no unacceptable risk to human health or the 
environment for future conditions when the AP is closed.  For all future closure scenarios, potential releases 
of CCR-related constituents will decline over time and, consequently, potential exposures to CCR-related 
constituents in the environment will also decline.  
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2 Site Overview 

2.1 Site Description 

The KPP is located approximately four miles west of the Village of Kincaid in Christian County, Illinois.  
The KPP operates as a coal-fired power plant and has a single CCR management unit, the AP (Vistra ID 
No. 141, IEPA ID No. W0218140002-01, and NID No. IL50706).  The Kincaid AP, the subject of this 
report, is a 172-acre, unlined SI used to manage CCR and non-CCR waste streams at the KPP (Ramboll, 
2021).  
 
The AP is located between two lobes of Sangchris Lake (Figure 2.1), which was formed in 1964 by 
damming Clear Creek, a tributary to the south fork of the Sangamon River.  Sangchris Lake was created to 
provide a source of cooling water for the KPP.  The western lobe of Sangchris Lake forms part of the 
western and the northern border of the AP and is connected to an intake flume for the KPP on the western 
edge of the AP.  A discharge flume from the KPP forms the southern border of AP and is connected to the 
eastern lobe of Sangchris Lake.  The KPP property is surrounded by the lobes of Sangchris Lake and 
Sangchris Lake State Park to the north and east, and a combination of undeveloped land and surface support 
facilities associated with the former Peabody Coal Company #10 mine to the south and west (Ramboll, 
2021).   
 

 
Figure 2.1  Site Location Map.  Source:  Ramboll (2021). 
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2.2 Geology/Hydrogeology 

The geology underlying the Site in the vicinity of the KPP consists of unlithified deposits overlying a 
bedrock confining unit (BCU).  The unlithified materials consist of three major hydrostratigraphic units:  
the upper semi-confining unit (USCU), the uppermost aquifer (UA), and the lower confining unit (LCU) 
(Ramboll, 2021).  The USCU is primarily composed of low permeability clay and silt with some clayey 
sand and sandy clay intervals and high permeability sand lenses of the Cahokia Formation (Ramboll, 2021).  
The UA is composed of low permeability clays and silts of the Upper Cahokia Formation and the underlying 
moderate permeability sand and gravel layers of the Lower Cahokia Formation (Ramboll, 2021).  At some 
locations, the UA also includes the interface with the underlying Vandalia Till (Ramboll, 2021).  The LCU 
is composed of low permeability silt and clay with minor sand layers of the Vandalia Till (Ramboll, 2021).  
The BCU is composed of interbedded shale and limestone and underlies the entire footprint of the AP 
(Ramboll, 2021).   
 
The discontinuous sand lenses within the USCU were designated as potential migration pathways (PMPs) 
because there is a high probability of contaminant transport through the high permeability sandy intervals 
(Ramboll, 2021).  The USCU/PMP has a geometric mean horizontal hydraulic conductivity of 5.4 x 10-5 
cm/s (Ramboll, 2021).  The UA is generally less than 4 feet (ft) thick and has a geometric mean horizontal 
hydraulic conductivity of 4.14 x 10-5 cm/s (Ramboll, 2021).  The UA is underlain by the confining units 
LCU and BCU. 
 
Groundwater elevations within the AP are higher than the surface water elevations in Sangchris Lake 
(Ramboll, 2021).  This groundwater mound (i.e., piezometric maximum) due to the hydraulic influence of 
the AP facilitates a radial groundwater flow pattern from the AP towards two lobes of Sangchris Lake:  a 
predominant groundwater flow in the north/northwest direction towards the western lobe of Sangchris Lake 
and a flow component in the south and southeast direction towards the eastern lobe of Sangchris Lake 
(Figure 2.2).  The horizontal hydraulic gradient for the USCU/PMP averaged 0.010 ft/ft, which corresponds 
to an average groundwater flow velocity of 0.010 ft/day (Ramboll, 2021).  The horizontal hydraulic gradient 
for the UA averaged 0.013 ft/ft, which corresponds to an average groundwater flow velocity of 
0.0023 ft/day (Ramboll, 2021). 
 
2.3 Conceptual Site Model 

A CSM describes sources of contamination, the hydrogeological units, and the physical processes that 
control the transport of water and solutes.  In this case, the CSM describes how groundwater underlying the 
KPP migrates and interacts with surface water and sediment in the adjacent Sangchris Lake.  The CSM was 
developed using available hydrogeologic data specific to the KPP (Ramboll, 2021), including information 
on groundwater flow and surface water characteristics. 
 
CCR-related constituents may migrate vertically downward beneath the KPP and into groundwater; these 
constituents may subsequently migrate with groundwater in the USCU/PMP and the UA and eventually 
flow into Sangchris Lake (Ramboll, 2021).  Groundwater flow within the UA and the USCU/PMP is mostly 
in the horizontal direction because these units are underlain by confining layers (i.e., LCU and BCU) that 
may inhibit vertical flow.  After groundwater flows into the lake, dissolved constituents in groundwater 
may partition between sediments and surface water. 
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2.4 Groundwater Monitoring 

A total of 32 wells have been used to monitor the groundwater quality near and downgradient of the AP.  
Of these, 23 wells are screened in the UA, 1 well is screened in the BCU, and 8 wells are screened in the 
USCU (Table 2.1).   
 
The analyses presented in this report relied on all available data from the 32 wells collected between 2015 
and 2021, which is the period subsequent to the promulgation of the Federal CCR Rule.  Groundwater 
samples were analyzed for a suite of total metals, specified in Illinois CCR Rule Part 845.600 (IEPA, 
2021).1  A summary of the groundwater data used in this risk evaluation is presented in Table 2.2.  The AP-
related well locations used in this risk evaluation are shown in Figure 2.2.  The use of groundwater data in 
this risk evaluation does not imply that detected constituents are associated with the AP or that they have 
been identified as potential groundwater exceedances.  
 

 
Figure 2.2  Monitoring Well Locations.  Source:  Ramboll (2021, Figure 3-1).   
 
  

                                                      
1 Samples were analyzed for a longer list of inorganic constituents, but these constituents were not evaluated in the risk evaluation.   
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Table 2.1  Groundwater Monitoring Wells Related to Kincaid Ash Pond  

Well  Hydrogeologic 
Unit 

Date 
Constructed 

Screen 
Top Depth 

(ft bgs) 

Screen 
Bottom Depth 

(ft bgs) 

Well Depth 
(ft bgs) 

MW-1 UA 04/20/2010 15 25 25 
MW-2 UA 04/21/2010 10 20 20 
MW-3 UA 04/15/2010 14 24 24 
MW-4 UA 04/14/2010 12 22 22 
MW-5 UA 04/22/2010 30 40 40 
MW-6 UA 04/16/2010 10 20 20 
MW-7 UA 04/16/2010 10 20 20 
MW-7S USCU 02/02/2021 6 11 11 
MW-8 UA 04/13/2010 12 22 22 
MW-8S USCU 02/02/2021 4 7 7 
MW-9 UA 04/19/2010 10 20 20 
MW-10 UA 04/19/2010 10 20 20 
MW-11 UA 06/17/2015 11 21 21 
MW-11S USCU 01/26/2021 4 8 8 
MW-12 UA 07/23/2015 15 25 25 
MW-12S USCU 01/27/2021 5 9 9 
MW-12D BCU 01/26/2021 50 55 55 
MW-20 UA 01/26/2021 14 24 24 
MW-20S USCU 01/26/2021 4 10 10 
MW-22 UA 02/03/2021 15 19 19 
MW-23 UA 02/02/2021 23 28 28 
MW-24 UA 02/02/2021 27 32 32 
MW-25 USCU 02/02/2021 9 14 14 
MW-26 UA 02/02/2021 7 12 12 
MW-27 USCU 02/02/2021 10 15 15 
MW-28 UA 02/02/2021 12 22 22 
MW-29 UA 02/01/2021 14 19 19 
MW-30 UA 02/03/2021 35 40 40 
MW-31 UA 02/03/2021 35 40 40 
MW-31S USCU 02/03/2021 25 30 30 
MW-32 UA 02/03/2021 32 37 37 
PZ-4C UA 03/30/2016 15.5 20.5 20.5 

Notes: 
Source:  Ramboll (2021).     
BCU = Bedrock Confining Unit; bgs = Below Ground Surface; UA = Uppermost Aquifer; USCU = Upper Semi-
confining Unit. 
(a)  No groundwater data were available for MW-11S.  With the exception of the May 2021 sampling event, this 
monitoring well was dry during all sampling events (Ramboll, 2021). 
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Table 2.2  Groundwater Data Summary  

Constituent 
Samples with 
Constituent 

Detected 

Samples 
Analyzed 

Minimum 
Detected 

Value 

Maximum 
Detected 

Value 

Maximum 
Laboratory 

Detection Limit 

Total Metals (mg/L) 
Antimony 5 396 0.0010 0.0016 0.0050 
Arsenic 133 412 0.0010 0.18 0.025 
Barium 411 412 0.020 2.7 0.0050 
Beryllium 4 396 0.0012 0.010 0.0050 
Boron 412 412 0.044 11 0.13 
Cadmium 1 388 0.0017 0.0017 0.0050 
Chromium 56 412 0.0015 0.35 0.0075 
Cobalt 103 412 0.0010 0.14 0.0050 
Lead 38 412 0.0010 0.25 0.0075 
Lithium 175 289 0.0012 0.18 0.015 
Mercury 2 398 0.00023 0.00048 0.00020 
Molybdenum 121 289 0.0011 0.028 0.0075 
Selenium 41 412 0.0010 0.021 0.040 
Thallium 4 388 0.0021 0.0025 0.010 
Radionuclides (pCi/L) 
Radium-226 + 228 386 386 0 9.3 2.0 
Other (mg/L, unless otherwise noted) 
Chloride 368 412 1.0 245 50 
Fluoride 421 422 0.11 0.78 0.20 
Sulfate 385 412 10 929 500 
Total Dissolved Solids 398 398 244 1,830 50 

Notes: 
Source:  Ramboll (2021). 
pCi/L = PicoCuries Per Liter. 
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2.5 Surface Water Monitoring 

Golder collected a total of 33 surface water samples from Sangchris Lake in the vicinity of AP in October 
2021 (Golder Associates Inc., 2021).  The sample locations are shown in Figure 2.3, and the sampling 
results are summarized in Table 2.3. 
 

 
Figure 2.3  Surface Water Sampling Locations.  Source:  Golder Associates Inc. (2021). 
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Table 2.3  Surface Water Data Summary  

Constituent 

Samples 
with 

Constituent 
Detected 

Samples 
Analyzed 

Minimum 
Detected 

Value 

Maximum 
Detected 

Value 

Maximum 
Laboratory 
Detection 

Limit 
Dissolved Metals (mg/L) 
Antimony 9 33 0.0012 0.0045 0.0010 
Chromium 1 33 0.0024 0.0024 0.0015 
Total Metals (mg/L) 
Arsenic 33 33 0.0023 0.0034 0.0010 
Barium 33 33 0.063 0.084 0.0010 
Beryllium 0 33 ND ND 0.0010 
Boron 33 33 0.035 0.065 0.025 
Cadmium 0 33 ND ND 0.0010 
Calcium 33 33 29 34 0.10 
Cobalt 0 33 ND ND 0.0010 
Iron 33 33 0.17 1.6 0.025 
Lead 1 33 0.0011 0.0011 0.0010 
Lithium 0 33 ND ND 0.0030 
Magnesium 33 33 18 20 0.050 
Manganese 33 33 0.074 0.23 0.0020 
Mercury 0 33 ND ND 0.00020 
Molybdenum 0 33 ND ND 0.0015 
Potassium 33 33 2.8 3.2 0.10 
Selenium 0 33 ND ND 0.0010 
Sodium 33 33 12 13 0.050 
Radionuclides (pCi/L) 
Radium-226 + 228 32 33 0.024 1.3 NA  
Other (mg/L, unless otherwise noted) 
Chloride 33 33 20 21 1.0 
Fluoride 33 33 0.35 0.36 0.10 
Phosphorus 1 33 0.15 0.15 0.10 
Sulfate 33 33 30 32 10 
Total Dissolved Solids 33 33 162 218 20 

Notes: 
Source:  Golder Associates Inc. (2021). 
NA = Not Applicable; ND = Not Detected; pCi/L = PicoCuries Per Liter. 
Surface water was analyzed for both total and dissolved metals.  Only the total metals are reported here, because they 
are generally higher concentrations than dissolved metals.  However, since antimony and chromium were not detected 
in the analysis for total metals, the results of the dissolved metals are reported for these two constituents only. 
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3 Risk Evaluation 

3.1 Risk Evaluation Process 

A risk evaluation was conducted to determine whether constituents present in groundwater underlying and 
downgradient of the AP have the potential to pose adverse health effects to human and ecological receptors.  
The risk evaluation is consistent with the principles of risk assessment established by US EPA and has 
considered evaluation criteria detailed in Illinois guidance documents (e.g., IEPA [2013, 2019]). 
 
The general risk evaluation approach is summarized in Figure 3.1 and discussed below.   
 

 
Figure 3.1  Overview of Risk Evaluation Methodology.  GWQS = Groundwater Quality Standard; IEPA = 
Illinois Environmental Protection Agency; SWQS = Surface Water Quality Standard; US EPA = United 
States Environmental Protection Agency.  (a)  The IEPA Part 845 GWPS were used to identify COIs.  
(b)  IEPA SWQS protective of chronic exposures to aquatic organisms were used to identify ecological 
COIs.  In the absence of an SWQS, US EPA Region IV ecological screening values were used. 

 
The first step in the risk evaluation was to develop the CEMs and identify complete exposure pathways.  
All potential receptors and exposure pathways based on groundwater use and surface water use in the 
vicinity of the Site were considered.  Exposure pathways that are incomplete were excluded from the 
evaluation.     
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Groundwater data were used to identify COIs.  COIs were identified as constituents with maximum 
concentrations in groundwater in excess of groundwater quality standards (GWQS)2 for human receptors 
and surface water quality standards (SWQS) for ecological receptors.  Based on the CSM (Section 2.3), 
some groundwater underlying the AP has the potential to interact with surface water in Sangchris Lake.  
Therefore, potential AP-related constituents in groundwater may potentially flow toward and flow into 
surface water in Sangchris Lake.   
 
Surface water samples have been collected from Sangchris Lake adjacent to the Site; however, sediment 
samples have not been collected from the lake.  Gradient modeled the potential migration of COIs from 
groundwater to surface water and sediment to evaluate potential risks to receptors (see Section 3.3.3).   
 
Gradient modeled the COI concentrations in surface water and sediment based on the groundwater data 
from the AP-related wells.  The measured and modeled COI concentrations in surface water and sediment 
were compared to conservative, generic risk-based screening benchmarks for human health and ecological 
receptors.  These generic screening benchmarks rely on default assumptions with limited consideration of 
site-specific characteristics.  Human health benchmarks are receptor-specific values calculated for each 
pathway and environmental medium that are designed to be protective of human health.  Ecological 
benchmarks are medium-specific values designed to be protective of all potential ecological receptors 
exposed to surface water.  Ecological and human health screening benchmarks are inherently conservative 
because they are intended to screen out chemicals that are of no concern with a high level of confidence.  
Therefore, a measured or modeled COI concentration exceeding a screening benchmark does not indicate 
an unacceptable risk, but only that further risk evaluation is warranted.  COIs with maximum concentrations 
exceeding a conservative screening benchmark are identified as COPCs requiring further evaluation.   
 
As described in more detail below, this evaluation relied on the screening assessment to demonstrate that 
constituents present in groundwater underlying the AP do not pose an unacceptable human health or 
ecological risk.  That is, after the screening step, no COPCs were identified and further assessment was not 
warranted.   
 
3.2 Human and Ecological Conceptual Exposure Models 

A CEM provides an overview of the receptors and exposure pathways requiring risk evaluation.  The CEM 
describes the source of the contamination, the mechanism that may lead to a release of contamination, the 
environmental media to which a receptor may be exposed, the route of exposure (exposure pathway), and 
the types of receptors that may be exposed to these environmental media.   
 
3.2.1 Human Conceptual Exposure Model 

The human CEM for the Site depicts the relationships between the off-Site environmental media potentially 
impacted by constituents in groundwater and human receptors that could be exposed to these media.  
Figure 3.2 presents a human CEM for the Site.  It considers a human receptor who could be exposed to 

                                                      
2 As discussed further in Section 3.3.2, GWQS are protective of human health and not necessarily of ecological receptors.  While 
ecological receptors are not exposed to groundwater, groundwater can potentially enter into the adjacent surface water and impact 
ecological receptors.  Therefore, two sets of COIs were identified:  one for humans and another for ecological receptors. 
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COIs hypothetically released from the AP into groundwater, surface water, sediment, and fish.  The 
following human receptors and exposure pathways were evaluated for inclusion in the Site-specific CEM. 
 
 Residents – exposure to groundwater/surface water as drinking water  

 Residents – exposure to groundwater/surface water used for irrigation  

 Recreators in the lake adjacent to the Site: 

• Boaters – exposure to surface water and sediment while boating 

• Swimmers – exposure to surface water and sediment while swimming 

• Anglers – exposure to surface water and sediment and consumption of locally caught fish 

 
All of these exposure pathways were considered to be complete, except for residential exposure to 
groundwater or surface water used for drinking water or irrigation, and swimming.  Section 3.2.1.1 explains 
why the residential drinking water and irrigation pathways are incomplete, and Section 3.2.1.2 provides 
additional description of the recreational exposures.  The permitted activities in Sangchris Lake do not 
include swimming, therefore this pathway was not evaluated (IDNR, 2022a). 
 

 
Figure 3.2  Human Conceptual Exposure Model.  CCR = Coal Combustion Residuals.  Dashed line/Red X = 
Incomplete or insignificant exposure pathway.  (a)  Groundwater in the vicinity of the Site is not used as a 
drinking water or irrigation source.  (b)  Surface water is not used as a drinking water source. 
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3.2.1.1 Groundwater or Surface Water as a Drinking Water/Irrigation Source 

Groundwater as a source of drinking water and/or irrigation water is not a complete exposure pathway for 
CCR-related constituents originating from the KPP.  As presented below, wells in the vicinity of the AP 
are either not used as a source of drinking water and/or irrigation water or are hydraulically separated from 
the AP.    
 
Relying on federal and state databases, Ramboll completed a potable water well survey in 2021 (Ramboll, 
2021).  A total of nine wells were identified within a 1,000-meter radius of the AP during a comprehensive 
search of the Illinois State Geological Survey's (ISGS) Illinois Water and Related Wells (ILWATER) Map 
(ISGS, 2020).  The wells that were identified included two wells that were identified as dry, one well 
identified as a municipal water supply well, two wells identified as private water wells, one well identified 
as a commercial well, and three coal mining or engineering related test wells (Ramboll, 2021, Figure 3.3).  
While there is no information available about the current use of these wells, they are either unlikely to be 
used as sources of drinking/irrigation water and/or are unlikely to be affected by potential CCR-related 
constituents originating from the AP.  Wells that were identified in the Ramboll (2021) receptor survey are 
summarized below: 
 
 The two dry wells and the coal mining test well are not used as sources of drinking or irrigation 

water and consequently are not shown on Figure 3.3.  Moreover, the dry wells are located on 
opposite sides of Sangchris Lake from the AP (Ramboll, 2021); thus, there is no plausible 
mechanism by which they could be impacted by any potential constituents in groundwater 
associated with the AP.  The coal mining test well, which was installed in 1911 (Ramboll, 2021) is 
located under the current location of Sangchris Lake (Ramboll, 2021).  

 One private water well is shown on the KPP property (Ramboll, 2021).  If this well exists, it likely 
is not used as source of drinking or irrigation water.  The receptor survey also lists a private well 
(120212464000; Ramboll, 2021); this well is actually located south of the Town of Kincaid, far 
from the KPP property.  Since these wells are either unlikely to be used as source of 
drinking/irrigation water or unaffected by potential CCR-related constituents originating from the 
AP they have not been shown on Figure 3.3. 

 One private water well (#42) is shown within the boundaries of the AP (Ramboll, 2021; Figure 3.3).  
If this well actually exists, it is not used as source of drinking or irrigation water. 

 There are two engineering test or test hole locations (#55 and #91).  These are not likely to be used 
as sources of drinking or irrigation water.  Moreover, the test holes are located on opposite sides of 
Sangchris Lake from the AP (Ramboll, 2021); thus, there is no plausible mechanism by which they 
could be impacted by any potential constituents in groundwater associated with the AP.    

 There is one commercial well (#62) installed in 1980 by Commonwealth Edison (Ramboll, 2021, 
Figure 3.3).  The well is located on the opposite side of Sangchris Lake from the AP; thus, there is 
no plausible mechanism by which it could be impacted by any potential constituents in groundwater 
associated with the AP.     

 There is one municipal supply well (#98) installed in 1975 at Sangchris State Park.  The well is 
located approximately 1,800 feet side-gradient of the AP along the edge of Sangchris Lake; given 
that there is a strong groundwater flow gradient toward the lake, it is unlikely that this well could 
be impacted by CCR-related constituents originating from the AP.  
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Additionally, as summarized below, there is no off-Site migration of CCR-related constituents in either 
shallow or deep groundwater and Sangchris Lake is not used as a public water supply.  
 
 There is no off-Site migration of CCR-related constituents in groundwater.  Groundwater from 

the AP flows toward two lobes of Sangchris Lake.  Primary groundwater flow directions are to the 
north/northwest direction towards the western lobe of Sangchris Lake and to the south/southeast 
direction towards the eastern lobe of Sangchris Lake (Ramboll, 2021).  Both lobes of Sangchris 
Lake in the vicinity of the AP are hydraulic boundaries that prevent shallow groundwater from 
flowing past or underneath them.  Furthermore, Sangchris Lake is a regional "sink," which means 
that groundwater flows to Sangchris Lake but cannot flow past.  Thus, there is no plausible 
mechanism by which potential constituents in groundwater associated with the AP could have 
impacted off-Site groundwater.  

 Sangchris Lake adjacent to AP is not used as a public water supply.  Sangchris Lake is a cooling 
water pond maintained by Kincaid Generation LLC, which restricts the use of the lake as a source 
of drinking water.  Therefore, the human exposure pathway of surface water ingestion (as potable 
water) adjacent to the AP was not evaluated further. 

 The AP has a limited hydraulic connection to deep groundwater.  The confining units (i.e., 
LCU and BCU) underlying the shallow water bearing units (i.e., the UA and the USCU/PMP) form 
a hydraulic barrier between the KPP and deeper groundwater resources.  Due to very low 
permeability of the LCU, downward migration of shallow groundwater is expected to be limited.  
Therefore, the likelihood of KPP AP-related impacts to deep groundwater is minimal. 
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Figure 3.3  Water Wells Within 1,000 Meters of the KPP Ash Pond.  KPP = Kincaid Power Plant.  
Reproduced from Ramboll (2021, Figure B-2). 
 

3.2.1.2 Recreational Exposures  

Sangchris Lake is located adjacent to the Site and portions of the lake are owned by Kincaid Generation 
LLC (Ramboll, 2021).  Sangchris Lake State Park is located to the north of the Site (Ramboll, 2021), and 
the lake is used for recreational fishing (IDNR, 2022b).  Recreational exposure to surface water and 
sediment may occur during activities such as boating or fishing in the lake.  Recreational anglers may also 
consume locally caught fish from Sangchris Lake.  Swimming is not listed as a permitted activity in 
Sangchris Lake (IDNR, 2022b).   
 
3.2.2 Ecological Conceptual Exposure Model 

The ecological CEM for the Site depicts the relationships between off-Site environmental media (surface 
water and sediment) potentially impacted by COIs in groundwater and ecological receptors that may be 
exposed to these media.  The ecological risk evaluation considered both direct toxicity and secondary 
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toxicity via bioaccumulation.  Figure 3.4 presents the ecological CEM for the Site.  The following 
ecological receptor groups and exposure pathways were considered: 
 
 Ecological Receptors Exposed to Surface Water: 

• Aquatic plants, amphibians, reptiles, and fish. 

 Ecological Receptors Exposed to Sediment: 

• Benthic invertebrates (e.g., insects, crayfish, and mussels).  

 Ecological Receptors Exposed to Bioaccumulative COIs: 

• Higher trophic-level wildlife (avian and mammalian) via direct exposures (surface water and 
sediment exposure) and secondary exposures through the consumption of prey (e.g., plants, 
invertebrates, small mammals, and fish). 

 

 
Figure 3.4  Ecological Conceptual Exposure Model.  CCR = Coal Combustion Residuals.   

 
3.3 Identification of Constituents of Interest 

Risks were evaluated for COIs.  A constituent was considered a COI if the maximum detected constituent 
concentration in groundwater exceeded a health-based benchmark.  According to US EPA risk assessment 
guidance (US EPA, 1989), this screening step is designed to reduce the number of constituents carried 
through the risk evaluation that are anticipated to have a minimal contribution to the overall risk.  Identified 
COIs are the constituents that are most likely to pose a risk concern in the surface water adjacent to the Site.   
 
3.3.1 Human Health Constituents of Interest 

For the human health risk evaluation, COIs were conservatively identified as constituents with maximum 
concentrations in groundwater above the GWPS listed in the Illinois CCR Rule Part 845.600 (IEPA, 2021).  
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Gradient used the maximum detected concentrations from groundwater samples collected from all of the 
AP-associated wells, regardless of hydrostratigraphic unit.  The use of groundwater data in this risk 
evaluation does not imply that detected constituents are associated with the AP or that they have been 
identified as potential groundwater exceedances.  Using this approach, 10 COIs (arsenic, barium, beryllium, 
boron, chromium, cobalt, lead, lithium, thallium, and radium-226+228) were identified for the human 
health risk evaluation via the surface water pathway (Table 3.1).   
 
The water quality parameters that exceeded the GWPS included chloride, sulfate, and total dissolved solids; 
however, these constituents were not included in the risk evaluation because the GWPS are based on 
aesthetic quality.  The US EPA secondary maximum contaminant levels (MCLs) for chloride, sulfate, and 
total dissolved solids are based on aesthetic quality.  The secondary MCLs for chloride and sulfate 
(250 mg/L) are based on salty taste (US EPA, 2021a).  The secondary MCL for total dissolved solids 
(500 mg/L) is based on hardness, deposits, colored water, staining, and salty taste (US EPA, 2021a).  Given 
that these parameters are not likely to pose a human health risk concern in the event of exposure, they were 
not considered to be human health COIs.   
 

Table 3.1  Human Health Constituents of Interest 

Constituenta Maximum  
Concentration GWPSb Human Health 

COIc 

Total Metals (mg/L) 
Antimony 0.0016 0.0060 No 
Arsenic 0.18 0.010 Yes 
Barium 2.7 2.0 Yes 
Beryllium 0.010 0.0040 Yes 
Boron 11 2.0 Yes 
Cadmium 0.0017 0.0050 No 
Chromium 0.35 0.10 Yes 
Cobalt 0.14 0.0060 Yes 
Lead 0.25 0.0075 Yes 
Lithium 0.18 0.040 Yes 
Mercury 0.00048 0.0020 No 
Molybdenum 0.028 0.10 No 
Selenium 0.021 0.050 No 
Thallium 0.0025 0.0020 Yes 
Radionuclides (pCi/L) 
Radium-226 + 228 9.3 5.0 Yes 
Other (mg/L, unless otherwise noted) 
Chloride 245 200 Nod 
Fluoride 0.78 4.0 No 
Sulfate 929 400 Nod 
Total Dissolved Solids 1,830 1,200 Nod 

Notes: 
COI = Constituent of Interest; GWPS = Groundwater Protection Standard; pCi/L = PicoCuries Per Liter. 
Shaded = Compound identified as a COI. 
(a)  The constituents are those listed in the Illinois Part 845.600 GWPS (IEPA, 2021). 
(b)  The Illinois Part 845.600 GWPS (IEPA, 2021) were used to identify COIs. 
(c)  COIs are constituents for which the maximum concentration exceeds the groundwater standard. 
(d)  This constituent is not likely to pose a human health risk concern due to the absence of studies 
regarding toxicity to human health.  Therefore, this constituent is not considered a COI. 
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3.3.2 Ecological Constituents of Interest 

The Illinois GWPS, as defined in IEPA's guidance, were developed to protect human health, but not 
necessarily ecological receptors.  While ecological receptors are not exposed to groundwater, groundwater 
can potentially migrate into the adjacent surface water and impact ecological receptors.  Therefore, to 
identify ecological COIs, the maximum concentrations of constituents detected in groundwater were 
compared to ecological surface water benchmarks protective of aquatic life.   
 
The surface water screening benchmarks for freshwater organisms were obtained from the following 
hierarchy of sources: 
 
 IEPA (2019) surface water quality criteria (SWQC).  IEPA SWQC are health-protective 

benchmarks for aquatic life exposed to surface water on a long-term basis (i.e., chronic exposure).  
The SWQC for several metals are hardness-dependent (cadmium, chromium, copper, lead, 
manganese, nickel, and zinc).  Screening benchmarks for these constituents were calculated 
assuming US EPA's default hardness of 100 mg/L (US EPA, 2022).3  

 US EPA Region IV (2018) surface water Ecological Screening Values (ESVs) for hazardous waste 
sites. 

 
Benchmarks from the United States Department of Energy's (US DOE) guidance document ("A Graded 
Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota") were used for radium (US 
DOE, 2019).  US DOE (2019) presents benchmarks for radium-226 and radium-228 (4 and 3 picoCuries 
per liter [pCi/L], respectively).  Given that radium concentrations are expressed as total radium (radium-
226+228, i.e., the sum of radium-226 and radium-228), Gradient used the lower of the two benchmarks 
(3 pCi/L for radium-228) to evaluate total radium concentrations. 
 
Consistent with the human health risk evaluation, Gradient used the maximum detected concentrations from 
groundwater samples collected from all of the AP-associated wells (regardless of hydrostratigraphic unit) 
without considering spatial or temporal representativeness for ecological receptor exposures.  The use of 
the maximum constituent concentrations in this evaluation is designed to conservatively identify COIs that 
warrant further investigation.  Boron, cadmium, chromium, cobalt, lead, and radium-226+228 were 
identified as COIs for ecological receptors (Table 3.2).   
 
  

                                                      
3 Hardness data were obtained from United States Geological Survey (USGS) monitoring station USGS-05575570, located at the 
north end of Sangchris Lake, 3.4 miles north of the AP (USGS et al., 2022).  The available hardness data include 133 samples with 
a date range of 1980 to 1997.  The hardness ranges from 140 to 330 mg/L, with an average of 231 mg/L.  However, the US EPA 
(2022) default hardness of 100 mg/L was used.  Use of a higher hardness value would result in less stringent screening values; thus, 
use of the US EPA default hardness is conservative.   
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Table 3.2  Ecological Constituents of Interest 

Constituenta 
Maximum 

Groundwater 
Concentration 

Ecological 
Benchmarkb Basis Ecological 

COIc 

Total Metals (mg/L) 
Antimony 0.0016 0.19 US EPA R4 ESV No 
Arsenic 0.18 0.19 IEPA SWQC No 
Barium 2.7 5.0 IEPA SWQC No 
Beryllium 0.010 0.064 US EPA R4 ESV No 
Boron 11 7.6 IEPA SWQC Yes 
Cadmium 0.0017 0.0011 IEPA SWQC Yes 
Chromium 0.35 0.21 IEPA SWQC Yes 
Cobalt 0.14 0.019 US EPA R4 ESV Yes 
Lead 0.25 0.020 IEPA SWQC Yes 
Lithium 0.18 0.44 US EPA R4 ESV No 
Mercury 0.00048 0.0011 IEPA SWQC No 
Molybdenum 0.028 7.2 US EPA R4 ESV No 
Selenium 0.021 1.0 IEPA SWQC No 
Thallium 0.0025 0.0060 US EPA R4 ESV No 
Radionuclides (pCi/L) 
Radium-226 + 228 9.3 3.0 US DOE Yes 
Other (mg/L, unless otherwise noted) 
Chloride 245 500 IEPA SWQC No 
Fluoride 0.78 4.0 IEPA SWQC No 
Sulfate 929 NA NA NA 
Total Dissolved Solids 1,830 NA NA NA 

Notes: 
COI = Constituent of Interest; ESV = Ecological Screening Value; GWPS = Groundwater Protection Standard; 
IEPA = Illinois Environmental Protection Agency; NA = Not Available; pCi/L = PicoCuries Per Liter; SWQC = 
Surface Water Quality Criteria; US DOE = United States Department of Energy; US EPA R4 = United States 
Environmental Protection Agency Region IV. 
Shaded = Compound identified as a COI. 
(a)  The constituents are those listed in the Illinois Part 845.600 GWPS (IEPA, 2021).  
(b)  Ecological benchmarks are from the hierarchy of sources discussed in Section 3.3.2:  IEPA SWQC (IEPA, 
2019); US EPA Region IV "Ecological Risk Assessment Supplemental Guidance" (US EPA Region IV, 2018); and 
US DOE's guidance document, "A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial 
Biota" (US DOE, 2019). 
(c)  Constituents with maximum detected concentrations exceeding a benchmark protective of surface water 
exposure are considered ecological COIs. 

 
3.3.3 Surface Water and Sediment Modeling  

Surface water sampling has been conducted in Sangchris Lake adjacent to the Site.  To estimate the potential 
contribution to surface water (and sediment) from groundwater specifically associated with AP, Gradient 
modeled concentrations in Sangchris Lake surface water and sediment from groundwater flow into the lake 
for the detected human and ecological COIs.  This is because the constituents detected in groundwater 
above an ecological- or health-based benchmark are most likely to pose a risk concern in the adjacent 
surface water.  Gradient modeled human health and ecological COI concentrations in the surface water and 
sediment using a mass balance calculation based on the surface water and groundwater mixing.  The model 
assumes a well-mixed groundwater-surface water location.  The maximum detected concentrations in 
groundwater (regardless of well location) from 2015 to 2021 were conservatively used to model COI 
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concentrations in surface water and sediment.  The groundwater data were measured as total metals.  Use 
of the total metals concentration for these COIs may overestimate surface water concentrations because 
dissolved concentrations, which are lower than total concentrations, represent the mobile fractions of 
constituents that could likely flow into and mix with surface water.   
 
This modeling approach does not account for geochemical transformations that may occur during 
groundwater mixing with surface water.  Gradient assumed that predicted surface water concentrations were 
influenced only by the physical mixing of groundwater as it enters the surface water, and were not further 
influenced by the geochemical reactions in the water and sediment, such as precipitation.  In addition, the 
model only predicts surface water and sediment concentrations as a result of the potential migration of COI 
concentrations in AP-related groundwater and does not account for background concentrations in surface 
water or sediment.   
 
For this evaluation, Gradient adapted a simplified and conservative form of US EPA's indirect exposure 
assessment methodology (US EPA, 1998) that was used in US EPA's coal combustion waste risk 
assessment (US EPA, 2014a).  The model is a mass balance calculation based on surface water and 
groundwater mixing and the concept that the dissolved and sorbed concentrations can be related through an 
equilibrium partitioning coefficient (Kd).  The model assumes a well-mixed groundwater-surface water 
location, with partitioning among total suspended solids, dissolved water column, sediment pore water, and 
solid sediments. 
 
Sorption to soil and sediment is highly dependent on the surrounding geochemical conditions.  To be 
conservative, we ignored the natural attenuation capacity of soil and sediment and estimated the surface 
water concentration based only on the physical mixing of groundwater and surface water (i.e., dilution) at 
the point of entry of groundwater to the surface water.  
 
The aquifer and surface water properties used to estimate the volume of groundwater flowing to Sangchris 
Lake and surface water concentrations are presented in Table 3.3.  The COI concentrations in sediment 
were modeled using the COI-specific sediment-to-water partitioning coefficients and the sediment 
properties presented in Table 3.4.  In the absence of Site-specific information for Sangchris Lake, Gradient 
used default assumptions (e.g., depth of the upper benthic layer and bed sediment porosity) to model 
sediment concentrations.  The modeled surface water and sediment concentrations are presented in 
Table 3.5.  These modeled concentrations reflect conservative contributions from groundwater flow.  A 
description of the modeling and the detailed results are presented in Appendix A.  
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Table 3.3  Groundwater and Surface Water Properties Used in Modeling  
Parameter Unit Values Notes/Source 
Groundwater 
COI Concentration mg/L  Constituent-

specific 
Maximum detected concentration in groundwater 

Cross Section Area for the UAa m2 13,942 The sum of the maximum saturated thicknesses 
of the USCU/PMP and the UA (i.e., approximately 
6 meters) multiplied by the length of the AP 
intersecting Sangchris lake (i.e., about 
2,287 meters) (Ramboll, 2021). 

Hydraulic Gradient m/m 0.012 The average of hydraulic gradients for the UA and 
the USCU/PMP (Ramboll, 2021). 

Average Hydraulic Conductivity cm/s 4.59x10-5  Average of the geometric mean horizontal 
hydraulic conductivities measured for the 
USCU/PMP (5 x 10-5 cm/s) and the UA  
(4 x 10-5 cm/s) (Ramboll, 2021). 

Surface Water 
Surface Water Flow Rate in 
Sangchris Lake 

L/yr 3.8 × 1010 Mean surface water flow in Sangchris Lake (US 
EPA Region V, 1975; Larimore and Tranquilli, 
1981). 

Total Suspended Solids mg/L 19 Average TSS concentration in Sangchris Lake.b   
Depth of the Water Column m 4.6 Mean depth of Sangchris Lake (Larimore and 

Tranquilli, 1981). 
Suspended Sediment to Water 
Partition Coefficient 

mg/L Constituent-
specific 

Values based on US EPA (2014a) 

Notes: 
AP = Ash Pond; COI = Constituent of Interest; PMP = Potential Migration Pathway; TSS = Total Suspended Solids; UA = Uppermost 
Aquifer; US EPA = United States Environmental Protection Agency; USCU = Upper Semi-confining Unit; USGS = United States 
Geological Survey. 
(a)  Cross-sectional area represents the area through which groundwater flows from the UA into Sangchris Lake (i.e., the 
groundwater flow area that intersects with Sangchris Lake). 
(b)  TSS data were obtained from USGS monitoring station USGS-05575570, located at the north end of Sangchris Lake, 3.4 miles 
north of the AP (USGS et al., 2022).  The available TSS data include 160 samples with a date range of 1979 to 1997.  The TSS ranges 
from 2 to 359 mg/L, with an average of 19 mg/L.  
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Table 3.4  Sediment Properties Used in Modeling  
Parameter Unit Value Notes/Source 
Sediment 
Depth of Upper Benthic Layer m 0.03 Default (US EPA, 2014a) 
Depth of Water Body m 4.63 Sum of depth of water column (4.6 m, depth of 

Sangchris Lake) (Larimore and Tranquilli, 1981) 
and depth of upper benthic layer (0.03 m) (US 
EPA, 2014a) 

Bed Sediment Particle 
Concentration 

g/cm3 1 Default (US EPA, 2014a) 

Bed Sediment Porosity - 0.6 Default (US EPA, 2014a) 
TSS Mass Per Unit Area kg/m2 0.0874 Depth of water column × TSS × conversion factors 

(10-6 kg/mg and 1,000 L/m3) 
Sediment Mass Per Unit Area kg/m2  30 Depth of upper benthic layer × bed sediment 

particulate concentration × conversion factors 
(0.001 kg/g, 106 cm3/m3) 

Sediment to Water Partition 
Coefficients 

mg/L Constituent-  
specific 

Values based on US EPA (2014a) 

Notes: 
TSS = Total Suspended Solids; US EPA = United States Environmental Protection Agency. 
 

Table 3.5  Surface Water and Sediment Modeling Results  

COI 
Groundwater 
Concentration 
(mg/L or pCi/L) 

Mass Discharge 
Rate  

(mg/yr or pCi/yr) 

Total Water 
Column 

Concentration 
(mg/L or pCi/L) 

Concentration 
Sorbed to 

Bottom 
Sediments 

(mg/kg or pCi/kg) 
Total Metals  
Arsenic 0.18 4.2E+05 1.1E-05 2.4E-03 
Barium 2.7 6.4E+06 1.7E-04 4.5E-02 
Beryllium 0.010 2.5E+04 6.6E-07 3.2E-04 
Boron 11 2.6E+07 7.0E-04 3.8E-03 
Cadmium 0.0017 4.1E+03 1.1E-07 8.6E-05 
Chromium 0.35 8.5E+05 2.2E-05 5.3E-01 
Cobalt 0.14 3.4E+05 8.9E-06 5.1E-03 
Lead 0.25 6.2E+05 1.6E-05 6.1E-02 
Lithium 0.18 4.3E+05 1.1E-05 (a) 
Thallium 0.0025 6.1E+03 1.6E-07 2.6E-06 
Radionuclides  
Radium-226+228 9 2.2E+07 5.9E-04 3.8E+00 

Notes: 
COI = Constituent of Concern; Kd = Equilibrium Partitioning Coefficient; pCi/L = PicoCuries Per Liter; pCi/kg = 
PicoCuries Per Kilogram; pCi/yr = PicoCuries Per Year.  
(a)  Lithium does not readily sorb to soil or sediment particles; a Kd value of 0 was used for the modeling, therefore 
the sediment concentration was zero.  
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3.4 Human Health Risk Evaluation 

The section below presents the results of the human health risk evaluation for recreators (boaters and 
anglers) in Sangchris Lake adjacent to the Site.  Risks were assessed using the maximum measured or 
modeled COIs in surface water.   
 
3.4.1 Recreators Exposed to Surface Water 

Screening Exposures:  Recreators could be exposed to surface water via incidental ingestion and dermal 
contact while boating.  In addition, anglers could consume fish caught in Sangchris Lake.  The maximum 
measured or modeled COI concentrations in surface water were used as conservative upper-end estimates 
of the COI concentrations to which a recreator might be exposed directly (incidental ingestion of COIs in 
surface water while boating) and indirectly (consumption of locally caught fish exposed to COIs in surface 
water).  
 
Screening Benchmarks:  Illinois surface water criteria (IEPA, 2019), known as human threshold criteria 
(HTC), are based on incidental exposure through contact or ingestion of small volumes of water while 
swimming or during other recreational activities, as well as the consumption of fish.  The HTC values were 
calculated from the following equation (IEPA, 2019): 
 

HTC =  
ADI

W + (F × BCF)
 

 
where:  
 

HTC =  Human health protection criterion in milligrams per liter (mg/L)  
ADI  =  Acceptable daily intake (mg/day)  
W =  Water consumption rate (L/day) 
F  =  Fish consumption rate (kg/day) 
BCF =  Bioconcentration factor (L/kg-tissue) 

 
Illinois defines the acceptable daily intake (ADI) as the "maximum amount of a substance which, if ingested 
daily for a lifetime, results in no adverse effects to humans" (IEPA, 2019).  US EPA defines its chronic 
reference dose (RfD) as an "estimate (with uncertainty spanning perhaps an order of magnitude) of a daily 
oral exposure for a chronic duration (up to a lifetime) to the human population (including sensitive 
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime" (US EPA, 
2011a).  Illinois lists methods to derive an ADI from the primary literature (IEPA, 2019).  In accordance 
with Illinois guidance, Gradient derived an ADI by multiplying the MCL by the default water ingestion rate 
of 2 L/day (IEPA, 2019).  In the absence of an MCL, Gradient applied the RfD used by US EPA to derive 
its Regional Screening Levels (RSLs) (US EPA, 2021b) as a conservative estimate of the ADI.  The RfDs 
are given in mg/kg-day, while the ADIs are given in mg/day; thus, Gradient multiplied the RfD by a 
standard body weight of 70 kg to obtain the ADI in mg/day.  The calculation of the HTC values is shown 
in Appendix B, Table B.1. 
 
Gradient used bioconcentration factors (BCFs) from a hierarchy of sources.  The primary BCFs were those 
that US EPA used to calculate the National Recommended Water Quality Criteria (NRWQC) for human 
health (US EPA, 2002).  Other sources included BCFs used in the US EPA coal combustion ash risk 
assessment (US EPA, 2014a) and BCFs reported by Oak Ridge National Laboratory's Risk Assessment 
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Information System (ORNL RAIS) (ORNL, 2020).4  Lithium did not have a BCF value available from any 
authoritative source; therefore, the water quality criterion for lithium was calculated assuming a BCF of 1.  
This is a conservative assumption, as lithium does not readily bioaccumulate in the aquatic environment 
(ECHA, 2020).   
 
Illinois recommends a fish consumption rate of 0.020 kg/day (20 g/day) for an adult weighing 70 kg (IEPA, 
2019).  Illinois recommends a water consumption rate of 0.01 L/day for "incidental exposure through 
contact or ingestion of small volumes of water while swimming or during other recreational activities" 
(IEPA, 2019).  Appendix B, Table B.1 presents the calculated HTC for fish consumption and water 
ingestion, and for fish consumption only.   
 
The HTC for fish consumption for radium-226+228 was calculated as follows:  
 

HTC =  
TCR

(SF × BAF × F)
 

 
where: 
 

HTC =  Human health protection criterion in picoCuries per liter (pCi/L)  
TCR =  Target cancer risk (1×10-5) 
SF =  Food ingestion slope factor (risk/pCi) 
BAF =  Bioaccumulation factor (L/kg-tissue) 
F  =  Fish consumption rate (kg/day) 

 
The food ingestion slope factor (lifetime excess total cancer risk per unit exposure, in risk/pCi) used to 
calculate the HTC was the highest value of those for radium-226 (Ra-226), radium-228 (Ra-228), and "Ra-
228+D" (US EPA, 2001).  According to US EPA (2001), "+D" indicates that "the risks from associated 
short-lived radioactive decay products (i.e., those decay products with radioactive half-lives less than or 
equal to 6 months) are also included."  
 
Screening Risk Evaluation:  The maximum modeled and measured COI concentrations in surface water 
were compared to the calculated Illinois HTC values (Table 3.6).  All surface water concentrations were 
below their respective benchmarks.  The HTC values are protective of recreational exposure via water 
and/or fish ingestion and do not account for dermal exposures to COIs in surface water while boating.  
However, given that the measured and modeled COI surface water concentrations are orders of magnitude 
below an HTC protective of water and/or fish ingestion, dermal exposures to COIs are not expected to be 
a risk concern.  Moreover, the dermal uptake of metals is considered to be minimal and only a small 
proportion of ingestion exposures.  Thus, none of the COIs evaluated would be expected to pose an 
unacceptable risk to recreators exposed to surface water while boating or anglers consuming fish caught in 
Sangchris Lake.   
 

  

                                                      
4 Although recommended by US EPA (2015c), US EPA EpiSuite 4.1 (US EPA, 2019) was not used as a source of BCFs because 
inorganic compounds are outside the estimation domain of the program. 
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Table 3.6  Risk Evaluation for Recreators Exposed to Surface Water 

COI 

Maximum  
Surface Water  
Concentration HTC for 

Water 
and Fish 

HTC for 
Water 
Only 

HTC for 
Fish Only 

COPC 

Modeled Measureda 
Based on 
Modeled 

Concentrations 

Based on 
Measured 

Concentrations 
Total Metals (mg/L) 
Arsenic 1.1E-05 0.0034 0.022 2.0 0.023 No No 
Barium 1.7E-04 0.084 1.5 400 1.5 No No 
Beryllium 6.6E-07 ND 0.021 0.80 0.021 No NA 
Boron 7.0E-04 0.065 467 1,400 700 No No 
Chromium 2.2E-05 0.0024 0.61 20 0.63 No No 
Cobalt 8.9E-06 ND 0.0035 2.1 0.0035 No NA 
Lead 1.6E-05 0.0011 0.015 0.015 0.015 No No 
Lithium 1.1E-05 ND 4.7 14 7.0 No NA 
Thallium 1.6E-07 ND 0.0017 0.40 0.0017 No NA 
Radionuclides (pCi/L) 
Radium-
226+228 

5.9E-04 1.3 1,000 1,000 87,413 No No 

Notes:  
COI = Constituent of Interest; COPC = Constituent of Potential Concern; HTC = Human Threshold Criteria; NA = Not Applicable; ND = 
Not Detected; pCi/L = PicoCuries Per Liter.  
(a)  Measured concentrations are listed only for the constituents identified as COIs.  Measured surface water concentrations may be 
different from modeled concentrations because measured data include the effects of background and other industrial sources.  
Modeled concentrations only represent the potential effect on surface water quality resulting from the measured groundwater 
concentrations.    

 
3.4.2 Recreators Exposed to Sediment  

Recreational exposure to sediment may occur during boating activity in Sangchris Lake; exposure to 
sediment may occur through incidental ingestion and dermal contact.   
 
Screening Exposures:  COIs in impacted groundwater flowing to the river can sorb to sediments.  In the 
absence of sediment data, sediment concentrations were modeled using maximum detected groundwater 
concentrations.   
 
Screening Benchmarks:  There are no established recreator RSLs that are protective of recreational 
exposures to sediment (US EPA, 2021c).  Therefore, benchmarks that are protective of recreational 
exposures to sediment via incidental ingestion and dermal contact were calculated using US EPA's RSL 
guidance (US EPA, 2021c).  These benchmarks were calculated using the recommended assumptions (i.e., 
oral bioavailability, body weights, and averaging time) and toxicity reference values (i.e., RfD and cancer 
slope factor [CSF]), with the following changes:  recreators were assumed to be exposed to sediment while 
recreating 60 days per year (or 2 weekend days per week for 30 weeks per year, from April to October).  
The exposure duration was assumed for a child 6 years of age and an adult 20 years of age, per US EPA 
guidance (US EPA, 2014b).  The daily recommended residential soil ingestion rates of 200 mg/day for a 
child and 100 mg/day for an adult are based on an all-day exposure to residential soils (US EPA, 2014b, 
2011b).  Since recreational exposures to sediment are assumed to occur for less than 4 hours per day, one-
third of the daily residential soil ingestion (67 mg/day for a child and 33 mg/day for an adult) was used as 
a conservative assumption.  For dermal exposures, recreators were assumed to be exposed to sediment on 
their lower legs and feet (1,026 cm2 for the child and 3,026 cm2 for the adult, based on the age-weighted 
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surface areas reported in US EPA [2011b]).  While other body parts may be exposed to sediment, the contact 
time is likely to be very short, as the sediment would wash off in the surface water.  Gradient used US 
EPA's recommended adherence factor of 0.2 mg/cm2 based on child exposure to wet soil (US EPA, 2004, 
2014b), which was used in the US EPA RSL User's Guide for a child recreator exposed to soil or sediment 
(US EPA, 2021c).  The sediment screening benchmarks were calculated based on a target hazard quotient 
of 1, or a target cancer risk of 1 × 10-5.  Appendix B, Table B.2 presents the calculation of screening 
benchmarks protective of recreational exposures to sediment.  A recreator sediment screening benchmark 
for radium-226+228 was based on soil Preliminary Remediation Goals (PRGs) calculated for radium-226 
and radium-228 using US EPA's PRG calculator (US EPA, 2020).  The lower of the two values was used 
as the recreator sediment screening benchmark for radium-226+228 (Appendix B). 
 
Screening Risk Evaluation:  The modeled sediment concentrations were well below the recreational 
sediment screening benchmarks (Table 3.7).  Therefore, exposure to sediment is not expected to pose an 
unacceptable risk to recreators in Sangchris Lake.  
 

Table 3.7  Risk Evaluation for Recreators Exposed to Sediment 

COI 

Modeled 
Sediment 

Concentration  
(mg/kg) 

Recreator Sediment 
Screening Benchmark 

(mg/kg) 
COPC  

Total Metals (mg/kg) 
Arsenic 2.4E-03 6.8E+01 No 
Barium 4.5E-02 2.7E+05 No 
Beryllium 3.2E-04 2.7E+03 No 
Boron 3.8E-03 2.7E+05 No 
Chromium 5.3E-01 2.1E+06 No 
Cobalt 5.1E-03 4.1E+02 No 
Lead 6.1E-02 4.0E+02 No 
Lithium (a) 2.7E+03 NA 
Thallium 2.6E-06 1.4E+01 No 
Radionuclides (pCi/kg) 
Radium-226+228 3.8E+00 7.9E+03 No 

Notes:  
COI = Constituent of Interest; COPC = Constituent of Potential Concern; Kd = Equilibrium Partitioning 
Coefficient; NA = Not Applicable; pCi/kg = PicoCuries Per Kilogram. 
(a)  Lithium does not readily sorb to soil or sediment particles; a Kd value of 0 was used for the 
modeling. 

 
3.5 Ecological Risk Evaluation 

Based on the ecological CEM (Figure 3.4), ecological receptors could be exposed to surface water and 
dietary items (i.e., prey and plants) potentially impacted by identified COIs (i.e., boron, cadmium, 
chromium, cobalt, lead, and radium-226+228).   
 



    27 
 
\\camfs\G_Drive\Projects\221118_Vistra-Kincaid\TextProc\a071122m.docx 

3.5.1 Ecological Receptors Exposed to Surface Water 

Screening Exposures:  The ecological evaluation considered aquatic communities in Sangchris Lake 
potentially impacted by identified ecological COIs.  Measured and modeled surface water concentrations 
were compared to risk-based ecological screening benchmarks.   
 
Screening Benchmarks:  Surface water screening benchmarks protective of aquatic life were obtained 
from the following hierarchy of sources:   
 
 IEPA SWQC (IEPA, 2019), regulatory standards that are intended to protect aquatic life exposed 

to surface water on a long-term basis (i.e., chronic exposure).  For cadmium, the surface water 
benchmark is hardness-dependent and calculated using a default hardness of 100 mg/L (US EPA, 
2022);5 

 US EPA Region IV (2018) surface water ESVs for hazardous waste sites; and 

 US DOE benchmarks from the guidance document, "A Graded Approach for Evaluating Radiation 
Doses to Aquatic and Terrestrial Biota" (US DOE, 2019). 

 
Risk Evaluation:  The maximum measured and modeled COI concentrations in surface water were 
compared to the benchmarks protective of aquatic life (Table 3.8).  The measured and modeled surface 
water concentrations for the COIs were below their respective benchmarks.  Thus, none of the COIs 
evaluated are expected to pose an unacceptable risk to aquatic life in Sangchris Lake. 
 

Table 3.8  Risk Evaluation for Ecological Receptors Exposed to Surface Water 

COI 

Maximum Surface Water 
Concentration  Ecological 

Freshwater 
Benchmark 

Basis 

COPC 

Modeled Measured 
Based on 
Modeled 

Concentrations 

Based on 
Measured 

Concentrations 

Total Metals (mg/L) 
Boron 7.0E-04 6.5E-02 7.6 IEPA SWQC No No 
Cadmium 1.1E-07 ND 0.0011 IEPA SWQC No NA 
Chromium 2.2E-05 2.4E-03a 0.18b IEPA SWQC No No 
Cobalt 8.9E-06 ND 0.019 US EPA R4 ESV No NA 
Lead 1.6E-05 1.1E-03 0.020 IEPA SWQC No No 
Radionuclides (pCi/L) 
Radium-
226+228 

5.9E-04 1.3E+00 3.0 US DOE No No 

Notes: 
COI = Constituent of Interest; COPC = Constituent of Potential Concern; ESV = Ecological Screening Value; IEPA = Illinois 
Environmental Protection Agency; NA = Not Applicable; ND = Not Detected; pCi/L = PicoCuries Per Liter; SWQC = Surface Water 
Quality Criteria; US DOE = United States Department of Energy; US EPA R4 = United States Environmental Protection Agency Region 
IV. 
(a)  Chromium was not detected in the total metals analysis, but had one detect in the dissolved metals analysis.  Therefore, the 
chromium concentration shown in this table is for dissolved metals. 
(b)  IEPA SWQC for dissolved chromium. 
 

                                                      
5 Conservatisms associated with using a default hardness value are discussed in Section 3.6. 



    28 
 
\\camfs\G_Drive\Projects\221118_Vistra-Kincaid\TextProc\a071122m.docx 

3.5.2 Ecological Receptors Exposed to Sediment 

Screening Exposures:  COIs in impacted groundwater flowing to Sangchris Lake can sorb to sediments 
via chemical partitioning.  In the absence of sediment data, sediment concentrations were modeled using 
maximum detected groundwater concentrations.  Therefore, the modeled COI sediment concentrations 
reflect the potential maximum Site-related sediment concentration from groundwater discharge.   
 
Screening Benchmarks:  Sediment screening benchmarks were obtained from US EPA Region IV (2018).  
The majority of the sediment ESVs are based on threshold effect concentrations from MacDonald et al. 
(2000), which provides consensus values that identify concentrations below which harmful effects on 
sediment-dwelling organisms are unlikely to be observed.  In the absence of an ESV for radium-226+228, 
a sediment screening value of 90,000 pCi/kg was used, based on the biota concentration guide (BCG) for 
radium-228 (US DOE, 2019).6  The benchmarks used in this evaluation are listed in Table 3.9. 
 
Screening Risk Results:  The maximum modeled COI sediment concentrations were below their respective 
sediment screening benchmarks (Table 3.9).  The modeled sediment concentrations attributed to potential 
contributions from Site groundwater for all COIs were less than or equal to 1% of the sediment screening 
benchmark.  Therefore, the modeled sediment concentrations attributed to potential contributions from Site 
groundwater are not expected to significantly contribute to ecological exposures in Sangchris Lake adjacent 
to the Site.   
 

Table 3.9  Risk Evaluation for Ecological Receptors Exposed to Sediment  

COI 
Modeled 
Sediment 

Concentration 
ESVa COPC  % of  

Benchmark 

Total Metals (mg/kg) 
Boron 3.8E-03 38b No 0.01% 
Cadmium 8.6E-05 0.99 No 0.009% 
Chromium 5.3E-01 43 No 1.2% 
Cobalt 5.1E-03 50 No 0.01% 
Lead 6.1E-02 35.8 No 0.2% 
Radionuclides (pCi/kg) 
Radium-226+228 3.8E+00 90,000c No 0.004% 

Notes: 
COI = Constituent of Interest; COPC = Constituent of Potential Concern; ESV = Ecological Screening 
Value; NOEC = No Observed Effect Concentration; pCi/g = PicoCuries Per Gram; pCi/kg = PicoCuries 
Per Kilogram; US DOE = United States Department of Energy; US EPA = United States 
Environmental Protection Agency. 
(a)  ESV is from US EPA Region IV (2018). 
(b)  NOEC of 38 mg/kg was used as a conservative benchmark for boron in the absence of an ESV 
(ECHA, 2019). 
(c)  ESV is from US DOE (2019); value converted from 90 pCi/g to 90,000 pCi/kg. 

 
3.5.3 Ecological Receptors Exposed to Bioaccumulative Constituents of Interest 

Screening Exposures:  COIs with bioaccumulative properties can impact higher-trophic-level wildlife 
exposed to these COIs via direct exposures (surface water and sediment exposure) and secondary exposures 
through the consumption of dietary items (e.g., plants, invertebrates, small mammals, and fish).   
                                                      
6 US DOE (2019) reported the BCG for sediment as 90 pCi/g for Ra-228 and 100 pCi/g for Ra-226; the lower of the two values 
was used for Ra-226+228, and converted to pCi/kg. 
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Screening Benchmark:  US EPA Region IV (2018) and IEPA SWQC (IEPA, 2019) guidance documents 
were used to identify constituents with potential bioaccumulative effects.   
 
Risk Evaluation:  The ecological COIs (i.e., boron, cadmium, chromium, cobalt, lead, and radium-
226+228) were not identified as having potential bioaccumulative effects.  Therefore, these COIs are not 
considered to pose an ecological risk via bioaccumulation.   
 
3.6 Uncertainties and Conservatisms 

A number of uncertainties and their potential impact on the risk evaluation are discussed below.  Wherever 
possible, conservative assumptions were used in an effort to minimize uncertainties and overestimate rather 
than underestimate risks.   
 
Exposure Estimates:   
 
 The risk evaluation included the Illinois Part 845.600 constituents detected in groundwater samples 

(above GWPS) collected from wells associated with the AP.  However, it is possible that not all of 
the detected constituents are related specifically to the AP.   

 The human health and ecological risk characterizations were based on the maximum measured or 
modeled COI concentrations, rather than on averages.  Thus, the variability in exposure 
concentrations was not considered.  Assuming continuous exposure to the maximum concentration 
overestimates human and ecological exposures, given that receptors are mobile and concentrations 
change over time.  For example, US EPA guidance states that risks should be estimated using 
average exposure concentrations as represented by the 95% upper confidence limit on the mean 
(US EPA, 1992).  Given that exposure estimates based on the maximum concentrations did not 
exceed risk benchmarks, Gradient has greater confidence that there is no risk concern. 

 Only constituents detected in groundwater were used to identify COIs and model COI 
concentrations in surface water and sediment.  For the constituents that were not detected in the AP 
groundwater, the detection limits were below the Illinois Part 845.600 GWPS and thus do not 
require further evaluation. 

 COI concentrations in surface water were modeled using the maximum detected total COI 
concentrations in groundwater.  Modeling surface water concentrations using total metal 
concentrations may overestimate surface water concentrations because dissolved concentrations, 
which are lower than total concentrations, represent the mobile fractions of constituents that could 
likely flow into and mix with surface water.   

 The COIs identified in this evaluation also occur naturally in the environment.  Contributions to 
exposure from natural or other non-AP-related sources were not considered in the evaluation of 
modeled concentrations; only exposure contributions potentially attributable to Site groundwater 
mixing with surface water were evaluated.  While not quantified, exposures from potential AP-
related groundwater contributions are likely to represent only a small fraction of the overall human 
and ecological exposure to COIs that also have natural or non-AP-related sources.   

 Screening benchmarks for human health were developed using exposure inputs based on US EPA's 
recommended values for reasonable maximum exposure (RME) assessments (US EPA, 2014b).  
RME is defined as "the highest exposure that is reasonably expected to occur at a site but that is 
still within the range of possible exposures" (US EPA, 2004).  US EPA states the "intent of the 
RME is to estimate a conservative exposure case (i.e., well above the average case) that is still 
within the range of possible exposures" (US EPA, 1989).  US EPA also notes this high-end 
exposure "is the highest dose estimated to be experienced by some individuals, commonly stated 
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as approximately equal to the 90th percentile exposure category for individuals" (US EPA, 2015b).  
Thus, most individuals will have lower exposures than those presented in this risk assessment. 

 
Toxicity Benchmarks:   
 
 Screening-level ecological benchmarks were compiled from IEPA and US EPA guidance and 

designed to be protective of the majority of Site conditions, leaving the option for Site-specific 
refinement.  In some cases, these benchmarks may not be representative of the Site-specific 
conditions or receptors found at the Site, or may not accurately reflect concentration-response 
relationships encountered at the Site.  For example, the ecological benchmark for cadmium is 
hardness-dependent.  However, hardness data are not available for Sangchris Lake; therefore, 
Gradient relied on US EPA's default hardness of 100 mg/L.  Use of a higher hardness value would 
increase the cadmium SWQC because benchmarks become less stringent with higher levels of 
hardness.  Regardless of the hardness, the maximum modeled cadmium concentration is orders of 
magnitude below the SWQC. 

 In addition, for the ecological evaluation, Gradient conservatively assumed all constituents to be 
100% bioavailable.  Modeled COI concentrations in surface water are considered total COI 
concentrations.  In addition, the measured surface water data used in this report represent total 
concentrations.  US EPA recommends using dissolved metals as a measure of exposure to 
ecological receptors because it represents the bioavailable fraction of metal in water (US EPA, 
1993).  Therefore, the modeled surface water COI concentrations may be an overestimation of 
exposure concentrations to ecological receptors.   

 In general, it is important to appreciate that the human health toxicity factors used in this risk 
evaluation are developed to account for uncertainties, such that safe exposure levels used as 
benchmarks are often many times lower (even orders of magnitude lower) than the levels that cause 
effects which have been observed in human or animal studies.  For example, toxicity factors 
incorporate a 10-fold safety factor to protect sensitive subpopulations.  This means that a risk 
exceedance does not necessarily equate to actual harm.   
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4 Summary and Conclusions 

A screening-level risk evaluation was performed for potential Site-related constituents in groundwater at 
the KPP in Kincaid, Illinois.  The CSM developed for the Site indicates that groundwater beneath the AP 
flows into Sangchris Lake adjacent to the Site and may potentially impact surface water and sediment. 
 
CEMs were developed for human and ecological receptors.  The complete exposure pathways for humans 
include recreators (boaters) in Sangchris Lake who are exposed to surface water and sediment, and anglers 
who consume locally caught fish.  Based on the local hydrogeology, residential exposure to groundwater 
used for drinking water or irrigation is not a complete pathway and was not evaluated.  The complete 
exposure pathways for ecological receptors include aquatic life (including aquatic and marsh plants, 
amphibians, reptiles, and fish) exposed to surface water; benthic invertebrates exposed to sediment; and 
avian and mammalian wildlife exposed to bioaccumulative COIs in surface water, sediment, and dietary 
items. 
 
Groundwater data collected from 2015 to 2021 were used to estimate exposures.  Surface water data 
collected from Sangchris Lake in 2021 were also evaluated.  For groundwater constituents retained as COIs, 
surface water and sediment concentrations were modeled using the maximum detected groundwater 
concentration.  Surface water and sediment exposure estimates were screened against benchmarks 
protective of human health and ecological receptors for this risk evaluation.   
 
US EPA has established acceptable risk metrics.  Risks above these US EPA-defined metrics are termed 
potentially "unacceptable risks."  Based on the evaluation presented in this report, no unacceptable risks to 
human or ecological receptors resulting from CCR exposures associated with the AP were identified.  This 
means that the risks from the Site are likely indistinguishable from normal background risks.  Specific risk 
assessment results include the following: 
 
 For recreators exposed to surface water, all COIs were below the conservative risk-based screening 

benchmarks.  Therefore, none of the COIs evaluated in surface water are expected to pose an 
unacceptable risk to recreators in Sangchris Lake adjacent to the Site.   

 For recreators exposed to sediment via incidental ingestion and dermal contact, the modeled 
sediment concentrations were below health-protective sediment benchmarks.  Therefore, the 
modeled sediment concentrations are not expected to pose an unacceptable risk to recreators 
exposed to sediment in Sangchris Lake adjacent to the Site.   

 For anglers consuming locally caught fish, the modeled concentrations of all COIs in surface water 
(as well as the measured data) were below conservative benchmarks protective of fish consumption.  
Therefore, none of the COIs evaluated are expected to pose an unacceptable risk to recreators 
consuming fish caught in Sangchris Lake.  

 Ecological receptors exposed to surface water include aquatic and marsh plants, amphibians, 
reptiles, and fish.  The risk evaluation showed that none of the modeled or measured COIs in surface 
water exceeded protective screening benchmarks.  Ecological receptors exposed to sediment 
include benthic invertebrates.  The modeled sediment COIs did not exceed the conservative 
screening benchmarks; therefore, none of the COIs evaluated in sediment are expected to pose an 
unacceptable risk to ecological receptors.   
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 Ecological receptors were also evaluated for exposure to bioaccumulative COIs.  This evaluation 
considered higher-trophic-level wildlife with direct exposure to surface water and sediment and 
secondary exposure through the consumption of dietary items (e.g., plants, invertebrates, small 
mammals, and fish).  None of the ecological COIs were identified as having potential 
bioaccumulative effects.  Overall, this evaluation demonstrated that none of the COIs evaluated are 
expected to pose an unacceptable risk to ecological receptors. 

 
It should be noted that this evaluation incorporates a number of conservative assumptions that tend to 
overestimate exposure and risk.  The risk evaluation was based on the maximum detected COI 
concentration for each constituent; however, US EPA guidance states that risks should be based on a 
representative average concentration such as the 95% upper confidence limit on the mean.  Thus, using the 
maximum concentration tends to overestimate exposure.  Although the COIs identified in this evaluation 
also occur naturally in the environment, the contributions to exposure from natural background sources and 
nearby industry were not considered; thus, CCR-related exposures were likely overestimated.  In addition, 
exposure estimates assumed 100% metal bioavailability, which likely results in overestimates of exposure 
and risks.  Further, exposure estimates were based on inputs to evaluate the "reasonable maximum 
exposure"; thus, most individuals will have lower exposures than those estimated in this risk assessment.  
 
Finally, it should be noted that because current conditions do not present a risk to human health or the 
environment, there will also be no unacceptable risk to human health or the environment for future 
conditions when the AP is closed.  For all future closure scenarios, potential releases of CCR-related 
constituents will decline over time and, consequently, potential exposures to CCR-related constituents in 
the environment will also decline.  
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Gradient modeled concentrations in Sangchris Lake surface water and sediment based on available 
groundwater data.  First, Gradient estimated the flow rate of constituents of interest (COIs) that may flow 
into Sangchris Lake via groundwater.  Then, Gradient adapted United States Environmental Protection 
Agency's (US EPA) indirect exposure assessment methodology (US EPA, 1998) in order to model surface 
water and sediment water concentrations in Sangchris Lake. 
 
Model Overview 
 
Groundwater flow into Sangchris Lake is represented by a one-dimensional steady-state model.  In this 
model, the groundwater plume migrates horizontally in the uppermost aquifer (UA) and the upper semi-
confining unit (USCU) (i.e., potential migration pathway [PMP]) prior to discharging into Sangchris Lake.  
The groundwater flow entering the lake is the flow going through a cross-sectional area with a length equal 
to the length of the lake adjacent to the Ash Pond (AP) with potential coal combustion residuals (CCR)-
related impacts and a height equal to the maximum saturated thicknesses of the UA and the PMP/USCU.  
It was assumed that groundwater flowing through the shallow water bearing zones (i.e., the UA and the 
USCU/PMP) may flow into Sangchris Lake.     
 
Groundwater flow entering Sangchris Lake mixes with the surface water in the lake.  The COIs entering 
the lake via groundwater can dissolve into the water column, sorb to suspended sediments, or sorb to benthic 
sediments.  Using US EPA's indirect exposure assessment methodology (US EPA, 1998), the model 
evaluates the surface water and sediment concentrations at a location downstream of the groundwater 
discharge, assuming a well-mixed water column. 
 
Groundwater Discharge Rate 
 
The groundwater discharge rate was evaluated using conservative assumptions.  Gradient conservatively 
assumed that the groundwater concentrations were uniformly equal to the maximum detected concentration 
for each individual COI.  Gradient ignored adsorption by subsurface soil and assumed that groundwater 
flowing through the shallow aquifers discharges into the lake. 
 
For each groundwater unit, the groundwater flow rate into Sangchris Lake was derived using Darcy's Law: 
 

𝑄𝑄 = 𝐾𝐾 × 𝑖𝑖 × 𝐴𝐴 
where: 
 

𝑄𝑄 = Groundwater flow rate (m3/s) 
𝐾𝐾 = Hydraulic conductivity (m/s) 
𝑖𝑖 = Hydraulic gradient (m/m) 
𝐴𝐴 = Cross-sectional area (m2) 

 
For each COI, the mass discharge rate into the lake was then calculated by: 
 

𝑚𝑚𝑐𝑐 = 𝐶𝐶𝑐𝑐 × 𝑄𝑄 × 𝐶𝐶𝐶𝐶 
where: 
 

𝑚𝑚𝑐𝑐 = Mass discharge rate of the COI (mg/year) 
𝐶𝐶𝑐𝑐 = Maximum groundwater concentration of the COI (mg/L) 
𝑄𝑄 = Groundwater flow rate (m3/s) 
𝐶𝐶𝐶𝐶  = Conversion factors:  1,000 L/m3; 31,557,600 s/year 
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The values of the aquifer parameters used for these calculations are provided in Table A.1.  The calculated 
mass discharge rates were then used as inputs for the surface water and sediment partitioning model. 
 
The cross-sectional area for the shallow water bearing units (i.e., the UA and the USCU/PMP) was 
13,942 m2.  The length of the discharge zone was estimated to be approximately 2,287 m.  The height of 
the discharge zone was assumed to be the sum of the thicknesses of the USCU/PMP and the UA (i.e., 
approximately 6 m) (Ramboll, 2021).  The length of the groundwater discharge zone was estimated using 
Google Earth Pro (Google LLC, 2022). 
 
The hydraulic gradient was 0.012 m/m, based on the average of the horizontal hydraulic gradients 
determined for the UA (0.015, 0.008, and 0.015 m/m) and the USCU/PMP (i.e., 0.01 m/m) (Ramboll, 2021).   
 
The hydraulic conductivity was 0.000046 cm/s, based on the average of the geometric mean horizontal 
hydraulic conductivity measured for the USCU/PMP (0.0000504 cm/s) and the UA (0.0000414 cm/s) 
(Ramboll, 2021). 
 
Surface Water and Sediment Concentration 
 
Groundwater that flows into Sangchris Lake will be diluted in the surface water flow.  Constituents 
transported by groundwater into the surface water migrate into the water column and the bed sediments.  
The surface water model Gradient used to estimate the surface water and sediment concentrations is a 
steady-state model described in US EPA's indirect exposure assessment methodology (US EPA, 1998), and 
also used in US EPA's "Human and Ecological Risk Assessment of Coal Combustion Residuals" (US EPA, 
2014).  This model describes the partitioning of constituents between surface water, suspended sediments, 
and benthic sediments based on equilibrium partition coefficients.  It estimates the concentrations of 
constituents in surface water, suspended sediments, and benthic sediments at steady-state equilibrium at a 
theoretical location downstream of the discharge point after complete mixing of the water column.  In the 
analysis, Gradient used the partitioning coefficients given in Table J-1 of the US EPA CCR Risk 
Assessment for all COIs (US EPA, 2014).  The partition coefficients are presented in Table A.2. 
 
To be conservative, Gradient assumed that the constituents were not affected by dissipation or degradation 
once they entered the water body.  The total water body concentration of the COI was calculated as (US 
EPA, 1998): 
 

𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 =
𝑚𝑚𝑐𝑐

𝑉𝑉𝑓𝑓 × 𝑓𝑓𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
 

where: 
 

𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤  = Total water body concentration of the constituent (mg/L) 
𝑚𝑚𝑐𝑐 = Mass discharge rate of the COI (mg/year) 
𝑉𝑉𝑓𝑓  = Water body annual flow (L/year) 
𝑓𝑓𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = Fraction of COI in the water column (unitless) 

 
A mean flow rate of about 43 cubic feet per second (cfs) was determined for Sangchris Lake in 1975, almost 
ten years after the lake was formed by damming Clear Creek (US EPA Region V, 1975; Larimore and 
Tranquilli, 1981).  The surface water parameters are presented in Table A.3.    
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The fraction of COIs in the water column was calculated for each COI using the sediment/water and 
suspended solids/water partition coefficients (US EPA, 2014, Table J-1).  The fraction of COIs in the water 
column is defined as (US EPA, 2014): 
 

𝑓𝑓𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 =
(1 + [𝐾𝐾𝑑𝑑𝑑𝑑𝑤𝑤 × 𝑇𝑇𝑇𝑇𝑇𝑇 × 0.000001]) × 𝑑𝑑𝑤𝑤

𝑑𝑑𝑧𝑧

�[1 + (𝐾𝐾𝑑𝑑𝑑𝑑𝑤𝑤 × 𝑇𝑇𝑇𝑇𝑇𝑇 × 0.000001)]  × 𝑑𝑑𝑤𝑤
𝑑𝑑𝑧𝑧
� + ([𝑏𝑏𝑏𝑏𝑏𝑏 + 𝐾𝐾𝑑𝑑𝑑𝑑𝑑𝑑 × 𝑏𝑏𝑏𝑏𝑏𝑏] × 𝑑𝑑𝑏𝑏

𝑑𝑑𝑧𝑧
)
  

 
where: 
 

𝐾𝐾𝑑𝑑𝑑𝑑𝑤𝑤 = Suspended sediment-water partition coefficient (mL/g) 
𝐾𝐾𝑑𝑑𝑑𝑑𝑑𝑑 = Sediment-water partition coefficient (mL/g) 
𝑇𝑇𝑇𝑇𝑇𝑇 = Total suspended solids in the surface water body (mg/L), set equal to a 

representative average concentration of 19 mg/L for Sangchris Lake (USGS et 
al., 2022)   

0.000001 = Units conversion factor 
𝑑𝑑𝑤𝑤 = Depth of the water column (m).  The depth of the water column was estimated 

as 4.6 m (Larimore and Tranquilli, 1981) 
𝑑𝑑𝑑𝑑 = Depth of the upper benthic layer (m), set equal to 0.03 m (US EPA, 2014) 
𝑑𝑑𝑧𝑧 = 𝑑𝑑𝑤𝑤 + 𝑑𝑑𝑑𝑑 = Depth of the water body (m) = 4.63 m 
𝑏𝑏𝑏𝑏𝑏𝑏 = Bed sediment porosity (unitless), set equal to 0.6 (US EPA, 2014) 
𝑏𝑏𝑏𝑏𝑏𝑏 = Bed sediment particle concentration (g/cm3), set equal to 1.0 g/cm3 (US EPA, 

2014) 
 
The fraction of COIs dissolved in the water column (fd) is calculated as (US EPA, 2014): 
 

𝑓𝑓𝑑𝑑 =  
1

1 + 𝐾𝐾𝑑𝑑𝑑𝑑𝑤𝑤 × 𝑇𝑇𝑇𝑇𝑇𝑇 × 0.000001
  

 
The values of the fraction of COIs in the water column and other calculated parameters are presented in 
Table A.4.   
 
The total water column concentration (CwcTot) of the COIs, comprising both the dissolved and suspended 
sediment phases, is then calculated as (US EPA, 2014): 
 

𝐶𝐶𝑤𝑤𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤 = 𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 × 𝑓𝑓𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ×
𝑑𝑑𝑧𝑧
𝑑𝑑𝑤𝑤

  

 
Finally, the dissolved water column concentration (Cdw) for the COIs is calculated as (US EPA, 2014): 
 

𝐶𝐶𝑑𝑑𝑤𝑤 = 𝑓𝑓𝑑𝑑 × 𝐶𝐶𝑤𝑤𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤  
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The dissolved water column concentration was then used to calculate the concentration of COIs sorbed to 
suspended solids in the water column (US EPA, 1998): 
 

𝐶𝐶𝑑𝑑𝑤𝑤 = 𝐶𝐶𝑑𝑑𝑤𝑤 × 𝐾𝐾𝑑𝑑𝑑𝑑𝑤𝑤 
where: 
 

𝐶𝐶𝑑𝑑𝑤𝑤 = Concentration sorbed to suspended solids (mg/kg) 
𝐶𝐶𝑑𝑑𝑤𝑤 = Concentration dissolved in the water column (mg/L) 
𝐾𝐾𝑑𝑑𝑑𝑑𝑤𝑤 = Suspended solids/water partition coefficient (mL/g) 

 
In the same way, using the total water body concentration and the fraction of COIs in the benthic sediments, 
the model derives the total concentration in benthic sediments (US EPA, 2014, Table J-1-12): 
 

𝐶𝐶𝑑𝑑𝑑𝑑𝑤𝑤𝑤𝑤𝑤𝑤 = 𝑓𝑓𝑑𝑑𝑤𝑤𝑏𝑏𝑤𝑤ℎ × 𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤  ×  
𝑑𝑑𝑧𝑧
𝑑𝑑𝑑𝑑

  

 
where: 
 

𝐶𝐶𝑑𝑑𝑑𝑑𝑤𝑤𝑤𝑤𝑤𝑤 = Total concentration in bed sediment (mg/L or g/m3) 
𝐶𝐶𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 =  Total water body concentration of the constituent (mg/L) 
𝑓𝑓𝑑𝑑𝑤𝑤𝑏𝑏𝑤𝑤ℎ =  Fraction of contaminant in benthic sediments (unitless) 
𝑑𝑑𝑑𝑑 = Depth of the upper benthic layer (m) 
𝑑𝑑𝑧𝑧 = 𝑑𝑑𝑤𝑤 + 𝑑𝑑𝑑𝑑 = Depth of the water body (m) 

   
This value can be used to calculate dry weight sediment concentration as follows: 
 

𝐶𝐶𝑑𝑑𝑤𝑤𝑑𝑑−𝑑𝑑𝑤𝑤 =
𝐶𝐶𝑑𝑑𝑑𝑑𝑤𝑤𝑤𝑤𝑤𝑤
𝑏𝑏𝑏𝑏𝑏𝑏

 
where: 
 

𝐶𝐶𝑑𝑑𝑤𝑤𝑑𝑑−𝑑𝑑𝑤𝑤 = Dry weight sediment concentration (mg/kg) 
𝐶𝐶𝑑𝑑𝑑𝑑𝑤𝑤𝑤𝑤𝑤𝑤 = Total sediment concentration (mg/L) 
𝑏𝑏𝑏𝑏𝑏𝑏 = Bed sediment bulk density (default value of 1 g/cm3 from US EPA [2014]) 

 
The total sediment concentration is composed of the concentration dissolved in the bed sediment pore water 
(equal to the concentration dissolved in the water column) and the concentration sorbed to benthic 
sediments (US EPA, 1998). 
 
The concentration sorbed to benthic sediments was calculated from (US EPA, 1998): 
 

𝐶𝐶𝑑𝑑𝑑𝑑 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 × 𝐾𝐾𝑑𝑑𝑑𝑑𝑑𝑑 
where: 
  

𝐶𝐶𝑑𝑑𝑑𝑑 = Concentration sorbed to bottom sediments (mg/kg) 
𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 = Concentration dissolved in the sediment pore water (mg/L) 
𝐾𝐾𝑑𝑑𝑑𝑑𝑑𝑑 = Sediments/water partition coefficient (mL/kg) 

 
For each COI, the modeled total water column concentration, the modeled dry weight sediment 
concentration, and the modeled concentration sorbed to sediment are presented in Table A.5. 
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Table A.1  Parameters Used to Estimate Groundwater Discharge to Surface Water  
Groundwater Unit Parameter Name Value Unit 
UA and USCU/PMP A Cross-Sectional Areaa 13,942 m2 
UA and PMP i Hydraulic Gradientb 0.012 m/m 
UA and PMP K Hydraulic Conductivityc 0.000046 cm/s 

Notes: 
Source:  Hydraulic gradient and hydraulic conductivity values from Ramboll (2021). 
Cross-sectional area was estimated from Ramboll (2021). 
PMP = Potential Migration Pathway; UA = Uppermost Aquifer; USCU = Upper Semi-Confined Unit. 
(a)  The sum of the thicknesses of the USCU/PMP and the UA (i.e., approximately 6 m) multiplied by the length of the ash 
pond intersecting Sangchris lake (i.e., about 2,287 m). 
(b)  The average of the horizontal hydraulic gradients determined for the UA (0.015, 0.008, and 0.015 m/m) and the 
USCU/PMP (i.e., 0.01 m/m).  
(c)  The average of the geometric mean horizontal hydraulic conductivities measured for the USCU/PMP 
(0.0000504 cm/s) and the UA (0.0000414 cm/s). 

 
Table A.2  Partition Coefficients 

Constituent  

Sediment-Water,  
Mean, Kdbs 

Suspended Sediment-Water,  
Mean, Kdsw 

Value (log10)  
(mL/g) 

Value  
(mL/g) 

Value (log10) 
(mL/g) 

Value  
(mL/g) 

Metals     
Arsenic 2.4 2.51E+02 3.9 7.94E+03 
Barium 2.5 3.16E+02 4.0 1.00E+04 
Beryllium 2.8 6.31E+02 4.2 1.58E+04 
Boron 0.8 6.31E+00 3.9 7.94E+03 
Cadmium 3.3 2.00E+03 4.9 7.94E+04 
Chromium 4.9 7.94E+04 5.1 1.26E+05 
Cobalt 3.1 1.26E+03 4.8 6.31E+04 
Lead 4.6 3.98E+04 5.7 5.01E+05 
Lithium - 0 - 0 
Thallium 1.3 2.00E+01 4.1 1.26E+04 
Radionuclides 
Radium-226+228 - 7.40E+03 - 7.40E+03 

Notes: 
Source:  US EPA (2014). 
Kd = Equilibrium Partition Coefficient. 
Lithium does not readily sorb to soils and sediments.  Consequently, sediment concentrations were not modeled for 
this constituent (Kd was assumed to be 0).   
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Table A.3  Surface Water Parameters 
Parameter Name Value Unit 
TSS Total Suspended Solids 19 mg/L 
Vfx Surface Water Flow Rate 3.82 x 1010 L/yr 
db Depth of Upper Benthic Layer (default) 0.03 m 
dw Depth of Water Column 4.6 m 
dz Depth of Water Body 4.63 m 
bsc Bed Sediment Bulk Density (default) 1 g/cm3 
bsp Bed Sediment Porosity (default) 0.6 - 
MTSS TSS Mass per Unit Areaa 0.0874 kg/m2 
MS Sediment Mass per Unit Areab 30 kg/m2 

Notes: 
Source of default values:  US EPA (2014). 
(a)  Determined by multiplying total suspended solids, TSS by the depth of water column, dw. 
(b)  Determined by multiplying depth of upper benthic layer, db, with sediment bed particle 
concentration of 1 g/cc.  

 
Table A.4  Calculated Parameters 

COI 

Fraction of 
Constituent in the 

Water Column 
fwater 

Fraction of Constituent in the 
Benthic Sediments 

fbenthic 

Fraction of Constituent 
Dissolved in the Water Column 

fdissolved 

Arsenic 0.412 0.588 0.869 
Barium 0.339 0.661 0.943 
Beryllium 0.210 0.790 0.913 
Boron 0.959 0.041 0.955 
Cadmium 0.1616 0.8384 0.3985 
Chromium 0.0065 0.9935 0.2948 
Cobalt 0.211 0.789 0.455 
Lead 0.039 0.961 0.095 
Lithium 0.996 0.004  
Thallium 0.902 0.098 0.807 
Radionuclides 
Radium-226+228 0.023 0.977 0.877 

Note: 
COI = Constituent of Interest. 
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Table A.5  Surface Water and Sediment Modeling Results  

COI 
Groundwater 
Concentration 
(mg/L or pCi/L) 

Mass Discharge 
Rate  

(mg/yr or pCi/yr) 

Total Water 
Column 

Concentration 
(mg/L or pCi/L) 

Concentration 
Sorbed to 

Bottom 
Sediments 

(mg/kg or pCi/kg) 
Total Metals  
Arsenic 0.18 4.2E+05 1.1E-05 2.4E-03 
Barium 2.7 6.4E+06 1.7E-04 4.5E-02 
Beryllium 0.010 2.5E+04 6.6E-07 3.2E-04 
Boron 11 2.6E+07 7.0E-04 3.8E-03 
Cadmium 0.0017 4.1E+03 1.1E-07 8.6E-05 
Chromium 0.35 8.5E+05 2.2E-05 5.3E-01 
Cobalt 0.14 3.4E+05 8.9E-06 5.1E-03 
Lead 0.25 6.2E+05 1.6E-05 6.1E-02 
Lithium 0.18 4.3E+05 1.1E-05 (a) 
Thallium 0.0025 6.1E+03 1.6E-07 2.6E-06 
Radionuclides  
Radium-226+228 9.25 2.2E+07 5.9E-04 3.8E+00 

Notes: 
COI = Constituent of Concern; Kd = Equilibrium Partition Coefficient; pCi/L = PicoCuries Per Liter; pCi/kg = PicoCuries 
Per Kilogram.  
(a)  Lithium does not readily sorb to soil or sediment particles; a Kd value of 0 was used for the modeling.  
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Appendix B 
 
 
 

 
 
 
 

Screening Benchmarks 
 
 
 
 
 
 



 

Table B.1  Calculated Water Quality Standards Protective of Incidental Ingestion and Fish Consumption

Arsenic 44 NRWQC (2002) 0.010 0.00030 0.020 0.022 2.0 0.023
Barium 130 US EPA (2014) 2.0 0.20 4.0 1.5 400 1.5
Beryllium 19 NRWQC (2002) 0.0040 0.0020 0.0080 0.021 0.80 0.021
Boron 1 (c) NC 0.20 14 467 1,400 700
Chromium 16 NRWQC (2002) 0.10 1.5 0.20 0.61 20 0.63
Cobalt 300 ORNL (2020) NC 0.00030 0.021 0.0035 2.1 0.0035
Lead 46 US EPA (2014) 0.015 NC 0.030 0.015 0.015 0.015
Lithium 1 (c) NC 0.002 0.14 4.7 14 7.0
Thallium 116 NRWQC (2002) 0.0020 0.000010 0.0040 0.0017 0.40 0.0017

SW‐Fish Basis
Water & Fish

(pCi/L) 
Water Only
(pCi/L)

Fish Only
(pCi/L)

Radium‐226+228 4.0 ORNL (2020) 5 10 1.43E‐09 1,000 1,000 87,413

(a)  BCFs from the following hierarchy of sources:
NRWQC (US EPA, 2002).  National Recommended Water Quality Criteria: 2002.  Human Health Criteria Calculation Matrix.
US EPA (2014a).  Human and Ecological Risk Assessment of Coal Combustion Residuals.
ORNL RAIS (ORNL, 2020).  Risk Assessment Information System (RAIS) Toxicity Values and Chemical Parameters.

(c)  BCF of 1 was used as a conservative assumption, due to lack of published BCF.

Equations from IEPA (2019):

Consumption of Water and Fish Incidental Consumption of Water Only Consumption of Fish Only
HTC =  ADI HTC =  ADI HTC =  ADI

W + (F x BCF) W F x BCF

Where:
Human Threshold Criteria (HTC) Chemical‐specific mg/L Radium‐226+228

Chemical‐specific mg/day HTC =  TCR
0.02 kg/day (SF x BAF x F)

Chemical‐specific L/kg‐tissue

0.01 L/day
70 kg

Target Cancer Risk (TCR)  1.0E‐05

(d)  Food ingestion slope factors for Ra‐226+D and Ra‐228+D were compared and the higher factor (Ra‐228+D) was selected.  The "+D" indicates that the risks from "associated short‐lived 
radioactive decay products are also included" (US EPA, 2001).

Fish Consumption Rate (F)       
Bioconcentration Factor (BCF)/ 
Bioaccumulation Factor (BAF)  

Water Consumption Rate (W)   
Body Weight

Acceptable Daily Intake (ADI)       

(b)  ADI based on the MCL is calculated as the MCL (mg/L) multiplied by a water ingestion rate of 2 L/day.  In the absence of an MCL, the ADI was calculated as the RfD (mg/kg‐day) 
multiplied by the body weight (70 kg).

ADIb

(mg/day)

Human Threshold Criteria
Water & Fish 

(mg/L)
Water Only 
(mg/L)

Fish Only
(mg/L)

Total Metals

Human Health COI

BAF
(L/kg‐tissue) MCL 

(pCi/L)
ADI 

(pCi/day)

Food 
Ingestion

Slope Factord

(risk/pCi)

Human Health COI BCFa

(L/kg‐tissue)
Basis

MCL 
(mg/L)

RfD
(mg/kg‐day)

Human Threshold Criteria

Notes:
ADI = Acceptable Daily Intake; BAF = Bioaccumulation Factor; BCF = Bioconcentration Factor; COI = Constituent of Interest; IEPA = Illinois Environmental Protection Agency; MCL = Maximum 
Contaminant Level; NC = No Criterion Available; NRWQC = National Recommended Water Quality Criteria; ORNL = Oak Ridge National Laboratory; pCi = PicoCurie; Ra = Radium; RfD = 
Reference Dose; US EPA = United States Environmental Protection Agency.
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Table B.2  Recreator Exposure to Sediment 

Child Adult

CSF
(mg/kg‐day)‐1

Dermal CSF
(mg/kg‐day)‐1

Incidental 
Ingestion

SL
(mg/kg)

Dermal 
Contact 

SL
(mg/kg)

RfD
(mg/kg‐day)

Dermal RfD
(mg/kg‐day)

Incidental 
Ingestion

SL 
(mg/kg)

Dermal 
Contact 

SL
(mg/kg)

Incidental 
Ingestion

SL
(mg/kg)

Dermal 
Contact 

SL
(mg/kg)

Arsenic 1 3.0E‐02 1.5E+00 1.5E+00 8.1E+01 4.1E+02 6.8E+01 3.0E‐04 3.0E‐04 4.1E+02 4.4E+03 4.4E+03 8.0E+03 3.8E+02 2.8E+03 6.8E+01 c
Barium 1 NA NC NC NC NC NC 2.0E‐01 1.4E‐02 2.7E+05 NA 2.9E+06 NA 2.7E+05 2.9E+06 2.7E+05 nc
Beryllium 1 NA NC NC NC NC NC 2.0E‐03 1.4E‐05 2.7E+03 NA 2.9E+04 NA 2.7E+03 2.9E+04 2.7E+03 nc
Boron 1 NA NC NC NC NC NC 2.0E‐01 2.0E‐01 2.7E+05 NA 2.9E+06 NA 2.7E+05 2.9E+06 2.7E+05 nc
Chromium 1 NA NC NC NC NC NC 1.5E+00 2.0E‐02 2.1E+06 NA 2.2E+07 NA 2.1E+06 2.2E+07 2.1E+06 nc
Cobalt 1 NA NC NC NC NC NC 3.0E‐04 3.0E‐04 4.1E+02 NA 4.4E+03 NA 4.1E+02 4.4E+03 4.1E+02 nc
Lead 1 NA NC NC NC NC NC NC NC NC NC NC NC NC NC 4.0E+02 L
Lithium 1 NA NC NC NC NC NC 2.0E‐03 2.0E‐03 2.7E+03 NA 2.9E+04 NA 2.7E+03 2.9E+04 2.7E+03 nc
Thallium 1 NA NC NC NC NC NC 1.0E‐05 1.0E‐05 1.4E+01 NA 1.5E+02 NA 1.4E+01 1.5E+02 1.4E+01 nc

Radionuclides

Radium‐226+228
Notes:

(a)  Screening benchmark defined as the lower of the Screening Levels for cancer and non‐cancer.  The basis of the benchmark presented as c = based on cancer endpoint, nc = based on non‐cancer endpoint, or L = based on blood lead levels.
Equations for Screening Benchmark and Screening Levels:
Screening Benchmark = 

1 1
SLing SLderm

Non‐cancer SLing = THQ * RfD Cancer SLing = TR
Intake Intake * CSF

Non‐cancer SLderm = THQ * RfD Cancer SLderm = TR
Intake * ABS Intake * ABS * CSF

Where:

Target Risk (TR) 1E‐05
Target Hazard Quotient (THQ) 1
Reference Dose (RfD)  Chemical‐specific mg/kg‐day
Dermal Absorption Fraction (ABS) Chemical‐specific
Cancer Slope Factor (CSF) Chemical‐specific mg/kg
Incidental Ingestions Screening Level (SLing) Chemical‐specific mg/kg
Dermal Contact Screening Level (SLderm) Chemical‐specific mg/kg

Sediment – Ingestion (Chemical)

Intake Factor (IF) =  7.3E‐07 6.8E‐08 6.3E‐08 2.0E‐08
Child Adult Child Adult

IR Ingestion Rate  (mg/day) 67 33 67 33

EF Sediment Exposure Frequency (days/year) 60 60 60 60

ED Exposure Duration (years) 6 20 6 20
CF Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001
BW Body Weight (kg) 15 80 15 80
AT Averaging Time (days) 2,190 7,300 25,550 25,550

Sediment – Dermal Contact (Chemical)

Intake Factor (IF) =  2.2E‐06 1.2E‐06 1.9E‐07 3.6E‐07
Child Adult Child Adult

SA Surface Area Exposed to Sediment (cm²/day) 1,026 3,026 1,026 3,026
AF Sediment Skin Adherence Factor (mg/cm²) 0.2 0.2 0.2 0.2
EF Sediment Exposure Frequency (days/year) 60 60 60 60

ED Exposure Duration (years) 6 20 6 20
CF Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001
BW Body Weight (kg) 15 80 15 80
AT Averaging Time (days) 2,190 7,300 25,550 25,550 Default value for Resident (US EPA, 2021b)

Age weighted SA for lower legs and feet (US EPA, 2011b)
Age weighted AF for children exposed to sediment (US EPA, 2011b)
2 days/week between April and October when air temperature > 70°F 
(Professional Judgment)
Default value for Resident (US EPA, 2021b)

Default value for Resident (US EPA, 2021b)

Default value for Resident (US EPA, 2021b)
Default value for Resident (US EPA, 2021b)

Non‐Cancer Cancer

SA x AF x EF x ED x CF = Basis
BW x AT

Total Soil PRG 
(pCi/kg)
7.9E+03

1

+

Non‐Cancer Cancer

IR x EF x ED x CF  = Basis
BW x AT

One‐third of US EPA residential soil ingestion rate
(Professional Judgment)

2 days/week between April and October when air temperature > 70°F 
(Professional Judgment)
Default value for Resident (US EPA, 2021b)

COI = Constituent of Interest; CSF = Cancer Slope Factor; NC = No Criterion Available; pCi = PicoCurie; PRG = Preliminary Remediation Goal; RfD = Reference Dose; RSL = Regional Screening Level; SL = Screening Level; TRV = Toxicity Reference Value; US EPA = United States Environmental Protection Agency.

Recreator RSL 
Sediment 
(mg/kg)

Basisa
TRV Child + Adult TRV Child Adult

Non‐cancer SL 
(mg/kg)

COI
Relative 

Bioavailability 
(unitless)

Dermal Absorption 
Fraction  
(unitless)

Cancer

Cancer 
SL

(mg/kg)

Non‐Cancer

Total Metals
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Table B.3.1  Recreator PRGs for Soil, Input Values

Variable
Recreator Soil 
Default Value

Form‐Input 
Value

 A (PEF Dispersion Constant) 16.2302 16.8653
 B (PEF Dispersion Constant) 18.7762 18.7848
 City (Climate Zone) Default Chicago, IL (7)
 C (PEF Dispersion Constant) 216.108 215.0624
 Cover layer thickness for GSF (gamma shielding factor) cm 0 cm 0 cm
 CFrec‐fowl (fowl contaminated fraction) unitless 1 1
 CFrec‐game (game contaminated fraction) unitless 1 1
 EDrec (exposure duration ‐ recreator) yr 26
 EFrec (exposure frequency ‐ recreator) day/yr 60
 fp‐fowl (fowl on‐site fraction) unitless 1 1
 fp‐game (land game on‐site fraction) unitless 1 1
 fs‐fowl (fraction of year fowl is on site) unitless 1 1
 fs‐game (fraction of year land game is on site) unitless 1 1
 MLFpasture (pasture plant mass loading factor) unitless 0.25 0.25
 trec (time ‐ recreator) yr 26
 TR (target risk) unitless 0.000001 0.000001
 F(x) (function dependent on Um/Ut) unitless 0.194 0.182
 PEF (particulate emission factor) m3/kg 1,359,344,438 1,560,521,177
 Q/Cwind (g/m

2‐s per kg/m3) 93.77 98.431
 As (acres) 0.5 0.5
 Site area for ACF (area correction factor) m2 1,000,000 m2 1,000 m2

 EDrec (exposure duration ‐ recreator) yr 26
 EDrec‐a (exposure duration ‐ recreator adult) yr 20
 EDresc‐c (exposure duration ‐ recreator child) yr 6
 EFrec (exposure frequency ‐ recreator) day/yr 60
 EFrec‐a (exposure frequency ‐ recreator adult) day/yr 60
 EFrec‐c (exposure frequency ‐ recreator child) day/yr 60
 ETrec (exposure time ‐ recreator) hr/day 8
 ETrec‐a (exposure time ‐ recreator) hr/day 8
 ETrec‐c (exposure time ‐ recreator) hr/day 8
 IFArec‐adj (age‐adjusted inhalation rate ‐ recreator) m

3 9,200
 IFSrec‐adj (age‐adjusted soil intake rate ‐ recreator) mg 63,720
 IRArec‐a (inhalation rate ‐ recreator adult) m

3/day 20 20
 IRArec‐c (inhalation rate ‐ recreator child) m

3/day 10 10
 IRSrec‐a (soil intake rate ‐ recreator adult) mg/day 100 33
 IRSrec‐c (soil intake rate ‐ recreator child) mg/day 200 67
 trec (time ‐ recreator) yr 26
 TR (target risk) unitless 0.000001 0.000001
 Um  (mean annual wind speed) m/s 4.69 4.65
 Ut  (equivalent threshold value) 11.32 11.32
 V  (fraction of vegetative cover) unitless 0.5 0.5
Notes:
IL = Illinois; PRG = Preliminary Remediation Goal; yr = Year.
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Isotope

ICRP
Lung

Absorption
Type

Soil Ingestion
Slope Factor
(risk/pCi)

Inhalation
Slope Factor
(risk/pCi)

External
Exposure

Slope Factor
(risk/yr per 

pCi/g)

Food Ingestion
Slope Factor
(risk/pCi)

Lambda
(1/yr)

Half‐life
(yr)

1,000 m2 

Soil Volume
Area

Correction
Factor

0 cm 
Soil Volume
Gamma
Shielding
Factor

Particulate
Emission
Factor
(m3/kg)

Dry
Soil‐to‐Plant

Transfer Factor
(pCi/g‐fresh plant
per pCi/g‐dry soil)

Beef
Transfer 
Factor

(pCi/kg per 
pCi/d)

Poultry
Transfer 
Factor

(pCi/kg per 
pCi/d)

Ingestion
PRG

TR = 1.0E‐06
(pCi/g)

Inhalation
PRG

TR = 1.0E‐06
(pCi/g)

External
Exposure

PRG
TR = 1.0E‐06

(pCi/g)

Total
PRG

TR = 1.0E‐06
(pCi/g)

Total
PRG

TR = 1.0E‐06
(mg/kg)

Total
PRG

TR = 1.0E‐06
(pCi/kg)

Ra‐226 S 6.77E‐10 2.82E‐08 2.50E‐08 5.14E‐10 4.33E‐04 1.60E+03 6.85E‐01 1.00E+00 1.56E+09 1.95E‐02 1.70E‐03  ‐ 2.32E+01 6.02E+03 4.10E+01 1.48E+01 1.50E‐05 1.48E+04
Notes:
d = Day; ICRP = International Commission on Radiological Protection; pCi = PicoCurie; PRG = Preliminary Remediation Goal; Ra = Radium; S = Slow; TR = Target Risk; yr = Year.

Table B.3.2  Recreator PRGs for Soil, Ra‐226
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Isotope

ICRP
Lung

Absorption
Type

Soil Ingestion
Slope Factor
(risk/pCi)

Inhalation
Slope Factor
(risk/pCi)

External
Exposure

Slope Factor
(risk/yr per pCi/g)

Food Ingestion
Slope Factor
(risk/pCi)

Lambda
(1/yr)

Half‐life
(yr)

1,000 m2 

Soil Volume
Area

Correction
Factor

0 cm 
Soil Volume
Gamma
Shielding
Factor

Particulate
Emission
Factor
(m3/kg)

Dry
Soil‐to‐Plant

Transfer Factor
(pCi/g‐fresh plant
per pCi/g‐dry soil)

Beef
Transfer 
Factor

(pCi/kg per 
pCi/d)

Poultry
Transfer 
Factor

(pCi/kg per 
pCi/d)

Ingestion
PRG

TR = 1.0E‐06
(pCi/g)

Inhalation
PRG

TR = 1.0E‐06
(pCi/g)

External
Exposure

PRG
TR = 1.0E‐06

(pCi/g)

Total
PRG

TR = 1.0E‐06
(pCi/g)

Total
PRG

TR = 1.0E‐06
(mg/kg)

Total
PRG

TR = 1.0E‐06
(pCi/kg)

Ra‐228 S 1.98E‐09 4.37E‐08 3.43E‐11 1.42E‐09 1.21E‐01 5.75E+00 1.00E+00 1.00E+00 1.56E+09 1.95E‐02 1.70E‐03         ‐ 7.93E+00 3.89E+03 2.04E+04 7.91E+00 2.90E‐08 7.91E+03
Notes:
d = Day; ICRP = International Commission on Radiological Protection; pCi = PicoCurie; PRG = Preliminary Remediation Goal; Ra = Radium; S = Slow; TR = Target Risk; yr = Year.

Table B.3.3  Recreator PRGs for Soil, Ra‐228
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1.0 INTRODUCTION 

Kincaid Generation, LLC is the owner of the coal-fired Kincaid Power Plant (KPP), located in Christian 

County, Illinois. Kincaid is an active power plant and will remain active until 2027, at which time 

electricity production will cease and it will become inactive. Closure of the Kincaid Ash Pond (KAP) will 

take place in phases and upon shut down of the power plant in 2027, with final closure complete in fall of 

2028. 

This supplemental information was developed for the closure alternatives analysis, performed by others, 

as required in accordance with 35 Illinois Administrative Code 845, Standards for the Disposal of Coal 

Combustion Residuals in Surface Impoundments (Part 845). Closure of the KAP will be performed under 

the relevant Illinois Standards for the Disposal of Coal Combustion Residuals in Surface Impoundments 

(Part 845) [1] and the United States Environmental Protection Agency (USEPA) CCR Rule [2]. 

Part 845 requires a Closure Alternatives Analysis (CAA) to be completed, pursuant to the requirements of 

Section 854.710, to support the Closure Plan prepared pursuant to Section 845.720. The CAA for the 

Kincaid Ash Pond will be performed by Gradient Corporation (Gradient). Burns & McDonnell has 

prepared this Closure Alternatives Analysis Supporting Information Report (Report) to provide 

information to Gradient to support its preparation of the CAA. 

1.1 Report Contents 

The following information is contained within this report: 

 Section 1 includes the Introduction and Background. 

 Section 2 includes information related to closure-by-removal (CBR) including: 

o An evaluation of potential offsite landfills to receive the CCR for CBR-Offsite, and 

o A feasibility evaluation of CCR transportation for CBR-Offsite using over-the-road 
trucks, rail, and barging. 

 Section 3 includes an overview of the planned construction for closure-in-place (CIP) and CBR-
Offsite. 

 Section 4 includes a project schedule for CIP and CBR-Offsite. 

 Section 5 includes estimates for construction material quantities,  labor, vehicle miles, and 
equipment miles, for CIP and CBR-Offsite. 
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2.0 CLOSURE BY REMOVAL INFORMATION 

Section 845.710(c)(1) requires the evaluation of complete removal of CCR (e.g., CBR), and Section 

845.710(d)(2) requires the CAA to identify if the Power Plant has a landfill that can accept  the CCR, or if 

constructing an onsite landfill is feasible. Additionally, Section 845.710(c)(1) requires the evaluation of 

multiple modes of transportation of CCR, including rail, barge, and truck. This section includes an 

evaluation of onsite landfill options, potential offsite landfills, and potential methods for transporting CCR 

to offsite landfills. 

2.1 Potential Closure by Removal – Onsite Landfill Options 

2.1.1 Existing Kincaid CCR Landfill  

There is no existing onsite landfill at the Kincaid Power Plant.  

2.1.2 Feasibility of New Onsite CCR Landfill Construction 

Due to  the  planned  redevelopment  of  the  Site  as  a  utility-scale  solar generation  and battery  energy  

storage facility,  there  is  not  sufficient  space  available  to  construct  a  landfill.    

2.2 Potential Closure by Removal – Offsite Landfill Options 

Potential offsite landfills suitable for disposing of the approximately 2,950,000 CY of CCR within the 

KAP were evaluated using IEPA’s online Illinois Disposal Capacity Report. The closest landfills to the 

site, by road miles, were determined to be the Waste Management Five Oaks Landfill located in 

Taylorville, Illinois, the Republic Services Sangamon Valley Landfill in Springfield, Illinois, and the 

Republic Services Envotech Landfill in Litchfield, Illinois. 

The Five Oaks Landfill is the preferred landfill since it is located nearest the Kincaid Power Plant, thereby 

resulting in reduced hauling mileage. All the landfills have  sufficient remining permitted capacity to receive 

the approximate 2,950,000 CY volume of CCR; however,  as of the date of this report, the landfills have not 

been contacted to confirm that they would be willing to accept the CCR. Information on the potentially 

suitable landfills is provided in Table 1 [3] and the location of each landfill relative to the Kincaid Power 

Plant is provided in Figure 1.  

2.3 Potential Closure by Removal – Offsite Transportation Methods 

Section 845.710(c)(1) requires multiple methods of transporting removed CCR to be considered for a CBR 

closure alternative. These methods include rail, barge, and truck. An evaluation of each method is included 

within this section. Figure 1 shows the truck routes for all three landfills as well as the rail lines for the 
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Five Oaks Landfill and Sangamon Landfill. 

2.3.1 Transport by Truck 

The Kincaid Power Plant is located along Illinois Route 104 (IL-104), a suitable roadway for receiving 

truck hauling traffic. Potential travel routes between the KAP and the proposed landfills described below 

are shown on Figure 1 although actual travel routes may vary. 

Waste Management Five Oaks Landfill 

The Five Oaks Landfill is accessible from the Site via IL-104. IL-104 is a state-maintained Class II truck 

route with five bridges between the Site and the Five Oaks landfill. IL-104 passes through Kincaid, Illinois.  

Republic Services Sangamon Valley Landfill 

The Sangamon Valley Landfill is accessible from the Site via several routes, all of which are state-

maintained Class I and Class II truck routes. The proposed route to the landfill would take IL-104 west to 

Interstate 55, north and around Springfield, IL. 

Republic Services Envotech Landfill 

The Envotech Landfill is accessible from the Site via several routes, all of which are state-maintained Class 

I and Class II truck routes. The proposed route to the landfill would take IL-104 west to Interstate 55, south 

through Litchfield, IL.  

Potential travel routes between the Kincaid Power Plant and the potential landfill disposal sites are shown 

on Figure 1, although actual travel routes may vary. Transporting CCR by truck will not require the 

construction of additional loading or unloading infrastructure at either the receiving landfill or Kincaid. 

However, improvements would be required for the ingress/egress at the Kincaid Plant.  The entrance to 

the facility would need to be widened and a traffic signal or at a minimum, a turning lane added to safely 

enter and exit the facility.  CCR would be loaded into trucks using heavy equipment at the KAP. CCR will 

then be unloaded at the receiving landfill by the truck directly. Slight project delays related to coordination 

with other entities (i.e., Christian County, State of Illinois, etc.), design, and permitting are likely to occur. 

However, transporting CCR by truck is a viable and the preferred option for the Kincaid Power Plant. 

2.3.2 Transport by Rail 

Waste Management Five Oaks Landfill 

The Five Oaks Landfill is owned and operated by Waste Management. Located at 890 E 1500 North Rd. 

Taylorville, IL, the landfill is approximately seven miles southeast of the Kincaid Power Plant. An Illinois 

& Midland Railroad line (IMRR) is located immediately south of the Kincaid Power Plant as shown on 
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Figure 1. IMRR predominantly ships coal but offers other cargo transportation options [4]. The IMRR 

line runs parallel to the Five Oaks landfill property with a spur leading into the Five Oaks Landfill property 

along the eastern side. A cursory search using Google Maps and Street View suggests this spur is 

overgrown and not currently in use.  It is assumed that maintenance and clean-up would be required as 

well as leasing or purchasing of the spur to make the IMRR a viable option.  No evaluation of the cost of 

constructing the infrastructure required for bulk loading and unloading has been included in the assessment 

of the site. 

Republic Services Sangamon Valley Landfill 

The Sangamon Valley Landfill is owned and operated by Republic Services. Located at 2565 Sandhill Rd. 

in Springfield, IL, the landfill is approximately thirty miles northwest of the Kincaid Power Plant. The rail 

line nearest the Sangamon Valley Landfill is located several hundred feet west of the landfill as shown on 

Figure 1. This line is owned by Union Pacific (UP) and operated by Amtrak according to the U.S. 

Department of Transportation Federal Railroad Administration Safety Map. There are no spurs leading to 

the Sangamon Valley landfill and therefore not a viable hauling option unless additional tracks are 

constructed. No evaluation of bulk loading and unloading has been included in the assessment of the site. 

Republic Services Envotech Landfill 

The Envotech Valley Landfill is owned and operated by Republic Services. Located at 2565 Sandhill Rd. 

in Springfield, IL, the landfill is approximately thirty miles northwest of the Kincaid Power Plant. There 

are no railroad lines located near the Envotech Landfill. 

Transporting CCR by rail is unlikely to be a viable option due to the need to design, permit, and construct 

additional rail lines and loading infrastructure, the potential need to share use of the rail lines, and the need 

to upgrade or replace the unloading infrastructure at the landfill. 

2.3.3 Transport by Barge 

The Kincaid Power Plant is located along Lake Sangchris but does not have barge loading capabilities and 

is not connected to a reasonably close navigable waterway that leads to a landfill. Therefore, barging is not 

a viable option for transporting CCR to an offsite landfill for disposal. 
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3.0 CLOSURE DESCRIPTION NARRATIVES 

Section 845.720(a)(1)(A) requires narrative description of CCR impoundment closures to be prepared 

describing how it will be closed in accordance with Part 845. Narrative descriptions for two closure 

alternatives – closure by removal (CBR) and close in-place (CIP) – have been prepared for the Kincaid 

Ash Pond (KAP) and are presented below.  The designs for these options are conceptual in nature and 

only a cursory desktop review of location restrictions, such as wetlands and floodplains, was performed.  

In depth evaluations, investigations and designs will need to be performed for the final alternative chosen.  

3.1 Closure in Place (CIP) 

Under the CIP scenario, the CCR in the KAP will be consolidated into a reduced footprint, graded, and 

capped with a new cover system. A description of the CIP alternative for the KAP is as follows: 

 The KAP will be unwatered/dewatered by pumping free water (ponded and subsurface) to the 

onsite wastewater treatment system (WWTS) for treatment and subsequent discharge      through 

NPDES Outfall B01. 

 CCR will be relocated to the southern portion of the impoundment, contoured, and graded to 

promote stormwater management. 

 A new soil berm with an east-west orientation will be constructed to separate the consolidated 

CIP CCR area from the “clean-closed” area to the north. 

 All CCR from the area north of the constructed berm will be excavated and placed/consolidated 

in an approximately 84-acre area located south of the new berm. 

 A hydraulic cut-off wall (sheet piling) will be installed along the interior of the north and west 

berms of the consolidated footprint area to maintain an operating pool in the southeast corner of 

the CIP area during operation of the Kincaid Power Plant. This operating pool will also receive 

dewatering fluids during CCR excavation and consolidation activities. The free water (ponded 

and subsurface) will be pumped from within the consolidated area after the plant has ceased 

operation and prior to installation of the cap system. 

 The consolidated CCR will be contoured and graded to promote stormwater management. 

 An alternative final cover system will be constructed over the consolidated CCR. The cover 

system will consist of a 40-mil linear low-density polyethylene (LLDPE) geomembrane layer, a 

geotextile cushion layer, and twenty-four inches of protective soil cover suitable for supporting 

vegetative growth.  

 The final cover system will be crowned to direct surface water away from the facility. Beyond 

the limits of the final cover system, channels will direct surface water to existing site drainages. 
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 The development of a solar facility and/or battery storage within the project area is currently under 
consideration. 

3.2 Closure by Removal (CBR) Offsite 

A description of the CBR alternative for the KAP is as follows: 

 The KAP will be unwatered/dewatered by pumping free water (ponded and subsurface) to the 

onsite WWTS for treatment and subsequent discharge through NPDES Outfall B01. 

 CCR will be removed from the KAP using mass mechanical excavation techniques. An estimated 

2,950,000 cubic yards (CY) of CCR material will be excavated and removed from the KAP. Most 

of the CCR material is bottom ash and is antiCIPated to require very little dewatering. The CCR 

material that contains fly ash and economizer ash will be dewatered with the use of dewatering 

trenches or other forms of passive dewatering (i.e., rim ditching or windrowing) to result in CCR 

conditioned for the appropriate conveyance method. Dewatering flows will be pumped to the 

WWTS for treatment and subsequent discharge through NPDES Outfall B01. 

 CCR will be loaded into over-the-road dump trucks and hauled to the offsite receiving landfill. 

 The KAP does not have a liner system to remove, but the underlying soils will be over excavated 

a minimum of 1-foot to remove all CCR from within the KAP.  

 The KAP will be backfilled as necessary to promote positive drainage towards the north and 

through the breached dike, to allow post-closure, non-contact stormwater to gravity flow into Lake 

Sangchris. Backfill materials would include clean soil material excavated from an offsite borrow 

source. 

 The KAP will be restored by placing six inches of topsoil on the bottom and side slopes of the 

KAP and establishing vegetation. Stormwater best management practices (BMPs) such as erosion 

control blankets and straw wattles will be used, as needed, to reduce erosion during vegetation 

establishment. 

 After vegetation is established, BMPs will be removed. 
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4.0 CONSTRUCTION SCHEDULES 

Section 845.720(a)(1)(F) requires a schedule including all activities necessary to complete closure to 

be prepared. Schedules have been prepared for CIP and CBR-Offsite and are included within this 

section. Schedules were prepared using estimates of task durations based on Burns & McDonnell’s 

experience, typical weather conditions at the site, and expected construction rates relative to estimated 

construction quantities. 

4.1 CIP 

The proposed closure completion schedule for CIP is provided in Table 2. 

4.2 CBR Offsite 

The proposed closure completion schedule for CBR-Offsite is provided in Table 2. 
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5.0 MATERIAL, QUANTITY,  LABOR, AND MILEAGE ESTIMATES 

5.1 Quantity Estimates 

Section 845.720(d)(1) requires an analysis be prepared for each alternative in accordance with the Class 

4 standards of the Association for the Advancement of Cost Engineering (AACE) [5]. Analyses for both 

CIP and CBR-Offsite were prepared in accordance with the AACE Class 4 standards, utilizing the 

following approach: 

 Major construction components and line-items were identified, in accordance with the narrative 

closure description (Section 3). 

 

Construction quantities were estimated based on volume estimates, area estimates, and 

proposed construction schedules (Section 4). 

 

 Soil fill was assumed to come from offsite borrow sources located within 5-miles of the KPP 

on average. Soil borrow is available from existing berms and dikes on site as well. 

 

 A contingency of 30% was applied for the analysis, based on the level of design and quantity 

estimate prepared as part of this Report. 

5.2 Labor and Mileage Estimates 

In addition to construction quantity estimates, Gradient also utilized Burns & McDonnell’s estimates 

of construction labor hours, equipment usage, haul truck mileage, daily labor mobilization vehicle 

mileage, material delivery mileage, and onsite vehicle mobilization mileage.  These estimates were 

prepared using the following approach: 

 For line items where RSMeans [6] was utilized, the corresponding RSMeans crew size, 

equipment description, and daily output were utilized to estimate the total number of man-hours 

and equipment hours. 

 

 For line items where RSMeans data was unavailable, the crew size, equipment description, and 

daily output were estimated based on Burns & McDonnell’s experience. 

 

 Daily labor mobilization miles were estimated assuming an average one-way commute of thirty-

five miles for each individual working onsite. The number of working days were estimated from 
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the construction schedules (Section 4). 

 

 Estimates of haul truck mileage were based on the assumed round-trip haul distance and dump 

truck size. Offroad haul trucks were estimated to be 34CY and on road haul trucks were estimated 

to be 16.5CY.  All dump trucks were assumed to be filled to capacity. 

 

 Estimates of material delivery miles were prepared based on Burns & McDonnell’s experience. 
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Kincaid Power Plant - Ash Pond  
Off-Site Landfill Information  

August 2022

Table 1 - Off-Site Landfill Information

Landfill Name: Owner: Location:
One-way Distance 

From Site:
5-yr Average Disposal 

Volume (CY):
Remaining Site 
Capacity (CY)

Five Oaks Recycling and Disposal Facility Waste Management Taylorville, IL 7.5 249664 7051864
Sangamon Valley Landfill Inc. Republic Services Springfield, IL 24.5 148,706 2,348,775
Litchfield-Hillsboro Landfill Republic Services Litchifield, IL 41.5 82,620 1,535,189

Notes
CY - Cubic Yards

1. Table information collected from the IEPA 2020 Landfill Capacity Report
https://www2.illinois.gov/epa/topics/waste-management/landfills/landfill-capacity/Pages/2020.aspx
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Closure Schedules  

August 2022

Table 2 - Closure Schedules

Closure in Place Closure by Removal to Off-Site Landfill
Agency Coordination, Approvals, Permitting

Obtain state permits, as needed, for 
dewatering/unwatering, water discharge, land disturbance, 
and outlet modifications

Final Design and Bid Process*

Complete final design of the closure and select a 
construction contractor

Close CCR Unit

Complete Contractor mobilization, installation of 
stormwater control measures for construction

Complete dewatering and unwatering

Complete Mass Excavation of CCR and decontamination 
of Ash Pond

Install final cover system (closure in place only)

Winter weather delays are assumed between November 
and March of each construction year

Final Grading 3 to 5 months 3 to 5 months
Site Restoration

Seed and stabilize the Ash Pond
Complete Contractor demobilization

39 to 54 months 125 to 168 months

Notes
*Assume final design and bidding is concurrent with final approvals and permitting

Milestone

12 to 18 months after final Closure Plan Approval8 to 12 months after final Closure Plan Approval

6 to 8 months after Agency Coordination, 
Approvals, and Permitting

6 to 12 months after Agency Coordination, 
Approvals, and Permitting

Timeframe

20 to 26 months after necessary permits are 
issued

Timeframe to Complete Closure

102 to 130 months after necessary permits are 
issued

2 to 3 months after grading is complete2 to 3 months after grading is complete

1 of 1
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Table 3a: Material Quantity Estimate - Consolidate Closure in Place
Item 
No.

Crew Worker Type
Workers 

(#)
Equipment Type

Equipment 
(#)

Daily 
Output

Labor Hours Equipment Hours Units Quantity RS Means Code

1 Pre-Construction

Mobilization and Demobilization LS 1

2 Site Preparation

Site Preparation: Clearing and Grubbing B7
Operator x 1
Laborer x 5

6
Brush Chipper x 1
Crawler Loader x 1

Chainsaws x 2
4 1 1,032 688 AC 17.2 311110100020

Grub Stumps and Remove B30
Truck Driver x 2

Laborer x 6
3

Excavator X1
Dump Truck X 2

3 2 258 258 AC 17.2 311110100150

Construction Soil Erosion and Sediment Controls B62
Operator x 1
Laborer x 2

3 Skid Steer x 1 1 650 508 169 LF 11,000 312514161000

Construction Facilities - Office Trailer - - - - - - - - LS 1 15213200400

Construction Facilities - Storage Trailers (2) - - - - - - - - LS 2 152132000200

Construction Facilities - Portable Toilets (4) - - - - - - - - MO 25 15433406410

Dust Control B59 Truck Driver x 1 1 Water Truck x 1 1 1 5,400 5,400 DAY 540 312323202510

Haul Road Maintenance B86A Operator x 1 1 Grader x 1 1 1 2,160 2,160 DAY 216 312323202600

3 Dewatering, Unwatering, and Stormwater Management

B10K
Operator x 1
Laborer x 0.5

1.5 Pump x 1 1 1 9,150 6,100 DAY 610 312319201100

Additional Pump Pump x 1 1 1 0 6,100 DAY 610 312319201120

Dewatering Sumps Installation B6
Operator x 1
Laborer x 2

3 Backhoe x 1 1 1 60 20 EA 2 330561101210

4 Closure

Creation of a Soil Berm

Excavation of on-site soil B14J CY 5,556

Hauling material to southern portion of site B34F Truck Driver x 1 1 Dump Truck x 1 1 680.00 82 82 CY 5,556 312323206470

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 83 56 CY 5,556 312323170020

Compaction of Material B10Y
Operator x 1
Laborer x 0.5

1.5 Vibratory Roller x 1 1 2,300.00 36 24 CY 5,556 312323235020

Excavation and Loading of Material B14J
Operator x 1
Laborer x 0.5

1.5 Front End Loader x 1 1 3,800.00 612 408 CY 155,000 312316435400

Hauling and stockpiling Material B34C Truck Driver x 1 1 Dump Truck x 1 1 215.00 7,209 7,209 CY 155,000 312323203266

Double Handling of Soil CY 155,000

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 2,325 1,550 CY 155,000 312323170020

Finish grading material B11L
Operator x 1
Laborer x 1

2 Grader x 1 1 1.84 40 20 CY 4 312216103300

Hydraulic cut-off wall

Drive sheet piling along north and west berms of 
consolidated footprint area

B40
Pile Driver x 5
Operator x 3

8
Crane x 1

Vibratory Hammer x 1
2 22.12 5,425 1,356 LF 1,500 314116101900

Item

Unwatering, Dewatering, and Stormwater Management for the 
Ash Pond
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Relocate Sluice Channel

Excavate new sluice channel B11M
Operator x 1
Laborer x 1

2 Backhoe Loader x 1 1 200 2,700 1,350 CY 27,000 312316130060

Excavation of Ash Material

Excavation of ash material B14J
Operator x 1
Laborer x 0.5

1.5 Front End Loader x 1 1 1,900.00 14,779 9,853 CY 1,872,000 312316432500

Hauling material to southern portion of site B34F Truck Driver x 1 1 Dump Truck x 1 1 528.00 35,455 35,455 CY 1,872,000 312323206470

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 28,080 18,720 CY 1,872,000 312323170020

Compaction of Material B10Y
Operator x 1
Laborer x 0.5

1.5 Vibratory Roller x 1 1 2,300.00 12,209 8,139 CY 1,872,000 312323235020

Fine grading of CCR surface B11L
Operator x 1
Laborer x 1

2 Grader x 1 1 1.84 914 457 AC 84 312216103300

Piezometer and Monitoring Well Install C18 Laborer x 1.125 1.125 Concrete Cart x 1 1 1.00 45 40 EA 4

5 Pond Capping

Geomembrane, 40-mil LLDPE B63B
Operator x 1
Laborer x 3

4 Skid Steer x 1 1 0.3 10,136 2,534 AC 84

Geotextile, 8-oz. 2 Clab Laborer x 2 2 5 0.5 3,379 8,447 AC 84

Anchor Trench B11C
Operator x 1
Laborer x 1

2 Excavator x 1 1 150 1,067 533 LF 8,000 312316130050

Placement of Protective Cover Soil (offsite source)

Excavation and Loading of Material B14J
Operator x 1
Laborer x 0.5

1.5 Front End Loader x 1 1 3,800.00 824 549 CY 208,804 312316435400

Hauling and stockpiling Material B34C Truck Driver x 1 1 Dump Truck x 1 1 215.00 9,712 9,712 CY 208,804 312323203266

Double Handling of Soil CY 208,804

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 3,132 2,088 CY 208,804 312323170020

Finish grading material B11L
Operator x 1
Laborer x 1

2 Grader x 1 1 1.84 911 456 AC 84 312216103300

Placement of Vegetative Soil (offsite source)

Excavation and Loading of Material B12D
Operator x 1
Laborer x 1

2 Excavator x 1 1 2,040.00 682 341 CY 69,601 312316420305

Hauling and Stockpiling Material B34C Truck Driver x 1 1 Dump Truck x 1 1 215.00 3,237 3,237 CY 69,601 312323203266

Double Handling of Soil CY 69,601

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 1,044 696 CY 69,601 312323170020

Finish grading material B11L
Operator x 1
Laborer x 1

2 Grader x 1 1 1.84 911 456 AC 84 312216103300

Installation of drainage channels (ditches) CY 13,000

Erosion Control Blanket 2 Clab Laborer x 2 2 - 0 1000 1,444 0 SY 72,222 312514160120

Installation of drainage letdowns

Riprap B30
Operator x 1

Truck Driver x 2
3

Excavator x 1
Dump Trucks x 2

3 100 1,600 1,600 SY 5,333 313713100200

Geotextile, 10 oz. 2 Clab Laborer x 2 2 2,400 44 0 SY 5,333 313219161510
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6 Stormwater and Perimeter

Removal of Outlet Structure B14A
Operator x 1
Laborer x 0.5

1.5 Excavator x 1 1 0.10 150 100 LS 1

Removal of Outlet Pipes B14A
Operator x 1
Laborer x 0.5

1.5 Excavator x 1 1 0.20 75 50 LS 1

B14A
Operator x 1
Laborer x 0.5

1.5 Excavator x 1 1 0.10 150 100 LS 1

Establish Access Roads

Gravel for Access Road B32
Operator x 3
Laborer x 1

4
Grader x 1
Roller x 1
Dozer x 1

3 6,000 30 23 CY 4,500 321123230370

Geotextile, 10 oz. 2 Clab Laborer x 2 2 2,400 111 0 SY 13,350 313219161510

Placement of Soil For Positive Drainage (off-site source)

Excavation and Hauling Material  B34F Truck Driver x 1 1 Dump Truck x 1 1 680.00 1,596 1,596 CY 108,500 312323206470

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 1,628 1,085 CY 108,500 312323170020

Compaction of Material B10Y
Operator x 1
Laborer x 0.5

1.5 Vibratory Roller x 1 1 2,300.00 708 472 CY 108,500 312323235020

Finish grading material B11L
Operator x 1
Laborer x 1

2 Grader x 1 1 1.84 957 479 AC 88 312216103300

Seed, fertilize, and maintain vegetated surfaces B65/B66 Operator x 1 1 Loader-Backhoe x 1 1 1.5 1,333 1,333 AC 200
329219130020, 
320190130120, 
329113160650

7 Engineering and Construction Support

BMcD Engineering Staff x 4 4 - 0 0.01 4,000 0 LS 1

Engineering Support and CQA during Construction BMcD
CQA Staff x 3

Engineering Staff x 1
4 Truck x 3 3 0.001 40,000 30,000 LS 1

Labor Hours: Equipment Hours:
Notes 217,423 171,499

Final Closure Design, Local Permitting Support, and Bid Support

12. Unwatering/Dewatering is based on a single pump with a backup pump.  

Installation of permanent stormwater culverts, riprap aprons, and 
outlets

This Engineer's Opinion of Probable Cost is based primarily on our experience and judgement as a professional consultant combined with information from past experience, vendors, 
and published sources.  Since Burns & McDonnell has no control over weather, cost and availability of labor, material and equipment, labor productivity, construction contractor's 
procedures and methods, unavoidable delays, construction contractor's methods of determining prices, economic conditions, government regulations and laws (including the 
interpretation thereof), competitive bidding or market conditions and other factors affecting such opinions or projections; consequently, the final project costs will vary from the 
opinions of costs presented in this study and funding needs must be carefully reviewed prior to making specific financial decisions or establishing final budgets.

7. It is assumed that no additional dewatering of the bottom ash is required beyond pumping through the sumps.

1. RS Means used as reference - adjusted based on project size, location, type.  Year - 2022, Location -  Effingham, IL

6. Quantities were developed through conceptual figures and are considered estimates at this stage.

8. It is assumed that power will be provided by Owner

9. It is assumed that unwatering discharge will be processed through the on-site WWTP and discharged through the NPDES outfall.

2. Grey crews were established based on BMcD relevant project experience. 
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Table 3b: Labor, Equipment, and Mileage Estimate - Closure in Place - Totals
Item Quantity
Labor Total Hours 217,423
Duration of Onsite Construction in Days 500
Average Daily Crew Size 43
Daily Labor Mobilization Miles 1,521,958
Vehicles Miles Onsite 53,333

Equipment Mobilization Miles - Unloaded 25,725

Equipment Mobilization Miles - Loaded 25,725

Daily Equipment Miles Onsite 500,000

Onsite Haul Truck Miles - Unloaded 27,529

Onsite Haul Truck Miles - Loaded 27,529

Offsite Haul Truck Miles - Unloaded 164,214

Offsite Haul Truck Miles - Loaded 164,214

Material Delivery Miles - Unloaded 88,197

Material Delivery Miles - Loaded 88,197

Estimated Total 2,686,621

10 mile cycle

miles 

Average 1 load of equipment 2,000 Equipment working hours
Average of 300 miles one way for equipment hauling

16.5 CY Dump Truck

Average 1 load of equipment per working week
Average of ~20 crew members running equipment
Assume 50 miles per piece of equipment (average 5 mph, 10-hrs per day)
34 CY Haul Truck

34 CY Haul Truck
1 mile cycle

60 extra trips for piping, seed, fertilizer, mulch, straw wattles, and concrete - source 1000 miles away average
Assume geosynthetic source ~850-miles from site (possibly South Carolina)
60 extra trips for piping, seed, fertilizer, mulch, straw wattles, and concrete - source 1000 miles away average

Assume geosynthetic source ~850-miles from site (possibly South Carolina)

Assumptions

1 mile cycle
16.5 CY Dump Truck
10 mi cycle

10-hr days
Working days, 25 months on-site, 20-working days per month average
Crew Members
Average of 70 miles round trip per day
2 mile round trip from gate to parking
5 miles per day for CQA tech and Construction Supervisor
10% Contingency for site visitors (client and engineering support)
Average of 300 miles one way for equipment hauling
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Kincaid Power Plant - Ash Pond  
Material Quantity Estimate  

August 2022

Table 4a: Material Quantity Estimate - Offsite Landfill
Item 
No.

Crew Worker Type Workers (#) Equipment Type Equipment (#)
Daily 

Output
Labor Hours Equipment Hours Units Quantity RS Means Code

1 Pre-Construction

Mobilization and Demobilization LS 1

2 Site Preparation

Site Preparation: Clearing and Grubbing B7
Operator x 1
Laborer x 5

6
Brush Chipper x 1
Crawler Loader x 1

Chainsaws x 2
4 1 1,032 688 AC 17.2 311110100020

Grub Stumps and Remove B30
Truck Driver x 2

Laborer x 6
3

Excavator X1
Dump Truck X 2

3 2 258 258 AC 17.2 311110100150

Construction Soil Erosion and Sediment Controls B62
Operator x 1
Laborer x 2

3 Skid Steer x 1 1 650 508 169 LF 11,000 312514161000

Construction Facilities - Office Trailer - - - - - - - - LS 1 15213200400

Construction Facilities - Storage Trailers (2) - - - - - - - - LS 2 152132000200

Construction Facilities - Portable Toilets (4) - - - - - - - - MO 29 15433406410

Dust Control B59 Truck Driver x 1 1 Water Truck x 1 1 1 6,300 6,300 DAY 630 312323202510

Haul Road Maintenance B86A Operator x 1 1 Grader x 1 1 1 2,520 2,520 DAY 252 312323202600

3 Dewatering, Unwatering, and Stormwater Management

B10K
Operator x 1
Laborer x 0.5

1.5 Pump x 1 1 1 13,275 8,850 DAY 885 312309201100

Additional Pump Pump x 1 1 1 0 8,850 DAY 885 312319201120

Dewatering Sumps Installation B6
Operator x 1
Laborer x 2

3 Backhoe x 1 1 1 60 20 EA 2 330561101210

4 Excavation and Disposal

Excavation of Ash Material

Excavation of ash material B14J
Operator x 1
Laborer x 0.5

1.5 Front End Loader x 1 1 3,800.00 11,641 7,761 CY 2,949,000 312316432500

Hauling material offsite B34C Truck Driver x 1 1 Haul Truck x 1 1 165 178,727 178,727 CY 2,949,000 312323203298

Offsite Disposal Fee - - - - - - - - CY 2,949,000

5 Ash Pond Closure

Removal of Outlet Structure B14A
Operator x 1
Laborer x 0.5

1.5 Excavator x 1 1 0.10 150 100 LS 1

Removal of Outlet Pipe B14A
Operator x 1
Laborer x 0.5

1.5 Excavator x 1 1 0.20 75 50 LS 1

Placement of Soil For Positive Drainage

Excavation and Loading of Material B12D
Operator x 1
Laborer x 1

2 Excavator x 1 1 2,040.00 3,088 1,544 CY 315,000 312316420305

Hauling Material B34C Truck Driver x 1 1 Dump Truck x 1 1 215.00 14,651 14,651 CY 315,000 312323203266

Spreading of Material B10B
Operator x 1
Laborer x 0.5

1.5 Dozer x 1 1 1,000.00 4,725 3,150 CY 315,000 312323170020

Finish grading material B11L
Operator x 1
Laborer x 1

2 Grader x 1 1 1.84 1,871 935 AC 172 312216103300

B14A
Operator x 1
Laborer x 0.5

1.5 Excavator x 1 1 0.10 150 100 LS 1

Item

Unwatering, Dewatering, and Stormwater Management for the 
Primary Ash Pond

Installation of permanent stormwater culvert, riprap apron, and 
outlet
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Kincaid Power Plant - Ash Pond  
Material Quantity Estimate  

August 2022

6 Perimeter

Establish Access Roads

Gravel for Access Road B32
Operator x 3
Laborer x 1

4
Grader x 1
Roller x 1
Dozer x 1

3 6,000 30 23 CY 4,500 321123230370

Geotextile, 10 oz. 2 Clab Laborer x 2 2 2,400 111 0 SY 13,350 313219161510

Seed, fertilize, and maintain vegetated surfaces B65, B66
Operator x 2, Truck 

Driver x 1, Laborer x 1
4

Loader-Backhoe x 1, 
Power Mulcher x 1,       

Truck x 1
3 0 1,500 1500 AC 200

329219130020, 
320190130120, 
329113160650

7 Engineering and Construction Support

Final Closure Design, Local Permitting Support, and Bid Support BMcD Engineering Staff x 4 4 - 0 0.01 4,000 0 LS 1

Engineering Support and CQA during Construction BMcD
CQA Staff x 1

Engineering Staff x 1
2 Truck x 1 1 0.001 20,000 10,000 LS 1

Labor Hours: Equipment Hours:

264,672 246,196

Notes
Contingency (30%) 344,074 320,055

12. Tipping Fees based on 2021 EREF Report for MSW landfills in Illinois

13. Unwatering/Dewatering is based on a single pump with a backup pump.  

This Engineer's Opinion of Probable Cost is based primarily on our experience and judgement as a professional consultant combined with information from past experience, vendors, 
and published sources.  Since Burns & McDonnell has no control over weather, cost and availability of labor, material and equipment, labor productivity, construction contractor's 
procedures and methods, unavoidable delays, construction contractor's methods of determining prices, economic conditions, government regulations and laws (including the 
interpretation thereof), competitive bidding or market conditions and other factors affecting such opinions or projections; consequently, the final project costs will vary from the opinions 
of costs presented in this study and funding needs must be carefully reviewed prior to making specific financial decisions or establishing final budgets.

1. RS Means used as reference - adjusted based on project size, location, type.  Year - 2022, Location -  Effingham, IL

2. Grey crews were established based on BMcD relevant project experience. 

8. It is assumed that power will be provided by Owner

9. It is assumed that unwatering discharge will be processed through the on-site WWTP and discharged through the NPDES outfall.

6. Quantities were developed through conceptual figures and are considered estimates at this stage.

7. It is assumed that no additional dewatering of the bottom ash is required beyond pumping through the sumps.
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Kincaid Power Plant - Ash Pond  
Labor, Equipment, and Mileage Estimate  

August 2022

Table 4b: Labor, Equipment, and Mileage Estimate - Closure by Removal -Offsite Landfill- Totals
Item Quantity
Labor Total Hours 344,074
Duration of Onsite Construction in Days 1,540
Average Daily Crew Size 22
Daily Labor Mobilization Miles 2,408,517
Vehicles Miles Onsite 92,636

Equipment Mobilization Miles - Unloaded 48,008

Equipment Mobilization Miles - Loaded 48,008

Daily Equipment Miles Onsite 1,540,000

Onsite Haul Truck Miles - Unloaded 0

Onsite Haul Truck Miles - Loaded 0

Offsite Haul Truck Miles - Unloaded 1,435,909

Offsite Haul Truck Miles - Loaded 1,435,909

Estimated Total 7,008,987

2 mile round trip from gate to parking

Assumptions
10-hr days
Working days, 77 months on-site, 20-working days per month average
Crew Members
Average of 70 miles round trip per day

1 mile cycle

5 miles per day for CQA tech and Construction Supervisor
10% Contingency for site visitors (client and engineering support)
Average of 300 miles one way for equipment hauling
Average 1 load of equipment 2,000 Equipment working hours
Average of 300 miles one way for equipment hauling
Average 1 load of equipment per working week
Average of ~20 crew members running equipment
Assume 50 miles per piece of equipment (average 5 mph, 10-hrs per day)
34 CY Haul Truck
1 mile cycle
34 CY Haul Truck

miles

16.5 CY Dump Truck
15 mile cycle for CCR, 10-mile cycle for soils
16.5 CY Dump Truck
15 mile cycle for CCR, 10-mile cycle for soils
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APPENDIX D - SIZING CALCULATIONS FOR TEMPORARY OPERATING POOL 
  



  

 

Memorandum

Date: 5/04/2022 

 

Subject: Kincaid Ash Pond – Temporary Operating Pool Sizing Calculations 

Part 845 Construction Permit Application 

 

The Kincaid Ash Pond (KAP) currently operates as a closed-loop impoundment, whereby water 

is recirculated from the KAP back to the Kincaid Power Plant (KPP) for bottom ash sluicing. In 

addition to bottom ash sluice water, stormwater from the West Area Runoff Basin is also 

discharged to the KAP. Under these conditions, the normal operating level within the 172-acre1 

surface impoundment ranges from approximately 601.80 to 602.50 feet above mean sea level (ft 

amsl); however, a maximum pool elevation of 603.3 feet may be used during winter conditions 

to alleviate problems with freezing that may affect flow into the recycle intake structure2. During 

closure, it is assumed that bottom ash sluice water recirculation will continue while the KAP is 

unwatered/dewatered and CCR from the northern portion of the KAP is removed and 

consolidated with CCR in the southern portion of KAP.  

 

During the initial phase of KAP closure, a temporary operating pool, approximately 9.4-acres in 

size, will be constructed in the southeastern corner of the KAP using sheet pile or other vertical 

hydraulic barrier system. Ponded and subsurface free waters generated during KAP closure 

activities will be transferred to this temporary operating pool. Under normal circumstances, the 

West Area Runoff Basin discharge, currently routed to the KAP, will be routed to the wastewater 

treatment plant (WWTP) for treatment and subsequent discharge via National Pollutant 

Discharge Elimination System (NPDES) Outfall B01. This will provide the additional capacity 

needed for the KAP temporary operating pool to receive CCR unwatering/dewatering fluids 

generated during closure activities. However, in the event of a WWTP upset or large storm 

event, it may be necessary for West Area Runoff Basin discharges to be temporarily routed to the 

KAP temporary operating pool. The calculations summarized herein were performed to verify 

that the 9.4-acre temporary operating pool can accommodate the West Area Runoff Basin 

discharge during a Type II, 10-year, 24-hour storm event. 

 

Governing Assumptions 

 

• The operating level in the KAP temporary operating pool prior to start of the storm event 

is assumed to be 601.80 ft amsl. 

o It is assumed that the 10-year, 24-storm event will not occur during winter 

conditions when a higher operating elevation (603.30 ft amsl) would be required 

to alleviate problems associated with freezing. In addition, based on discussions 

 

 
1 Ramboll. (2021). Hydrogeologic Site Characterization Report, Kincaid Power Plant Ash Pond. Milwaukee. 
2 Geosyntec Consultants. (2021). USEPA CCR Rule and IEPA Part 845 Rule Applicability Cross-Reference, 2021 

USEPA CCR Rule Periodic Certification Report, Ash Pond, Kincaid Power Plant, Kincaid, Illinois. 

Chesterfield. 
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Memorandum (cont’d) 

with KPP operations personnel, it will be possible for the KAP to operate at a 

minimum pool elevation (601.80 ft amsl) during closure activities. 

• The maximum allowable operating level in the KAP temporary operating pool is assumed 

to be 603.50 ft amsl. This will provide approximately 1 ft of freeboard in the operating 

pool, assuming a maximum KAP berm elevation of 604.50 ft amsl.1 

• Unwatering/dewatering discharges from the KAP to the temporary operating pool will 

cease during the storm event. 

 

Storm Surge Capacity Calculations 

 

• As shown in the attached calculations performed using HydroCAD® 10.00-24, the West 

Area Runoff Basin discharge to KAP associated with a Type II, 10-year, 24-hour storm 

event consist of the following3: 

o Surface runoff from the western portion of the KPP: 242,000 cubic ft (cu. ft) 

o KPP coal pile runoff: 175,000 cu. ft  

o Total volume: 417,000 cu. ft 

• Maximum KAP temporary operating pool depth to accommodate storm surge = 1.7 ft 

o 604.50 ft amsl– 601.80 ft amsl – 1.00 ft freeboard = 1.7 ft  

• Area bound by 601.80 ft amsl contour and proposed sheet pile wall within KAP =       

8.16 acres (355,000 sq. ft) 

o Note: the total footprint of the temporary operating pool is approximately 9.4 

acres, based on the area bound by the 605 ft amsl contour and proposed sheet pile 

wall; however, 8.16 acres is the estimated wetted area available for additional 

stormwater capacity based on the 601.8 ft amsl contour. 

• Direct precipitation to 9.4-acre temporary operating pool = 148,000 cu. ft4 

o Note: the total footprint of the temporary operating pool (approximately 9.4 acres, 

based on the area bound by the 605 ft amsl contour and proposed sheet pile wall) 

was used to estimate the volume of direct precipitation into the temporary 

operating pool during a storm event. 

• Total available volume to accommodate storm surge: 

o 1.7 ft * 355,000 sq. ft – 148,000 cu. ft = 456,000 cu. ft (> 417,000 cu. ft storm 

surge volume) 

 

As shown above, the KAP temporary operating pool should accommodate West Area Runoff 

Basin discharges during a 10-year, 24-hour storm, if required, provided the water level in the 

KAP is maintained at 601.80 ft amsl or lower, depending on operational needs. The temporary 

 

 
3 Both stormwater runoff sources collect in the West Area Runoff Basin prior to discharge to the KAP. 
4 4.36 inches over 9.4 acres = 0.36 ft * 408,000 sq. ft = 148,000 cu. ft 
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operating pool should accommodate approximately 50-percent of the West Area Runoff Basin 

discharge during a 10-year, 24-hour storm, if the water level in the KAP is maintained at 602.50 

ft amsl (the high end of the current operating level range). Under this scenario, the remaining 

volume will be allowed to discharge from the temporary operating pool, via an opening (i.e., a 

weir system) in the sheet pile wall, into the area of the KAP undergoing closure.  This water will 

be pumped back into the temporary operating pool when unwatering/dewatering operations 

resume following the storm event. 

 

JRH/jrh 

 

Attachments 

 

cc: Ron Hager 

Robert Owens 



DA-1

Plant W area
DA-2

Coal pile area
1L

(new Link)

Routing Diagram for Kincaid site storm volume
Prepared by Burns and McDonnell,  Printed 2/23/2022

HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Kincaid site storm volume
  Printed  2/23/2022Prepared by Burns and McDonnell

Page 2HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

1.349 74 >75% Grass cover, Good, HSG C  (DA-1)
20.570 80 Coal pile area, HSG C  (DA-2)
10.190 96 Gravel surface, HSG C  (DA-1)
6.047 98 Roofs, HSG C  (DA-1)

38.157 87 TOTAL AREA



Kincaid site storm volume
  Printed  2/23/2022Prepared by Burns and McDonnell

Page 3HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B

38.157 HSG C DA-1, DA-2
0.000 HSG D
0.000 Other

38.157 TOTAL AREA



Kincaid site storm volume
  Printed  2/23/2022Prepared by Burns and McDonnell
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 1.349 0.000 0.000 1.349 >75% Grass cover, Good DA-1
0.000 0.000 20.570 0.000 0.000 20.570 Coal pile area DA-2
0.000 0.000 10.190 0.000 0.000 10.190 Gravel surface DA-1
0.000 0.000 6.047 0.000 0.000 6.047 Roofs DA-1
0.000 0.000 38.157 0.000 0.000 38.157 TOTAL AREA



Type II 24-hr  10YR Rainfall=4.36"Kincaid site storm volume
  Printed  2/23/2022Prepared by Burns and McDonnell

Page 5HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-1: Plant W area

Runoff = 78.89 cfs @ 12.06 hrs,  Volume= 5.549 af,  Depth= 3.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10YR Rainfall=4.36"

Area (sf) CN Description
443,884 96 Gravel surface, HSG C
263,417 98 Roofs, HSG C

58,769 74 >75% Grass cover, Good, HSG C
766,070 95 Weighted Average
502,653 65.61% Pervious Area
263,417 34.39% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.0 Direct Entry, 

Subcatchment DA-1: Plant W area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
10YR Rainfall=4.36"

Runoff Area=766,070 sf
Runoff Volume=5.549 af

Runoff Depth=3.79"
Tc=15.0 min

CN=95

78.89 cfs @ 12.06 hrs



Type II 24-hr  10YR Rainfall=4.36"Kincaid site storm volume
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Summary for Subcatchment DA-2: Coal pile area

Runoff = 72.90 cfs @ 12.02 hrs,  Volume= 4.016 af,  Depth= 2.34"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10YR Rainfall=4.36"

Area (sf) CN Description
* 896,038 80 Coal pile area, HSG C

896,038 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment DA-2: Coal pile area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
10YR Rainfall=4.36"

Runoff Area=896,038 sf
Runoff Volume=4.016 af

Runoff Depth=2.34"
Tc=10.0 min

CN=80

72.90 cfs @ 12.02 hrs
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Summary for Link 1L: (new Link)

Inflow Area = 38.157 ac, 15.85% Impervious,  Inflow Depth = 3.01"    for  10YR event
Inflow = 148.60 cfs @ 12.04 hrs,  Volume= 9.565 af
Primary = 148.60 cfs @ 12.04 hrs,  Volume= 9.565 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 1L: (new Link)

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

160

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

0

Inflow Area=38.157 ac
148.60 cfs @ 12.04 hrs

148.60 cfs @ 12.04 hrs



Type II 24-hr  10YR Rainfall=4.36"Kincaid site storm volume
  Printed  2/23/2022Prepared by Burns and McDonnell

HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Link 1L: (new Link)

Inflow Area = 38.157 ac, 15.85% Impervious,  Inflow Depth = 3.01"    for  10YR event
Inflow = 148.60 cfs @ 12.04 hrs,  Volume= 9.565 af
Primary = 148.60 cfs @ 12.04 hrs,  Volume= 9.565 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs



 

 

APPENDIX E - ALTERNATIVE FINAL PROTECTIVE LAYER EQUIVALENCY 
DEMONSTRATION 
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REQUIREMENTS OF SECTION 845 

Section 845.750 provides requirements for both the final protective layer and underlying low 
permeability layer.  They work in tandem to provide protection of groundwater and surface 
exposure conditions.  A principal intention of the low permeability layer is to reduce the infiltration 
of liquid through the final cover system and into the CCR waste mass during post-closure 
conditions, in accordance with Section 845.720 (a), which states in part:  

The owner or operator of a CCR surface impoundment must ensure that, at a minimum, the 

CCR surface impoundment is closed in a manner that will:  

1) Control, minimize or eliminate, to the maximum extent feasible, post-closure 

infiltration of liquids into the waste and releases of CCR, leachate or contaminated 

run-off to the ground or surface waters or to the atmosphere;  

Specific default requirements for the final cover system are included in Section 845.750(c), which 
requires the final cover system to have either: 1) a three-foot thick soil low permeability compacted 
earth layer overlain by a three-foot-thick final protective layer (final protective layer), or 2) a 
geomembrane low permeability layer with a three-foot-thick final protective layer.   

The specific Section 845.750 (c) (2) design requirements for the final protective layer are as 
follows (emphasis added): 

Standards for the Final Protective Layer: The final protective layer must meet the following 

requirements, unless the owner or operator demonstrates that another final protective 

layer construction technique or material provides equivalent or superior performance to 

the requirements of this subsection (c)(2) and is approved by the Agency. 

Therefore, Section 845.750 (c) (2) specifically allows the use of an alternate final protective layer 
as long as it provides an equivalent or superior performance to the default standards set forth in 
Section 845.750(c)(2), which are as follows:    

A) Cover the entire low permeability layer; 

B) Be at least three feet thick, be sufficient to protect the low permeability layer from 

freezing, and minimize root penetration of the low permeability layer; 

C) Consist of soil material capable of supporting vegetation; 

D) Be placed as soon as possible after placement of the low permeability layer; and 

E) Be covered with vegetation to minimize wind and water erosion.   
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The alternate design is only requesting an alternate to Section 845.740(c)(2)(B) related to the 
thickness of the of the final protective layer.   

PROPOSED FINAL COVER SYSTEM SUMMARY  

The proposed final cover systems will include: 

• A low permeability layer consisting of a linear low-density polyethylene (LLDPE) 
geomembrane that is at least 40-mil in thickness, placed on a smooth CCR subgrade; 

• A geotextile cushion; and 

• A final protective layer consisting of 18 inches of protective cover soil with a 6-inch layer 
of topsoil capable of supporting vegetation.  

The final protective layer will meet all Section 845.750(c)(2) criteria, will not need any 
supplemental engineering measures, and will be designed by a qualified professional engineer 
licensed in Illinois.  

The concepts of the alternative cover system are illustrated on Figure 1.  

 
Figure 1:  Proposed Alternative Final Cover System 
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The KPP Site is slated for re-development as a utility-scale solar facility if closure-in-place (CIP) 
is approved.  A solar facility atop the cover system is currently being designed. Components of the 
vegetative cover may change as details of the solar facility are finalized.  This will be discussed 
further under “Additional Considerations.” 

DEMONSTRATION 

The proposed alternate final protective layer will address the five requirements of Section 845.750 
(c)(2)(A) to (E), as described in this section. 

Section 845.750(c)(2)(A) Cover the entire low permeability layer 

The final protective layer will horizontally cover the entire low-permeability layer, as indicated in 
the drawings in Appendix C of the Closure Plan [2].  

Therefore, the use of the two-foot-thick final protective layer will meet the minimum requirements 
of Section 845 750(c)(2)(A) because it will completely cover the low-permeability layer.  

Section 845.750(c)(2)(B) Be sufficient to protect the low permeability layer from freezing, and 

minimize root penetration of the low permeability layer 

The existing Part 845, which has the same requirements as Part 814 (closure rule for landfills), 
requires a three-foot-thick final protective layer to protect the underlying low permeability layer 
from freeze-thaw effects and root penetration.  However, when a geomembrane is used as the low 
permeability layer it does not need these protections since it is not subject to the same impacts (i.e., 
causing an increase in hydraulic conductivity) as a compacted earth layer as discussed in more 
detail below.   

A geomembrane low permeability layer will be used for the KPP KAP. Geomembranes have the 
following characteristics: 

• Geomembranes do not have pores that can contain water and are therefore not susceptible 
to freeze-thaw damage that may reduce their performance as a low permeability layer 
and/or lead to degradation of the geomembrane.   

o In fact, geomembrane panel strength and stiffness both increase with decreasing 
temperatures ( [3], [4]). In 1996, the United States Bureau of Reclamation [5] 
(USBR) performed testing of both geomembrane panels and seams subjected to up 
to 500 freeze-thaw cycles, in both constrained and unconstrained conditions, with 
temperature cycles as severe as +30⁰ C to -20⁰ C.  

o The testing showed no changes in the strength of the geomembrane panels or seams. 



Alternate Protective Layer Proposal 
Kincaid Power Plant, Kincaid Ash Pond 
July 25, 2022 
Page 5 
 

GLP8025\KPP_AP_Alt_Cover_Memo_20220725_FINAL 
 
 

The USBR concluded that “…there is simply “no change” in tensile behavior of 

geomembrane sheets or their seams after freeze-thaw cycling”.  

o In 2013, the Geosynthetic Institute, upon reviewing the results of the USBR and 
other studies, concluded that “the essential question often raised in this regard, i.e., 

“will freeze-thaw conditions affect geomembrane sheets or their seam behavior,” 

is answered with a resounding “NO”” [6].  

• Geomembranes are not susceptible to grass plant root penetration because the 
geomembranes do not provide organic nutrients to plant roots and do not have pores or 
other areas where roots can enter the geomembrane.   

o Consequently, geomembranes are not a hospitable material that would either 
encourage root penetration or allow root penetration.  Additionally, the 
geomembrane will be covered with a or geocomposite drainage layer with a 
geotextile filter on top, which will provide an additional barrier to root penetration.  

U.S. EPA research [7] states that “…a typical minimum thickness of the cover soil is 0.45 to 0.6 

m…” (18 to 24 inches) thick “… for cover systems with hydraulic barriers” (low permeability 
layer).  This is particularly appropriate when using a geomembrane low permeability which is not 
susceptible to any impact from freezing.  U.S. EPA research also states that cover thickness design 
for root penetration into the low permeability layer is only a concern for compacted clay layers or 
geosynthetic clay barriers.  This is when using an appropriate design of cover vegetation.  

Therefore, the use of the two-foot-thick final protective layer will provide equivalent or superior 
performance to the requirements of Section 845.750 (c) (2) (B) when coupled with a geotextile 
cushion and a geomembrane low permeability layer, as geomembranes are not susceptible to 
freeze-thaw damage or root penetration as compared to a low permeability compacted earth layer.  

Section 845.750(c)(2)(C) Consist of soil material capable of supporting vegetation. 

The uppermost six inches of the final protective layer will consist of topsoil that is capable of 
supporting vegetation, which is the same requirement as the default (three-foot thick) final 
protective layer.  This is also consistent with the Federal CCR Rule, which requires a six-inch-
thick “erosion” (topsoil) layer.  Research [7] and Geosyntec’s experience indicate topsoil layers 

are designed to have shallow-rooted grasses and most shallow-rooted grasses do not typically 
penetrate more than six inches into the subsurface.  Shallow-rooted grasses will be specified based 
on recommendations from specialists at nurseries in the location of KPP and Illinois Department 
of Transportation guidelines.  The topsoil layer will be fertilized and/or amended, as necessary, on 
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a site-specific basis based on agronomical soil testing, to provide a growing medium for the 
vegetation that provides the required levels of nutrients and water storage during drought 
conditions.   

Grass species will also be selected on a site-specific basis to minimize long-term vegetation 
maintenance, based on the climatic conditions at each site and the soil types. Vegetation will be 
established by applying seed and mulch and watering to establish the vegetation. Temporary 
erosion control measures will also be used during vegetation establishment to protect the topsoil 
layer from erosion.  These measures may include erosion control blankets (ECBs), silt fences, 
hydroseeding, and/or other methods.  The Post-Closure Care Plan includes the commitment to 
maintain the vegetation of the surface for the closed KPP KAP within the Construction Permit 
Application [8]. 

The 18-inches of the protective layer below the topsoil will consist of a soil type suitable for 
retaining moisture to provide additional support for vegetation during times of drought, and to 
support any grass species with roots that exceed six inches.  Such soil types may include sandy 
clay loam, silty loam, silts, silty clays, lean clays, sandy clays, and/or sandy silts.   

Therefore, the use of the two-foot-thick protective layer will meet the requirements of Section 
845.750(c)(2)(C), as the final protective layer will utilize soil capable of supporting vegetation.  

Section 845.750(c)(2)(D) Be placed as soon as possible after placement of the low permeability 

layer 

The KPP KAP Closure Plan (Section 4.7.2 [2]) states that the geotextile and cover soil “…will be 

placed as soon as practical after the geomembrane has been deployed and both quality assurance 
and quality control testing has been performed on the geomembrane seams.”   

The use of a two-foot-thick protective layer will allow the final protective layer to be placed on 
top of the low permeability layer and vegetation to be established on top of the final protective 
layer sooner than if a three-foot thick final protective layer is used. This is due to the 33% reduction 
in earthwork volumes associated with the thinner 2-ft-thick final protective layer.   

Therefore, the use of the two-foot-thick final protective layer will exceed the minimum 
requirements of Section 845.750(c)(2)(D), by allowing the protective layer to be installed sooner 
than when using a three-foot-thick protective layer.  

Section 845.750(c)(2)(E) Be covered with vegetation to minimize wind and water erosion. 
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Vegetation will be established to cover the final protective after placement and fertilization, if 
needed, as noted in the discussion regarding Section 4.7.2 of the Closure Plan [2]. Additionally, 
the following design and engineering features, construction techniques, and maintenance 
procedures will be used to reduce the potential for wind and water erosion under both long-term 
conditions and during vegetation establishment. 

• Design and Engineering Features 

o Final cover system slopes will be installed at relatively gentle grades (e.g., typically 
3% slopes or flatter). The use of gentle grades will reduce water runoff velocities 
and therefore reduce the potential for water erosion of the final cover soils.  

o A stormwater management system consisting of channels, ditches, and letdowns is 
included in the drawings within the Closure Plan [2] and will be designed to collect 
stormwater in a controlled manner and route it off the final cover system which will 
minimize infiltration into the CCR waste mass.  The stormwater management 
system will minimize the overland flow distance between stormwater channels.  
Channels will be lined with an appropriate material, based on estimated stormwater 
velocities, to limit water erosion.  

• Construction Techniques 

o The final protective layer is typically the most susceptible to wind and water erosion 
in the period between the placement of the protective layer and the establishment 
of vegetation.  To reduce the potential for both wind and water erosion during this 
time, the following approaches will be utilized: 

▪ Temporary erosion and sediment controls (ESCs) will be installed to reduce 
the potential for erosion, such as erosion control blankets (ECBs), silt socks 
(e.g., straw wattles), silt fences, and other methods.  These ESCs will be 
regularly inspected and maintained until vegetation is established.  

▪ The entire surface of the final protective layer will be stabilized during 
seeding and until vegetation is established.  Coverings may consist of straw 
mulch, hydroseeding binder, ECBs, or engineering growing media.  

▪ The final protective layer will be regularly inspected and maintained during 
vegetation establishment.  Any areas that become eroded by wind and water 
will be repaired until vegetation is established to a suitable level over the 
surface of the final cover.  
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• Maintenance Procedures 

o During the post-closure care period, vegetation established on the final protective 
cover layer will be regularly maintained using a written and IEPA-approved 
maintenance program.  The program will consist of regular mowing and 
inspections.  Any bare areas or areas of erosion will be repaired by seeding and 
stabilizing the area, and observing the area until vegetation becomes re-established.   

o The final cover slopes will be relatively gentle (3% or flatter); these slopes 
experience less erosion in general, especially less than typical landfill covers sloped 
at predominately 25 to 33%.  Typically, after three to five years, it is Geosyntec’s 

experience that the cover vegetation becomes fully stabilized and experiences less 
erosion. 

In conclusion, the use of the two-foot-thick final protective layer will exceed the minimum 
requirements of Section 845 750 c) 2) E), using a robust program to support the establishment of 
protective vegetation, prevent and address any erosion that may occur during vegetation 
establishment, and monitor and maintain the vegetation during post-closure conditions.   

ADDITIONAL CONSIDERATIONS 

Infiltration Analysis  

The use of the proposed two-foot-thick final protective layer, when coupled with a geomembrane 
low permeability layer, will also meet the criteria contained within Section 845.750 (a) (1).  Section 
845.750 (a) (1) provides the following requirement: 

Section 845.750(a)(1) Control, minimize or eliminate, to the maximum extent feasible, 

post-closure infiltration of liquids into the waste and releases of CCR, leachate, or 

contaminated run-off to the ground or surface waters or to the atmosphere;  

Section 845.750(a)(1) is an important overall measure of the effectiveness of the final cover system 
because it requires control of post-closure infiltration of liquids through the final cover and into 
the waste and releases of CCR.   

An infiltration analysis was performed to by Ramboll, within the KPP KAP Construction Permit 
Application [8], to estimate post-closure liquid infiltration rates through both the default and the 
proposed alternate final cover systems at the KPP KAP.  The infiltration analysis used the 
Hydrologic Evaluation of Landfill Performance (HELP) software promulgated by the USEPA [9].  
The HELP model estimates the infiltration rates from the top of the cover, through the final 
protective layer and through the low permeability layer (either a geomembrane or the three-foot 
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thick compacted earth layer). The results are included in Appendix A.  The resulting estimated 
infiltration rates are provided in Table 1. 

Table 1 – KPP KAP Final Cover Systems for Infiltration Analysis 

Description Low Permeability Layer1 Final Protective Layer 
Infiltration 

Rate2 
Proposed 
Alternative Final 
Cover System 

40-mil Linear Low-
Density Polyethylene 
(LLDPE) Geomembrane 

2 ft of cover material, including, from bottom to 
top, a 10 oz nonwoven geotextile, 1.5 ft of sandy 
silty clay and 0.5 ft of silty clay loam  

0.92 in/yr 

Default Cover 
with 
Geomembrane 
Barrier 

40-mil LLDPE 
Geomembrane 

3 ft of cover material, including, from bottom to 
top, a 10 oz nonwoven geotextile, 2.5 ft of sandy 
silty clay and 0.5 ft of silty clay loam 

1.62 in/yr 

Default Cover 
with Compacted 
Earth Layer 

3-ft thick compacted earth 
layer (1×10-7 cm/sec) 

3 ft of cover material, including, from bottom to 
top, 2.5 ft of sandy silty clay and 0.5 ft of silty 
clay loam 

1.95 in/yr 

The KPP KAP analysis indicated that the performance of the proposed alternative final cover 
system with a geomembrane and a two-foot-thick final protective cover exceeds the performance 
offered by the default final cover system utilizing a geomembrane with the default three-foot-thick 
protective layer and cushion layer, with the infiltration rate reduced by a factor of 1.8.  

Furthermore, the proposed alternate final cover system performance exceeds the performance of a 
final cover system using a three-foot-thick compacted earthen low permeability layer and a three-
foot-thick final protective layer (a total cover thickness of six feet) by reducing infiltration by a 
factor of 2.1. 

  

 

1 All HELP run versions used a pinhole density of 1 hole per acre, installation defects of 1 hole/acre, and 
construction quality as “good”. 
2 Infiltration is out the bottom of the low permeability layer. 
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Post-Closure Construction of Solar Panel Electrical Generating System 

The KPP Site is slated for re-development as a utility-scale solar facility if closure-in-place (CIP) 
is approved. A solar facility atop the cover system is currently being designed.  Components of the 
vegetative cover may change as details of the solar facility are finalized. The system will be 
designed, installed, and operated such that the closure performance standards will be maintained 
at an equivalent level as proposed in the KPP KAP Closure Plan [2].  

For example, the panels are expected to be supported by concrete slab ballast foundations that will 
replace portions of the erosion (topsoil) layer and not cause excessive settlement of the cover and 
will reduce the amount of infiltration.  The ballast foundations will not penetrate the geomembrane 
low-permeability layer to reduce the potential for defects that could otherwise increase infiltration. 
The space around the panel foundations will be replaced with an alternative to shallow rooted 
vegetation and will include stormwater runoff and erosion materials that will meet the erosion 
control standards of Section 845.750 and may also include forbs (herbaceous flowering plants). 

Environmental and Societal Benefits 

The use of the proposed two-foot-thick final protective layer will provide the following additional 
environmental and societal benefits, relative to the default three-foot-thick final protective layer: 

• The final cover system earthwork quantities will be reduced by 33%. This will result in a 
corresponding 33% reduction in the amount of offsite soil fill that needs to be excavated, 
hauled to the construction location, and placed.  This provides multiple benefits, such as: 

o Reduced disruption to offsite areas caused by the excavation of fill materials and 
corresponding disturbance to the natural environment.  

o Reduced haul truck traffic on local roadways, thereby reducing traffic impacts, 
roadway damage, air pollution, and carbon emissions.  

o Reduced earthwork effort during installation of the final cover system, thereby 
reducing air pollution and carbon emissions.  

• Construction of the alternate final cover system can be completed faster than the default 
final cover, providing multiple benefits, such as: 

o Initiation of the reduction of infiltration at a sooner date than with the default final 
cover system.  

o Ceasing construction-related impacts to offsite residents (e.g., air pollution, carbon 
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emissions) at a sooner date than otherwise possible.  

• The installation of a solar panel electrical generating system will provide green energy to 
the community and reduce the maintenance associated with the shallow rooted vegetation. 

SUMMARY 

The proposed alternate final protective layer will: 

• Provide equivalent or superior performance to the requirements of Section 845.750 (c)(2). 

• Have a geotextile cushion layer, which is not required by Section 845.750, over the 
geomembrane that adds physical protection for the geomembrane.  

• Have a lower infiltration rate than the infiltration through the default soil final cover 
system. 

• Meet or exceed the same criteria for long term performance and all other requirements of 
Section 845.750(c)(2). 

• Provide other benefits by reducing the amount of final cover earthwork by 33% for the 
KPP KAP. 

• A solar panel electrical generating system will provide green energy to the community and 
reduce the maintenance of the cover. 
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APPENDIX A-1

KPP KAP- 2-FT FINAL PROTECTIVE COVER SOIL



-----------------------------------------------------------------------------------------------------------------------

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)

DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------

Title: KIN AP CIP Cons  Simulated On: 6/21/2022 14:01

-----------------------------------------------------------------------------------------------------------------------

Layer 1

Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam

Material Texture Number 12

Thickness = 6 inches

Porosity = 0.471 vol/vol

Field Capacity = 0.342 vol/vol

Wilting Point = 0.21 vol/vol

Initial Soil Water Content = 0.4116 vol/vol

Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2

Type 1 - Vertical Percolation Layer

Sandy Silty Clay

Material Texture Number 43

Thickness = 18 inches

Porosity = 0.4 vol/vol

Field Capacity = 0.35 vol/vol

Wilting Point = 0.3 vol/vol

Initial Soil Water Content = 0.4 vol/vol

Effective Sat. Hyd. Conductivity = 1.00E-05 cm/sec

Layer 3

Type 2 - Lateral Drainage Layer

10 oz Nonwoven Geotextile

Material Texture Number 123

Thickness = 0.11 inches

Porosity = 0.85 vol/vol

Field Capacity = 0.01 vol/vol

Wilting Point = 0.005 vol/vol

Initial Soil Water Content = 0.85 vol/vol

Effective Sat. Hyd. Conductivity = 3.00E-01 cm/sec

Slope = 2.5 %

Drainage Length = 800 ft

Layer 4
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Type 4 - Flexible Membrane Liner

LDPE Membrane

Material Texture Number 36

Thickness = 0.04 inches

Effective Sat. Hyd. Conductivity = 4.00E-13 cm/sec

FML Pinhole Density = 1 Holes/Acre

FML Installation Defects = 1 Holes/Acre

FML Placement Quality = 3 Good

Layer 5

Type 1 - Vertical Percolation Layer (Waste)

Electric Plant Coal Bottom Ash

Material Texture Number 83

Thickness = 372 inches

Porosity = 0.578 vol/vol

Field Capacity = 0.076 vol/vol

Wilting Point = 0.025 vol/vol

Initial Soil Water Content = 0.0791 vol/vol

Effective Sat. Hyd. Conductivity = 1.40E-03 cm/sec

Layer 6

Type 1 - Vertical Percolation Layer

Silty CLay

Material Texture Number 44

Thickness = 84 inches

Porosity = 0.479 vol/vol

Field Capacity = 0.371 vol/vol

Wilting Point = 0.251 vol/vol

Initial Soil Water Content = 0.371 vol/vol

Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec

-----------------------------------------------------------------------------------------------------------------------

Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 87.2

Fraction of Area Allowing Runoff = 100 %

Area projected on a horizontal plane = 84 acres

Evaporative Zone Depth = 18 inches

Initial Water in Evaporative Zone = 7.27 inches

Upper Limit of Evaporative Storage = 7.626 inches

Lower Limit of Evaporative Storage = 4.86 inches

Initial Snow Water = 0 inches
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Initial Water in Layer Materials = 70.336 inches

Total Initial Water = 70.336 inches

Total Subsurface Inflow = 0 inches/year

---------------------------------------------------------

Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees

Maximum Leaf Area Index = 4.5

Start of Growing Season (Julian Date) = 102 days

End of Growing Season (Julian Date) = 292 days

Average Wind Speed = 10 mph

Average 1st Quarter Relative Humidity = 72 %

Average 2nd Quarter Relative Humidity = 66 %

Average 3rd Quarter Relative Humidity = 73 %

Average 4th Quarter Relative Humidity = 65 %

---------------------------------------------------------

Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

2.696568 2.105836 2.602577 3.411672 4.852763 3.801581

3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------

Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

34.7 35.6 45.8 59.9 73 79.3

83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------

Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Solar radiation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP

Simulated on: 6/21/2022 14:03

(inches) [std dev] (cubic feet) (percent)

39.20 [3.42] 11,951,535.3 100.00

6.862 [2.069] 2,092,482.9 17.51

29.792 [3.16] 9,084,143.3 76.01

Subprofile1

1.6178 [0.1841] 493,301.7 4.13

0.916182 [0.203854] 279,362.3 2.34

7.6738 [1.8164] --- ---

0.004092 [0.002049] 1,247.6 0.01

Water storage

0.9195 [0.7973] 280,359.8 2.35

* Note: Average inches are converted to volume based on the user-specified area.

Average Head on Top of Layer 4

Subprofile2

Percolation/leakage through Layer 6

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation

Runoff

Evapotranspiration

Lateral drainage collected from Layer 3

Percolation/leakage through Layer 4
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Peak Values Summary

Title: KIN AP

Simulated on: 6/21/2022 14:03

(inches) (cubic feet)

3.09 943,327.1

2.383 726,691.5

Subprofile1

0.0061 1,859.3

0.007377 2,249.5

24.1098 ---

36.7387 ---

190.10  (feet from drain)

0.000037 11.4

Other Parameters

Snow water 3.1704 966,725.5

Maximum vegetation soil water 0.4237  (vol/vol)

Minimum vegetation soil water 0.2700  (vol/vol)

Maximum head on Layer 4

Location of maximum head in Layer 3

Subprofile2

Percolation/leakage through Layer 6

Peak Values for Years 1 - 30*

Precipitation

Runoff

Drainage collected from Layer 3

Percolation/leakage through Layer 4

Average head on Layer 4
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Final Water Storage in Landfill Profile at End of Simulation Period

Title: KIN AP

Simulated on: 6/21/2022 14:03

Simulation period: 30 years

Layer (inches) (vol/vol)

1 2.6406 0.4401

2 7.0827 0.3935

3 0.0935 0.8500

4 0.0000 0.0000

5 55.1918 0.1484

6 32.7438 0.3898

Snow water 0.1673 ---

Final Water Storage
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APPENDIX A-2

KPP KAP- 3-FT FINAL PROTECTIVE COVER SOIL



-----------------------------------------------------------------------------------------------------------------------

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)

DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------

Title: KIN AP Default                                 Simulated On: 6/21/2022 14:12

-----------------------------------------------------------------------------------------------------------------------

Layer 1

Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam

Material Texture Number 12

Thickness = 6 inches

Porosity = 0.471 vol/vol

Field Capacity = 0.342 vol/vol

Wilting Point = 0.21 vol/vol

Initial Soil Water Content = 0.4084 vol/vol

Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2

Type 1 - Vertical Percolation Layer

Sandy Silty Clay

Material Texture Number 43

Thickness = 30 inches

Porosity = 0.4 vol/vol

Field Capacity = 0.35 vol/vol

Wilting Point = 0.3 vol/vol

Initial Soil Water Content = 0.4 vol/vol

Effective Sat. Hyd. Conductivity = 1.00E-05 cm/sec

Layer 3

Type 2 - Lateral Drainage Layer

10 oz Nonwoven Geotextile

Material Texture Number 123

Thickness = 0.11 inches

Porosity = 0.85 vol/vol

Field Capacity = 0.01 vol/vol

Wilting Point = 0.005 vol/vol

Initial Soil Water Content = 0.85 vol/vol

Effective Sat. Hyd. Conductivity = 3.00E-01 cm/sec

Slope = 2.5 %

Drainage Length = 800 ft

Layer 4
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Type 4 - Flexible Membrane Liner

LDPE Membrane

Material Texture Number 36

Thickness = 0.04 inches

Effective Sat. Hyd. Conductivity = 4.00E-13 cm/sec

FML Pinhole Density = 1 Holes/Acre

FML Installation Defects = 1 Holes/Acre

FML Placement Quality = 3 Good

Layer 5

Type 1 - Vertical Percolation Layer (Waste)

Electric Plant Coal Bottom Ash

Material Texture Number 83

Thickness = 372 inches

Porosity = 0.578 vol/vol

Field Capacity = 0.076 vol/vol

Wilting Point = 0.025 vol/vol

Initial Soil Water Content = 0.0797 vol/vol

Effective Sat. Hyd. Conductivity = 1.40E-03 cm/sec

Layer 6

Type 1 - Vertical Percolation Layer

Silty CLay

Material Texture Number 44

Thickness = 84 inches

Porosity = 0.479 vol/vol

Field Capacity = 0.371 vol/vol

Wilting Point = 0.251 vol/vol

Initial Soil Water Content = 0.371 vol/vol

Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec

-----------------------------------------------------------------------------------------------------------------------

Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 87.2

Fraction of Area Allowing Runoff = 100 %

Area projected on a horizontal plane = 84 acres

Evaporative Zone Depth = 18 inches

Initial Water in Evaporative Zone = 7.251 inches

Upper Limit of Evaporative Storage = 7.626 inches

Lower Limit of Evaporative Storage = 4.86 inches

Initial Snow Water = 0 inches
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Initial Water in Layer Materials = 75.348 inches

Total Initial Water = 75.348 inches

Total Subsurface Inflow = 0 inches/year

---------------------------------------------------------

Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees

Maximum Leaf Area Index = 4.5

Start of Growing Season (Julian Date) = 102 days

End of Growing Season (Julian Date) = 292 days

Average Wind Speed = 10 mph

Average 1st Quarter Relative Humidity = 72 %

Average 2nd Quarter Relative Humidity = 66 %

Average 3rd Quarter Relative Humidity = 73 %

Average 4th Quarter Relative Humidity = 65 %

---------------------------------------------------------

Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

2.696568 2.105836 2.602577 3.411672 4.852763 3.801581

3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------

Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

34.7 35.6 45.8 59.9 73 79.3

83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------

Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Solar radiation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP

Simulated on: 6/21/2022 14:14

(inches) [std dev] (cubic feet) (percent)

39.20 [3.42] 11,951,535.3 100.00

6.106 [1.913] 1,861,774.0 15.58

29.580 [3.068] 9,019,391.9 75.47

Subprofile1

1.8831 [0.1399] 574,191.0 4.80

1.623706 [0.315807] 495,100.4 4.14

14.2217 [2.89] --- ---

0.229644 [0.509881] 70,022.9 0.59

Water storage

1.3976 [1.1065] 426,155.4 3.57

* Note: Average inches are converted to volume based on the user-specified area.

Average Head on Top of Layer 4

Subprofile2

Percolation/leakage through Layer 6

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation

Runoff

Evapotranspiration

Lateral drainage collected from Layer 3

Percolation/leakage through Layer 4
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Peak Values Summary

Title: KIN AP

Simulated on: 6/21/2022 14:15

(inches) (cubic feet)

3.09 943,327.1

2.367 721,828.5

Subprofile1

0.0061 1,865.8

0.010880 3,317.7

36.1098 ---

51.4651 ---

229.55  (feet from drain)

0.007879 2,402.3

Other Parameters

Snow water 3.1704 966,725.5

Maximum vegetation soil water 0.4237  (vol/vol)

Minimum vegetation soil water 0.2700  (vol/vol)

Maximum head on Layer 4

Location of maximum head in Layer 3

Subprofile2

Percolation/leakage through Layer 6

Peak Values for Years 1 - 30*

Precipitation

Runoff

Drainage collected from Layer 3

Percolation/leakage through Layer 4

Average head on Layer 4
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Final Water Storage in Landfill Profile at End of Simulation Period

Title: KIN AP

Simulated on: 6/21/2022 14:15

Simulation period: 30 years

Layer (inches) (vol/vol)

1 2.5567 0.4261

2 11.8327 0.3944

3 0.0935 0.8500

4 0.0000 0.0000

5 62.6261 0.1683

6 40.0001 0.4762

Snow water 0.1673 ---

Final Water Storage
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APPENDIX A-3

KPP KAP-3-FT COMPACTED EARTH LAYER, 3-FT
FINAL PROTECTIVE COVER SOIL



-----------------------------------------------------------------------------------------------------------------------

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 4.0 BETA (2018)

DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

-----------------------------------------------------------------------------------------------------------------------

Title: KIN AP Earth  Simulated On: 6/21/2022 14:26

-----------------------------------------------------------------------------------------------------------------------

Layer 1

Type 1 - Vertical Percolation Layer (Cover Soil)

SiCL - Silty Clay Loam

Material Texture Number 12

Thickness = 6 inches

Porosity = 0.471 vol/vol

Field Capacity = 0.342 vol/vol

Wilting Point = 0.21 vol/vol

Initial Soil Water Content = 0.4175 vol/vol

Effective Sat. Hyd. Conductivity = 4.20E-05 cm/sec

Layer 2

Type 1 - Vertical Percolation Layer

Sandy Silty Clay

Material Texture Number 43

Thickness = 30 inches

Porosity = 0.4 vol/vol

Field Capacity = 0.35 vol/vol

Wilting Point = 0.3 vol/vol

Initial Soil Water Content = 0.4 vol/vol

Effective Sat. Hyd. Conductivity = 1.00E-05 cm/sec

Layer 3

Type 3 - Barrier Soil Liner

Liner Soil (High)

Material Texture Number 16

Thickness = 36 inches

Porosity = 0.427 vol/vol

Field Capacity = 0.418 vol/vol

Wilting Point = 0.367 vol/vol

Initial Soil Water Content = 0.427 vol/vol

Effective Sat. Hyd. Conductivity = 1.00E-07 cm/sec

Layer 4

Type 1 - Vertical Percolation Layer (Waste)

Electric Plant Coal Bottom Ash
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Material Texture Number 83

Thickness = 372 inches

Porosity = 0.578 vol/vol

Field Capacity = 0.076 vol/vol

Wilting Point = 0.025 vol/vol

Initial Soil Water Content = 0.0813 vol/vol

Effective Sat. Hyd. Conductivity = 1.40E-03 cm/sec

Layer 5

Type 1 - Vertical Percolation Layer

Silty CLay

Material Texture Number 44

Thickness = 84 inches

Porosity = 0.479 vol/vol

Field Capacity = 0.371 vol/vol

Wilting Point = 0.251 vol/vol

Initial Soil Water Content = 0.371 vol/vol

Effective Sat. Hyd. Conductivity = 1.20E-07 cm/sec

-----------------------------------------------------------------------------------------------------------------------

Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 87.2

Fraction of Area Allowing Runoff = 100 %

Area projected on a horizontal plane = 84 acres

Evaporative Zone Depth = 18 inches

Initial Water in Evaporative Zone = 7.305 inches

Upper Limit of Evaporative Storage = 7.626 inches

Lower Limit of Evaporative Storage = 4.86 inches

Initial Snow Water = 0 inches

Initial Water in Layer Materials = 91.288 inches

Total Initial Water = 91.288 inches

Total Subsurface Inflow = 0 inches/year

---------------------------------------------------------

Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude = 39.59 Degrees

Maximum Leaf Area Index = 4.5

Start of Growing Season (Julian Date) = 102 days

End of Growing Season (Julian Date) = 292 days
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Average Wind Speed = 10 mph

Average 1st Quarter Relative Humidity = 72 %

Average 2nd Quarter Relative Humidity = 66 %

Average 3rd Quarter Relative Humidity = 73 %

Average 4th Quarter Relative Humidity = 65 %

---------------------------------------------------------

Note: Evapotranspiration data was obtained for Kincaid, Illinois

Normal Mean Monthly Precipitation (inches)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

2.696568 2.105836 2.602577 3.411672 4.852763 3.801581

3.335953 3.024381 2.885088 4.052491 3.627085 2.799647

---------------------------------------------------------

Note: Precipitation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

34.7 35.6 45.8 59.9 73 79.3

83.1 80.3 71.1 62 47.6 36.4

---------------------------------------------------------

Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364

Solar radiation was simulated based on HELP V4 weather simulation for:

Lat/Long: 39.591502215865/-89.496388435364
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Average Annual Totals Summary

Title: KIN AP

Simulated on: 6/21/2022 14:28

(inches) [std dev] (cubic feet) (percent)

39.20 [3.42] 11,951,535.3 100.00

7.233 [2.095] 2,205,494.3 18.45

29.999 [3.242] 9,147,310.1 76.54

1.951622 [0.078786] 595,088.6 4.98

20.5532 [2.2902] --- ---

0.495501 [0.837159] 151,088.1 1.26

Water storage

1.4681 [1.0967] 447,642.8 3.75

* Note: Average inches are converted to volume based on the user-specified area.

Average Head on Top of Layer 3

Subprofile2

Percolation/leakage through Layer 5

Change in water storage

Average Annual Totals for Years 1 - 30*

Precipitation

Runoff

Evapotranspiration

Subprofile1

Percolation/leakage through Layer 3
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Peak Values Summary

Title: KIN AP

Simulated on: 6/21/2022 14:28

(inches) (cubic feet)

3.09 943,327.1

2.413 735,658.3

0.006803 2,074.4

35.9998

0.008760 2,671.2

Other Parameters

Snow water 3.1704 966,725.5

Maximum vegetation soil water 0.4237  (vol/vol)

Minimum vegetation soil water 0.2700  (vol/vol)

Subprofile2

Percolation/leakage through Layer 5

Peak Values for Years 1 - 30*

Precipitation

Runoff

Subprofile1

Percolation/leakage through Layer 3

Average head on Layer 3
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Final Water Storage in Landfill Profile at End of Simulation Period

Title: KIN AP

Simulated on: 6/21/2022 14:28

Simulation period: 30 years

Layer (inches) (vol/vol)

1 2.7721 0.4620

2 11.9240 0.3975

3 15.3720 0.4270

4 64.8616 0.1744

5 40.2328 0.4790

Snow water 0.1673 ---

Final Water Storage
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APPENDIX F - GEOTECHNICAL DESIGN OF SLOPES AND FINAL COVER 
SYSTEM 

  



 

® 
 

 

Client      Vistra Energy     

Project  132803 Date 4/26/2022  Made By S. Mantell 

Vistra Kincaid Pond Closure   Checked By Textor 

 Pond Closure Stability Evaluation for Permit  Preliminary     Final  

 

Project Description 

The Kincaid Power Station (Kincaid) is owned and operated by Vistra Energy in Kincaid, Illinois. As part of the 

permitting for closure of the coal combustion residuals (CCR) pond, evaluations were performed to estimate the 

general stability of the proposed closure plan. Long term, steady-state (LTSS), end of construction (EOC), and 

seismic stability evaluations were performed. A stability evaluation of the proposed cover system was also 

completed. 

 

The approximate surface area of the impoundment is 172 acres. A site layout is shown below in Figure 1 and an 

aerial view is included in Appendix A. Construction plans involve placing CCR from the northern portion of the 

pond in the southern portion of the pond. A new soil embankment will be built to separate the areas closed by 

removal and closed in place. The CCR will be placed at slopes between 3 and 7-percent. A geosynthetic cover 

system will also be installed. Additional details on the cover system are included in the Cover Stability Check 

section.  

 

Previous work at the site by others included a subsurface investigation to support an evaluation of the perimeter 

embankments. Historical drawings and data from the previous subsurface investigation were relied upon to help 

understand subsurface material properties and develop cross sections. Historical groundwater data from piezometers 

installed around the pond was used to understand the piezometric surface. 

 

Calculated factors of safety indicate adequate stability for the proposed closure plan.  

 

 

Figure 1 Vistra Kincaid CCR Pond 
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Subsurface Information 

A subsurface investigation was completed by AECOM in 2015. The investigation included 12 borings, 12 

piezometers, and 39 CPTs within and around the pond. Laboratory testing was completed on selected samples and 

included strength testing, hydraulic conductivity, consolidation testing and index testing. Natural subsurface 

materials observed at the site consisted of 6 to 22 feet of soft to very stiff lean clay overlying hard glacial till (lean 

sandy clay). Borings were terminated in the hard glacial till. The existing embankments around the pond were 

constructed with compacted lean clay material and are between 10 and 25 feet high. 

 

Three different soil types were identified from the borings: Embankment Fill, Natural Clay and Glacial Till. These 

soil groups were used in modeling subsurface conditions for the stability evaluations.  

 

The elevations of the existing embankment crests range from 605 to 620 feet. The phreatic surface within the 

embankments is controlled by the water levels within the pond and Sangchris Lake located northwest of the site. 

Existing information notes normal operating water level within the pond was at an elevation of 603-feet which is 

slightly higher than piezometric surfaces indicated in existing data.  

 

Cross Sections 

Design cross sections are included in Appendix C. Three cross sections across the pond were developed in 

AutoCAD using borings and sections from drawings provided by the civil engineer (included in Appendix B). 

Sections show final grades of the CCR material excavated from the north section of the pond and the new 

embankment, existing embankments and cover system planned for the consolidated CCR. The new embankment 

will have a 4:1 slope and crest width of 20 to 25 feet. The consolidated CCR material will generally be sloped 

between 3 and 7-percent. Steeper grades will be located around the toe of the cap to facilitate the installation of 

perimeter ditches, with a maximum slope of 4:1. The nearest borings were drawn to scale on the appropriate section 

to approximate soil stratigraphy and material type.  

 

The new embankment dividing the north and south areas of the pond was assumed to be constructed with similar 

material as the existing embankments. Groundwater was modeled based on the normal pond operating level of 603-

feet. Ponded water was not included in the northern area of the pond. After reviewing all three sections, the north 

side of Section E was found to control the stability evaluations based on the height of embankment and subsurface 

materials. Section E extends north to south across the pond and crosses the tallest point of the future embankment. 

 

Material Properties 

The 2015 investigation included lab testing for particle size, water content, Atterberg limits, and unit weights. To 

understand the overall characteristics of soils, test results for each soil type denoted above were reviewed as a group. 

These results were used to estimate design properties for the materials.  

 

Additionally, laboratory test results on undisturbed samples from the 2015 investigation were reviewed to calculate 

material strength properties. Direct shear tests and consolidated undrained with pore pressure measurement (CU-

bar) triaxial tests were performed on multiple samples. Effective and total strength envelopes were calculated for 

each soil group based on these results.  

 

Total and effective strength parameters calculated from strength testing for each material are outlined below. 

Strength parameters for CCR were estimated based on experience. 
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Table 1 Total and Effective Stress Envelopes for Subsurface Materials at Vistra Kincaid 

Material Unit Weight (pcf) φ (deg) c (psf) 

CCR - Effective 80 25 0 

Embankment CL - Total 120 17 592 

Embankment CL - Effective 120 35 188 

Native CL - Total 115 19 280 

Native CL - Effective 115 33 113 

Till (CL) - Total 130 20 1000 

Till (CL) - Effective 130 38 500 

* Strength parameters for Till (CL) material conservatively based on blow counts and relationships observed between total 

+ effective strength envelopes in overburden material. 

 

Stability Evaluations and Factors of Safety 

Stability evaluations were performed for the closure plan based on site-specific conditions using the computer 

program UTexas 4 (UTexas). Long-term, steady state (LTSS), end of construction (EOC), and seismic stability 

evaluations were performed. These models served to evaluate the expected conditions that apply to the closure plan 

final conditions. 

 

The following minimum factors of safety were required for each of the evaluated conditions: 

• Long-term, steady state: 1.5 

• End of construction: 1.3 

• Seismic: 1.0 

 

These values are in line with published values by the U.S. Army Corps of Engineers and Duncan and Wright’s Soil 

Strength and Slope Stability. 

 

Stability Inputs 

The LTSS analysis evaluated the closure plan stability considering expected daily operating conditions after 

construction efforts have been completed. In the LTSS model, the new embankment has been constructed and CCR 

has been moved from the north to south section of the pond for enough time to allow dissipation of any excess pore 

pressures. The normal daily operating water level was used for the LTSS evaluation to represent long-term 

groundwater conditions. For LTSS loading, all materials are modeled with drained strengths (effective stress 

envelopes).  

 

For the EOC analysis, the stability of the closure plan was evaluated for anticipated undrained loading conditions 

directly after construction of the new embankment and placement of CCR. Undrained strengths of the cohesive 

materials underlying the pond were used because immediately following construction, excess pore pressure will not 

yet have had time to dissipate. Shear strengths of each material were estimated based on the effective stress of the 

material before any construction activities and the total strength envelope. For the new embankment fill, an 

undrained shear strength of 1000 psf was used based on NAVFAC references for shear strength parameters of 

compacted lean clay.   

 

The seismic analysis required a two-stage evaluation in UTexas. A total strength envelope was used to model 

cohesive soils given the loading is relatively quick and thus undrained. Per UTexas guidance and discussions in 

Duncan and Wright, the total strength envelope measured from triaxial testing must be converted to a “d” and “ψ” 

envelope.  These values are input as part of the UTexas second stage properties for seismic computations. A peak 
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ground acceleration value of 0.11g was applied based on USGS data for the site location. The daily operations water 

level was used for the seismic evaluation. 

 

A “fixed grid” method within UTexas was utilized for all analyses. In this method, circular shear surfaces are 

searched through a specified point with the center of the failure surface circle being limited to a specified box based 

on slope geometry. Different exit points were analyzed to understand variation of the safety factors for different 

shear surfaces. Most exit points were either at the embankment crest or toe. Each length of the search box was 

subdivided into 15 different segments leading to a total of 225 shear surfaces analyzed for each stability analysis. 

 

Minimum slide surface weights were included in the evaluations. This was included to prevent UTEXAS from 

calculating unpractical, thin shear surfaces. (An infinite slope calculation is better to evaluate surface stability like 

this). Additionally, larger shear surfaces encompassing the entire height of the embankment are considered more 

representative of possible instabilities.  

 

Results  

Inputs and outputs for stability evaluations are included in Appendix D for the controlling section. Results from the 

stability analyses for Section E, North are listed below in Table 2:  

 
Table 2 Mass Stability Factors of Safety for Section E, North 

Section Stability Analysis Type Factor of Safety 

Section E, North 

Long-Term, Steady State 2.1 

End of Construction 1.4 

Seismic 1.4 

 

Calculated safety factors met minimum requirements for LTSS, EOC, and seismic evaluations. 

 

Cover Stability Check 

A cover stability check was performed using a spreadsheet solution for the proposed cover system consisting of a 

40mil LLDPE underlying 2.0-feet of compacted soil. The most conservative (steepest) slope for the system will be 

located around the edges of the proposed cap to facilitate the installation of perimeter ditches. This slope is 25% 

(14.0 degrees) and was used for calculations. 

 

The cover system was checked with both smooth and textured geomembrane material. The interface between the 

overlying fill and geomembrane was checked in addition to the interface between the geomembrane and underlying 

CCR. Interface shear strength values from the GRI reference “Direct Shear Database of Geosynthetic-to-

Geosynthetic and Geosynthetic-to-Soil Interfaces” were used. This reference is included in Appendix E along with 

example calculations.  

 

Equations calculating the safety factor for a subaerial slope with a defined pore water pressure were used from Soil 

Strength and Slope Stability by Duncan and Wright. This reference is included in Appendix E. 

 

Since the geomembrane cuts off movement of water, the considerations for pore pressures above and below the 

geomembrane will vary. Above the geomembrane, pore pressures from precipitation will be present. A fully 

saturated cover was evaluated for the interface between the overlying fill and geomembrane. This represents the 

worst case condition as the porewater pressure increases the driving forces and decreases the factor of safety. The 

minimum calculated safety factor in this evaluation of the proposed system is 2.8. 
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For interfaces beneath the geomembrane, saturation from precipitation is not possible given the hydraulic barrier 

from the geomembrane. Calculations were performed using a minimal water height of 0.01-ft. The minimum 

calculated safety factor in this evaluation of the proposed system is 2.0. 

 

All safety factors calculated were greater than minimum required safety factor of 1.5. 

 

Mine Subsidence 

Mining of coal deposits beneath the pond have been previously performed. Existing reports performed by others 

were reviewed to understand previous subsidence at the site and possible future subsidence. 

 

Subsidence was previously observed along the west and north embankments of the pond. This subsidence was 

between 2 and 3.5 feet and was generally observed to be a “bowl” shaped depression. Given the known information 

related to the coal depth, coal thickness and mining approach, this type of subsidence at the ground surface is 

expected. Further movement in the areas of previous subsidence are expected to be less than 6-inches.  

 

Mining was also performed beneath the east embankment. At the time of the preparation of the previous report, no 

indications of subsidence had been observed in this area. However, if future subsidence is to occur, it is expected 

to be similar to other subsidence at the site in magnitude and shape. 

 

Since the movement associated with these mine collapses at the site are large features with gradual movement, it is 

not expected to have any effect on stability of the proposed closure plan. 

 

The existing report is included in Appendix G.  
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Attachments 

Appendix A: Vistra Kincaid Site Location 
Appendix B: Proposed Closure Plan Drawings 
Appendix C: Cross Sections 
Appendix D: Section E, North UTEXAS Results 
Appendix E: Cover Stability Calculations 
Appendix F: Geotechnical Reference Information 
Appendix G: Existing Mine Subsidence Report  
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Appendix A: Vistra Kincaid Site Location 
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Appendix B: Proposed Closure Plan Drawings 
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Appendix C: Cross Sections 
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Appendix D: Section E, North UTEXAS Results 
  



Vistra Kincaid

132803

Section E, North

Controlling Results

Profile: Section E, North Case: LTSS File: Section E, North (LTSS)

Unit Weight Average Effective Average Total Average

Fixed Grid Coordinates Circle Exit

x y x y

100 620 217 615

100 750 Tangent

230 750

230 620 Search Grid Subdivisions

15

Crack Depth

2

Seismic Acceleration

Minimum Weight

10000

Results

x y x y

137 694 101 587

Profile: Section E, North Case: EOC File: Section E, North (EOC)

Unit Weight Average Effective Average Total Average Embankment fill

c = 1000

Fixed Grid Coordinates Circle Exit

x y x y

100 660 109 588

100 760 Tangent

230 760

230 660 Search Grid Subdivisions

15

Crack Depth

10

Seismic Acceleration

Minimum Weight

10000

Results

x y x y

156 724 235 615

Profile: Section E, North Case: Seismic File: Section E, North (Seismic)

Unit Weight Average Effective Average Total Average

Fixed Grid Coordinates Circle Exit

x y x y

100 640 109 588

100 750 Tangent

190 750

190 640 Search Grid Subdivisions

15

Crack Depth

5

Seismic Acceleration

0.11

Minimum Weight

10000

Results

x y x y

139 656 191 609

Assumptions: End of construction. Cohesive soils modeled using cohesion only based on in-situ effective stresses 

before construction.

1.39

Assumptions: End of construction. Cohesive soils modeled using cohesion only based on in-situ effective stresses 

before construction.

Circle Center Circle Exit

Circles Attempted Circles Completed

131

Factor of Safety Errors

1.4

Assumptions: LTSS for after construction has been completed

Circle Center Circle Exit

Circles Attempted Circles Completed

225

Circle Center Circle Exit

225 65

Factor of Safety Errors

2.07

Circles Attempted

225

Circles Completed

111

Factor of Safety Errors
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Burns & McDonnell 

GRAphics 

HEAding follows - 

Vistra Kincaid CCR - Section E, North (LTSS) 

#132803 

 

PROfile lines 

   1 1 Ash 

 237 615 

 478 622.5 

 

   2 2 New Embankment Fill 

 133 594 

 169 603 

 217 615 

 237 615 

 313 596 

 

   3 3 Native CL 

        0 585 

 109 588 

 133 594 

 313 596 

 377 580 

 

   4 4 Till 

        0 580 

 389 580 

 478 580 

 

  

MATerial properties 

   1 Ash 

      80 = unit weight 

      Conventional Shear Strength 

        0 25 

      Piezometric Line 

         1 

   2 New Embankment Fill 

      120 = unit weight 

      Conventional Shear Strength 

        188 35 

      Piezometric Line 

         1   

   3 Native CL 

      115 = unit weight 

      Conventional Shear Strength 

        113 33 

      Piezometric Line 

         1 

   4 Till 

      130 = unit weight 

      Conventional Shear Strength 

        500 38 

      Piezometric Line 

         1 

 

PIEzometric line  

     1 Piezometric Line 

        0 585 

 109 588 

 133 594 

 169 603 



Vistra Kincaid Pond 
 
Cross-Section: E, North 
Case:  Long-Term, Steady State 
Filename:  Section E, North (LTSS) 
 
UTEXAS4 Input File 
Page 2 of 2 
 
 

 
Burns & McDonnell 

 478 603 

  

  

LABel 

Vistra Kincaid CCR - Section E, North (LTSS) 

ANALYSIS/COMPUTATION 

   Circular Search 2 

     15 15 

     100 620 100 750 230 750 230 620 

     5 5 

   Point 

     217 615  

 

      Minimum 

 10000 

     Crack 

       2 D 

     Short 

 

COMpute 
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TABLE NO. 1 

COMPUTER PROGRAM DESIGNATION: UTEXAS4 

Originally Coded By Stephen G. Wright 

Version No. 4.1.2.0 - Last Revision Date: 7/29/2020 

(C) Copyright 1985-2020 S. G. Wright - All rights reserved 

***** SHINOAK SOFTWARE CONFIDENTIAL ***** 

 

This is a special pre-release beta-test version of the UTEXAS4 software. 

It is provided for confidential use only on an approved non-disclosure basis. 

Posession and use of this software is only permitted with the express, written 

approval of Stephen G. Wright 

***** SHINOAK SOFTWARE CONFIDENTIAL ***** 

****************************************************************** 

* RESULTS OF COMPUTATIONS PERFORMED USING THIS SOFTWARE          * 

* SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY HAVE        * 

* BEEN VERIFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL DATA       * 

* OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE ALGORITHMS * 

* AND ANALYTICAL PROCEDURES USED IN THIS SOFTWARE AND MUST HAVE  * 

* READ ALL DOCUMENTATION FOR THIS SOFTWARE BEFORE ATTEMPTING     * 

* TO USE IT.  NEITHER SHINOAK SOFTWARE NOR STEPHEN G. WRIGHT     * 

* MAKE OR ASSUME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR      * 

* IMPLIED, CONCERNING THE ACCURACY, RELIABILITY, USEFULNESS      * 

* OR ADAPTABILITY OF THIS SOFTWARE.                              * 

****************************************************************** 
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TABLE NO. 3 

************************* 

* NEW PROFILE LINE DATA * 

************************* 

 

---------------------------------------------------------- 

----- Profile Line No. 1 - Material Type (Number): 1 ----- 

---------------------------------------------------------- 

Description: Ash 

 

Point        X           Y 

 

   1      237.00      615.00 

   2      478.00      622.50 

 

---------------------------------------------------------- 

----- Profile Line No. 2 - Material Type (Number): 2 ----- 

---------------------------------------------------------- 

Description: New Embankment Fill 

 

Point        X           Y 

 

   1      133.00      594.00 

   2      169.00      603.00 

   3      217.00      615.00 

   4      237.00      615.00 

   5      313.00      596.00 

 

---------------------------------------------------------- 

----- Profile Line No. 3 - Material Type (Number): 3 ----- 

---------------------------------------------------------- 

Description: Native CL 

 

Point        X           Y 

 

   1        0.00      585.00 

   2      109.00      588.00 

   3      133.00      594.00 

   4      313.00      596.00 

   5      377.00      580.00 

 

---------------------------------------------------------- 

----- Profile Line No. 4 - Material Type (Number): 4 ----- 

---------------------------------------------------------- 

Description: Till 

 

Point        X           Y 

 

   1        0.00      580.00 

   2      389.00      580.00 

   3      478.00      580.00 
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TABLE NO. 4 

********************************************************************** 

* NEW MATERIAL PROPERTY DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS * 

********************************************************************** 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 1 ------------------- 

------------------------------------------------------------------ 

Description: Ash 

 

Constant unit weight of soil (material): 80.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 0.0 

Friction angle - - - - - 25.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 2 ------------------- 

------------------------------------------------------------------ 

Description: New Embankment Fill 

 

Constant unit weight of soil (material): 120.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 188.0 

Friction angle - - - - - 35.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 3 ------------------- 

------------------------------------------------------------------ 

Description: Native CL 

 

Constant unit weight of soil (material): 115.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 113.0 

Friction angle - - - - - 33.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 4 ------------------- 

------------------------------------------------------------------ 

Description: Till 

 

Constant unit weight of soil (material): 130.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 500.0 

Friction angle - - - - - 38.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 
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Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 
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TABLE NO. 6 

********************************************************************* 

* NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS * 

********************************************************************* 

 

--------------------------------------------------------- 

--------------- Piezometric Line Number 1 --------------- 

--------------------------------------------------------- 

Description: Piezometric Line 

Unit weight of fluid (water): 62.4 

 

Point        X           Y 

 

  1        0.00      585.00 

  2      109.00      588.00 

  3      133.00      594.00 

  4      169.00      603.00 

  5      478.00      603.00 
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TABLE NO. 16 

********************************* 

* NEW ANALYSIS/COMPUTATION DATA * 

********************************* 

 

 

Search will be conducted using a fixed grid. 

Number of Points Across Grid: 15 

Number of Points Up Grid: 15 

 

Grid Corner 

   Number           X              Y 

 

     1           100.00         620.00 

     2           100.00         750.00 

     3           230.00         750.00 

     4           230.00         620.00 

 

----- Control Parameters for Finding "Critical" Radius ----- 

Initial number of subdivisions between maximum and minimum 

radius for finding a critical radius/radii: 5 

 

Minimum radius increment for terminating subdivision of radii: 5.000 

 

The following criteria will be used for determining 

the maximum and minimum radii: 

     Point circles pass through - X: 217.00     Y: 615.00 

Minimum weight required for computations to be performed: 10000 

 

Depth of crack: 2.000 

Automatic search output will be in short form. 

 

-------------------------------------------------------------------------------- 

The following represent default values or values that were prevously defined: 

Subtended angle for slice subdivision: 3.00(degrees) 

There is no water in a crack. 

Conventional (single-stage) computations will be performed. 

Seismic coefficient: 0.000 

Unit weight of water (or other fluid) in crack: 62.4 

Search will be continued after the initial mode to find a most critical circle. 

No restrictions exist on the lateral extent of the search. 

No shear surfaces other than the most critical will be saved for display later. 

Neither slope face was explicitly designated for analysis. 

Radii for each grid point will be sorted in the order of increasing radius. 

Critical circles for grid points will be output in the order of increasing factor of safety. 

Standard sign convention used for direction of shear stress on shear surface. 

Procedure of Analysis: Spencer 

 

Iteration limit: 100 

Force imbalance: 1.000000e-005 (fraction of total weight) 

Moment imbalance: 1.000000e-005 (fraction of moment due to total weight) 

Initial trial factor of safety: 3.000 

Initial trial side force inclination: 17.189 (degrees) 

Minimum (most negative) side force inclination allowed in Spencer's procedure: -10.00 
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TABLE NO. 26 

************************************* 

* NEW, COMPUTED SLOPE GEOMETRY DATA * 

************************************* 

 

These slope geometry were generated from the Profile Lines. 

 

     Point       X           Y 

 

        1        0.00      585.00 

        2      109.00      588.00 

        3      133.00      594.00 

        4      169.00      603.00 

        5      217.00      615.00 

        6      237.00      615.00 

        7      313.00      617.37 

        8      377.00      619.36 

        9      389.00      619.73 

       10      478.00      622.50 
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TABLE NO. 38 

************************************************* 

* FINAL SUMMARY OF COMPUTATIONS WITH FIXED-GRID * 

************************************************* 

 

 

Number of circles attempted: 225 

Number of circles for which F calculated: 65 

Circle with Lowest Factor of Safety: 

     X coordinate for center: 137.14 

     Y coordinate for center: 694.29 

     Radius of circle: 112.532 

Factor of safety: 2.068 

Side force inclination: 10.11 

Time Required for Computations: 1.0 seconds 
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TABLE NO. 43 

************************************************************ 

* Coordinate, Weight, Strength and Pore Water Pressure     * 

* Information for Individual Slices for Conventional       * 

* Computations or First Stage of Multi-Stage Computations. * 

* (Information is for the critical shear surface in the    * 

* case of an automatic search.)                            * 

************************************************************ 

 

Slice                         Slice   Matl.             Friction     Pore 

  No.      X         Y        Weight   No.    Cohesion    Angle    Pressure 

        100.83    587.78 

   1    103.64    586.90          617    3       113.0    33.00        59.6 

        106.45    586.02 

   2    107.73    585.68          671    3       113.0    33.00       142.9 

        109.00    585.33 

   3    111.87    584.67         2673    3       113.0    33.00       252.7 

        114.74    584.01 

   4    117.64    583.50         4447    3       113.0    33.00       415.9 

        120.54    582.99 

   5    123.47    582.63         6046    3       113.0    33.00       561.0 

        126.39    582.27 

   6    129.33    582.06         7447    3       113.0    33.00       687.5 

        132.27    581.86 

   7    132.63    581.84         1015    3       113.0    33.00       752.8 

        133.00    581.83 

   8    135.07    581.79         6073    3       113.0    33.00       794.1 

        137.14    581.75 

   9    140.09    581.83         9492    3       113.0    33.00       869.9 

        143.03    581.91 

  10    145.97    582.14        10292    3       113.0    33.00       942.4 

        148.91    582.37 

  11    151.83    582.75        10846    3       113.0    33.00       995.4 

        154.75    583.14 

  12    157.64    583.68        11152    3       113.0    33.00      1028.6 

        160.54    584.21 

  13    163.40    584.90        11210    3       113.0    33.00      1042.1 

        166.27    585.59 

  14    167.63    585.97         5355    3       113.0    33.00      1041.2 

        169.00    586.36 

  15    171.80    587.27        10853    3       113.0    33.00       981.9 

        174.60    588.17 

  16    177.36    589.23        10329    3       113.0    33.00       859.5 

        180.11    590.28 

  17    182.80    591.47         9593    3       113.0    33.00       719.2 

        185.49    592.67 

  18    187.45    593.65         6541    3       113.0    33.00       583.5 

        189.41    594.63 

  19    191.98    596.06         7829    2       188.0    35.00       432.9 

        194.55    597.50 

  20    197.04    599.07         6549    2       188.0    35.00       245.4 

        199.54    600.64 

  21    201.24    601.82         3783    2       188.0    35.00        73.8 

        202.95    603.00 

  22    205.29    604.78         4100    2       188.0    35.00         0.0 

        207.64    606.57 

  23    209.88    608.47         2560    2       188.0    35.00         0.0 

        212.13    610.38 

  24    213.18    611.34          683    2       188.0    35.00         0.0 

        214.23    612.31 

 

No water in crack. 
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TABLE NO. 44 

********************************************************** 

* Seismic Forces and Forces Due to Distributed Loads for * 

* Individual Slices for Conventional Computations or the * 

* First Stage of Multi-Stage Computations.               * 

* (Information is for the critical shear surface in the  * 

* case of an automatic search.)                          * 

********************************************************** 

 

There are no seismic forces or forces due to distributed loads 

for the current shear surface 
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TABLE NO. 47 

************************************************************** 

*  Information for the Iterative Solution for the Factor of  * 

*  Safety and Side Force Inclination by Spencer's Procedure  * 

************************************************************** 

Allowable force imbalance for convergence:  2 

Allowable moment imbalance for convergence: 243 

 

        Trial     Trial 

       Factor   Side Force     Force       Moment                 Delta 

Iter-    of    Inclination   Imbalance   Imbalance    Delta-F     Theta 

ation  Safety   (degrees)      (lbs.)    (ft.-lbs.)             (degrees) 

 

   1   3.00000    17.1887   9.861e+003  -4.968e+006 

First-order corrections to F and Theta ............   -1.2396    -1.5179 

Reduced values - Deltas were too large ............   -0.5000    -0.6123 

 

   2   2.50000    16.5765   5.072e+003  -2.529e+006 

First-order corrections to F and Theta ............   -0.4598    -2.2470 

Second-order corrections to F and Theta ...........   -0.4347    -5.6902 

Reduced values - Deltas were too large ............   -0.2189    -2.8648 

 

   3   2.28114    13.7117   2.690e+003  -1.382e+006 

First-order corrections to F and Theta ............   -0.2139    -1.8553 

Second-order corrections to F and Theta ...........   -0.2140    -3.4947 

Reduced values - Deltas were too large ............   -0.1754    -2.8648 

 

   4   2.10574    10.8469   5.070e+002  -2.669e+005 

First-order corrections to F and Theta ............   -0.0378    -0.6351 

Second-order corrections to F and Theta ...........   -0.0382    -0.7403 

 

   5   2.06758    10.1066  -1.629e-001   9.968e+001 

First-order corrections to F and Theta ............    0.0000    -0.0007 
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TABLE NO. 55 

********************************************************************* 

* Check of Computations by Spencer's Procedure (Results are for the * 

* critical shear surface in the case of an automatic search.)       * 

********************************************************************* 

 

Summation of Horizontal Forces: 7.17648e-012 

 

Summation of Vertical Forces: 1.13687e-011 

 

Summation of Moments: -2.12780e-004 

 

Mohr Coulomb Shear Force/Shear Strength Check Summation: 5.54223e-012 
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TABLE NO. 58 

************************************************************************* 

* Final Results for Stresses Along the Shear Surface                    * 

* (Results are for the critical shear surface in the case of a search.) * 

************************************************************************* 

 

SPENCER'S PROCEDURE USED TO COMPUTE THE FACTOR OF SAFETY 

Factor of Safety: 2.068     Side Force Inclination:  10.11 

 

       -------- VALUES AT CENTER OF BASE OF SLICE -------- 

                                 Total     Effective 

Slice                            Normal     Normal       Shear 

  No.    X-Center   Y-Center     Stress     Stress       Stress 

 

   1       103.64     586.90       161.2       101.6        86.6 

   2       107.73     585.68       330.2       187.4       113.5 

   3       111.87     584.67       548.6       295.9       147.6 

   4       117.64     583.50       862.6       446.7       195.0 

   5       123.47     582.63      1128.5       567.5       232.9 

   6       129.33     582.06      1348.9       661.3       262.4 

   7       132.63     581.84      1458.0       705.3       276.2 

   8       135.07     581.79      1527.0       732.9       284.8 

   9       140.09     581.83      1649.5       779.6       299.5 

  10       145.97     582.14      1758.6       816.2       311.0 

  11       151.83     582.75      1828.7       833.4       316.4 

  12       157.64     583.68      1861.4       832.8       316.2 

  13       163.40     584.90      1858.1       816.0       311.0 

  14       167.63     585.97      1836.6       795.4       304.5 

  15       171.80     587.27      1788.4       806.5       308.0 

  16       177.36     589.23      1696.6       837.1       317.6 

  17       182.80     591.47      1571.6       852.4       322.4 

  18       187.45     593.65      1438.7       855.2       323.3 

  19       191.98     596.06      1256.3       823.4       369.8 

  20       197.04     599.07      1035.5       790.1       358.5 

  21       201.24     601.82       828.4       754.6       346.5 

  22       205.29     604.78       616.2       616.2       299.6 

  23       209.88     608.47       369.2       369.2       216.0 

  24       213.18     611.34       181.9       181.9       152.5 
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TABLE NO. 59 

************************************************************************* 

* Final Results for Side Forces and Stresses Between Slices             * 

* (Results are for the critical shear surface in the case of a search.) * 

************************************************************************* 

 

       --------------- VALUES AT RIGHT SIDE OF SLICE --------------- 

 

                               Y-Coord. of   Fraction    Sigma      Sigma 

Slice                  Side    Side Force       of         at         at 

  No.    X-Right      Force     Location      Height      Top       Bottom 

 

   1      106.45          782       587.40     0.722       939.9     -133.7 

   2      109.00         1307       587.07     0.651       919.8       44.3 

   3      114.74         2905       586.49     0.458       392.7      661.1 

   4      120.54         4949       586.07     0.391       213.4     1020.0 

   5      126.39         7154       585.89     0.360       110.3     1287.2 

   6      132.27         9281       585.94     0.342        37.6     1490.6 

   7      133.00         9530       585.97     0.340        29.8     1512.0 

   8      137.14        10846       586.15     0.331       -10.6     1618.5 

   9      143.03        12380       586.60     0.321       -59.4     1729.0 

  10      148.91        13410       587.27     0.314       -99.8     1791.7 

  11      154.75        13858       588.14     0.307      -132.0     1806.3 

  12      160.54        13689       589.24     0.301      -154.9     1771.6 

  13      166.27        12903       590.55     0.297      -166.2     1684.9 

  14      169.00        12313       591.27     0.295      -166.1     1622.9 

  15      174.60        10769       592.92     0.292      -160.5     1467.1 

  16      180.11         8914       594.77     0.290      -148.3     1280.9 

  17      185.49         6861       596.86     0.290      -122.2     1056.8 

  18      189.41         5286       598.62     0.296       -86.5      858.9 

  19      194.55         3554       601.00     0.295       -68.5      657.1 

  20      199.54         2070       603.59     0.296       -45.9      453.5 

  21      202.95         1281       605.48     0.292       -36.5      333.6 

  22      207.64          473       608.22     0.271       -28.6      181.6 

  23      212.13           30       611.16     0.228        -5.5       23.1 

  24      214.23            0       612.31     Below        -0.0        0.0 

 

Read end-of-file on input while looking for another command word. 

End of input data assumed - normal termination. 
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GRAphics 

HEAding follows - 

Vistra Kincaid CCR - Section E, North (EOC) 

#132803 

 

PROfile lines 

   1 1 Ash 

 237 615 

 478 622.5 

 

   2 2 New Embankment Fill 

 133 594 

 169 603 

 217 615 

 237 615 

 313 596 

 

   3 3 Native CL 

        0 585 

 109 588 

 133 594 

 313 596 

 377 580 

 

   4 4 Till 

        0 580 

 389 580 

 478 580 

 

  

MATerial properties 

   1 Ash 

      80 = unit weight 

      Conventional Shear Strength 

        0 25 

      Piezometric Line 

         1 

   2 New Embankment Fill 

      120 = unit weight 

      Conventional Shear Strength 

        1000 0 

      Piezometric Line 

         1   

   3 Native CL 

      115 = unit weight 

      Conventional Shear Strength 

        392 0 

      Piezometric Line 

         1 

   4 Till 

      130 = unit weight 

      Conventional Shear Strength 

        1672 0 

      Piezometric Line 

         1 

 

PIEzometric line  

     1 Piezometric Line 

        0 585 

 109 588 

 133 594 

 169 603 
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LABel 

Vistra Kincaid CCR - Section E, North (EOC) 

ANALYSIS/COMPUTATION 

   Circular Search 2 

     15 15 

     100 660 100 760 230 760 230 660 

     5 5 

   Point 

     109 588  

 

      Minimum 

 10000 

     Crack 

      10 D 

     Short 

 

COMpute 
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TABLE NO. 1 

COMPUTER PROGRAM DESIGNATION: UTEXAS4 

Originally Coded By Stephen G. Wright 

Version No. 4.1.2.0 - Last Revision Date: 7/29/2020 

(C) Copyright 1985-2020 S. G. Wright - All rights reserved 

***** SHINOAK SOFTWARE CONFIDENTIAL ***** 

 

This is a special pre-release beta-test version of the UTEXAS4 software. 

It is provided for confidential use only on an approved non-disclosure basis. 

Posession and use of this software is only permitted with the express, written 

approval of Stephen G. Wright 

***** SHINOAK SOFTWARE CONFIDENTIAL ***** 

****************************************************************** 

* RESULTS OF COMPUTATIONS PERFORMED USING THIS SOFTWARE          * 

* SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY HAVE        * 

* BEEN VERIFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL DATA       * 

* OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE ALGORITHMS * 

* AND ANALYTICAL PROCEDURES USED IN THIS SOFTWARE AND MUST HAVE  * 

* READ ALL DOCUMENTATION FOR THIS SOFTWARE BEFORE ATTEMPTING     * 

* TO USE IT.  NEITHER SHINOAK SOFTWARE NOR STEPHEN G. WRIGHT     * 

* MAKE OR ASSUME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR      * 

* IMPLIED, CONCERNING THE ACCURACY, RELIABILITY, USEFULNESS      * 

* OR ADAPTABILITY OF THIS SOFTWARE.                              * 

****************************************************************** 
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TABLE NO. 3 

************************* 

* NEW PROFILE LINE DATA * 

************************* 

 

---------------------------------------------------------- 

----- Profile Line No. 1 - Material Type (Number): 1 ----- 

---------------------------------------------------------- 

Description: Ash 

 

Point        X           Y 

 

   1      237.00      615.00 

   2      478.00      622.50 

 

---------------------------------------------------------- 

----- Profile Line No. 2 - Material Type (Number): 2 ----- 

---------------------------------------------------------- 

Description: New Embankment Fill 

 

Point        X           Y 

 

   1      133.00      594.00 

   2      169.00      603.00 

   3      217.00      615.00 

   4      237.00      615.00 

   5      313.00      596.00 

 

---------------------------------------------------------- 

----- Profile Line No. 3 - Material Type (Number): 3 ----- 

---------------------------------------------------------- 

Description: Native CL 

 

Point        X           Y 

 

   1        0.00      585.00 

   2      109.00      588.00 

   3      133.00      594.00 

   4      313.00      596.00 

   5      377.00      580.00 

 

---------------------------------------------------------- 

----- Profile Line No. 4 - Material Type (Number): 4 ----- 

---------------------------------------------------------- 

Description: Till 

 

Point        X           Y 

 

   1        0.00      580.00 

   2      389.00      580.00 

   3      478.00      580.00 
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TABLE NO. 4 

********************************************************************** 

* NEW MATERIAL PROPERTY DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS * 

********************************************************************** 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 1 ------------------- 

------------------------------------------------------------------ 

Description: Ash 

 

Constant unit weight of soil (material): 80.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 0.0 

Friction angle - - - - - 25.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 2 ------------------- 

------------------------------------------------------------------ 

Description: New Embankment Fill 

 

Constant unit weight of soil (material): 120.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 1000.0 

Friction angle - - - - - 0.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 3 ------------------- 

------------------------------------------------------------------ 

Description: Native CL 

 

Constant unit weight of soil (material): 115.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 392.0 

Friction angle - - - - - 0.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 4 ------------------- 

------------------------------------------------------------------ 

Description: Till 

 

Constant unit weight of soil (material): 130.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 1672.0 

Friction angle - - - - - 0.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 
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Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 
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TABLE NO. 6 

********************************************************************* 

* NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS * 

********************************************************************* 

 

--------------------------------------------------------- 

--------------- Piezometric Line Number 1 --------------- 

--------------------------------------------------------- 

Description: Piezometric Line 

Unit weight of fluid (water): 62.4 

 

Point        X           Y 

 

  1        0.00      585.00 

  2      109.00      588.00 

  3      133.00      594.00 

  4      169.00      603.00 

  5      478.00      603.00 
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TABLE NO. 16 

********************************* 

* NEW ANALYSIS/COMPUTATION DATA * 

********************************* 

 

 

Search will be conducted using a fixed grid. 

Number of Points Across Grid: 15 

Number of Points Up Grid: 15 

 

Grid Corner 

   Number           X              Y 

 

     1           100.00         660.00 

     2           100.00         760.00 

     3           230.00         760.00 

     4           230.00         660.00 

 

----- Control Parameters for Finding "Critical" Radius ----- 

Initial number of subdivisions between maximum and minimum 

radius for finding a critical radius/radii: 5 

 

Minimum radius increment for terminating subdivision of radii: 5.000 

 

The following criteria will be used for determining 

the maximum and minimum radii: 

     Point circles pass through - X: 109.00     Y: 588.00 

Minimum weight required for computations to be performed: 10000 

 

Depth of crack: 10.000 

Automatic search output will be in short form. 

 

-------------------------------------------------------------------------------- 

The following represent default values or values that were prevously defined: 

Subtended angle for slice subdivision: 3.00(degrees) 

There is no water in a crack. 

Conventional (single-stage) computations will be performed. 

Seismic coefficient: 0.000 

Unit weight of water (or other fluid) in crack: 62.4 

Search will be continued after the initial mode to find a most critical circle. 

No restrictions exist on the lateral extent of the search. 

No shear surfaces other than the most critical will be saved for display later. 

Neither slope face was explicitly designated for analysis. 

Radii for each grid point will be sorted in the order of increasing radius. 

Critical circles for grid points will be output in the order of increasing factor of safety. 

Standard sign convention used for direction of shear stress on shear surface. 

Procedure of Analysis: Spencer 

 

Iteration limit: 100 

Force imbalance: 1.000000e-005 (fraction of total weight) 

Moment imbalance: 1.000000e-005 (fraction of moment due to total weight) 

Initial trial factor of safety: 3.000 

Initial trial side force inclination: 17.189 (degrees) 

Minimum (most negative) side force inclination allowed in Spencer's procedure: -10.00 
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TABLE NO. 26 

************************************* 

* NEW, COMPUTED SLOPE GEOMETRY DATA * 

************************************* 

 

These slope geometry were generated from the Profile Lines. 

 

     Point       X           Y 

 

        1        0.00      585.00 

        2      109.00      588.00 

        3      133.00      594.00 

        4      169.00      603.00 

        5      217.00      615.00 

        6      237.00      615.00 

        7      313.00      617.37 

        8      377.00      619.36 

        9      389.00      619.73 

       10      478.00      622.50 
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TABLE NO. 38 

************************************************* 

* FINAL SUMMARY OF COMPUTATIONS WITH FIXED-GRID * 

************************************************* 

 

 

Number of circles attempted: 225 

Number of circles for which F calculated: 131 

Circle with Lowest Factor of Safety: 

     X coordinate for center: 155.71 

     Y coordinate for center: 724.29 

     Radius of circle: 144.069 

Factor of safety: 1.385 

Side force inclination: 5.25 

Time Required for Computations: 1.0 seconds 
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TABLE NO. 43 

************************************************************ 

* Coordinate, Weight, Strength and Pore Water Pressure     * 

* Information for Individual Slices for Conventional       * 

* Computations or First Stage of Multi-Stage Computations. * 

* (Information is for the critical shear surface in the    * 

* case of an automatic search.)                            * 

************************************************************ 

 

Slice                         Slice   Matl.             Friction     Pore 

  No.      X         Y        Weight   No.    Cohesion    Angle    Pressure 

        109.00    588.00 

   1    112.60    586.87         1679    3       392.0     0.00       126.6 

        116.20    585.74 

   2    119.85    584.80         4964    3       392.0     0.00       368.8 

        123.50    583.86 

   3    127.20    583.12         8020    3       392.0     0.00       588.6 

        130.89    582.37 

   4    131.95    582.19         2794    3       392.0     0.00       720.3 

        133.00    582.02 

   5    136.74    581.52        11567    3       392.0     0.00       837.0 

        140.48    581.02 

   6    144.24    580.72        14009    3       392.0     0.00      1003.7 

        148.00    580.42 

   7    151.77    580.32        16099    3       392.0     0.00      1146.4 

        155.54    580.22 

   8    155.62    580.22          405    3       392.0     0.00      1213.1 

        155.71    580.22 

   9    159.48    580.31        17846    3       392.0     0.00      1267.1 

        163.25    580.41 

  10    166.13    580.62        14539    3       392.0     0.00      1351.6 

        169.00    580.83 

  11    172.74    581.28        19873    3       392.0     0.00      1355.6 

        176.49    581.72 

  12    180.21    582.36        20453    3       392.0     0.00      1287.7 

        183.92    583.00 

  13    187.60    583.84        20620    3       392.0     0.00      1195.6 

        191.28    584.67 

  14    194.91    585.70        20381    3       392.0     0.00      1079.5 

        198.54    586.73 

  15    202.11    587.94        19751    3       392.0     0.00       939.6 

        205.68    589.16 

  16    209.18    590.56        18749    3       392.0     0.00       776.5 

        212.68    591.96 

  17    214.84    592.93        11119    3       392.0     0.00       628.4 

        217.00    593.90 

  18    218.10    594.43         5422    3       392.0     0.00       534.8 

        219.20    594.96 

  19    222.54    596.71        14666    2      1000.0     0.00       392.6 

        225.88    598.46 

  20    229.13    600.38        11385    2      1000.0     0.00       163.5 

        232.37    602.30 

  21    232.92    602.65         1629    2      1000.0     0.00        21.8 

        233.47    603.00 

  22    234.99    604.00         4006    2      1000.0     0.00         0.0 

        236.50    605.00 

 

No water in crack. 
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TABLE NO. 44 

********************************************************** 

* Seismic Forces and Forces Due to Distributed Loads for * 

* Individual Slices for Conventional Computations or the * 

* First Stage of Multi-Stage Computations.               * 

* (Information is for the critical shear surface in the  * 

* case of an automatic search.)                          * 

********************************************************** 

 

There are no seismic forces or forces due to distributed loads 

for the current shear surface 
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TABLE NO. 47 

************************************************************** 

*  Information for the Iterative Solution for the Factor of  * 

*  Safety and Side Force Inclination by Spencer's Procedure  * 

************************************************************** 

Allowable force imbalance for convergence:  3 

Allowable moment imbalance for convergence: 472 

 

        Trial     Trial 

       Factor   Side Force     Force       Moment                 Delta 

Iter-    of    Inclination   Imbalance   Imbalance    Delta-F     Theta 

ation  Safety   (degrees)      (lbs.)    (ft.-lbs.)             (degrees) 

 

   1   3.00000    17.1887   2.372e+004  -1.172e+007 

First-order corrections to F and Theta ............   -3.2039    -2.0048 

Reduced values - Deltas were too large ............   -0.5000    -0.3129 

 

   2   2.50000    16.8759   1.927e+004  -9.498e+006 

First-order corrections to F and Theta ............   -1.8222    -2.3206 

Reduced values - Deltas were too large ............   -0.5000    -0.6368 

 

   3   2.00000    16.2391   1.264e+004  -6.180e+006 

First-order corrections to F and Theta ............   -0.7852    -3.0426 

Reduced values - Deltas were too large ............   -0.5000    -1.9374 

 

   4   1.50000    14.3017   1.811e+003  -6.898e+005 

First-order corrections to F and Theta ............   -0.1075    -6.5111 

Reduced values - Deltas were too large ............   -0.0473    -2.8648 

 

   5   1.45269    11.4369   9.633e+002  -3.443e+005 

First-order corrections to F and Theta ............   -0.0646    -5.1680 

Reduced values - Deltas were too large ............   -0.0358    -2.8648 

 

   6   1.41688     8.5721   3.943e+002  -1.249e+005 

First-order corrections to F and Theta ............   -0.0309    -3.0848 

Reduced values - Deltas were too large ............   -0.0287    -2.8648 

 

   7   1.38819     5.7073   1.936e+000   1.164e+004 

First-order corrections to F and Theta ............   -0.0027    -0.4523 

Second-order corrections to F and Theta ...........   -0.0027    -0.4529 

 

   8   1.38549     5.2544   1.239e-003  -4.514e-001 

First-order corrections to F and Theta ............   -0.0000    -0.0000 
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TABLE NO. 55 

********************************************************************* 

* Check of Computations by Spencer's Procedure (Results are for the * 

* critical shear surface in the case of an automatic search.)       * 

********************************************************************* 

 

Summation of Horizontal Forces: 1.23919e-011 

 

Summation of Vertical Forces: 3.48450e-011 

 

Summation of Moments: -2.12691e-007 

 

Mohr Coulomb Shear Force/Shear Strength Check Summation: 2.16005e-012 

 

***** CAUTION ***** Forces Between Slices are NEGATIVE at Points 

Along the UPPER one-half of the Shear Surface - 

A Tension Crack may Be Needed 

 

***** CAUTION ***** Some of the Forces Between Slices Act at Points 

Above the Surface of the Slope or Below the Shear Surface - 

Either a Tension Crack may be Needed or the SOLUTION MAY NOT 

BE A VALID SOLUTION 
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TABLE NO. 58 

************************************************************************* 

* Final Results for Stresses Along the Shear Surface                    * 

* (Results are for the critical shear surface in the case of a search.) * 

************************************************************************* 

 

SPENCER'S PROCEDURE USED TO COMPUTE THE FACTOR OF SAFETY 

Factor of Safety: 1.385     Side Force Inclination:   5.25 

 

       -------- VALUES AT CENTER OF BASE OF SLICE -------- 

                                 Total     Effective 

Slice                            Normal     Normal       Shear 

  No.    X-Center   Y-Center     Stress     Stress       Stress 

 

   1       112.60     586.87       358.4       231.8       282.9 

   2       119.85     584.80       797.2       428.5       282.9 

   3       127.20     583.12      1190.0       601.4       282.9 

   4       131.95     582.19      1422.6       702.4       282.9 

   5       136.74     581.52      1630.6       793.6       282.9 

   6       144.24     580.72      1926.0       922.3       282.9 

   7       151.77     580.32      2174.4      1028.0       282.9 

   8       155.62     580.22      2288.9      1075.9       282.9 

   9       159.48     580.31      2379.7      1112.6       282.9 

  10       166.13     580.62      2519.2      1167.6       282.9 

  11       172.74     581.28      2617.1      1261.5       282.9 

  12       180.21     582.36      2686.3      1398.6       282.9 

  13       187.60     583.84      2708.6      1513.0       282.9 

  14       194.91     585.70      2684.3      1604.9       282.9 

  15       202.11     587.94      2614.0      1674.3       282.9 

  16       209.18     590.56      2498.1      1721.7       282.9 

  17       214.84     592.93      2374.2      1745.8       282.9 

  18       218.10     594.43      2256.3      1721.5       282.9 

  19       222.54     596.71      1796.8      1404.2       721.8 

  20       229.13     600.38      1321.2      1157.7       721.8 

  21       232.92     602.65      1030.0      1008.2       721.8 

  22       234.99     604.00       858.7       858.7       721.8 
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TABLE NO. 59 

************************************************************************* 

* Final Results for Side Forces and Stresses Between Slices             * 

* (Results are for the critical shear surface in the case of a search.) * 

************************************************************************* 

 

       --------------- VALUES AT RIGHT SIDE OF SLICE --------------- 

 

                               Y-Coord. of   Fraction    Sigma      Sigma 

Slice                  Side    Side Force       of         at         at 

  No.    X-Right      Force     Location      Height      Top       Bottom 

 

   1      116.20         2858       587.20     0.360       111.5     1291.1 

   2      123.50         6437       586.35     0.321       -62.6     1714.2 

   3      130.89        10322       585.69     0.299      -192.4     2043.8 

   4      133.00        11423       585.53     0.293      -227.1     2125.8 

   5      140.48        15175       585.14     0.278      -340.6     2376.4 

   6      148.00        18474       584.99     0.263      -446.2     2569.7 

   7      155.54        21068       585.06     0.250      -543.3     2704.2 

   8      155.71        21119       585.07     0.249      -545.5     2706.6 

   9      163.25        22789       585.39     0.235      -632.5     2778.5 

  10      169.00        23368       585.79     0.224      -690.4     2789.7 

  11      176.49        23152       586.52     0.207      -752.4     2744.2 

  12      183.92        21804       587.49     0.189      -793.2     2623.5 

  13      191.28        19351       588.67     0.167      -804.4     2417.3 

  14      198.54        15880       590.06     0.141      -772.6     2109.5 

  15      205.68        11532       591.63     0.108      -675.8     1673.8 

  16      212.68         6497       593.36     0.064      -476.1     1065.3 

  17      217.00         3088       594.46     0.026      -268.6      560.1 

  18      219.20         1320       594.83     Below      -133.7      264.8 

  19      225.88         -153       610.62     0.735       -22.1        3.8 

  20      232.37         -550       603.60     0.102        59.8     -146.1 

  21      233.47         -475       603.86     0.072        61.9     -140.7 

  22      236.50            0       605.00     Above        -0.0        0.0 

 

Read end-of-file on input while looking for another command word. 

End of input data assumed - normal termination. 
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GRAphics 

HEAding follows - 

Vistra Kincaid CCR - Section E, North (Seismic) 

#132803 

 

PROfile lines 

   1 1 Ash 

 237 615 

 478 622.5 

 

   2 2 New Embankment Fill 

 133 594 

 169 603 

 217 615 

 237 615 

 313 596 

 

   3 3 Native CL 

        0 585 

 109 588 

 133 594 

 313 596 

 377 580 

 

   4 4 Till 

        0 580 

 389 580 

 478 580 

 

  

MATerial properties 

   1 Ash 

      80 = unit weight 

      Conventional Shear Strength 

        0 25 

      Piezometric Line 

         1 

   2 New Embankment Fill 

      120 = unit weight 

      Conventional Shear Strength 

        188 35 

      Piezometric Line 

         1   

   3 Native CL 

      115 = unit weight 

      Conventional Shear Strength 

        113 33 

      Piezometric Line 

         1 

   4 Till 

      130 = unit weight 

      Conventional Shear Strength 

        500 38 

      Piezometric Line 

         1 

 

PIEzometric line  

     1 Piezometric Line 

        0 585 

 109 588 

 133 594 

 169 603 
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 478 603 

  

 

SECond stage input activated 

MATerial Properties 

1 Ash 

      80 = unit weight 

      Conventional Shear Strength 

        0 25 

      Piezometric Line 

         2 

   2 New Embankment Fill 

      120 = unit weight 

      2-Stage Linear Strength Envelope 

       660 19 188 35 

      Piezometric Line 

         2   

   3 Native CL 

      115 = unit weight 

      2-Stage Linear Strength Envelope 

       333 23 113 33 

      Piezometric Line 

         2 

   4 Till 

      130 = unit weight 

      2-Stage Linear Strength Envelope 

       1125 22 500 38 

      Piezometric Line 

         2 

 

PIEzometric line  

     2 Piezometric Line 

        0 585 

 109 588 

 133 594 

 169 603 

 478 603 

 

  

LABel 

Vistra Kincaid CCR - Section E, North (Seismic) 

ANALYSIS/COMPUTATION 

   Circular Search 2 

     15 15 

     100 640 100 750 190 750 190 640 

     5 5 

   Point 

     109 588  

 

   Seismic 

     0.11       

   Crack 

     5 D 

   Two-Stage Computation 

   Minimum 

     10000 

   Short 

 

COMpute 
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TABLE NO. 1 

COMPUTER PROGRAM DESIGNATION: UTEXAS4 

Originally Coded By Stephen G. Wright 

Version No. 4.1.2.0 - Last Revision Date: 7/29/2020 

(C) Copyright 1985-2020 S. G. Wright - All rights reserved 

***** SHINOAK SOFTWARE CONFIDENTIAL ***** 

 

This is a special pre-release beta-test version of the UTEXAS4 software. 

It is provided for confidential use only on an approved non-disclosure basis. 

Posession and use of this software is only permitted with the express, written 

approval of Stephen G. Wright 

***** SHINOAK SOFTWARE CONFIDENTIAL ***** 

****************************************************************** 

* RESULTS OF COMPUTATIONS PERFORMED USING THIS SOFTWARE          * 

* SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY HAVE        * 

* BEEN VERIFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL DATA       * 

* OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE ALGORITHMS * 

* AND ANALYTICAL PROCEDURES USED IN THIS SOFTWARE AND MUST HAVE  * 

* READ ALL DOCUMENTATION FOR THIS SOFTWARE BEFORE ATTEMPTING     * 

* TO USE IT.  NEITHER SHINOAK SOFTWARE NOR STEPHEN G. WRIGHT     * 

* MAKE OR ASSUME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR      * 

* IMPLIED, CONCERNING THE ACCURACY, RELIABILITY, USEFULNESS      * 

* OR ADAPTABILITY OF THIS SOFTWARE.                              * 

****************************************************************** 
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TABLE NO. 3 

************************* 

* NEW PROFILE LINE DATA * 

************************* 

 

---------------------------------------------------------- 

----- Profile Line No. 1 - Material Type (Number): 1 ----- 

---------------------------------------------------------- 

Description: Ash 

 

Point        X           Y 

 

   1      237.00      615.00 

   2      478.00      622.50 

 

---------------------------------------------------------- 

----- Profile Line No. 2 - Material Type (Number): 2 ----- 

---------------------------------------------------------- 

Description: New Embankment Fill 

 

Point        X           Y 

 

   1      133.00      594.00 

   2      169.00      603.00 

   3      217.00      615.00 

   4      237.00      615.00 

   5      313.00      596.00 

 

---------------------------------------------------------- 

----- Profile Line No. 3 - Material Type (Number): 3 ----- 

---------------------------------------------------------- 

Description: Native CL 

 

Point        X           Y 

 

   1        0.00      585.00 

   2      109.00      588.00 

   3      133.00      594.00 

   4      313.00      596.00 

   5      377.00      580.00 

 

---------------------------------------------------------- 

----- Profile Line No. 4 - Material Type (Number): 4 ----- 

---------------------------------------------------------- 

Description: Till 

 

Point        X           Y 

 

   1        0.00      580.00 

   2      389.00      580.00 

   3      478.00      580.00 
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TABLE NO. 4 

********************************************************************** 

* NEW MATERIAL PROPERTY DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS * 

********************************************************************** 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 1 ------------------- 

------------------------------------------------------------------ 

Description: Ash 

 

Constant unit weight of soil (material): 80.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 0.0 

Friction angle - - - - - 25.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 2 ------------------- 

------------------------------------------------------------------ 

Description: New Embankment Fill 

 

Constant unit weight of soil (material): 120.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 188.0 

Friction angle - - - - - 35.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 3 ------------------- 

------------------------------------------------------------------ 

Description: Native CL 

 

Constant unit weight of soil (material): 115.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 113.0 

Friction angle - - - - - 33.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 4 ------------------- 

------------------------------------------------------------------ 

Description: Till 

 

Constant unit weight of soil (material): 130.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 500.0 

Friction angle - - - - - 38.00 (degrees) 
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Pore water pressures are defined by a piezometric line. 

Piezometric line number: 1 

Negative pore water pressures are NOT allowed - set to zero. 
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TABLE NO. 6 

********************************************************************* 

* NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS * 

********************************************************************* 

 

--------------------------------------------------------- 

--------------- Piezometric Line Number 1 --------------- 

--------------------------------------------------------- 

Description: Piezometric Line 

Unit weight of fluid (water): 62.4 

 

Point        X           Y 

 

  1        0.00      585.00 

  2      109.00      588.00 

  3      133.00      594.00 

  4      169.00      603.00 

  5      478.00      603.00 
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TABLE NO. 5 

2222222222222222222222222222222222222222222222222222222222 

2 NEW MATERIAL PROPERTY DATA - SECOND_STAGE COMPUTATIONS 2 

2222222222222222222222222222222222222222222222222222222222 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 1 ------------------- 

------------------------------------------------------------------ 

Description: Ash 

 

Constant unit weight of soil (material): 80.0 

 

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS 

Cohesion - - - - - - - - 0.0 

Friction angle - - - - - 25.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 2 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 2 ------------------- 

------------------------------------------------------------------ 

Description: New Embankment Fill 

 

Constant unit weight of soil (material): 120.0 

 

---- 2-STAGE STRENGTHS FOR SECOND STAGE OF COMPUTATIONS 

 

Kc = 1 ENVELOPE: 

     Intercept of envelope ("d") - - - - - - - - 660.0 

     Slope of envelope ("psi") - - - - - - - - - 19.00 (degrees) 

Kc = Kf ENVELOPE: 

     Intercept of envelope ("d") - - - - - - - - 188.0 

     Slope of envelope ("psi") - - - - - - - - - 35.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 2 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 3 ------------------- 

------------------------------------------------------------------ 

Description: Native CL 

 

Constant unit weight of soil (material): 115.0 

 

---- 2-STAGE STRENGTHS FOR SECOND STAGE OF COMPUTATIONS 

 

Kc = 1 ENVELOPE: 

     Intercept of envelope ("d") - - - - - - - - 333.0 

     Slope of envelope ("psi") - - - - - - - - - 23.00 (degrees) 

Kc = Kf ENVELOPE: 

     Intercept of envelope ("d") - - - - - - - - 113.0 

     Slope of envelope ("psi") - - - - - - - - - 33.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 2 

Negative pore water pressures are NOT allowed - set to zero. 

 

------------------------------------------------------------------ 

------------------- DATA FOR MATERIAL NUMBER 4 ------------------- 
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------------------------------------------------------------------ 

Description: Till 

 

Constant unit weight of soil (material): 130.0 

 

---- 2-STAGE STRENGTHS FOR SECOND STAGE OF COMPUTATIONS 

 

Kc = 1 ENVELOPE: 

     Intercept of envelope ("d") - - - - - - - - 1125.0 

     Slope of envelope ("psi") - - - - - - - - - 22.00 (degrees) 

Kc = Kf ENVELOPE: 

     Intercept of envelope ("d") - - - - - - - - 500.0 

     Slope of envelope ("psi") - - - - - - - - - 38.00 (degrees) 

 

Pore water pressures are defined by a piezometric line. 

Piezometric line number: 2 

Negative pore water pressures are NOT allowed - set to zero. 
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TABLE NO. 7 

222222222222222222222222222222222222222222222222222222222222222222222 

2 NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS 2 

222222222222222222222222222222222222222222222222222222222222222222222 

 

--------------------------------------------------------- 

--------------- Piezometric Line Number 2 --------------- 

--------------------------------------------------------- 

Description: Piezometric Line 

Unit weight of fluid (water): 62.4 

 

Point        X           Y 

 

  1        0.00      585.00 

  2      109.00      588.00 

  3      133.00      594.00 

  4      169.00      603.00 

  5      478.00      603.00 
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TABLE NO. 16 

********************************* 

* NEW ANALYSIS/COMPUTATION DATA * 

********************************* 

 

 

Search will be conducted using a fixed grid. 

Number of Points Across Grid: 15 

Number of Points Up Grid: 15 

 

Grid Corner 

   Number           X              Y 

 

     1           100.00         640.00 

     2           100.00         750.00 

     3           190.00         750.00 

     4           190.00         640.00 

 

----- Control Parameters for Finding "Critical" Radius ----- 

Initial number of subdivisions between maximum and minimum 

radius for finding a critical radius/radii: 5 

 

Minimum radius increment for terminating subdivision of radii: 5.000 

 

The following criteria will be used for determining 

the maximum and minimum radii: 

     Point circles pass through - X: 109.00     Y: 588.00 

Seismic coefficient: 0.110 

Seismic force acts at center of gravity. 

 

Depth of crack: 5.000 

Two-stage computations will be performed. 

Minimum weight required for computations to be performed: 10000 

Automatic search output will be in short form. 

 

-------------------------------------------------------------------------------- 

The following represent default values or values that were prevously defined: 

Subtended angle for slice subdivision: 3.00(degrees) 

There is no water in a crack. 

Unit weight of water (or other fluid) in crack: 62.4 

Search will be continued after the initial mode to find a most critical circle. 

No restrictions exist on the lateral extent of the search. 

No shear surfaces other than the most critical will be saved for display later. 

Neither slope face was explicitly designated for analysis. 

Radii for each grid point will be sorted in the order of increasing radius. 

Critical circles for grid points will be output in the order of increasing factor of safety. 

Standard sign convention used for direction of shear stress on shear surface. 

Procedure of Analysis: Spencer 

 

Iteration limit: 100 

Force imbalance: 1.000000e-005 (fraction of total weight) 

Moment imbalance: 1.000000e-005 (fraction of moment due to total weight) 

Initial trial factor of safety: 3.000 

Initial trial side force inclination: 17.189 (degrees) 

Minimum (most negative) side force inclination allowed in Spencer's procedure: -10.00 
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TABLE NO. 26 

************************************* 

* NEW, COMPUTED SLOPE GEOMETRY DATA * 

************************************* 

 

These slope geometry were generated from the Profile Lines. 

 

     Point       X           Y 

 

        1        0.00      585.00 

        2      109.00      588.00 

        3      133.00      594.00 

        4      169.00      603.00 

        5      217.00      615.00 

        6      237.00      615.00 

        7      313.00      617.37 

        8      377.00      619.36 

        9      389.00      619.73 

       10      478.00      622.50 
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TABLE NO. 38 

************************************************* 

* FINAL SUMMARY OF COMPUTATIONS WITH FIXED-GRID * 

************************************************* 

 

 

Number of circles attempted: 225 

Number of circles for which F calculated: 111 

Circle with Lowest Factor of Safety: 

     X coordinate for center: 138.57 

     Y coordinate for center: 655.71 

     Radius of circle: 73.890 

Factor of safety: 1.404 

Side force inclination: 15.89 

Time Required for Computations: 1.0 seconds 
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TABLE NO. 43 

111111111111111111111111111111111111111111111111111111111111 

1 Coordinate, Weight, Strength and Pore Water Pressure     1 

1 Information for Individual Slices for Conventional       1 

1 Computations or First Stage of Multi-Stage Computations. 1 

1 (Information is for the critical shear surface in the    1 

1 case of an automatic search.)                            1 

111111111111111111111111111111111111111111111111111111111111 

 

Slice                         Slice   Matl.             Friction     Pore 

  No.      X         Y        Weight   No.    Cohesion    Angle    Pressure 

        109.00    588.00 

   1    110.79    587.27          485    3       113.0    33.00        73.3 

        112.58    586.55 

   2    114.41    585.91         1446    3       113.0    33.00       214.7 

        116.24    585.28 

   3    118.10    584.74         2364    3       113.0    33.00       345.1 

        119.96    584.21 

   4    121.84    583.77         3224    3       113.0    33.00       464.3 

        123.72    583.33 

   5    125.63    582.99         4014    3       113.0    33.00       571.9 

        127.53    582.65 

   6    129.45    582.41         4723    3       113.0    33.00       667.6 

        131.37    582.18 

   7    132.19    582.11         2189    3       113.0    33.00       729.5 

        133.00    582.03 

   8    134.93    581.94         5582    3       113.0    33.00       782.7 

        136.86    581.84 

   9    137.72    581.83         2630    3       113.0    33.00       832.7 

        138.57    581.82 

  10    140.50    581.88         6261    3       113.0    33.00       873.7 

        142.44    581.93 

  11    144.37    582.08         6600    3       113.0    33.00       921.3 

        146.30    582.23 

  12    148.21    582.48         6827    3       113.0    33.00       956.1 

        150.13    582.73 

  13    152.03    583.09         6941    3       113.0    33.00       977.9 

        153.93    583.44 

  14    155.81    583.89         6943    3       113.0    33.00       986.7 

        157.70    584.34 

  15    159.55    584.89         6834    3       113.0    33.00       982.5 

        161.40    585.44 

  16    163.23    586.09         6619    3       113.0    33.00       965.3 

        165.05    586.73 

  17    166.84    587.47         6304    3       113.0    33.00       935.2 

        168.63    588.21 

  18    168.81    588.30          648    3       113.0    33.00       914.6 

        169.00    588.38 

  19    170.74    589.22         5848    3       113.0    33.00       859.7 

        172.48    590.07 

  20    174.18    591.00         5349    3       113.0    33.00       748.9 

        175.87    591.93 

  21    177.52    592.95         4778    3       113.0    33.00       627.1 

        179.16    593.97 

  22    179.57    594.25         1131    3       113.0    33.00       546.3 

        179.99    594.52 

  23    181.56    595.65         3961    2       188.0    35.00       458.8 

        183.13    596.77 

  24    184.64    597.98         3241    2       188.0    35.00       313.3 

        186.16    599.19 

  25    187.60    600.47         2493    2       188.0    35.00       157.9 

        189.05    601.75 
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  26    189.70    602.38          904    2       188.0    35.00        38.9 

        190.35    603.00 

  27    190.58    603.23          282    2       188.0    35.00         0.0 

        190.80    603.45 

 

No water in crack. 
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TABLE NO. 44 

1111111111111111111111111111111111111111111111111111111111 

1 Seismic Forces and Forces Due to Distributed Loads for 1 

1 Individual Slices for Conventional Computations or the 1 

1 First Stage of Multi-Stage Computations.               1 

1 (Information is for the critical shear surface in the  1 

1 case of an automatic search.)                          1 

1111111111111111111111111111111111111111111111111111111111 

 

There are no seismic forces or forces due to distributed loads 

for the current shear surface 



Vistra Kincaid Pond 
 
Cross-Section: E, North 
Case:  Seismic 
Filename:  Section E, North (Seismic) 
 
UTEXAS4 Output File 
Page 15 of 23 
 
 

 
Burns & McDonnell 

TABLE NO. 47 

11111111111111111111111111111111111111111111111111111111111111 

1  Information for the Iterative Solution for the Factor of  1 

1  Safety and Side Force Inclination by Spencer's Procedure  1 

1  Stage 1 of Multi-Stage Computations                       1 

11111111111111111111111111111111111111111111111111111111111111 

Allowable force imbalance for convergence:  1 

Allowable moment imbalance for convergence: 167 

 

        Trial     Trial 

       Factor   Side Force     Force       Moment                 Delta 

Iter-    of    Inclination   Imbalance   Imbalance    Delta-F     Theta 

ation  Safety   (degrees)      (lbs.)    (ft.-lbs.)             (degrees) 

 

   1   3.00000    17.1887   6.593e+003  -3.318e+006 

First-order corrections to F and Theta ............   -1.2330    -1.7243 

Reduced values - Deltas were too large ............   -0.5000    -0.6992 

 

   2   2.50000    16.4895   3.356e+003  -1.669e+006 

First-order corrections to F and Theta ............   -0.4686    -2.4821 

Second-order corrections to F and Theta ...........   -0.4593    -5.5239 

Reduced values - Deltas were too large ............   -0.2382    -2.8648 

 

   3   2.26180    13.6247   1.749e+003  -8.944e+005 

First-order corrections to F and Theta ............   -0.2168    -1.9899 

Second-order corrections to F and Theta ...........   -0.2233    -3.3947 

Reduced values - Deltas were too large ............   -0.1885    -2.8648 

 

   4   2.07333    10.7599   2.865e+002  -1.496e+005 

First-order corrections to F and Theta ............   -0.0347    -0.5923 

Second-order corrections to F and Theta ...........   -0.0353    -0.6616 

 

   5   2.03801    10.0983  -8.861e-002   5.587e+001 

First-order corrections to F and Theta ............   -0.0000    -0.0006 
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TABLE NO. 48 

22222222222222222222222222222222222222222222222222222222222 

2 Detailed Information from Evaluation of Shear Strengths 2 

2 for Stage 2 - Information is Only Given for Slices with 2 

2 Two-Stage Shear Strengths (Strength Options 6 and 7).   2 

2 (Information is for the critical shear surface in the   2 

2 case of an automatic search.)                           2 

22222222222222222222222222222222222222222222222222222222222 

 

       Effective 

        Normal       Shear 

Slice  Stress at   Stress at   Strength   Strength      Kc      Kf 

  No.   Consol.     Consol.    (Kc = 1)   (Kc = Kf) 

 

   1       134.2       98.2       390.0      200.1 Strength from S envelope. 

   2       289.5      147.7       455.9      301.0 Strength from S envelope. 

   3       418.2      188.7       510.5      384.6 Strength from S envelope. 

   4       523.6      222.3       555.2      453.0 Strength from S envelope. 

   5       608.2      249.3       591.2      508.0 Strength from S envelope. 

   6       674.2      270.3       619.2      550.8 Strength from S envelope. 

   7       712.0      282.3       635.2      575.4 Strength from S envelope. 

   8       741.9      291.8       647.9      594.8 Strength from S envelope. 

   9       767.8      300.1       658.9      611.6 Strength from S envelope. 

  10       784.1      305.3       665.8      622.2 Strength from S envelope. 

  11       796.8      309.4       671.2      630.5 Strength from S envelope. 

  12       797.3      309.5       671.4      630.8 Strength from S envelope. 

  13       786.6      306.1       666.9      623.8 Strength from S envelope. 

  14       765.5      299.4       658.0      610.1 Strength from S envelope. 

  15       735.1      289.7       645.0      590.4 Strength from S envelope. 

  16       696.2      277.3       628.5      565.1 Strength from S envelope. 

  17       649.8      262.5       608.8      535.0 Strength from S envelope. 

  18       622.3      253.7       597.2      517.1 Strength from S envelope. 

  19       615.7      251.6       594.4      512.9 Strength from S envelope. 

  20       604.4      248.0       589.6      505.5 Strength from S envelope. 

  21       585.5      242.0       581.5      493.3 Strength from S envelope. 

  22       571.2      237.5       575.5      483.9 Strength from S envelope. 

  23       527.5      273.5       841.6      557.4 Strength from S envelope. 

  24       484.7      258.8       826.9      527.4 Strength from S envelope. 

  25       437.6      242.6       810.7      494.4 Strength from S envelope. 

  26       401.9      230.3       798.4      469.4 Strength from S envelope. 

  27       374.6      220.9       789.0      450.3 Strength from S envelope. 



Vistra Kincaid Pond 
 
Cross-Section: E, North 
Case:  Seismic 
Filename:  Section E, North (Seismic) 
 
UTEXAS4 Output File 
Page 17 of 23 
 
 

 
Burns & McDonnell 

TABLE NO. 49 

222222222222222222222222222222222222222222222222222222222 

2 Coordinate, Weight, Strength and Pore Water Pressure  2 

2 Information for Individual Slices for Second          2 

2 Stage of Multi-Stage Computations.                    2 

2 (Information is for the critical shear surface in the 2 

2 case of an automatic search.)                         2 

222222222222222222222222222222222222222222222222222222222 

 

Slice                         Slice   Matl.             Friction     Pore 

  No.      X         Y        Weight   No.    Cohesion    Angle    Pressure 

        109.00    588.00 

   1    110.79    587.27          485    3       200.1     0.00         0.0 

        112.58    586.55 

   2    114.41    585.91         1446    3       301.0     0.00         0.0 

        116.24    585.28 

   3    118.10    584.74         2364    3       384.6     0.00         0.0 

        119.96    584.21 

   4    121.84    583.77         3224    3       453.0     0.00         0.0 

        123.72    583.33 

   5    125.63    582.99         4014    3       508.0     0.00         0.0 

        127.53    582.65 

   6    129.45    582.41         4723    3       550.8     0.00         0.0 

        131.37    582.18 

   7    132.19    582.11         2189    3       575.4     0.00         0.0 

        133.00    582.03 

   8    134.93    581.94         5582    3       594.8     0.00         0.0 

        136.86    581.84 

   9    137.72    581.83         2630    3       611.6     0.00         0.0 

        138.57    581.82 

  10    140.50    581.88         6261    3       622.2     0.00         0.0 

        142.44    581.93 

  11    144.37    582.08         6600    3       630.5     0.00         0.0 

        146.30    582.23 

  12    148.21    582.48         6827    3       630.8     0.00         0.0 

        150.13    582.73 

  13    152.03    583.09         6941    3       623.8     0.00         0.0 

        153.93    583.44 

  14    155.81    583.89         6943    3       610.1     0.00         0.0 

        157.70    584.34 

  15    159.55    584.89         6834    3       590.4     0.00         0.0 

        161.40    585.44 

  16    163.23    586.09         6619    3       565.1     0.00         0.0 

        165.05    586.73 

  17    166.84    587.47         6304    3       535.0     0.00         0.0 

        168.63    588.21 

  18    168.81    588.30          648    3       517.1     0.00         0.0 

        169.00    588.38 

  19    170.74    589.22         5848    3       512.9     0.00         0.0 

        172.48    590.07 

  20    174.18    591.00         5349    3       505.5     0.00         0.0 

        175.87    591.93 

  21    177.52    592.95         4778    3       493.3     0.00         0.0 

        179.16    593.97 

  22    179.57    594.25         1131    3       483.9     0.00         0.0 

        179.99    594.52 

  23    181.56    595.65         3961    2       557.4     0.00         0.0 

        183.13    596.77 

  24    184.64    597.98         3241    2       527.4     0.00         0.0 

        186.16    599.19 

  25    187.60    600.47         2493    2       494.4     0.00         0.0 

        189.05    601.75 
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  26    189.70    602.38          904    2       469.4     0.00         0.0 

        190.35    603.00 

  27    190.58    603.23          282    2       450.3     0.00         0.0 

        190.80    603.45 
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TABLE NO. 50 

222222222222222222222222222222222222222222222222222222222222222222222 

2 Seismic Forces and Forces Due to Distributed Loads for Individual 2 

2 Slices for the Second Stage of Multi-Stage Computations.          2 

2 (Information is for the critical shear surface in the             2 

2 case of an automatic search.)                                     2 

222222222222222222222222222222222222222222222222222222222222222222222 

 

                                            FORCES DUE TO DISTRIBUTED LOADS 

                              Y for  

Slices             Seismic   Seismic      Normal     Shear 

  No.      X        Force     Force       Force      Force        X        Y 

 

   1    110.79        -53     587.86           0          0    110.79   588.45 

   2    114.41       -159     587.63           0          0    114.41   589.35 

   3    118.10       -260     587.51           0          0    118.10   590.27 

   4    121.84       -355     587.49           0          0    121.84   591.21 

   5    125.63       -442     587.57           0          0    125.63   592.16 

   6    129.45       -520     587.76           0          0    129.45   593.11 

   7    132.19       -241     587.95           0          0    132.19   593.80 

   8    134.93       -614     588.22           0          0    134.93   594.48 

   9    137.72       -289     588.53           0          0    137.72   595.18 

  10    140.50       -689     588.91           0          0    140.50   595.88 

  11    144.37       -726     589.51           0          0    144.37   596.84 

  12    148.21       -751     590.20           0          0    148.21   597.80 

  13    152.03       -764     590.99           0          0    152.03   598.76 

  14    155.81       -764     591.87           0          0    155.81   599.70 

  15    159.55       -752     592.85           0          0    159.55   600.64 

  16    163.23       -728     593.90           0          0    163.23   601.56 

  17    166.84       -693     595.05           0          0    166.84   602.46 

  18    168.81        -71     595.70           0          0    168.81   602.95 

  19    170.74       -643     596.40           0          0    170.74   603.44 

  20    174.18       -588     597.70           0          0    174.18   604.29 

  21    177.52       -526     599.07           0          0    177.52   605.13 

  22    179.57       -124     599.95           0          0    179.57   605.64 

  23    181.56       -436     600.89           0          0    181.56   606.14 

  24    184.64       -356     602.45           0          0    184.64   606.91 

  25    187.60       -274     604.06           0          0    187.60   607.65 

  26    189.70        -99     605.28           0          0    189.70   608.17 

  27    190.58        -31     605.81           0          0    190.58   608.39 
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Burns & McDonnell 

 

TABLE NO. 51 

22222222222222222222222222222222222222222222222222222222222222 

2  Information for the Iterative Solution for the Factor of  2 

2  Safety and Side Force Inclination by Spencer's Procedure  2 

2  Second Stage of Multi-Stage Computations                  2 

22222222222222222222222222222222222222222222222222222222222222 

Allowable force imbalance for convergence:  1 

Allowable moment imbalance for convergence: 167 

 

        Trial     Trial 

       Factor   Side Force     Force       Moment                 Delta 

Iter-    of    Inclination   Imbalance   Imbalance    Delta-F     Theta 

ation  Safety   (degrees)      (lbs.)    (ft.-lbs.)             (degrees) 

 

   1   3.00000    17.1887   1.824e+004  -9.393e+006 

First-order corrections to F and Theta ............   -3.3732    -0.1317 

Reduced values - Deltas were too large ............   -0.5000    -0.0195 

 

   2   2.50000    17.1692   1.499e+004  -7.721e+006 

First-order corrections to F and Theta ............   -1.9267    -0.1545 

Reduced values - Deltas were too large ............   -0.5000    -0.0401 

 

   3   2.00000    17.1291   1.013e+004  -5.214e+006 

First-order corrections to F and Theta ............   -0.8344    -0.2095 

Reduced values - Deltas were too large ............   -0.5000    -0.1255 

 

   4   1.50000    17.0036   2.032e+003  -1.038e+006 

First-order corrections to F and Theta ............   -0.0981    -0.5612 

Second-order corrections to F and Theta ...........   -0.0959    -1.0649 

 

   5   1.40414    15.9387  -9.192e+000   5.388e+003 

First-order corrections to F and Theta ............    0.0000    -0.0515 

Second-order corrections to F and Theta ...........    0.0000    -0.0513 

 

   6   1.40418    15.8873   7.674e-006  -1.712e-003 

First-order corrections to F and Theta ............   -0.0000    -0.0000 
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TABLE NO. 55 

********************************************************************* 

* Check of Computations by Spencer's Procedure (Results are for the * 

* critical shear surface in the case of an automatic search.)       * 

********************************************************************* 

 

Summation of Horizontal Forces: 9.89786e-012 

 

Summation of Vertical Forces: 9.89075e-012 

 

Summation of Moments: -1.70257e-009 

 

Mohr Coulomb Shear Force/Shear Strength Check Summation: 4.54747e-013 



Vistra Kincaid Pond 
 
Cross-Section: E, North 
Case:  Seismic 
Filename:  Section E, North (Seismic) 
 
UTEXAS4 Output File 
Page 22 of 23 
 
 

 
Burns & McDonnell 

 

TABLE NO. 58 

************************************************************************* 

* Final Results for Stresses Along the Shear Surface                    * 

* (Results are for the critical shear surface in the case of a search.) * 

************************************************************************* 

 

SPENCER'S PROCEDURE USED TO COMPUTE THE FACTOR OF SAFETY 

Factor of Safety: 1.404     Side Force Inclination:  15.89 

 

       -------- VALUES AT CENTER OF BASE OF SLICE -------- 

                                 Total     Effective 

Slice                            Normal     Normal       Shear 

  No.    X-Center   Y-Center     Stress     Stress       Stress 

 

   1       110.79     587.27       259.3       259.3       142.5 

   2       114.41     585.91       575.1       575.1       214.3 

   3       118.10     584.74       842.2       842.2       273.9 

   4       121.84     583.77      1066.3      1066.3       322.6 

   5       125.63     582.99      1251.7      1251.7       361.8 

   6       129.45     582.41      1401.9      1401.9       392.3 

   7       132.19     582.11      1491.4      1491.4       409.8 

   8       134.93     581.94      1563.0      1563.0       423.6 

   9       137.72     581.83      1626.4      1626.4       435.6 

  10       140.50     581.88      1670.5      1670.5       443.1 

  11       144.37     582.08      1712.0      1712.0       449.0 

  12       148.21     582.48      1728.4      1728.4       449.2 

  13       152.03     583.09      1721.1      1721.1       444.3 

  14       155.81     583.89      1691.7      1691.7       434.5 

  15       159.55     584.89      1641.5      1641.5       420.5 

  16       163.23     586.09      1572.0      1572.0       402.5 

  17       166.84     587.47      1484.3      1484.3       381.0 

  18       168.81     588.30      1431.1      1431.1       368.3 

  19       170.74     589.22      1366.0      1366.0       365.2 

  20       174.18     591.00      1239.2      1239.2       360.0 

  21       177.52     592.95      1096.6      1096.6       351.3 

  22       179.57     594.25      1001.6      1001.6       344.6 

  23       181.56     595.65       871.1       871.1       396.9 

  24       184.64     597.98       688.9       688.9       375.6 

  25       187.60     600.47       496.9       496.9       352.1 

  26       189.70     602.38       352.5       352.5       334.3 

  27       190.58     603.23       292.0       292.0       320.7 
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TABLE NO. 59 

************************************************************************* 

* Final Results for Side Forces and Stresses Between Slices             * 

* (Results are for the critical shear surface in the case of a search.) * 

************************************************************************* 

 

       --------------- VALUES AT RIGHT SIDE OF SLICE --------------- 

 

                               Y-Coord. of   Fraction    Sigma      Sigma 

Slice                  Side    Side Force       of         at         at 

  No.    X-Right      Force     Location      Height      Top       Bottom 

 

   1      112.58          868       587.75     0.510       377.3      332.9 

   2      116.24         2274       587.21     0.425       265.9      699.6 

   3      119.96         4001       586.79     0.395       217.0      961.3 

   4      123.72         5867       586.49     0.379       184.3     1167.4 

   5      127.53         7723       586.33     0.369       158.4     1330.2 

   6      131.37         9444       586.31     0.362       136.0     1455.3 

   7      133.00        10107       586.33     0.359       127.0     1497.8 

   8      136.86        11479       586.49     0.354       106.1     1576.8 

   9      138.57        11985       586.60     0.352        96.8     1602.4 

  10      142.44        12875       586.95     0.348        75.8     1640.1 

  11      146.30        13380       587.42     0.344        55.1     1650.0 

  12      150.13        13483       588.03     0.340        35.0     1633.1 

  13      153.93        13185       588.76     0.337        16.0     1589.8 

  14      157.70        12502       589.62     0.333        -1.2     1520.2 

  15      161.40        11466       590.60     0.330       -15.7     1424.2 

  16      165.05        10125       591.72     0.327       -25.6     1300.2 

  17      168.63         8535       592.99     0.325       -28.0     1145.4 

  18      169.00         8354       593.13     0.325       -27.7     1126.9 

  19      172.48         6615       594.55     0.325       -22.5      944.3 

  20      175.87         4869       596.13     0.328       -11.6      744.1 

  21      179.16         3198       597.92     0.341        12.8      518.9 

  22      179.99         2790       598.44     0.349        23.1      455.0 

  23      183.13         1596       600.28     0.359        24.3      290.4 

  24      186.16          678       602.39     0.395        30.0      131.0 

  25      189.05          126       605.32     0.570        27.5       11.2 

  26      190.35           17       607.94     0.926        11.2       -4.9 

  27      190.80           -0       603.45     Below         0.0       -0.0 

 

Read end-of-file on input while looking for another command word. 

End of input data assumed - normal termination. 
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58 6 MECHANICS OF LIMIT EQUILIBRIUM P ■ URES

Similarly for effective stresses, if the pore water pres
sures are proportional to the depth of slide, the factor 
of safety is expressed by

F =
c' + (yz cos2/3 - w)tan <f>' 

yz cos /3 sin /3

Equations for computing the factor of safety for an 
infinite slope are summarized in Figure 6.2 for both 
total stress and effective stress analyses and a variety 
of water and seepage conditions.

For a cohesionless (c, c’ = 0) soil, the factor of 
safety calculated by an infinite slope analysis is inde
pendent of the depth, z, of the slip surface. For total 
stresses (or effective stresses with zero pore water pres
sure) the equation for the factor of safety becomes

tan 4> 
tan [3

(6.18)

Total Stresses: s = c + otanp
Subaerial (not-submerged) slopes: 

c 2F = - + (cot|3)tan<))
yz sin(2p) 

Submerged slopes (<|> = 0 only):

F =----- ------------—
(y-Yw)zsin(2p)

Total Stresses: s = c'+ o' tan <j>1 
General case (subaerial slope): 

c' 2

, t-iV 
£<s^

F = cotp------(cotp + tanp)
yzyz sin(2P)

Submerged slopes - no flow:

F = -—-— -------— + rcotpltantp'(y-yw)zsin(2P) L

Subaerial slope - seepage parallel to slope face:

tan (J)'

COtp- — (cotp) 
Yyz sin(2P)

Subaerial slope - horizontal seepage:

tan <))'

c'
yz sin(2P)

cot p -—(cot p + tan P) tan<j>'

Subaerial slope - pore water pressures defined by ru = ■
yz

F =
yz sin(2P)

[cot (3-^ (cotp + tanP)]tan<|)'

Figure 6.2 Summary of equations for computing the factor 
of safety for an infinite slope using both total stresses and 
effective stresses.

F = [cot (3 - ru(cot (3 + tan (3)] tan 4>' (6.19)

where ru is the pore water pressure coefficient sug
gested by Bishop and Morgenstern (1960). The pore 
water pressure coefficient is defined as

u
(6.20)

Because the factor of safety for a cohesionless slope 
is independent of the depth of the slip surface, it is 
possible for a slip surface that is only infinitesimally 
deep to have the same factor of safety as that for 
deeper surfaces. Regardless of the lateral extent of the 
slope, a slip surface can develop that is shallow with 
respect to the lateral dimensions of the slope. Any 
slope will constitute an infinite slope as long as the 
soil is cohesionless. Therefore, the infinite slope anal
ysis procedure is the appropriate procedure to use for 
any slope in cohesionless soil.1

The infinite slope analysis is also applicable to 
slopes in cohesive soils provided that a firmer stratum 
parallel to the face of the slope limits the depth of the 
failure surface. If such a stratum exists at a depth that 
is small compared to the lateral extent of the slope, an 
infinite slope analysis provides a suitable approxima
tion for stability calculations.

The infinite slope equations were derived by consid
ering equilibrium of forces in two mutually perpendic
ular directions and thus satisfy all force equilibrium 
requirements. Moment equilibrium was not considered 
explicitly; however, the forces on the two ends of the 
block are collinear and the normal force acts at the 
center of the block. Thus, moment equilibrium is sat
isfied, and the infinite slope procedure can be consid
ered to fully satisfy all the requirements for static 
equilibrium.

1 An exception to this may occur for soils with curved Mohr failure 
envelopes that pass through the origin. Although there is no strength 
at zero normal stress, and thus the soil might be termed cohesionless, 
the factor of safety depends on the depth of slide and the infinite 
slope analysis may not be appropriate. Also see the example of the 
Oroville Dam presented in Chapter 7.
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132803

Vistra Kincaid

Liner Check

Subaerial - Defined r_u (FILL)

Height of fill (ft) z 2 ru 0.52

Soil Unit Weight (pcf) γ 120

Water Unit Weight (pcf) γw 62.4

Slope angle (deg) b 14 rad 0.244346 cot 4.01

Effective Cohesion (Fill) c' 188

Effective Friction Angle (Fill) �' 35

Effective Friction Angle (Ash) �' 25

Height of water (ft) ru 2

Granular Cohesive

Effective Cohesion LLDPE (S) (kPa) c' 0 12.4

Effective Cohesion LLDPE (S) (psf) c' 0 259

Effective Friction Angle LLDPE (S) (deg) �' 27 11

Effective Cohesion LLDPE (T) (kPa) c' 7.7 5.8

Effective Cohesion LLDPE (T) (psf) c' 161 121

Effective Friction Angle LLDPE (T) (deg) �' 26 21

FoS

4.9

2.8

For Failure In On Interface with LLDPE (S, Cohesive) 4.60 1.80 0.19

For Failure In On Interface with LLDPE (T, Cohesive) 2.15 1.80 0.38

� �  
�′

γ ∗ �

2

sin 2��
� cot � � ��cot � � tan � � tan ϕ��
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Vistra Kincaid

Liner Check

Subaerial - Defined r_u (ASH)

Height of fill (ft) z 2 ru 0.0026

Soil Unit Weight (pcf) γ 120

Water Unit Weight (pcf) γw 62.4

Slope angle (deg) b 14 rad 0.244346 cot 4.01

Effective Cohesion (Fill) c' 188

Effective Friction Angle (Fill) �' 35

Effective Friction Angle (Ash) �' 25

Height of water (ft) ru 0.01

Granular Cohesive

Effective Cohesion LLDPE (S) (kPa) c' 0 12.4

Effective Cohesion LLDPE (S) (psf) c' 0 259

Effective Friction Angle LLDPE (S) (deg) �' 27 11

Effective Cohesion LLDPE (T) (kPa) c' 7.7 5.8

Effective Cohesion LLDPE (T) (psf) c' 161 121

Effective Friction Angle LLDPE (T) (deg) �' 26 21

FoS

2.0

4.8For Failure In On Interface with LLDPE (T, Ash) 2.85 4.00 0.49

For Failure In On Interface with LLDPE (S, Ash) 0.00 4.00 0.51

� �  
�′

γ ∗ �

2

sin 2��
� cot � � ��cot � � tan � � tan ϕ��
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Vistra Kincaid

131343

Kincaid Laboratory Testing

p-q  Results - max obliquity

Boring Material Sample Depth s1' s3' s1 s3 p' q' p q

B003 Native CL S8 24 - 26 16.2 4.2 22.0 10.0 10.2 6.0 16.0 6.0

33.7 10.0 43.8 20.0 21.8 11.9 31.9 11.9

60.7 18.6 82.1 40.0 39.7 21.1 61.1 21.1

B004 Embankment CL S8 19 - 21 25.2 4.7 28.5 8.0 15.0 10.2 18.2 10.2

31.1 6.6 40.5 16.0 18.8 12.2 28.2 12.2

47.2 12.8 66.4 32.0 30.0 17.2 49.2 17.2

B005 Native CL S4 8 - 10 13.5 2.9 14.6 4.0 8.2 5.3 9.3 5.3

18.8 5.2 21.6 8.0 12.0 6.8 14.8 6.8

23.0 6.4 32.7 16.0 14.7 8.3 24.3 8.3

B007 Embankment CL S6 16 - 18 23.1 4.6 26.0 7.5 13.8 9.3 16.8 9.3

37.2 7.4 44.9 15.0 22.3 14.9 29.9 14.9

51.4 10.5 70.9 30.0 30.9 20.4 50.4 20.4

B007 Native CL S9 25 - 27 27.0 6.3 30.7 10.0 16.7 10.3 20.3 10.3

39.3 10.4 48.9 20.0 24.8 14.5 34.5 14.5

65.3 17.8 87.6 40.0 41.5 23.8 63.8 23.8

B008 Embankment CL S4 8 -10 17.7 2.0 19.8 4.0 9.8 7.9 11.9 7.9

30.2 3.7 34.5 8.0 17.0 13.3 21.3 13.3

50.0 9.9 56.1 16.0 29.9 20.0 36.0 20.0

B010 Embankment CL S6 18.5 - 20 14.1 3.5 18.1 7.5 8.8 5.3 12.8 5.3

20.7 7.3 28.4 15.0 14.0 6.7 21.7 6.7

36.4 14.6 51.8 30.0 25.5 10.9 40.9 10.9

p-q results - max obliquity 

Material Slope, α Intercept, d (psi) φ (deg) cos(φ) c (psi) c (psf) Sin(φ)
ψ (kc=1), deg d (kc=1), psf

Embankment CL - Total 0.3003 3.9191 17.5 0.95 4.1 592 0.3003 16.7 564

Embankment CL - Effective 0.5746 1.0703 35.1 0.82 1.3 188 0.5746 29.9 154

Native CL - Total 0.3313 1.836 19.3 0.94 1.9 280 0.3313 18.3 264

Native CL - Effective 0.5377 0.6643 32.5 0.84 0.8 113 0.5377 28.3 96

Till (CL) - Total 0 0 0.0 1.00 0.0 0 0 0.0 0

Till (CL) - Effective 0 0 0.0 1.00 0.0 0 0 0.0 0

* No CU-bar strength testing performed on till materials

Material Unit Weight (pcf) φ (deg) c (psf) ψ (kc=1), deg d (kc=1), psf

CCR - Effective 80 25 0 N/A N/A

Embankment CL - Total 120 17 592

Embankment CL - Effective 120 35 188

Native CL - Total 115 19 280

Native CL - Effective 115 33 113

Till (CL) - Total 130 20 1000

Till (CL) - Effective 130 38 500

* Strength parameters for Till (CL) material conservatively based on blow counts and relationships observed between total + effective 

strength envelopes in overburden material.

Summary for UTEXAS 4

112522

33323

66019
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131343

Kincaid Piezometers

Normal operating level of pond is 603.3-ft

8/23/15 10/7/15 10/30/15 11/23/15 12/23/15 Average

B001 KIN-P001 Southeast 599.2 Toe OSP 31.2 589.6 586.4 586.1 586.0 586.6 587 599.2

B002 KIN-P002 Southeast 605.2 Crest OSP 22.0 600.2 599.5 599.1 599.2 599.5 600 605.2

B003 KIN-P003 South 623.3 Crest OSP 47.2 601.5 601.3 601.1 601.5 601.8 601 624.5

B003 KIN-P004 South 601.7 Toe VWP 19.0 N/M
4 597.9 597.8 599.0 599.1 598 624.5

B004 KIN-P005 Southwest 619.0 Crest OSP 42.4 593.4 593.0 592.7 592.8 593.7 593 621.3

B005 KIN-P006 Southwest 596.4 Toe OSP 36.8 586.9 586.0 Dry Dry 587.8 587 596.4

B007 KIN-P007 Northwest 618.9 Crest OSP 32.1 595.2 594.9 594.7 594.8 595.2 595 621.5

B008 KIN-P008 Northwest 589.9 Toe OSP 27.2 585.3 584.6 584.2 584.3 585.0 585 592.1

B009 KIN-P009 North 590.4 Toe OSP 31.7 584.5 583.7 583.3 583.4 584.6 584 590.4

B010 KIN-P010 North 615.3 Crest OSP 43.5 601.7 601.4 600.8 600.9 601.3 601 615.3

NE Corner KIN-P011
5 North 600.6 Toe VWP 17.0 594.5 593.8 593.6 594.1 595.9 594

NE Corner KIN-P012
5 North 617.6 Crest VWP 20.0 606.2 600.8 600.2 598.8 598.9 601

Notes:

1. OSP = open standpipe piezometer.

2. VWP = vibrating wire piezometer installed at locations not accessible with drill rig.

3. Total Depth = Approx. bottom of screen for standpipe piezometers, or installed depth for VWPs.

4. N/M = Not measured.

5. Coordinates and ground surface elevations of KIN-P011 and KIN-P012 are the same as KIN-C014 and KIN-C015, respectively, as KIN-P011 and KIN-C014 are collocated, and KIN-P012 and KIN-C015 are collocated.

Nearest Boring GSE 

(ft)

PZ

Type
1,2

Total Depth
3
 (feet) Water Surface Elevation (feet)

Nearest Boring
PZ or VWP

No.
Embankment

Ground Surface 

Elevation (ft 

NAVD88)

Location
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AECOM 
1001 Highlands Plaza Drive West 
Suite 300 
St. Louis, MO 63110-1337 
www.aecom.com 

314 429 0100 tel 
314 429 0462 fax 

Memorandum 

  
1.0 INTRODUCTION 

The purpose of this memo is to review the information obtained to date of past instances of 
subsidence and the probability of future instances of surface subsidence due to the collapse or 
squeezing of abandoned underground coal mine workings below existing ash ponds located at the 
Coffeen and Kincaid Power Stations in Illinois. The respective location of the two stations within the 
West Central Mining Area of the Illinois Basin is shown in Figure 1.  Coffeen is in southeastern 
Christian County and Kincaid is in northwest Christian County.  The report discusses the probability 
of future surface subsidence at the ash ponds located at both of these locations.   

The Illinois Department of Natural Resources (IDNR) has extensively recorded and documented 
mining activity in Illinois since the early 1900’s. The Pennsylvanian Period coal deposits are 
widespread, extensively mined and have been a source of economic growth. The mining occurred 
beneath and resulted in surface subsidence impacts to cities, roadways and various types of 
facilities.  Sind the early 1900’s the IDNR along with insurance companies have also been 
thoroughly investigating and documenting subsidence impacts, correlating mining activities within 
coal measures to the resulting or potential subsidence and recommending successful measures to 
mitigate impacts.  

This memorandum demonstrates that future mine subsidence at the Dynegy Coffeen Power 
Station (Coffeen) and Kincaid Power Station (Kincaid) Ash Ponds has a low probability of 
occurrence and if the unlikely subsidence should occur, will have minimal impacts. While historical 
subsidence occurred at Kincaid in 2014, there was no release of CCRs, no global instability 
occurred in the embankment dike, and the impacts of the subsidence were addressed through 
routine maintenance.  Any future subsidence at Coffeen or Kincaid is unlikely to cause a release of 
CCR material and impacts can be addressed through procedures contained in Operations and 
Maintenance Manuals for both the CCR units at both stations, as required in the CCR Rule. This 
memorandum is in reference to §257.64(a),(b)(1)(3) of the USEPA CCR Rule. 
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2.0 COAL GEOLOGY 

This memorandum deals with the three key coal units, the upper Danville (No. 7), the middle Herrin 
(No. 6) and the lower Springfield (No. 5) within the Coffeen and Kincaid study areas.  The relative 
stratigraphic or vertical position of these coal bed units are outlined in the attached Figure 2.  A 
subsurface profile of the coal beds running north and south is outlined in Figure 3.  This profile 
includes the approximate locations of Coffeen and Kincaid.  The spatial extents of the three 
respective coal beds, i.e. the Danville, the Herrin and the Springfield are shown on Figures 4, 5 and 
6, respectively. 

Based upon mine maps and records obtained from the Illinois Department of Natural Resources 
(IDNR), the shallowest coal bed, the Danville No. 7, has not been mined in the Coffeen and Kincaid 
study areas due to the relatively thin nature of this formation.   

The middle-positioned coal unit, the Herrin No. 6, has been extensively mined at Coffeen and 
Kincaid. This important unit is the major coal-producing bed addressed in this report.  

The lower-positioned Springfield No. 9 has not been mined in the Coffeen and Kincaid study areas, 
based upon IDNR records.  Mining of the Springfield No. 9 has been confined to locations within 
Sangamon County immediately to the northwest. The closest Springfield No. 9 mining operation to 
the study area appears to be below the Interstate 55 corridor southeast of the City of Springfield.    

3.0 SOURCES OF INFORMATION 
3.1 DISCUSSION WITH IDNR - Robert Gibson, Interview   

As part of this evaluation, a meeting was held with Mr. Robert Gibson the IDNR Supervisor1∗ of 
Abandoned Mined Land Reclamation Division on September 16, 2015. The key parts of Robert 
Gibson’s personal communication deal with abandoned underground room and pillar mining below 
the Coffeen and Kincaid Stations exclusively, and his personal communication is summarized as 
follows: 

Bob stated that there are two main types of surface subsidence or disruption, resulting from 
abandoned underground coal mine workings collapse with the room and pillar mining method in 
Central Illinois: 

1) Pits - Pits usually occur due to relatively shallow mines which are less than 200 feet 
deep.   A pit typically extends to a depth of approximately 60 feet or less, has vertical 

                                                      
∗ Robert “Bob” Gibson is a nationally recognized authority on coal mine subsidence. He is the Supervisor of the Emergency 
Section of the Abandoned Mines Land Reclamation Division for the Illinois Department of Natural Resources, and has been 
with the agency for more than 25 years. He helps local governmental entities and land owners deal with the immediate and 
long-term effects of mine subsidence. His ability to easily explain complex problems make him a popular expert sought out by 
both media and government agencies across the country. 
 
Bob pioneered digital preservation methods of historical mine maps, and established engineering models to predict the 
intensity and duration of mine subsidence occurrences. He has presented his findings at numerous conferences and authored 
dozens of articles and publications. 
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sides, and can be treated as an erosional feature. Remediation of a pit consists of back-
filling the opening of the pit. 

2) Sags - Sags are shallow, bowl-shaped depressions developed at the surface several 
hundreds of feet in diameter and typically 2 to 3 feet deep in the center.  Sags are 
typically due to a failure of a historical underground room and pillar mined area. Sags 
are mostly a failure of the floor where remaining coal pillars actually punch through the 
floor causing the ceiling to sag.  Trapped surface water resulting in sag ponds usually 
form in tilled fields and can accumulate a significant amount of surface water. Sags or 
sag ponds can be up to 1800 feet in diameter.   
 

3) Troughs - Troughs are elongated sags due to the collapse of multiple pillars. Tension 
cracking occurs at the perimeter of the “bowl” and transitions from a neutral zone to a 
compressional zone in the middle.  It is believed that the 2 to 3 feet depression at the 
surface is the typical expression of the collapse of an abandoned typical room and 
pillar coal mine with a height of approximately 7 to 8 feet at depths from 200 to 400 feet 
deep, i.e. the Herrin No. 6.  At mine depths beyond 400 feet, there has been no 
recorded subsidence with the room and pillar method in the Herrin No 6 in Central 
Illinois. 

Bob also commented on the following: 

Abandoned Mine Map Accuracy - Abandoned mine maps available at IDNR have been found to be 
satisfactorily accurate for surface development planning. 

Time Frame Approximations - Based upon surface settlement measurements, elapsed times for 
surface settlement to occur after the completion of underground room and pillar mining are highly 
variable and depend upon several factors.  The main factor is the depth of the mine below the 
ground surface. 

Subsidence Case Study – Farmersville, IL. The Herrin No. 6 coal seam with an average thickness 
of 7-feet and an average depth of approximately350-feet was mined below an area in Farmersville, 
Illinois. The underground mining pattern included high barrier pillars. Approximately 2-feet to 3-feet 
of sag type settlement has occurred along I-55 and is clearly visible today. No further settlement 
has been recorded by Illinois Department of Transportation since 1990.  At a school building 1.3-
feet of settlement occurred in 320 days. No further settlement has been recorded since the initial 
occurrence. No pit type subsidence has been observed or recorded over the approximately 2-mile 
stretch of Interstate 55. 

3.2 AECOM ADDITIONAL EXPERIENCE SUMMARY 

The amount of literature available regarding surface subsidence in Central Illinois is extensive. 
Categorizing past abandoned coal mine surface subsidence and predicting future mine settlement 
is a challenging task deterministically because of the number of unknowns and the variables 
relative to the actual subsurface conditions and mining practices.  An experiential method, based 
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on the extensive IDNR and other studies is the most accurate approach for evaluating future 
subsidence in Illinois. The factors considered include but are not limited to: 

1. Mine depth, thickness of the coal bed removed, mining pattern based on mine maps (i.e. 
room and pillar; barrier wall; long wall; total extraction), geology of the immediate roof and 
floor of the mine, geology between the surface and the mine, angle of draw (function of the 
latter factor), surface subsidence history within the study area with similar mining 
approaches, possible pillar robbing, time elapsed since mining ceased, and groundwater 
conditions are all factors that help determine the probability of subsidence as well as 
severity. A knowledge of as many factors as possible is important for evaluating the cause 
and potential impact of surface subsidence.  The depth to the mine is the most important 
factor impacting surface subsidence.  

2. The angle of draw (defined as the angle between the end of the underground mine workings 
and the point on the ground surface to which subsidence, due to that mine working, may 
extend).  This angle usually ranges from 65 to 75 degrees to the horizontal in Illinois.  The 
angle of draw’s intersection with the surface usually determines the width or perimeter of 
the sag.  At this point, tension cracking may occur on the surface.  

3. Important factors include the geology and the condition of the mine roof and floor as well as 
the thickness of the coal mined. The floor usually consists mostly of shaley underclay with 
high volume change potential. The mine roof can be limestone and in some cases shale. A 
key factor in evaluating surface subsidence is knowledge of the roof and floor conditions. 
Literature on this coal measure states that for a typical mine approximately 300-feet deep 
with a room and pillar mining pattern developed in a 7-feet thickness of this coal bed will 
have a surface subsidence in a sag pattern of a maximum of 2-feet to 3-feet. This is also 
supported through the methods presented in References 2 through 5.  Pit subsidence for 
mines at that depth is unlikely. It appears that the most common cause of sag type surface 
subsidence for mines approximately 300-feet deep with a room and pillar mining pattern is 
typically through one of the cases below:  
 

a. Remnant coal pillar failure due to spalling  
b. A punch of the coal pillar into softened underclay.  Bearing capacity failure of the 

underclay occurs and a floor heave may result. 
c. Roof failure occurs less frequently in Illinois than floor failure.  The presence of sags 

denotes a gradual settlement process most likely due to pillar punch rather than 
roof collapse. 

 
3.3 Methods to Estimate Mine Subsidence in Illinois 

 
The methods used to estimate the amount of expected mine subsidence in Illinois were taken from 
References 2 through 5.  
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4.0 SITE SPECIFIC DISCUSSION-EVALUATION – Coffeen Power Station 
4.1 Coffeen Power Station 

The existing ash pond layout at Coffeen Power Station is shown on Figure 7.  Included are Coffeen 
Ash Ponds No. 1 and 2, the GMF Recycle Pond and the GMF Pond.  This discussion deals solely with 
the documented presence of abandoned room and pillar coal mine workings within the Herrin No. 6 
coal seam at a depth of about 500-feet to 510-feet with a thickness of 5.8 to 7.1 feet. As discussed 
in Section 2, there are no historic records of mining in the other coal seams present at the Coffeen 
Power Station.  

4.2 Mine History    

The Truax-Traer Coal Company performed the coal mining operation during the period from 1964 
to 1970. At that time, the mine was known as the “Hillsboro” Mine.  The Consolidation Coal 
Company took over the mining operation from 1971 to 1983 and renamed the mine “Consolidation 
No. 63, Hillsboro”.  An estimated 26,800,000 tons of coal were removed from the mine during the 
operational period with an extraction ratio of approximately 25% based on an estimate of volume 
removed from the recorded mine maps. 

IDNR reports the following geologic problems encountered during the mining operations: Roof 
problems were encountered, the problems characterized by slickensided or naturally occurring 
vertical planes developed during consolidation of the formation that cut through the roof shales 
and claystones. Floor heaving was slight, but had been a larger problem closer in time to the end of 
the mining operation. 

4.3  Discussion-Analysis 

Figures 8 and 9 include overlays of the Hillsboro mine workings over the existing embankment dike 
structures under study. Figure 10 depicts only the original mine map for the area.  The embankment 
dikes under study include, from south to north, for: 

1. Ash Pond No. 1 
2. Ash Pond No. 2 
3. GMF Recycle Pond  
4. GMF Pond  

The “Hillsboro” mine described above underlies Ash Ponds No. 1 and 2.  There is no undermining 
under the GMF Recycle Pond and the GMF Pond dikes.  Figure 10 indicates that two narrow room 
and pillar mine drifts, each estimated to be about 100 feet wide, as part of the Clover Leaf Coal 
Company No. 4 Mine located to the north may have extended horizontally in close proximity to the 
north edge of the GMF Pond dike.  It is the opinion of AECOM that these two small penetrations or 
incursions of the Clover Leaf Mine into the footprint of the GMF Gypsum Stack Embankment dike 
are unlikely impact or cause mine subsidence in the GMF Recycle Pond or the GMF Pond dikes. 

AECOM personnel, based upon field inspections, indicated that there are no visibly apparent 
settlement areas along the crests of the dikes of the four ponds evaluated. Additionally, settlement 



 

 Page 6 
 

Confidential – Attorney Client Privileged 

areas were not noted in 2015 Weaver Consultants survey data for the four ponds, which was 
provided by Dynegy.  

4.4 Conclusions - Coffeen Power Station 

Based upon the results of the study, the opinion of AECOM is that there is unlikely to be future mine 
subsidence which could potentially cause a CCR release nor impacts the impoundments 
embankment dike stability for the following summarized reasons:  

1. The deep (>500 feet) abandoned underground mine.  
2. The low extraction ratio. 
3. The lack of any evidence of previous settlement of the earthen containment 

structures under study.  
4. The recorded heaving of the underclay, i.e. “pillar punch” during the mining operation, 

as a result there is a low probability of future significant subsidence of the 
embankment dikes forming the ponds which contain ash and other materials relative 
to the coal combustion process due to abandoned underground mining below the 
Coffeen Power Station.  

5. Any future subsidence or settlements of the embankment dikes, if it were to occur, is 
expected to be relatively minor (e.g. 6 inches or less), and due to the depth of the 
mine, is expected to be of the “sag” type (Ref. 2 through 5).  The documentation 
shows that subsidence of up to 6 inches will not cause instability in the embankment 
dikes nor a release of CCR waste.  

5.0 SITE SPECIFIC DISCUSSION-EVALUATION - Kincaid Power Station 

5.1 Kincaid Power Station 

The study at the Kincaid Power Station is shown and outlined on the attached Figure 11. Some of 
the abandoned mine workings and openings located beneath the ash pond foot print area have 
been filled with fly ash and bottom ash.  Details of the filling program are not available.  Mine maps 
show that the area of the coal measure below the power station and southernmost embankment 
dike at the process water flume was not mine out or worked.  An overlay of the Kincaid Ash Pond on 
the original Peabody No. 10 mine map is included as Figure 12. 

This discussion deals solely with the documented presence of the abandoned coal mine workings 
below the Kincaid Ash Pond under study from the Herrin No. 6 coal bed at depths ranging from 300 
to 380 feet in the Peabody Coal Co. Mine No. 10.  As discussed in Section 2, there are no historic 
records of mining in the other coal seams present at the Kincaid Power Station. The recorded 
averaged thickness of the Herrin No. 6 coal bed is 6.5 to 7.5 feet.    The coal averaged 6.5 feet thick 
under a limestone roof and 7.5 feet thick under the Anna Shale. The last reported mining was in 
1994.  The method of mining was panel room and pillar. 

5.2 Mine History 

The Peabody Coal Co. produced coal from this mine during the period of 1951 to 1994.  IDNR 
reports numerous issues encountered during the mining period. During the mining period, the Anna 
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Shale roof tended to drop into the mine after extractions along slickensided joints, exposing a thin 
bed of the Brereton Shale under several feet of the water-bearing Anvil Rock Sandstone. As much 
as 35 feet of horizontal section of a roof fall consisting of silty shale and gray shale has been 
documented, and was likely caused by the presence of water in the Anvil Rock Sandstone. IDNR 
reports that the coal in the northern part of the mine which is within the area of this study was 
exceptionally hard with soft underclay.  

5.3 Discussion-Analysis 

The annual dam inspection reports for the Kincaid Ash Pond in 2013 and 2014 describe 
subsidence on the western embankment dike that was reported by the station staff to the 
inspection engineer in July of 2013. These reports are attached as References 8 and 9.  Four areas 
of embankment dike crest surface subsidence were noted in the initial site visit by AECOM in 2015 
of the embankment dike and are shown on Figure 13 of this report (Figure 1 from the AECOM 
report titled: “Initial Site Visit CCR Unit Summary, Dynegy CCR Compliance Program”, dated June 
17, 2015).  

The areas of depression along the crests were photographed and documented by AECOM 
personnel during a site visit.  Three of the subsidence areas are 2-feet to 3.5-feet deep extending 
in gentle bowl patterns along the embankment dike crests for a distance of approximately 500 to 
600 feet.  A fourth area is likely along the north embankment dike at the eastern section. These 
subsidence patterns are typical of a sag type for surface subsidence.  These areas of subsidence 
are likely the result of a collapse in the mine workings due to roof collapse, pillar punch or pillar 
failure or a combination thereof which may be the result of a mining pattern and/or pillar pulling.   

A visual-manual analysis was made between Figures 12 and 13 comparing the location of the four 
embankment dike subsidence areas observed in the field with the particular mining pattern below.  
Based upon IDNR publications, there are two mining patterns indicated below the subject ash pond:  
blind room and pillar panel (BRP) and room and pillar panel (RPP). The BRP mining pattern is 
indicated by the four prominent north-south trending drifts with checkerboard patterns of mining.  
These four BRP drifts in the mine underlying the ash pond are about 500 feet wide and are about 
800 feet apart center to center. The percentage of coal extraction in BRP mining varies, but is 
generally less than 50% percent according to IDNR publications. A typical BRP mining pattern is 
depicted on page 4 of Reference 6. 

Between the BRP mining pattern drifts, RPP mining has taken place.  The pattern of mining is shown 
in Figure 12 and is less regular than the area of checkerboard BRP mining.  Six barrier pillars are 
indicated running in an east-west direction. IDNR indicates that the percentage of coal extraction in 
RPP mining can approach 80 percent if the pillars are pulled. A typical RPP mining pattern is 
depicted also on page 4 of Reference 6. 

The possibility of pillar-pulling and extraction ratios of up to 80 percent in the RPP mining area 
suggests a correlation between the location of the four embankment dike crest surface 
subsidence areas observed and the particular type of mining pattern below.  The three  areas of 
embankment dike crest settlement as indicated on Figure 13 are located over the areas of RPP 
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mining patterns where the highest risk or probability of underground mine collapse could be 
expected. 

Surficial embankment dike sloughing was recorded adjacent in at least two of the subsidence 
areas. However, the surficial sloughing is likely due to the relatively steep embankment side slopes 
(up to 1.4 horizontal to vertical) and is unlikely to be related to subsidence caused by the 
underground mine workings.    

The south embankment dike is approximately 300-feet from the southern end of the mine 
workings. The depth of mining places the 20 degree to 25 degree angle of the draw’s intersection 
with the surface north of the south embankment dike.  

5.4 Conclusions –Kincaid Power Station 

Based upon the results of our study and review, AECOM has made the following conclusions:  

1. The three areas of embankment dike crest sag type settlement are positioned 
over the RPP areas where the expected highest probability of either roof 
collapse, pillar punch, pillar failure or a combination thereof occurring because 
of high extraction ratios, up to over 80 percent, due to pillar-pulling due to the 
following contributive factors: 

a. Mine records indicate an unstable roof at various locations; 
b. The mine is relatively shallow, i.e. 300 feet to 380 feet; 
c. Presence of water in the Anvil Rock Sandstone, and  
d. Soft underclay 

2. Because of past subsidence in the RPP areas, AECOM believes there is a low 
probability of more than 6-inches of continued development of crest 
subsidence within the embankment dike areas positioned over the area of RPP 
mining pattern, Any future additional subsidence of the embankment dikes in 
the RPP areas in the western and central portions of the ash pond is expected to 
be very small, less than 6 inches and will likely be of the “sag” type. 

3. There is an area of RPP mining below the eastern portion of the ash pond 
between the BRP area in the middle of the ash pond and the BRP underlying the 
eastern portion of the northernmost embankment dike. This area of 
embankment dike has not reported any subsidence, possibly because of the 
barrier pillar.  There is an area of water ponding at the north toe of this area of 
embankment dike that has formed a wetland. This could be caused by sag 
subsidence. This area would have a high probability of 2-feet to 3-feet of 
subsidence if the barrier pillar had been pulled. This would be in the same 
manner as the RPP area beneath the western and central portions of the ash 
pond.  
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a. Any future subsidence of the embankment dike in the eastern RPP 
area is expected be on the order of 2-feet to 3-feet, to be of the “sag” 
type.  

b. The subsidence in the western and central portions was adequately 
maintained using the Operations and Maintenance procedures in 
place during 2014. 

c. This potential subsidence will not impact the southernmost 
embankment dike along the hot ditch due to mining terminating prior 
to reaching this area. 

d. Any subsidence in the eastern portion will only impact the eastern 
portion of the north embankment dike. The potential 2-feet to 3-feet 
of subsidence is unlikely to cause embankment dike instability. 

e. The 2-feet to 3-feet of subsidence is unlikely to cause a CCR release 
based on the observed post-subsidence condition of the western and 
central portions after experiencing subsidence, as well as the 
relatively high freeboard of the dikes in this area (over 15 feet). 

f. The embankment dikes are inspected weekly and any noted 
subsidence should be repaired according to the Operations and 
Maintenance Manual.  

4. In the areas of the BRP mining pattern, there is a low probability of future crest 
subsidence because of:  

a. Lower coal extraction percentages (50% or less) 
b. High coal pillar strength 
c. No coal pillar pulling  
d. The lack of appreciable amounts of observable crest settlement 

since at least 1994.  
e. Cessation of mining 

6.0 Conclusion – Unstable Areas - USEPA CCR Rule §257.64(a), (b) (1) (3)  

This memorandum has demonstrated that mine subsidence at the Coffeen Power Station Ash 
Ponds has a low probability of occurrence and if the subsidence should occur, the impact would be 
minimal. Any subsidence at Coffeen will be addressed through procedures contained in the 
Operations and Maintenance Manual as required in the CCR Rule.  

This memorandum also demonstrated that subsidence has previously occurred at the Kincaid 
Power Station Ash Pond, there was no release and no instability caused in the embankment dike 
and these events were addressed through routine maintenance in 2014. In addition, any future 
subsidence at Kincaid is unlikely to cause a release of CCR material and will be addressed through 
the Operations and Maintenance Manual as required in the CCR Rule. 
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7.0  Limitations 
The review and analysis in this memorandum is based on experience and documentation recorded 
from the late 19th century through the 2010’s by the IDNR. Estimates of subsidence also were 
based on IDNR records and the cited references that have made analyses of subsidence in Illinois.  

8.0 Closing 

AECOM is pleased to support and work together with Dynegy on this important program.  Please 
do not hesitate to call Vic 618-541-0878 (mobile) or Ron (office) 314-743-4239, if you have any 
questions or comments on this memorandum.  

 

 

   

 

Victor Modeer, PE, D.GE    Ron Hager 
Principal Geotechnical Engineer   Program Manager 
victor.modeer@aecom.com    ronald.hager@aecom.com 
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FIGURES: 
     1. - Location Map 
     2. - Stratigraphic Section 
     3. - Geologic Profile 
     4. - Danville Coal Thickness 
     5. - Herrin Coal Thickness 
     6. - Springfield Coal Thickness 
     7. - Coffeen Power Station Ash Ponds 
     8. - Coffeen Hillsboro Mine 63 Aerial 
     9. - Coffeen Hillsboro Mine 63 Topo 
    10. - Coffeen Hillsboro Mine 63 
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    12. - Kincaid Peabody Mine 
    13. - Kincaid Subsidence 
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Cover photo  Track-mounted duckbill loading machine at a Peabody Coal Company mine, ca. 1915.

                         
DISCLAIMER:  The accuracy and completeness of mine maps and directories vary with the availability of
reliable information.  Maps and other information used to compile this mine map and directory were obtained
from a variety of sources and the accuracy of some of the original information cannot be verified. 
Consequently, the Illinois State Geological Survey (ISGS) cannot guarantee the mine maps are free of errors
and disclaims any responsibility for damages that may result from actions or decisions based on them.

The ISGS updates the maps and directories periodically, and welcomes any new information or corrections. 
Please contact the Coal Section of the ISGS at the address shown on the title page of this directory, or
telephone (217) 244-4610.

© 2011 The Board of Trustees of the University of Illinois.  All rights reserved.
For permission information, contact the Illinois State Geological Survey.
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INTRODUCTION
Coal has been mined in 76 counties of Illinois.  More than 7,400 coal mines have operated since
commercial mining began in Illinois about 1810; fewer than 30 are currently active.  To detail the extent
and location of coal mining in Illinois, the Illinois State Geological Survey (ISGS) has compiled maps and
directories of known coal mines.  The ISGS offers maps at a scale of 1:100,000 and accompanying
directories for each county in which coal mining is known to have occurred.  Maps at a scale of 1:24,000
and accompanying directories, such as this, are available for selected quadrangles.  Contact the ISGS for
a list of these quadrangles.

These larger scale maps show the approximate positions of mines in relation to surface features such as
roads and water bodies, and indicate the mining method used and the accuracy of the mine boundaries. 
The maps are useful for locating mine boundaries relative to specific properties and for assessing the
potential for subsidence in an area.  Mine boundaries compiled from final mine surveys are generally
shown within 200 feet of their true position.  As a result of poor cartographic quality and inaccuracies in the
original mine surveys, boundaries of some older mines may be mislocated on the map by 500 feet or
more.  Original mine maps should be consulted in situations that require precise delineation of mine
boundaries or internal workings of mined areas.

This directory serves as a key to the accompanying mine map and provides basic information on the coal
mines in the quadrangle.  The directory is composed of two parts.  Part I explains the symbols and
patterns used on the accompanying map and the summary data presented for each mine.  Part II
numerically lists the mines in the quadrangle and summarizes the geology and production history of each
mine.  Total production for the mine, not the portion in the quadrangle, is given.

MINING IN THE COFFEEN QUADRANGLE

Mining near Coffeen took place in the Herrin Coal, which ranged from 5.8 to 8 feet thick.  The coal was
deep, being 450 feet or more below the surface.  The depth contributed to roof difficulties.  

Mining began in the Coffeen Quadrangle in 1889, when Clover Leaf No. 1 Mine (mine index 3001)
opened.  After Clover Leaf No. 4 Mine (mine index 442) closed in 1924, a hiatus in mining activity
continued until the Hillsboro Mine (mine index 871) opened in 1964.  The Hillsboro Mine closed in 1983,
leaving a great deal of coal remaining for future activity.
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PART I  EXPLANATION OF MAP AND MINE SUMMARY SHEET

INTERPRETING THE MAP

The map accompanying this directory shows the location of coal mines known to be present in the quadrangle.  The
map, corresponding to a U.S. Geological Survey (USGS) 7.5-minute quadrangle, covers an area bounded by lines of
latitude and longitude 7.5-minutes apart.  In Illinois, a quadrangle is approximately 6.5 miles east to west and 8.5
miles north to south, an area of about 56 square miles.  The ISGS generally offers one map of mines per quadrangle. 
In some areas where extensive mining occurred in two or more overlapping seams, separate maps are compiled for
mines in each seam to maintain readability of the map.

Mine Type and Mining Method
The mine type is indicated on the map by pattern color: green represents surface mines; red and yellow represent
underground mines.  The red patterns are used for areas of underground mining that are documented by a primary or
secondary source map.  A yellow pattern is used for cases where no map of the mine workings is available, but a
general area of mining can be inferred from property maps or production figures.  The patterns indicate the main
mining methods used in underground mines.  The methods are (1) room and pillar and (2) high extraction.  The
method used gives some indication of the amount and pattern of coal extraction within each mined area, and has
some influence on the timing and type of subsidence that can occur over a mine.

The following discussion and illustrations of mining methods are based on Guither et al. (1984).  

In room-and-pillar mines, coal is removed from haulage-ways (entries) and selected areas called rooms.  Pillars of
unmined coal are left between the rooms to support the roof.  Depending on the size of rooms and pillars, the amount
of coal removed from the production areas will range from 40% to 70%.

Room and Pillar - mining is divided into six categories:
• room-and-pillar basic (RPB, fig. 1A), an early method that did not follow a preset mining plan and therefore

resulted in very irregular designs;
• modified room and pillar (MRP, fig. 1B);
• room-and-pillar panel (RPP, fig. 1C);
• blind room and pillar (BRP, fig. 1D);
• checkerboard room and pillar (CRP, fig. 1E);
• room and pillar (RP), a classification used when the specific type of room-and-pillar mining is unknown.

Blind and checkerboard are the most common types of room-and-pillar mining used in Illinois today.  The knowledge
of room-and-pillar mining methods gives a trained engineer information on the nature of subsidence that may occur. 
A more extensive discussion of subsidence can be found in Bauer et al. (1993).

High-extraction   These mining methods are subdivided into high-extraction retreat (HER, Fig 1F) and longwall (LW,
Fig 1G, 1H).  In these methods, much of the coal is removed within well defined areas of the mine.  Subsidence of the
surface above these areas occurs within weeks.  Once the subsidence activity ceases, the potential for further
movement over these areas is low; however, subsidence may continue for several years after mining.

High-extraction retreat mining is a form of room-and-pillar mining that extracts most of the coal.  Rooms and pillars
are developed in the panels, and the pillars are then systematically removed (fig. 1F).

In early (pre-1960) longwall mines, mining advanced in multiple directions from a central shaft 
(fig. 1G).  Large pillars of coal were left around the shaft, but all coal was removed beyond these pillars.  Miners
placed rock and wooden props and cribs in the mined-out areas to support the mine roof.  The overlying rock
gradually settled onto these supports, thus producing subsidence at the surface.  In post-1959 longwall mines, room-
and-pillar methods have been used to develop the main entries of the mine and panel areas. Modern longwall
methods extract 100 percent of the coal in the panel areas (fig. 1H).
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SOURCE MAPS

Mine outlines depicted on the map are, whenever possible, based on maps made from original mine surveys.  The
process of compiling and digitizing the quadrangle map may produce errors of less than 200 feet in the location of
mine boundaries.  Larger errors of 500 feet or more are possible for mines that have incomplete or inaccurate source
maps.

Because of the extreme complexity of some mine maps, detailed features of mined areas have been omitted.  The
digitized mine boundary includes the exterior boundary of all rooms or entries that were at least 80 feet wide or
protruded 500 feet from the main mining area.  Unmined areas between mines are shown if they are at least 80 feet
wide; unmined blocks of coal within mines are shown if they are at least 400 feet on each side.  Original source maps
should be consulted when precise information on mine boundaries or interior features is needed.

The mine summary sheet lists the source maps used to determine each mine outline.  The completeness of map
sources is indicated on the map by a line symbol at the mine boundary.  Source maps are organized in five
categories.

Final mine map    The mine outline was digitized from an original map made from mine surveys conducted within a
few months after production ceased.  The date of the map and the last reported production are listed on the summary
sheet.

Not a final map    The mine is currently active or the mine outline was made from a map based on mine surveys
conducted more than few months before production ceased.  This implies the actual mined-out area is probably larger
than the outline on the map.  The mine summary sheet indicated the dates of source maps and the last reported
production, as well as the approximate tonnage mined between these two dates (if the mine is abandoned).  The
summary sheet also lists the approximate acreage mined since the date of the map and, in some cases, indicates the
area where additional mining may have taken place.  This latter information is determined by locating on the map the
active faces relative to probable boundaries of the mine property.

Undated map    The source map was undated, so it may or may not be based on a final mine survey.  When
sufficient data are available, the probable acreage of the mined area is estimated from reported production, average
seam thickness and a recovery rate comparable to other mines in the area.  This information is listed in the summary
sheet for the mine.

Incomplete map    The source map did not show the entire mine.  The summary sheet indicates the missing part of
the mine map and the acreage of the unmapped area, which is estimated from the amount of coal known to have
been produced from the mine.

Secondary source map    The original mine map was not found so the outline shown was determined from
secondary sources (e.g., outlines from small-scale regional maps published in other reports).  The summary sheet
describes the secondary sources.

POINTS AND  LABELS

The locations of all known mine openings (shafts, slopes, and drifts) and surface mine tipples are plotted on the map. 
Tipples are areas where coal was cleaned, stockpiled, and loaded for shipping.

Only openings or tipples are plotted for mines without source maps.  If the precise locations of these features are
unknown, a special symbol is used to indicate the approximate location of the mine.

Each mine on the map is labeled with the names of the mine and operating company, ISGS mine index number, and
years of operation (if known) if space permits.  A seam designation is given on maps where more than one seam was
mined.  For a mine that operated under more than one name, only the most recent name is generally given.  When a
mine changed names or ownership shortly before closing, an earlier name is listed.  All company and mine names are
listed on the mine summary sheet in the directory, under the production history segment.  
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Figure 2  Generalized stratigraphic
section, showing approximate vertical
relations of coals in Illinois. 

INTERPRETING A MINE SUMMARY SHEET

The mine summary sheet is arranged numerically by mine index
number.  Index numbers are shown on the map and in the mine listing. 
The mine summary sheet provides the following information (if
available).

Company and mine name  The last company or owner of the mine is
used, unless no production was recorded for the last owner.  In that
case, the penultimate owner is listed.  Mines often have no specific
name; in these cases, the company name is also used as the mine
name.

Type   Underground denotes a subsurface mine in which the coal was
reached through a shaft, slope, or a drift entry.  Surface denotes a
surface, open pit or strip mine.  

Total mined-out acreage shown   The total acreage of the mined
area mapped, including any acreage mined on adjacent quadrangles, 
is calculated from the digitized outline of the mine.  The acreage of
large barrier pillars depicted on the map is excluded from the mined-out
acreage.  Small pillars not digitized are included in the acreage
calculation.  If the mine outline is not based on a final mine map, the
acreage is followed by an estimate of additional acres that may have
been mined.  The estimate is determined from reported mine
production, approximate thickness of the coal, and recovery rates
calculated from nearby mines that used similar mining methods.

SHAFT, SLOPE, DRIFT OR TIPPLE LOCATIONS

Shaft, slope, drift, or tipple locations   Locations of all known former
entry points to underground mines or the location of coal cleaning,
tipple, and shipping equipment used by the mine’s facility are listed. 
The location is described in terms of county, township and range (Twp-
Rge), section, and location within the section by quarters.  NE SW NW,
for instance, would describe the location in the northeast quarter of the
southwest quarter of the northwest quarter.  When sections are
irregular in size, the quarters remain the same size and are oriented (or
“registered”) from the southeast corner of the section.  Approximate
footage from the section lines (FEL = from east line, FNL = from north
line, for example) is given when that information is known; this
indicates a surveyed location and is not derived from maps.  Entry
points are also plotted on the map and coded for the type of entry or
tipple.  A mine opening may have had many purposes during the life of
the mine.  Old hoist shafts are often later used for air and escape
shafts; this information is included in the directory when known.  The
tipple for underground mines was generally located near the main shaft
or slope.  At surface mines, coal was sometimes hauled to a central
tipple several miles from the mine pit.

GEOLOGY

Seam(s) mined   The name of the coal seam(s) mined is listed, if known.  If multiple seams were mined, they are all
listed, although the mined-out area for each seam may be shown on separate maps.  Figure 2 shows the stratigraphic
section of the coal-bearing interval in Illinois, and the vertical relations among the coals.

Depth   The depth to the top of the seam in the vicinity of the shaft is listed, if known.  The depth is determined from
notes made by geologists who visited the mine during its operation or from drill hole data in ISGS files.  Depth
generally varies little over the extent of a mine; however, reported depths for an individual mine may vary.  Depth for
surface-mined coals varies, and is usually represented as a range.
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Thickness   The approximate thickness of the mined seam is shown, if known.  Thickness also comes from notes of
geologists who visited the mine during its operation or from borehole data in ISGS files.  Minimum, maximum, and
average thicknesses are given when this information is available.

Mining method   The principal mining method used at the mine (figs. 1A-H) is listed.  See the mining methods
section at the beginning of this directory for a discussion of this parameter.

Geologic problems reported   Any known geologic problems, such as faults, water seepage, floor heaving, and
unstable roof, encountered in the mine are reported.  This information is from notes made by ISGS geologists who
visited the mine, or from reports by mine inspectors published by the Illinois Department of Mines and Minerals, or
from the source map(s).  Geologic problems are not reported for active mines.

PRODUCTION HISTORY

Production history   Tons of coal produced from the mine by each mine owner are totaled.  When the source map
used for the mine outline is not a final mine map, the tonnage produced since the date of the map is identified.  For
mines that extend into adjacent quadrangles, the tonnage reported includes areas mined in adjacent quadrangles.

SOURCE OF DATA

Source map   This section lists information about the map(s) used to compile the mine outline and the locations of
tipples and mine openings.  In some cases more than one source map was used.  For example, a map drawn before
the mine closed may provide better information on original areas of the mine than a later map.  When more than one
map was used, the bibliography section explains what information was taken from each source.

Date   The date of the most recent mine survey listed on the source map is reported.

Original scale   The original scale of the source map is listed.  Many maps are photo-reductions and are no longer at
their original scale.  The original scale gives some indication of the level of detail of the mine outline and the accuracy
of the mine boundary relative to surface features.  Generally, the larger the scale, the greater the accuracy and detail
of the mine map.  Mine outlines taken from source maps at scales smaller than 1:24,000 may be highly generalized
and may well be inaccurately located with respect to surface features.

Digitized scale   The scale of the digitized map is reported.  The scale may be different from that of the original
source map.  In many cases the digitized map was made from a photo-reduction of the original source map, or the
source map was not in a condition suitable for digitizing and the mine boundaries were transferred to another base
map.

Map type   Source maps are classified into five categories to indicate the probable completeness of the map.  See
discussion of source maps in the previous section.

Annotated bibliography  Sources that provide information about the mine are listed, with the data taken from each
source.  Some commonly used sources are described below.  Full bibliographic references are given for all other
sources.  Unless otherwise noted, all sources are available for public inspection at the ISGS.

Coal Reports   Published since 1881, these reports contain tabular data on mine ownership, production, employment,
and accidents.  Some volumes include short descriptions made by mine inspectors of physical features and
conditions in selected mines.

Directory of Illinois Coal Mines   This source is a compilation of basic data about Illinois coal mines, originally
gathered by ISGS staff in the early 1950s.  Sources used for this directory are undocumented, but they are primarily
Illinois Department of Mines and Minerals annual reports, ISGS mine notes, and coal company officials.

ENR Document 85/01, Guither, H. D., J. K. Hines, and R. A. Bauer, 1985   The Economic Effect of Underground
Mining Upon Land Used for Illinois Agriculture: Illinois Department of Energy and Natural Resources Document 85/01,
185 p.

Microfilm map   The U.S. Bureau of Mines maintains a microfilm archive of mine maps.  A microfilm file for Illinois is
available for public viewing at the ISGS.



Mine notes   ISGS geologists have visited mines or contacted mine officials throughout the state since the early
1900s.  Notes made during these visits range from brief descriptions of the mine location to long narratives (including
sketches) of mining conditions and geology.

Federal Land Bank of St. Louis, Preliminary Reports on Subsidence Investigations  Mining engineers working for the
Federal Land Bank of St. Louis mapped areas of subsidence due to coal mining in the early 1930s.  These reports
often include county maps of mine properties with mined-out areas including shaft locations, as well as subsidence
areas.

REFERENCES
Bauer, R. A., B. A. Trent, and P. B. Dumontelle, 1993,  Mine Subsidence in Illinois: Facts for the Homeowner

Considering Insurance, Illinois State Geological Survey, Environmental Geology Note 144, 16p.

Guither, H. D., J. K. Hines, and R. A. Bauer, 1985, The Economic Effects of Underground Mining Upon Land Used for
Illinois Agriculture, Illinois Department of Energy and Natural Resources Document 85/01, 185p.
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PART II  DIRECTORY OF MINES IN THE COFFEEN QUADRANGLE

MINE SUMMARY SHEETS
A summary sheet on the geology and production history of each mine in the Coffeen Quadrangle is
provided.  These summary sheets are arranged numerically by mine index number.  Consult Part I for a
complete explanation of the data listed in the summary sheet.

Mine Index 77
Indiana & Illinois Coal Corporation, Indiana & Illinois No. 15 Mine

Type: Underground     Total mined-out acreage shown:   441    Production indicates approximately 136
acres were mined after the map date.

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main shaft (9'x16') Montgomery 8N 4W 23 NW SE NE
Air shaft (9'x16') Montgomery 8N 4W 23 NW SE NE

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Ave Method
Herrin 450-471 6.0-8.0 RPP

Geologic Problems Reported:  The mine notes indicate this mine was filled with gas and that roof falls were a
problem.

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Montgomery County Coal Company Taylor Spring 1908-1912    831,018
Peabody Coal Company Peabody No. 15 1912-1915 *    692,431
C. & E. I. Coal Properties C. & E. I. No. 15 1917-1918    279,360
Illinois Coal Properties Illinois Coal Properties No. 15 1918-1919    247,616
Indiana & Illinois Coal Corporation ** Indiana & Illinois No. 15 1919-1921    490,881
Indiana & Illinois Coal Corporation Indiana & Illinois No. 15 1921-1923    782,440 ***

3,323,746

* Idle, temporarily abandoned 1915
** An April 1919 map indicates the mine was operated by Keller Coal Company, probably under a lease agreement.
*** Production after map date

Last reported production:  October 1923

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Microfilm, document 352595 2-15-1921 1:2400 1:3972 Not final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, seam, depth, thickness.
Directory of Illinois Coal Mines (Montgomery County) - Mine names, mine index, ownership, years of operation.
Mine notes (Montgomery County) - Mine type, shaft location, thickness, geologic problems.
Microfilm map, document 352595, reel 03139, frames 434-437 - Shaft locations, mine outline, mining method.
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Mine Index 442
Clover Leaf Coal Company, Clover Leaf No. 4 Mine 

Type: Underground     Total mined-out acreage shown:   399   

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main shaft (11'x22') Montgomery 7N 3W 3 NE SE NE
Air shaft * Montgomery 7N 3W 3 SW SE NE

* This air shaft was completed in 1913.  The mine was connected to Clover Leaf No. 1 Mine (mine index 3001), which
sufficed for the initial ventilation and escapeway.  

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Ave Method
Herrin 510-544 6.0-8.0 RPP

Geologic Problems Reported:  The roof was a massive black shale, with sandstone above.  Rolls were present in the
mine.  The source map shows many unmined areas within the mine outline.  The reason these areas were not mined
is not specified in the mine notes or on the source map, but water-bearing sands above the roof shale could
contribute to roof problems.

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Clover Leaf Coal Mining Company Clover Leaf No. 2 1906-1916 1,098,726
Coffeen Coal Mining Company Coffeen No. 2 1916-1920    488,616
Clover Leaf Coal Company ** Clover Leaf No. 4 1920-1924 ***    251,515

1,838,857

** According to the mine notes, Cosgrove Meehan Coal Company owned or operated the mine.
*** Idle 1922

Last reported production:  March 1924

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Microfilm, document 352580 7-1923 1:2400 1:4800 Not final
State archive, MSHA_412_04 7-14-1915 1:1200 1:1430 Not final
State archive, IL_2441_01 4-1924 1:2400 1:2400 Final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, mine type, depth, thickness.
Directory of Illinois Coal Mines (Montgomery County) - Mine names, mine index, ownership, years of operation.
Mine notes (Montgomery County) - Shaft location, seam, thickness, geologic problems.
Microfilm map, document 352580, reel 03139, frame 377 - Mine outline (southwest part of mine), geologic problems.
State Archive, MSHA_412, courtesy of Robert Gibson, IDNR - Mine outline (north half), mining method.
State Archive, IL_2441_01, courtesy of Robert Gibson, IDNR - Shaft locations, mine outline (south half), mining
          method.
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Mine Index 871
Consolidation Coal Company, Hillsboro Mine (Consolidation No. 63 Mine)

Type: Underground     Total mined-out acreage shown:   4,841

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Man shaft Montgomery 7N 3W 14 SW NE NW
Air shaft Montgomery 7N 2W 18 SE NE NE
Hoist & air shaft Montgomery 7N 3W 14 NE NW NW

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Ave Method
Herrin 500-510 5.83-7.17 RPP

Geologic Problems Reported:  Roof problems were widespread, the sites characterized by slickensided fault planes
that cut irregularly through the roof shales and claystones.  Small clay dikes were also associated with this small-
scale faulting.  Floor heaving was slight, but had been a larger problem in the past.

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Truax-Traer Coal Company Hillsboro 1964-1970   5,605,812
Consolidation Coal Company Consolidation No. 63, Hillsboro 1971-1983 21,173,542

26,779,354

Last reported production:  July 1983

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Company, Coal Section files 2-1-1983 1:12000 1:2170 Final *

* The map date is before mine closure, but the Coal Section has been assured that the workings shown on the map
are indeed final.  The mined area shown on the accompanying map is the approximate size expected for the reported
production.  This suggests that the mine outline is complete.

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, mine type, depth, thickness.
Directory of Illinois Coal Mines (Montgomery County) - Mine names, mine index, ownership, years of operation.
Mine notes (Montgomery County) - Shaft location, seam, depth, thickness, geologic problems.
Company map, Coal Section files, 1983 Line Project - Shaft locations, mine outline, mining method.
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Mine Index 3001
Clover Leaf Coal Company, Clover Leaf No. 1 Mine

Type: Underground     Total mined-out acreage shown:   137

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main shaft Montgomery 8N 3W 35 SW SE SW
Air shaft Montgomery 8N 3W 35 SE SE SW

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Ave Method
Herrin 534-562 7.0-8.0 RP

Geologic Problems Reported:  

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Coffeen Coal & Coke Company Coffeen 1889-1900    878,898
Coffeen Coal & Coke Company * Coffeen 1900-1901        8,000
Clover Leaf Coal Company Clover Leaf No. 1 1901-1908 **    484,939

1,371,837

* Under management of Mitchell Coal & Coke Company
** Abandoned as a hoisting shaft, used as escapement for Clover Leaf No. 4 Mine (mine index 442)

Last reported production:  1908

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Microfilm, document 352580 7-1923 1:2400 1:4800 Final
State archive, MSHA_412_04 7-14-1915 1:1200 1:1430 Final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, depth, thickness.
Directory of Illinois Coal Mines (Montgomery County) - Mine names, mine index, ownership, years of operation.
Mine notes (Montgomery County) - Mine type, shaft location, seam.
Microfilm map, document 352580, reel 03139, frame 377 - Mine outline (south half), mining method.
State Archive, MSHA_412, courtesy of Robert Gibson, IDNR - Shaft locations, mine outline (north half), mining
          method.
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Summary 

Little comprehensive information has been reported on the behaviour of room-and-pillar mines. The 
objective of this paper is to present case data on mine failures in the Illinois basin for use in practice. 
Presented are results of an ongoing study and details on the site characteristics of cases where sags have 
developed on the surface. Site data are reported to show the geologic, mining, and sag conditions that 
existed. Sags mainly develop from pillar, floor, or pillar-floor failure. The character of the sags depends 
upon the type of mine failure as well as the overburden response. 

Preliminary results show that the statistical no-risk tributary pressure decreases over 300% as the 
inine age increases from about 2 to 100 years at a long-term value of approximately 300 psi (2070 kPa). 
As more information is collected and more analysis is done, the allowable tributary pressure can be 
determined for different site conditions. 

A plot is also reported that depicts the relationship of the maximum subsidence to site conditions. It 
was found that the modified subsidence factor was heavily dependent upon the overburden rock 
thickness. 

Keywords: Room and pillar mines; coal mining; abandoned mines; pillar strength. 

Introduction 

The Bureau of Mines and the State of Illinois are engaged in an ongoing cooperative effort to 
develop guidelines for underground coal mining methods to maximize coal recovery while 
minimizing the effects of subsidence on the surface. For room and pillar mining, in which no 
subsidence is anticipated, design guidelines are needed to minimize the amount of coal left 
behind for support while being adequate enough to prevent future subsidence. To develop 
adequate guidelines the structural contributions necessary from the roof, pillar, and floor 
must be determined for long-term performance of abandoned workings. Consideration of 
long-term stability is also important when it is necessary to estimate the stability of 
abandoned mines over which surface structures are proposed. 

The objective of this paper is to present case data on mine failures in the Illinois Basin for 
use in practice. The paper presents in some detail the site characteristics where the sags have 
developed on the surface. The site data has been presented to show the geologic, mining, and 
sag conditions that existed. 

0269-0136/89 $03.00+.12 © 1989 Chapman & Hall Ltd. 
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The only practical avenues for which long-term stability design criteria can be developed 
are through: 

(1) Empirical approaches - assessing the performance of existing room-and-pillar mines, 
or 

(2) Analytical approaches - using mathematical or computer formulations which 
assertion of material and rock mass properties may be determined from lab and/or fields 
tests. 

This paper deals with (1) above, but the necessity of case data can even be seen in (2), since 
verification or the predictability of (2) would require representative case data. Therefore, it 
would stand to reason to first identify the behaviour of case histories before pursuing a 
suitable model. 

Case history data 

The case history data used in this paper was acquired mainly from files of the Illinois State 
Geological Survey (ISGS), and some from the University of Illinois. The primary sources of 
the data were from field records and subsidence reports (Young, 1916; Herbert and Rutledge, 
1927; Quade, 1934; Hunt, 1980; and Marino and Mahar, 1985). 

The cases presented in this paper mainly exist in southern Illinois and some, in fact, exist in 
the same mine. About 75 cases were collected for this study, but the quality and extent of the 
data available varied. Complete data sets were considered to exist when they included: 

(1) A representative geologic column, 
(2) A mine map with the subsidence event superimposed, 
(3) The number of years from coal extraction to surface subsidence, 
(4) Maximum surface subsidence and, 
(5) A subsidence of a sag variety (Bauer and Hunt, 1982). 

Many cases did not contain information in one or two of these areas. However, because of the 
quantity of cases, a sufficient number of data points could be plotted even when the 
information was lacking in many other cases. Except for a few sites where exploratory work 
had been carried out to investigate the subsurface below the subsidence, little specific data 
was available on the mine floor conditions. Some data on floor conditions were obtained 
from nearby borehole logs and mine notes. 

General characteristics of the case data can be discerned from the data shown in Fig. 1. 
From Fig. la it can be seen that the depth to the coal seam was well distributed from 100 to 
400 ft (30.5 to 122 m). The overburden above the coal seams have soil thicknesses of 15 to 
165 ft (4.6 to 50.3 m) with 50% between 15 to 50 ft (4.6 to 15.2 m) and 30% between 50 to 
100 ft (15.2 to 122 m). Bedrock thicknesses in the overburdens range from 50 to 500 ft (15.2 
to 152 m) with most in the range of 200 to 300 ft (61to91.5 m). For the case data the bedrock 
mainly consists, in volume, of shale and fine sandstone. In Illinois, however, there is little 
difference in the mechanical properties of the hard shale and the fine sandstone. Limestone 
probably makes up the third largest constituent in the overburden but when persistent and of 
sufficient thickness it can result in significant roof capacity. 

Approximately 90% of the cases studied involve mines in the Herrin (No. 6) coal while the 
remaining 10% are in the Springfield (No. 5) seam. The seam thickness or mined height was 
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Fig. 1. Distributions of different site conditions for the case data: (a) mine depth in feet 
(1 ft=0.3048 m), (b) percent extraction, (c) years to failure and (d) pillar width to height 
ratio 

from 6.0 to 10.0 ft (1.8 to 3.0 m) and 5.0 to 6.5 ft (1.5 to 2.0 m) in the No. 6 and No. 5 coal 
seams, respectively. 

Based on geologic logs and mine notes, it appears that in all cases the coal is underlain by 
underclay. Odom and Parham (1968) indicated that the Pennsylvanian age underclay units 
are the most persistent in the cyclothems in Illinois. Observations made at or near the sites 
show the underclay thickness to range from 0.5 to 14 ft (0.2 to 4.3 m) with about two-thirds of 
the thicknesses reported between 1 and 6 ft (0.3 to 1.8 m). The underclay is reported to be 
hard to soft with slickensides in most cases, and the mines frequently experienced heaving 
and/or squeezing. Squeezing was sometimes prevalent upon wetting the floor. The type of 
sedimentary rock beneath the underclay was variable, mainly consisting of a zone of nodular 
to continuous limestone up to several feet thick. Other materials found directly below the 
underclay are shales and sandstones. The shales were found to range up to 9.5 ft (2.9 m) 
thick. Sandstone was only found below the No. 5 coal in some cases. 

Mine maps were available for over 90% of the cases. In the other cases the mining 
characteristics were determined from reports on the general layout of the rooms and pillars. 
The extraction ratios for the cases were fairly well distributed between 55 and 75% (Fig. 1 b ). 
The extraction ratio was typically determined directly from the mine plan beneath the sag. 
Also shown in Fig. 1 are the pillar width to height ratios in the failed abandoned workings, 
which range mainly from 1 to 5. In plan, the pillars are mainly rectangular shaped. Many of 
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the cases collected involve old mines which operated in the first half of this century and which 
subsequently failed within 10 to 20 years after the time of extraction. Consequently, the 
mining pattern of many of the mines is the modified room-and-pillar type, with lesser 
quantities of irregular basic and checkerboard room-and-pillar layouts (Hunt, 1980). 

The approximate time span to mine failure was determined from information available on 
the date of coal extraction and when the surface subsidence occurred. This calculation was 
possible in a number of cases and the distribution of years to failure, is shown in Fig. le. In 
estimating the years to failure, it is assumed that the time of progression of the subsidence 
through the overburden can be neglected. 

For this study, only data on the maximum subsidence was used. In some cases this 
subsidence value was simply given in a report and in others it was actually determined from 
survey data. The maximum subsidence values given are approximate. Because the reported 
sags were unplanned, exact measurements were nearly impossible. 

Modes of failure 

Modes of failure and the associated subsidence in abandoned room and pillar mines in 
Illinois have been previously discussed in detail (Bauer and Hunt, 1982; Hunt, 1980; Marino 
and Mahar, 1985; Marino and Cording, 1985; Marino, 1986). Some of this information will 
be summarized herein. 

There are three principal modes of failure which can lead to subsidence: 

(1) Roof failure exclusively in rooms, 
(2) Pillar crushing, and 
(3) Pillar punching. 

These types of failures may occur at any time. 
Long-term roof failures in rooms occur with deterioration of the overburden rock. Surface 

subsidence only results from roof failure in the rooms in shallow mines less than 165 ft 
(50.3 m) deep, where there is insufficient bulking of caved materials (Hunt, 1980). The 
subsidence from roof failure is mainly manifested as steep sided pits and occasionally small 
sags. Thus, this failure mode probably represents a small portion of the cases because only 
sag subsidence data was collected. In Fig. 1 the distribution of overburden thickness (mine 
depth) for the sags included in this study are given. 

Pillar crushing is the failure of the pillar as defined by the yield point due to increased 
stress. Where the roof and floor are firm, load bearing capacity of the coal pillar can be 
estimated by conventional pillar strength equations. However, a soft roof or floor may 
deform when loaded and subject the top and/or bottom of the pillar to lateral extension. This 
reduces the confinement stress in the pillar and consequently its load carrying capacity. This 
effect was measured and described by Greenwald et al. (1939), when a foot ofunderclay was 
present under test pillars vertically loaded to failure. Even harder floor, which behaves 
'elastically' in the short term, can creep with time resulting in weakening of the pillar and 
possible crushing. 

Subsidence from pillar crushing, when overburden bulking does not play a major role, are 
generally more abrupt than formation of sags resulting from pillar punching or floor failure 
(Marino and Cording, 1985). That is, most of the movement occurs in a shorter period of 
time and the sag flanks have more severe distortional characteristics. 
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Little data are available to verify the suitability of design methodology for failures 
resulting from pillar punching. The problem exists in performing long-term tests on the floor 
strata and other strata immediately beneath the coal. Pillars can lose floor bearing at any 
instant from the time of extraction to some later time when the floor yields from creep as well 
as when the failure is initiated or enhanced by changes of conditions in the mine, such as the 
addition of water and increased stress and disturbance from an adjacent mine collapse. Pillar 
punching (or floor squeeze) has been observed to occur almost a century later. 

The sag subsidence from floor failure is generally time-dependent, taking years to subside 
at a slow rate, and usually contains a more gentle profile with less subsidence than from pillar 
crushing. The smaller vertical movements produce more gradual bending of the overburden 
rocks. The maximum subsidence observed at the surface is limited by the thickness of the soft 
material beneath the pillars in addition to the void space in the mine (minus the volume 
expansion in the overburden). 

The major factors which affect the long-term stability of the pillar-floor system are: 

(1) The initial pillar-floor safety factors, 
(2) The presence of structural discontinuities in the coal measure strata, 
(3) The creep properties of the floor materials and to a much lesser degree, those of the 

coal pillar, 
(4) Water infiltration and floor softening, 
(5) Various disturbances from adjacent mine collapses (Marino et al., 1982). 

In addition, the time at which mine failure by pillar crushing or pillar punching reaches the 
ground surface can also be impeded by intermittent bridging in the overburden. 

Failure conditions 

The first reported attempt to relate room-and-pillar mine collapse data to pillar stability was 
done by Salamon and Munro (1967). (This was the first of several papers that followed by 
Salamon, but the theory and data remained the same.) They used 27 cases where mine 
collapse occurred, a few to 32 years after extraction, and 98 cases of 'current' mine areas 
which have been stable for at least 1 i years. It was assumed that all these 'current' cases 
would remain stable. For pillar failure Salamon and Munro considered the following 
fundamental equation to determine the safety factor, F. 

KH"'WP 
F=--p 

where K =strength of one cubic foot of coal, psi 
ix, f3 =appropriately chosen constants from case data 

H =pillar height, in. 
W =pillar width, in. 
P =tributary pressure, psi 

P, in psi, has been defined as: 

d 
P=-

1-e 
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where d=mine depth in ft (assuming P= 1 psi ford= 1 ft) 
e =extraction ratio 

This basic equation was taken from the equation developed by Greenwald et al. (1939), who 
conducted coal pillar tests. The final equation resulting from Salamon's and Munro's work 
contained values of ix= - 0.66 and P = 0.46. 

Bieniawski (1983) performed a case history investigation by studying 171 case histories 
featuring stable pillars from the United States and 20 case histories involving failed pillars in 
other countries. For each case Bieniawski determined the factor of safety. The factor of safety 
was determined by using a different pillar strength formula from Salamon and Munro and 
dividing the estimated strength by the tributary pressure. The pillar strength, a P, was 
estimated by Bieniawski (1969): 

a P =a 1(0.64+0.36 W/ H) 

where a 1 =the ultimate cubic coal strength, psi 

From calculation of Ffor all the case histories, Bieniawski (1983) determined that Fbetween 
1.5 and 2.0 was appropriate for the US when using this pillar strength equation. The results of 
his analyses are illustrated in Fig. 2. 
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Fig 2. Histograms of safety factors for pillar strength formula summarized by Bieniawski 
(1969, 1983) 

In the above two investigations neither considered any factor for time, i.e. all stable cases 
were assumed to remain stable and the years to failure of the failed cases were not included in 
the analysis. Or in other words, F does not significantly decrease with time (which is 
apparently a workable assumption if the majority of failures occur in the short term). Also, 
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the above investigations only considered mine collapse from pillar failure (excluding definite 
roof fall cases). Mine stability depends upon the capacity of all the support elements and the 
applied overburden pressures. 

In Illinois there is a definite decrease of the safety factor with time simply because a 
significant number of mines have collapsed decades after coal extraction. For the case 
histories collected, the tributary pressures, P, have been plotted against the years to failure, 
YTF, in Fig. 3. The distribution of YTF for these points is shown in Fig. le. The points in 
Fig. 3 show some scatter with a general downward trend with time. The scatter is probably 
mainly attributed to differing site conditions. Using the lower bound curve (the statistical no
risk curve, shown in Fig. 3) there is a decrease in the no-risk pressure from 1060 psi 
(7309 kPa) at 2 years to about 300 psi (2070 kPa) at 100 years. This converts to a drop in the 
'no-risk' P of three-fold for that duration. 
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against failure time for case data 

100 

The values at 1 year or less have been plotted at 1 year and are quite scattered. These 
scattered cases may not meet the average range of ground conditions for which that mine was 
designed or the pillars were severely robbed with the reported extraction ratios then being 
inaccurate. 

Another interesting observation is that the overall pillar design of these mines does not 
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appear to be significantly related to depth. Consequently, if sag subsidence occurs over a 
shallower mine, a floor squeeze is more likely since these mines generally have a higher pillar 
safety factor, thereby reducing the possibility of pillar failure. 

Prediction of the subsidence potential and resulting surface damage are significant factors 
in room-and-pillar mine design. Estimating the maximum subsidence in conjunction with 
sag diameter is the most important prediction since they most directly relate to 
characteristics and the attendant damage. In Fig. 4, the modified subsidence factor, SF', is 
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Fig. 4. Distribution of the essential safety factors for the case data 

plotted against the 'essential safety factor', EF, for the case data. The definition of the 
modified subsidence factor is: 

SF'= Smax 

He 

where smax =the maximum sag subsidence 
H =mining height 
e =extraction ratio 

Therefore, SF' is the conventional subsidence factor divided by the extraction ratio. The 
extraction ratio compensates for the volume of coal left in the abandoned workings. The 
essential safety factor, EF, is defined as: 

w0 ·5 (1-e) 
EF= Ho.1 _d_ 
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where W =pillar width, in. 
H =mining height, in. 
e =extraction ratio 
d =depth, ft 

~:.·: =an approximation of the function for pillar strength given by Greenwald et al. 
(1939), and Salamon and Munro (1967). 

The purpose of computing the magnitude of EF is that it gives the relative susceptibility to 
pillar crushing. The distribution of EF for the case histories is shown in Fig. 5. The EF 
distribution of pillar stability shows much variation, indicating that other modes of failure 
must be considered in long-term stability analysis. This can especially be seen when 
comparing the distributions on Figs 2 and 4. As noted previously, pillar crushing can result 
in severe sags on the surface (when the volume expansion of the subsided rock overburden 
cari be neglected). After this type of collapse, only limited void space is left between the roof 
and floor. As EF increases, however, the chances of pillar failure becomes respectively less. 
Therefore, the sag cases at relatively high EFvalues are probably from squeezes. This is not to 
say that floor failure or pillar failure induced by floor movement did not occur at lower EF 
values. Additionally, sag subsidence from roof failures may occur at any values but are more 
likely at low EF values where the overburden pressures are light. 
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Fig. 5. Correlation of maximum subsidence with site characteristics for the case data 

The increasing effect that the overburden thickness, Rx, has on SF' can be seen in Fig. 5 by 
the steepened trend of data with greater overburden thickness. Generally with the thicker 
rock overburden, the magnitude of SF' then becomes more increasingly a function of the 
character of the overburden. Towards the other end of the correlation on Fig. 5, for 
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EFvalues greater than 1.75 x 10- 3 and for Rx less than 200 ft (61 m), there is more scatter 
and the SF' values are generally higher than the rest of the data. 

The significant dependence of SF' on Rx is shown in Fig. 6 where the average modified 
subsidence factor, SF', is depicted for different Rx intervals. It is very interesting that the SF' 
value is about 1.8 times greater at Rx=35 to 100 ft (10.7-30.5 m) than at 300-400 ft 
(91.5-122 m) range. These average SF' values in Fig. 6 are conservative since the cases 
collected are the more obvious subsidences which could be observed on the surface. Thus, 
some of the more gentler subsidence cases may not be fully represented (particularly at the 
higher R" ranges where the mine collapse is minimized at the ground surface). 
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Fig. 6. The average modified subsidence factor for various ranges in overburden rock 
thickness for the case data. (Note 1 ft=0.3048 m) 

Summary and conclusions 

The objective of this paper was to present results of the analysis of subsidence case history 
data on collapsed and abandoned mines in Illinois. Although the studying is incomplete 
some trends have been found and are given. 

A general downward trend exists in the tributary pressure with the years to failure with 
some scatter. Using the lower bound no-risk line in Fig. 3, a reduction in the no-risk 
tributary pressure of more than 300% can be seen when the years to failure increases from 2 
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to 100. Mining and geologic characteristics corresponding to this time to failure trend have 
been preliminarily investigated but no salient correlation has been identified. As more data is 
collected and more analysis is done, the allowable tributary pressure can be determined for 
different site conditions. 

There is a relationship between the maximum subsidence, Sma" and the site characteristics 
for the case histories. smax is shown in the form of the subsidence factor divided by the 
extraction ratio, SF'. Although there is scatter in the data, it provides some general ranges for 
Smax· It can be seen that SF' is heavily dependent upon the overburden rock thickness, Rx. 
For example, the average SF' for cases of similar rock thicknesses incrementally increases 
from 0.36 for cases in the 300 to 400 ft (91.5 to 122 m) range to 0.66 for cases in the 35 to 100 ft 
(10.7 to 30.5 m) range. 

References 

Bauer, R.A. and Hunt, S.R. (1982) Profile, strain, and time characteristics of subsidence from coal 
mining in Illinois. Paper in Proc. Workshop on Surface Subsidence Due to Underground Mining 
(Morgantown, WV, 30 Nov.-2 Dec. 1981) WV University, Morgantown, WV, pp. 207-219. 

Bieniawski, Z.T. (1969) In situ large scale testing of coal. Proc. Conj. In Situ Investigations, British 
Geotechnical Soc., London, pp. 67-74. 

Bieniawski, Z.T. (1983) New approach for room and pillar coal mines in the USA. Prov. Internal. 
Congress on Rock Mechanics, Melbourne, Australia, pp. E27-E36. 

Greenwald, H.P., Howarth, H.C. and Hartmann, I. (1939) Experiments on strength of small pillars of 
coal in the Pittsburgh bed. Bureau of Mines, Tech. Paper No. 605, 22 pp. 

Herbert, C.A. and Rutledge, J.J. (1927) Subsidence due to coal mining in Illinois. Bureau of Mines 
B. 238, 59 pp. 

Hunt, S.R. (1980) Surface subsidence due to coal mining in Illinois. Ph.D. Thesis, Univ. ofIL, Urbana, 
IL, 129 pp. 

Marino, G.G. (1986) Long-term stability of overburden above room and pillar mines. Paper in Mine 
Subsidence, M.M. Singh (ed.), Soc. Mining Engineers, Littleton, CO, pp. 73-82. 

Marino, G .G. and Cording, E.J. (1985) Geo technical aspects of subsidence over room and pillar mines 
in Illinois. Paper in 4th Conj. on Ground Control in Mining (Morgantown, WV, 22-24 July 1985) 
WV University, Morgantown, WV, 9 pp. 

Marino, G.G. and Mahar, J.W. (1985) Subsidence damaged houses over room and pillar mines in 
Illinois. Report for Abandoned Mined Lands Reclamation Council, Springfield, IL, 450 pp. 

Marino, G.G., Mahar, J.W., Dobbels, D.J. and Kiesling, D.R. (1982) Mine subsidence and related 
structural damage, Hegeler, IL. Final Report for USBM. 

Odom, I.E. and Parham, W.E. (1968) Petrography of Pennsylvanian underclays in Illinois and their 
application to some mineral industries. IL State Geological Survey, Circular 429, 36 pp. 

Quade, J.C. (1934) Report on coal mine subsidence, by county, for Illinois. Unpublished report for the 
Federal Land Bank of St Louis. 

Salamon, M.D.G. and Munro, A.H. (1967) A study of the strength of coal pillars. Jour. of the S. African 
Inst. of Min. and Met. 68, 55-67. 

Young, L.E. (1916) Surface subsidence in Illinois resulting from coal mining. IL State Geological 
Survey, Mining Investigation Bull, 17, 112 pp. 



AECOM Location Restrictions for Dynegy Midwest Generation, LLC 
Kincaid and Coffeen Mine Subsidence at Ash Ponds 

References 

Attorney Client Privileged 

Reference 3 



UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

Subsidence Potential in Shale and 
Crystalline "Rocks

By

J. F. Abel, Jr.
Colorado School of Mines
Golden, Colorado 80401

and 

F. T. Lee

Open-File Report 80-1072

1980

This report is preliminary and has not 
been reviewed for conformity with U.S. 
Geological Survey editorial standards.



Contents

	Page 

Abstract................................................................ 1

Introduction............................................................ 2

Mining background information........................................... 2

Subsidence over thin, tabular-bedded deposits........................... 5

Subsidence over crystalline rocks....................................... 20

Subsidence associated with pillar failure in room-and-pillar mining..... 26

Rate of subsidence...................................................... 28

Residual or delayed subsidence.......................................... 32

Summary and conclusions................................................. 33

References cited........................................................ 34

Selected references..................................................... 37



Illustrations

Page

Figure 1. Trough subsidence description................................ 4
2. Diagram showing notation for calculating maximum height

of collapse in relation to geometry of collapse............ 8
3. Graph showing variation in maximum height of collapse

for different modes of failure and bulking factors......... 9
4. A family of subsidence development curves from 11 British

coal mines................................................ 10
5. Reported angle of draw versus percent shale.................. 13
6. Reported angle of draw versus percent sandstone.............. 14
7. Reported angle of draw versus percent limestone.............. 15
8. Reported angle of draw versus percent sandstone and

1imestone.................................................. 16
9. Reported maximum subsidence versus percent shale............. 17

10. Reported maximum subsidence versus percent sandstone......... 18
11. Reported maximum subsidence versus percent limestone......... 19
12. Reported maximum subsidence versus depth..................... 21
13. Reported maximum subsidence versus mining height (all

data)....................................................... 22
14. Reported maximum subsidence versus mining height (data

out!i er removed)........................................... 23
15. Reported maximum subsidence versus percent extraction........ 24
16. Subsidence above room-and-pillar partial extraction

workings following pillar squeeze or failure.............. 30
17. Room-and-pillar subsidence accompanying pillar failure

at low extraction.......................................... 31

Tables

Table 1. Lithologies, mining conditions, and measured subsidence

(supercritical conditions).................................. 6

2. Angles of draw (from vertical) for coal mining in the

United States and Europe.................................... 7

3. Angles of draw (from vertical) for mines in flat-bedded 

sedimentary rocks with respect to lithology of 

overburden.................................................. 12

4. Angles of draw (from vertical) reported for mines

in crystalline rocks........................................ 27

5. Subsidence measured above room-and-pillar and partial

extraction workings following pillar squeeze or failure..... 29



Subsidence Potential in Shale and Crystalline Rocks

By

J. F. Abel, Jr.* and F. T. Lee 

Abstract

This report presents a statistical summary of worldwide subsidence 
experience in shale and crystalline rocks, and includes an expanded 
bibliography of the most significant references on mining-induced subsidence 
in these rocks. No measurements have been reported in the literature of 
subsidence in "massive" shale and crystalline rocks (potential host rocks for 
radioactive-waste (radwaste) repositories). Predictions of the subsidence 
response of massive rock based on information gained from less uniform rocks 
will be subject to unknown but possibly large error.

Subsidence is controlled by a complex combination of mining and geologic 
factors. For example, as the percentage of shale in the rock mass decreases 
and the amount of sandstone increases, the" angle of draw (and the area of 
potential surface subsidence) decreases. When limestone is present in the 
overlying rock the angle of draw can be three times less than for an 
equivalent amount of sandstone. In fractured crystalline rocks the angle of 
draw and the resulting surface deformation appear to be controlled not only by 
properties of the rock substance, as in shale, but also by preexisting 
joints. Faulting can limit or enlarge the draw angle in any rock formation. 
The data show that gross errors may occur when applying a subsidence model 
developed at one mine in one geologic environment to a mine at another 
location.

Control of subsidence with backfilling has been highly successful. In 
one case the subsidence predicted without backfill was nearly 20 times greater 
than that actually measured with backfill.

1 Colorado School of Mines, Golden, Colorado 80401
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Introduction

Modern industrial society produces increasingly larger amounts of highly 
toxic, long-lived chemical and radioactive-waste products. The attractiveness 
of proposals to place these hazardous materials in deep, geologically stable, 
storage sites depends on the stability of both the near- and far-field 
geologic environment. It is unreasonable to assume that any series of rooms 
and pillars will remain stable for many thousands of years. It is essential, 
therefore, to be able to predict and prepare for the deformation and failure 
of those pillars and for the resulting subsidence of the surface. The 
possibility that delayed subsidence will breach such a containment facility 
and allow surface water to enter can only be evaluated by considering the much 
shorter historical record of mining-induced subsidence.

No rock type has all of the desirable attributes for waste containment. 
However, crystalline rocks and thick shale sequences have been suggested as 
prime storage sites. Shale, a relatively weak rock, would inhibit the 
migration of hazardous wastes because of its tendency to deform plastically 
rather than by fracture. Pillars excavated in shale will, however, remain 
stable for a shorter time than pillars excavated in much stronger crystalline 
rocks (mainly granite and gneiss). Joints in rock masses provide a potential 
avenue for ground-water movement. In deep mines the water that enters through 
such joint systems in crystalline rocks must be pumped out. It is common 
practice to excavate shallow (100-150 m) storage caverns for liquified 
petroleum gas (LPG--butane and propane) in shales because of their ability to 
contain LPG under moderate pressures, <0.7 MPa (<100 lbf/in^).

It is desirable to place storage facilities for critical materials in 
massive formations because predicting long-term rock mass response, while not 
simple, should be easier in massive formations than in more complex geologic 
environments. Alternating beds of different flat-lying or folded sedimentary 
rocks or folded, fractured, and injected metamorphic rock masses represent 
complex geologic environments which generally should be avoided.

The purpose of this report is to summarize and interpret the most 
relevant published subsidence information and to suggest the degree to which 
this information may be applied to predictions of subsidence in massive shale 
and crystalline rocks.

Mining background information

It is not possible to find mines operating in massive shale and 
crystalline rocks because there is no economic incentive, that is, no coal or 
other economic product to extract. Measurements of surface response to mining 
below shale and crystalline rocks are, therefore, virtually absent from the 
technical literature.

There are numerous statements concerning the importance of geology in the 
development of damaging subsidence effects. For example, Sopworth (1898, 
p. 165) suggested the following classification for beds overlying British coal 
deposits:



1. "Measures consisting of fairly equal proportions of rocky 
and argillaceous beds, and containing thick beds of 
sandstone." (Rocky probably means sand-size and coarser 
sediments.)

2. "Measures including a small proportion of rocky beds, say 
15 percent, and only thin beds of sandstone." (Eighty- 
five percent argillaceous, 15 percent sandstone.)

3. "Variations between these two."

In the first case, according to Sopworth (1898, p. 165-166), the edge of the 
subsidence trough will follow or lie over the excavation and in the second 
case it will lie over the solid coal. (See fig. 1 for nomenclature.) In the 
third case it will vary between (1) and (2). The same year, Cooper (1898, 
p. 134) called attention to the absence of an angle of draw where the 
overlying beds include strong thick layers of limestone. As recently as 1976, 
Dunrud (1976, p. 1) stated, "Knowledge of geologic, topographic and 
socioeconomic conditions in prospective mining areas is vital to planning safe 
and efficient mining activities * * * ."

While no subsidence information exists for massive shale or massive 
crystalline rocks considerable data are available in the technical literature 
for layered sedimentary rocks overlying coal mines and for geologically 
complex crystalline rock masses above metal mines. The typical sedimentary 
sequence in coal deposits involves a cyclic deposition of different rock types 
(cyclothem) in which only one of the rock types is snale, although shale is 
the most abundant rock type at many locations. The typical geologic 
environment of a metalliferous ore deposit in crystalline rock, if indeed 
there is a typical deposit, includes folded and fractured rock masses. 
Faults, or dikes of different igneous rocks, frequently disrupt the continuity 
of the enclosing crystalline rock masses. In addition, the mining of thick 
(mining height greater than one-tenth the depth), irregular-shaped 
metalliferous orebodies frequently results in a prominent, steep-walled 
collapse depression at the surface. Such a collapse depression, which can be 
as much as tens to hundreds of feet in depth, is easy to measure and the 
measurement does not have to be very precise. The failure of pillars in a 
horizontal waste storage facility would not produce a steep-walled collapse 
depression or pit, but only a broad shallow downwarp of the ground surface, 
that is, trough subsidence, because there is no reason to use mining heights 
of one-tenth the depth, or greater. With one notable exception, no effort has 
been made to measure the more subtle, local, downward deflection of the 
surface, that is, trough subsidence, adjacent to a prominent collapse 
depression (Thomas, 1971).

Massive shale overburden represents, in effect, one extreme of rock type 
in the case of sedimentary lithology. Coal-mining subsidence-monitoring 
results involve different sequences of varying lithologies. Shale is 
typically a major proportion of the overlying sequence of strata. Bell (1975, 
p. 28) stated, "Argillaceous rocks account for about three-quarters of the 
thickness of a sequence of coal-bearing strata" in England. Kapp (1973, p. 7- 
8) on the other hand stated that, "There is approximately 70 percent of 
sandstones in the strata over the Kemira longwall panels" near Wollongong in 
Australia.
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The limited number of subsidence-monitoring programs reported in the 
literature which also determined and reported the overlying lithology is 
indicated in table 1. It should not be assumed that lithology alone controls 
subsidence, nor for that matter that lithology is the only geologic factor 
that influences subsidence. Individual bed thickness, relative strength of 
the rock substance, and bedding cross-joint frequency probably have an effect 
on the amount of subsidence measured.

In regard to the prediction of subsidence, the extent of detectable 
subsidence outside the area of active mining is of as much interest as is 
depth of subsidence. The reach of subsidence effects outside the area of 
mining, generally referred to as the "angle of draw," appears to be highly 
variable. The angle of draw, the angle formed by the vertical line above the 
outer limit of mining and the lateral limit of detectable subsidence, has a 
special importance to land-use planning, because it indicates where the 
surface will be unaffected by mining-induced subsidence. The large variation 
in tabulated angles of draw is shown in table 2. The potential for error in 
applying an angle of draw measured from one country to another, or even within 
one country and (or) district is obviously considerable.

Subsidence over thin, tabular-bedded deposits

A tabular-bedded deposit can be considered thin when caving produced by 
collapse of the mine roof does not propagate to the surface and form a pit!ike 
collapse depression. Schulte (1957, p. 193) reported on sinking a shaft from 
an upper coal seam to a fully extracted and caved longwall panel below. 
Schulte was unable to detect any damage to the rock exposed in the shaft walls 
more than nine seam thicknesses above the lower seam. He also found that the 
rubble from the collapsed roof had a height between three and four seam 
thicknesses above the former roof of the lower seam. Piggott and Eynon (1977, 
p. 763-765) mathematically examined the potential height of collapsed rock 
above rooms in room-and-pillar workings (figs. 2, 3). They concluded that the 
collapse height for a conservative 30-percent swell (bulking factor) for the 
rubble from the collapsed roof rock would result in a collapse height of 3.3- 
10 times the thickness of the mined seam. The smaller collapse height should 
develop in the case of rectangular (uniform) roof collapse and the larger 
collapse height in the case of adverse conical roof collapse, which 
occasionally develops above room intersections.

The subsidence effects resulting from failure of the pillars in a waste 
storage facility either in shale or in crystalline rock should be similar to 
that v/hich would occur upon the extraction of a thin, tabular-bedded 
deposit. The surface depression that results is referred to as a subsidence 
trough. The standard symbols employed by the NCB (National Coal Board, 1975, 
p. 3) are presented in figure 1. The primary factors affecting the 
development of the trough in flat-lying tabular deposits like the 
Carboniferous coal measures of Great Britain are mining height and minimum 
mining width. Depth is a secondary factor, increasing the angle of draw 
distance, the extent of surface influence, and possibly the maximum 
subsidence. The similarity of subsidence measurements at different mines in 
Great Britain is indicated by the subsidence profiles in figure 4 (King and 
Whetton, 1957, p. 27).
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Table 2. Angles of draw (from vertical) for coal mining in the

United States and Europe

Country or Brauner Warden Newhall and Plein 
district (1973, p. 9) (1959, p. 530) (1934, p. 65)

Nether! ands           35°-45° 35°-45°       

Ruhr                30°-45°                  

Lower Rhine                   29°-39°        

France              35°                  

Great Britain          25°-35° " 28°-40°       -

United States of America 20°           20°-25'

(Pennsylvania).

Poland                        19°-34°        



RECTANGULAR COLLAPSE

r  "" 
H

h-P  1-

CONICAL COLLAPSE

B - Bulking Factor =
Yc - Vo

where Vo = original volume ci unbroken strata. 

..... -Vc.?,YQJuj]ng of coUqpsGd roof beds

Figure 2. Diagram showing notation for calculating maximum height of collapse 
(H) in relation to geometry of collapse. (Modified from Piggott and 
Eynon, 1977.)



30-1

25-
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MAXM HEIGHT 
OF COLLAPSE

I c
(expressed 
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Range of bulking
factors for 

Coal Measure Strata

Observed maximum height 
of collapse in the mine'

10°A 30 °A ACT/*

BULKING FACTOR B 
(expressed as a percentage]___

50%

Figure 3.--Graph showing variation in maximum height of collapse for different 
modes of failure and bulking factors. (Modified from Piggott and Eynon, 
1977.)
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The simplest mining geometry is produced by longwall extraction. In 
longwall coal mining the coal seam is completely extracted as a rectangular 
panel with a width of about 200 m and even a greater length. Leaving a 
portion of the coal seam as pillars, in the case of room-and-pillar mining, 
reduces the magnitude of subsidence, but does not change the general shape of 
the subsidence trough. The effect of pillars and (or) backfill on subsidence 
is discussed in a later section of this report.

Many investigators have assumed that the subsidence measured above one 
coal mine can be used to accurately predict subsidence that will result from 
mining at other locations. This is only grossly true (tables 1, 2). 
Obviously, geometric similarity among flat-lying tabular-bedded deposits is 
not the only control either on maximum subsidence or on angle of draw.

Data were collected from the literature to investigate the relationship 
between angle of draw and lithology, expressed in terms of the percentage of 
shale, sandstone, and limestone in the overlying strata. The data are 
presented in table 3. The proportions of the various lithologies, where not 
specifically reported, were calculated from drill hole logs. The percent of 
shale, sandstone, or limestone is by itself a relatively poor predictor of the 
angle of draw as shown in figures 5, 6, and 7. The statistical confidence 
that the angle of draw increases as the percent of shale in the overlying rock 
increases is only slightly better than 90 percent (fig. 5). Much lower 
confidence can be placed in the statement that the angle of draw decreases 
with increases either in sandstone (70 percent) or in limestone (65 percent) 
in the overlying rock (figs. 6, 7). However, a multiple linear regression 
evaluation of the sandstone and limestone percentages in the overlying strata 
indicates 98-percent confidence that the more complex relationship indicated 
in figure 8 is true. The indication is that limestone in the overlying rock 
causes as much as a threefold decrease in the angle of draw in comparison to 
an equivalent percentage of sandstone in the overburden. The student "t" 
statistical test for "goodness of fit" was used to determine these 
relationships.

More precise predictions of the complex interrelationship of geology and 
angle of draw require a more precise definition of the lithology, probably 
including bed thickness and jointing as well as rock type.

The dependence of maximum measured surface subsidence (Smax) on reported 
lithologies and mining conditions (table 1) is more complex than is the angle 
of draw relationship to lithologies alone. The assumed independent variables 
extracted from the literature were percent shale, percent sandstone, percent 
limestone, mining depth, mining height, and percent extraction.

The apparent dependence of maximum measured surface subsidence, as a 
percent of the mining height, on the lithologic percentages of shale, 
sandstone, and limestone is presented in figures 9-11. The calculated level 
of statistical confidence in an interrelationship, again using the student "t 
test, between maximum subsidence and: (1) percent shale is 88 percent, (2) 
percent sandstone is 97 percent, and (3) percent limestone is 85 percent.

11
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The reported data on mining conditions indicate that there is probably no 
relationship between depth of mining and maximum measured subsidence 
(fig. 12). In fact, the calculated confidence level of about 40 percent is 
less than that for flipping a coin. The relationship betv/een mining height 
and maximum measured subsidence involves one extreme outlying value (fig. 13), 
the results of which were reported by Obert and Long (1962) for a 42-m-high 
block of borate. This block was blasted down as a plug, which could make its 
inclusion in the statistical analysis questionable. Dropping the outlying 
value (fig. 14) increases the level of confidence in an interrelationship from 
55 to 98 percent. The highest level of confidence, greater than 99 percent, 
of a relationship quite reasonably exists between the percent extraction and 
the maximum measured subsidence (fig. 15).

Subsidence over crystalline rocks

The crystalline rocks above many metalliferous orebodies are not 
ordinarily massive because they are commonly jointed and faulted. In 
addition, the typical igneous rock mass '-aries in rock composition, and may 
contain dikes, sills, and inclusions of country rock. These features 
generally would be undesirable in sites for underground storage or disposal of 
hazardous waste. Metalliferous orebodies generally have irregular geometries, 
varying in lateral and vertical dimensions. The thickness of ore withdrawn 
during mining in crystalline rocks is frequently sufficiently great to result 
in collapse of the surface. MacLennan (1929, p. 169) reported that a block 
cave stope broke through overlying massive Precambrian schist to the surface 
after 12.6 percent of the thickness of rock between the extraction level and 
the surface was removed. Thomas (1971, p. 5) reported that the upper surface 
of the monzonite rocks overlying one orebody was breached when 11 percent of 
the rock column had been withdrawn. Thomas (1971, p. 54) reported that 
withdrawal of about 10 percent of the same rock column above another orebody 
at a nearby location produced a similar breach.

The subsidence mechanism in the case of mineral extraction in crystalline 
rock is roughly as follows:

1. Collapse of rock progresses upward from the mining horizon 
(undercut level) as ore is withdrawn from below. The 
resulting column of caved and broken rock is confined above 
the area of extraction.

2. The ground surface does not begin to measurably subside until
the collapse has so thinned the overlying intact rock that it 
cannot transfer the load of the overlying rock to the 
adjacent solid rock ribs. The overlying solid rock will then 
begin to deflect dov/nward toward the collapsed rock below. 
Lateral movement of adjacent rock into the collapsed rubble 
column is resisted by the active pressure of the rubble 
(broken rock). In extreme cases, where the adjacent solid 
rock begins to move laterally into the rubble column, it is 
resisted by the passive pressure (resistance) exerted by the 
broken rock.

20



to
o

G
O

 * 
~ 

O
.O

Z
t 

(C
or

re
la

ti
on

 C
oe

ff
ic

ie
nt

 S
qu

ar
ed

) 

yx
 "

 Z
Q

.5
/0

 
(S

ta
nd

ar
d 

E
rr

or
 -

 y
 b

as
ed

 o
n 

x)

^
10 20

_i
.

4
-0

0

D
 e

p
 t
h

JO
Q

 
G

O
O

F
ig

u
re

 
1
2
. 

R
ep

o
rt

ed
 

m
ax

im
um

 
su

b
si

d
e
n

c
e
 
v
e
rs

u
s 

d
e
p
th

.



ro
 

ro

10
0

^ \ *J o 4 .5   « X

^o

r
9'*

 0
.0

4-
 2
 

(C
or
re
la
ti
on
 C

oe
ff
ic
ie
nt
 S

qu
ar
ed
) 

S
/
x
 *

 2
0
.
3
X
 
(S

ta
nd

ar
d 

Er
ro
r 

- 
y 

ba
se
d 

on
 x

)

to

M
in

in
g 

H
ei

g
h

t

4
5

F
i
g
u
r
e
 
13

. 
R
e
p
o
r
t
e
d
 
m
a
x
i
m
u
m
 
s
u
b
s
i
d
e
n
c
e
 
v
e
r
s
u
s
 
m
i
n
i
n
g
 
h
e
i
g
h
t
 
(a
ll
 
d
a
t
a
)
.



10
0

r*
 ~

 0
.
3
5
3
 

(C
or

re
la

ti
on

 C
oe
ff
ic
ie
nt
 S

qu
ar
ed
) 

** 
1
6
.
5
 /

* 
(S

ta
nd

ar
d 

Er
ro
r 

- 
y 

ba
se
d 

on
 x

)

B
O

40

I
 

20

. V
, K

M
i
n
i
n
g
 

H
e
i
g
h
t
 
(
m

F
i
g
u
r
e
 
14

. 
R
e
p
o
r
t
e
d
 
m
a
x
i
m
u
m
 
s
u
b
s
i
d
e
n
c
e
 
v
e
r
s
u
s
 
m
i
n
i
n
g
 
h
e
i
g
h
t
 
(d
at
a 

o
u
t
l
i
e
r
 
r
e
m
o
v
e
d
)
.



ro

"
0
.
5
7
5
 

(C
or

re
la

ti
on

 C
oe
ff
ic
ie
nt
 S

qu
ar
ed
) 

yx
. 
~ 
/3
.
5
%
 

(S
ta
nd
ar
d 

Er
ro
r 

- 
y 

ba
se
d 

on
 x

)

v
h ^
 

10
0

<u 
BO

 
o 1*

 
^

fc 
Z°

 

*
 

0 3(

»

? 
4

0 
3

9 i?
 

6

\

e

0 
7<

C> 
fl

'

1 
'

A  

£
 

f

 
 
 
 
 
 
 
 

 

5)
 

fc

1 <? 
/6

; ! * ><>

P
e
rc

e
n

t 
E

x
tr

a
c
ti

o
n

F
ig

u
re

 
1
5
. 

R
ep

o
rt

ed
 

m
ax

im
um

 
su

b
si

d
e
n
c
e
 
v

e
rs

u
s 

p
e
rc

e
n
t 

e
x

tr
a
c
ti

o
n



3. Further extraction of caved ore from below results in increased 
sag (subsidence) of the ground surface above and adjacent to 
the area of extraction. The overlying intact rock is 
progressively thinned by the further upward migration of the 
broken rock, which causes intact rock to deflect onto the 
caved rock. The initial trough subsidence is similar in 
shape to the trough subsidence observed above coal mining 
(Thomas, 1971, p. 6, 16).

4. Continued extraction of ore will result in breaching of the 
surface. The initial breach is typically in the form of a 
circular pit, commonly referred to as a chimney. The chimney 
is roughly centered over the mining area, but may be offset a 
minor distance. Such an offset is probably the result of 
preferential collapse along geologic weaknesses in the rock 
mass.

5. If ore extraction continues, the surface breach will grow 
laterally near the surface where the broken rock, and the 
restraint it provides, has moved down the chimney* The rock 
adjacent to the subsided chimney either slides along geologic 
weaknesses, such as joints or faults, or topples into the 
evacuated upper part of the chimney.

6. The final, or ultimate, angle of draw is determined either by 
the place where the lowest angle of geologic weakness 
intersects both the ground surface and the mining horizon or 
by the place where the angle of repose of the broken rock 
mass is reached, whichever has the lower angle.

The presence of a fault in crystalline or sedimentary rock can terminate 
the angle of draw short of its normal value. In the case of crystalline rock 
a steeply dipping fault which lies outside the collapsing rock column can 
terminate the gradual increase of the angle of draw at the surface outcrop of 
the fault. In the case of trough subsidence and sedimentary rock (Lee, 1966) 
the subsidence curve is usually truncated by such a steeply dipping fault. In 
both cases, the ground surface abruptly drops across the fault, with the 
downthrown side toward the chimney or toward the center of the trough.

If a gently dipping fault intersects the collapsing rock column the 
lateral extent of surface subsidence can increase outward to the place where 
the fault intersects the ground surface. Whether or not this takes place 
depends primarily on the shear strength of the fault zone. Thomas (1971, 
p. 38-45) indicated the lateral extension of the subsidence pit to be about 
1,000 ft along the San Manuel fault and beyond the draw limits measured on the 
other sides of the pit.

It is common practice to report both an initial and a final angle of draw 
for caving subsidence. The initial angle of draw is the extent of subsidence 
effects at the time the surface is breached. The final angle of draw includes 
the limit of measurable subsidence effects after mining has ceased. A 
negative initial angle of draw, that is, it extends inside the mining area, is 
frequently reported if precise survey measurements are not made. Such a 
negative angle of draw is the angle between the vertical and a line connecting
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the side of the chimney to the nearest side of the mining level. Reported 
initial and final angles of draw which breached the surface above 
metalliferous mines in crystalline rocks are tabulated in table 4. No 
information was found for initial angles of draw for trough subsidence where 
the extraction of thickness was limited and the surface was not breached by 
caving.

The progression of surface subsidence described above will end at any 
stage if extraction of rock from below stops, except where long-term 
consolidation of the collapsed rock has occurred. The ultimate extent of 
subsidence is controlled by "bedding and jointing which constitute the 
principal lines of weakness universally present in rock formations" and "may 
be considered the controlling factors in ground movement" (Crane, 1929, 
p. 6). "When rock formations are broken due to the removal of underground 
support, the movement occurs upon existing planes of weakness and riot upon 
fresh breaks across the formations" (Crane, 1931, p. 3).

Both subsidence troughs and chimneys can occur either in crystalline or 
in sedimentary rocks and either above shallow coal mines or above shallow or 
deep metal mines. The differences are generally related to the lateral extent 
of surface subsidence effects. Lateral subsidence above crystalline rocks can 
extend farther because the dip of the joints can be flatter than the angle of 
draw observed for trough subsidence above bedded sediments. Typical bedding 
cross-joints are approximately perpendicular to the bedding planes. In flat- 
lying sediments, the bedding cross-joints do not define the extent of 
subsidence. In this case it is the flexure of the beds that determines the 
extent of subsidence. Typical subsidence in bedded sediments which are 
sufficiently deep that no collapsed chimneys result (about 10 times extraction 
thickness), does not extend beyond step 2 above.

Subsidence associated with pillar failure 
in room-and-pi liar mining

Room-and-pillar mining is frequently used in areas where the surface must 
be protected from the effects of subsidence. In Pennsylvania this provision 
has been codified into law (Bituminous Mine Subsidence and Land Conservation 
Act, 1966). The assumption that subsidence can be eliminated by leaving 
pillars of sufficient size, however, is erroneous. The extraction of part of 
a tabular deposit, in this case coal in Pennsylvania, will increase the 
vertical stress in the remaining pillars. The pillars will shorten in 
response to the increase in stress. This pillar shortening will be 
transmitted to the surface, but its effect is normally so small as to be 
negligible and frequently undetectable. Prediction of the long-term stability 
of the pillars is a major problem for room-and-pillar mining. Pillar failures 
leading to sudden surface subsidence have occurred as long as 100 years after 
mining (Thornburn and Reid, 1977, p. 90).
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The monitoring of the surface above room-and-pi liar mining operations is 
rarely undertaken; however, data are available from the few surface 
subsidence-monitoring programs over failed pillars (table 5). The subsidence 
reported is much less than that predicted by the widely used NCB (1975) model 
for longwall mining the uniform extraction of a thickness of coal across a 
wide and long area. Knothe (1957, p. 214) reported a reduction of maximum 
subsidences to as little as one-thirty-fifth of the NCB longwall subsidence 
prediction for 50-percent extraction by room-and-pillar mining. This, no 
doubt, results from the fact that when pillars fail they crush and expand but 
do not flatten out uniformly. The shortened crushed pillars increase in load- 
carrying capacity in some proportion to their increase in cross-sectional 
area. Wilson (1972, p. 413) reported placing 166 MPa (24,000 lbf/in2 ) on a 
cylinder of coal fragments whose width was 20 times its height. Likewise, 
solid coal pillars could never carry such a stress unless their width/height 
ratio was similarly large. The data presented in table 5 and shown 
graphically in figure 16 permit a statistical analysis based on the method 
presented by Warden and Eynon (1968).

Backfill has been placed in room-and-pillar workings in some mines to 
reduce subsidence. This method has been highly successful as indicated by the 
results reported by Kumar and Singh (1973, p. 6-2, 6-3) and by the results in 
table 5 for the Jharia mine in India. The predicted percent of subsidence 
without backfill is nearly 20 times greater than that measured with backfill 
(fig. 17).

Accurate prediction of the reduction in subsidence effects resulting from 
backfilling around pillars commonly is not possible because uncontrolled or 
unreported factors, such as the completeness of filling and the 
compressibility of the fill are not accurately known. It is also necessary to 
determine the percent of swell of the failing pillar as it interacts against 
the fill material. Subsidence effects can be greatly reduced by backfilling, 
but subsidence cannot be eliminated.

Rate of subsidence

The time factor in mining-induced subsidence has been investigated in the 
past, mainly as it applies to coal mining. Young and Stoek (1916), for 
example, reached only one general conclusion: the deeper the seam the longer 
the duration of surface movement. Although this is a widely accepted finding 
the reasons behind it still are not completely understood.
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Wardell (1953) showed that the subsidence of a point at the surface 
theoretically begins when a longwall face enters the "critical area" (fig. 3) 
and ceases when the face leaves the critical area. However, Wardell further 
showed that the surface point continues to subside (residual subsidence) for a 
variable period, perhaps months, but that on the-average, 95 percent of the 
total subsidence occurs while the face is within the critical area. Most 
investigators suggest that rate of advance and depth of mining are the factors 
governing the rate of surface subsidence. In addition, a "development factor" 
which includes depth, mining height, and percent extraction (Orchard and 
Alien, 1974) has been proposed for mining-geometry influences. As stated 
earlier, in respect to the areal limits of subsidence, geological and 
geomechanical properties influence strain rates and modes of deformation. 
Orchard and Alien (1974) reported that, when the face advances out of the 
"critical area," further ground movements occur due to complex time-dependent 
stress redistribution processes in the overlying rocks.

The influence of depth of mining and face position on time-dependent 
subsidence becomes more important in the event of pillar failure in room-and- 
pillar mining than that in longwall mining. Pillar failure can be delayed, 
progressive, or sporadic.

Residual or delayed subsidence

Orchard and Alien (1974) noted that 9 percent of the total subsidence 
occurred during the 6 years after a 166-m-deep longwall face advance stopped 
at Peter!ee, England. A thick dolomitic limestone apparently caused a delay 
and reduced the amount of subsidence. The same authors mention that a 
residual surface subsidence of 16 mm occurred 3.months after longwall mining 
of a 105-m-deep coal seam stopped in north Durham, England. Then, after a 
pause of 5 months during which there was no subsidence, a subsidence of 17 rnm 
took place over the next 3 years. The delayed subsidence was 6.8 percent of 
the 3-year total. At this mine a 23~m-thick bed of sandstone apparently 
delayed surface deformation. A gradual lowering of the rock mass is 
associated with weak beds whereas violent, often delayed, collapse is 
associated with the sudden failure of strong roof rocks. According to Piggott 
and Eynon (1977), if there is at least one competent rock layer, which has a 
thickness of at least 1.75 times the appropriate opening span width, between 
the mine workings and the surface, the collapse process will be stopped by 
that competent bed.

Subsidence may be delayed either when the extraction percentage is 
decreased and pillars are left, or when backfilling is used. Similarly, 
Whetton and King (1961) found that the area of the underground workings also 
controls the timing and vertical extent of surface subsidence. Thus, roof 
deflection is proportional to roof span width and span width is proportional 
to surface subsidence; the greater the span width the more rapidly deformation 
will reach the surface.

Many accounts are recorded of severe surface deformations that occurred, 
often abruptly, long after mining ceased. With only a few exceptions, most of 
which are controlled by geological conditions such as those previously 
mentioned, the notable delayed residual subsidence has taken place in room- 
and-pillar mined areas rather than in longwall mined regions. In the former 
County of Lanark (Scotland) mining had been completed 118 years when a sudden
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collapse of sandstone beds occurred above workings only 16 m deep. At the 
surface structural damage to apartment buildings was so severe that the 
tenants were evacuated and several blocks of buildings were demolished 
(Thornburn and Reid, 1977). At Farmington, W. Va., intermittent episodes of 
subsidence occurred when 2- to 3-m-high coal pillars punched into the weak 
claystone mine floor (Gray, Bruhn, and Turka, 1977). Surface deformation that 
damaged dozens of homes and buildings began while the mine (85 m below the 
surface) was active. Subsidence movements continued for more than 4 years 
after mining stopped until the mine was backfilled with coal waste.

Summary and conclusions

Subsidence is the downward sinking of the ground surface due to the 
collapse of underground cavities, in the present case, mined cavities. The 
surface extent of subsidence is greater than the cavity length and width. 
Vertical movements predominate but lateral movements of both expansion and 
contraction also take place. In many areas maximum vertical subsidence is 
less than 50 percent of the mining height. Subsidence is a time-dependent 
deformation that may result from mine roof .collapse, pillar failure, pillar 
punching, or various combinations of these mechanisms. Subsidence may be 
detected through rupture of utility pipelines, foundation displacements, or 
changed drainage patterns, more than 100 years after mining has ceased. 
Subsidence induced by longwall mining is much easier to predict and monitor 
than subsidence induced by partial extraction methods. The information 
presented here does, however, demonstrate that subsidence is controlled by the 
complex interaction of mining and geologic conditions and is time dependent, 
particularly in the case of room-arid-pillar workings.

No measurements of subsidence effects have been made above room~and~ 
pillar workings in massive shale and crystalline rocks. Therefore, 
predictions of subsidence from room«and-pillar excavation for waste storage 
facilities in these rocks based on information gained from less, perhaps much 
less, massive rocks will be subject to unknown error. Measurements in massive 
rocks will be needed to verify extrapolation of available subsidence 
measurements, mechanisms, and effects.

Perhaps reasonably accurate subsidence predictions can be made for deep 
waste storage chambers in more massive and less complex rock masses using one 
or more of the existing subsidence-prediction models for coal measure rocks. 
Accurate determination of geologic and excavation conditions, adequate 
monitoring, and careful analysis are required for a meaningful validation of 
such extrapolations.
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1.0 mmoOOCTION 

'!his manual has been prepared as an aid in the preparation of 
subsidence control plans for un:ierqround coal mi.n.i.n3 operations. Most 
of the material in this manual was taken fran the final report 
sul:Initted to the Office of SUrface Mining Reclamation arx:1 Enforcement 
by GAl Consultants, Inc., M::>nroeville, Pennsylvania. It describes the 
subsidence process, reviews available subsidence prediction methods, 
am describes subsidence centrol arx:1 prevention techniques. It is 
interxied for information puIlX)SeS only. Each IIli.ning area is unique 
an:l different states have different regulatory program requirements, 
consequently, clear CXIIIIIIIJJ'li.cation between the state Regulatory 
Authority am the mine operator is needed in order that the specific 
needs arxi requirements of the subsidence control regulations are 
urr:lerstocxl an:l met. -

-. 
'-t. ...... ." ..J', 

, .. 
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2. 0 'lYPES OF JoDNING 

Section 

2 • 1 lrTtr1:xiu.ct.ia1.. • • • • • • • • • • • • 0 • • • • • " g • • • • • • • • " • • • • 0 • 2 

2.2 ~and-Pillar Mininq........................... 2 

2 • 3 ~l Mininq ••••••••••••• 0 0 •••••••••••• 0 0 •• CI • • 5 

2.5 Minin:J 'IyPes and SUbsiderx:le Control Methods...... 8 

2.1 InUcxruction 

AllIIost all urdergroun:l coal minin;J in the United states is 
cxmducted usirg one of three methcx1s - roan-and-pillar (including 
pillar retreat), lon;rwall, or shortwall.Major references on 
un::lergrourxi minin3' include, am:m; others, Pen; (1978); Peng and Oliang 
(1984); HUstrulid (1982); and stefanko (1983). 

:2.:2 Rpan-and-Pillar Mining 

Rcam-and-pillar ~ is the predaninant method of coal extraction 
in the United states as it has been since coal was first mined in this 
COlD'1t%y over 200 years ago. Minin3' patterns have evolved in the 
interim - in the early years, primarily unevenly spaced, irregular 
pillars; by the turn of this century, re;ularly spaced, lon:J narrow 
pillars; and si.nc:e World War II, wider mre nearly equidiJnensional 
pillars. Regardless of pillar-canfiguration, the roan-and-pillar 
method in its basic fom consists of drivin; entries, rooms and cross
cuts into the coal seam to extract coal, while leavi.n:J pillars of coal
to support the overburden. 'Ihi.s- procedure is calledlldevelopnental" 
mining.~ ltJvements. of the groun:l- surface duri.n:J this period are nearly 
always :iJrpe.rceptible. In sane districts, the developnental mi.nin; 
phase-is followed by"pillar ret:rJVerY", where the pillars are ' , 
systematically extracta::l. Pillarext:raction is invariably accompanied 
by. subsidenc:e of the ~ surface as the cvertJurden sags into the 
mined-aIt area in responSe to the J:BIicval of mine level support. 
Where. pillar extraction isnct can::i.u:ted ani surface st2RX>rt is· 
:interI:ied, . the pillars mJStbe designed to pennanently support the 
grourD surface. __ ,.. "1~._ ,-' 

. 'lhe two broad cate:;ories -of rocm-and-pillar zninin; are· 
-- "cxmventional" and ~lcontinuCus"--the_di.stfnction l:lei.n;- lJased on 

diffez:eJx::es-~in mad'l.inerram minin;J 1Dethods. at the face. 'Ihe 
follcwin:J . brief descriptions sezve to illustrate the basic 
dlaracteristics of eadl category. Drtails with regard to c:::utti1JJ and 
canveyin; the coal vary fran mine to mine. 
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In "conventional" roan-and-pillar mining, coal is recovered by 
first cuttirg a horizontal slot 10 to 12 feet deep at the oottam of 
the ooa.l. seam. '!he face is then patteITH:1rilled with blast holes 
designed to prcduoe an 8- to lO-foot deep art. After detonation of 
the explosives, the fragmented coal is loaded and transported out by 
one of various means (e.g., shuttle cars, belt) and the roof is 
~ in accordance with roof c:cntrol plans. 'nlese operations are 
perfonDed sequentially alOl'g a series of adjacent entries. 

In "conti.rn.Jcus" roCm-and-pillar minirr;J, coal is recovered usirg a 
oonti.nuous miner, a madline that breaks the coal fran the face through 
a mechanical action prOOncm, variously, by means of a rippirg head 
fitted with m.1l.ti-bit chains: a borinJ head incorporatirg rotatirg 
cu:msfitted with bits: an a~irg head or, m:JSt often, a milling 
head. '!he ooa.l. art fran the solid is transported cut by one or nore 
various methods and the roof is ~ in accordance with roof 
control plans. --

For either method, tezIporazy SlJRX)rts (hydraulic p:sts, screw 
jacks, or wco::i posts) are set in conjunction with coal extraction. 
Cbnventional eJoCpanSicn-anchor roof bolts are cxmnonly use::l for roof 
support as are bolts secured by polyester resin. 

DJrirg developDental. mining, I'CCIDS are driven on regular spacings 
fran the main entries to the far end of the mine panel. '!he rooms are 
ccnnected by cross-arts to fom a pattern of ooa.l. pillars that is 
CXAl4iOllly orthogonal in plan (Figure 2.1). cross-arts are occasionally 
driven oblique to the entries to facilitate mvements by mine 
equipnent. 'Ihirty to seventy percent of the coal may be extracted 
fran the panel duri.rg develq:ment • 

In sane mining districts, this is all the coal rec:x:wered from a 
" mine panel. M:>re extensive minirr; may be UI'1:lesirable or unfeasible. 
In sane parts of Illinois, for exa:aple, partial. extraction has been 
perfonDed to avoid the developoent of subsidence troughs that-vrould---- ---
adversely affect surface drainage: and in parts of alloand northern 

, '. : ~ Virg~, _partial., extraction ,has ,'been perfonned where strorg 
limestOne directly above mine level makes controlled roof breakage 

. ',"'" difficult-and CXJUl.d 'lead;,tosqueezes..-a-propagatirg failwre of pillars 
arxvormine floor resultirg fran excessively high loads bein:;J 

.. transferred fran the avem.tlen. In other parts of Appa1adlia and 
~ nlinois,"where the roof breaks in a ~lled fashion, the rec:x:wery 

, ",! ; of, cxal .pillars' can ~'the ~ 'extraction to, 80 to 95 ~. 
- _ • >. • '--, • ..1 ......: '. _ •• a· ••• ~-.. • • .;:. ... ' '._ _' " , ' " 

"""i ... -)~ _-_ ... 

• -' , Dlri.rg thE! ,pillar r:ect:Ner'j cperatj.~,_ ~,pillars are, ," __, 
1, ~. systematically reaoved alahg..a CXiiiIWJ i fI'QJ'¢(the ''break liile", "pillar 
,~~, line", or "caviIgline") ~ a./Ie ps across 'the panel fran. en:j to en:j. 
.. Pillars are ~y reoc\1ered, on retreat-that is, as miiU.n; 4-

"'. ~cglesses freD the far en! ,of the panel back towaras the 
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FIGURE 2.1 ROOM-AND-PILLAR MINING 
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main entries-although in sane systems pillars are also extracted on 
advance. Rauffman et ale (1981) summarizes a wide variety of pillar 
recovery methods on a clistrict-by~ict basis across the United 
states. 

Pillars are eXi14wnly extracted by a ''pocket-and-fender'' ("split
and-fender") method or by an "operHm:i" method, the q;en-end method. 
bein; mre usual. where oonventional mini.rg is practiced and the 
poc:ket-and-fender method where oonti.nuals mini.rg is practiced. In a 
poc:ket-and-fender methcxI, the pillar is subdivided into several 
blocks, whidl are then I'E!IIIJIled in sequential cuts or· lifts, leaving 
only temporary, thin fenders (pillars) of coal for protection between 
the mining machine and the m:i.ned-out area. '!he ferners crush out as 
the roof caves an::l the ovezblrden sags into the mine void. In an 
open-em method, pillars are extracted by t:.akin::J successive cuts off 
the end of the unmi.necl pillar nearest the gob, worki.n:; back toward the 
as-yet unmined pillars. other less CXi1illIJJl methcds for recaverin; 
pillars include the "pocket-and-wing" and "outside lift" (Rauffman et 
al., 1981). For any of the methods, posts are set near the break line 
pillar c.rts at the gob to prevent premature roof failure. '!he caving 
of the roof durin; pillar retreat and the aCCC'l'lpaJ1Ying dcwnward 
adjustment of the overburden is similar to the cavin; mechanism that 
ac:x:arpani.es lotJ3Wall mining, as is develc:pnent of the subsidence 
trough at gramd surface. 

2.3 Lomwall Minim 

Ion;rwa.ll -m:inirq has a Ion; history of use in Europe and has been 
tried at various_ times in the United states. In early at1:en'pts-some 
prior to 190o-labor CXISts associated with mavin; marrual supports made 
the methcd Ul"M:hllletitive relative to roan-and-pillar m.ini.rg. With the 
advent ·of -pa..oered: SJ..1RXlI'tS in the United states in 1960, the methcd 
has received increasin; attention, particularly over the past ten 
years. At pnsent, lorlgWall minin;J still accamts for only 5 to 10 
percent of u.s. coal prcduction, b.It is expected to dlallenge roam
and-pillar m:inin3' in usage as the U.S. mining c:anrm.mity beccanes .nore 
ai::custaDed to the method. Advantages claillled for l~l m:ini.n:; over 
:room-and-pillar -are (stefanko~ ·1-983): . - (1) greater continuity in~ "_ .. 
operation arn,heme, higher prcxh1ction; (2) greater percent 
extraction: (3) more flexibility in m:iniJr; under poor roof con:litions, 
at greater depths. am in m.lltiple seams: (4) better subsidence ' 
cxmtrol '; . (5) ~ safety fran ovei:head SURXnt: and (6) associated 
benefits, of no bc:Mtring' at the face, rock dusting and certain 

- ~- ventilation COllLtol.s~ '" Reoogni.zed clisqdvantages are: (1) mre - , .. -
prona.D1Ced delays; . (2)--higher moving costs; (3) higher. capital coSts 

.. forequipDent; and, (4) -diffiallties'>1n:iJtplementationwherethe roof 
andfIOorare tooaoft;"\mere the roof is massive,orwhere the seam 
is of 'wriable thic:knesSies~ or the ~ continuity is disrupted by .. gas 
wells or, ''want'' areas, where the coal is absent locally. 

For reasons of safety, 10000000l mining in the United states is with 
few exceptions performed by the retreat method (Figure 2.2). Panel 
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entries are develc:ped in the initial stage of mi.nin;J, after which the 
lorqwall face is established at the far erd of the panel. From that 
location, the lon;wall progresses back tcWc!rds the main entries. 
Dlri.n; retreat, a reM of ~ supp:>rt units Dears the weight of the 
roof at the face as the shearer passes fran one side to the other of 
the block of coal bein; extrac:tej. As the shearer passes, .the 
supports are reset unit by unit to the new position of the Olt face. 
'!he cx:al rem:wed fran the face is transported by carweyor to the panel 
entry and then to the main entries. 

After ~ has pIO:Jlessed scma distance toward the main entries 
tran the initial face position at.the far end of the panel (a few feet 
to a few hundred feet c1epen::lin; on site cordi.tions) , the inm=rliate 
roof l:;eccrnes unstable and collapses to the mine floor. '!he collapse 
of this initial roof break zone is generally thought to extenj to a 
height above the coal seam perhaps twice the mined thickness of coal 
and its first occurrence causes the initial transfer of weight onto 
the pawered face ~rts. cavin; of the imnecUate roof progresses 
systematically alOJl3' the panel on concert with retreat of the face and 
repositiCll'1in:1 of the ~ supports. D.lrin; this period, the 
ovelyin; strata slip, fracture and sag with the preporxierance of 
overtmtlen load bein; transferred by aI'dliIg to the solid coal bei.n; 
mined (the front abutment), to the dlain pillars I:Ioundin; the panel on 
either side (the side abu'bnents) and to the gcb-the caved zone behind 
the supports (the rear abutlnent). As the mined-out area plcqLessively 
:in:::reases in size, the avertmaen directly above the mined-out area 
c:x::mes to rest on the caved material, cx:mpressirg it to sane extent. 
Deflection of the avertlurden strata into the mined-out area produces a 
subsidence trough at groun:l surface. 

At the present time, coal seams up to 15 feet in height are mined 
by the si.n;le slice technique described above. For thicker seams, a . 
multiple slice technique can be used where an upper slice, or lift, is 
taken ·alOJl3' the roof line of the CXlal usin;J an advanc:in;J lcmJNall-type 
system and a subsequent lower slice is taken alOJl3' the floor line of 
the coal usin;J a retreatirg lor-gwall-type system. An intervenin; zone 
of·coal several feet -thick is left between the two slicesr the lONer 
slice, 11 feet thick; and the intervenin;J zone, 6 feet thick. '!he' 
la«er retreat panel is sufficiently narI'C7orI that its bleeder entries 
lie beneatl(,the mined~ area of the averlyin; advance panel, thereby 

. mcderatin;J the load on: the pillars protect:jn;J these entries. 

2.4 shortwaii 'MWm~'';'''~ ..•.. .. ~~ .......... 

s;hort:wall .. mining with pC:jWered. ~rts' has been practiced in the 
..... Uriite::l states since 1973. 'me shortwall method inc:mporates features 
~ of both th£!i lcn;JWall and ~.and-pillar methods and is often 
- envisioned as bein; transition between the two in that it performs a 

lon;wall mi.n:i.ng operation while eaployin; ccnti.nuals miners and . 
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shuttle cars retained fran the rcc::m-ard-pillar operations. capital 
expen:ti t:ures for iDplementin;J the system are JJlXleIate::l by the fact 
that face SURJOrts represent the priIcipal acguisition. 

Figure 2.3 illustrates a shortwall layout. Shortwall production is 
claimed to cxmpare favorably with lClf13WiUl production when the 
relatively shorter panel-to-panel. DDVe time of the shortwall is taken 
into account. 

In detail, the shortwall is SClDE!Wat different fran l~l 
layouts. '!he shortwall is cx:m1l"uly cne-quarter to ~third the width 
of a typical l~. '!he depth of cut taken in a shortwall system 
is noma'ly about three to four times the depth of a lcn:JWall alt • 
. ~ greater depth of shortwallcut is the result of its enployirg a 
ccnt.imJous miner far coal extraction. 0Win;J to the large roof span 
that IIIJSt be SU(:4X)rted, shortwal.l supports are typical.y artiall.ate::l 
and saDeWhat moreccstly than l(D3Wall supports. Shortwall minin;J, 
like lcn;wall and rocm-and-pillar retreat II1in.in;, produces a trough at 
c;rani surfaces. 

Geologic an::! site CXB'ditions may saDetilIIes favor the use of a 
shortwall over a l~ system. 'lhe high, potentially dstructive 
pressures that would be delivered to l~ supports by massive, not 
easily broken, lilDestone an:! sarx!stane roof rock can saDetilIIes be 
ret 'Oed to tolerable levels by use of a narrower shortwall face 
designed so that a greater prcportion of the overtmUen weight is 
transferred to the al:utments. '!he shortwall may also be more suitable 
than the largwall farm:i.ninq in seams whose continuity is di.snlpted by 
gas wells or by areas where coal is al:Isent. 

2.5 Minirg ~ ~ SUbsidence Control Methods 

It is clear fran these brief descriptions of mining types that a 
variety of technical an:! eccnLlliic considerations qovem the choice of 
m.iniJ'g methcd in a partiall.ar mine. Geologic factors include the 
-thickness of the coal' and part.irYJs and its depth below grcun:j surface, 
as well as the mechanical prcperties of the mine reof, the floor, and 

. the ovez:bJrden strata ~ Safety 0c:cnoems relate to roof an:! rib 
control, access, ventilation and water inflows • 
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3. 0 PlANNED VERSOS UNPIANNED SUBSIDENCE 

Section 

3.1 [)efill.itial of 'I'el:lDs ••••••• 0 • • • • • • • • • • • • • • • • • • • • • 10 

3.2 Relationship Between SUbsidence and Percent 
~ct.ion .•••••• 0 •••••••••• 0 •••• 0 • • • • • • • • • • • • • • 10 

3.3 Significance of the SUbsidence-Percent Extraction 
Rel.atiCB"lSllip. • • • • • • • •.• ~ • • • • • • • • • • • • • • • • • • • • • • • • • 15 

3.1 [)efill.ition Qf ~ 

'Ihe term 'subsidence' as used in this report is defined as the 
settlement of the grclll"d surface in response to undergroun:i coal 
mi.nin;. -It is the inevitable result of high extract.ion m:inin; 
pract.iCleS and the occasional (relatively infrequent) results of 
partial extraction ~ practiCleS. 

Plarmed subsidence represents lowering the grourt:l surface in a 
predictable manner-predictable (within l:illlits) as to a ral extent, 
aJID.D'lt of subsidence and am:xmt. of grourt:l surface distrotion-as a 
result of appropriate mine design arx:l minin;J pI(x~dures. 

tJrplanned subsidence represents lCM!ring of the ground surface in a 
manner that cannot be pre:licted as to areal extent, aID01mt of 
subsidence or ancunt of groun::l surface distrction, as a result of 
failure at mine level of the overt:urden support system (coal 
pillarsjmine roof,lmine floor) or -as -a result of the action of other 
unanticipated causes, such as the pipin; of urx::onsolidated sediments 
into the mine void. 

In either case, the geanetIy" of the subsidence trough is govemed 
in varyin; ~I i es by the thickness of the overt:urden strata, coal 

.- 'Pillars and mine roof and floor; -andthe"cliJnensions and geanetry of 
the mined area. 

3.2 Relationship Between SUbsidence ~ Percent Extraction ": 
~ ~ 

'-- -!l!le carplete .relationship between subs~ and percent extraction 
for a hypathetiau...mirie..panel ~_ -shewn sdlematica1ly in Figure 3.l. 
'lhere, permanentgrourt:lsupport (arx:l no subsidence) is denoted by the 
range A-B; jnpermanent'grcund su;port. (arx:l sane subsidence g~ven a 
sufficient perioci"of time) by the ran;e B-C; and essentially total 
Withdrawal. of SlJROb~ (and ma.yjmrn subsidence), by the rarr;e -C-D., 

10 

• 

• 

" . 

• 



e 

e 

~., 

e-

CHMACTER OF 
SUBS I DEMCE 

0--------.....-.. PERCENT EXTRACTION ----~ .... IOO 

A 

ru.C SUlSIDEIIC.E NEYaTIOIL 

OCCUIS 1..eI"TlLT W'lII Mill.; 
'S Of MIII_ ..... 1lIDE; 

IS '1IlUALlT I .. OCEPTAIL£ 
£VEl .., ... SIYEY 

8 POSSIBLE TEMPORARY 
COIIDITIOII 

MAY IE DELAYED FOR 
DECADES; I S OF 
VAaIALE MGlI~E 

£YElTUAl 
COlD I TlOIL 

c C 

~AN"ED 
SUIS I DERCE 

SUISIDEIICE t--- EUSTIC Clll'RESSIOII--...... - FAILURE ClF 
COAL PI LLARSJ, 
NINE FLOOR A" 
MillE ROOf 

1O-9~ OCCURS IMEDIATELY 
WITH NIIIIIIGft' IS MAXIMUM 
POSSIBLE PO PARTIQJLAR 
PANEL 8EOMmY , OYER· 
IIIRDEM LITHOLOGT __ 
APPRQXINATU LOIIGW~ 
SUBSIDENCE MEQlAIIISN OFPIl.LJlS 

MIIIIII6 

Pillar Pillar Longwall 
splitting _ . . removal' _ 

..... __ I. mELO~ ___ ....-jI~z. SECOIlOUY I£Q)YER't -120oPILLAR J 
(IDY.CEl RETREAr 

PILL.ARS REMOVED 
EXCEPT FOR S'T\N'S 

NOTE: c...lopmenlal "'ifti~ ( I ) il followed tltlMr 
. .,llIIIlt. Sec:DnclOf'J' RICDWerJ C._flGl ;.. . .. ' 
. _ractlon Roc:InaOftC!-Pillar, Zalor-by . 
. a.nMt. Rilltciwaf.'Of pm .. (Cpnpall 

Rlnreot 011 PIlIor_~r:eot.~),. .: __ . 

r .. 

,.... perceIIl .'ractin at· ...,ilt 8 -~ 
.--~. ........ IlPOII .,. ~.,.ifi. CDftdi ti... . 

._. '.' 

FIGURe' !.1 SCHE~ATlCOF RELATIONSHIP BETwEEN 
SUBSIDENCE AND PERCENT EXTRACTION 

FOR A ROOM-AND-PILLAR PANEL OF 
PARTICULAR GEOMETRY AND 

OVERBURDEN LITHOLOGY . 

11 

.-



curve Aa:::D serves as a basis for the diSOJSSion that follows arrl is to 
be recognized as tut one of a family of curves governed by panel 
geanetry, averb.lrden lithology, mine depth, an:! minin;J pattem. 

When the percent extraction of coal fran a mine panel is low to 
m:derate (A-B), as is usual durirg developnental mi.nirg, the . loads 
iJrposed upon the pillars l:Jy the avert:Jw:aen are generally small in 
relation to the size of the pillars. In this situation, subsidence of 
the groun::! surface is virtually nil an:l will remain so over the lon:J 
term. SUbsidence (such as it is) results priJDarily fran elastic 
c:anpression of the coal pillars. In contrast. when the percent 
extraction is high, approadti.n:; 100 percent, as is the case durirg 
lon;wall or rocm-an:i-pillar retreat JDinin;J (e-D), subsidence aoove the 
panel appradles the DBXimnn possible for the partiOJlar panel geanetry 
and oven:urden lithology am results primrily fran the avert:Jurden 
saggin;J down into the mined-<:Ut area, cani.ng' to rest on and - -
cx:mpressin; the ruCble fran the row broken mine roof. 

Where partial extraction roan-am-pillar mining is practiced, an 
int:.eDa:liate con:tition. may exist (B-C). Here, the recovery of coal by 
such methOOs as slabbin;1 or splittin; pillars, although not attaining 
total extraction, may increase extraction to relatively high levels. 
If the panel has not been designed for pennanent ~rt, delayed 
subsidence of variable magnitude may' eventually ocx:ur as a result of 
c:ru.shin; of the ccal pillars into the mine floor. 'Ihe result could be 
~ damage to structures at ground surface or, in areas of flat 
terrain, the pcn:l:in;J of water aoove the mine panel. 

With regard to what herein has been temed the intermediate rarge 
of extraction (B-C), wardell (1958) an:! Wardell and Eynon (1968) 
present data ~ the QJJJCept that aoove a rcan-and-pillar panel 
where mine level failure or squeeze takes place, the maximJm 
subsidence (elq)ressed here as a proportion of mined height) is larger 
the greater the percent extraction, the smaller the pillars, the 
deeper the mine panel an:l the higher' the average vertical stress in 
the panel al::utments.' Figure 3.2· presents their relationship, 
Supplemented l:Jy data assenblEd l:Jy Abel an:! lee (1980) frau roan-an:l
pillar.mines :in Pennsylvania, nlinois'; New Mexico, and the united 
Kin:pan. • 

. . 
Hasenfus (1984).an:l Kannis, et al.,t (1984 a, c) lend further , 

SiJR:lOrt . t:.o the warElljEynon relat..i.onship· for eastern u. s. con:ti tions, 
based on' an' exam; Pi'bi.~' of- .Eig C8SE!S stCdies of subsidence above room
an::l-pillar panels, c priilirlly.Ml ~lvania, West Virginia, an:! 
Alabama •.. 'lhey SlJ3gESt that, aver the lntemediate to high rarge of 
. extraction, the cmamt o~~:idenoe .exprEssed as a proportion of 
mine::!' ....,.; .......... is ",.~ ... ~. tar .. ~ ..--~ extraction an::l the 6~6" ~~, •• ' grea ~"'"i ~- .... 

lesser the tatalthicJcniesS"of hard reck in the overturden (Figure 
3.3). '!hey define "hartl rock" as l.imestane am san:istone. 
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Even though the CUIVes in Figure 3.3 provide a general sense of the 
cmo.mt of subsidence ~ where roan-and-pillar minirg prcduces 
intermediate to high extraction, the curves give no indication of the 
tiJne at which subsidence will cxx:ur (whether concurrent with mining or 
sanetiJne after), nor to the precise location and geanetry of the 
subsidence trough nor to the t.iJDe-deper'dent nature of the subsidence 
p:ro::ess once it begins. 'Ihese unoertainties arise primarily in 
association with the inten:Decli.ate ran:Je of extraction because of the 
uncontrolled and often delayed nature of the failure pzocu:::ss that 
prc:dllOeS subsidence urder these ciramstances. 

D!ta c:x:mpiledby Rmt (1980) for Illinois, where partial extraction 
roc:m-and-pillar minin] was cx:n:h1cted alm::ISt exclusively until about 20 
years ago, illustrate that (1) the subsidence factor in cases of 
unplanned subsidence ~dles and SCIIIStimes equals that above active 
mines where planned subsidence is practiced, and, (2) the associated 
gramd slcpa, curvature and strain s:imilarly ~ch the values for 
active mines. 'lhe runnerous incidents of subsidence that sporadically 
occur each year above old mines in the Greater Pittsburgh Area - many 
al:Ian:loned mre than fifty years ago - further attest to the vagaries 
of gramd movements above partial extraction mines. 

3.3 Significance Qf ~ SUbsidence-Percent Extraction Relationship 

'lhe jnplica.tion of these data is that gramd mcvements associated 
with unplanned subsidence can be as significant as those associated 
with planned subsidence. 'lhe difference is, with unplanned 
subsidence, one cannot be certain as to when or where the subsidence 
will occur. ~, in order to meet the requirements of subsidence 
centrol, the inten:Decli.ate ran:Je of extractions must generally be 
avoided in nalem mini.rJ;. One shculd design either for no subsidence 
(Zone A-B) by providin;J permanent pillar SURlOrt or for the maximum 
subsidence attainable relative to panel gecmetry and overtJurden 
lithology (Zone C-D), by extracting virtually all of the coal and 
ca.usin; subsidence to take place con::::urrently with min.irg. 

Section 4, "pianned SUbsidence," which follows, identifies the 
parameters that are OJS1:anarily used to c:::haracterize the subsidence 
trough and describes available iDethods to estiJra.te these parameters 
prior to mi.nin;.' Section 5, ''M:inin; Methods to Deal with SUbsidence" 
identifies. design t:edmiques that can be .Employed to achieve 

. predictable-· subSidence or ~ei:Jt subSidence... .. ; . . .,1" .; -- "" . "",. ""\"'-~" 

' •• _ II. 

-" 
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'Ihe detemination of the effect of planned subsidences may contain 
'tile: pre-mining estimates of the follcwin:;J: 

1. 'Ihe anticipated JJaXimum subsidence-the largest groun1 
surface settlement that is expected to aCXXlJlPi\ny mini.n;J: 

2. . 'Ihe anticiPated -size al"d . location of the subsidence trough-a 
---lIIap outline of the area where minin:}-induoed groun1 mvements 

are expected to take place: and 

'Ihe anticipated argun:i surface gistortion-a cross sectional 
profile through the expected subsidence trough and estimates 
of the maximum ground slc:pe, themaxiJrvm gt"OUJ'd Surface 
cmvature and the maxilnuin gI"OUBl strain that are expected to 
aO'XJ!P'llY minin;. . ... p. 

. "''lhe oc:x::uri-ence of Planned sut:$klence an:! the estimation oft.hese 
pa:ta,1Ieters are dd;scls_sel in ~c5llDWin;r-thtee ~ans: .-.,. , 

• ',.. _ ..... , .• -; ....... "l, ••• ..;. • "r 

. Devel.,t of the subsidence ~ ........ durO .. ° ° opDen . .....~. lng . JIllJUl'l;J 
'(Sec 4 2)' .; , . - - ,,-, ~ .l. 
. .., . . .:~ ," 

o "Def:initions 'of the principal. Pai'imet.ers that characterize the 
,subsidence trough (Sec. ~4.3); .. 
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o Available nethcds for lDak.i.n; the required pre-minirx;J 
estbnates of maximJm subsiden::e, anticipated size and 
location of the subsidence trough and anticipated groun:l 
surface distortion (Sec. 4.4); am 

Exanples illustrat.in; the methods of estilnation, whidl are 
interspersed ~ the dlapter. 

Further considerations of planned subsidence relat.in; to the layout 
an::i the minin:J of panels to limit groun:i surface defonnations are 
disolSsed in a later section of the manual. (Section 5.2). 

4.2 Develognent gf ~ SUbsiderg Trough nrim Mining 

4.2.1 Q1ara,cteristic Profiles. A subsidence trough is a 
clish-shaped depression that develops above the mined-out area an:! 
pzogIessively enlarges horizontally an:! vertically as coal support is 
systematically remr:wed fran beneath. A trough is generally 
characterized by stationary surface profiles in the lOD:Jitudinal an:! 
transverse di.recti.ons an:! tJy a non-stationary "dynamic" ground surface 
profile (''traveling wave") that ac:x::arpanies the mine face in its 
passage fran one erd of the mine panel to the other (Figures 4.1 an:! 
4.2). 

A ground surface profile can l:le likened to a line drawn across the 
tcp surface of a deflect.i.n;J plate. Increasing the span between the 
S1Jl:POrts in:::reases the deflection of the plate (and mxlifiesthe 
profile) until. eventually the supports are so far apart that the 
underside of the plate cx::anes into contact with the floor. Increasing 
the span still further results in a larger se;pnent of the plate ccmi.ng 
into contact with the -floor tut no 'greater deflection of the plate 
alorg the at:ea of contact. In a similar way, inc:reasin; the size of 
a mined-out area prrdIres mJre am more subsidence until. critical 
panel dimensions are achieved beyon:i whidl the maxiJm.mI subsidence (the 
maximurnvertical deflection) does not increase.· 'Ihese concepts are 
di SOJSsed further in the follow:in;J sections. 

4.2.2. VertiCal Mayements 

4.2.2.1. I.pn:ribxtinaJ. Profile. 'lhe lon:Jitudinal profile is 
•. '. ,. drawn alorg· the panel.-oenterline·where the grc:unj m:wements in the 

. d:i..re£tion of-min.in;J are -most pl:'C1l1alQnCecl (greatest· subsidence, slope, 
strain; . curvature). . '!he segment of .the ,1cn;Ji tudinal profile drap:in;J 
aver the foI'Wal:d abJtment-thatis, drapin; CNer the coal pillars 
l::Ieyon:l the face in the Cl:iR!ction of m:ining-is temed- the subsidence 
develcpnent· am descl:"ibE5 -the vertical ~ement ~ienced by each 
point at ~ surface as .it is un::lermined. 'Ihe subsidence 
develcpnent c:mve dlaracteristica1ly consists of three distinct 
se;pnents (Figure 4. lA) : 
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o Heave zone (A-B); 

o SUbsidence zone (B-C); 

o lesidual. SUbsidence zone (B-C-D); 

Consider a point on the g:ram;! surface. ltIlen the face has 
awroadled to within distance A of the point, the point begins to 
rise, or heave. '!he point ccnti.rrues to rise as the face draws nearer 
and reaches a maxjmm of an indl or two. As the face draws still 
closer, the point CXIIIIlel'lCeS to nxwe dcM1ward and adlieves its 
pre-mi.ni.n;J elevation once again when the face lies at a distance c 
fran the point. '!he point has nxwed below its initial elevation by 
the time the face is directly beneath the point and ccnti.rrues to nove 
downward in alD:Ist direct pzoportion to the distance the abutment has 
traveled beycni the point. ~ sul:lsi.denoe is nearly CCIll>lete by the 
time the face has reached distance C fran the point. FUrther 
nxwement C-D is residual-t.ime-dependent creep defonnations that take 
place after m:ininq is finished. Residual mc:Nements can be influenced 
by c:han3'in3 a:n::litions, such as floodin;J of the mine, which may alter 
the properties of the rock materials years after the ccmpletion of 
minin:J. 

'!he mape of the subsidence devel.Oprent curve at any site is 
qovezned by the mechanical properties of the overtlurden and by the 
stiffness of the coal suwort at mine level.. Figure 4. 4 ~ a 
subsidence develcpnent: cw:ve for a longwall panel. 

'lhe ground surface nxwements above the rear abutment, un::ler ideal 
circ:umstanoes, are identical to those above the fOlWartiabutment. 'Ihe 
grourXI. surface heaves locally, if net generally. ~ term creep and 
settlement may reduce the heave or eliminate it altogether. 

4.2.2.2-Transyerse Profile. 'lhe transverse profile is drawn---- - --
across the short dimension of the panel, perperxticular to the 
largitudinal axis, and is often located along the panel bisector. It 
can be positioned nearer to the em of the panel, but no nearer 
than twice the -overl:.orde.n thickness if the profile. is to be 
representative of the maxiJmJm ground surface defonnation in the 
transverse direction • 

. Vertical grcurxl m::wements along a transverse section often take 
place (b;Jt' may nat· always-~ ncti'CEd) ~when the face is as far distant 
as O.S:tbe thickness o( the.avertlurden IH' fran the section line. 
~ initial, relatively subtle JIIC:JVE!ments are generally associated 
with the",passage of the )leave,ozone ,at the leading E!ldge of the 
traveling wave. ~ cixf .... ruy, c;rcUrx:l m:wements are not recx:gnized 
until the face has approached to within 0.25H of the section line; at 
web point the ground surface begins subsidin:J below the original 
gramd. surface elevation. Movements then continue systematically 
dowrrward as the face passes beneath and then beyon:l the section line 
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(Figure 4. 3B) . '!he mverrents are generally cc:rrplete when the face has 
passed 1.5H to 2H beyond the section line. ('Ihi.s is the rationale for 
locati.n;J the transverse profile line no closer than 2H to the end of a 
panel) • 

4.2.3 Horizontal Movements. '!he vertical mtion of ead1 
point at gramd surface is inevitably aaxrtpa.nied by horizontal 
ncvement. '!he pattern of horizontal m::wements, shown sc:hematical.ly in 
Figure 4. 5, represents the migration of gI"OUl'l:i surface points to.vards 
the center ·of the subsidence as the face PIcglesses across the 
panel. Ground aroun::i the the panel is said to be "drawn" torrcm:i the 
panel. 

'!he horizontal m:wement at a partiOllar point is CXilII10fuy 10 to 40 
. percent of the c:crresporxtin; vertical movement and is related to an:3. 
can be estimate1 fran the cOXIe:spc::nii11] slc::pe of the subsidence 
trough. Horizontal displacements in c::anbination with ground slope, 
au:vature and strain cletemined along longitudinal and transverse 
profiles are custana.rily use::i to assess the potential for 
minin;J-related damage to surface structures. '!he two-dimensional 
characterization of ground mvements is, in fact, a dramatic 
siJrplification of a rather caaplex three-diJDensional pattern of ground 
uevements, that can produce twi.stirg (rackiIr:;J) of surface structures. 
A representation of this three-diJDensional pattern is presented in 
Figure 4.5. 0Jrrent practice is not so sq:hlst:icated as to fully take 
these movements into accc:unt. 

4.3 Definitions of Principal Parameters that Characterize the 
SUbsidence 'l'rg.Jgh -

'!he follc:Min;J parameten; are CCiiuicl1ly used to describe the geometry 
of a subsidence trough. All arqles lie in a vertical. plane normal to 

---.. -----one -of-the-edges-of--thecmine panel (Figure 4.6). Ideally,- the -angles - -------
are constant for a partiOllar mine panel and for a partiOllar mine 
site. Generally, they are cxmstant for neither. 

a. An;le-of Infl~,- Q - the ccunteJ:part of the argle of draw 
-that incl1.X:ies the heave zone J:x:1uD:i:in;J the subsidence trough: 
called the arqle of advance influence when used in reference 
to the leaclirg edge of the subsidenoe tralgh. " .. 

. b. An;le:Of Draw, J.;- the. angle with the vertical made by a 
straight line ~ :fran the edge of the mined-o.It area 
to t!ie:nearest pOirit·~t c;zQm::l surface exhibi~ no 
subsi~. '!his angle qelineates the ~ of the 

subsic:lence trough, excl\I:iing any heave zane • 
.iJ_ .. 

c. Argle of Break, 6 - the angle with the vertical made by a 
straight line exten:iin:J han the edge of the mined-out area 
to the point of maXiltum grourx:l extension on the subsidence 
profile. ('!his tenD is sanamat archaic and is not often 
used) • 
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d. An:Jle of D:lrnage - the angle with the vertical made by a 
straight line ext:erW..n; fran the edge of the minec1-out area 
to the nearest point on the subsidence profile that separates 
the zone of mild groon:i m::JVements fran the zone of grourx:1 
1IIJVements that cculd potentially damage a surface structure. 
'lhi.s term JIIJSt be used with caution since the ancunt of 
gram::l slCJ)e, gram::l OJrVature or groon:i strain that might 
cause damage varies between types of structures. (Without 
specification as to the type(s) of struct:ure(s), the angle of 
damage value is ambiguoos.) 

e. Algle of Cc:IIplete Minin;J, - the 8n3le with the vertical 
made by a straight line ext:erW..n; fran the edge of the 
mined-out area to the nearest point at gram:! surface 
exhibiting maxi:mJm subsidence. In SCIDe cases it equal£ t.~~ 
an;le of draw, but more often is smaller. 

f. Dimension 'B - the horizontal c:tistanoe fran the inflection 
point of·the subsidence profile-the point Were the 
CUIVature of the profile c::han;Jes fran conc::ave up to concave 
dcwn-to the nearest point of maxiJmJm subsidence on the 
subsidence profile. Used with the hyperbolic tangent profile 
function (section 4.4.4.1). 

g. Dimension d - the offset distance of the inflection point 
fran the edge of the panel. 

h • Dimensiori L - the horizontal distance between the lip of the 
trough (zero subsidence) am the point of maximum subsidence 
nearest the edge of the panel. In the case of a panel of 
critical or subcritica1width, this represents the half-width 

..... __________ of the_supsi~ t.ro1.lgi},-=-' __ _ 

4.4 Available Methods for MakiJp the Regui.red Pre-m:inim Fstimates 
. , . 

. 4.4.1 Potential Limitations. We· wish to point out at this 
juncture that the only meanin;Jful awroadl to .maJtill; .pre-m:inin:J 
estimates of subsidence am related parameters is to euploy Empirical 

J relationships basEid on SUbsidence data CX)llected regionally or 
". country~de. M.1dl of this section of the ~ is devoted to 

., 
'" ;0. 

describin; such ·relationships, am the readei"JrUSt be alert to their 
potential limitations: . • ;" . _. 

o Whereas the medlanics of subsidence is essentially the same 
regardless of ~ qec::graphic location of the mine, the 
quantity of available subsidelre data varies widely fran coal 
field to ooal. fielq. ('Ihe ooal. fields are shown in Figure 
4 ~ 7 • )' By' far the lazgest body of data relates to the eclstem 
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cxal fields (partiOll.arly the northern ARW-achian); a lesser 
b:ldy to the Interior Coal Field (primarily the Illinois 
Basin): an::1 a still lesser am:::unt to the western coal fields . 
~ information presented herein necessarily :retains this 
~calbias. 

'Ihe user of this marrual. may, for lack of better infonnation, 
be forced to e:stiJDate subsi.denc:e or other parameters using 
c::a.mt:Iy-wide generalizations or :relationships developed 
o..ttside of his qeographical area. 'Ihe user is advised to 
state the basis for arrt estimates or calculations in his 
pemit awlication. 

o DDpirical :relationships are generally simplified 

o 

1epl esentatians of ccmplex CXBUJeCti.ons between parameters. 
PUblisha1 enpirical :relatia'lShips often fail to shaw the data 
on which they are based an::l may m;,gest a degree of 
exactness (an::1 validity) that does not exist. '!he precision 
of arrt calOll.ation disolSsed herein is certainly no better 
than two significant figures (if that--e.g., subsidence of 
2.6 feet rather than 2.625 feet. ArxI the uncertainty in any 
calallation is at least ten percent. one should view arrt 
calallated. value in te1ms of a maIg'in of uncertainty--e.g., 
subsidence of 2.6 feet +/- 10%). 

In general, the user of this marrual is advised to CXJ'I'IP?'re 
answers fran several. methcds ~er possible arx1 to 
indicate a rarqe of possible values for any parameter • 

Site cxn:titions may sanetiJDes pz:esent catplexities in the 
predictive process that are nat addressed by the methods 
presented herein-for exanple, great variations in overburden 
thickness that may indicate pronounced ncn-unifo:rmi ties in 
the subsidence profile. SUdi-situaticlns -may :require the 
attention of a subsidence specialist using methods not 
covered -in this marrual.· 

-4~4.2 MaxiJmJrn SUbsidence.,-· 'Ihe'gi-cui,d surface settlement at the 
~ point of the subsidence t.rc:u3h is custanarily elCpI"eSSE!d in 
teIms10f the SUbsidence Factor 'a' lnd the mined thickness of coal 
(the mine height) 'm':' " 

• .r_., 

• ~Q = a:. m (4.1) 
~. . . "' .. ' .. .. ~ 

where 'a' lS dimens1anless an::l 51, and 'm' is in dimensions of 
lengtli- (e.g. feet), ~J.:s~-t:he ~~danOe. 

~ SUbsidence Factbr·is ~ 'by the CUIlfOSition, strerr:Jth an:! 
defomability of the avertmtlen strata, the dimensions ·of the 
mined-out area, the .thicJcntass of the avertJurderi, the degree of caving, 
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the CXIIIPressibili ty of the caved material and other factors. In the 
United states, the SUbsidence Factor has not been fcurd to exoee:l 0.85 
and is generally less. 'Ihe ran:]e of values attained l:Jy the SUbsidence 
Factor in the United states is ccupared to that in the United Kin;darn 
in Figure 4.8. 

4.4.2.1 Effect QD ~ 2f CNerb.lrden CUI!FX!Si tion. 
'Ihe subsidence factor decreases in value with increase in the 
proportion of stran:::J, stiff, "ccmpetent" rock lUlits cxxllp:sirg the 
overtlurden [Abel..an:) lee (1980), Y.aImis et al., (1981), Pang and 
Gerg (1983), an:) 'l'andanan:i and P\:JWell (1982) J. 

Values of the SUbsideme Factor for 16 1an;wal1 panels in the 
Northern AaJa}.adlian coal. Field have been fcurd to c:lecrease with 
increase in 'n', where 'n I is the pI'q)Ortion by thickness of sandstone 
an:) limestone in the ovemm:len (Tan:Janand and Pt7Mell, 1982): 

a = 0.94 - 1.5n. (4.2) 

'lhis expression is claimed to yield estiJnates within 25 percent of 
measured values of a. 'Ihe mine panels included in the analysis ran;ed 
in width fran 380 to 610 feet an:! in depth fran 215 to 800 feet (0.513 
< width-to-dept:h ratio, W,IH < 2.09). Expressions for SUbsidence 
Factor presented in the follOldng snl:Jsections attezrpt to acc:cunt 
expliCitly for panel size and oveI'blrden CXXll£osition. 

4.4.2.2 Effect 2! Width-to-Depth Ration 1!LHl QD ~. '!he 
SUbsidence Factor inc:reases in value as the width and l~ of the 
panel increase relative to the mine depth. When the mine panel 

. achieves or exn::e1s certain min:iJtum ("critical") dilDensions, which can 
be determined by the methcxi presented in SUbsection 4.4.3.2, a 
limiting maximJm value of 'a I is attained. '!he SUbsidence Factor 
urxier such con::litions is governed primarilyby-the-CXlIposition and 
prcperties of the oveI'blrden strata. 

Figure 4.9 presents an Empirical relationship between Subsidence 
Factor, the width-to-depth ratio of_ the. JDine panel and the canbined 
percent sandstone and limestone (''hard rock") in the avert:Jurden based 
on ,34 1c:Jn3W8ll cases fran the Northe.m ~ac::hian Coal Field (Karmis, 
et al., 1983). 'lhe relationshipc1oes nat explicitly acccunt for panel 
lenqth. . 

, . 
" Figure' 4'.1OA ~valU5 of ~the Subsidence Factor documented 
for lc:Jn3W8ll, high ext:J:actia1 ritreat (pillar retreat) and 
roc:m-an:l-pillar cases in the minois sector of the Interior Coal 

., Province -tHunt, 1980; BaueroWnd Hunt,lS81). Values of the Subsidence 
, Factor for' active min:in:}-lal;wall and (pillar) retreat-represent 

primarily subcritical conditions arr::l in::rease pronamcedly with . 
, increase in wic:Ith-to-dept ra~o. 'Ihe width-to-depth ratio at which 
critical panel dilDensions'az:e' adlieved' is not apparent.' Because 
of the unreliability in usirgthese data to estimate the SUbsidence 
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Factor in Illinois for a particular width-to-depth ratio, the highest 
reasonable value of SUbsidence Factor (e.g., a=O.7) should be assmned 
tmless site specific infonDation suggests otherwise. 

variations in O\I'ertJurden 0 ",'OSition are thought responsible fr 
differeJ a!S in the SUbsidence Factor between mining districts in 
Illinois (Figure 4.10B). As in the Northern At:PaJ,ac:hian Cbal field, 
overt:m"den with the greatest proportion of cxmpetent beds tends 
to exhibit the lowest values of SUbsidence Factor, although the 
illinois data are not specific in this regard. 

4.4.2.3 Effect of t!Q!:b Width-~Depth Ratio and 
Lergth~Depth ~ .QD ~. '!he absolute maxilIIum SUbsidence 
Factor-the subsider'a! factor for critical am supercritical panel 
dilDensions--can be estimated for site specific 0\I'erl::lurden 
ch"l":lSition fran the followi.n] expression, based. on an analysis by 
PelJ;' and Gang (1983) of forty subsidences cases fran the Northern 
Appalachian Cbal' Field: 

2lo = 0.5 (0.9 + P) (4.3) 

where P is the Callbined strata Q:)efficient, reflecting the overall 
carpetence of the 0\I'erl:AJrden on the basis of the \lileighted average rock 
st.ren:}th, 

P = DlQIIh (4.4) 

Q is the stratum Property Coefficient (Figure 4.11) and h is the 
respective thickness of each stratum in the oveIburden. Note that the 
total overi::Iurden thickness H = Ill. 

SUbsidence Factor ~, \ro'hen used in o:mjunction with Equation 4.1, 
yields what is sanetiJres called the "absolute maxiJmJrn subsidence", 
which is designated as So. 

For mine panels of subcritical len;th, subc::ritical width or both, 
the SUbsidence Factor, and hence the max:imJm subsidence, is generally 
less than for panels of critical or supercritical dimensions, as 
reflected by the left-ham port.d.on of the relationship between 
subsidence and panel width-~ ratio (Figures 4.8 am4 • .g) • 

. -Pen3',~Gerg. (1983) ·ptop:se.the foll~ expression for .,. 
~tin; max;TJj)mslJl!sjdenoe::..~ sulx:ritical con:titions: 

.. , S* = aim 

a~·-=- ~C 

, .c ~J-[ -(U-jI.J:;-)-(Iw-y'I.c-) ] 

(4.Sa) 

(4.5b) 

(4.Sc) 

where ~ is the absolute lIB,yimrm SUbsidence Factor 
a I is the SUbsidence Factor adjusted for panel geometry 
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m is the mined thickness of ooal 
IJ. is the lerqth of the mined-out area 
lJ¥ is the width of the mined-out area, an::! 
I.e is the critical dimension (for both width an::! len;1th) 

required for absolute max:iJrum subsidence (defined in 
Section 4.4.3.2); arx:l 

C is a parameter that is used to adjust the SUbsidence 
Factor for panel geauetl:y, with the o:n:lition that Ll/I.c 
am liIjLc s 1. Values of C are presented graphically in 
Figure 4.12. For I.wjLc > 0.65, the second of the two 
teIms in brackets equals unity. 

'!he use of Eq. 4 ~ 5 is illustrated -in Exanple 1, Figure 4.13. 

4.4.2.4 Qtby Factors Aftec;tirp ~. 'lhe subsidence 
factor -for a qiven panel width inc:reasesSCllleWhat with :increasing 
depth, J(chli, et ale (1980). '!he effect is minor an:! is probably due 
to the carpression of broken rock un:ler the weight of the over 
burden. FOssi.bly, sene variation in the SUbsidence Factor is also 
related to local variations in mine height ~ an::! Eidlfe1d, 
1980). 

SUbsiderx:e above pillar retreat panels is sanetiJDes fOUl'X! to be 
less than above largwall. panels of similar dimensions, probably due to 
the presence of remnant pillar stI.mp; within the roan-am-pillar 
retreat panels am the SoaIIe'What mre discontinuous manner in which the 
roof caves to the floor (Refer to Fiqure 4.8). An estbnate of the 
SUbsidence Factor for a roan-am-pillar retreat mine that is based 
upon 101J3Wll relationships is expected to be conservative (that is, 
equal to or greater than the actual value). 

4.4.3 .~_ ~ Location of the SUbsidence Trough 

4.4.3.1 General. A subsidence trough above an active 
mine enc::c:rtpaSSeS the area that has been mined out as well as a border 
zone that may exterx:l a distance of 20 to 50 percent of the overt:lurden 
thickness beyond the marqin of the mined-cut area. '!he distance 
beyond the margin is delimited by-the an;le of draw which, in tum, is 
dictated by the mechanical properties of_the ovett:mden and the state 
of stress in the rock mass. '!he an;Jle of draw may vary in size around 
the perjlDeter of the -panel am may c:harqe with 'time. once "critical" -
pIan dimensicns hav~ • .ac:hi~, -the trcugh te:c lies no deeper with 
further mining, except..fdt'..;es~~ •. Methods for estimatin; 

- critical panel climensicms an:I angle of draw are d;SOlSsed below. 

__ .4.4.3~2 -Critical EimGl Dimensions. '!he mine panel has 
-reached critical dimensions~ a further increase in its width am 
length results in no increase .in maximJm subsidence within the ~. 
Of course, Mrj further increase in dimensions of the mined-out area 
produces a c:Dn:espoJdin:] increase in width and len;th of the trough 
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am atten:1ant vertical am horizontal m:wements in those portions of 
the trough where the mayimnn sul:lSidence has not yet been achieved. 

Past stu:li.es of u.s. subsidence data have SU39este:l that critical 
panel dimensions in the Northern ~achian Coal Field range between 
101lH (Olen am Perg, 1981) am 1.2H (Kannis et a1., 1981), where H is 
the avert:Jurden thickness. 'lhi.s c::r:mpares to 1.4H in the United 
l<i1r:Jdan. MJre recent studies have realgllized that critical panel 
dimensions are nat CXII'lStant, l::lut, like the SUbsidence Factor, depend 
upon oveJ:bJrden CXJllp:sition - the saollger am stiffer the 
overt:Jurden, the larger the critical panel dimensions. Perq an:! Gen; 
(1983) SI.J3geSt a near linear relationship between maxilmJrn SUbsidence 
Factor ~ an:! ratio of critical panel dimension to mine depth (LcIH), 
as shown in Figure 4.14 for the Northern ARJaladlian Coal Field. Use 
of this relatianship permits est:imating the critical panel dimensions 
(critical width = critical l~) on the basis of the mine depth H 
and the value of the SUbsidence Factor ~ caaput:ed fran Equation 4.3. 
Critical panel dimensions have not been reported for other U. S. Coal 
Fields. In the absence of field data, the Perg-Gerq pproach, being 
based on mechanical prc:perties of the overt:Jurden, is e.xpect.ed to yield 
a reasonable first cq:proximation of critical panel dimensions for 
other coal fields. ' 

4.4.3.3 ~ Qi Drawer p. '!he an;Jle of draw, unless 
stated othendse, is determined fran stationary subsidence profiles 
and in the United States has been foun::l to ~ between 5 an:! 45 
degl: es, and DCSt CXJWlCtuy between 10 and 35 de;;Jlees. No major 
di.stinction is awarent between an;Jles of draw for lon;wall panels and 
those for roao-an:!-pillar retreat. 

Effect Qi Width-tC:H)epth Patio QD p. '!he an;Jle of draw increases 
with increase in panel width-to-depth ratio an:! is c:ustanarily thought 
to reach a limiting value ~ critical panel dimensions are achieved 
(Kamis et al., 1983), Figure 4.15. 

, Effect of OVert:Jurden 9:Irpositon on p. Data t«>rld-wide suggest, in 
" broad terms , that the thinner the soil mantle am the JI'Ore cx:mpetent 

the :rtx:k ,strata, the smaller is the an;Jle of draw. Adamek am Jeran 
- (1981) suggest that the br~i.rr; of cx:trpe1:ent strata in the upper 

interval of oveJ:bJrden may u responsible for an;;les of draw between 
12 and 17' deqLees in the Northern ARlalac:hian Coal Field.' 

,,, 

, In ~ the an;le of draW, ~ and Geng (1983) attempt to 
o4.,~ acx:omt 'for lithology of the oveI'blrderi by way of the SUbsidence 

:_";... Factor and also take into c:cnsideratiari avert:Jurden thickness and panel 
, .,. d:imensions. Pm' a panel 'WbCSe l~ am width are critical or 

... supercritical (, they in:tic:at.e' the an;Jle of draw .in the Northern 
~achla.n Coal Field is given by 

po = 44 - 6a - O.Ol5H (4.6) 
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where 'a' is the SUbsidence Factor, an:! 'H I is the overburden 
thickness. 

For a panel whose length is critical or supercritical, but whose width 
is between 0.55 an:! 0.85 tilDes the critical dimension, they in:licate 
the an:Jle of draw is given by 

p = 38 - 6a - O.OlSH (4.7) 

Pen; an:! Geng elm an urrertaint:y of 2 de;Jl&JS (±) in estiIrates of 
an:Jle of draw fran ~tians 4.6 an:! 4.7. (Be advised that both 
Equations 4.6' an:! 4.7 in:ticate that the an:Jle of draw is larger the 
greater the carpeterx:y of the rock. 'Ibis is contrary to conventional 
wisdan. care shalld be exercised in using these relationships to 
estimate an:Jle of draw.) 

In general, plblished data have not s.hc:1Nn a st:ron; correlation 
between an:Jle of draw ardlithology. Figure 4.16 is an exanple. '!he 
apparent al:senoe of a trerr::l may be due to one or DDre of the following 
factors: non-lept esentative or poor information concerning lithology, 

, poor measurements of an:Jle of draw, failure to ac::x:o\mt for position 
of the strata in the rock sequence, failure to assess the weighted 
average overburden cu'tositian, failure to ac::camt for the dimensions 
of the mine panel, or failure to recognize that the an:Jle of draw can 
vazy with position around a panel even without significant variations 
in lithology. ' . 

With regard to the last point, Bruhn arx:l Speck (1984) fourxi the 
an:Jle of draw to vary l::etween 14 an:! 40 degl:&JS at a single 
roc:m-an:!-pillar retreat panel in northem West Virginia. With the 
benefit of direct ci:servatians at mine level, the variation could 
'confidently be attriJ:lUted to differences in support fumishej by 
pillars arc:md the perimeter of the mine panel. Floor heave an:! an 
associated loss of bearin;J capacity across a wide series of barrier 
an::! , ventilation entry pillars alan; one side of the panel resulted in ' 
a large an:Jle of draw in that area, whereas adequate bearing capacity 
along a narrow serieS ot pillars an the cpposi te side of the panel 
resulted in a JILlCh sma'ller an:;le of draw. '!he writers suspect that 
JIIJCh of ' the lep:nted variation in an;Jle of draw is due to 
c:lifferellc$ in SlJRX)rt alan; mine panel perimeters (i.ncl.l.ldin:J 

'di,fferellces in the J:i'lYsical condition of any adjoining panel) an::! 
. -believe that no met:l\ttt fF estimating an:;le of draw can be considered 
reliable-:.that 'fails to-aOiseunt, for panel." boun:1al:y con:li tions. ,It 
follOlllo'S that if pre-iIUning estimates of an:Jle of draw are mu:el.iable, 
'then 'pre-mJ:ning estiJDates of. the'width or len;th of a prospective 
subsidence trcu;hare sjmUarly unreliable. 'Ibis, in turn, lessens 
amfidenoe' in any estimate' of the subsiderre tl'c:u:3h profile or 
'derivative' paraneters for an area that is to be l.D'dermined. 
'ConseLvatism in subsidence prediction is warranted. 
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4. 4 . 4 Gra.Irxi SUrface pistortion 

4.4.4.1 Grg.In:l SUrface Profile. '!he ground surface 
settlement profile often resembles a broad inverted bell-shaped curve 
and o:auaunly ~its a heave zone around all or part of its 
perimeter. 1he profile fumishes a means for estilIIatinq the plan area 
of the subsidence 'trcu3h as well as the gecmetric dlaracteristics of 
the t.rcu:;h profile, which. in tw:n, can be relate::l to potential damage 
to structures at grcun::l surface t.hrtu3h relationships presented in a 
relate::l eport entitled., "Develc::pDent of SUbsidence Damage 
criteria", prepared for the CSMRE by En:;Jineers International, Inc., 
1985. A variety of analytical functiCl'lS have been prqnsed. in the 
united states and abroad to Iepl:esent the subsidence profiles 
(Brauner, 1973). 

For the Northam ARlalachian Q)al Field, Rarmis, et ale (1983, 
19840) advocate use of a hypertJolic tan;ent function: 

Sex) = 0.5 s* [l-tanh (~)] (4.8) 

where x is the horizontal distance between a point on the profile 
and the origin, wh,ich islocate::l at the inflection 
point-the point where the c:w:vature d'lan:3es from concave 
up to COl acave down; 

s* .is the maximnn subsidence for the profile; 
B is the distance between the inflection point and the 

nearest point of maxiJDum subsidence, S*, and depends upon 
the W/H ratio of the panel, Table 4.1; and. 

C is a ccnstant equallinq 1.4 for subcritical panels and 
1.8 for critical. 

Alternatively, the origin can.be placed at the point of maxiJ'I1urn 
subside.nce nearest the edge of the panel, the same as for the 
elqX)Ilel1ti.al functioo d i srussed below. To do so, the parameter XlB in 
Table.1 should be replaced "'bY . (X-B) lB. . 

Olen and Perg (19S1) prefer an ~ function of the type 
ptcp::sed by Martcs (as reported ~ BraW1er, 1973): 

where X, ,- . 

Sex) 

S* 
h 

Sex) = 1/2 s* (1 - tanh~) 
•... '. '" ~ ·.h . (4.9) 

: ,..."":" "." "1 . 

",>is the~ distance fran the inflection 
. point whiCh. is-also the origin point. X is 
~:")cSitive '~~ib and negative taVcu"ds gob. 
. is subsidence at a point X ft away fran origin 
, -point. ,- , 

·is maxjmJD! subsidence 
is mining depth... 

Both the hypertJolic ~ and the ~ functions can be 
considered equally satisfactory frr sJcetc:hin:J anticipate::l subsidence 
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profiles for sites in the Northern AI=Paladtian Coal Field arx:1 possibly 
elsewhere. For oonsistency in ~lication, when usirg the hypert:olic 
targent function, the mavjmnn subsidence s* alan; a profile should 
be determined fran Equation 4 .1 with a subsidence factor fran Figure 
4.9, arx:1 when usirg the elqXmeJ'ltial :function, S* should be determined 
fran Equation 4.5 (or Figure 4.12) with a subsidence factor fran 
Equation 4.3. 

For the Interior Coal.Province (specifically, the Old Ben No. 24 
longwall panel near Benton, nlinois), Munson an:! Eidlfeld (1980) 
CX1J1Cl.ude that a trigoncmetric (sine) :function best fits the transverse 
subsidence profile. More general guidance c:oncemirg the qeanetric 
character.istics of subsidence trc:ughs in the Illinois coal field is 
furnished by data fran the Illinois Geolcgical SUrvey (Figure 4.17) • 
'lhe:se data relate the SUbsidence Factor to mavil!lllT! profile slope arx:1 
to average maximnnprofile curvature and identify locations on the 
profile con:esporxting to zero subsidence, mavjnvm tensile curvature, 
maxinnm slope, max:iIruml CCIIIpressive curvature an:! max:iJDum subsidence. 

For the western coalfields, exaJ.rples of subsidence profiles above 
langwall panels are given by Gentry (1976), Allgaier (1982) arx:1 Fejest 
(1986). 'lhese are not disrussed in the cxmtext of profile functions, 
however. 

Be aware of ocx:asional local anaoalies in the use of profile 
functions. Note, for exarrple, that the hyperl:lolic tan;Jent function 
indicates a finite· horizontal displacement at the center of the trough 
- a physical ilTp')Ssibility. '!he exponential function oorrect:.ly 
irW.cates zero displacement. Local ananalies C1a probably be 
tolerated if th principal objective is to characterize the trough and 
cx:mp.Ite order of magnitude estimates of dispalcement, strain, etc. 

Any of the foregoin;J analytical methods can be used in two 
ways-(1) to sketch a _srtDOth c;:w:ve through existirg subsidence data, 
or (2) to predict the subsidenc:ie- profile in areas of future mining. 
For prediction, caution ImJSt be exercised due to the limited 
number of case stUdies'· iIi any'locality that have been used to 
establish a nonn. Sncoessin prediction lies in det.ermining proper 
values beth of ~ subsidence alcn; the profile arx:1 of the 
horizontal dimensionai'dlai:acteristics of the subsidence profile (B, d 
am L). Whereas 'a,osatisfactory -estimate of maximum subsidence along 
the profile' can be made'"\lsin; tIIIt ~ationships presented in Section 
4.4.2, a -o"'larable ~te of 't;Ae 'bcrizontal dimensional 
character.istics of the"'trcu;Jh can be diffi01lt to achieve, largely 
because of uncertainties 'in ~~ the angle of draw. 

4.4.4.2 Grgm:l SUrface'-~. 'Ihe .slope of the grourrl 
surface i(X) at each point x alcn; the subsidence profile is given by 
the first derivative with :respect ·to X of the subsidence function 
SeX): 

.i(X) = 51 (X) (4.11) 
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Expressions for ground slcpa in terms of the hyperbolic tan;ent an::l 
the ~ial :flmctions are presented in Table 4.1, Column 3. 
Units: lergth/len;th (dimensionless) •. 

4.4.4.3 GrclIn::l SUrface Ollyature. '!he OJrVature of 
the grourx:i surface R(X) represents the rate of dlarr;Je of slope at each 
point X along the subsidence profile am is given by the secxmd 
derivative with respect to X of the subsideD.'Je function S(X): 

R(X) = SrI (X) (4.12) 

Expressions for gra.md curvature in tems of the hypert:Iolic tan;Jent 
and the exponential. functi.ms are presented in 'l'a}:)le 4.1, COlumn 4. 
Units: l/len;th. 

4.4.4.4 Horizontal Groun:! pisplacerent. '!he 
horizontal m:wement u (X) of a point X on the subsidenoe profile is 
related to the groun:1 slcpe i (X) at that point .by an ~irical 
c::onstant J: 

u(X) = Ji(X) (4.13) 

.Expressions for horizontal g:r:c::um displacement in tams of the 
hypertlolic targent an:! the exponential functions are presented in 
Table 4.1, COlumn 5. Units: len;th. 

4.4.4.5 GraInd strain (Horizontal Strain). '!he 
ground strain e (x) -represents the cmD.D1t of extension or CCIIIpressicn 
(elorgation or shortenin;J) of the g:r:c::um surface in the iJnmed; ate 
vicinity of each gra.md surface point X relative to an original (pre
min:in;) gage len;th. By definition e(X) = IlL. Expressions for 
ground strain in tel:ms of the hypert:Iolic targent am the ~ial 
functions are presented in Table 4.1, COlumn 6. Units: lerJ3thllength 
(diJrensionless) • 

~, et a1. (~984b), fi~?4.t8, rcl~ that, c:m average, the 
JraXllm.lm ground strain at a. subs1dence S1te 111 the United states 
relates to max:ilT!um curvature accorc:iin; to . 

e = 0.92 J leo. o . 
iJ 

- '!he uncertainty- in:. strcdn Values ,for' the caSes frQn tmidl the 
relatia1Ship' was· devtUopaB is" ~ 0.5 percent Strain. 

.. ~ , 

(4.14) 

·'EXalrple 2, Figure.,4.19 IDustrateS the estimation of subsidence, 
gI'Qll'Id slope, c:uxvatw::e_ am. strajn 'for .a particular mine panel using 
ttH!profile functial'"methcd an:! the &ketchin;r 'of associated profiles. 
Several factors JIL1St be bozne in min:S when preparin:J 'plots am 
CCIIplt.ing parameters 1.isinq these :functialS: 

1) '!he subsideD.'Je profile am associated parameters represent the 
ccnfiguration of the grom:l surface .thrcu;Jh the point of maxiJDum 
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subsidence for the partiOJl.ar panel geanetry, mine depth am 
overburden lithology. '!he profile does not acx:cunt for the presence 
of any heave zone aramd the perimeter of the panel nor does it 
acoamt for secorrjary effects due to m.i.nin:J in adjoinirg panels or to 
other variations in b::Jun:iaIy c:crxti tions around the perimeter of the 
panel. '!he profile also does not portray irregularities, such as 
ground cracks or l::uckl.ed zones, that may develop locally at ground 
surface, partiOJl.arly in localities where soil caver is thin arx3. the 
oveIt:lurden is O"losed largely of sandstone and/or l:iJlestone. 

2) 'lbe subsidence profile an:! associated parameters can be 
sensitive to the estimated an;rle of draw. Nate that the argle of draw 
is used in the calall.atiCl'1 of the half width of the subsidence 
profile, which in tum, govems the shape of the subsidence profile. 
'!he use of a small an;le of draw ten:is to yield a cansetVative (that 
is, high) estimate of maxiJIIll!! slope, cmvature, horizontal -
displacement an::! strain. HcMever, the areal extent of the subsidence 
trough may be urxlerestilnated. '!he use of a lIm'e liberal estimate of 
the an:Jle of draw tems to provide a mre cxmservative est.iltlate of the 
size of the subsidence trough l::ut at the same time may urx:lerest.imate 
the maxinllDD values of slope, c:::unra.ture, horizontal displacement arx3. 
strain. Given the uncertainties inherent in all CXIIpItational 
methods, consideration should be given to p:resent.in;J a ran;Je of values 
for the subsidence t:rou:;h arx3. its parameters. 
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5. 0 KrNING MEIHQI:S 'IO DFAL WI'IH SUBSIDENCE 

Section 

5. 1 IntrOOu.ct.iOll.. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 53 

5 • 2 PlaJ"'U'1eCl SUl:::s iderx::e. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 54 
5. 2 .1 Wide Pal1e.ls....................................... 54 
5.2.2 Narrow Panels (Panel and Pillar).................. 56 
5.2.3 strain cancellation Tedlniques (Hal:moni.c 

~) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 59 
5.2.4 ~. (~ termed BackstowiIq or Backfilling).. 63 
'5.2 • 5 Ra.p1d Mini.r'g........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

5. 3 ~ SlJR:x::lrt........................................ 66 
5.3.1 Panel ~ide SlJR:x::lrt................................. 69 
5.3.2 SUpport of a strip of Ground Between Mine Panels.. 70 
5.3.3 SUpport of an Isolated Area Above a Mine Panel.... 73 

5.4 Design of Coal Pillar SlJR:x::lrt............................ 73 
5.4.1 Design of Pal1e.l~ipe SlJRxIrtabove a Partial 

Extraction Rcan-and-Pillar Pal1e.l with Ooal 
Pillars Distributed Uniformly Across Mine 
Pal1e.l (~A).................................... 75 

5.4.2 Design of SUpport for a strip of Ground 
Between Adjacent Mine Pal1e.ls (~B)............. 85 

5.4.3 Design of SUpport for an Isolated Area Above 
a Rcam-and-Pillar Retreat Panel (case C).......... 96 

5.1 . Introduction 

ramage' to surfaOe~stIuctures--!:W.ld.in;s, towers, pipelines, 
brid:}es, roadways, etc. --can be prevented or min.iJni.zed in three ways: 

1. 
-

site Planning-locating new structures where mining is not to 
be ccnducted or where m:inin;J has already been cxnjuctecl·and 
all significantgroun1 m:wements are ca!plete; 

>. 

2li llIplemel"Jt.in; structural Measures-il'x:oIpOrating into the 
., . ,. ' .. desigaq of new stl:uctures ·a.t:Prcpriate c:xmstruction joints, .• 

. ~ .. 
. +. 
e .~ 

. f~an elements.or otller features to allCM 'the ·structures . 
tobet:tei~oo iiiiodate gI"OJn:1 movements; ,retrofittiD;J existing 
structures· to provide these features, adding structural·~ 
support, CX1J'1StrUc:tir ~ or other. extemal measures 

, that willaMcw the s1:r\!eture to better .aa:umulate the 
grcun:i'movenlmts or willblffer the structure fran the 
m::wements; or 

.' . 
3. Ccnductinq minin;J in such a way that ·the p:rt:ential for damage 

to existing structures is reduced or el:ilninated. 
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DLc;o l ssion in this manual is restricte:l to the third category and 
is presented in three parts: 

o Planned SUbsidence, wch deals with total extraction mining, 
an::! in particular with five tec:hni.ques that have been applied 
here or abroad to mi.niJDize grcurD surface defomations (Sec. 
5.2); 

o Pemanent SUpport, which deals with partial extraction' 
DLinin3, where subsidence is prevented altogether by leaving 
panel-wide or local pillar SlJRX)rt (Sec. 5.3); arr::i 

o 'lhe design of coal pillars for both planned subsidence and 
permanent SURJOrt situatialS (Sec. 5.4). 

5.2 Planned SUbsidence 

Total. extraction in:!uces nearly all significant subsidence at the 
'time of mining arr::i is _ accarplished by longwall, roan-and-pillar 
retreat or shortwall operations. Total extraction means that, for 
practical plI~ ses, all of the coal is, rem:wed fran the panel. 
'Ihe location and magnitude of the resul.~ subsidence am the amamt 
of groun:i surface distortion are predictable within limi. ts arr::i thus 
are said to be "planned". 'lhe predictive aspects of subsidence in 
Section 4 show that the aI!rJW'1t of subsidence arr::i the aI!rJW'1t of 
ctistortion of the grcurD surface depen:1 on both the geanetry of the 
panel an:i the Oller lJurden lithology. 

A variety of min.in; options can be cx:nsidered for controlling 
subsidence produced by total extraction m:i.nin;-lIcontrollin;" in the 
sense of exercisin;Jseme leverage Oller the anamt of subsidence, the 
cmomt of gl:Qlnd distortion arr::i the lcx::ations above the panel where 
the DJaXjmrm distortion-takes place. 'Ihese cptions are listed in Table 
5.1. - sane serve a sin;Jle pmp:aa; others a m.ll.tiple puzpose. 'Ihree 
of the methods :niduce the am:lll"lt of subsidence occurrin; durin; mining 

- (narrow panels, backfilling, rapid mini.ng); the other two methcx:1s are 
not useful for th1s ~ (wide pariels, strain cancellation). '!he 
same three ~that reduce the anamt of subsidence durin; mirti.ng 
also reduce -the cmo..mt of g:roun:l clistortion at both the lead and 
latera1 ~ of '.the subsidence trcU;h. On the other han:i, the strain 
camel j .ation metlI:Id ret K'PS grcun;l c:listort.ioo CI'lly at the lead edge, 
while the -wide ~does neither-it silrply positions the 

. zoneof-DBXimrm: ", -"00 a safe distance fran surface 
stnlctutesto be proteCted.: It is evident that althalgh a variety' of 

-methcdSiare available to ac!lieve subis~ cx:ntrol not all are of -
cxzpaI-able' effectiVenesYfOr specific pulpCses, -nor' aw.d all 
.reali.sti.~y be -used a~ 'r!. particular mine site. ' 

5.2.1 ~ Panels •• ' -'!he'vertical and horizClltal. gram:i DDVements 
acxxmpanyin; mining produce twi.stin;J as well as linear ground strains 
arr::i curvatures. 'Ihese -three- dinensional g:ram:3. defomations can 
contribute significantly to the damage of stIuctures at groun:l 
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Table 5.1 

REIATIVE ATI'RIEl1I'ES OF PARI'IClJIAR SUBSIDENCE Cl:lNI'OOL 
ME'I1iOIlS m '!OrAL E:>aRACI'IOO MINING 

Reduced 
Grg.Jn;i Distortion 

At At 
Leadin3 lateral 
~ Ea:Jes 

Wide Panel' No No No 

Nal:'rc:7N Panel Yes Yes Yes 

strain cancellation No Yes No 
(''Hanralic Mi.nin:J") 

Backfillin;3 Panel Yes Yes Yes 

Rapid Minini No No No 

Intended to minimize damage to sarfaoe stJ:uctures by distancirg 
them fran the. zone of pronounced ground distortion at the lateral 
edges of the trough. 

2 strain within influence zone reduces considerably • 

.. 
........... .- -

.. ...r~. ~ .... 

--
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surface. For a mine panel of subcritical or critical dimensions, the 
three- dimensional deformations exten::1 across the full width and 
length of the subsidence 'trcu3h (Figure 5.lA). However, for a mine 
panel of supercritical dimensions - by definition, a panel wide and 
lorg enough to have a subsidence 'trcu3h profile with a flat bottom 
- the ~ surface deformations within the central section of the 
ttt:Jugh away fran the panel's lateral edges are essentially two
dimensional in that they are governed by the lc:n;itu:tinal trough 
profile. 

'!he mine panel width lJti required to achieve a "two-diJDensional" 
strain field large eJ'lC:U#l to ace Hi,," date a structure of width DP is 

lJti > Ie + DP + 2Z (5.1) 

trmere I.e is the critical panel dimension c::arplted fran ·Figure 
4.14.' 

DP is the plan dimension of 'the structure as measured 
across the width of the panel. 

Z is the width of the safety zone provided on either side 
of the strucb.1re, taken to be 50 feet unless site 
ccnditions indicate a larger value is more awropriate. 

Use of a mine panel of width I101 or greater will not necessarily 
precl.00e damage to a structure since the structure will still be 
subjected to the frontal trave1m; wave that ac::catpanies passage of 
the mine face. However, lesser damage walld be expected since 
the structure would be spared m.x:h of the t:wistin;J (rack.in1) that 
wculd take place, in a narrt7tto1er panel. No method is currently 
available to accmately assess how JI11dl less the damage might be usin;; 
a wide panel. 

5.2.2 NaITcM Panels f"Panel-am-Pillar"). By l:iJnit~ W/H, the 
width of the. total extraction panel in relation to overb.lrden depth, 
the atIOlJ'It of .subsic:lehoe .. an:4 the maximum ground surface d.istortion can 
be rednarl below thatexpacteci for a panel of critical or 
superc:ritical'dimensions. In reference to Figure 4.9, for exanple, a 
l~ panel. of 24o-foot' width in a 6-foot seam at a depth of 600 
feet (w/H=O.4)~;with 5 pe,rcent hard rock in the ovem.n:aen would 
produce only about 35 ~ of the sul;sidence praluarl by a 90o-foot " 
wide panel at ClCXI!pBrable, dIJ!1:h' C'V/H=1.5), all ather parameters , 
bem; equal....athe subsidenCe faCtor' for WjH=O.4 bein;J 0.24 am S* bein;J 
1.4 £eet arxJ the subsidence faator. for W/H=1.5 beirx] 0.7 an:! S* bein;J 
4~2feet. Lmitin:J W/H would ~·the same time reduce the lIBXimlIm 
gra.D}:J slope 'fran l7xlO·3 ,to ~3; the maxbrum ground curvature from -', 
9xl0·5/.~. to 7xlO:;;ft. an:! the~jDlJm gran:l strain fran 
2.7xlO to 2.lxlO • :. ~ 

56 

• 

• 
. . . 

• 



V
I 

-.
J 

• 
• 

• 
. , 

0
,', . 

. 
:.:.

. 
..: ..

... : .
. : :::

 .. \
 ·

1·,'
; ...

.. :.:
 .....

 

. <
 ..

..
..

. :
.;

 .. ·~\
~·~

.':
f /

/:.
~. 

.....
.... 

. 
....

....
 . "

 : ..
. -

'.
' 

'
.
 

" 
•
•
 

\ 
~
.
I
 

•
•
•
•
•
•
 

.•
••

 
, 

• 
:
.
' 

: 
,'i

 
",

' 
.0 

.
.
'
 

. '.
 

. 
. 

",
 ,
. 

.,
 

.' 
. .

 
. 

.... 
...

.. 
\ .

. f,
 :

 .' 
. .

' 
' .. ~
 /.

 '·:·
·····

\ .. \·
·:f

t·l
.~·

··-
.. ~.··

··. 
....

.---
. .

 . 
:
,
 

.. :
..

..
.,

' .!
.:~

~" 
::

 
I -

'""
.. 

,.
' : .

....
.. '

 
. 

" 
..

 
0

' 
\
'
:
 

I: 
" 

I
,
 

.
.
.
.
.
.
.
.
.
.
.
.
 

. 
~
 .. , ..

.
.
 ··~

:>~
 .. i~

.:.
~ 

...
 . 

'
.
 

. 
..

..
 

"
'
:
"
I
l
~
:
"
"
 

..
..

..
. 

, 
•
•
 
•
•
.
•
•
 

• 
I
"
,
 

':i 
~1
 
.
:
 

. 
'
0

'
 

. 

. 
-
.
'.

 
{ ..

...
. :

 
...

. 
~. t

'I:'
 i

 ...
 , ..

. X
 

.:-
---

...
 

."
 

~ 
.;

 
! ..

. -
.;

 
' 

...
...

.. 
': 

....
....

...-
:--

. 
.
' 

..
. 

. 
..

..
..

 ,.
 

r
~
.
.
 

. 
. 

o ~
 

""
i 

• 
D

ire
ct

io
n 

0' 
M

in
in

g 

~
,
 

P
LA

N
 

....
... 

. ...
.. ,~

.~. 
~ 

··.
.-:

I··
~·~

~:~
:·:

·:l
::!

:E"
: : ...

. : ... 
. ,.

...
...

. 
.
~
 

-..
. -

. 
. .

 '''
-'',

''-'
f.;

&.
1_

.. 
. 

.. ·
 .. ·

··
·1

-.
.-

i.
~D

'-
.L

 
fI

-
-t!

J.-
: 

ST
R

U
C

TU
R

E 
WJ
ii
P'
\4
1l
(¥
"4
VJ
.t
~ 

,,;
V

A
$O

)8
W

W
» 

\ 
~n

¥J
1:

;;
:-

V J
 

'
.
 

..
..

.,
 t

.: 
.
,
 

. 
I
i
.
·
 .
'
 

:J
I 

..
•.

••
 

," 
.
•
 

...
...

. 
... ._

 ..• _
. 

' 
..

 _
 ...... "'

. 
.. ..

....
 

•
•
•
 

~.
 

.. •
••

.•
•.

••
• '

" 
••

 1·
 

• 
" 

•
.
 

I;
 

i 
D

lr
ec

llo
n 

0' 
M

in
in

g 

PA
NE

L 
O

f 
SU

IC
I.T

.c
iL

 0
1 

tl
lT

lt
A

L
 D

IM
EN

SI
OI

S 

L
c=

tl
'T

tC
A

l 
,,

"
n

 D
IM

U
SI

O
I 

tO
M

PU
Tn

 f
RO

M
 f

iG
UR

E 
4.

14
 

\ 
' 

\ 
I 

\ 
' 

\ 
I 

\ 
, 

\ 
I 

\ 
, 

" 
I 

\ 
I 

" 
, 

rC
72
~ 
L
w
~
 

'R
AI

SV
ER

SE
 S

E
t"

O
I 

I-
I 

P1
M

EL
 O

f 
SU

PE
RC

Rl
tlt

A
L 

DI
M

E.
SI

OM
S 

.O
p=

 '
LA

I 
D

IM
EI

SI
O

I 
O

f 
TH

E 
ST

RU
CT

UR
E 

AS
 M

EA
SU

RE
D 

AC
RO

SS
 T

HE
 W

ID
TH

 O
f 

TH
E 

pA
IE

L.
 

. 
I 

=
 WID

TH
 O

f 
TH

E 
SA

fE
T'

 M
AR

OI
. 

01
 E

IT
HE

R 
SI

DE
 O

f 
TH

E 
ST

RU
CT

UR
E.

 
TA

lE
. 

TO
 I

E 
60

 f
T.

 
, .
. ,

 L M
=

 Mi
lE

 p
AI

EL
 W

I8T
H 

I(O
U1

RE
D 

TO
 A

CH
IE

VE
 A

 -T
W

O 
D

IM
EI

SI
O

IA
L-

ST
RA

II 
fiE

LD
 L

AR
OE

 
. 

EN
OU

GH
 T

O 
AC

e 
M

OD
AT

l 
ST

IU
CT

UR
E 

Of
 W

ID
TH

 D
. 

., 
, 

F
IG

U
R

E
 

5.
1 

. 
~
!
 

W
ID

E
 

P
A

N
E

L
 

C
O

N
C

E
P

T
 



... 
iii' 
.<. 

PLAN VIEW 

I -

.... ---.~~~.~ .. -~ ... _'-, 
/ o 

I ! ~ 

o -

! '1 --1 • .. « ...... ~;:!.". ....... • • ." , I· ............ tn' 
ce ... ....;.:.::.-.:~ . .:.: ... .... iQiI ..•. ii' __ 

I"~ - .. , 
.~. 

t · " .... . ~. , ~-!. 
·1 --~. 

-+ . 
. J9 

. -

. " 

s- . 
pN 

SECTION VIEW 

FIGURE 5.2 

. _-.... _--. .. 

• 8 • -_ ... ,.. 
~ . 
I . 

.. .. .... -

... .-.. . 
-, 

". ~~ .. -
'''OM NATIONAL COAL IOARD. '111 

NARROW PANEL CONCEPT 

58 

• 

• 

• ,. 



• 

• 

.-

'!he panel-and-pillar a;:proach (Figure 5.2) is generally envisioned 
as an alternative to isolated groops of S1JRXlrt pillars (Section 5.3) 
nore so than as an altemative to the use of a wide panel (Section 
5.2.1) • Provided that structures at ground surface can tolerate the 
groun:l distortion prcdIlCed by the wide panel-distortion that is 
saDeWhat DIXlerated by the panel's "two-dimensional", flat-bottaneci 
character (Section 5.2.1), the wide panel a;:proadl is favore:i since it 
permits a greater rec:::cvery of coal aver a given area than the panel
and-pillar system. However, if the ground movements produce::l by 
the wide panel are considered excessive, then the dloice lies between 
the panel-and-pillar methcx:l and isolated pillar SURJQrt, with the 
I'EO:lgluiion that the panel-arr::l-pillar method reduces, blt does not 
altogether eliminate, groun:l movements aver the panel as do groups of 
isolated support pillars. 

Isolated pillar support has been used Sl.YX'PSsfully for many decades 
in westem Pennsylvania roan-and-pillar retreat mini.rg as a methcx:l of 
provic:lin;J lon;-tenn ground support (Section 5.3.2). However, as 
rcarn-and-pillar retreat mini.rg is ccn:hlcted at PIlX3Iessively greater 
depths, the stress ananalies created near mine level by isolated 
pillar support can m:Jre seriously affect cavi.n:J of the mine roof and 
can pItlllC7te squeezes. In addition, isolated pillar support can be 
disruptive of the lIlinin;1 proceSs itself and is :inaI:Plicable in mine 
panels where longwall methods are practice::l. 'Ihus, narrow panels may 
represent a viable altemative provided that sane ground deformation 
can be tolerated. 'Ihe design of pillars for penoanent support is 
d j so lssed in section 5.4 • 

5.2.3 strain cancellation Techniques (Hanrpnic Minim). '!he 
potential for damage to a surface structure can SCJDet:iJnes increase if, 
as often happens, minirg ,is 0lJ"ducted not in one, blt in two panels -
panels alon;side or alxwe one another. For exanple, if two panels 
'Were 'mined at different,times, a situation 'might arise where a 
structure is first subjected to a sequence of extension and 
cx:aupression strains fran fIlin:in:J Of· the first panel and then to another 
sequence of extension and CXIIpression strains fran minin;J of the 
'secon::). panel. 'lhe st:ruct:Qre'might-be damaged twice, the second time 
in a sanewhat weakeried' con::lition as a,result of the first episode of 
subsidence. A different Situation, potentially as serious ,if not nore 

,so, might arise if the ~panels ~ mined at the same time. If the 
'I" "panels _ were ~adversel.y iUi~,' the tensile strains produced by 
.- 'one panel aw.d CDlbine w!t!l' the taRsile strains produced by the other 

.,-
e • 
. ~ .... s 

to c:reate~'a DIO%'I!intensifi~ st:ra.iri~ wit!1 greater potential for ' stroctura+ damage..... ',-
~:'!..... ...,' .. 

In order to- avoid~--situations--undermin.in;J"a structure on two ~ 
separate oocisibns or unaetminirg in a way that produces additive-
(intensified) strains--tedmiques haVe been developed in EUrope and 
the United Kin;Pan for c:cordinati.n:J minirg so that the strains fran 
the two panels ten:l to cancel. one another. 
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. 'lhereare two CUllllJlI types of strain cancellation techniques
"rollin; extraction" use:i in m.ll tiple seam mini.n; an:! II~ face 
extraction" used in si.n;Jle seam m.ini.rr;. '!he methcxis are rather 
diffio.ll t to coordinate an:! iDplement an:! have been utilized abroad 
primarily where minin; has been con::lucted beneath structures of major 
significance. In the united states, regulations potentially limit 
such miniJ'q. 

In the event either strain cancellation method is attertpted, the 
respective panel layouts should' be based on subsidence data collected 
fran previous Dlini.rg on or neartJy the subject site in preference to 
general, regional data. In addition, since the carrellation effect 
deals with strains ala'l;J the la'l;Jitudinal graIrXi surface profile, 
these techniques are preferably ilIplemented only where panels are wide 
enc:u:Jh to achieve a ''two-dimensional'' strain field in the vicinity of 
the structure being' protected (Refer to sectia'l 5.2.l). Use of 
narrower panels cx:W.d result in additive strains alClJ3' transverse 
sections that are severe enough to negate many of the benefits of 
these techniques. 

5.2.3.l .Rollim Extraction. 'Ihe extraction of coal in 
the lower seam . lags a distance M.behin:! m:in:in;J in the UfPer seam 
(Figure 5.3). 'lbe intention is that the maxim 17ll tensile strain 
prodlJoed by' the lower seam coincides" in position with the maximum 
cx:mp:ressive strain prOOuoedby the u;per seam as minin;J PLo:Jlesses in 
tandem alan; the two panels. '!he two strains cancel one another 
(partially, if nat totally), creat.in:J a milder strain ccndition at 
grcund surface than if the min.in; had not been cooxdinated.. '!he 
SllcoesS depends on the relative magni tujes an:! distril:utions of the 
two opposing strains, tmic:h, in tum, depends upon the thicknesses and 
depths of the respective coal seams, the dimensions of the mine panels 

. am the character of the ovez±m'den betwee,n _ grcurx:l surface an:! each of 
the two coal seams. M:in.in; of the upper seam can be expected to 
degrade the averbmlen so that the strais produced by m:in:in;J of the 
lower seam will nat rvressarily be the· same as if the mininq had been 
CXlJ'Xiucted. in "virgin grourxlll. ' '!his contribItes to the inexactness of 
strain prediction. .., . 

;. 5.2.3.2 6temed ~ Extraction. In this strain 
cancellation method, the- mine face exten::1s across the full width Iw of 
tfte panel, except for a cent:er '5ection of width w that precs'es the 
~ of' the face by a distarx:leM (Figure 5.4). '!he:intention is 
for the maximnn CXi1pIeSSj.~,~, prcdnced .. 'by the center section of 
.the face to ·coiJ'l3ide' -in pcsition' with the""ma.vimnn tensile strain 
prrXbK'Ed by the W!&r 6:ail.inj section of tfle face. As with rollin; 
extractan, the tensile· am CXiip~ive strains ideal] Y camel one 
anOther, crea~, ... zci1e' of no strain that pemits min.in; to pass 

. wit.haIt incident beneath a structure at grcund surface. 
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Cc:Itplicatin;1 factors similar to those associated with "rolling 
extraction" ~ly to the "stepped face" method. An:i for the same 
reasons, superposition to adUeve strain cancellation is only 
~te. 

5.2.4 stcNing (also termed Backstqwin::J or BackfilliJpl. '!he 
Federal rules and regulations make reference to backstc7.rIi.n;J or 
backfillin;J of voids in the c:cntext of subsidence control measures 
that will prevent or minimize damage in areas nat intended for planned 
subsidence. Whereas the backfillin; of mine voids to prevent or 
minimize subsidence above aban::Joned mines is rather CXXLillJl aplace , its 
use in active partial extraction mines is virtually unknown since the 
benefits derived are usually nat c:x:mnensurate with the CXlSt of 
application. If any ~ is o:n:iucted in active mines it is in 
areas of plamed subsidence-total. extraction panels~ the 
intention is to limit the am:lUl1t of grc:un::l surface movement. In the 
united Kin;dan, backfillin; in langwall panels concurrent with mining 
has been fOl..IlXi to reduce subsidence 20 to 30 percent below that for 
cavin;, non-backfilled mine panels (National coal Board, 1975). 

'!he disposal of coal waste in active mine panels has been shown in 
Europe and the united Kingdan to be technologically feasible in 
longwall operations, alt.halgh the practice has declined substantially 
with the advent of high production rate minin:; systems and increasing 
labor costs. , 

In the united states, the use of stowin; arpears to be limited to 
the construction of pneumatically placed high stren;Jth concrete 
packwalls. 'Ihese have been E!q)loyed in an advancin; longwal.l system 
designed to deDDrlSLrate the feasibility of m:ini.n;J thick coal seams 
usin;J a multillft method (Bourquin am Jaspal, 1984). 

'lhree principal methods of stowin;J have been E!q)loyed in 
, - - , urxie.rgrcun:l mining c:perations--pneumatic, hydraulic and mechanical 

(NAS,1975; Wocd, 1983). '!he labor intensive mechanical system of 
backfUlin:J ,is ,TOIl d:lsolet;e. '!he other t\IIO have sane present 
application. . - "': -

" ' 

In the pneuiDa~c system "(F.igure 5.5), the cca.l waste is transported 
• , by r::t:::nleyor belt 'or rail tl1rcugh the tail entzy to the stowin;J machine 
~- ,at the l~ face. '!he boal waste is ejected at high pressure (60 

',~, . psi) for diStances- up to ~t~ fI'(ID. a -pipe that, is directed behinj a 
, -brattice cloth at the l~" edge" of."1:he gob. '!he cca.l waste is 

placed the full width of the l~_,face. An:older type of 
- pneumatic placement was ~ part',of a cyclic mining ,; 

cpeI'ation-the first shift ~or l~ m:ini.n;J, the seccn::I shift for 
haulage and stowin;J-and thethirdSUft for maintenance. ''!he system 
was nat well suited to lOOdet;n continuo.ls longwall systems and, where 
plBlIDatic stowm:J is still eployed,' has largely been supplanted by 
'side discharge systems that enable backfillin; to better keep pace 
with mining on a c::ontinualS cycle. '!he pneumatic method has fourrl 
greater ~lication in Germany and Poland, and the hydraulic methcx3. 
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in Belgium and France. '!he hydraulic methc:d also fOUl"d SCIre 

application decades ago in Pennsylvania's Anthracite Fields . 

In the hydraulic methcd, coal. waste is CXJJlVeye1 as a slUrI}' through 
pipes fran mine level l::unkers to the face. 'Ihe pipe is clirected 
behirxl a brattice cloth barricade at the lead ed:3e of the gob. '!he 
water drains off relatively quickly into a surrp in the tail entry 
leaving a backfill Q"IIPi'\I'Cll:le in density to that' attained by pneumatic 
placement. . .' 

'!he principal disadvantages of stowin3' derive fran problems 
associated with losses in prcductivity, the l.D'laVailability and cost of 
equipnent, and unknc7wn affects an the health and safety of miners. 

Mine haulage systems are designed primarily to m::IVe coal., personnel 
and supplies. Significant ~ wcul.d be elCpE!Ct:ej if such 
systems were also required to transport backfill materials to storage 
locations at the face. Altenlatively, stowin3'~cated borehole 
delivery piping systems could be E!11iJloye1.. In either case, pipirx}, 
backfill storage l::unkers (if required) and other materiel could 
potentially create space problems l.D'ldergroun:l. Extra. head roan might 
be required for efficient operations. SChe:luling and sync:hronization 
of stowage operations with mini:n; could also ccmplicate the overall 
mining operation. BreakdCM'lS in the stowin3' operation could jmpede 
production. In general,elqlerience in Dlrcpe has ~ backfilling to 
be DrJre costly than other means of mitigating subsidence problems. 
Because stowin3' has prove1 to be an iJrpediment to high production 
mining in the United Kin3dan, its use has c:liJninished to the point that 
it is rarely used. In fact, the eCXlllanics of stowin3' are rarely 
attractive unless the con::titions for the environmentally and socially 
acc:::eptable d j sp:sal of coal. wastes at grouJ"rl surface are very 
unfavorable. 

Another disadvantage of stowin3' is that systems are not currently 
available for ·all minin;r situations. - Even though roan-and-pillar 

. retreat remains a dani.na.nt_ coal. mining methcxl in the United States, no 
• d, _ safe method has been- develqled ·for stowing a:mcurrent with pillar 

extraction. Develq:ment of sudl a system could require a significant 
effort. 

, . -
'" '. ,A f~. disadvantage' ot:-stowin3' .is the possible adve.iSe effect on 
'+ 'the health and safety -of ~,miners. Besides increasing the 

.• . number of 'personnel at ~ _ face, the operations could also increase 
.... the dust and fire potential. (pneumatic system) or the potential for 

.'-\: ' seepage, ccnsequent barricade rupture and soft.en.in:3 of tl:lemine floor 
.. .(hydraulic sy!;t.el'n). '!he'latter could result in loss of -pillar support + 

~ and red! JCed traffic abilitty thrcu;h entries.. MSHA approval. is 
. required before stowing operations can be cxn:hlcted in operatirx} . 
mines. 
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5.2.5 ~ Mining. steady advance of the mine face as rapidly as 
practicable results in lesser subsidence, an::! lesser groun:i surface 
slopes, anvatures an::! strains than wall.d otheIwise occur in sensi ti ve 
areas over the mine panel where surface structures are located. '!his 
is because a steady rapid advance tends to lessen the time depen::lent 
("creep") CCiUfOF.erTt of m.i.ni.ng-in:hloed avert:Jurden deformations durirg 
minin:;J an::l thereby flattens the profile of the subsidence trcugh as it 
enlarges.;: . 

After the c::arpleticn of lIlinin] in a panel, the time dependent 
grcAlJ'X! DI:7VE!aent then takes the fOI1ll of residual subsidence, which in 
sane cases IepLZSents 10 to 15 percent of the total subsidence an::! 
CCIl"ltinues in meaSJrable moounts for several months to rore than a year 
after minirg. 'Ihe effect of pcst-m:inin;J residual subsidence-by 
addin;J to the subsidence that had oca.u:red durin; mining-is to 
steepen the slope of the subsidence trcuJh and increase the grourxl 
curvature an::! the strain alorq the perimeter of the mine panel, a 
location where the effects on surface structures ill generally be 
mi1Umal. 'Ihepost-m:inin;J residual subsidence also procluces a general, 
ucre or less unifoI1ll.I~in; of the grcurxi surface across the width 
an::l 1en;Jth of the mine panel, whidl Qy its nature, causes little 
distress to surface structures. 

If prior to carpletion of m.i.ni.ng, a weekend work stoppage, a strike 
or sane other event had allowed a greater proportion of the time 
dependent grcurd m::wements to occur, then the groun::i slope, CUIVature 
an::! strain above the mine face ocx:urrin; cIurin; that delay would be 
greater. ~ surface structure that might be located between the 
zones of ma.vimum extension an::! CCIIpression produced by the mine face 
durin; such a tilDe span oc:W.d elCpeI'ience c:cnsiderably more deformation 
than ot:heIWise (Figure 5.6). 

In general terms, delays in PI03ICSS should be avoided when a 
structure lies within the inteIval O.SH ahead of the face to 1.5H 
behind the face. 'Ihe shape of the· subsidence developnent. aJIVe can 
vary fran site to site depernj.n:J upon the lithology of the overburden 
and· other' factors and hence the"len;thof the interval can vary. 

r Even though its benefits c:anJ1Jt be quantified, a steady, rapid rate 
of· face advande DUSt be considered good practice an::! should be 
ezrployed wherever possible. __ " -.'.. -. 
S. 3Per1Tanent. SU1:p::Iit~_ 

~ .. - )- .. -

;~ :functioo of-penIIimellt support is to fully prevent movement aver 
'a' specified atea o1""9J."OUlXi surface so that the damage potential to 
surface stiuctures ~'is"not silJply reared, b.rt is altogether 
eliminated. ~. type, .size an::! clistriJ::AJt.ian of stiuctures and 
other features at grcurx:l surface will influence the choice of 
pemanent SURJOrt. area. nu-ee awroaches to layin;' out a protected 
area at grcud surface are (Figure 5.7): 

66 

• 

• 

- -. 
,oJ 

.. 

• 



• 

• 

• 

• 

CUItYATUU 

STUIN _.TI .. E 
• ZERO 

AF T E1I 
- - - = TIME" 

[) -®= STUin' UTE OF .. IllIG 

(!) : DELAY III .. IIIIIIG 

FIGURE 5.6 

cd DIRECTION 
OF MIIIIIIG 

T I ME-DE'EIIDEIIT 
SUlSlDElltE 

lITER TIME t 

! I ... £ D t B 
'05ITI0.·OF MillE FAtE 

. ~. '. 
t.. "J .. 

TIME-DEPENDENT GROUND MOVEMENTS 
ASSOCIATED WITH ADELA Y IN MINING 

67 

.~; -, .,.. . 
.,=-. 



LOCALIZED SUPPORT 
ABOVE lINE PANEL 

LDCALlZED SUPPORT 
BETWEEN MINE PANElS 

t. 

I 

PANEL-IIDE SuPPDRT '. 
. ~,;. , .. 

. " 

. -

• 

LEGEND' .~ 

. . . ..;; 

.<':> •• . 
. , -

.. SURFACE STRUCTURE 

tin II NED-DU1' 

~ IfNE-LEVEL SUPPORT 
ILLJ (.naIYlaUII lilllars 

nat snawn) 

• 

FIGURE 5.7 PROTECTED AREAS AT GROUND SURFACE 
68 



• 

• 
, . 
.... 

• 

(1) Localized SLq:p:)rt above mine panel - isolating an area 
aroun::i each individual structure or group of structures above 
the mine panel; 

(2) Localized ~ between mine panels - settirq up total 
extraction panels so that protected areas are posi tianed over 
a series of barrier or chain pillars, which in effect 
represent a strip of partial extraction between areas of 
total. extraction; am. 

(3) Panel-wide SlJRX)rt - designating the entire mine panel as a 
protected area. 

If a single dwelli.n;J lies above an area of roan-an::l-pillar mirl.irg, 
the decision may be to provide localized pillar SlJRX)rt beneath the 
sructure am extract the remain:Jer of the pillars in the panel. On 
the other hand, if the ground surface is flat-lying am. is occupied by 
farm lam. across which passes a pennanent stream, the decision may be 
to provide panel-wide pillar SLq:p:)rt. In a location where lorgwall or 
shortwall minin;J is practiced, the q:portunity for permanent support 
PI esents itself only above the barrier arxi d1ain pillars between 
panels. 'nle total width of the series of chain pillars must be 
large en:u;h so that ground surface m::wements fran adjacent mirl.irg do 
nat affect the stIuctures to be protected. 

Foor points lIIlst be considered in the design of permanent support: 

(1) 'lhe required size of the protected area at groun:l surface; 

(2) 'nle required size of the area at mine level where support is 
to be left: 

(3) 'nle required size am. spaci.n:J of the pillars to be left ·for 
SlJRX)rt; am. 

. (4) '!be lOcation am. alignment of utilities am. surface drainage 
in the ·;J!lDpcUate vicinity of the protected area. 

~ 

'lhese points·are considered in the next several paragraphs. 
Section 5.3.1 deals with pane.l-wide gI"CllrD SU£:POrt; Section 5.3.2 with 

... ground SL1RJOrt along a ~j.p of ground between adjacent mine panels; 
and Section ·5.3~'JI,with l~ized pillar SURX>rt above a roan-am
pillar· retreat paneJ.. Sect.i,~'6., 4 . ~ with the design of pillars 
for these cases.·, . ". 

. .. 
''5';3.1 Panel~ide SUt:p:?rt. WJiere·~ pillar support is to be 

prc:Wided across; the entire ·mine panel, the principal cxmsideration is 
the design of the mine level ~ itself. 
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5.3.1.1 ~!2! the Protected mg at GrolD"rl Surface. 
'!he entire gI"'O\.DD surface above the mine panel cxmstitutes a protected 
area. 

5.3.1.2 Size of the Pillar SUpport Area at Mine level. 
Coal pillars are distrib.Ited mri.forml.y across the entire width and 
len;1th of the mine panel. 

5.3.1.3 Permanent ~ ~ SUJ:p:!rt. 'nle design of 
mine level support is disolSse1 in Section 5.4.1 for the case lrr'here 
coal pillars are distrib.Ited mri.forml.y across the mine panel. 

5.3.1.4 . Infrastructure m;l ~ Factors. '!he 
potential for clamagin;' utili ties or adversely affect:.in:J drainage will 
be virtually nil owin:J to the near abseB::e of measurable gra.D'Xi 
surface~. 

5.3.2 SUtport of s ~ !2! Grgund Between ~ Panels. 

5.3.2.1 ~ of the Protected &g g GrcuD:1 surface. 
'!he minilmml protected area ImlSt be large enough to errtJ'IP"ss the 
designated structure(s) as well as a SI.llTCUI'1Ctin safety zone, Wose 
p.lIpOSe is to prevent encroachment on the structure (s) of minin;J
related gran:l DlJV'ements. 'nle awropriate width of the safety zone is 
a matter of judgnYmt, I:JUt in any case should be no less than 15 feet. 

Sane guidance can be derived fran the Pennsylvania Regulations. 
Although ClR'lyin;' specifically to isolated SlJRX)rt areas above total 
extraction panels (Section 5.3.3), the regulations apply equally W1ell 
to barrier and chain pillars between panels, which in effect represent 

. lag, linear isolated SlJl:P)rt areas. 

Accordin:] to the Pennsylvania Regulations pemanent su;port 1JIlSt be 
provided beneath non-o HiQiercial tuildirJ;Js used by the public, as W1ell 
as beneath dwel.l~'used· for habitation and in ·place on 
April 27, 1966, and l:m'ial gro.n:!s. '!he followin; a;proac:h is 
ao:epted as a min:im.mI.:- -If·'tile ground surface is level, a safety zone 

'Z no less than fifteen feet in width is left aramd the structure(s) 
to be prctected. :.For a structure (or group of stJ:uctures) of width 
~, the total width of the wotected area is: 

.. 
, PA#. ~+ ~ , (5.2) . ...... . 

__ cI, ,,_!I 'I- .:.--. .,,.,.... 

In lcxatians where the groc:umSUrface slope exreeds 5 percent (20 
horizontal:1 vertical=3 da31 ? ), the- width of the safety zooe on the 
doNnslope ,.side is :in::reased by an 'amamt equal. , to the product of the 
mine ~ (H) ani the gra.D'Xi surface slope (tan.S): 

Z '= 15 ,~eet. + H targent e (5.3) 
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EXAMPLE I 

GIVEN: A STRUCTURE OF WIDTH D" I 55 FEET 
GROUND SLOPE. • a ,. 
OVERBURDEN THICKNESS H' ZIS FEET 

• SOIL .THICKNESS ".' 40 FEET . - . .. .., . '. ~ .. 
FIND i WIDTH OF MINIMUM PROTECTED AREA, 'A 

WIDTH OF MINIMUM PlLL.AIt SUPPORT AREA AT MINE LEVEL. 
. ~ . 

SOLUTION r -. . ~ '6 •. ·.Z+Z·+~· 
• 15 • CIS + lift .. ., • 0" 

. 1·.5 + C 15 "'·Z'Z5-t~Jl) +15 
:. II FEET ,,; '., 

PSa I Z (H ... '0. IT H.,' .'A 
. .• 1(40 + O.I? [225-4Ol' ••• 

• ZII FEET 

A 

'NOTE I THE SAME IIItOCEOUREMUST IE JlSED TO FIND THE LENGTH OF 
THESE TWO AREAS. 
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FIGURE 5.8 EXAMPLE 3 - PARTIAL EXTRACTION
'SIZE OF PROTECTED AREA 

AND PilLAR AREA 
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'!he total width of the protected area (Figure 5.8) is then: 

(5.4) 

If the grcund slopes downhill on both sides of the structure (the 
slopes being 1..D'leqllal.), then the total width of the protected area is:. 

p = Z· + Z" + D 
" p 

(5.5) " 

5.3.2. 2 ~ gf the Pemanent Pillar SUg:ort At§s at 
~~. '!he min:imJm pillar SlJRX)rt area is delineated by 
projectin:;J doNnward to mine level fran the cuter edge of the safety 
zane (Section 5.3.2.1) a series of lines inclined to the vertical at 
the an:Jle of draw. Methcds far estimatin;J the an:Jle of draw (and 
their shortc::anin:3s) are presented in Section 4.4.2.3. In view of the 
uncerta.inties in estimtin;J an;le of draw fran E!Ipirical ar 
theoretical relationships, local elq)eI'ienoe should be a guide. In 

- western Pennsylvania, an an;le of 15 degl:ee:s is CXIDI1Dnl.y erployed. 

A separate an;le of draw should· be used for the soil zone if 
greater than a fSil feet thick. Analytically, the width of the support. 
area at mine level.PS" is expressed in tel:ms of the respective an;les 
of draw and thicknesses of the soil and rock intervals as: 

PS" = P" + 1\ tan 135 + ~ tan PR 

where PI. = total width of the protected area at groun:i surface 
1\ = soil thicla1ess 
lirI = rock thickness 

(5.6) 

Ps = an;le of draw in soil (CXiiUlcnly taken to be 45 degl:ee:s) 
PR = an;le of draw in roc::k 

'!he use of Equation 5.6 is illustrated in EKalrple 3, Fiqure 5.8. 

5.3.2.3 Permanent mm ~ SUpport •. '!he design of 
mine level SURlOrt is disolSsed in Section 5.4.2 for the case of chain· 
pillars and barrier pillars at the edge of a total extractian mine 
panel. . 

5.3.2.4 l$frastructure 1m ~ Factors. surface 
c:1ra.inage as well as utilities ·(sewer, gas, water) that extem fran the 
prctect:.ed zane to the actjein.in:J ~ area will be subjected to 
~_..in anvature, slope and sticU.ns. tJrder certain 

~. . ,_. ,- ., . ...... 1· ~. .'. 
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ciro.mstanoes, gI"CJUJ'Xl deformations may be large enough to break the 
lines or to reduce or reverse slopes to an unacceptable degree. 'Ihe 
maintenanoe of utilities may require special attention durin:3 Il'Linin; 
of the area adjoinin:3 the SURJOrt area. '!his subject is disolSsed in 
a related report title::1, "Develqment of SUbsidence Damage Criteria II , 
prepared for the a:iMRE by Erqineers InteInational, ~_~, _~9~~_. __ _ 

5.3.3 SUpport of ml lsolatei Ams ~ s ~. ~. 'Ihe 
support requirements for this situation are established in essentially 
the sane manner as for a strip of ground between mine panels. 

5.3.3.1 ~ 2f ~ Mininum pmt-rtei Ams ~ Groun:3 
SUrface. 'lhis value is detel:mined in acx:orcJan::e with Section 5.3.2.1. 
'!he only difference is that the area is established on the basis of 
two DLItually petpendicular sections thra.I;h the st:nlcture(s) rather 
than just one. 

5.3.3. 2 ~ 2f the MirWnum Pennanent Pillar SUpport 
~ at ~ level. '!his value is determined in accordance with 
Section 5.3.2.2, rut usin:3 two JmJtual.ly pezpendicular sections. Once 
again, the uncertainties in reliably estimatirr;J arqle of draw are to 
be recxJgluze::1 and accounted for. 

5.3.3.3 Penranent ~ ~ SUpport. '!he design of 
mine level ~ is dj solSsed in section 5.4.2 for the case of 
isolated groups of pillars in a l"OCID-anci-pillar retreat mine panel. 

5.3.3.4 Infrastructure and other Factors. 'lhese 
considerations are dealt with as per Section 5.3.2.4 . 

5.4 . Design 2f ~ Pillar SUpport 

A pillar's function c:letet'mines its size. A pemanent pillar that 
is to provide SURXlrt for an indefinite pericxl DUSt be larger than a 
pUlar that is pemitted to yield after its t.enpxary support fimction 

. has been sm:ve::1. In either case, the pillar d:iJDensions are gOverned 
bY. the mechanical properties of the coal, the mine roof an:! the mine 
·flOor an:! by the load that DUSt 'be bome by the pillar. '!he following 
d;solssion deals with the design of coal pillars whose function is to 
furnish pemanent ~ to the ground surface in the manner in 
S8:tial 5.3.' Depending upon 1:118 iniividual case, sudl pillars may be 
required to seIVe -in ale of ~ ways:· . 

~ .. 

To support a' panel-wige, area. as per Section 5.3.1 •. .Pillar 
design is di sCllssed in, ~on 5.4.1. . 

To ~rl: a Strip Of,~ tetween adJacent mine ~ as 
perSectiQn 5.3.2. Pillar design is disolSsed in Section 
5.4.2. . 
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3. To support an isolated area above a roan-and-pillar retreat 
panel as per section 5.3.3. Pillar desi9J1 is discussed in 
Section 5.4.3. 

Before dealirg with specifics, a fww preliminary o:::rmrents are made 
reqardin;J the respective roles in pillar design of the mechanical 
properties of the reck at mine level, the pattern of minil"I3' and 
expected loads an the support pillars. 

'!he nechanical prc:perties of the coal seam and boundary strata are 
of two dlaracteristic types: 

1. ~ 1-'n1e mine roof and floor are strc1rger than the ccal 
seam. Pillar capacity is enhanced by the lateral. restraint 
offered to the coal by the roof am floor. Pillar strength 
fonm.llas pert:ainin;J to ~ I cc:n:titians are reviewed by 
Hustrulid (1976), Pen; (1978), Batcock et ale (1981), and 
Bieniawski (1983), 8l1lJ1J] others. Wilson (1981, 1982) also 
presents formulas for this case and reviews several rules of 
thumb for pillar sizirg that have gained sane acceptanoe by 
miners, with the eqilasis being on pillars used for pennanent 
gI"OI.lOO support. 

2. ~ II-Either of two situations pi-evail: (a) the ccal 
seam, the mine roof and the mine floor possess s:iJnllar 
mechanical prq:lerties, or (b) 'the mine roof and mine floor 
are weaker than the coal seam. TJnder 'IyPe II con:titians, the 
lateral restraint offera::! by the mine roof and mine floor is 
reduced, so that for a partiOllar coal seam, the pillar 
capacity is less than UI'r.:3er 'IyPe I conditions. Pillar 
strength fOl.1mll.as pert:ainin;J to certain 'IyPe II conditions 
are presented by Wilson (1981, 1982). ' 

'Ihe sec:on::l factor that, governs pillar dimensions-the load deli vera::! to 
the pillar-is.governed largely by the pattern of minirg in the panel. 
Mini.n] patterns and loads contOI'm to three cases: 

'1. 

..I'; 

case A-A partial e.xt.raction roan-and-pillar panel. '!he 
pillars are uniformly distributed thrcu;hout the panel. '!he 
ovemn:den has not caved.1 '!he pillar stress caIprises two 
OJii:onents - ,the cover Stress q and the stress transferred 
fran the jmed,iately adjacent entries. 

- II. _;'... _ I '.' -. 

~ »--A·~ .extracti~ lc:n;rwall, ~rtwallor 
roc:III-a1'D-plllar. retreat panel. Pillars surroun::! a IDineq-out 
area that is' rect:angular,' in configuration. '!he cvertJurden 
has caved. Jlha stress in pillars an the perimeter of the 
mined-out area CCI'Iprises two 0 "Ionents--the cover stress q 
and the stress transferred fran the adjoining mined-o.Jt area. 
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3. ~ ~A rocm-an::l-pillar retreat panel with local. pillar 
support. An isolated group of permanent support pillars lies 
wi thin an otherwise mined-cut panel in which the overlJurden 
has caved. As with case B, the stress in pillars within the 
isolated group CCIlprises CUlp::lients of the CCIIer stress an::! 
the stress transferred :fran the adj oinirg m:iJ1ej-out area. 

- -- __ - 0-- ____ _ 

Details of the design of pillars for permanent su;port are 
presented below. 

5.4.1 Desian of Panel-wide SUgx!rt ~ g Partial 
Extraction Roan-an:l-Pillar ~ ~ ~ Pillars Pistr.il:uted 
Unifonnly Across ~ ~ ~ A} • 

5.4.1.1 ~ Bggf 1m llggr Stcgper than ~ ~ 
Seam C'!ype I). ~ design steps are as follows: 

1. Establish the desired Extraction ~, 1;. Fifty percent 
extraction (E=O.5) is generally (although not mUversally) 
the u;per limitallawec1 by regulatoly agencies for permanent 
support areas. Where mi.nin;J is shallow (e.g. 150-250 feet) 
or mine height is limi:ted (eg.,40 inc:hes), the value of lEI 

may exceed fifty percent. At a depth where little previous 
elIperience as been qa:ined with 1cn:J tenn permanent pillar 
SURX>rt, the value of lEI may be limited to less than fifty 
percent. 

2. 

'!he follcwin:J step; may influence the choice of extraction 
mtio • 

CcIIpIte the naninal Pillar stress, Op. 

Op = qI(l-E} 

where q = H, the overburden (cover) stress. 
= . unit weight of rock, custaDarily taken to be 155 pounjs' 

per cubic foot = 0.09 pamds per albic indl. (A 
. - ' .. ' .... '! " rul'e-Of-thumb is that the overburden stress increases 

by 1"";1 pc:und per square inch (1.1 psi} for every foot 
of ~ below qr'CUBi~ace.) 

'.- '. . . - ~ 

" ~ 'lhe pillar stress cx:mpltatian is based a1 the trib.rtary area 
~~-theoreml'~ the . load- an a" pillar is taken to be the weight 

~~·"·of a ooIUmn·M avei:burden exterxtin; frari gram:! surface to 
~ level· lIIhose cross sectl.anal d:imensions are the len;th . 

;"1-all:! width of ~ pillar plus"balf the width of each adjo:i.n:in; 
E!l'1t%y (Figure 5~~)". 

, ... 
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3. 

4. 

Cg!plte ~ Govemin:J Coal ~ st.ren:rth, O. '!he larger the 
volume of coal, the lower is its st.ren;rth. '!he 1CMer bc:Jun:I 
st.ren;rth,-the value awrcpriate for c::arp.zting pillar 
st.ren;th-is usually readled when the coal. pillar size equals 
or exceeds 3 feet on a side (Hustrulid, 1976). '!he lower 
bcurd or governing coal cube st.ren:Jth is detennined fran the 
Empirical upIession: 

o = ~ ro (5.S) 
C 6 \j ~ 

where 0L is the unconfined ccmpressive st.ren:Jth in psi of a 
cube of coal of e.2;Je 1enqth 0 in :inches (less than or equal 
to 36 inches). 

'!he cube stIeigth is qeneral1y famd by testin; in 
uniaxial (unconfined) ccmpression 15 to 30 cubes of coal. all 
having the same edge 1enqth (CXIlIIIIJfuy 2-4 :inches), am fram 
the test distril:ution c:leterrninin3' a representative value, 
usually the median. ('!he medjan value lies at the center of 
the c:listril:JUtion so that half the values are greater am half 
are smaller.) . 

Determine ~ Pillar PilT!ensions. Usin; the values of op an:! 
a c:arp.Ited above, alon; with the mine height 1m I, the 
mlnmun pillar width 'IW' that is required to preclude 
c:rushirJ:3 of the coal is: 

(6. 82
0
p '\ 

IW = m\ ac - 3.54) (5.9) 

'lhis e:xpIE!ssion, presented in gr"aIXtical form in Figure 5.10, 
is based on the fonuula reported by overt & D.1Val.1 (1967) 
which was verified by Warr;J et al., 1976 am has been in use 
for many years. 

'!he values of 0c am ap JmlSt be in exmsistent units 
(e.g., b::Jth in psif or in psf). '!he value of IJW" will be in 
the same units as m.· 

5. ~ ~ Extraction Ratio am Revise the Preyious ~ as 
Necffisazy. '!he p:iJ.1ar lenqth Pl· mJSt equal or exceed the 
CXIIpltec:t.pillar wjdbh: . ..-. p~pw, am b:rt:h pillar 1en:;1th ard 
width JIIlSt be CXIlS"istE!f!It with. the extraction ratio aSS' nned at 

. the cutset (step 1).· . If they are net, the p%oc:wDJre JIIJS1: be 
repeatedJbegi.nning with step-1, as illustrated by Exalrp1e 4, 
Figure S.ll. ",,-a-.' 

5.4 .. 1.2 mm BgQf. ~ lJ.ggr ld.tb MechaniC21 Prpperties 
Similar to. 2I' Weaker :tbsm ~ ~ ~ ('JYpe II). CMirg tQ lesser 
·confinement at the top am bottan, a coal pillar having mechanical· 
prcperties that equal or exceed those of the mine roof ard floor 
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Table A 

SQUARE PILLARS 

Assumed Pillar Stresso Pillar Width: 
Trial Extraction Ratio. E Cle, psi P 

WI feet 
(Co 1. I) (Col. 2) (Col. 3) (Col. Il) 

1 0.5 1000 76.8 
Z 0.33 746 53.7 
3 0.423 867 64.7 
4 0.373 .• · 797 58.4 
5 0.40 833 . 61.6 
6 0:386 814 59.9 
7 0.393 824 60.8 
8 0.389 819 60.3 
9 0.391 822 60.6 

10 0.390 820 60.4 

Table e 
RECTANGULAR PILLARS 

Assumed Pillar Stresso Pillar Width~ 
Trial Extraction Ratio, E Clp' psi PWI feet 

( Co 1. I ) ( Co 1. 2 ) ( Co 1. 3 ) ( Co 1. 4) 

1 
Z 
3 
4 
5 
6 
7 :: 
8 
9 .. 

0.5 
'0.287 

0.394 
0.341 

. 0.367 
0~354. 
0.361 
{).358 
0.359 

'" .. ' 
.. -

4 
~. 

. ·1000 
701.3 
825.1 

.. "758.7 
789.9 

- :774.1 
..;.782.5 

.. »778.8 
·'tSO.O . . . -. 

IJ Equation '6.7"'0 ··~qf(l-£) .. · .' -;~. 
-' p ....... ..'~" 

• ~··6.82·CI ...... . * Equation 6.9. P • II (.p - 3.54) 
W • .Cle 

• Figure 6.9 E • 1 - ~/~ 

~ . 

figure 5.11 
(continued) 

81 

-76.8 
49.6 
60.9 
54.8 
57.7 
56.3 
57.0 
56.7 

~ 56.8 

Computed 
Extraction Ratio. E* 

(Col. 5) 

0.33 
0.423 
0.373 
0.40 
0.386 
0.393 
0.389 
0.391 
0.390 
0.390 

Computed 
Extraction Ratio. E* 

(Col. 5) 

." 
1 

0.287 
0.394 
0.341 
0.367 
0.354 
0.361 
0.358 
0.359 
0.358 

c,~. .. . 
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will have less capacity than if the mine roo! and floor were stLOItJer. 
wilson (1981, 1982) offers a forDllla far assessin; pillar capacity 
where the floor, roof an::i coal seam haVe sWlar properties. '!he 
fomula is presented in Table 5.2, Section 5.4.2. wilson I s !oI'1llLll.a 
may also be used where the floor and roof are weaker than the coal, 
assn,"; n; that the lowest SUeJ;jth governs. 

An alternate ~ that should also be invest.iqated for weak 
floor am roof a:n:titians is 1:Iase:l an soil JI8Chani.cs cOro::pt:s. Here, 
the pillar is emrisicnad as a foatin; an:! the floor (or roof) as a 
foundaticm. 'lhe load capacity of the pillar is govemed by the 
bearin; capacity of the fcurmticl'l material, given by Vesic (1975) as: 

FS' 

is the un:1rained shear stLe&~"th of the layer 
immediately beneath the foat.in;, 

(5.10) 

is a l:learin; capacity factar that depends upon several 
factors: the un:1rained shear·5ttengt:h of the weak 
fcurmtion layer iJl'l!!f!diateJ.y beneath the foatin; 
relative to that of the 1m:Ierlying stLager layer 
(Cl/C2); the thickness of the weaker layer relative to 
the wic:!th of the fcot.iJrlr; an:l the shape of the fc0tin3: 
an:l 
is the factor of safety', custaDarily taken as 3 in 
bearinq capacity analyses. 

~ bearin; capacity is lower where the coal pillars are smaller an:l 
where the f~tion material is t.h.i.dc:er an::i of lower stren;th. 
Becanse the bearinq capacity of the fcurdaticn is Qepen:Jent an the 
pi] 1 aT c:Umensi.alS that are scught, pill.ar _ign using this fcmDJla is 
an iterative (IItrial-and-enUI") ptiXJEi!l:lure. 'lO siDplify the design 
ptcx:ess, CD! can cansezvatively utilize the lower l:x::Ium bearinq 
capacity, whi.dl is irdepement of the pillar dimensions. ~ lower 
bourr3. 1learin; CBp1city is qiven !:Jy: 

Qult --5.14.c;ns .. (5.11) 

With the bearinq capacity of the flcar (ar roof) being expre:ssea in 
these t.ams, the· pillar dimensiCl1S ~ detemined usinq the Pl":e1ure 
cutlined in Sectian 5.4.1.1, the CJ1l.y·diffez:ence bein; that the . 
ext:ract:1c:rt ratio ~~! may.be limited bi·the JaIrin; capacity. ~ is 
illustrated by Em!p1e~_5,~,5.~.~' ;. .. . 

. -
. Fc:Iurxiaticn.bearinq capacit¥ am ba...¢ particular cCllcem where, for 

exzmple, the floar ·ccntitns· interval$ of urderclay C"firec:laY") • 
~y is a DBSSive,·tut relatively satt reck (claystone) that ":". 
lacJcs the l.aminaticns typical of 1IIIl1Y ather aectiment:ary strata, kIut is 
dj sse:t:sd by ~, curved a1ickensides resat.in;J fz:an c::lifferenti.al 
JIICJYe&III!l1t that talk plACe while the DBterial was still in a soft 
. state. 'lhese slic:ken sides, spaa!d at a fraction or an inch to a foot 
or two, weaken the reck an:! ptUilJte its deter'i..ora.tion When ~ to 
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air an:::l misture for prolon:1ed pericx:is of time. Upon e>CpOSUre, the 
rock assumes the chaIacter of an averconsolidated clay soil. OJring 
mini.n:1, efforts are usually made to keep the floor dry. After mining 
these efforts usually cease. In order for the underclay to support 
pillar loads Wefinitely, the lorg- tenn str"en;th of the unierclay 
DIJSt be utilized- in the design. 

'lhe designer shoJ.ld be aware that the lorg term strergth of the 
floor (or roof)-the strergth aver many decades of time-may be 
significantly less than the stren;th detemined after the ruch shorter 
,time :interval to wnich one is necessarily restricted when can:hlcting 
laboratory or field stren;th tests. A proper assessment of the 
lag-tam strergth requires the CCIIIbined expertise of a geotechnical 
specialist and min:irg personnel experienced in the region. 

S.4.2 Design of SUg:?ort fQr s ~ 2t Gram:! between Adjacent 
~ Panels (case B). '!he principal function of barrier pillars and 
chain pillars is to protect the entries passin; amidst these pillars 
fran the effects of coal extraction within the panel. For p.u:pose.s of 
access, haulage and ventilation, these entries cuUllC1l'lly JmJSt remain 
serviceable durin:;J the prc:ductive life of the panel, if not for the -
life of the mine. 

'!he pillar nearest to the gob at the panel midsection generally 
elCperiences the highest stresses. If it performs satisfactorily, then 
other pillars against the gob am in rows away fran the gob will 
usually remain fwlctional as well. 'IW different awroaches 
to design might be taken, ~ on whether the grourd above the 
l:IaITier pillars and chain pillars is parmi tted to subside. 

. . 

1. If subsidence is parmi tted above the barrier pillars and chain 
. pillars, the pillars may be ,designed to yield after passage of the 
face in the adjoi.n:ing (second) panel. 'Ibis cptjlnizes coal rea:Nerj in 
the panel, since the yield. pillars are of smaller size than pennanent 
pillars, am also prcxluces a more gentle subsidence profile-a profile 
extW"itin:; milder strains, cmvatures and slopes. 'lhe factor of 
safety of, sudl pillars is less:. than unity. under the expected, maxiImJrn 
load.in;J. 

. 2. Alternatively, if subsldence is not pennitted above the barrier 
pUlars' and' chain p.;J1ars, ~ ·¢a.in'pillars are ~igned ~ pennanent 
support~ -In this .situation, .. the.imin -pillars do not yield un::ler the 
,maxjDllD! inp=se1load an:::l their~fa~ ,of" safety-~s unity. 

-,' ., 

'!he principal factOrs that OJiIUol ~ siZe' of t.he pillarsaare the 
stress distr.ibIti.~ arcun:i the per~ of the. panel, which is 
related to mine depth and panel geauetry, and the mechanical 
prcpe;tiE!$ of the coal seam, the DUne 'floor an:::l the roof •. With tegard 
to the latter, Hsiun:] an:::l Pen; 11984} f.in::i that the stiffer ,the roof .. 
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aJ"¥j floor relative to the coal, the more stable is the coal pillar, 
all else be~ equal. Wilson (1981, 1982) prresents similar arguments 
with regards to the strength of the coal, roof aJ"¥j floor. 

'IWo ~roadles to dlain pillar design are djsrossed below. '!he 
first (section 5.4.2. 1) is a hand cala.1l.ation method that enables the 
sizi.n; of dlain pillars for cxn:litions of either permanent support or 
yield.in;. '!he secon:l (Section 5.4.2.2) is a hOOI1U314b method that 
enables the rapid siz~ of chain pillars that are pemitted to yield 
after passage of the face in the secon:l (adjoinin:;J) panel. 

5.4.2.1 9JsiD Pillar Design=Pennanent SUI:port gr Pillar 
I.W.Q ~ cal a.1l.ations) • 

~ Imposed go Ribs ides m;J .Q:W,n Pillars. As the coal seam is 
extracted, the overt:Alrden sags into the mined-cut area and its weight 
is redistri.buted, part be~ transferred to the rubble .in the mined
out area aJ"¥j the remainder to the· pillars and solid coal l:Iound.in; the 
panel (Figure 5.13). 

'!he load carried by. the rubbie is nil at the ribside, but according 
to Wilson (1981), increases linearly toward the center of the panel, 
reac::hin;J the caver stress q at a distance O.3H fran the rib. 

'!he distribution of the abutment stress depen:!s on the st:rerqth of 
the ccal and the relative strergths of the mine roof and mine floor. 
Where the mine roof and floor are of similar strength to the ooal, the 
yield zone ~. the perimeter of the panel ten:3s to be wider and the 
load dist.rib.rted farther back fran the ribside than \IIhere the coal 
seam is less mOlg than the mine roof and floor. Equations for 
estiJDati.nq the distribution of abutlDent stresses for these two cases 
are presented .in TaJ:)le 5.2, based on ~ work of Wilson (1981, 1982). 
In both cases, the vertical stress Oy in the yield zone inr:::reases fram 
zero at -the ribside to the peak al:ut:::iIent stress 0 at the boun:lary 

. between the ·yield zone and the elastic core of the pillar. '!he 
. vertical.stress· in the elastic core diminishes exponenti.ally with the 

distance away fran the mined-out area. 

Fran the foregoi.n; relationships,' the average stress iJrposed-the 
allCMable stress imp'>sed on a pillar bounded by entries at centers a 
andb fraD ridside is given by orb (TalJle 5.3). 

. ·Pillar CApacity .'IJ\«) l~Qfpillar l~ are of i:aportance
.the allowable stress 0;. and ~ultWte $treSS 0u.- An average pillar 
stress at or below the ultilDate' will obviate failure of the pillar as 
well as pzawte stability of the entries by limitin;J the spread of the 
yieldzdne an the fa:r side of pillar When· JIlini.n; a'l the near side. ' 

Wilsal expressianls for estiJDati.nq the pillar capacity are presented 
in Table 5.3 and c::hartsfor evaluati.nq certain of the parameters'are 
presented in Figure 5.14. '!he respective stIegths of the mine roof 
and floor relative to the coal stren:iJth influence the pillar capacity, 
as they do the pillar load.ing. 

86 

• 

• 

• 



• 

• 

.-. 

® 

NO. 2 lONGIfAL~~~~ 
TA lLGAr! 

SUPPLEMENTA~1=~:¢::r:;:"" 
SU PP 0 RT ,(]::=lCf!4::f"'X 

~~~ 
-"TT'11i':i~~,..~~ % 

NOT YET .,'NED 

2!!! LONGWAl,.L 

M 
:;; /OUT/ 

~~~. , :.= 
~-1IZ~ 

~~=~ 

NOT 
YET 
MINED 

aSSIBLE FORW~RO 
ABUTMENT EFFECT 

1--+--+-+-1/ ---' 'If LONCWA~L 
: CHAIN .. LLARS ., 

, AFTER OARR • WILSON, 1183 
A. LOAOING ON CWAIN PILLARS FROM MINING TWO ADJACENT PANELS IN SEQUENCE 

SECTION U • 

. . 

80S SURFACE SUBSIDENCE 
AT D.4H 

COVER LOAD PRESSURE (p) 

_ . "SECTION X1X·l.L..:.;.....-__ ..... _~:--_.....IL-__ _ 
"'""T J . 

, :.~ -~, 

-' . .. 
I . 
I . '., I 

SECTION .~t.2.""'-:~.~ ----~ . .... ~ .. 
-.J.:- . "'3pU! QR G.GI5H ' •• :.s..._ L_ 

- -:.- '- .• 1-' I' .-: _"-...I- AFTER 'WHITTAKER, 117. -+ ..:......,- t. ~-. '. ,. ,~~. -: J... ,J 
~ r -'1'... 0 

'.. Ii 
10m IS.USUAL UMIT OF"DISCERNIBLE ,EffECTS DUE TO 

SINGLE PANEL IDRKING 
H=DEPTH 

I. ABUTMENT PRESSURES AROUND A LONGWALL PANeL 

FIGURE S.l3 SCHEMATIC OF LOADING ON CHAIN PJL.LARS 
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Width of yield zone 

Vertical stress in 
yield zone 

Peak abutment stress 

Load carried by yield 
zone 

Vertical stress in 
elastic zone 

Table 5.2 

STRESS IH COAL RleSIDES AND PILLARS 

Type I 
Weak Seam Between 

Strong Roof and Floor 

o. k p*exp x~ 
y 

a = kQ + c o 

Type II 
Roof, Seam and Floor 
of Similar Strength 

'* [2X e =kp -+ Y m 

• 

where x = distance from ribs ide. • 

W 

k 

.. 

~ total width of extracted area 

:- triaxial stress factor = 1 + sin ~ where t = angle of 
internal friction 1 - sin t' 

p = support resistance + strength of broken material. Ihe strength 
of broken material may be taken as 1 Tsf, so that p = p + 1 Tsf 
where p is the resistance offered by the support system. p may 
be taken as zero in the absence of better information. 

q 

m 

, --
• vertical stress field remote from the mine. " In the case of a 

virgin area, q"c ,. H, where y is the average density of strata 
and H is the depth of c~vero -

= -height of extraction of coal seam 

= -0.15 yH2 for"W>O.6H 
-W = 0.5 ,W (H - 1:2) for W<0.6H 

In() = natural logarithm of the quantity of brackets 

exp() = exponential function of the quantity 1n brackets 
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C* 

F 

0
0 

f 

A 
o - q 

Table 5.2 
(continued) 

2 -1 k-1 (k-l = 7k + Ik> tan Ik where tan 
-1 

is in radians 

• unconfined compressive strength of strata in situ. This may be 
obtained approximately by dividing the laboratory determined 
strength by a factor f where: 

= 1 for strong massive unjointed rock 
= 2 for widely spaced joints or bedding planes 
= 3 for more jointed but still massive rocks 
= ~ for well jointed and weaker rocks 
= 5 for coal and unstable underclay 
= 6 and 7 for fault zones. 

Note: Xb Ab and Aw are graphed in Figure 6.14 • 

Based on A. H. Wilson (1981. 1982) 

.. ,~ 
2It· •• 1 = PWB 

IDEALISED STRESS AREA 'ALANCE 

ACAOSS AIISIOE 
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Table 5.3 

IMPOSED PILLAR LOADS AND PILLAR CAPACITIES 

Imposed average vertical load per unit area on a rectangular pillar bounded by 
entries at centers a and b from the ribside. 

abe ~ba - (exp[-a/C*!-exp[-b/C*]) + q a - a 

Allowable loadt per unit -area to maintain thestabi11ty of entries 

where LR 

A 
P 
Pw 
WE 
Xb 
Ab 
q 
a 
c* 

e a(PL-2Xb)(Pw-2Xb) + 2Ab(PL+Pw-2Xb) 

• (P x Pw ) 
• pi~lar length 
e pi llar width 
• entry width 
• width of yield zone in pillar 
e load carried by yield zone 
• cover load 
= peak abutment stress 
e Refer to Table 5.2 

Note: xb' and Ab are graphed in Figure 5.14 

lBased on Wilson (1981, 1982) 
*For ultimate load, refer to Wilsoq. 1982 
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Measure of Pillar Stability~ If the average stress 0 inposaj on a 
pillar is less than the allowable stress 0A' then the entIy adjacent 
to the pillar on the side away fran the ribside is expected to be 
stable. 'Ihe entry on the near-side may ~ience sane distress since 
the actual stress on the near side will exceed the average stress. 

If the value of 0 exceeds rI but is less than the ultimate pillar 
capacity a , then the entries may experience distress tut the pillar 
is elCpeCt.ed to retain its integrity an:! not shed load to pillars in 
the neighboring row. 

If the value of a exceeds a , then the evcess load will be 
transferred to the neighborin; row of pillars.'Ihe stress increase on 
the next rcw of pillars is proportional to the relative widths of the 
two pillars. Dependi.n;J on the particular site conditions, the stress 
transfer may ultiJDately prc:pagate across the entire series of entries. 

'!he pillar stability COb",ept is illustrated by Exanple 6, Figure 
S.lS. 

5.4 .2.2 ~ Pillar Design - Pillar ~ ~ 
Passage 2! ~ (Naregaph). ~ional finite element studies 
of a series of hypothetical l~l panels provide the basis for the 
dlain pillar design method proposed by Hsiun; an:! Peng (1984). '!he 
annalyses take into acx:amt the interaction of mine roof, mine floor 
an:! coal. '!he lon;wall is a conventional three-entry system with a 
panel len;th of 4000 feet. Panel width rarges fran 220 to 700 feet. 
EntJ:y width rarges fran 12 to 20 feet an:! chain pillar width fran 50 
to l25 feet. Rock strata are assumed to be shale an:! sarxistone. All 
stresses are produced by gravitation: regional horizontal stresses are 
represented implicitly. cavin; over the gob, am fracturing arx:1 
yielding of the coal pillars are aCCClmted for by a modified COUlomb 
faiure criterion. 'Ihe factor of safety (stability factor) errployed in 
the analysis represents the ratio of the allOlrlable lD'liaxial capacity 
(stress) to the integrated equivalent lD'liaxial stress over the pillar. 
'!he pillar is stable when the stability factor equals or exceeds 
W'lity. 

'lhe sizing of chain pillars between lorgwall panels is accauplished 
using the l'1CItD3Iaph. in Figure 5.16--antering the following parameters, 
in order, beginning at the battan hciizontal axis of the . figure and 
lrt'Orkin;.to the ~:.. . . 

.. 
. " - , .. -
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UNIA"X..u. CO"~RE"IVE ITRENGTH 10' .a. 
OF T~E .. C~~L (LA. ORATORY , VALU£''''L' 

NOMOGRAPH FOR SIZING CHAIN PILLARS 
BY HSIUNG - PENG METHOD 
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a. '!he uniaxial cc:rrpressi ve strength of the coal, in psi. this 
is the laboratory test strength of small aJbes or cylin;ers. 

b. '!he ratio of the elastic modulus of the main roof to that of 
the coal, DJVEc. 

'!his value is taken as zero in the absence of better 
infonnation. 

c. '!he ratio of the elastic modulus of the imDediate reof to 
that of the coal, Ei,IEc. 

'!his value is taken as zero in the absence of better 
infoxmation. 

d. 'lhe panel lenJth, in t:halsands of. feet. 

e. '!he overi:Jurden depth (mine depth), in.thousan:is of feet. 

f. '!he ratio of the elastic m:ldulus of the floor to that of the 
coal, Ef/EC. 

'!his value is taken as unity in the absence of better 
infoxmation. 

q. 'lbe panel width, in hundreds of feet. 

'lbe required width of pillar, in tens of feet, is read fran the 
horizontal axis at the top of the figure. '!his is the width of a 
square pillar. 'Ihe width and length of a rectargular pillar of 
equivalent capacity is determined fran Figure 5.17. 

Olain pillar design by this method is subject to the follCMin; 
provisions: 

1. Geoloqic and minirr:J c:xnti tions, inclucling mine qearetry, must. 
fall within.the.ran;es of parameters on which the lXI1XX3Iaph 
is based •.. 

2. ':'lbe pillars deSigned may or may nat serve as ~ 
SURJOrt. '!he design method)s specifically intended to 
produce pill~ tba~.~ J:for the duration of m:i.nin:;J in 

- the firSt panel; tot cculdSJ1.e1cil.after passage . of the face in 
the' 8dje>Uung pci'mJ.. 'Ibis beii'r;J 'the case, themethcd 
provides.an estimate lof the·milWra.Dn pillar size zequired for 
pe,tDIdElIt dla.in. pillar SllfP'rt between l~l panels. 

5.4.3 Design S2f SUg::!OIt f12r AD Isolate:! ~ ~ ~ Boattarrl-
Pillar Retreat ~ (P'se C). 'lhereguirements for designin;J . 
isolated 9r'aJpsof SIJRX)rt pillars within· a· mine panel are the same 
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. as for pillar c:xmfigurations of cases A and B. '!he principal 
difficulty in isolated-pillar group design lies in estimatin;J the load 
that DUSt be borne l:Jy the pillars. 

'!he pillar stress will exceed the cever stress I q I since the 
extraction of adjoirti.n; coal an::l CD'lSE!qllellt cavin; will have produced 
a loadin; similar to that on chain pillars (Case B). ~er, 
extraction on :acre than one side of the pillar group considerably 
c:cmplicates the load distr.iJ:lution an:! the methcx1s used to estimate it, 
as does the position of the pillar group within the panel. Silrple 
dlarts for foI1llllas for load estiJDation are unavailable. 

Prgblem: A series of oonventional three-entIy, 40o-foot wide l:Jy 5000-
.foot Ion; lorgwall panels are to be located in a 6-foot thick coal 
seam at 50o-foot depth. '!he oveI'b.1rden is CXJi(osed largely of shale 
and claystone with lesser amamts of.sandstane and siltstone. Little 
information is available concerni.rg the mechanical properties of the 
mine floor or immediate roof. 'lheelastic modulus of the main roof is 
estimated to l:le about ten tiJnes that of the coal. Establish the 
appropriate size for chain pillars l:letween the mine panels. 

Solution: '!he methodology for sizin; the pillars is presented in 
Section 5. 4 ~ 2.2 and entails track:in;- through the ncm:graph (Figure 
5.16) usin; the followin; parameters in order: 

a. Uniaxial carpressive stren;Jt:h of the coal = 1000 psi (given) 

b. Ratio of elastic modulus of the main roof to that of the 
coal, Em,IEc = 10 (given) 

c. Ratio of the elastic modulus of the imnecliate roof to that of 
thecoal., .EijEc = 0 (conservative assurrption) 

d. Panel length in thousands of feet = 0.5 (given) 

e. OVerbJrden depth in thousands of feet = 0.5 (given) 

f. Ratio of elastic ·m::dulus of mine floor to that of the coal, 
EfjEc = 1 (conservative aSSllllption) 

g. . Panel width in hun::!redsof feet = 4 (given) 
'" . ... 

h. Reg];!'f!d Pillar ~ .= -.§i ~ ; .... - .. 
&...= -

.'lb estimate the load, ·ale can·resort to c::arp.rt:.er-b mmerical 
methods, finiteelemants,lo'or.~elene.nts. Salamon (1974) and 
Ct"alch and starfield (1983) diso'ssed such 8f.PI'08c:hes. If the load 
lro1ei'e estimated in this fashion, the desin:J procedure wcW.d l:le 
essentially as· outlined for case A. 
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'!he alternative to estilnatin; the pillar load is to design the 
pillars usin; aooepte:i regional mini.rl; practice-practice based on 
successful. past mcperien::e with a specific pillar size or rarge of 
sizes. Regional. practice is rarely ccmnitte:::1 to written form an:::l 
cannot often be generalized upon. '!he Pennsylvania law requires no 
DDre than fifty percent extraction for permanent SlJRX)rt pillars. 

As p:>i.nted out above, extraction ratio alone is nat sufficient to 
ensure adequate SJ.JRX)rt, since pillar, floor and roof capacity depend 
upon, am::D3' other t.h.i.n:Js, the cross sectional dimensions of the 
pillar. In western Pennsylvania, for exmrple, pillar dimensions mJSt 
be no less than 30 feet on a side urxler onlinary conditions. Iarger 
dimensions may be awropriate where the mine floor or roof are weak. 

-' .- -. " 
' ... 

• ';0' ~ . f . 
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6. a CLOSURE 

'!he information presented in this doc::urrent represents the current 
Status of subsidence pontrol regulations on the·federal an:! state 
levels and the current "state of the art" of SI.lb$idenoe control 
ted)niques.. Ccntirrued evolution. qf subsicJeDte control re:JUl,ations 
shalld De anticipa:te::I toth in content an:! in legal intezpretation. 
'!he selection of . subsidence ~ techniqlS ~iate for. )! 
part.!auar situations may c:harge accorclil'lJly ... 1!S'edmoloqical ..... ~. 
.i.nn6vatialS, too, my eventually provide ather, ~idence 
aaiUql tectniques, SCIDe of whien" ~W to fr(?I!i ~: ~y beena~ .. : .. 
~. yari~ cqJpIter Plo;I~:'are ~le~ ...msidenoe ..' . 
pr8:tictian 8rd pillar size calcUl.atia'iS. . 'lheSe may·~itate· ~the· . 

. cczrp.ttatianal prccsss. However, the relatively sbJple carprtaq~ 
methods presented in this dooJ!!l9T11i.; are wholly sufficient for ~: 
subsidence cxulttol plan preparation and offer the benefit of greater 
insight into the cczrp.ttational. process. . 

- ~. .If .~ __ ~ _. 
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DEPARnIEHT OF THE INTERIOR 

0I'II0e of ...... IIAnInt RecI8mdon 
.wi EntD! a.ment 

JO CFR ...,. 7Iot end .17 

Permanent Program PertOmwnce 
8t8ncIarda; Underground ActIvtUea; 
.... llIance Control' . 

......e..: omc:eolswi~~~Mining .. 
~tiOlllDd,~~menL baterior. 
Ac:noic FiDaJ nale. 

_*"\':'11Ie Office oISuiface MUPnB 
ReclamatioD aDd Emorcemmt (~ 
of tbtA1.s. Depar1znea1 of the Interto.r 
(DOl) II ilauini final nbaidence control 
ruin relatiDa to the protectiOIl ohwlace 
elnlCturn IDd facilitie •. neae naal 
ruin .... praDnqate.d plII"IDnl to. the 
Di.trict Courf. order in In IU: .. 
Pennanenl Surface Mini", R.u/ailon 
LitiBa';on (II). No. ~11t4 (D.D.c.) 
(Nemorudum Oplnicm filed OcL 1. 
tIM). 

UDder the &al nale. operator 
respoulbUity for material damqe to 
etructurn or facllitiel .... uJting from 
aubaldeace. will derive from applicable 
proWioa.a of State law. Alao. the final 
rule .ddreaae. wbether .ubaidmce 
coatral plana .bould iDclude the resulll 
of • pre-.ub.ideaC8 aurvey of .tnacturel 
and a deac:ription of lIlcm.itoriDa ne.r 
atructurea. 11Ie 1Il0DitoriDa requiremenl 
011 7aUO(d)(5) hal beeD reviaed to 
make clear thallDcmftori.a8 may &lao be 
appropriate wben plumed .ubilduce 
IILinIfta lDethoda are employed. 
8IIIKTIft DATI: M&rcb 19. 1987. 

"" """"P 1MPORIIA'nON CCNlTACT: 
Dr. C. Y. Chen or Mr. Dermot WiDten. 
Office of Surf.ce Minina. U.s. 
Department or the Interior. 1951 
ConaUtuUon Avenue NW .. Washington. 
DC 20240: Telephone: (202) 343-1501 or 
(202) 3-I3-18Z8 (Commerci.1 or FrS). 
~.un'~TIOIC 
L .cIr.pOUDd 
U. IIapoue 10 eo.-tI and RaIn 

Adopted 
D. Procedural Wahml 

L Bedr.poouad 
011 March 13. 11711. OSMRE 

PIOIIIIIIa.ted permaaenl prorram rule. 
, ... FR 1411OZ) a. required by MCtiOIl 
101(b) of the Surface MiDitIi Control and 
ReclaJDatiOD Act of 1m (the Act). JO 
U.s.c. UD1 ., Nfl. ba the 1m ruin. ao 
O'R 817.1Z1.117.U%. 117.124. aDd 
817.126 .. tabliabed performance 
ll&DdardJ relalilll to .ub.ldence control 
aDd redalllatioa al undeJ'll'OWld coal 
1IliDea. The requirements for a pre· 
_baidence Iwvey and 1D0nitorinland 
'OT , lub.ideace control pJan u pan of 

the pennJt application were eltabli.hed 
by JO O'R 7IUD. 

SectiOllI17.W of the 1'" nale set 
forth requiremeDts for the .COmctiOD or 
lub.idence-callled IIlIte~.J ~amqe 10 
both Itructurw •• nd .izrf.ce lahd. 
Mthoul rereren~e 10 St.., "!,,~Tbl!, 1.,a 
rule required dult undtrp-ouna· :' 
operatOrs mllia,te the'lu'b.i~ence- . 
N~led material damqe bY #l1arUIt !he . 
land lQlla preminfng ca'abllhiea. and 
by m~lPI. reUbilit.~~ 
and ~. orpdPdidini~Dlased 
atructuru or facilltie.~r;aJtemativety. . 
by.~tbti.uru.".~", ~ ~ 
OWMl'l lIVOush !be pwque of'jfDn~ • 
callteli.ble. p. ... D:u~.prepaid UII~n" 
poliCJ Gr:othlr lIiealll deaiped to CC!v~i' 
abe am_t of dimiDution ill value • 
caueed t!Ir lul:Iaidence .... FIt. 16m. . 
1NtO (March 13. 1m). 

IDdllltry plaillliff .. cballenged the .. 
realoraljon;.Nquirimenl of former 30. r . 
O'R 117.124 in In IU: Pennonent Surface 
R.ulation Liu,ation. No. ~1144 
(D.o.c. 18(0) (In &: hnnonent (I)). and 
baaed their attack on the lJ'IUIIIeDt th.t 
Congre .. Intended the inaurance 
requirement of .ectiOD 5071f) of Ibe Act 
.. !he exciu.ive meana far ee_ 
operator re.pcmalbility for .ublidence ' 
cIa.mqe. The Court Njected th.t 
lJ'IUIDeDt aad beld th.1 the prior rulel 
for remed)'ina Ibe elleeta or lub.idence 
"'fiDd luppon iD the Act. The re.toration 
requiremeDt is COlllonant with section 
Sl5(b)(2) of the Act." In Re: PermOllent 
(I) .• uplTl. February 26.1180. OpiniOIl at 
13-et. The Court alao beld thai the 
compeautiOll requiremenl of the 1m 
ruln. wbich extended to .urface 
atruclllrel and f.cilities. w •• ".n 
wurance mech.nism authorized by 
eec!ion 507(f) of the Act." Id. a tit. 

DD April1&. leu, OSMR.£ propoled 
perm.nent progrlm rule. 147 FR 16604) 
to amend 30 CFR 784.20. 817.121. 117.122. 
117.124. and 817.126 penaining to 
aubaidence control, On June 1. 1883. 
OSMRE promuJsated the fin.1 
perllllDentruJel 011 .ub.idenee control. 
ao O'R 7".20.117.m. and 117.1%2 (48 
FRZtUB). 

1118 IUDe 1. 1183 rule .t 30 CFR 
1l7.m(c)(2) (48 F1l24652) made 
operatOf'l re,polI.ible for correctiDa 
materi.1 dem.se to any .truclurel and 
facilitin re.ullins from lub.idence only 
to the exleDt required by State I.w. The 
rule at JO O'R I17.tZllc)(1) (48 FR 24852) 
required the operator to comet. to the 
ateDt &ecbDolosicaUy aad RODomically 
r ... ibb, aU lubtidence-c.lUled materi.1 
dlmal' to lurf.ce land. without res.rd 
to Stale II •. In ... ence, the 1183 rule 
ftt.ined the land reltor.tion 
Nqwremenl of the 11711 rule. but 
modified the requirement to rep.ir 
atructure. by lpecifyina th.t mlleri.1 

dama,. to .truc:turel .hall be repaired 
or corrected in accord.nce "'ith Ihe 
requirelnenll of Sllte la •. The 1883 rule 
.11 inlended to remedy inequitie. 
cre"ted by the 1m rulea which impoled 
a mtoralion requiremenl Jor .truc:lures 
materiaUy d.mlsed by lub.ide,nce 
.... rdle •• of whether the operator 
purchaaec:t 'lbe .truc:ture overlyins the 
andersrouact .Orltinal or purdl. led or 
retaiDed th'hisht to Cau.e lub(idence 
under • Itni~. OSMRE defined. 10 
State proPuty ",hll ,qlrding' 
.tructurel'1n pan becauae Cori8~.·s . 
Indicated'ir\'aectioll 102(b) andro~er ' ~. 
aec:tiona th.1 the Act wa.nol intended .:.: 
10 create DWw PIVPertY rilhtl but to " 
... ure th"e protec:t.ion or exi.ling righU. .... In the ca~, of In &: hrmanent 
Surface MJiJilll/Ugu/ation Litigation 
(II). No. ~1144 (D.D.C.). citizen and 
environment.lsroup •. lndultry .nd 
State. chaUeD8ed • number of OSMRE 
rulemwng proceedma •. including 
provi.iona of the June 1. 1983. 
sub.ideDee CODtrol ruJea. 

DD October 1. 18M. the Court is.ued a 
lIleDloraDdum opinion addre •• ing the 
NYiaed lub.idence control rulta, In Re: 
Permanent Surface Minilll Regulation 
Litigation (II), No. 79-1144 (D,o,c. 1964) 
(In IU: Permonent (II). October Op.). 

'IlIe Court held thai the 1883 rlnll rule, 
SO CFR 117.1Zl(c)(2) 148 FR 24652). 
requirinS operatoJ'l to redre.1 
lubaidence-cauaed material dam.se to 
.truc:turea only to the UIeDt required by 
State Jaw. Npre.ented • "radical 
cbaftleft from both the .arlier rule .Dd 
Ibe 1882 propoaed rule. 30 CFR 
117.1Zl(cl. 47 Flt.1aeoc.. 18610 (April 16. 
118Z). which both required .uch redrell 
ine.pective of State law. October Op. at 
10. Accordinsly. the Court remanded 30 
CFR 117.1Zllc)(2) to the Secretary lor 
proper"Dotice and comment. Id . • '1I~11. 
The Court never reached the merit. of 
the Secretary'. rule on d.m.,e to 
Itructure •. 

The court al.o determined th., the 
1m rule requiring the .ub.idence 
control pllD to include the re.ults of a 
pre-aubaideaee .urvey of .tructure •.• nd 
a detaUed de.cription of any monitorins 
propo.ed to mellure .ub.idence near 
.truc:ture., 30 CFR 71UO(d). 44 F1l 
UII02. 15389 (M.rch 13. 1m). which 
.a. deleted in the 1183 final rule. wa. 
"'iDextricably Waked" to the b.ue of 
whether the opera'tor IDUit re.lore 
.tructurel lII.ten.lly dazna,.d by 
lub.ideDce. Thul. It ordered the 
Secretary to request additional public 
commenll OD w. deletion in 
conjunctioll with Ibe comment. on 30 
O'R 1l7.1Z1lc)[2).ln &: Pennanent (II) . 
October Op .• t 14. 

l Reproduced .rom 
~.I wallable copy. 
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em Febnaary %1.1885. ill 8Ccordance 
With the Cow1'a Nlm,. OSMRE 
aUlpended the portioD of 30 O'R 
117.1Z1(c)(21 limiUna operator 
relponaibility 10 ~tate law. 50 FR 7274 
(February Zl. 1885). Sub.equenlly. on 
JlIly .. 1885. OSMRE reproposed 30 CFR 
117.U1(c)(2) ~tb. pmviliOD for. 

. defere,nce to State law. wuh relped 10 
u~ to audace .tnaitara aDd . 
facilities aDd IOliciled additional public 
comment OD the deletiOa offorme;r 30· 
CFR 78UO(d). .' 

D ........ 1D'CaauMllIlUd awe. 
Adopted .. 

A. General 
Followina pablication of this Nle .1 • 

propoled Nle iD the Federal Jtiii.ltar on 
JuJy L lNS, a public heariDS wal held in 
Ina. Winois. Tbat beariDg. beld on 
September 12, 1IIBS. wal iD relponse to • 
request from mterelted cibZma. the . 
public com"'C"l period provided for in 
the proposed Nle doae~ on September 
18. 1885. However. u awnmced at the 
heaJiDa. additioDll wrilla commenll 
were accepted throuah September 'D •. 
1985 [rom perIODS wbo attended the 
publiC beann,. 'l'hroVlh SepteJllber 27. 
1985, • total of forty comllletltera 
iiDcludina public beariDa attendees) 
provided COIlUDellta. • 

MOlt of the collUDeDti'iecelved were 
apecifically directed at the n&lem'kina 
illuel. However, many perlOIlS 
.peakina at the public beaNa made 
more broadly directed cOlDIDenta about 
damalel and infuriel they cl.imed to 
ba\'e lufJ'ered •• a reault ohubsidence 
due 10 loqwan II11nin& Such commeDt, 
,enerally.illYOlved allelatioDI of Dol 
receivinsadequale, or any, 
compensaUem for damale to bome •. 
bam •. bllliDnaea, and farmland 
drainage l)'Steml (espedally 
• gricultural Iilin&). Others Ipoke of 
em"tional trauma Ilemmins &om feara 
for Ule IIfety of their famfliee and from 
beins forced to IDOYe from IUbaidence 
cs.:nlled bomes. 

One eamlDeftter repreMlitinian 
ultemt p-oap objected to Dot bevinB 
been ccm.uJted earlier ill the nalelnaldns 
proce.I. In IIu. inll.nce, auffidftlt 
public partic:ipatiOD oc:eared foUowiDJ 
publieatiOD of the propoaed nale. 

B. SuIMidet112 ONrtrol Plon-SediGn 
781J1J (lnllDdllCl4'7 ParopophJ 

In additi_ 10 the NYiaiem to 
17&UO(d) diKuaaed at IeDath below. 
OSMRE it taIWIa thl. opportanity to 
correct III .nar iIladvertently 
introduced tato 1 ,aUD durtn, the June 
1.1883 ruleaaak.i.Da. 41 no ZM38. 
AJtho. lbe iDtroductory ..... .,..pb to 
J '&1.2.0 wCMaJd bave bee elimiDated by 

the April 18. 1882 prvpoaed rule (47 no 
ll1CM). OSMRE decided ,to ~taiD that 
parqrapb aachanpd ID the. 18I3fiD&l 
nale. lZIthe preamble at ~ FR Z4II3a. 
OSMRE cnd,llded: ' 

I .~ ~ ... '" 

• • ~ OSN he. decided to Iccept th~· , 
_II ..... tInt .bat1lll.prriioul . 
poeitiaq."1Wtamed aDd ~J'::'M" the IatrocluCIarJ, ~pb If . I ,.... 
• •• 'DIe1aQpa .. ofllae.JaljpductorJ """'·PJa at pnYi" .,,7IUG boll ben 
.... ~ ad II rwpeateci" tU'liaal Nle 
aoIel,.'''CDIIYniIlR (Ii ~ eke 
other ~lIe"'t8d .. "II&; 

. oH,tte thli pliambJe \11 .... _ 'ill
word·land" iii the third MDteace of the 
iIItrocfuctory paraJraph WI. : 
anintntioDally cJaused to -or in ~e 
leld ot-the 1183 rmal nile. 

Elimina tiOD of the emr II " 
accompliahed by replldns the HCDDd 
"or" La Che third IeZlteDce of the ' 
paragraph with aD -aDd". TbiI ICtiOD 
conforms the par8l1'1ph with the· . 
preamble ditc:uuiOD of 41 FR 2463V aDd 
re.lore. Che former parallel.i.sm of 
"DIU-ge betwea the fint ad tblrd 
lenlmee. of the plrall'lpb f01lZJd ill the 
previOUi (1m) rule, Thill ••• abaldeoce 
CGZItroi plUl it to be IUbmittad if the 
llU'Vey ahOWI tbe:e are renewable 
ruource IIDda and thlt nb.ideoce 
could Cluae material damage or I 
dimiDuliOll of value 0: the foreseeable 
1IIe of the I&Dd. 
C. Sul»jden~ Control Plan-f 1II.21J(d) 

Aa e",lalDed above. the Court 
ordered OSMRE to requesl commmb 011 
the deletiOll of 30 O'R 7IUO(dJ (tt f1l 
1490.Z. March 13. 1m), from the '1" 
wi rule. October Op. It Ie. Farmer 30 
Cf1{ 78UO(d) required the aabaideDce 
conb'Ol plaD to COZIt&iD: 

A detailed dncriptiOll of 111 .. _ to be 
tak~D 10 de&amiDe dI, d..,.. at .. tata! 
ulMlLe CIr cSi..IIIiaI&liDD of .. lUI or r-.ble 
ue of the nmoa. lDdudma .acb IIII&I1IlU --(I) 1M renJ. of. pNoIUbsIdaICit IUIWJ 
of .11 .tnICtunI and .urface '1ItInI wlUcb 
IDiPt be IlllterilU, damqed br .... t.eHece 

12) .... tarizI&. " u" JllVPDMd tG ...... 
""orllllliolll DeU IpIdfiecIlt:nICIIINI or 
Ie,turn or D1MnriIt II 1JIIII'OIIIia1e .. die 
operation. 

Aa expWaed ID the preamble to the 
April 11. t-.z proposed Nle (47 no 
1Il105) and the Jalle 1. 1183 fiDal nale (. 
FR 24a8). OSMRE dlleted fonDer IQ 
en 1I4,ZO(dl from tbe 1., 8ul nile to 
reduce abe burda _ the operator ud 
to .... ~id UII.DeCnIIry duplication. nu. 
riDal nala don DOt restore tile Iaquqe 
of 171UO(d) f01lDd ill the U'18 nale. 

A number of collUDatel'l qreed wtth 
OSMRE lUt the 1m rulaI aboald DOt 
be niDItaled. aNertiAI that Ibe 1113 
rules were ldequate lAd that they 

A- "l, 

provided Che lime degree of proteC'lion 
a. the 1m Nlea. One of the 
commentera Idded thai the fonner 1979 
Nle WI. Dol on,ly redundant bUI 
oppre.live. 

Other eommentm di •• sreed . 
bowever, al a number.of comments 
weri altp received alkinB for I relurn to . 
the 1m rille. OSMRE doe. GOt a".e . 
With the...COJnIDetlteri. . + 
A~ftll WIS recel.ed llatina -the 

Secretary is correct th_l mcnltoring IDd 
Jft-nb.iftnee.lUJ"Veyi mast be . 
perfOftlled. irrespective of Slatellw and 
In-e.pedi~ of the nnal diapelsition .f .... 
the 11l7.121(c)(2) rule reapecting .. 
depead.-ce of Stale law. in aU cases. 
where ldd or atructurel IIlisht be . 
damapd'b)' aubsidence." Other 
commenters a .. ened th.t the previous 

·1 78,uO(d} rule WII "extremely aitical 
U I meana or evalualiDa Ind ••• ellinS 
the dqree of malerial d_mage and a. _ 
perfonnance.landard indicator," aDd 
that there eu be DO melqful nabt . 
IIIlcier Slate law "Imle •• there is • way 
to prove·the damage." 

Contrary to the CGlDIDetlter'. 
auertlOI1. the Secretary doel not take
the position that "IDODitoriDB and pre· 
IUb.idence lW'Veya mUit be performed. 
irrespective of State law aDd 
irretpective of the final diapo.itJon of 
the 1117.1Zl(c)(2) rule reapetting 
depeadlZlCe OD State law.lD all case. 
whfte land or Structurel might be 
damased by aubaideac:e." Although 
OSMRE epeeslbat lurveyamult 
alway. be performed parlU8.ZII 10 the 
IDtrDchactory paragr_pb of 1784.:zo. 
NquimDmll for IDOnitorilli are aD 
optiOD&l part of the aub.idence control 
plu. Furthermore. OSMRE doel not 
qree thlt IDODitorill& near .tn.JctW'l' is 
required to evalaale and ... e .. the 
degree of material damage and •• I 
perfonnance .tandard iZldicalor . 
Material dam_se to. ItnaClUJ'l can be 
detenDined by c!irKt comparison not to 
til post·1DiDiDa conditiOD. but to ill pre
miniIIa condition. resanil". of wheCher 
the precile extent of aub.idnce baa 
been IDODitored.. The final Nle inlureS 
that adequate iDfonnaUoD will be 
.vaUable to "prove the damale" when. 
ander State law. there I. a requirement 
to repair or compensate. 

When deletina the pre-eubaidence 
aarvey NquimDeDlI. of I 7M.ZO( d)rl) of 
die 1171 Nle em JUDe 1. 1113, OSMRE 
believed that thia requireiDent w.a 
NdundaDL Several cotralDenlers on the 
1185 repropo.al_ .. erted that the pre
I"b.idftlce IW'Vey requirement i. Dot 
... dwadul 'ince, in their view, the prior 
NI .. uaed that .urvey to ".Rect the 
protectioftJ of lection 5le(b) lor the Act) 
ill I wly the 1113 ruJe flU. to do." 

I 11· 

-.. ; 
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OSMRE continue. to believe that the 
requirement iI redundanL Former 
I 7IU,o(d)(1) iI duplicative of the 
requirement in the introductory 
paragr.ph or I 71UO requiring a 
preminiftl'urvey, "'which .ball .how 
whether .tructure. or renewable 
re.ouree land. m.t· • • ·and whether 
aublideni:e. if It occurred. could cau.e 
ilia terial dama,e 01' diminution of 
I'Ulbnably foreleeable ",e of .uch 
atNcture. or mewable I"eI01U'Ce ludl." 
Another commenter .,reed With, ' 
OSMRE that the 1m p",u~idence 
au.rvey reqUiremeDtI are redundant 

OSMRE .tated In the propo.alil. belief .pplicatioD' containina .ub.idence 
thaI the mODilonna provi.ion contained control plana which do nol include 
originally in ,784.20(b)(3J(v). and later monitorial provi.ioDi when .uch 
iD 17M.2O(d)(5). wa. adequlle. provi.ioDi are ""ntial to fulfilling the 
.... ardJeSl of whether the obligalion 10 performance .I.ndard. of 1817.121. If 
rep.ir Itructure. ~ ... , controlled by SI.te the rquJatory authority i. nol .atidied 
Jaw. In L'Ii' rellard. coriIt'nent~J::S were th.1 the operator wiU mitilale<or-remedy 
l118ed to con.i~er~hether. more .ubaldence ~lated malerial d.magf to 
.. cilic requirement for moni,torina .tructura or fadIU.le •• 1 required .by 
.ublidence near.truIlurel il. required Of SI.tldaw, the rquJato!'J' a"Jthorit)' may 

... iu~lher the mOt!ilQW pro\iJionof 30 . ,deny the permll or direal that .l1ema:ive 
,CPR 784.2O(dI{~1i.s ,ufficient. m_iure. belnduded inthuub.idence 
. Hiving considered lbe ,comment., . > control plan. Such meuure. may . 
OSMR£. in t~!!1i.r.al.palr r,~" the Ineloe a provI.ion for monilorins; and 

ala tins.!'there iI no cIitIiIU:tiOD between 
the requirementl for a .urvey,ailD'¥ini 

lanf'la!e of lhe~g83 rulO!!CJ 1985 ma)'..,.cify where aDd how .uch-
>. propose.d-rule) to inl!lb eJe.~ mc5nllorina will take pl.ce. Such .\;. 

mbnitcr.il'!:: r..a). be lI::~ro~:i3'!C!c. lIIuiure. may alto iDeludedirecl 
.. tnlcturel and renewable 1'IlIOW'Ce Jand. 
':'nd a pre-.ub.idence .urvey." Another 
,commenler al.o favored OSMRE'. 
POlition aDd auerted that the-lorlller 
rule wa. wineeelury because many 
opera tore voluntarily conduct pre
aubaidence .urve)'l for their own 
prDtecticm. Another cornmenter a .. ened 
that pre-lub.ideDce .urveyi .hould be 
lilce bla.tins .urvey. and iDclude 
specific dncriptioDi of the conditions oJ 
the bomel, bWlql, etc. However, the 
Jaqua,e of former I 78UO(d)(1) would 
Dot a .. ume .uch detail. Moreover. 
I 784~) (formerly I 7&UO(I)) 
1'J'Ovidei the oppol'l'lmity for the 
e,watory authority to require whatever 
~dd.itionallnformation iI deemed 
DecelUl)' iDcluq a. much detail as 
required iD a blutial .urvey. 

A CIOJDIDenler COlluded lUI the 
preamble of the propDMd nale did nol 
dearly explain the pre-lublidence 
aurvey requirement luue. OSMRE 
rejeeta \hi. comment. The illUe iI 
aCCW'lltely deacribed in the preamble to 
the propoaed rule. If the commenter was 
unlure of the iIJue. It could have 
conlwted the 1984 court opinion and the 
fiDall983 rule and preamble. all of 
which aft refermced in the propo.ed 
rule. FiDaUy. OSMRE pereorlnel were 
available for public meetiftl. to diaCUII 
any "'lYe rela~ to the propo.al. 

11&ree commeDtere .tated lb.t they 
oppo.ed "the propoted new wordina 
rei. tina to pl'I!-Iub.idence wrvey. and 
eub.idence monitoring" becaUIe .. the 
propond wordina of I 7&UO iI too 
pneraJ .nd it could be interpreted to 
e~empt Jonaw.U and other plaMed 
eub.idence minina from doma the 
hl'\l'eya.- OSMRE diu.,.... 11Ie 
Antroductor)' parqrapb of I 7IUO 
clearly Nq1dreI the permit application to 
Jaclude a .urvey ..... rdJe .. of the 
einma method employed. 

4onitorill& 
III rnpoae to the Court'. liDkina of the 

monftorial requiremeJIt with the 
reatoration .tandard lor .tructure., 

",ardlen of· lhe m:n;!!8 f":!ttiod t6 be lIIe •• urement of material dam;!;:e ;10 Ihe 
emplo).ed b~· tbe opcralur. OS~fRE It1\lllure throqh a pre-m.Inina and PDst. 
Isreel wilh the commenler thlnhe minlnJ comparilOD. ODe key ingredient 
prDposed wordir.a of I i84.:Q.un be iI to eDlW'e that the pre.minina . 
interpreled 10 nempt o,eralors ulins condition of the .tructure wa. recorded 
planned lub.idence mining methods before the .ub.ideJIce occurred. 
from h8\'ina to perform .ulJsidence ElientiaUy thi. provide. the lame 
monilori", ove~ the area. where . • covera,e al provided by the 1918 nale, 
controlled .ublidence ~ill occur. except that the performance .tandard 
Proposed I 78UO(d)(5) reqQired the which the monitoriq provilion Illist. 
aub.idence control plan to contain in implementiq iI tied to State law. 
"except for those area. where planned TbUI, &he oWftm of .tructW'e' may bave 
.ubsidence iI projected to be 1l1ed. ".. . the mcmitoriztl data made avaUable to 
det.iled description of "monitonn,. if them to exerei.e aDy n,hta mlin, under 
Iny. to del ermine the commencement St.te Jaw. in'e.pective of the method of 
aDd degree or Iubsidence 10 that other UIIderaround miniDa employed. 
mea lureS can be taken to prevent or A cozDmeDter Illened that it u 
reduce mlterial damase." Con.equentJ),. ImcertaiD whether monitorinS i. 
.. deacribed above. OSMRE h .. reviaed ..a 
the 1184.20 rule to make it clear that the required when it hal been delermine~ 

thal.llb.idence illikely. 
dilcretionary monitoring requirement i. Under thia fiDa] rvJe moniIO";"D will 
Ipplicable m.pective of whether the '-
minin8 method calls for plaMed or mo.IUke}, be perfcnmed when the pre· 
anplalUled .ublidence. A further. more .ublidezace IW"Vey iDdlcate. that 
complete. dilcullion of the illue of .ub.idence aDd I'dated material damlse 
monitoring followl, to .1nlctUre. Ind 'aellitie. Ire 

Thi. chanae i. effecte:~ by deleting .nticipated. and Stale ton. contract. or 
I 784.20(d)(5) of the 1983 rule .nd other Jaw (either codified or enunciated 
inlertina a new I 784.20(d). Paragraphs throuah judicial deci.ions) require, 
784.20(dl through 7&UO(g) of the 1983 repair or compeD •• Lion. 
rule are redesign. ted accordingly a8 Another commenler .tated thaI the 
7IUO(e) throUSh 7iUO(h). New "weak·' provi.ions for monitoring are 
I iII.2IDld) requires; lnCODIiltrnt with the DilUict Court·. 

October 1, 1 .. deci.lon Ind 
A dncrtptiDn of r.onitorina, U any. MeCIed --lIiODaI iDtenl. OSMRE doe. not 

10 determine die _IHncemenl and detr'H - ... -
of llibeidenc:e ID INIlwhen .ppropriate. believe it i8 iDcoDlillenL The court did 
oilier _.Iu.rel can be taken to prevent. 1101 nale aD the IUbllaDce of the illue, 
,"lice. Dr COIftCImalerial dalMB! in but only ordered further comment in 
eCCOl"d8nce with I 81'.lZ1(c) of ahil chapter. view of the nale·. relation to the 

OSMRE continue. to view lbe 11711 mloration .tandard. 
Inonitorirla requirementa. redundant For IU the rwalOl1.I dilCUNed above. 
with new t 7IUO(d). Furthermore. .. OSMRE believe. that the pre. 
mader the 11711. 1183. Uld the propoled eubeideace lW'\Iey and 1II0nitOnn, 
1-.5 nale .. tbia tiDal rule iDdudei the Nqairementa of thiI filial nale provide 
qaalif)'illl pbr." -if Uly" to provide the iDformaUoD nquired to allure the 
discretion I. to the .xtenl of monitoriDa Act can be .ppropriately enforced. 
aeeded. Therefore. finaI17lUO(d) doe. D. Sub6id.nce CDntroJ-SeWOII 
not mandlle 1II0niloriDl ill .n CI.e. '17.Ul{c)(Z) 
where material damase to .tructure.·of 
facilities will occur. However . ...,w.tor)' &ecuon 117.121 provide. performance 
authoritie. may refute to approve permit .laDdanb for .ublldence control. 
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Section 117.121(c) nublilhe. the 
operator'. rnponaibility (or material 
damage caused b)' wb.idence. The 
Itatutory authority for III proriliona iI 
·aectiona 507(0. 515(b)(2). 515(b)(3). 
118(b)(1). and 51e{b)(10) of the Act 
UabUity for damqe \0 awface Uld > 

sub.wce itnlctln. Uld faeiliUn " 
aDder aec:tiOD S07(O of the Ad u tied 10 
Ii.bility' UoDder SUte law becauaeth(, ~ 
Act W •• Dot iDteAded to create . 
additioD&l prapertyrtptl. For Chi. 
nuoa. ander ball.17.tZ1(c)(2) 
operator rapoIiIibilitfror malerial .... 
dama,. caUMd to .lrIICtw'et or facilJtieo 
II tied to liability aader SUte law. nlll. 
material damale to .trvcturel Uld
facililie. IIIUlt be remedied or IIIwetery 
If.mapi paid if the operatoc " liable 
under Stale Ilw. _ . 

ne 18711 lublideace coatrol ruln 
which imposed I mtoration 
requirement for .tnacturel materiaUy 
damapd by aub.idence did Dot provide 
exceplioftl for .ituationl where the 
operator hal purchaled l.lrUctw'e 
overl)'inl the andergrollDd workiDp. 
wbere the ope,.tor b.u purcbuedthe 
rfaht to caUie .ubtideace under. 
.tructure, or •• a in PeDaaylvania. where 
St.le legiallUoD bu eatlbliabed 
.ublidence rapouibilitiel for diUeTeZIl 
duNS ol.tructurel, The 1m rule. did 
DOt defer 10 SUte law aDd allow UI 
operator Dot to repair damaled 
.tructure. wbere the operatar had DO 
lila I liability WIder St.le law. ~ final 
rule .ccommodatel .ituationa in which 
the opentor it Dol liable for lubsidence 
daml.e to .urface .tnlctw'eI UDder 
St.te law. CoDdJtioniDlliability for 
realoration of materially damaged 
.tructurel upon SUte law lelleDs the 
concern that the contract in wbich the 
oper.lor ma)' have obtained the right to 
aublide the .unlce under a .truC1W'e 
will be il'DpairecL In SUle. which bave 
Dot aacted .pedal .ub.idence 
lesi.latioDo Sute property npll. al 
ntablished by contracta. deed.. and 
other agraelDen ... Uld iDterpreted in 
fud.icial dec.iliClDl, will determine 
whether &he operator itliaole to a 
nnace o'"''IIer. Uability of the operator 
where the owner of the lurface facility 
.... )' uve COIIveyed the rilht to .upport 
or may bave waived it will .lao be left 
to determiD.atioD IIDder SUte law. 

Tbi.a liaaJ rule II wpported by bo.th 
law ad policy. As dJlCUJIed below. lite 
Surface MiDiDg Act don Dot require 
opel'lltora to repair .ubaideElce-c.aUlecl 
.. terial dame,e to .tructIU'e. 
Imnpeclivw of SUle Ie",. As the diltric:t 
court fCNDd in 1Il10. th. IUthority of 
OSMRE to require UI Operltor to 
CDlllpeDlllte aa owner for lUt.rial 
ct.a.aa.qe to .truc:turel or ladJ.itin 

re.ullinl &om lub.idence or to repair 115(b)(2). it certainly would h~ve 
.ucb malerial damage derive. from enumeraled ,uch,.Nothins in the plain 
SectiOD 507(0 of the "CL III tw: wordinl of thaI parasnph IUllesll that 
PennaMnt (Il. IUPI'D .. • ectlcm 107(l) of ill application 10 .lnIctp.re. a. ""eU .. 10 
the Act requiie."iiab11J1y Insurance for IaDd it mand.led. To the -contrary ... 
personal iIIjury and ptoper17 dam.,e in lUIIe.led bycth~ CoW1 in uphold.inl th.' 
an UlIOUDI .cf£Quate to·compeaaale'IIIY· " land relfor.Hon requirement. oUo ~ 
peraDDidariaJed II a inall of nrtlce., ~ : 1l7.lZl(c)(2):there lI •• ound bali. (ar 
coal miDiDI q,d redlllllticm operatioDl 'diitinpJ.hirII bBweeD the restoration i'oec <: 

who tr.ee:DdU~ to compeftl8~OD unde~ .. Rq~eDt for land and thaI for 
1M flpplitXIbl, pt'Driliott6 0/ SlIImlt1".. .tnlctwn See In &:. Petrnonenlll. 
AJthOQlh th. HIt r\iJe,dId Dot limJl lbe. _upro. October Op. al.5-8.)', . 
compenaalion ~dJ. to a1tuatior&l_ ID po1icy.' •• ·weU .11a~.Jbere '- c1e~ . 
wbere lilbill". a1JII'~"B&State law. a, .... OD todisliDluilh the-pr:olection . 
more precise rea~ of ~oa 107(0 :",. provided for land IIId 'lrU~ture., Where t 
IUPPOrts the impoiltion efncb a ~- aD uad~ mine operalor . 
CODItra1D1 in thiI final nail. • pwcbuel from Ibe ","ace owner Ibe 

Sectiona 515 and 5ledo DOt require rtabt to IUb.ide lbe Iud. ~ in conveyins 
lubsidence damaged itnacturel 10 be Iwflce property relervea the riabl to 
re.tored without regard to SUIe law. "tUb.lde the lurflce. the individual', 
Section 516{b)(J) of the Act require. praper1)' riahtl Ire protected. but the 
undef8rOund mine operal~ to prevent 10000lerm public iDlerelt·jD_t.be !and II . 
lublidence-cauaed matma:) dlmase to DOt protected. ThUl.1817.Ul(c)(1) 
the "extenl teclulologicaUy &lid functiona to prevenl tb.iI injury to the 
economically fenible" Uld to 1DIiD~ Iud by usurina that ID IU cale •• 
the value and use of ".urface landl. Irrelpective of private CGIltract. thi. 
~ proviJion doe. Dol fllellrequ1re.Ihe .. valuable Datural reaoarce wiJ.I be 
re.to.ration of .lrUctu.rn damqed ~y ratored to ill premiDiDs capebUitiel, to 
sublldence. Allbaugh through 1eCti0D the extent tecbDolt'gically and 
516(b}{1D) of the Act. the lurfa~ miD.iDs ecoDomfcally Ceaalble. OIl the other 
performance .landard. o( lectioa 515 hud. DO nvtromneataJ or public 
may be made Ipplicable 10 Uly IW'face IDterel' ailt. in protectiq a buiJdfns or 
impacu of DDderground miDiDI aot .b'IlChIre where Itl prelent or Pllt 
.petilied iD .. etioD 516{b). tha ItUldarcla OWDer hu either conveyed or waived a 
of IIc~on 515 do Dol apply to .trudW'e. rtsht to nblacent IUPPOrt. For example. 
lDat~ally dam:ged b)' 1U~ •. idence. . in lome in.tancel III operator may 
SeCtiDD 515(bl[.l. the proVWDD certain purchale the right to tub.ide a .tructure 
c:ommeDters IUII~SI u I\IPPOrt for the owned by the .unace CJWDer, L~ .och an 
.lnIcture resloration reqwremenl. iulance the partiel bave worked oat a 
requirea the •• urface coal 1DiDin, .. lIIutuaUy Igreelble loh;ltion to account 
operator 10 'reltore the laad affected Cor privlte damare, The operator Ihould 
10 a c.o~dition capable ~f IU~~8 DOt bave to recompensa'e Ihe sunate 
preawung uses, There 11 no .imilar owner, This fmal rule leaves t..'lis 
explicilmandate fro:n Conarell to 
require reltoration of structure. 
materially damaged by .ubsiclence. The 
word "land." a. it is Uled in aection 
515(b)[2) it interpreled to refer to led in 
UI WWDproved or D.tural lute (aee '" 
n. 24644). ThillnlerpreUticm of land a. 
a natural l'Uource it consi.tent wtlll the 
ase of thai term in other prorilioDi of 
the Surface .. fining ACL For iDltance. in 
order to prolect the Uatability of the 
land.· aeclion 516(c) of the Ad requ.ire8 
lbe .ulpeaaion of UDderpouad coal . 
IIliDiq UDder "buildma." if immiDeDt 
daftler ext .... Abo. wbeD lettiDa 
ndamalicm prionti .. for .budoaed 
mine land .. c:on,rn. in aecUoa 403 
di.tiDlUi.hed between th. "rntO,.UOD 
o( land IDd waler resource.· • • 
previoUlI)' dqraded by Idverse dfecta 
of coallDiDiDl praClicn" &lid the repair 
of "lacilitiu advenel), afflcted by coal 
IIIiDUII practice.," 

U eoa,rel' melnt to lDdude 
Itructure. Uld facilitiel in aection 

• FiDdi:Is lIIe SecreW)'" ... d"" 01 III. lI.rule 
"fWa_bl •. - the Court uph'ld Ib, IBM "Itcntioft 
NqIIinaeDll of JO 0'1l117,U1(cl!l)'p,nl' .n 
.... '" ~ IMI &III,..w.Uoo lI'.blnrn on 
..... &._ wbidI ".... for.......s; .. In CDftIr8C1 
MIl iorIlor IIIbIid_ .... 10 lucl. Oclober 
0, .• 1 ~7. 'nIia 1a..,1IP ilia .;.pe.led 10 iii, U.s. 
c:-.. ", ...... u. for &III D.C. CimI,t 

'I1Ie DiItrtcI Coaft ",lid l1li1 eKtloll SJS(bJ!%) 
.ppbld ... ubaicIacI ~ ItuuJ. lIIroqll 
IKtiOII frll1blllD). 1M c-t .... n..slblrl wh,le 
..... Sur .. ~," .. , ....... iAj",," .uflered 
..,. '" ..... peftift-IM)' 110 _ rwcSre.1 IftIUIY 10 lIN 
"'Iud ... 11. -IJI. .11. AI ... Court CI!'Jlloned. .,w," parUaI.u.w .... abII .. drum ... nl c. II a11a .... 1..,. ....... _Ir8CIl.T1a. 
c-t..w "11IIe Aa_ pa-.c\ _I oill,. 10 
~ IDdIftdul pnrpe"J ftPlI. bUi .Ieo 10 prolect 
11M N.Iiaa' •• nd rr- .... nrt' .. .tIfttI of 
" ... ,_od .wna for ·pnenlioN plllllbom -
1tJ. '17, nnwf .... 1M eo.u. r-d Ilaa. U,. 51.1. 
_dy iIIcouiI1enl wttb ilia rwqlliNmflll of _lio: 
'Sl(bIlZ)10 .... Iore IIII1d _Iariallr "'pcI br 
IIIlIaidanct wwId be ,.....pllCl bflba "ctld .• 17, 
tt-... , ... .,lIIiMd .bowe.llM Court'. raIiOll.I. 
.. 10 1M pubbc 1a1_1 • fII'DIaC\IIII lend dou 1101 
....... 10 .CI'IICtWa. o..a.e 10 __ are In Ihr 

_11ft oIlDi\U'ift .""~ bf "' ..... pan ... lb •• 
_, be .ppropnalll,..o.-d b, 5,.,. rwmed,.I. 

I Reproducedlram 
be.t ..... Ilabl. copy, 
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determlnltioll of the rel.tive riahll and 
l~bilitiee to SLite law. 

While private partiel II1II)' lIot be 
motivated to protect the environment 
they have a INat inceDtive to protect 
• tructlll'el that they own. St.te lew ha. 
tradition.lly.provided remedie. in 
contract and tort for thOle p.rtie. who 
OWl! lub.idence-clamqed I~ciure.. . 
Accordilllly,IU. inappropriate for 
·OSMRE to Itep in and pro~ect owne,. of 
ahne .tructurei thereb)' ereat~.,an 
licklilional prirQ~ property.riliil Yo'hich 
dearly wa. DOlizlteaded by CollIN'" 

In thOle instancel where a pu61~ 
lnterell doe. 'J!Ja1 hi the protectiOn or 
cerUin .tnictures: the rulel'cooJinue 10 
provide such ~\ection without1tlard 
to SLlle law, For insllnce. 30 cFR 
817.221Id) prohibits underpvund miniq 
activilici beneath or adjacent to public 
buildinp and facilities. churche •. 
• chools and hospitals, and larp bodies 
of waler uDieu an oPeralor can· 

. demon.trale before a permit is issued 
thal.ubsidellce wiu Dot cause mlleri.1 
daml,.. If dlllll,e is caused 10 IUch 
facilities or leature. ,.,watory 
authoritiu are empowered to luspend 
IIliniDa until the operator eftIUI'eI that no 
further material dama,e wiD Occur I ... 
30 CFR 817.1%2le)). FinaDy, if imminent 
dupr lrom underpound miftiDB exilll 
10 inhabitula of urbanized areal. dUel. 
lowns or communities, IUch IIIiniD8 mUll 
be IUSpended. Taken topther with the 
bad reatoratioll reqllirement of 
1817.122lc)ll), OSMRE'I rulel will 
amply protect the public inttrelll 
endana-red by subsidence. 

At lealt ODe State bal a I'ltute which 
~caDy .delrelHI .ub.idence under 
.tructum. PeJmaylvaDi.'1 Bituminous 
Mine Sub.idence and Land 
eonlervation Act of 1966.52 P •. Sla" 
ADn.HC. l.a&.t uq. (Purdon's) 
estabulhee cerUin c1al.el of protecled 
atructlll'el. For inltance. if a materi.Uy 
damqed occupied dwellina were ill 
emtence on the date of enactment of 
the PeJUuylvuUa atatute (AprilrJ, 1166), 
the operalor woule! bave 10 repair Ihe 
dweUiDi or compeante the oWiler for 
the diminUUOIl ill value. Tbil Final rule 
allOWI a SLlIe. auch •• Pennl)'lvani., to 
choose 10 pralec;t Hlected el.llel or . 
atructurea (lee 41 FR 24645). The 
COGItituliDnllity of thil scheme is 
praCDlI, before the Supreme Court 
(~lDn. BilUlllinDus CDDI Au~ v. 
Dvnt:tm. No . • 1Ga% (cert.lI'IDled 
March zc,1II&)). 

A Dumber or comments were received 
on the lane or limitinc liability lor 
repair or .ubsidence damaBed Itructurel 
in reapon .. to the orilin.1 proposal of 
April 1., 111182 147 FR leeot). The reader 
ia rererred 10 the dilcullionl of thOle 
comments round in the prumble 10 the 

June L 1183 final rule 141 FR 24638) .1 
they wiD nol be repealed here. 

DuriDI the commenl period on the July 
.. 1185 prapoill. numerous commenll 
were received on the il.ue or le.vin& the 
comction of lub.idence~aml,ed 
Itrudu,," ,up to the requiremenlJ of . 
Siale lew. Several commenten fav0l"ina 
th·e propoled rule.qreed with.OSMRE'1 
.conclusion th.t the rule iI aupported by 
botJi law' al1dpolicy. Amona .the lea'ona 

.Jinniortbi. ~sreem~nt were'(l~r~ct 
don DOtTequlre repair or compe'hation 
for dama,ed ItniC1lUel: II cm.Iy req'!i1ft 
inauranGe"~~ adequate 10.Cgl(er 

• elatm. arii!Gi 1:1I~~te laWl;.(~).the 
1978 rule requiruli repair or .'.. . 
.compensation irreip.ctive ~f SLlt~ I •. w 
is in violation of Ilre Act (3) the 1919 
rule reprelent. ia .unconltihltionae 
..... kina" of praperty without jUlt " 
compensation: .lId, 14) there il no 
.upport ill the legi.lative hiltory.fol-lhe . 
11711 nale. OpPOlina thil viewpoint were 
.comatenters who contended th.t (2) the 
propoled cha. i. Utegal Iince It· . 
violatel congrellional intenl Biven ill 
Hction 102(b) of the Act (2) the old rule 
wal upheld by the Diltrict Court; (3) the 
proposal II contrary to section 101 (d). 
(e), and Ih) arid 102(h) of the Act: and 
the propoled rule it unsupportable in 
view of the recent Appeal. Court 
decision ill X~".lDn~ BituminDu, CDoI 
hl~ v. Duncan. m F.2d 7f1713d Cir. 
11&5) in .ff'mDitIa the constitutionality of 
the PeDDl)'lvania Bituminou. Mine 
Subsidence and Land Conlervation Act 
and ill implementilll re,w.tioDi. 

OSMRE'I viewl on the Iqality of 
ilnplemenliDB the propoaed rule bave 
been addrelled above. OSMRE 
di..".... with the commenle,. who 
conclude that the rule chanae il illegal. 
Contrary to the commenler"1 .I.ertion. 
section 102(b) of the Acl luPPOrlJ thi. 
linal rule. The intent expressed in 
section 202(b) is to preterve and protect 
the n,hll of persona with a le,.1 interell 
in appurtenanCtl 10 the I.nd. Thil rule 
does just that. Where .uch a riaht exiltl 
uder Stale law, It is upreilly 
recopized and wiD continue to exilt 
11M naJe il alao consiltent with the other 
provisions died. takeD toaether with 
section lOZ(k) of the Act which .al not 
cited by the commenten. Section 102(11.) 
lell forth al one of the Act'l pwpol" 
the Deed to "acourqe the fuD 
utilization of coal I'ftOIII'CH throup the 
development and application of 
andetpowld axtraction 1echnolotiel; 
• • • .. JO U.s.c. U02. Clearly this rule il 
intended. in part, to encoura,e full 
.xtraction tedmolOfiel. IUch a I 
JonawaD lI1iI1il1l. AlIO, the COIItention 
thai the decillon of the appeala court in 
K~".tDn~ v. DIlItCGn renden the 
propoMCI rule Ulqll is incomct. The 
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holding in thlt clle thll the 
Penn.ylvlnil Itllule il leBal ddel nol 
aneCI ttle validity of OSMRE'I final 1'\1 Ie . 
To the contrary, thia Nle clearly 
NCOlftizes nilting Stale laws and 
property ri,hls . 

A number of other commenlers 
exprelled Idditional rellon. for 

. lavonna Idoption of the rule. O11.e felt 
th.1 ~e p~mble dilcullion for Ihe ' ;,._ 
proposed rule provided accurale and·'. . 
ampl~ jli.Uficatiolffor the rule: Tw~ ::" . 
otheli think there il no connicl bCI~:-, . 
lection·10Z(bJ o( the Act and Slal~'" p; 
common Jaw ~flubi.cenl suppor:. ' .• ~ g 

.. Anolher' cominenl~r~ressed c.on~e::1 
that the fonner rule e~title. persons'io 
compenution for dam.,e 10 ItI'\lCI~S 
built on land. lor which I coal comp~:1Y 
bad the prior n,ht to· mine. ThaI ' 
commenler mlde the further claim thaI 
WI has aclually occurred in lilinois . 
A1lo. a commenler expressed·the . .. . 
opinion thai the economics of Ihe coal 
indultry and the conservalion of the 
mineral relource hive both been" 
advenely .ffecled by the former rule. 

OSMRE .cknowledJel the comments 
aupportirla ill rellon. for the rule . 
chanae exprelled in.the preamble to.l!:e 
proposed rule. and .grees in principle 
with thOle Itating the previous Nle 
ereated an inequily by "antina absolule 
prolection, irrelpective of Sllte laws 
and contractual agreemenls, to owners 
of Itructurel built on land for which the 
owne,. of the Itruchlres do nol hl1ie the 
righl of lubjacent IUpport. 

Other collUllenll were received 
oPpolinl thil tanal rule. Some slaled 
that the chanael proposed were 
arbitrary and unre'lonable. Olhers felt 
thai the Nle should be made Slronger 
than the former rule, nol ~ .. eaker. and 
that standard. limilar 10 those imposed 
for lurface mine. be imposed on 
underground mines. Some olhers 
expreued the opinion (presumably as a 
maUer of equity) thlt coal companIes 
Mould be relponlible for making repairs 
10 both ItructlUe' and land .• nd that 
auti,ation of damase to Itruclures 
.hould be a nation.1 policy. Mlln), of 
thele commente,. were Dlinois properly 
owne,. who believe the rule would 
upaelan exiltiDB balance in thai SIa:e 
belween coal operatora and properly 
ownen. ereatina the polenli.1 for 
lnfIictina bardlh.ip and economic loss or. 
the property own,,.. The b.li.for this 
view re.1I on a provilion in the lIIino!s 
.urface mininal.w (Hveral olher Itlles 
bave limilar provilionl) thai the SllIe 
re,ulation. can be "'no more atrinsenl 
than"' the Feder.1 re,ulationa. Two 
comment en claimed that due to thil 
requirement the State of Illinois would 
have 10 drop ill protlction for ,Iruclures 

• 
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ill re.poue to Ihe rule chl",e. Two 
Gthen cUaal!'Hd. 1 •• er1i", thll Ulinoi • 
iI DOl abaolutely bound to eliminate its 
curftnt nale. requirina repair or 
campenaalion for aub.idence dlma,e to 
atructurea. 

One commenler .... r1ed thai 05MRE 
had not iDc!icated why Slate law iI 
.dequate 10 prDtecl .tructure. from 
aub.idence impaCll.·Anolher. commenter 

. felt thai relyins Oft' Slat.e .law to prolect 
eunace atruclurct 'JI,ovidei inadequale 
prolec:l.ion and believes iI prererable to 
lIave utionalslandarda. 10 itl view. .• 
DAlional a"ndardl-Would caule· 

.-. CIOftIideralion or',otentiabablidence, 
damqe al the time'or mine plannina and 
delip and be coupled with I'rDvi.iOlll 
for prolectiOD or coiipenllticm. thereby 
awoidina colUy lilisation which may nul 
result in proper aelliemeni ror an)' of the 
partie •. 

OSMRE ha. no o&1i,IUon to 
demonstrale thai State law i. adequlte 
IG protect surface I1nIcturn from 
aubsidence impact. becau.e the Act 
doH not mudate that structure. tJ, 
protected. particularly ill thOle ill.tancel 
where the ",bt or subjacent supporl bal 
beeft lrIufeft'ed or waived by the 
aurface OWDeI' or his predeceuor itllitle 
by valid leaal contract. 

NOlwithllPdiDI the ab.ence of such 
... obUBalion. OSMR£ ba. neverthele .. 
analyzed the projected impacll of Ihi. 
rule in tba.e 5 .. 1 .. where 11'1011 
andft'll'OllDd IDiniDI OCCW'l. 11Ie lix 
Stalu c:boaen (Winoia. Kentucky. 
PenMylYuUL U .. b. Virsinia. and West 
Yiflinia) aCCOWlled for r1 percenl of the 
Nation'a1llldersrolUld coal productioll in 
1183. In tho.e S .. te. a total of be"','een 
101 and SZ8 dweUinBs are esl1mlled to 
be at riak of sub.idellce annually. Under 
Ibe .. fanal rul .. thi. e.limated total 
• ·ould not chI •. However. the 
campenaaliOll recei\'ed by ownen 
would chaDle. The fonner rul .. required 
operlton to ccmect or compensate for 
damase to atnactul'el ine.pect.ive of the 
requiremellll of State law. ThiI final 
rule. dependins upcm S .. le law and the 
.xlenllo which proper1y ownen hIve 
waived their rilhta. result. in 
rnponafbUily (1) COIIlinuina to re.t with 
operaton. (2) beina ahifled to 
aubaidence murance proar8lD1. or (3) 
beina ahifted to the property 0WDer.1D 
each Gf the 5 .. ," ualyud. excepl 
lCentuc:kJ. aome form of compculiDD 
would be available ander IhiI fiDal nale. 
Only in Kentucky would Deither the law 
Gf aul.jac:ent support nor a subsidence 
".unnce prosram offer protectiDD from _I to proper1y owners. Depelldina 
upon the ex lent 10 which dwelliftlS 
dlnutsed by aubaidence are covered by 
anh.idence in.urance. and the exlenl to 

"'hieb proper1y owne,. have not wlived impoled by the 1879 OSMRE /'\lIe.. 
or conveyed the riSht to aubjlcenl • Thul. the 5111e which 05MRI expecls 
aupport ill SlItes thll recosnize the (baled on the 1. Environmental 
rishL II ia e.liJnated thai Ihe maximum Allellmenl) to experience 
total IMUlllmolUll of .ub.idence approximltely one·hllf or all 
dama,e 10 dwellinSI (ror which Inlicipated aublidence damase 
re,poDlibility would .hi(1 (rom ," incidents preferslhlt the requiremenl 10 

operatOl'l to insurance P"'lrlm. or 10 , correct for auch damlse ,be lefl to Slale 
property ownm IIIIder thi. rule) could law Ind contractull.arrlnsemenls 
nnae from Ipproximattly 52 million to· .. : PeM.ylvania abo favon;4ererence to , 
about 110.5 milliOIl in Ihe aix 5tal" that Slate law lince. foliowin'S promulpation 
accounl for" perc..T the NatiQn·. or the 1983 Nle. PeM.~\linia 
cderaround production of coal. A 1II0re volulltarily amended il."5lale pro~ram 
detailed dUcuaslon qf &belt e(feets i. 10 iDilitute a leu atrilller»re,ulalory 
foWld jn the ellvironmlfttalaueUmenl isltel'p1'etation of It. 1966"liltule (as 
praplllll for, thia CiMl,nde. .., ~ .. amende4ti1118801. the Bitominous Mine 
• TbeanpacII are somewhat uncertalin 'Sub.ilSellCe ud Land eonleNllion ACI. 
bec.allle whether I particular surface Thu •. UDder III cumnt )iw and 
property owaer II entiUed 10 subjacent .... ulation. PelUllylvani • ..,rovides lell 
auppor1 dependl not illlli 011 SlIle law than the abaolute requir.-nent to correcl 
bUl.proviaionl in deedJ and contracts or compen .. te ror .ublidence dlml,e te 
a(fectina the proper1y. Whereat Sllte .tNcture. and faciliti .. found in the 
law senerally requirelsubjacent 1m OSMRE·rulel. ConiequenOy. it i. 
aupport. lOIIIe State. may interpret applrent thai the two Slates with the 
aiII'IiIlr proviaiOD differenlly thUI .,.lte'l Dumber or undersround mininl 
affecliDl the ultimlle &mOUllt or the opeI'Ilion~nes expected to 
operllor'.lilbility. Thlll •. the Stlte by ._experience approximltely 70 percent or 
State anal,.i. somewbat overata ... the the iDcidelll. of subsidence damage to 
"effect of this nale because i' disreaardl atructurasuppor1 the cbanseleavinl 
OWner waivmihat mey exi.t. the rellGrllion requiremt'fttsto SlIle 

PertiDellt to the "Iue of whether the law. in uy event. beau.e PeMlylvlnil 
requirelllent to COrftct or compeDllte and Welt VirBinia Ilready bave 
for damqe to atructurn Ibould be left Pf08raJDI which are colllistent willi thi. 
up to Slate law ia the pOliliDD of the final rule. there wiU be no chanae 
..riou. State. affected by the c:hanae. required from the alltu. quo.' 
.. peciaUy the Slatea of We.t Vir8inia Altboqh bomeownen may suffer 
and Pennaylvanll which hive the financial and other injury al I relult of 
..jority of Ictive andelll'Ound coal aublidt'ftee due to UIIdersl'OWld miniDl 
mininB operatiOftl. Du.ria8 Ihe comment in 1lliD0ia. the lIeney doe. DOt iDtend to 
period for the 1182 proposed rules interfere with Stlte laws on thil ".ue. 
(which would bave re .. ined the The Act ia Dot intended to provide ri8hll 
ab.olute requirement of the 1m rule.). for the repair of structure. to pro!Jer1y 
only Montana. kentucky. Vqinia. and O""'"Den who voluntlrily relinquished 
Winoi •• lIbmitted comments on the auch nahts or whose predeceSlon in 
lllue. Monlanl and UJinoi. flvored intere.t did 10. Further. whether Slltel . 
leavinB the requirement up to State Ilw such a. lUinoi •. make their .unlce 
and kentucky and Vqinia approved the minina regulation. "110 more slrinaen' , 
retenUon of the abaolute requirement to thin" the Federal re,ulltionl i. I mailer 
correct or compensate. Of the fow. onl)' • 5 d 5 kentucky. VillinJa. aad Ulinol. have .or ..... to etennine. lite. ma)' 
aipJ!icant IIUSIIben of active modify their "'Do trlore .trinsent thin" 
anderrround coaIlDiniDa operationl. requlrementa. ,.r1icululy in specific 
Daly the Sate of DIinoiI. _I .... the ailuatiOftl where the State determines 

•• ~-- Ibat local public policy concerns 
poaition It bad takeD in 1112. commented Dutwe\al'l the pneral principle of nol 
durirllihe 1185 CDIDIDent period for Ibia rqulatina in I I118Mer 1II0re .trinsen' 
proposed n&le. ne failure of Wnt 
Virlinilud Peauyivanil.1he 5..... thlll OSMRE'I nalional Nl ... 
with the larpat DUlllbeI' of active MCII'IOvar.impactJ of thi. rule arc 
aderpDlllld coal IIUniDi operationa.lG .lIlIed bec:auae con.ideralion of 
nbmil COIIIIIIeDta GIl dle1E paopwed polelltialnbtldence dama,. continu .. 
tWn does DOt DlCelllrily iDdic:ale their to be requlr>ed at the mine pi IMina 
lack of intereaL Despite the faU..,. to a .. te. A aubtldence control plln mUll be 
comment. It appean that We.t VirBlnil submitted .. part of the pennit 
flvors the cha. Iinee it immedialely 
and voluntaril .. implemented Ibe cbanae 
promulalted in Ibe 11183 final rule by 
amendilll tts State pl'OIJ'Im to eliminate 
the ablOlule requirement to reltore 
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.pplicatiOD U.tnacture. exill which 
polmliaDy may be damapd (See ao 
CFR .,....20). The plaD mGlI demClDltnte 
thai the operator will mille in aawmG' 
iZllended to prevol malerl&J damqe 
relullins from .ublideace. . 

One commmter claimed 1 1817.1U of 
1UiD0il law (illlplemeut.i.aa 1he 1m nale'. 
repair or compeua&Km reqWremeDl) iI 
We,al aDd viola"l tlae apprvved WiAoil 
penDaneDtp~&aL 

The validity of the ~bsideDce . 
preMlloDi of the Pliaoil State program 

. f.: . La DOt at illue in Ibia naleDlakir!a. The . 
WiDDil State propamwu approved ill 
1112. Allhough a cbalIaIae 10 tba I 
prosram approvaJ.1a cllft'eJ1tJy ill 
liliaalion. JllinDu SDuth Proj«t. et oL r. 
HDde/. No. IZ-22ZI (CD. 111). the 
.alidily of Dlinoil perfOI'aJaDCe 
nudanb regardina subsidence it Dol 
an illue iIIthii awL'· .'. 

Another commeater criticized the 
practicality or the proviaiOD thai 
compensatiOll (pwnalll to State law) 
may be accomplished by the purchale 
prior to miDins of a Dcm<aDceUable 
pmnium-prepaid iuurulce poliC)', 
IDclicatins .uch policiel are Dot 
avanable aDd will not be available from 
the iruuraDce indultry. Although· 
nbsid~nc~ liability iuaraDce may Dot 
be leaeraUy available. lhiI option wiD 
be retained in the resuIatiOlll because 
there may be .ome areal where neb 
inau. .... nce will be obtalDable. The 
pu.rchue of an inauruce policy" 0Dl7 
ODe of .evenl altemativa prvvided 
ander 1 817.1Zl(c)(2). Repair or 
compenulioa for aubtldace damage 

. may be an-aqed in other waYI. 
Several coramentera uaerted Iha I 

farmland dreiDale .,Itema. including 
asricL::tW'al tilina alld iniIatiOll dilch ... 
Ihould be lubject to the .. me national 
repair and reltoration ltanclardl found 
unc!er-the former rulel for alnlc:tl.lrel. 
OSMRE belieVe! that agric:uJtu.ralliliDl 
aDd oLher farmland draiDese .tructuru 
are nol part of the Land ad therefore 
are directly protected &pinat d.amqe 
only to the utent required by State law 
eder the p:'OWionl of 1117.1%1(c)(2). 
Ho"","ner ..... ic.uJturalli1illl aDd other 
farmland drainqe 1)'I1e1Dl are 
iDdirectly protected by tlae requiremenll 
of I 817.1Z1(c)(1) far "'reItDl'illl the land 
&0 a condition capable or maintailliDa 
the value and reuoDibly foreNeable 
.... wbleb II wu capable or IUpportiDa 
before nbaldence-. UDeCeII&J')' 10 meet 
the land reltoralioa require'llleftll of 
1817.1%1(c)(I) for fumland. retul.tory 
.uthoritie. can require the relloration or 
_,"cultural drainale ItnIcturea al a 
condilion or permit approval. 

Another commenter claimed th.1 
water auppliel .howd be p,rGtected from 
lublidence damale and thaI there 

Doald be I Dlllonel requiremeal to ODe c:ommenter apecullted thlt 
mtore or repllte waler npplie. a.vinI •• lnltitution. would no leinser 
damased by lubaidence. Water luppli.. UIU~ conatruction loane for home, 10 be 
are protected from lub.idence d.ma,e bullt on linda aubjecl to lubsiden~e if 
by proYilion. of I 817.1Z1(d)(3) ilthey· the rule eould be adopted. The 
eerve a. a "Ii,ruficanl water 10uree for . commmter'l concern i. unsupported 
uy public w.ter lupply 'Yl1em." That Ind appeal'l euaerale~. Cenlinl~' 
1IICti0A prcrride. aD advance Ihowing CODllnldiOllIo&Da c,x.ilted prior 10 
.... tnd!.Wlter lupplitia will Dol be .... t" illlposlaOD of the 1m .,.,~. Busine.51 
damqed. Privale watel.luppliel. IUch .. enlerpriHI willad;Ulllo the culTeni 
ulDdividual welll.ere Dot liznilarly' . 'nale, fult u they did .l1li no ablol.ule 
protected by 18t7.1n: However, the . protectiaa for rtnIctureI exilted. . 
lIydrolosY requlremC:na..or the "':t d~.: • __ ~YC, UDder 5tale:taw. . 

.; pnMde lO1De protectiDn for aU water _~UOD may be requared; or Ihe .. 
. aappIin. Al&hcuP ihe Act does DOl·; •. • Cntz.ct.l&Hllmay FOhibii IU~IiIUI!.nt;e 
IDUuSate repllcement or water auppli.. daJuse4(rDm occurriDlMdditiondl 
ill evG7 &YeIl1 of duiase or lolL it doel protecti~ may be provid~d through 
require protectiOll of Water qunUty &Del nbsidence iDl1II"Ince P1:IiIpms which 
qualilJ.1D tlae permllting or IIIldeJBnnmd are either AD place or &reDOW bei:'lg 
1Diftes. the replatory authority mUll ~ with the aid of monies fro:n Ihe 
fiDd. before tlae iasuance of any permit. Abandoned Min .. Lands fund 
thai the operation it delipied to preveDl .. tablilhed by the Act.· .' 
material dama,e to the hydrologic Two CGDIIIleDtera obje:ted 10 the 
balance outside the pennil area (eee 30 promulsatioD of &he fUll} rule al ti:is 
O'R 773.1S(c)(S).1D addJUcm, each time bec:aUH OSMRE iI preparing 
permit applic:atiOll mUit iDchIde a ruJemakiDp Oft rellted ilIUII. 
detenzdDation of the probable putiealarty the applicability of th 
lIydnaIDsic CGDIeq'1IeIICeI (PHC) at Ibe prohlblliOlll or SectiOD 5ZZ(e) (t) and (S) 
prapoaed .,. tiOD Gpon the quality and of the Ad to nblldence and 
qUlntity of lurlace water and IIIlderpvmld 1DlDIas. Thele coaunmlel'l 
poaadwater (lee 30 Q'R 7IUt(e)(l)). all88flted that action be delayed on the 
The PHC determination mlllt iDdude proposed nale at lealt until &h. planned 
fiDdiDp em. inMr miG. the impaeta the enYiraDllleata1 impact atatement (DS) 
propoaed operation wW bave on and rep)atorr Impact aIIalysis (RJA) for 
oopoaad-water &Del nrface-water the SectiOll 52Z(eJ (4) aDd (5) rule are 
availability" (30 CB 7IU4(e)(3)(iii)('D)). campleted. OSMRE CODlidered delayiq 
ThIll. (or every permit applic:ation.the the fiaal rule ill thli rulemakina. bUI 
replltcny authority will be provided COtlcJudecl that thIJ rule had an 
iDfOnD&tiDD 011 the PHC of the propoaed iDdtpeDdent balll and there were 
operation. Baled UPDD Ilae PHC madequlle reuoDi for d~l.yina \hi • 
detenaiDation. each permit applicatiOll final nale for more tb&n OM year antil 
IIIUlI coataiD a hydrologic reclamatiOll the rulemaklna I. COII'Ipleted on Ihe 
pllD that lpec:ifica1ly add.rul" "aDy lcope of Section 5%2(.) (4) and (5). 
poteDUaUy advene hydrolOgiC However al d .. cribed below. possible 
coDiequmcel' • • aDd .hall include cumul.tive errecl. or the two ruJ~, were 
pm'entive and remediallilelaures" (30 considered prior 10 finaliz.ation of lhi. 
CFR '.UClI)). U the protectioa of water rule. 
qlWltity or quality CUlMI otherwile be Two relaled comments contended that 
a.uredo &be replalory au1bority IDlY the aDilyail1ll OSMRE·.I983 
deny the permil or direct tbat alterutive lupplemental £IS regarding lubsidence 
_tisalion mal1lrel be included in the dama" to ItrUcturel I. iIIadequllf! and 
reclamalioa plaa. Such meallUU may . that a new El5 I"ould be prep;red. 
iIIcJude. at the operator'l dilcntioa; the Another commenter recommended t!lll 
proviaioa of a:~emati" water nppliel. lUeb In ElS maude an anal~'lis of the 
ThUi. the ~wrementl of the Actd~ errecta or protectioDi for ItruClu:-es 
.. rve ~ UNtied ~u~e of prolect!"' ander the variODI Slate laws. Allhough 
the eDVU"DMleDL iDdudiq the ..... I 1\ previoully concluded in the 
lIydrolOlY. from damqe caued by lupplemental £IS that there would be no 
IIlbIldeDce due to aDdtrp'lftUld 1DiDiDI· aipilic:anl impa~ due 10 Ih • 
~. another CID2IlIMDter proanqaUon of tbil me. OSMR£ made 

Ita ted thaI the Male ct..,... Ihould be the dedllon 10 reeumine those earlier 
dropped nther than made more conclulion. and prepare an 
ItriDpnt. OSMRE belie., .. th.t &he ~ environmental a.lellJftrnt ('EA) o~ thi' 
chaqe II neither arbitrary nor rulemakiDs· In the EA. OSMRt ~\'iewed 
urellOMble aIId that lbe dichotomy of the protection prvyided 10 propeny 
opinion exprelled by the commentm ownel'l by the .pproved SIal. reaulalory 
...... 11 thaI thi. rule ha. Itrack • JII'OII'Ima. exiltin, and proposed State 
rea.onable balance. .ub.idence in.urance prorram •. and the 
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exlenlto which the common law of 
lubilceDl IUpport iI .pplic.ble In 
Nlecl", Sllle •. Aho. in "iew of 01ll0m, 
aludie. in IUpport of the SeCtiOD !Z2(e) 
(4) Ind (5) EJS .nd RIA. the EA anllyai, 

. allumed •• the limltin. ca.e. the 
ahnnaUve providilll Ihe lellsl 
prolection for ItruCture •. i.e .. thll the 
Section SUle) [f) IDd (5) prohibitions do 
not .pply 10 lublidnCl. By •• sumil18 
the leal' proteclion for Itructure •. the 
conelullon niched in lbe £A will Dol be 
ahered in the direction of Brealer 
Imllacta 011 IlNc:turu by the ulUmale 
outcome of the Section Wle) "', and (5) 
rulemakift8. The EA COIICluded that 
Ibere.were DO .ianJ6C1l1t impact. due 10 
thi. ruJemaJd"l on lbe quality of the 
buman environment nu. lupporuthe 
concl:.aicma prniOUlly reached in the 
1183 .upplemental ElS. From an 
eft"ironmenlal llandpoinL there i. no 
Deed therefore. 10 delay lOilli forw.rd 
wllb th~ 'rulemak1q becau.e lbe 
eftvirolUlleDlal CODiequeDce. will either 
remain the Ame .. projected in Ole EA 
or be leaaeaed II • COIIIequence of the 
Sectioa W(e) (4) aDd (5) ruJelllWna. 

FinaD)'. three commeDten laked for 
clarification iD th1a fiDa.I rule preamble 
thai the Slate law referred 10 in 
11l7.m(c)(2) iI Dot IimJted 10Slaie 
lurface IIIiD1ns lawi. OSMR£ accede. to 
ahal request; the Slale law refmed to in 
Ibe finaJ rule lDcIud .. all Slite law 
whether cocWied or aacodified. aad iI 
Dot limited to the Slite lurface IDiniq 
law. 

m~ ... n.a 
F«J~IGJ ~1WOIi RHucuDn ACI 

The iDfonnation col!ection 
requirelDeDta iD finll17auo hne been 
appro\'ed by the Office of Manasemenl 
and Budael (OMB) WIder 44 U.s.C. 3507 
and alliped clear.nce number 1029-
0009. OSMRE hal codified the OMS 
• pprov." in • 7801.10. 

The iDformatiOJl required "'W be u.ed 
by Ibe replatory authorilY in pe1'IIliu'l18. 
moniloriD&. aDd iDlpeclilli uaclerpouncl 
mininlactivilie. to iDaure thai the)' are 
conductecilD • meaner wbich prelerve. 
and euhaacet environaneatal and other 
•• luH of Ibe Act. 'nIe infDnllltion 
required by the .. rules ilmanciatory. 

u«:uli ... Ord~r tzal 
'I1Ie DOl .... euaaiJled &hi. final rule 

.ccordiDIlo Ibe aileria of Execuli"e 
Order UB1 (Februrary 17. 1111) .Dd baa 
detenDllled that II U DOIlDljor an~ doel 
DOl require a repJatOf)' Impact analyaia. 

S.u/Olllry FJaibiJily Act 

nae DOl .110 h .. delerrnilled. 
pursuanl to lbe RqulaaDr'Y flexibility 
ACL 5 U.s.C.101 .' .. q~ thai thil rlMl 

rule wiD ha"e a lipilicanl economie 
Impact an a .ubatantial Dumber of aman 
utilill. 

NauDna/ EnllilD1lmenlo/ Policy Acl 

Ba.ed on commenl. received on the 
propo.ed Nle. OSMRE determined. th.1 
this fiaal rule required .dditional 
nvll'ODlllenl.1 aul)· ... to evalule the 
"alidity of lbe CODclUlio~ ~de by lbe 
exiltillS ellvironmental impici .tatemenl 
titled "fiDal Environmen,.llinpact 
StatemenL OSM-~1: SuppJemenlM

• 

CoDIequ~ptJy an En~nt~J .' . 
Alaeain.cDt lEA) w •• done w~ haa 
resulled hi • findinl of ho 'ilnihCant 'IP 

Im"'cts (FOSSIl in apement wilb . . 
OSM-ElS-l. Therefore. the preparatiotl 
of .ay a6\dilioaal environmental 
doCQJftel\ts \ZIIder le.ctiOJllC12(2)(C) is nol 
required. The £A it .vail.ble in the. 
AdmiDi.trative Record. 1m. 5315.1100 L 
Streel NW~ Wa.hington. DC. 

Alency Appro"lll 

Section 51&(a) of the Act require. thaL 
with reprd to l'llieadirected toward lbe 
aarrace 'ffeeta of undersraWld minina. 
OSMRE !DUll obtain written 
COIII:urrence from the be.d of the 
dep.rtment which .clminilten the 
Federal Mine Safety .nd He.lth Act of 
1m. the aucceuor to lbe Federal Coal 
MiIae He.llb and Safel)' Act of 18&9. 
OSMRE bas obtained the Wrinen . 
cancunence of the A..illant Secretary 
for Miae Safety .ad Health. U.s. 
Departlllellt of Labor. 

Author 

The .uthor of lbis resulalion i. 
Dermol Winlers. Resulalory 
De"elopmenl .nd Jalue. Man.semenl 
CroUJ). Offi:e of the Director. Office of 
Surf.ce Minina Recl.mltion .nd 
Enforcement 1151 ConSlilution Avenue . 
NW .. W •• hil18lon DC 20240. Telephone 
(202) S4~lW (coDUDerci.1 or FrS). 

u.t af Subjecla 

3D CF1l Port ;81 

eollllWlina- Reportins and 
recordkeepilll requirement •. 
UndeflTOund minil18. 

• en Port 117 

CoaIIDiDina. Environmental 
JII'Otecticm. UDclerp'D\lDd minin •. 

Accordinaly.30 CFR Part 7It and 111 
are amended a •• el forth below. 

Daaed: "!lUlry 1..1.7. 
·1· ..... GrO ... 
AM;'ltllll s.a.to')' /or wnt! ond MiMIOIs 
~_nl. 
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PART 1N-UNDEROROUHD M'HINO 
PERMIT APPUCATlONs-MINIMUM 

• REQUIREMENTS FOR RECLAMATION 
AND OPERATION PLAN 

1. The authority dlation for Part 7~ 
conlinues 10 re.d .1 follow.: 

A~Pub.L""".Vl S'II .• 0\30 
u.s.c. UD1 ., Nq.,lnd lee. 115. Pub. L. N-
14e.17 Slat." l:SO U.S.c. 12511. unit .. 
olberwile nOted. 

2. In ,.~.3,. the third Irnlence of Ihe 
IDtroduC1OIJ,PIlagrapb ia r'IYiaed.. .. 
paralr&p~) ~ reviaed. parar.a;:n. taj. 
(e~ til u.cl (a) are r:edelilnlt~d II . 
parqrapu (e).IO.W) aDd (t:) 
reapectiv~". parqrapb (d) il edeed. 
parqra;m...(e)(3).nd (e)l") .re re\·iaeci. 
and para"..pb (e)(5) is re:z:oved. 10 read 
al follow':! -

t 7IoUO 14M1dence control plan. 

• • • ID the evenl the lurvey Ihow. 
Ib.lauch .tructurel or rellewable 
relource Janda exilL .lId that 
lublidnce could cause malerial 
dame .. or dimiDulion of walue Dr 
forene.ble IIJH of the lIIId. or If the 
reru1ltcny .uthority determiDe. that 
.ud! dama .. or diminution could occur. 
the appliClLiOJlIball include a 
aub.ldellce CODtnll plan which .blU 
contain the folloWi:ll informalion:· • • 

• • • • 
(b) A IDIP of Wldersround WorlUDal 

which describe. the location aDd extenl 
of .re.1 !D which pl.aned.lub.idence 
Iftlnina method. will be used and which 
include •• n lreal where the me •• ures 
described ill par.".ph. (d) and (el of 
thi. lection will be I.ken to prevelll or 
rr.inirnize lublidence .nd lub.idence 
relaled cam.se; and. where appropri.te. 
to correct .ublidence·rel.ted melenal 
damlse. 

ld) A deacription of monitoring. if anr. 
neec!ed to delermine the commencement 
and depee of lub.idence .0 thll. wher. 
a~praprille. other lDeaslUes can be 
taken 10 prevent. reduce. or correcl 
maleri.1 dame .. In .ccordance "'ilh 
• 117.121 (c) of Ibi. chapler. 

(e)· •• 

(3) .... rina ...... in which no coal is 
removed, iac1udUla a de.cription of the 
averl)'ina uea to be protecled by 
lel\ins the coal in place; .nd 

(4) Takina Ift.e.ure. OD the .urface 10 
prevent lDeterial d.mase or lellenins of 
the ".lue or rea.onlbly foreleeable ule 
af Ihe .urface. 

• 



adBFecienJ Resbter I VoL 52.. filo. 31 I Tuelday. February 17. 1887 I Rwe. aDd Regulation. 

· PART .17-PERllANEfilT PROGRAM 
~FORILUICE STANDARDS
UNDERGROUND MINING ACTMl1ES 

3. The .ulllority cla.tion (or ParI 117 
amliDu •• 10 read .. follow.: 

Alldtarily. Pub .. L U-C.II Sial 445 (SO 
u.s.c. 12m .,.~.).ad He. us. Pub. L ... 
, .... " SeaL a 130 U'&C W'),1aIleu 
......... DOIad. 

C. PanINpb (eJ(21 of 1117.1%1 II 
.. riled to Rad •• follow.: 

• '17.121 .... d .... 0DnIraL 
• • • • • 

(e) 11ae .,.,.tor lbaU-" •.• 
(2) To abe mat requJred UDder 

appUc.ble proviaionI or Stat. Jaw. 
eUber coned material dunqe reauJt.iDs 
from nbaidace caued to any 
atructureI ar facWti .. by ~ lIIe 
duDqe or CGlllpeDMle lIIe owner or 
hCb Itructurn or f.cilltie. iD die full 
amount or the dimiDuticni in value 
nnltiDa fraaa &be aubiidlACe. Repair of 
dam .. lDdadn rebabUia.ticm, 
natoratioD. or nplacemeZlI of dama.ed 
a~durea or fac:ilitieL CompeuatioZl 
lDay be .c::complilhed by the purctaa.e 
prior 10 IIIiIWII of. DDIl-c.uceUable 
premiam ,fEp.aid iDnruce policy. . . . . -. 
IFR Doc.I7~" f'DId J..1J-I7; 1:45 .:Il) 
ILUID ......... 
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APPENDIX C 

~IST OF PARAMETERS A~D SYMBOLS 

Each parameter and symbol e.ployed i~~th1s manual is~listed 
below a 1 0 n g wit h the sec t 1 0 n 0 f the t ext. w rH! r e 1 tis i n t r o'd·u c e d . 
For the mo~t part, parameters ~hd symbal~ are those of .the source 
material, with changes being ma·d~. only to avoid duplication and 
ambiguity. Dimensions are indicated in..,pare~heses • 

D 

b 

B 

c 

Cl (C2) 

Subsidence Factor (dimensionless) 

Subsidence Factor adjusted for panel 
geometry (dimensionless) 

Absolute Maximum Subsidence Factor 
(dimensionless) 

empirical constant used with exponential 
profile function (dimensionless) 

normalized profile function parameters 
(dlmenslonl.ess) 

load carried by pillar yield zone (force) 

pillar area (area) 

tributary area (area) 

factor used in pillar stress analysis 
(force/length) 

empirical constant used w1th exponential 
profile function (dimensionless) 

measure of distance used with hyperbolic 
tangent function 
function (length) 

panel geometry adjustment to subsidence 
factor (dimensionless) 

empirical constant used with hyperbolic 
tangent profile function (dimensionless) 

undrained shear strength of mine floor 
(force/area) 

C-l 

I~ 

'.~.4.1 

5.4.2.1 

5.4.1.1 

5.4.1.1 

5.4.2.1 

4.4.4.1 

, .3. 
4.'.4.1 

1,.4.2.3 

'.4.4.1 

5.4.1.2 

• 

• 

• 



C* 

• d 

D 

D p 

e 

~ 
E 

c 

E 
c 

£1 

E 
m 

f 

F 

FS 

• h 

B 

1 

J 

k 

J{ 

Ie 
0 

L 

1- c 

• 

factor used in pillar stress distribution 
analysi3 (dimensionless) 

horizontal dimension used with hy~erbolic 
tangent profile function (length) 

edge length of cubic coal, sample (length) 

plan dimension of structure as measured 
, ~. 

acTOSS the width of the panel (length) 

around. strain (·dimen"i~riYess . 
..,. ",. 

ez t rsct ion rat i.o (dime !lsi.opl'." s) , . .:;:. 
. - . 

elastic aodulus of coal (force/area) 

ela§~ic modulus of immediate roof 
(force/area) 

elastic modulus of main roof (force/area) 

strength factor (dimensionless) 

factor used in pillar stress distribution 
analysis (dimensionless) 

factor of safety 

thickness of individual stratum (length) 

mine depth or overburden thickness (length) 

ground slope (dimensionless) 

ratio of horizontal movement to ground slope 
at a point on ground surface (dimensionless) 

triaxial stress factor (dimensionless) 

ground curvature (i/length) 

.aximum around curvature (1/leDgth) 

aeasure of distance used with the 
exponential profile 
function (length) 

critical dimension (length or Width) of a mine 

5.4.1~.i 

5.4.2.1 

4.4.4.2 

4.4.4.5 

4.3. 
4.4.4.1 

panel (leDgth) 4.4.3.2 

length of mine panel (length) 4.4.2.3 

length of rectangular pillar (length) 5.4.2.2 

C-2 



m 

D 

P 

P A 

PL 

P sa 

Pw 

q 

QuIt 

Rs 

Ru 

S 

So 

S* 

t 

vertical load on pillar (force) 

width of mine panel; used interchangeably 
with W (length) 

mined thickness of coal 8eam, or height of 
aine working (length) 

horizontal offset dista~ce between mlne faces 
1n strain cancellatio~ 8ining (length). 

proportion by thickll-8ssof hard rock ,,(sandstone 

4.4.2 

and limestone) 1n overburden (length) 4.4.2.2 
1$.' 

bearing capacity factor (a~illntslonless) 

support resistance and strensth of broken 
matJ~ial (force/area) 

combined strata coefficient ·(~lmensionless) 

total width of protected area at ground. 
aurface (length) 

pillar length (length) 

total width of support area at mine level, 
(lensth) 

pillar w1dth (length) 

overburden (cover) stress (force/area) 

governing mine floor strength (force/area) 

stratum property coefficient (dimensionless) 

ultimate bearing capacity (force/area) 

allowable pillar load per unit area 
(force/area) 

ultimate pillar load per unit area 
(force/area) 

subSidence at some point along a profile 
(length) . 

absolute .aximum subsidence that can be 
achleved 11veD critlcal or supercritical 
paDel dimensions (length) 

maximum subsidence along a profile (length) 

tilDe 

C-3 

. 5.4. I .~ 

5.4.1.1 

5.4.1.1 

5.4.1.2 

5.2.5 

• 

.. ' 

• 

• 



• 

• 

• 

u 

v 

horizontal ground movement (length) 

width of center section of mine face in 
stepped face extraction system (length) 

width of mine panel; used interchangeably 
with Lw (length) 

width of mine entry (lengt~) 

width of rectangular pillar (length) 

width of square pillar (length) 

horizontal distance measured from a 
specified reference (length) 

Xb width of pillar yield zone (length) 

Z (Z',Z") width of safety zone within protected area at 
grou!ld surface 
(length) 

• angle of advance influence (degrees) 

B (BR' Bs) angle of draw (degrees) 

y 

t 

, 

o 
p 

unit weight of rock (weight/volume) 

angle of break (degrees) 

angle of damage (degrees) 

angle of complete mining (degrees) 

allowable pillar stress (force/area) 

average pillar stress between points a and b 
(force/area) 

governing coal cube strength (force/area) 

uncoDfined compressive strength of laboratory 
test cubes (force/area) 

unconfined compressive strength of rock in 
situ (force/area) 

Do.iDal pillar .tress (force/area) 

ultimate pillar Itress (force/area) 

C-4 

4.4.4.4 

4.4.2.3 

4.3 

4.3 

4.3 

.5 • 4 • 2 • 1 



-o 

vertLcal ,tre,s in pillar yield zone 
(force/area) 

peak abutment stress in pillar (force/area) 

a.era,e pillar stress (force/area) 

0' ...... 
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Subsidence pits, troughs, and cracks above an abandoned coal 
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Subsidence from Underground Mining:
Environmental Analysis and

Planning Considerations

By F. T. Lee and J. F. Abel, Jr. 1

ABSTRACT

Subsidence, a universal process that occurs in response to 
the voids created by extracting solids or liquids from beneath 
the Earth's surface, is controlled by many factors including 
mining methods, depth of extraction, thickness of deposit, and 
topography, as well as the in situ properties of the rock mass 
above the deposit. The impacts of subsidence are potentially 
severe in terms of damage to surface utility lines and struc 
tures, changes in surface-water and ground-water conditions, 
and effects on vegetation and animals. Although subsidence 
cannot be eliminated, it can be reduced or controlled in areas 
where deformation of the ground surface would produce 
dangerous or costly effects.

Subsidence prediction is highly developed in Europe where 
there are comparatively uniform mining conditions and a long 
history of field measurements. Much of this mining has been 
carried out beneath crowded urban and industrial areas where 
accurate predictions have facilitated use of the surface and re 
duced undesirable impacts. Concerted efforts to understand 
subsidence processes in the United States are recent. Empiri 
cal methods of subsidence analysis and prediction based on 
local conditions seem better suited to the current state of 
knowledge of the varied geologic and topographic conditions in 
domestic coal mining regions than do theoretical/mathematical 
approaches. In order to develop broadly applicable subsidence 
prediction methods and models for the United States, more in 
formation is needed on magnitude and timing of ground move 
ments and geologic properties.

INTRODUCTION

The worldwide need for energy resources re 
quires increased production of coal and other 
fuels. A large amount of this production will even 
tually come from underground mining in areas 
where surface mining is impractical or uneconomi-

'Colorado School of Mines, Golden, Colorado 80401

cal. Past coal mining practice left much coal in the 
ground as pillars that are difficult to recover. Pre 
sent-day emphasis is on improving extraction per 
centage. Because both the methods of extraction 
and the number of mines will increase overall sub 
sidence risk, we must be able to accurately predict 
the surface and underground impacts of subsi 
dence and, if necessary, to suggest means to les 
sen these impacts. It is clear from poorly con 
trolled mining operations of the past that we no 
longer have the luxury of mining without regard 
to present and future land use.

The purpose of this circular is to give an over 
view of subsidence processes and their potentially 
harmful consequences, the methods of subsidence 
prediction, and methods to control and reduce 
subsidence impacts. The report is primarily in 
tended to serve as an introduction and state-of- 
the-art review for those individuals or groups con 
cerned with assessing the potential environmental 
effects of underground mining. The major em 
phasis is on coal mining.

The time to plan for subsidence impacts is well 
before mining begins, not after surface effects are 
noticed. Because subsidence due to underground 
mining may be inevitable, the relevant questions 
to be asked are how much, when, and where, and 
what abatement procedures are possible and 
might be necessary. The impacts of subsidence are 
broad, affecting water supplies, transportation 
and utilities, vegetation, and farming. In addition, 
in situ extraction techniques for coal gasification 
and oil shale retorting are supported by extensive, 
costly surface facilities. The success of these oper-



ations may depend upon accurately estimating the 
extent of subsidence, both in area and strain mag 
nitudes, so that surface plants are not damaged or 
located unnecessarily distant from the mining op 
erations.

Recent Federal regulations implementing the 
Surface Mining Control and Reclamation Act of 
1977 (Federal Register, 1977) will encourage in 
creased consideration of subsidence effects prior 
to mining. At present, however, very few mining 
companies in the United States make routine 
leveling surveys of the ground surface. Increased 
surface monitoring is needed in order to imple 
ment current mining regulations.

To a greater or lesser degree each mining area 
is different, and no one subsidence prediction 
method will serve equally well for all cases. For 
example, the prediction scheme used in the 
United Kingdom with excellent results for 
longwall coal mining2 does not work as well in 
other areas largely because of different geologic 
conditions. The great diversity of mining condi 
tions in the United States partly accounts for the 
circumstance that subsidence prediction is not far 
advanced in this country. A systematic concen 
trated effort is needed to develop more broadly 
applicable and accurate methods of subsidence 
prediction in the United States. The more general 
and widely used analytical techniques are dis 
cussed here; the reader is cautioned that many cir 
cumstances will require specific expert advice.

The term "mining" as used in this report in 
cludes all extractive processes for recovering or 
ganic and inorganic resources. Thus, we are con 
cerned with deformations caused by several min 
ing methods in a variety of geologic environments. 
Most emphasis in this report, however, is placed 
on longwall and room-and-pillar mining of coal. It 
has been estimated that coal extraction is respon 
sible for over 90 percent of worldwide mining-in 
duced subsidence (Alien, 1978), Longwall mining 
currently accounts for less than 10 percent of the 
coal mined in the United States, although it has 
long been the most popular method in Europe. 
However, because longwall mining, which re 
moves a complete tabular section of coal, is more 
efficient than room-and-pillar mining, it is being 
promoted increasingly in the United States. Also, 
longwall mining induces a generally uniform and 
contemporaneous surface subsidence that can be

Technical terms used herein are defined in the glossary, p. 25.

more accurately forecast than subsidence caused 
by room-and-pillar mining. The current state of 
knowledge of subsidence permits a more detailed 
discussion of longwall-induced subsidence than of 
the other forms.

OVERVIEW OF SUBSIDENCE PROCESSES

DEFINITION

Subsidence is a time-dependent process, either 
natural or man induced, in which there is a lower 
ing of the ground surface in response to the re 
moval of gas, liquid, or solid matter. Deformation 
of the rock mass may be by either elastic, plastic, 
or brittle processes or by any combination of these 
processes. Subsurface deformation leading to sur 
face subsidence includes the local lateral and up 
ward displacements of rock above unmined areas 
(near mine boundaries or barrier pillars) caused 
by the downward movement of overburden into 
mine cavities. Strains induced by mining and 
transmitted through intervening strata to the sur 
face may be compressive or tensile and may have 
both horizontal and vertical components.

CONCEPTUAL DESCRIPTION OF SUBSIDENCE

The void created by the underground extraction 
of coal or other resources causes significant 
changes in the magnitude and orientation of the in 
situ stress field and results in deformations both 
in the remaining coal and in the surrounding 
rocks. In general, the sides of the excavated area 
move inward, the floor upward, and the roof 
downward. The initial deformations may be elas 
tic, that is, they may disappear if the deforming 
forces are removed. Nonelastic deformations, 
however, occur with time and, as the region of 
cavity influence increases with continued extrac 
tion, rock strengths are exceeded and irreversible 
block movements take place. Large bending mo 
ments in the mine roof strata will ultimately cause 
local roof failure and collapse, and the mined-out 
area will fill with overburden materials. The 
downward movement of overlying rock will induce 
lateral movement of rock toward the cavity. These 
deformations are illustrated in figure 1. Rock out 
side the vertical limits of the mined area will also 
subside. The affected ground will lie typically 10°- 
35° outside the vertical limits of the mined area 
(angle of draw). Deformations eventually reach 
the ground surface and may form subsidence de 
pressions, open fractures, pits, and troughs. Com-
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FIGURE 1.   Deformations produced in rocks above and below an extracted coal seam (modified from Shad-

bolt, 1978).

pression features including doming and thrust 
faulting have also been reported.

Depending upon several factors including min 
ing methods and rock properties, the changes at 
the surface may occur almost concurrently with 
mining or they may be delayed and take place 
with dramatic suddenness more than 100 years 
after mining.

SUBSIDENCE PRODUCED 

BY LONGWALL COAL MINING

The mechanical aspects of the subsidence pro 
cess in flat-lying coal bearing rocks mined by 
longwall methods are reasonably well known, 
compared to room-and-pillar mining, and are 
documented abundantly in the literature. This 
knowledge may be summarized as follows. When 
an underground coalbed of a given thickness is ex 
tracted over a wide area, the immediate roof will 
collapse. Rock displacements are transferred to 
the ground surface when the ratio of the width of 
the extracted material to the depth of overburden 
(w/k) exceeds a value which varies from 0.1 to 0.5 
(Wardell and Eynon, 1968); the ratio value is con 
trolled largely by the strength and structure of 
the rock overlying the mined-out area. Field mea 
surements and theory support the concept that

there is a stabilizing compression (or pressure) 
arch in the solid rock above and below the mined- 
out area. The duration of this arching effect is 
controlled by the height, width, and length of the 
mined opening, and subsidence will not begin until 
a critical void size is exceeded at which the arch 
will no longer span the excavated area. Con 
sequently, there is often a delay between the 
onset of a change in state underground and the 
first appearance of land subsidence at the ground 
surface. The arching effect may be limited, how 
ever, by very weak overburden rocks or by poor 
mining practice that significantly weakens the 
overburden. Geologic conditions, mining depth, 
and seam thickness also affect arching behavior.

After subsidence has begun, it will develop 
progressively and continue so long as there is a 
progressive enlargement of the underground 
opening. Surface effects from longwall mining in 
mountainous terrain in New Mexico are illustrated 
in figures 2-4. These conditions occurred essen 
tially contemporaneously with mining.

The concept of a "critical" area (width and 
length) of extraction is closely related to the abil 
ity of the strata above the excavated area to sup 
port loads across the mined openings. Assuming 
an infinite length for an extracted area (in practice



FIGURE 2. Compression ridges produced contemporaneously 
with longwall mining near Raton, New Mexico.

a length equal to or greater than the depth of min 
ing), there is a critical width of extraction for 
which the subsidence (vertical lowering of the sur 
face) reaches a maximum value. Subcritical widths 
of extraction produce a trough-like subsidence 
area with vertical subsidence less than the 
maximum. At supercritical widths of extraction 
the subsidence area has an essentially flat bottom 
at approximately the maximum subsidence. These 
relations are illustrated in figure 5.

The critical width of extraction is normally ex 
pressed in terms of the mining depth (fig. 5). In 
European coal fields it ranges from 1.0 h to 1.4 h, 
where h is the average depth of mining. This 
range has been attributed to differences in the 
types of overlying rock. Quantitative studies are

meager; however, the lower values of the depth 
coefficient appear to be associated with overbur 
den containing thick, strong sandstone and limes 
tone beds whereas the higher values pertain to 
overburden containing a large percentage of thin- 
bedded shales, mudstones, siltstones, sandstones, 
and unconsolidated deposits. Maximum subsidence 
is also a function of the thickness of the extracted 
layer or the volume of material extracted, the 
mining methods, and several other factors dis 
cussed in the following sections.

SUBSIDENCE PRODUCED 

BY ROOM-AND-PILLAR COAL MINING

Room-and-pillar mining is the most frequently 
used mining method in United States coal mines. 
The coal is mined in entries (rooms) separated by 
pillars which may or may not be partially ex 
tracted later. Initially, a series of parallel entries

'^^Snc

FIGURE 3. Large open fissure associated with longwall mining 
in mountainous terrain near Raton, New Mexico. Such fea 
tures can divert surface runoff, increasing landslide potential.



FIGURE 4. Rockfalls and tension cracks produced during longwall coal mining near Raton, New Mexico.

are driven through the seam with interconnecting 
openings (breakthroughs) driven at right angles 
through the pillars between the rooms. Such a 
checkerboard pattern of openings is advanced 
through the coal seam to the limit of the area 
planned for mining. At this point approximately 
50 percent of the coal will have been mined. The 
coal pillars between adjacent rooms may be fully 
or partially removed (robbed) during final, or re 
treat, mining. After full pillar removal, the rock 
above the mine collapses and the overburden 
gradually settles, creating surface fissures and 
subsidence.

The percent extraction by room-and-pillar min 
ing depends upon several factors including the 
number and size of pillars deemed necessary to 
temporarily support the mine roof during retreat 
mining and the need to prevent or limit surface 
subsidence. In some sections of West Virginia and 
in other States where surface land is owned by 
the coal producer, nearly 100 percent of available 
coal can be mined using the room-and-pillar

method. In States such as Illinois, however, 
where farm and industrial land are extremely val 
uable, only about 50 percent of the coal may be 
mined to prevent surface damage from subsi 
dence.

Because of the several stages of coal removal 
and the slow pillar deformation and deterioration 
in room-and-pillar mining, surface settlement is 
not as uniform and immediate as it is in longwall 
mining; rather, it may be erratic, intermittent, 
and long delayed. Figure 6 shows a representative 
example of delayed subsidence features in Wyom 
ing resulting from old shallow underground room- 
and-pillar mining operations.

SUBSIDENCE FROM MINING 

OTHER SEDIMENTARY RESOURCES

Other sedimentary resources which are ex 
tracted from considerable depth (hundreds of met 
ers) include salt, potash, sulfur, trona, and phos 
phate. These minerals occur in bedded, usually
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flat-lying deposits, and have been mined by sev 
eral methods: conventional room-and-pillar, 
longwall, and solution. Pillar and roof collapse and 
resultant surface deformations are typically de 
layed and difficult to predict. In solution mining of 
salt, for example, neither the time nor the location 
of subsidence can be predicted with confidence be 
cause salt deforms slowly in a complex manner 
and the deformations are different from those of 
overlying shale and sandstone. Furthermore, solu 
tion extraction of salt and other soluble evaporites 
is a specialized mining technique and the resulting

subsidence causes unique problems (Marsden and 
Lucas, 1973). Drilling through aquifers and salt 
beds in search of oil, gas, and water has induced 
salt dissolution and subsequent subsidence (Fader, 
1975). As Ege (1979) points out, the construction 
of highways, dams, and reservoirs over saline or 
gypsiferous rock has caused subsidence, water 
loss, and dam failures. A comprehensive discus 
sion of subsidence associated with solution extrac 
tion of sulfur is given by Deere (1961).

The subsidence produced by room-and-pillar and 
longwall mining of potash, phosphate, and most

FIGURE 6. Southeastward-looking aerial view showing the surface effects of past (room-and-pillar) and present (open pit) coal 
mining along the Tongue River in Wyoming (July 1977). Pits, troughs, depressions, and cracks have formed because of subsi 
dence over the south part of the Acme mine. The mine was operated from the early 1900's until 1943. Overburden thickness 
ranges from 15 m in the middle ground to approximately 30 m in the foreground and consists of alluvium and soft interbedded 
shales, claystones, siltstones, and discontinuous sandstones. The dam in the right foreground across Hidden Water Creek rup 
tured because of subsidence. The water now is diverted into subsidence depressions, pits, and cracks upstream from the dam. 
Garbage from the town of Acme was dumped into the large pit at the left side of the photograph. Pits and troughs in the 
middle of the photograph are in alluvium. Note that the pits near the road and left of the draw do not occur in any noticeable 
depression; these pits are located above collapsed areas in haulageways of the Acme mine where adjacent coal pillars are strong 
enough to support the overburden. Alluvium is being removed at the Big Horn surface coal mine to extract the coal (back 
ground). Regrading is beginning near the river (right background). (From Dunrud and Osterwald, 1980.)



sedimentary rocks is grossly similar to that of 
mining coal, being dependent upon the thickness 
of the bed mined, the depth, the mining methods, 
and the properties of the overburden. The reader 
may want to consult Miller and Pierson (1958) for 
a discussion of subsidence over potash mines.

SUBSIDENCE FROM MINING 

CRYSTALLINE ROCKS

A very different type of subsidence is produced 
by the extraction of irregularly shaped metallifer 
ous ore bodies by block caving or by leaching of 
disseminated deposits where the extracted width 
is small compared to the depth. A prominent col 
lapse structure, as much as tens to hundreds of 
meters in depth, may develop rapidly. The subsi 
dence mechanism in jointed crystalline rocks pro 
ceeds approximately as follows (Abel and Lee, 
1980):
1. Rock collapses progressively upward from the 

mining horizon (undercut level) as ore is 
withdrawn from below.

2. The ground surface does not begin to subside 
measurably until the collapse has so thinned 
the intact rock above the mined-out area 
that it cannot support the load of the over 
lying rock (arching effect). The overlying 
solid rock will then deflect downward to 
ward the collapsed rock. Lateral movement 
of adjacent rock into this collapsed rubble 
column is resisted by the active pressure of 
the rubble.

3. Further extraction of caved ore from below re 
sults in increased subsidence of the ground 
surface above and outside the area of ex 
traction. This initial trough subsidence is 
similar in shape to the trough subsidence 
observed over coal mines.

4. Continued extraction of ore will result in 
breaching of the surface. The initial breach 
is typically in the form of a circular depres 
sion, or chimney, that is roughly centered 
over the mining area; it may be offset a 
minor distance because of preferential col 
lapse along geologic discontinuities.

5. The rock adjacent to the chimney either slides 
along geologic weaknesses, such as joints or 
faults, or topples into the collapsing upper 
part of the chimney.

6. The final, or ultimate, angle of draw is located 
where either the flattest geologic weakness

intersects both the ground surface and min 
ing horizon or where the angle of repose of 
the broken rock mass is reached, whichever 
is flatter.

It is common practice to report an initial and 
final angle of draw for block-caving-induced subsi 
dence. The initial angle of draw marks the extent 
of subsidence effects at the time the surface is 
breached. The final angle of draw occurs at the 
limit of measurable subsidence effects after min 
ing ceases. Negative initial angles of draw, that is, 
those inside the mining area, have been reported; 
they were probably derived, however, from insuf 
ficient field measurements. Such a negative angle 
of draw refers to the angle between the vertical 
and a line connecting the side of the chimney with 
the nearest side of the mining level. Initial angles 
of draw in crystalline rocks range from   5° to 40° 
and final angles of draw between 5° and 65°.

IMPACTS OF SUBSIDENCE

Damage from subsidence over underground 
mines has been a serious problem in urban areas 
for many years and will become more widespread 
as the demand for resources, particularly coal, in 
creases. Continuing subsidence has recently posed 
hazards in parts of Colorado and Wyoming where 
urban areas have spread onto land underlain by 
abandoned coal mines. Delayed subsidence has 
caused extensive damage in urban areas estab 
lished over coal mines in the Eastern States.

Economic impacts of subsidence in rural areas 
can also be significant. Fields must be regraded to 
eliminate ponding of water, and, as in urban 
areas, roads must be regraded and homes must be 
repaired. Water wells may become dry when 
aquifers are disturbed by rock movements. Gas 
mains are especially vulnerable to subsidence and, 
if ruptured, can catch fire and explode.

Damage from surface subsidence can be caused 
by changes in surface slope, differential vertical 
displacements, and horizontal strains. Planners 
must know whether these changes are complete or 
in progress, permanent or temporary; further 
mining may restore the original slope or close ten 
sile fractures thereby rendering some remedial 
measures unnecessary or even harmful. The mag 
nitude of structural damage in buildings and man- 
made structures will depend to a large extent 
upon details of design and materials; therefore any 
damage classification must be a general one.



EFFECTS ON SURFACE STRUCTURES

The effects of subsidence on surface structures 
are controlled to a large extent by the mining 
method. The long-term, delayed nature of subsi 
dence over room-and-pillar mines can make the 
task of repair and maintenance of surface facilities 
intermittent and not predictable. Longwall min 
ing, however, is associated not only with greater 
recovery of coal but with increased surface stabil 
ity after mining and, hence, earlier construction or 
resumption of previous surface activities.

Many accounts exist of severe surface deforma 
tions that occurred, often abruptly, long after 
mining ceased. With only a few exceptions, the 
notable delayed residual subsidence has taken 
place in room-and-pillar mined areas rather than 
in longwall mined regions. At Farmington, W. 
Va., intermittent episodes of subsidence occurred 
because 2-m to 3-m high coal pillars were gradu 
ally forced into the weak claystone mine floor 
(Gray and others, 1977). Surface deformation that 
damaged dozens of homes and buildings began 
while the mine, which was 85 m below the sur 
face, was active. Subsidence movements continued 
intermittently for more than 4 years after mining 
stopped until the mine was injected with coal 
waste. At the Geneva coal mine in Colorado, com 
pression features such as fractured bulges and 
small anticlines formed in massive sandstone 274 
m above a mined-out area about \Vz years after 
mining was completed. Measurements showed 
that the ground surface was shortened locally by 
as much as 0.92 m (Dunrud, 1976).

Damage to surface structures over room-and- 
pillar mines has been particularly noteworthy in 
those Eastern States underlain by extensive coal 
deposits. Surface developments overlie room-and- 
pillar coal mines in Pittsburgh, Pa., and Birmin 
gham, Ala., as well as many smaller cities and 
towns in 17 States (Alien, 1978). For example, at 
Scranton, Pa., $29 million worth of property, in 
cluding 2,000 homes, 50 commercial and office 
buildings, 2 hospitals, several schools, and various 
utility lines have either been damaged by or are 
being threatened by subsidence many years after 
the mines were abandoned. The total cost of sur 
face stabilization of this area by hydraulic mine 
backfill is estimated to exceed $8 million (Dunrud, 
1976). Subsidence occurred dramatically in 1974 in 
Lafayette, Colo., above a coal mine abandoned for 
several decades when a pit 4.5 by 5.5 m wide and

7.3 m deep developed in 24 hours in a then unoc 
cupied part of a trailer court (Ivey, 1978).

Engineers in PolancP classified structures into 
four categories, on the basis of importance and 
sensitivity to surface movement, and designated 
acceptable values of tilt and normal strain for each 
category (Hutchings and others, 1978, table 4). A 
classification of subsidence damage based on 
structural length changes and horizontal ground 
strain caused by longwall coal mining was de 
veloped by the British National Coal Board (NCB) 
and is given in table 1. The NCB has also de 
veloped a useful nomogram for estimating defor 
mations of surface structures in the United King 
dom (fig. 7).

Figures 2-4 show surface effects produced by 
longwall mining in mountainous terrain in New 
Mexico. Because subsidence is an inevitable conse 
quence of high-extraction mining, planners must 
be able to forecast its impact not only on surface 
activities but also on subsurface structures such as 
aquifers.

HYDROLOGIC IMPACTS

Subsidence depressions and associated fractures 
may disrupt surface and underground water flow, 
causing diminished well production, aquifer con 
tamination, and decreased property values. In the 
dry areas that typically overlie western energy re 
sources, the loss of springs and other surface 
water is especially critical (fig. 6). Proper planning 
and development of underground mining will les 
sen these detrimental effects. Few detailed 
studies exist to adequately document the effects of 
mining on the hydrologic regimen. Hydrologic 
changes may be more subtle than other mining ef 
fects; for example, subsurface aquifer disruption 
may occur because of displacement of rocks above 
mined-out areas without visible surface manifesta 
tion. Some shallow wells in Pennsylvania have ex 
perienced reduced production. In one instance, a 
mine face passed within 30 m of a 20-m-deep well 
which went dry. The well was deepened by 12 m 
and a good water supply was encountered (Sos- 
song, 1973).

Of great importance in many areas is the poten 
tial hazard that surface waters present to mining. 
In Pennsylvania a longwall panel having 200-215 
m of overburden was successfully mined directly 
below a reservoir (Sossong, 1973). Normal mining 
conditions were encountered with 63-190 x 10 ~ 5
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TABLE 1. Subsidence damage classification for horizontal ground strain and changes 
in length ofmanmade structures'from longwall mining

[|ic = microstrain; 1 ft= 0.305 m]

Class of damage
Change of length 

of structure
Description of 

typical damage

Very slight or negligible 
(example: 15-m long 
building extended 50 |xe).

Up to 0.03 m Hair cracks in plaster. Perhaps isolated 
slight fracture in the building, 
not visible on outside.

Slight
(example: 33-m long building 
extended 1,600 |xe).

Appreciable
(example: 27-m long building 
extended 3,700 |xe).

Severe
(example: 67-m long apartment 
house compressed 2,300 jjie).

0.03-0.06 m

0.06-0.12m

0.12-0.18m

Very severe
(example: 55-m long apartment 
house extended 6,000 jxe).

More than 0.18 m

Several slight fractures showing inside the
building. Doors and windows
stick slightly. Repairs to
decoration probably necessary. 

Slight fracture showing on outside of building (or
one main fracture). Doors and windows sticking;
service pipes may fracture.

Service pipes disrupted. Open fractures requiring 
rebonding and allowing weather into the 
structure. Window and door frames distorted; 
floors sloping noticeably; walls leaning or 
bulging noticeably. Some loss of bearing in 
beams. If compressive damage, overlapping of 
roof joints and lifting of brickwork with open 
horizontal fractures.

As above, but worse, and requiring partial or 
complete rebuilding. Roof and floor beams lose 
bearing and need shoring up. Windows broken 
from distortion. Severe slopes on floors. If 
compressive damage, severe buckling and bulging 
of the roof and walls.

'Modified from National Coal Board, 1975.

m3/s (10-30 gal/min) of water developed from the 
entire 183-m-wide panel. Maximum subsidence in 
duced by an adjacent panel not under the reser 
voir was 0.65 m or 47 percent of the 1.37-m min 
ing thickness with an average width/depth ratio of 
0.85. Numerous shallow workings have taken 
place under large bodies of water. Many of these 
workings are essentially dry, although some 
mined coal seams were less than 30 m below 
water or saturated alluvium (Orchard, 1973). In 
the United Kingdom, undersea longwall extraction 
is permitted with a minimum cover of 105 m and 
a maximum tensile strain of 0.01.

We have discussed the development of in 
creased rock mass permeability through mining- 
induced fracturing and the structural and 
lithologic characteristics that may be important

determinants of subsidence. The significance of 
these factors is increased when mining under 
bodies of water or under productive aquifers; in 
such circumstances an adequate monitoring pro 
gram is essential to warn of a possibly hazardous 
water inflow.

Guidelines for mining near surface and under 
ground bodies of water have been published by 
the U.S. Bureau of Mines (Babcock and Hooker, 
1977).

In addition to conventional coal mining, the un 
derground coal gasification process and in situ re 
torting of oil shale can also affect ground-water 
supplies in complex ways. When ground water 
reenters a gasified coal bed, the residual reaction 
products (coal ash, tars, and gases) may undergo 
leaching, dissolution, and hydrologic transport
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(Mead and others, 1978). Subsidence effects such 
as extensive fracturing or mine roof collapse may 
cause contaminants to find their way into aquifers 
that lie above the mined zone. Any meaningful 
evaluation of this potential hazard must be based 
on long-term monitoring of typically slow flow 
rates. As a consequence of the sorptive properties 
of the rocks associated with coal, the contaminants 
may move more slowly than the ground water and 
they may react chemically with each other and 
with the rocks, potentially lengthy and poorly un 
derstood processes.

EFFECTS ON VEGETATION AND ANIMALS

As we have noted previously, collapse over 
deep mine cavities may induce tension fractures in 
nearby overlying beds and at the ground surface. 
Methane gas may leak out of shallow coal seams 
or mines through these fractures and kill trees 
and woody plants, leaving only grasses unaf 
fected. Garner (1974) found that certain bacteria 
in the soil use methane to produce hydrogen sul- 
fide and nitrous oxide. These gases disrupt the 
root transpiration of woody plants, ultimately kil 
ling them. Noxious or toxic gases may also over 
come animals grazing on the surface.

Another source of damage to plant life and as 
sociated wildlife is the trough-like subsidence 
areas formed over areas of longwall mining. Un 
less drainage is maintained, these depressions 
may fill with water, creating swampy, tree-killing 
conditions and new types of habitats. Conversely, 
in some western areas (for example, North 
Dakota) collapse pits may be the only places wet 
enough to sustain the growth of cottonwoods and 
willows. Collapse pits and open fractures may trap 
animals or interrupt their migration patterns.

Losses of soil water or water in deeper aquifers 
through fractures created by subsidence could be 
equally harmful to plant and animal life, especially 
in semiarid areas.

COAL MINE FIRES

Coal mine fires are an indirect result of coal ex 
traction and contribute to long-term subsidence. 
According to Dunrud and Osterwald (1980) sev 
eral fires are burning in long-abandoned under 
ground mines near Sheridan, Wyo. Many of the 
fires appear to have been started by spontaneous 
ignition when air and water were introduced 
through subsidence cracks, pits, and unsealed 
mine openings. Combustion is supported by the

drawing in of oxygen and the exhaustion of 
smoke, steam, and noxious gases through subsi 
dence cracks and pits. As the coal burns, more 
cavities are created causing more cracking and 
collapse which allows greater access for air, 
thereby accelerating coal burning. This uncontrol 
led "in situ gasification" process is destroying a 
valuable resource. In addition, gaseous combus 
tion products locally pollute the air; soil changes 
are produced, and vegetation is retarded or killed 
by near-surface fires.

FACTORS GOVERNING SUBSIDENCE

The magnitude, rate of development, and sur 
face expression of the subsidence process are con 
trolled by several factors, most of which are inter 
dependent. These include mining method, depth of 
extraction, size and configuration of openings, 
rate of advance or extraction, seam thickness, to 
pography, lithology, structure, hydrology, in situ 
stresses, and rock strength and deformational 
properties. We point out the significance of these 
factors, if only in a cursory fashion, because, 
taken collectively, they demonstrate the complex 
ity of the subsidence process.

MINING METHOD

Although any underground void will potentially 
induce subsidence, the manner in which a resource 
is extracted exerts a large influence on surface de 
formations. Thus, room-and-pillar, longwall, and 
in situ extraction techniques will affect the sur 
rounding rock differently; pillar layout, cavity 
shape, and the volume of material removed gov 
ern the timing and configuration of surface ex 
pressions. For example, longwall mining generally 
produces contemporaneous subsidence, whereas 
room-and-pillar mining may prolong or delay the 
deformation of walls and roofs for many years. 
Compulsory recording of mine workings was not 
introduced in the United Kingdom until 1872, and 
there are at least 30,000 unrecorded shallow work 
ings, some over 400 years old, where even today 
gradual deterioration of coal pillars leads to pillar 
collapse and uneven surface subsidence 
(Littlejohn, 1979).

MULTIPLE SEAM MINING OF COALBEDS

The sequence in which individual coalbeds of a 
multiple-seam deposit are mined determines the 
stress concentrations elsewhere in the mining 
area, in beds both above and below the bed being
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mined. According to Dunrud (1976) mining beds 
from top to bottom generally is safer and more ef 
ficient than other procedures, particularly if the 
final geometry is uniform; uniform geometry pre 
vents stresses from being concentrated in isolated 
pillars and barriers and transmitted to underlying 
coalbeds. Several exceptions exist, however, to 
this generalization. If the stratigraphic interval is 
7.5-15.0 m between two coalbeds, for example, 
concurrent, uniform extraction of both beds may 
be the safest and most efficient mining procedure. 
Mining from bottom to top might be less hazard 
ous and more productive in those areas where 
water or methane are present because mined 
voids in upper beds may store large amounts of 
these substances, later to become hazardous if 
tapped by subsidence fractures induced by mining 
lower beds.

DEPTH OF EXTRACTION

Because rocks are not perfectly elastic and do 
not deform as homogeneous, intact bodies but as 
a jointed or layered media, the depth of extraction 
governs subsidence development, particularly in 
room-and-pillar mines. The deeper the mining 
level, the greater the length of time required for 
rock deformations to reach the surface; thus the 
earliest surface deformation occurs above the shal 
lowest coal mines. This phenomenon is frequently 
observed in areas of level topography underlain by 
dipping coalbeds. In the Boulder-Weld County 
coal field in Colorado, for example, subsidence 
problems began in the 1860's when room-and-pil 
lar mining of shallow coal started. Subsidence was 
relatively complete above these shallow mines. 
Today, many years after mining ceased, the ef 
fects of deeper mining continue to create new sur 
face hazards. However, poor information as to the 
amount of pillar support that remained after min 
ing and the dates of mining make it difficult to ac 
curately estimate the potential for further subsi 
dence.

RATE OF ADVANCE

The British National Coal Board has found that 
for longwall coal mining the time taken for subsi 
dence to occur depends primarily on the time it 
takes for a coal face to be worked through the 
critical area. This time in turn is controlled by the 
depth and the angle of draw (because these factors 
determine the critical area) as well as by the rate 
of advance. Typical longwall advance rates are

0.3-1.2 m per day, and "high-speed" longwall face 
advance in coal is about 1.5 m per day (Whetton 
and King, 1961; National Coal Board, 1952, 1963). 
The maximum longwall face advance reported was 
approximately 5.5 m per day in a bedded quartzite 
in South Africa (Cook, 1967). Several studies indi 
cate that subsidence is transmitted rapidly from 
the workings to the surface. For instance, when 
mining ceases for holiday periods subsidence stops 
almost instantaneously; subsidence continues as 
soon as mining resumes. A smooth, consistent 
rate of advance promotes consistent, predictable 
surface settlement.

THICKNESS OF SEAM OR DEPOSIT

In some mining areas the relationship of seam 
thickness and overburden depth to vertical dis 
placement of the ground surface is well estab 
lished. A compilation of more than 150 measure 
ments made above longwall mines in the United 
Kingdom showed that a maximum depth of the 
subsidence basin of 0.9 times the seam thickness 
is reached when the span of the void (the area of 
complete extraction) exceeds 1.4 times the depth 
of the deposit (National Coal Board, 1975). The 
depth of the subsidence basin is less for thinner 
seams or for shorter void spans. For example, the 
maximum subsidence for a void span of 0.7 times 
the mining depth is 0.45 times the seam thickness. 
These relations were derived from empirical ob 
servations gathered by the NCB, and although 
they are voluminous and have been verified re 
peatedly, their applicability to other geologic envi 
ronments and different mining methods has not 
been demonstrated.

LITHOLOGY AND STRUCTURE

The strength and deformational properties of 
rock masses are largely controlled by rock type 
and structural features such as joints, faults, and 
bedding and foliation planes. These geologic condi 
tions are responsible for significant variations in 
subsidence development and particularly affect 
the surface extent and timing of subsidence. 
Knowledge of geologic conditions in advance of 
mining can aid in subsidence prediction and in the 
development of a monitoring plan. For example, 
the angle of draw changes with the dip angle, and 
this effect can be readily estimated (National Coal 
Board, 1975, p. 16-18). In addition, monument 
line layout can be shifted down dip according to 
the dip magnitude.
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A gradual lowering of the surface is associated 
with weak overburden rocks whereas violent, 
often delayed, collapse is more typical of strong 
overburden rocks. The presence of through-going 
faults or dikes may limit the lateral growth of a 
surface depression, particularly in crystalline 
rocks (Lee, 1966; Crane, 1931). Such discon 
tinuities apparently act as barriers because of lat 
eral contrasts of rock properties.

Several examples of the role of lithology and 
structure may be cited. In the county of Lanark 
(Lanarkshire) in Scotland, room-and-pillar mining 
had ceased 118 years before sandstone beds col 
lapsed abruptly over workings that were only 16 
m deep. At the surface, structural damage to 
apartment buildings was so severe that the ten 
ants were evacuated and several blocks of build 
ings were demolished (Thorburn and Reid, 1978). 
Orchard and Alien (1965) noted that 9 percent of 
total potential subsidence occurred during a 6- 
year period after a 166-m-deep longwall face ad 
vance stopped at Peterlee in the United Kingdom. 
A thick dolomitic limestone bed apparently re 
tarded complete subsidence.

According to Kent (1974) roof falls in the 
Pittsburgh, Pa., room-and-pillar coal mines show 
two distinct patterns. In some mine areas where 
shale directly overlies the coal, nearly all roof falls 
occur along northeast-trending mine passageways 
parallel to the butt cleat (joint) direction in the 
coal. In other mine areas where shale overlies the 
coal but where thick sandstone lenses overlie 
nearby coal, severe and frequent roof falls may 
occur in the shale roof with no consistent orienta 
tion relative to the joints or passageways. Region 
al jointing appears to control the first type of roof 
fall, and sandstone channel deposits control the 
second type. The joint spacing is governed by the 
rock type: joints in the coal are well developed 
and closely spaced; joints in shale are less well de 
veloped and have a spacing of less than 0.3 m; and 
joints in sandstone are typically more than 0.3 m 
apart and are well developed. Through careful 
mine layout it may be possible to control roof falls 
and to more accurately predict the nature and tim 
ing of subsidence.

At a longwall mine in New Mexico, surface sub 
sidence fractures indicated that the overburden 
was breaking primarily along the major east-west 
joint system and to a lesser degree along the sec 
ondary north-south joint set (Gentry and Abel, 
1978). These tension fractures started to close

when the mining face was only 20 m past the frac 
ture.

In fractured crystalline rocks, the final angle of 
draw is typically controlled by faults and joints 
and is usually located where the flattest geologic 
wealgiess intersects the mining level and the 
ground surface.

IN SITU STRESSES 

AND OTHER GEOTECHNICAL FACTORS

High horizontal stresses, which are common in 
many shallow crustal rocks, act to inhibit the de 
velopment of a surface depression by maintaining 
a strong ground arch in the immediate mine roof. 
Arch height and stability, however, are very sen 
sitive to the ratio of vertical to horizontal in situ 
stresses. A highly stressed arch may fail violently 
as a result of progressive thinning as happened at 
the Urad mine in Colorado (Kendrick, 1973). At 
that mine, a molybdenum ore body in country rock 
of rhyolite and coarse-grained granite was mined 
by block caving. Horizontal stresses near the mine 
average 10.2 megapascals (MPa) (1,478 lb/in2) 
which is 4.6 times greater than the horizontal 
stress induced by gravity loading (Hooker and 
others, 1972). These "anomalous" stresses may 
have caused the extreme difficulty in breaking 
down the arch and initiating caving even though 
very high powder factors were used. An unsup 
ported stable arch 100 by 150 m existed approxi 
mately 100 m below the surface. The caving oc 
curred spontaneously and violently; an airblast 
from rock bursting penetrated 60-75 m of broken 
muck and was still strong enough to knock people 
down. The entire back came down breaking 
through to the surface and forming a "glory hole" 
150 m in diameter and 30-100 m deep. Similar vio 
lent deformations have been reported in other 
brittle, highly stressed rocks including sandstone, 
quartzite, and coal.

In many room-and-pillar mines little or no subsi 
dence is anticipated, and surface use is planned ac 
cordingly. Most pillars deteriorate and deform 
with time, however, and depending upon bulking, 
deformation may extend to the surface. Lack of 
knowledge of the physical properties and rock 
stresses can lead to poor mining practices which in 
turn create stress problems in other parts of a 
mine, bringing about further uneven extraction 
procedures. In some mining regions of the United 
States, particularly those in the West (Dunrud, 
1976), concentrations of earth stresses cause rock
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bursting and coal bumps which induce roof falls 
and pillar failures. These rock failures have forced 
changes in mining plans or abandonment of mine 
areas before mining is completed in a uniform 
manner, causing greater subsidence damage be 
cause of uneven mine geometry. Knowledge of pil 
lar rock strength and creep properties is most 
critical in areas of high potential impact. In Al 
legheny Plateau coal mines, for example, high in 
situ horizontal stresses and the orientation of the 
maximum horizontal stress are related to roof in 
stability and floor heave, making mine layout a 
major concern (Aggson, 1978).

TOPOGRAPHY

Several investigators have noted the complicat 
ing effects of topographic variations on subsidence 
development. In contrast to a level ground surface 
where the stresses produced by overburden on 
subsurface rocks are uniform, regions with irregu 
lar topographic relief will have irregular stress 
distributions that vary with the height of the col 
umn of rock above a particular underground point. 
Measurements made above three panels at the 
York Canyon mine in New Mexico, a longwall op 
eration, show that maximum subsidence occurs 
under ridgetops and minimum subsidence under 
draws or topographic lows (Gentry and Abel, 
1978). Subsidence decreased from 25 to 30 percent 
of the maximum under a draw; subsidence was 
only 1.6 m or 50 percent of the seam thickness 
mined. Peak subsidence of 2.0 m occurred below a 
ridgetop. At the same mine, greater horizontal 
ground movement resulted when the direction of 
mining was in the downslope direction than when 
mining was in the upslope direction. This behavior 
disagrees with the calculations of Kapp (1973), 
who showed by geometrical considerations that 
horizontal strain would be greater when the 
ground surface rose in the direction of mining and 
less when the ground surface fell in the direction 
of mining. More field measurements should help 
resolve this discrepancy.

The natural stability of steep slopes may be af 
fected by subsidence-induced deformations, trig 
gering landslides. The definition of stress distribu 
tions related to topography is necessary for accu 
rate slope-stability assessment prior to mining.

TIME

The time factor in mining-induced subsidence 
has been investigated in the past, mainly as ap

plied to coal mining. It has long been known that 
the deeper the seam, the longer the duration of 
surface movement, although the reasons are not 
well understood.

In longwall mining, the subsidence of a point at 
the surface theoretically begins when a longwall 
face enters the "critical area" (fig. 1) and ceases 
when the face leaves the critical area. The surface 
point actually continues to subside (residual subsi 
dence) for a variable period, perhaps months, al 
though over 90 percent of the total subsidence oc 
curs while the face is within the critical area. Most 
investigators point to rate of advance and depth of- 
mining as the factors governing the rate and tim 
ing of surface subsidence. As we have stated ear 
lier with respect to the areal limits of subsidence, 
geological/geomechanical properties influence 
strain rates and modes of deformation. Orchard 
and Alien (1974) contend that when the face ad 
vances out of the "critical area," further ground 
movements occur because of complex time-depen 
dent stress redistribution processes in the overly 
ing rocks. The influence of depth of mining and 
face position on time-dependent subsidence be 
comes more significant in room-and-pillar mining 
primarily because of the difficulty of predicting 
deterioration of pillars.

SUBSIDENCE ANALYSIS

The objectives of subsidence analysis are to pre 
dict the occurrence, timing, and magnitude of ver 
tical and horizontal components of surface defor 
mation induced by underground resource extrac 
tion. The analysis should consider the likelihood of 
and the consequence of the impacts discussed in 
the previous section. Depending on present and 
future land use plans, how much subsidence is to 
lerable and, in light of resource conservation, how 
much of the resource should be extracted? Al 
though it is desirable to recover the total deposit, 
this can rarely be done; recent United States un 
derground coal mining practice extracted only ap 
proximately 57 percent of the coal (Lowrie, 1963).

The person concerned with assessing subsidence 
potential should determine whether subsidence 
has occurred previously in the area and its sever 
ity. Is future subsidence from old mining a possi 
bility? We have mentioned some of the many fac 
tors that control subsidence, and each of them 
should be evaluated in a comprehensive analysis in 
order to determine the likelihood of significant 
harmful environmental impact.
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DATA REQUIREMENTS

The following discussion is intended as an over 
view of the broad data needs for subsidence analy 
sis rather than as an attempt to specify a complete 
suite of geotechnical properties. Considerable 
latitude is necessary to allow for site-specific 
needs. Knowledge of premming conditions is 
needed for prediction of disturbances that may be 
caused by mining.

GEOLOGIC DATA

Geologic maps, sections, and core logs are nec 
essary to define topography, depth of mining, rock 
types and thicknesses, jointing, faults, and varia 
tions in the attitudes of beds, including folds. A 
drilling program should include at least one hole 
drilled to below the coal seam in the vicinity of the 
surface monuments and the panel. This drilling 
should be done for the first panel of a new mine 
and for one panel in an operating mine. The hole 
should be logged from the surface. Rotary drilling 
is satisfactory if cuttings are collected and iden 
tified for every 1.5 m of the drill run and if the 
hole is geophysically logged to produce an electri 
cal resistivity (lithologic) log of the rock overlying 
the panel. The location of any methane gas in coal 
beds should be defined as well as the rank of the 
coal and its composition, including sulfur content. 
Knowledge of premming seismicity of an area is 
needed to determine the likelihood of complica 
tions such as severe bumps and roof falls.

HYDROLOGIC DATA

Studies should be done to define premining sur 
face-water and ground-water volumes, flow rates, 
and quality. Aquifers and aquicludes should be 
identified. It is very important to identify all sur 
face springs, streams, or bodies of water. Well 
data for the region should be systematically 
analyzed throughout the mining period. The sorp- 
tive properties of the rocks may be closely related 
to subsidence-induced ground-water changes that 
were discussed previously.

GEOTECHNICAL DATA

Two categories of rock-behavior data are 
needed for subsidence analysis. One category 
deals with the behavior of the underground mine 
and the surrounding rock and water environment. 
The other category deals with the behavior of the 
ground surface above the mine.

The first category includes rock strengths, 
cohesion, angle of internal friction, and elastic 
properties including, for example, Young's mod 
ulus and Poisson's ratio. Creep behavior data for 
the overburden materials are needed to forecast 
delayed subsidence. Knowledge of in situ stresses, 
especially the magnitude and direction of the hori 
zontal stresses, is needed for planning a safe and 
efficient mining operation and for applying realis 
tic limits to mine deformation and subsidence cal 
culations. The second category includes horizontal 
and vertical strains and displacements and their 
magnitudes, locations, and duration.

MINING PLANS

A proposed mining plan is necessary for early 
input to the subsidence analysis. The plan should 
be based not only on geologic, hydrologic, and 
geotechnical data but also on mining methods, ex 
traction location and sequence, location of panels, 
barrier pillars, and, in the case of multiple-seam 
deposits, the seams to be mined and the proposed 
sequence. The mining plan should anticipate the 
magnitude, location, and timing of surface distur 
bance. If the plan is revised, initial subsidence 
predictions may be altered.

ANALYTICAL TECHNIQUES 
FOR SUBSIDENCE PREDICTION

BACKGROUND AND STATE-OF-THE-ART

The accuracy of subsidence prediction varies 
from country to country, and is controlled mainly 
by knowledge of geologic and topographic condi 
tions and the length of mining experience. In the 
United Kingdom, for example, data has been col 
lected over a long period of time from more than 
150 coal mines in similar geologic environments. 
The results of these observations have been pre 
sented as empirical formulas and procedures for 
prediction of the nature, area! extent, and sever 
ity of subsidence and related events. Subsidence- 
induced surface deformations can be predicted and 
described but only under conditions similar to 
those of the original observation. Particularly in 
Europe, new methods of extraction such as har 
monic mining and stepped-face layout have been 
developed to minimize surface deformations and 
reduce damage to structures. It has been possible 
through integrated systems of prediction, mining 
techniques, and monitoring procedures to control 
the development of subsidence basins so that shal-
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low mining may proceed under buildings and even 
towns.

In the United States, methods of subsidence 
control and estimation are less well developed. 
Subsidence theory developed in Europe has not 
been used extensively in the United States be 
cause room-and-pillar mining, rather than the 
longwall panel system, is the more common min 
ing method in the United States. Although 
longwall mining is increasing in the United States, 
empirical methods such as that of the NCB have 
not found widespread application in U. S. mining 
because of dissimilar and varied geologic condi 
tions.

We will briefly discuss the current methods of 
subsidence prediction and some of their limita 
tions. Subsidence prediction techniques fall into 
two broad groups: empirical methods and 
mathematical models. Researchers have cited field 
and laboratory studies to support both ap 
proaches,

BRITISH NATIONAL COAL BOARD METHOD

This empirical subsidence calculation method 
was developed in the United Kingdom for the pre 
diction of the vertical component of surface dis 
placement or subsidence (S) and the horizontal 
component of surface strain (e) associated with 
trough-like subsidence caused by the longwall 
method of coal extraction (National Coal Board, 
1975). This relatively simple method is based on 
the subsidence data obtained from mining seams 
that dipped less than 25°, were 0.6-5.5 m thick 
(ra), and ranged in depth (h) from 30 to 792 m. 
The face or panel width (w) ranged from 30 to 457 
m and the panel width to depth ratio (wlh) ranged 
from 0.05 to 4.0. These observations were made 
where the panels contained no zones of special 
support, and the panel width was averaged if the 
sides were nonparallel. The NCB system provides 
for correction of horizontal strain estimates where 
the ground surface is sloping and where the coal 
seam is dipping.

Subsidence analysis using the NCB method pro 
ceeds as follows. The ratio of S to m is derived 
from the planned width and depth of the workings 
(fig. &A). Subsidence at various points on the pre 
dicted subsidence profile is found as a proportion 
of S based on the ratio of w to h (fig. SB). These 
points are then related to the position of the rib 
side for a given value of wlh and the predicted 
subsidence profile for the subcritical width of extrac

tion is plotted (fig.SD). From the subsidence pro 
file the values of subsidence for points at recom 
mended intervals of h/20 are tabulated. Values of 
ground slope, differential ground slope (<j>), and 
the ratio of S to the distance between stations are 
calculated. Figure 8C shows the empirical re 
lationship between panel length, ground slope, 
and horizontal strain in a curve where the strain 
(e) is read directly. The subsidence profiles and as 
sociated slopes and strains for critical and super 
critical widths of extraction are plotted (figs. 8E 
and SF). NCB experience shows a range in the 
angle of draw from 25° to 35°. Probably because of 
geologic and topographic factors, the angle of 
draw varies much more when worldwide measure 
ments in a variety of host materials are consid 
ered.

On the basis of the NCB curves, the greatest 
possible subsidence, Smax, is approximately 90 
percent of the seam thickness and occurs at values 
of wlh greater than about 1.2. At values of wlh 
less than 0.2, the maximum subsidence is less than 
10 percent of the seam thickness extracted. The 
method may be used to estimate the effect on sub 
sidence of certain barrier pillar spacings and back 
filling, both of which reduce subsidence. Further, 
the NCB method employs other empirical curves 
relating to surface horizontal strains to enable the 
computation of maximum tension, maximum com 
pression, the extent of the tensile and compres- 
sive areas, and a complete strain profile. The 
NCB system is the most widely used prediction 
scheme, particularly to provide a general approxi 
mation of subsidence effects; it may be supple 
mented by other methods suited to local condi 
tions. O'Rourke and Turner (1979) reported on 
their experience in applying the NCB method to 
longwall coal mining in Illinois. They found signifi 
cant differences between longwall subsidence pat 
terns observed in Illinois and those typical in the 
United Kingdom for similar conditions of panel 
width, depth, and excavated thickness of coal. 
Specifically, at the Old Ben No. 24 mine at 
Benton, 111., they found the following conditions:
1. The subsidence profile was relatively narrow, 

as demonstrated by angles of draw that are 
approximately 10° less than those in the 
United Kingdom.

2. The maximum curvature of the subsidence 
profile was four times greater than that 
predicted by the NCB system.

3. Maximum horizontal surface strains of nearly
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2 percent, which are four times larger than 
those in the United Kingdom, were mea 
sured.

Although a few other measurements indicate 
similar gross trends (Gentry and Abel, 1978), in 
sufficient observations have been made at other 
U.S. longwall mines to confirm or deny a general 
trend.

The NCB method is not relevant to mining in 
crystalline rocks or to in situ extraction tech 
niques.

OTHER EMPIRICAL METHODS

Another empirical prediction method is based 
on the so-called "stochastic" or random media 
theory discussed by Voight and Pariseau (1970). 
The method is seriously restricted because it does 
not incorporate knowledge of material properties 
prior to mining but rather transfers field measure 
ments from known areas to areas of new mining 
via an empirical procedure. This approach may re 
sult in the uncertainty of results, and an exceed 
ingly large number of studies would be required to 
demonstrate the general validity of the method. 
The same difficulty applies to the NCB system. 
Statistical methods that treat a broad collection of 
data concerning geologic controls on subsidence 
are more broadly applicable. We have found, for 
example, that as the percentage of shale in the 
rock mass decreases and the amount of sandstone 
increases, the angle of draw and the area of poten 
tial subsidence decreases (Abel and Lee, 1980).

MATHEMATICAL TECHNIQUES

The mathematical approaches to subsidence pre 
diction attempt to define the conditions that lead 
to subsidence and, hence, to develop general pre 
dictive models. In these approaches the rock mass 
surrounding the mined opening is assumed to be 
an ideal material that deforms elastically. Wide 
applicability and improved understanding are the 
main advantages claimed for these approaches 
(Voight and Pariseau, 1970). Included in this 
group are elastic, viscoelastic, and plastic idealiza 
tions. Finite-element analysis is widely used to

manipulate elastic or viscoelastic continuum exca 
vation models. As more realistic model properties 
and boundary conditions are defined, predictions 
should become more accurate. Voight and 
Pariseau (1970) were not able to reconcile field ob 
servations of surface displacements over British 
coal mines to subsidence profiles calculated on tne 
basis of isotropic theory. They did find, however, 
that transversely isotropic theory was in good 
agreement with field data.

In general, subsidence-prediction methods are 
most seriously deficient where subsidence defor 
mations are controlled by structural discon 
tinuities such as faults, joints, and folds, or by 
rock type.

SELECTION OF AN ANALYTICAL TECHNIQUE

The NCB method is based on the largest sys 
tematic analysis of subsidence data available. It is 
accurate enough to predict trough-like subsidence 
from longwall mining where the overburden rock 
is largely shale, siltstone, or marlstone, where it 
does not contain thick, strong beds of sandstone or 
limestone, and where the topography is subdued. 
Thus, the NCB method is applicable to many en 
vironmental impact analyses of underground min 
ing.

Where coal is extracted by room-and-pillar 
methods, subsidence prediction will be very diffi 
cult, particularly where there is irregular room 
development, nonuniform barrier pillars, and poor 
definition of panels. Under such circumstances, 
frequently associated with old mining areas, it is 
usually impossible to predict the time, magnitude, 
or occurrence of subsidence.

In modern room-and-pillar coal mining, at 
tempts are usually made to control subsidence by 
leaving a larger percentage of the coal in place, 
often 40 percent or more. In Illinois (Hunt, 1979), 
the magnitude, shape, and position of the subsi 
dence profile is delineated on the basis of case-his 
tory comparisons in which extraction ratio, depth, 
panel width, and mining thickness are the princi 
pal factors. Where bedrock overburden is less 
than 50 m thick, smaller sinkhole features pre-

FIGURE 8. British National Coal Board method of estimating subsidence. A, Relation between maximum subsidence, 
width, and depth. B, Lines of equal subsidence for various width/depth ratios. C, Strain prediction graph. D, Subsidence 
profiles and associated slopes and horizontal strains for subcritical width of extraction. E, Subsidence profiles and as 
sociated slopes and strains for critical width of extraction. F, Subsidence profiles and associated slopes and strains for 
supercritical width of extraction. (Modified from National Coal Board, 1975.)
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dominate; if it is more than 50 m thick, subsidence 
is trough-like. Sinkhole development is also re 
lated to the hydraulic connection between the sur 
face and the mined-out area. Caving of the roofs 
of shallow mines allows seepage of surface waters 
into the mine, decreasing roof and wall stability 
and promoting caving to the surface. The graphs 
in figure 9 show the relationship between percent 
subsidence and panel width for several extraction 
ratios in Illinois. These examples would be typical 
trough-like subsidence. Hunt (1979) has shown 
that where extraction is greater than 80 percent, 
the NCB method accurately predicts subsidence. 
Figure 10 indicates that surface tilting is directly 
proportional to subsidence and increases with the

amount of extraction. The findings of Hunt con 
trast with those of O'Rourke and Turner. Again, 
more data from longwall coal mines in the United 
States is needed in order to assess applicability of 
the NCB method.

Pennsylvania's Bituminous Mine Subsidence and 
Land Conservation Act of 1966 provides for pro 
tection of certain structures including public build 
ings and residences. Protection is defined in terms 
of support provided by coal left in the ground. 
From April 1966 to January 1969 only 1 percent of 
the 5,500 protected structures were damaged by 
subsidence, and in 1977 only six cases of damage 
to the protected structures were reported (Bise, 
1980). The formula by which these structures are
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protected was derived from many subsidence inci 
dents over the Pittsburgh seam. We quote Bise 
(1980, p. 1):

Where a structure is located on terrain that is level or slopes 
less than 5%, the lateral distance (LD) of the support area 
from each side of the structure is equal to the tangent of 15 de 
grees (0.27), multiplied by the depth of cover (D), plus a safety 
factor of 4.6 m, or LD = (0.27) x(D)+4.6m. To find the total 
length or width of the support area, double the result found for 
LD and add the length or width of the structure.

This guideline deals only with defining the sup 
port area. Within this area, 50 percent of the coal 
must be left in place in uniformly distributed pil

lars which can be no smaller in plan than 6.1 by 
9.1 m. In addition, no mining may be done where 
the overburden thickness is less than 30.5 m 
under a protected structure. Barrier pillars cannot 
be extracted where the pillar width is less than 
the cover. As Bise (1980) points out, however, this 
method fails to consider the effect of mining 
methods on subsidence and does not allow for re 
covery above 50 percent.

Studies done in Europe have resulted in general 
schemes for controlling subsidence damage in par 
tial extraction mining. Orchard (1964) found that if
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both horizontal and pillar dimensions are equal to 
at least 10 percent of the mining depth, and if the 
pillars are uniformly spaced, subsidence will.be 
negligible while allowing 50-percent recovery of 
the coal. Wardell (1969) presented data to show 
that there is a consistent relationship between the 
percent of subsidence and depth, extraction ratio, 
seam thickness, and pillar width. The findings of 
these researchers are in general agreement.

At the York Canyon mine near Raton, N. Mex., 
Gentry and Abel (1978) compared vertical and 
horizontal strains resulting from longwall mining 
with values calculated from the NCB method. 
Much of the overburden there is weak shale, 
grossly similar to the British coal fields. Maximum 
compressive and tensile horizontal strains deter 
mined at the mine were more than twice the pre 
dicted values. The NCB method predicted 25 per 
cent less vertical tensile strain than was actually 
measured. The York Canyon mine subsidence pro 
file was similar in shape, however, to the NCB 
model. Presence of a strong 12-m-thick sandstone, 
strong jointing, and mountainous terrain may ac 
count for some of the observed differences.

SUBSIDENCE MODELS 

FOR IN SITU ENERGY EXTRACTION

The subsurface voids remaining after in situ 
processes such as coal gasification and oil shale re 
torting will not closely resemble the voids created 
by coal mining. The change in load-supporting 
ability of the surrounding rock mass in such "par 
tial extraction" processes may be difficult to de 
termine, and until field measurements are avail 
able, the prediction of subsidence effects for in 
situ extraction will be based mainly on mathemati 
cal analyses such as computer solutions of finite 
element codes. Examples of current practice in 
this area are given by Langland and Fletcher 
(1976) and Advani and Lin (1977).

The mathematical solutions have several limita 
tions. Among them are:
1. The solutions are valid only for geometrically 

simple openings.
2. The material is assumed to be isotropic, 

homogeneous, and elastic.
3. The effects of water and geologic strucure are

not considered.
Mead and others (1978) discussed prediction and 

measurement of subsidence produced by in situ 
coal gasification. It is important that early moni

toring be conducted to measure ground deforma 
tions produced by these types of mining opera 
tions so that their subsidence characteristics can 
be verified.

MONITORING METHODS

Geotechnical measurements are made in order 
to establish the validity of model predictions and 
to safeguard surface structures. The monitoring 
methods and types of instruments used must be 
carefully selected so that their data output is com 
patible with the data needed for subsidence calcu 
lations.

SURFACE INSTRUMENTATION

Our intent is to briefly describe current moni 
toring practice, rather than to present a specific 
set of guidelines. A premining survey should be 
made to identify geologic conditions or surface fa 
cilities that would warrant changes in a conven 
tional monitoring scheme.

The most widely used and important type of 
subsidence-monitoring measurement is surface 
leveling. Monuments are installed before mining 
begins, and readings are taken until stability is 
reached after mining ceases.

A typical subsidence monitoring layout for a 
762-m by 168-m longwall panel below mountainous 
terrain is shown in figure 11. In this example the 
seam thickness is approximately 3 m and the aver 
age overburden thickness is 107 m. One row of 
monuments was placed along the centerline of the 
planned panel and another row perpendicular to 
the centerline. Two diagonal lines were estab 
lished radiating from the centerline at 45°. These 
lines were added to define subsidence effects 
above the corners of the loitgwall panel.

For monitoring most coal mine panels in flat 
terrain, three lines of surface monuments are ade 
quate, two perpendicular to the long axis of the 
mining panel and one directly above the centerline 
of the panel. The cross-panel lines should extend 
0.9 times the depth of the seam outside the panel 
on both sides and completely across the panel. The 
centerline monuments should also extend 0.9 
times the depth of the seam outside the starting 
position of the panel and the same distance past 
the planned end of the panel. If the panel is termi 
nated because of poor roof conditions or faulting, 
for example, the centerline monuments can be 
shortened accordingly. These recommendations
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FIGURE 11. Location of surface monuments, turning points, and reference points for part of the York Canyon 
mine, Raton, New Mexico (from Gentry and Abel, 1978).
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are in general agreement with current practice in 
the United States (Wade and Conroy, 1980; Gen 
try and Abel, 1978).

SPACING OF MONUMENTS

The spacing of monuments directly influences 
measurement precision. Monuments that are 
spaced too closely may result in measurement of 
local anomalous ground movements caused, for ex 
ample, by the displacement of individual joint 
blocks in which the monuments are anchored. 
Widely spaced monuments may reduce costs but 
could fail to adequately define the subsidence pro 
file, particularly in mountainous terrain. The NCB 
(1975) suggests a spacing of 0.05 h (where h is 
equal to the depth of the overburden) or one- 
twentieth of the depth of mining. Panek (1970) re 
commended a monument spacing of 0.05-0.1 h.

The presence of critical surface structures may 
also dictate the location and spacing of monitoring 
positions. For most situations the monument spac 
ing should probably not exceed 0.1-0.2 h. This rel 
atively wide spacing allows determination of verti 
cal ground movements and permits a rough check 
of the horizontal strain measurements obtained by 
extrapolation from the relatively smooth vertical 
subsidence profile. Spacing monuments more 
closely in order to better define horizontal defor 
mations is probably not justified. According to Or 
chard and Alien (1965, p. 622), for example, "It is 
a fact that although levels taken before and after 
subsidence will usually produce a smooth subsi 
dence profile, the strain diagram obtained from 
horizontal measuring between survey stations is 
often erratic." They attribute this situation to "ir 
regularities" in the subsoil. At the York Canyon 
mine (Gentry and Abel, 1978), horizontal move 
ment measurements were less reliable than verti 
cal measurements, apparently because of shifting 
and tilting of the joint blocks on which the con 
crete monuments were anchored; movement of the 
joint blocks affected horizontal measurements 
more than vertical measurements. Additional de 
tails of generally accepted monument layout and 
construction are given by Wade and Conroy (1980) 
and Gentry and Abel (1978).

Monuments should be surveyed at least twice 
before starting panel extraction, and any dis 
crepancies should be resolved by an additional 
survey. The frequency of readings is determined 
by the rate of movement of the face, seam thick 
ness extracted, and monument spacing. The cen-

terline monuments should be surveyed when min 
ing of the panel has advanced 1.9 times the seam 
depth. Each row of crossline monuments should 
be surveyed when mining has progressed 1.0 
times the depth past the crossline. All monuments 
should be resurveyed after panel completion and 
yearly until no further changes in monument posi 
tions are detected. Survey procedures and the 
need for long-term monitoring are addressed by 
Collins (1978). Gentry and Abel (1978) give de 
tailed specifications for monument construction 
and monitoring equipment.

SUBSIDENCE CONTROL AND REDUCTION

An obvious conflict exists between minimizing 
subsidence and maximizing resource recovery. In 
some areas more surface settlement can be toler 
ated than in others. In urban areas, for example, 
less than 50 percent of the resource may be reco 
vered in order to prevent subsidence. In many 
European coalfields where overburden thicknesses 
range from 60 to 900 m, deformation arches are 
stable within the overlying rocks, and subsidence 
does not reach the surface if the widths of mined- 
out areas are held from one-fourth to one-half of 
the overburden thickness (Zwartendyk, 1971). 
Much coal must be left in the ground in order to 
obtain this high degree of surface stability.

In the United Kingdom, a "panel and pillar" 
method has been used with success when mining 
beneath towns, factories, railroads, and utility 
lines. The panels were mined without backfilling, 
and little subsidence damage occurred. Subsidence 
ratios were less than 20 percent of the coal thick 
ness above mined panels whose widths were about 
one-third the average overburden depth.

In sedimentary iron ore deposits of the Lorraine 
area of France, support pillars were left in a 
checkerboard pattern; this method was aban 
doned, however, because of subsidence problems 
associated with severe pillar bursts. The 
geometry of the mining plan was changed to 
create sturdy barrier pillars separating panels 
whose widths were 0.42 times the overburden 
depth. These pillars sustained the compression 
arch within the overburden, minimizing subsi 
dence and allowing safe recovery of 60 percent of 
the total reserves.

Another mining technique developed in The 
Netherlands coal mines is known as harmonic min 
ing. This technique involves mining in such a way 
that the final vertical and horizontal surface
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strains produced by mining in one area are cancel 
led by strains produced by mining in another area. 
For example, mine extraction panels might be 
offset and mined concurrently so as to produce 
negligible final horizontal strain in the overburden 
or at the surface perpendicular to the mining 
panels. Several drawbacks exist, however, to this 
approach. Damaging transient strains and com 
pression arches can be produced at the surface. 
The method might also cause high stress concen 
trations in the rock between coal beds at the mine 
boundaries which could cause rock bursts and seri 
ous roof falls. Further, mining schedules must be 
very precise under this system to maintain the re 
quired geometry. Other factors that would lessen 
the effectiveness of this method are uneven topog 
raphy and steeply dipping coal beds.

Backfilling of mined-out areas in room-and-pillar 
mines has been effective in preventing subsidence. 
This method is used primarily in mines below 
urban areas where surface stability is critical. 
Backfilling materials may be placed manually, 
hydraulically, or pneumatically and may consist of 
sand or larger grained mine waste. Hydraulic 
backfilling is generally most efficient, and 
maximum subsidence is frequently less than 10 
percent of the seam thickness extracted. The ex 
ample given previously of backfilling with coal 
waste at Farmington, W. Va., illustrates the ef 
fectiveness of this method.

DESIGN PRECAUTIONS

Buildings and other structures can be designed 
to resist or tolerate subsidence deformations. 
Very flexible structures remain intact (and con 
formable) despite subsidence-caused distortion 
and, alternately, very rigid foundations have been 
developed that can be releveled by the use of 
jacks as subsidence progresses. The design of sup 
port mechanisms for facilities built over old mine 
workings involves a careful appraisal of subsur 
face conditions. Support by fill, caissons, or piers 
using boreholes may be feasible.

CONCLUSIONS

Although the damaging surface effects of under 
ground mining have been widely documented, lit 
tle research has been carried out to determine ac 
curately the effect of subsidence on surface struc 
tures under specific geologic conditions in the 
United States. Further, the potentially broad dis

ruptive effects of mining on water supplies have 
been studied at only a few domestic locations.

Some of the factors that influence the develop 
ment of ground movement cannot be quantified 
precisely. The differences in rock-mass behavior 
caused by site conditions alone would indicate that 
subsidence prediction and engineering cannot be 
treated in purely mathematical terms. Although 
the NCB has developed quantitative, practical as 
sessments of mining effects in the United King 
dom, there is no generally applicable subsidence 
model for the United States, nor are there 
adequately tested, empirical models for any of the 
major U.S. coalfields: the Appalachian, Interior, 
or Rocky Mountain. The influence of local geologic 
environments and mining methods on subsidence 
in the United States will require the collection of 
large masses of data in order to construct several 
accurate prediction models. Virtually no data base 
exists from which to forecast the surface effects of 
the various proposed in situ extraction techniques.

The behavior of rock units above longwall oper 
ations has been shown to be more accurately pre 
dictable than for room-and-pillar mining. An ac 
cumulation of quantitative data in the United 
States similar to that of the NCB for longwall 
mining would be valuable in establishing sound 
domestic empirical or mathematical subsidence 
models. The tools, techniques, and knowledge 
exist to conduct a coordinated nationwide subsi 
dence research program. If the development of 
subsidence technology can lessen costly environ 
mental or structural damage, the cost of this de 
velopment will be repaid.

GLOSSARY

Angle of draw. The angle formed by the vertical and a line 
drawn from the edge of the underground workings (rib- 
side) to the point of zero subsidence on the ground surface. 
Also called limit angle.

Arching effect. The mining-induced process by which the roof 
bows upward spanning the mined-out area and tending to 
prevent roof falls. The span width is controlled by many 
factors including depth, seam thickness, mining method, 
rock strength, structure, and in situ stresses.

Back. Roof of a mine or tunnel.
Backfilling. Placement of material in underground workings 

in order to retard collapse of roof and pillars and to reduce 
subsidence.

Barrier pillar. A solid block or rib of coal left unmined be-
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tween two mine workings for protection against water in 
flow or squeezing conditions.

Bay. See panel.
Block caving. A sloping method of mining in which a thick 

block of ore is partly isolated from surrounding blocks by 
a series of drifts. The block is undercut by removing a 
slice from under the block causing it to cave under its own 
weight. The broken ore is removed from below, and as the 
caved mass moves downward, it is further broken by pres 
sure and attrition.

Breakthrough. A passage cut through a pillar to facilitate ven 
tilation from one room to another.

Bulking. The increase in volume, by virtue of increased void 
volume, of mined rock.

Butt cleat. The minor cleat system or jointing in a coal seam. 
Also called end cleat.

Chimney. Initial surface collapse above a mined-out area in 
crystalline rocks.

Cleat. A joint system in a seam along which the coal fractures. 
There are usually two cleat systems developed perpen 
dicular to each other.

Critical subsidence profile. Subsidence profile drawn at the 
critical width.

Critical width. Width of extraction of coal seam at which the 
subsidence at the bottom of the trough has the maximum 
value.

Delayed subsidence. A variable amount of residual subsidence 
that occurs long after mining, usually controlled by 
lithologic properties. For example, a strong rock layer be 
tween the mine and the surface may retard the collapse 
process months or years.

Dip angle. The inclination from the horizontal of a seam or 
bed, measured perpendicular to the strike of the struc 
ture.

Extraction ratio. Ratio of mined-out area to the total planned 
mine area.

Face. A surface on which mining operations are in progress.
Face cleat. The major cleat system or jointing in a coal seam.
In situ. In the natural or original position; in place.
Leaching. The extraction of soluble metals or salts from ore 

by means of percolating water or other solutions.
Longwall. A method of mining coal or other resources in 

which the seam is removed in one operation by means of 
a long working face or wall. The workings (face) are ad 
vanced in a continuous line which may be several hundred 
meters long..

Mining Horizon. The level at which a deposit is mined.
Monument. A stake, rod, or concrete structure that is used to 

mark ground location points for mining surveys.
Overburden. The rock and (or) soil above a coal seam.
Panel. Areas of extracted coal, separated by long, solid bar 

rier pillars.
Panel length. Dimension of a panel measured in the direction 

of face advance. Also called face length.
Panel width. Distance across a working coal face. Also called 

face width.
Pillar. Solid coal or ore left either temporarily or permanently 

to support the roof or prevent water inflow.
Powder factor. The amount of explosive used to mine a ton of 

rock or ore.
Percent recovery. The proportion of coal or other resource 

mined from a seam or deposit.

Residual subsidence. That amount of the total subsidence that
occurs after the face leaves the critical area. 

Retreat mining. A mining method by which a pillar of solid
coal or ore is left until the final mining while pulling out
of a room-and-pillar panel. 

Rib. The side of a pillar or the wall of an entry. 
Ribside. Edge of mine workings. 
Room. An excavation driven from an entry from which coal or

ore is produced. 
Room and pillar. A method of mining coal or other resources

in which the seam is mined in rooms separated by narrow
pillars and in which 50 percent or more of the resource is
removed during initial mining. 

Solution mining. The in-place dissolution of mineral salts of
an ore with a leaching solution. 

Subcritical subsidence profile. Subsidence profile drawn at a
subcritical width. 

Subcritical width. Width of extraction of coal seam at which
the bottom of the subsidence area is trough-like and has
less than the maximum value.

Subsidence. Vertical component of ground movement. 
Subsidence area. The entire surface area affected by subsi 

dence over a high-extraction panel.
Subsidence basin. The depression at the surface above high- 

extraction mining panels. 
Subsidence profile. A curve depicting subsidence of the

ground surface on a section drawn parallel to the direction
of advance of an underground excavation. 

Supercritical subsidence profile. Subsidence profile drawn at
a supercritical width. 

Supercritical width. Width of extraction of coal seam at which
the bottom of the subsidence trough is approximately flat
at the maximum subsidence value. 

Transition point. The point of transition between concave and
convex curvature of a subsidence profile.
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INTRODUCTION
Coal has been mined in 76 counties of Illinois.  More than 7,400 coal mines have operated since
commercial mining began in Illinois about 1810; fewer than 30 are currently active.  To detail the extent
and location of coal mining in Illinois, the Illinois State Geological Survey (ISGS) has compiled maps and
directories of known coal mines.  The ISGS offers maps at a scale of 1:100,000 and accompanying
directories for each county in which coal mining is known to have occurred.  Maps at a scale of 1:24,000
and accompanying directories, such as this, are available for selected quadrangles.  Contact the ISGS for
a list of these quadrangles.

These larger scale maps show the approximate positions of mines in relation to surface features such as
roads and water bodies, and indicate the mining method used and the accuracy of the mine boundaries. 
The maps are useful for locating mine boundaries relative to specific properties and for assessing the
potential for subsidence in an area.  Mine boundaries compiled from final mine surveys are generally
shown within 200 feet of their true position.  As a result of poor cartographic quality and inaccuracies in the
original mine surveys, boundaries of some older mines may be mislocated on the map by 500 feet or
more.  Original mine maps should be consulted in situations that require precise delineation of mine
boundaries or internal workings of mined areas.

This directory serves as a key to the accompanying mine map and provides basic information on the coal
mines in the quadrangle.  The directory is composed of two parts.  Part I explains the symbols and
patterns used on the accompanying map and the summary data presented for each mine.  Part II
numerically lists the mines in the quadrangle and summarizes the geology and production history of each
mine.  Total production for the mine, not the portion in the quadrangle, is given.

MINING IN THE KINCAID QUADRANGLE

Mining in this quadrangle took place in the Herrin Coal.  Since the seam ranged from 300 to over 400 feet
deep, development here began a little later than at nearby towns.  The earliest mine was Peabody No. 7
Mine (mine index 2040), which opened in 1912.  Mining was continuous until Peabody No. 10 Mine (mine
index 693) closed in 1994.  The accompanying map shows what may have been the largest obstacle to
mining for the planning engineers – the sandstone channels that eroded the coal and made nearby roof
conditions troublesome.  
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PART I  EXPLANATION OF MAP AND MINE SUMMARY SHEET

INTERPRETING THE MAP

The map accompanying this directory shows the location of coal mines known to be present in the quadrangle.  The
map, corresponding to a U.S. Geological Survey (USGS) 7.5-minute quadrangle, covers an area bounded by lines of
latitude and longitude 7.5-minutes apart.  In Illinois, a quadrangle is approximately 6.5 miles east to west and 8.5
miles north to south, an area of about 56 square miles.  The ISGS generally offers one map of mines per
quadrangle.  In some areas where extensive mining occurred in two or more overlapping seams, separate maps are
compiled for mines in each seam to maintain readability of the map.

Mine Type and Mining Method
The mine type is indicated on the map by pattern color: green represents surface mines; red and yellow represent
underground mines.  The red patterns are used for areas of underground mining that are documented by a primary
or secondary source map.  A yellow pattern is used for cases where no map of the mine workings is available, but a
general area of mining can be inferred from property maps or production figures.  The patterns indicate the main
mining methods used in underground mines.  The methods are (1) room and pillar and (2) high extraction.  The
method used gives some indication of the amount and pattern of coal extraction within each mined area, and has
some influence on the timing and type of subsidence that can occur over a mine.

The following discussion and illustrations of mining methods are based on Guither et al. (1984).  

In room-and-pillar mines, coal is removed from haulage-ways (entries) and selected areas called rooms.  Pillars of
unmined coal are left between the rooms to support the roof.  Depending on the size of rooms and pillars, the
amount of coal removed from the production areas will range from 40% to 70%.

Room and Pillar - mining is divided into six categories:
• room-and-pillar basic (RPB, fig. 1A), an early method that did not follow a preset mining plan and therefore

resulted in very irregular designs;
• modified room and pillar (MRP, fig. 1B);
• room-and-pillar panel (RPP, fig. 1C);
• blind room and pillar (BRP, fig. 1D);
• checkerboard room and pillar (CRP, fig. 1E);
• room and pillar (RP), a classification used when the specific type of room-and-pillar mining is unknown.

Blind and checkerboard are the most common types of room-and-pillar mining used in Illinois today.  The knowledge
of room-and-pillar mining methods gives a trained engineer information on the nature of subsidence that may occur. 
A more extensive discussion of subsidence can be found in Bauer et al. (1993).

High-extraction   These mining methods are subdivided into high-extraction retreat (HER, Fig 1F) and longwall (LW,
Fig 1G, 1H).  In these methods, much of the coal is removed within well defined areas of the mine.  Subsidence of
the surface above these areas occurs within weeks.  Once the subsidence activity ceases, the potential for further
movement over these areas is low; however, subsidence may continue for several years after mining.

High-extraction retreat mining is a form of room-and-pillar mining that extracts most of the coal.  Rooms and pillars
are developed in the panels, and the pillars are then systematically removed (fig. 1F).

In early (pre-1960) longwall mines, mining advanced in multiple directions from a central shaft 
(fig. 1G).  Large pillars of coal were left around the shaft, but all coal was removed beyond these pillars.  Miners
placed rock and wooden props and cribs in the mined-out areas to support the mine roof.  The overlying rock
gradually settled onto these supports, thus producing subsidence at the surface.  In post-1959 longwall mines, room-
and-pillar methods have been used to develop the main entries of the mine and panel areas. Modern longwall
methods extract 100 percent of the coal in the panel areas (fig. 1H).
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SOURCE MAPS

Mine outlines depicted on the map are, whenever possible, based on maps made from original mine surveys.  The
process of compiling and digitizing the quadrangle map may produce errors of less than 200 feet in the location of
mine boundaries.  Larger errors of 500 feet or more are possible for mines that have incomplete or inaccurate
source maps.

Because of the extreme complexity of some mine maps, detailed features of mined areas have been omitted.  The
digitized mine boundary includes the exterior boundary of all rooms or entries that were at least 80 feet wide or
protruded 500 feet from the main mining area.  Unmined areas between mines are shown if they are at least 80 feet
wide; unmined blocks of coal within mines are shown if they are at least 400 feet on each side.  Original source
maps should be consulted when precise information on mine boundaries or interior features is needed.

The mine summary sheet lists the source maps used to determine each mine outline.  The completeness of map
sources is indicated on the map by a line symbol at the mine boundary.  Source maps are organized in five
categories.

Final mine map    The mine outline was digitized from an original map made from mine surveys conducted within a
few months after production ceased.  The date of the map and the last reported production are listed on the
summary sheet.

Not a final map    The mine is currently active or the mine outline was made from a map based on mine surveys
conducted more than few months before production ceased.  This implies the actual mined-out area is probably
larger than the outline on the map.  The mine summary sheet indicated the dates of source maps and the last
reported production, as well as the approximate tonnage mined between these two dates (if the mine is abandoned). 
The summary sheet also lists the approximate acreage mined since the date of the map and, in some cases,
indicates the area where additional mining may have taken place.  This latter information is determined by locating
on the map the active faces relative to probable boundaries of the mine property.

Undated map    The source map was undated, so it may or may not be based on a final mine survey.  When
sufficient data are available, the probable acreage of the mined area is estimated from reported production, average
seam thickness and a recovery rate comparable to other mines in the area.  This information is listed in the summary
sheet for the mine.

Incomplete map    The source map did not show the entire mine.  The summary sheet indicates the missing part of
the mine map and the acreage of the unmapped area, which is estimated from the amount of coal known to have
been produced from the mine.

Secondary source map    The original mine map was not found so the outline shown was determined from
secondary sources (e.g., outlines from small-scale regional maps published in other reports).  The summary sheet
describes the secondary sources.

POINTS AND  LABELS

The locations of all known mine openings (shafts, slopes, and drifts) and surface mine tipples are plotted on the
map.  Tipples are areas where coal was cleaned, stockpiled, and loaded for shipping.

Only openings or tipples are plotted for mines without source maps.  If the precise locations of these features are
unknown, a special symbol is used to indicate the approximate location of the mine.

Each mine on the map is labeled with the names of the mine and operating company, ISGS mine index number, and
years of operation (if known) if space permits.  A seam designation is given on maps where more than one seam
was mined.  For a mine that operated under more than one name, only the most recent name is generally given. 
When a mine changed names or ownership shortly before closing, an earlier name is listed.  All company and mine
names are listed on the mine summary sheet in the directory, under the production history segment.  
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Figure 2  Generalized stratigraphic
section, showing approximate vertical
relations of coals in Illinois. 

INTERPRETING A MINE SUMMARY SHEET

The mine summary sheet is arranged numerically by mine index
number.  Index numbers are shown on the map and in the mine listing. 
The mine summary sheet provides the following information (if
available).

Company and mine name  The last company or owner of the mine is
used, unless no production was recorded for the last owner.  In that
case, the penultimate owner is listed.  Mines often have no specific
name; in these cases, the company name is also used as the mine
name.

Type   Underground denotes a subsurface mine in which the coal was
reached through a shaft, slope, or a drift entry.  Surface denotes a
surface, open pit or strip mine.  

Total mined-out acreage shown   The total acreage of the mined
area mapped, including any acreage mined on adjacent quadrangles, 
is calculated from the digitized outline of the mine.  The acreage of
large barrier pillars depicted on the map is excluded from the mined-out
acreage.  Small pillars not digitized are included in the acreage
calculation.  If the mine outline is not based on a final mine map, the
acreage is followed by an estimate of additional acres that may have
been mined.  The estimate is determined from reported mine
production, approximate thickness of the coal, and recovery rates
calculated from nearby mines that used similar mining methods.

SHAFT, SLOPE, DRIFT OR TIPPLE LOCATIONS

Shaft, slope, drift, or tipple locations   Locations of all known former
entry points to underground mines or the location of coal cleaning,
tipple, and shipping equipment used by the mine’s facility are listed. 
The location is described in terms of county, township and range (Twp-
Rge), section, and location within the section by quarters.  NE SW NW,
for instance, would describe the location in the northeast quarter of the
southwest quarter of the northwest quarter.  When sections are
irregular in size, the quarters remain the same size and are oriented (or
“registered”) from the southeast corner of the section.  Approximate
footage from the section lines (FEL = from east line, FNL = from north
line, for example) is given when that information is known; this
indicates a surveyed location and is not derived from maps.  Entry
points are also plotted on the map and coded for the type of entry or
tipple.  A mine opening may have had many purposes during the life of
the mine.  Old hoist shafts are often later used for air and escape
shafts; this information is included in the directory when known.  The
tipple for underground mines was generally located near the main shaft
or slope.  At surface mines, coal was sometimes hauled to a central
tipple several miles from the mine pit.

GEOLOGY

Seam(s) mined   The name of the coal seam(s) mined is listed, if known.  If multiple seams were mined, they are all
listed, although the mined-out area for each seam may be shown on separate maps.  Figure 2 shows the stratigraphic
section of the coal-bearing interval in Illinois, and the vertical relations among the coals.

Depth   The depth to the top of the seam in the vicinity of the shaft is listed, if known.  The depth is determined from
notes made by geologists who visited the mine during its operation or from drill hole data in ISGS files.  Depth
generally varies little over the extent of a mine; however, reported depths for an individual mine may vary.  Depth for
surface-mined coals varies, and is usually represented as a range.
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Thickness   The approximate thickness of the mined seam is shown, if known.  Thickness also comes from notes of
geologists who visited the mine during its operation or from borehole data in ISGS files.  Minimum, maximum, and
average thicknesses are given when this information is available.

Mining method   The principal mining method used at the mine (figs. 1A-H) is listed.  See the mining methods
section at the beginning of this directory for a discussion of this parameter.

Geologic problems reported   Any known geologic problems, such as faults, water seepage, floor heaving, and
unstable roof, encountered in the mine are reported.  This information is from notes made by ISGS geologists who
visited the mine, or from reports by mine inspectors published by the Illinois Department of Mines and Minerals, or
from the source map(s).  Geologic problems are not reported for active mines.

PRODUCTION HISTORY

Production history   Tons of coal produced from the mine by each mine owner are totaled.  When the source map
used for the mine outline is not a final mine map, the tonnage produced since the date of the map is identified.  For
mines that extend into adjacent quadrangles, the tonnage reported includes areas mined in adjacent quadrangles.

SOURCE OF DATA

Source map   This section lists information about the map(s) used to compile the mine outline and the locations of
tipples and mine openings.  In some cases more than one source map was used.  For example, a map drawn before
the mine closed may provide better information on original areas of the mine than a later map.  When more than one
map was used, the bibliography section explains what information was taken from each source.

Date   The date of the most recent mine survey listed on the source map is reported.

Original scale   The original scale of the source map is listed.  Many maps are photo-reductions and are no longer at
their original scale.  The original scale gives some indication of the level of detail of the mine outline and the accuracy
of the mine boundary relative to surface features.  Generally, the larger the scale, the greater the accuracy and detail
of the mine map.  Mine outlines taken from source maps at scales smaller than 1:24,000 may be highly generalized
and may well be inaccurately located with respect to surface features.

Digitized scale   The scale of the digitized map is reported.  The scale may be different from that of the original
source map.  In many cases the digitized map was made from a photo-reduction of the original source map, or the
source map was not in a condition suitable for digitizing and the mine boundaries were transferred to another base
map.

Map type   Source maps are classified into five categories to indicate the probable completeness of the map.  See
discussion of source maps in the previous section.

Annotated bibliography  Sources that provide information about the mine are listed, with the data taken from each
source.  Some commonly used sources are described below.  Full bibliographic references are given for all other
sources.  Unless otherwise noted, all sources are available for public inspection at the ISGS.

Coal Reports   Published since 1881, these reports contain tabular data on mine ownership, production, employment,
and accidents.  Some volumes include short descriptions made by mine inspectors of physical features and
conditions in selected mines.

Directory of Illinois Coal Mines   This source is a compilation of basic data about Illinois coal mines, originally
gathered by ISGS staff in the early 1950s.  Sources used for this directory are undocumented, but they are primarily
Illinois Department of Mines and Minerals annual reports, ISGS mine notes, and coal company officials.

ENR Document 85/01, Guither, H. D., J. K. Hines, and R. A. Bauer, 1985   The Economic Effect of Underground
Mining Upon Land Used for Illinois Agriculture: Illinois Department of Energy and Natural Resources Document 85/01,
185 p.

Microfilm map   The U.S. Bureau of Mines maintains a microfilm archive of mine maps.  A microfilm file for Illinois is
available for public viewing at the ISGS.
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Mine notes   ISGS geologists have visited mines or contacted mine officials throughout the state since the early
1900s.  Notes made during these visits range from brief descriptions of the mine location to long narratives (including
sketches) of mining conditions and geology.

Federal Land Bank of St. Louis, Preliminary Reports on Subsidence Investigations  Mining engineers working for the
Federal Land Bank of St. Louis mapped areas of subsidence due to coal mining in the early 1930s.  These reports
often include county maps of mine properties with mined-out areas including shaft locations, as well as subsidence
areas.

REFERENCES
Bauer, R. A., B. A. Trent, and P. B. Dumontelle, 1993,  Mine Subsidence in Illinois: Facts for the Homeowner

Considering Insurance, Illinois State Geological Survey, Environmental Geology Note 144, 16p.

Guither, H. D., J. K. Hines, and R. A. Bauer, 1985, The Economic Effects of Underground Mining Upon Land Used for
Illinois Agriculture, Illinois Department of Energy and Natural Resources Document 85/01, 185p.
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PART II  DIRECTORY OF MINES IN THE KINCAID QUADRANGLE

MINE SUMMARY SHEETS
A summary sheet on the geology and production history of each mine in the Kincaid Quadrangle is
provided.  These summary sheets are arranged numerically by mine index number.  Consult Part I for a
complete explanation of the data listed in the summary sheet.

Mine Index 219
Peabody Coal Company, Peabody No. 9 Mine

Type:  Underground     Total mined-out acreage shown:  5,769

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main shaft Christian 13N 2W 19 NE SE NW
Air shaft Christian 13N 2W 19 SW SW NE

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Avg Method
Herrin 407-417 4.0 9.0 7.5 RPP

Geologic Problems Reported:  The source map shows problem areas designated along the southwestern edge and
all along the north and northwestern side of the mine.  The symbol is thought to denote sandstone channels. 
Channels or associated wet areas (from the water seeping from the sandstone) may have also caused some of the
problems that resulted in the larger interior un-mined areas.  The roof in the eastern and western parts of the mine
was black shale, while gray shale predominated in the southeastern part of the mine.  The sandy shale in the
northeastern part was very dangerous and gave much trouble, because micaceous layers separating the bedding
planes parted readily and allowed large parts of the roof to come down.  This sandy shale was either directly on the
coal or separated from it by 4 to 36 inches of black shale.  A persistent pyrite layer in the coal ranged up to 1.5 inches
thick.  Pyrite lenses up to 1 inch thick were common.  The source map shows faulty areas along the northern and
southern borders of the mine.  

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Peabody Coal Company Peabody No. 9 1918-1951 * 36,290,433

36,290,433

* Idle 1928

Last reported production:  March 1951

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Company 5-29-1952 1:4800 1:4800 Final
Microfilm, document 351393 5-29-1952 1:4800 1:9600 Final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation.
Directory of Illinois Coal Mines (Christian County) - Mine names, mine index, ownership, years of operation.
ENR Document 85/01 -  Mining method.
Mine notes (Christian County) - Mine type, shaft location, seam, depth, thickness, geologic problems.
Company map, ISGS map library, 4103.C4 i5.1-6, copy 1 - Shaft locations, mine outline, mining method, geologic 
          problems.
Microfilm map, document 351393, reel 03135, frames 470-475, map of Peabody #7 (mine index 2040) - Mine outline
          (far NW part of mine).
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Mine Index 220
Peabody Coal Company, Peabody No. 8 Mine

Type:  Underground     Total mined-out acreage shown:  8,571

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main shaft Christian 13N 3W 8 SW SW NW
Air shaft Christian 13N 3W 8 SW SW NW 

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Avg Method
Herrin 370 7.0 8.0 7.5 RPP

Geologic Problems Reported:  The source map shows a mining pattern indicating a fault that interfered with mining in
NW SENE 17-T13N-R3W.  This normal fault extended southeast into Peabody No. 10 Mine (mine index 693), where
the coal was downthrown 7 to 15 feet to the northeast.  The immediate roof over the coal was a black shale that
varied from 0 to 5 feet thick.    Above the shale was a limestone that also ranged from 0 to 5 feet thick.  Timbering
was required where the roof was shale over 30 inches thick.  When the shale was less than 30 inches, it was taken
down when the coal was removed.  The limestone made a very good roof.  Slips and sandstone rolls were observed
in the mine.  Rolls were more common in the western part of the mine, and had the effect of lowering the top of the
coal 3 to 4 feet.  Impurities in the coal were pyrite in lenses and bands, and calcite in fracture fillings.  The soft
underclay floor heaved, and several bad squeezes had occurred at the mine.  

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Peabody Coal Company Peabody No. 8 1914-1954 47,406,627

47,406,627

Last reported production:  July 1954

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Company, 4103.C4 i5.1-10 7-29-1954 1:12000 1:12000 Final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, depth.
Directory of Illinois Coal Mines (Christian County) - Mine names, mine index, ownership, years of operation.
Mine notes (Christian County) - Mine type, shaft location, seam, thickness, geologic problems.
Company map, ISGS map library, 4103.C4 i5.1-10 - Shaft locations, mine outline, mining method.
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Mine Index 693
Peabody Coal Company, Peabody No. 10 Mine

Type:  Underground     Total mined-out acreage shown:  24,808  Workings extend into Sangamon and
Montgomery Counties.

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main slope Christian 13N 4W 10 NE NE SE 
Air shaft Christian 13N 4W 11 SE NW SW 
19th North air shaft Sangamon 13N 4W 30 SW NW SW 
South man / air shaft Sangamon 13N 4W 29 SW SW SW 
Air shaft Christian 13N 4W 26 SW SW SW 
Main South air shaft #2 Christian 13N 4W 34 SE SE NE 
Zenobia man shaft Christian 12N 4W 2 NW NW SW 
Air shaft Christian 12N 4W 2 NE NW SW 
North air shaft Christian 14N 4W 27 SE SE SE 
North man shaft Christian 14N 4W 27 SE SE SE 
4th East air shaft Christian 14N 4W 35 NE NW NE 
4th West air shaft Sangamon 14N 4W 32 NE NE NW 

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Avg Method
Herrin 300-380 13.0 6.5-7.5 * BRP

* The coal was averaged 6.5 feet thick under limestone roof and 7.5 feet thick under Anna Shale.  Generally, 2 to 3
feet of top coal was left to support the roof. 

Geologic Problems Reported:  This mine extended about 11 miles in the north-south direction and 7 miles in the east-
west direction, and geologic conditions were diverse.  A large normal fault was encountered that halted expansion in
the northeastern part of the mine.  Displacement was 7 to 15 feet downthrown to the northeast.  This fault, or set of
parallel faults, extended over 2 miles N-NW and southward into NW SE NW 17-T13N-R3W, in Peabody No. 8 Mine
(mine index 220).  In 1967, seven entries were driven through a NE-SW trending channel sandstone in NE SW 17-
T13N-R4W, Sangamon County.  The sandstone was water-bearing, and consequently the mine was wet in that area. 
The top of the coal was eroded, but 4 to 5 feet of coal remained.  These channels of Anvil Rock Sandstone channels
are evident in the mining patterns shown on the accompanying map.  Most channels were 200 to 400 feet wide with
wider flanking zones of wet conditions and/or unstable roof.  The black shale roof tended to slab off along prominent
jointing breaks.  The 3 to 4 feet of black Anna Shale was overlain by 1.5 feet of Brereton Limestone, then 2 to 10 feet
of thin-bedded Anvil Rock Sandstone that sometimes had shale interlaminations, another 1.5 feet of limestone, and 2
feet of shale.  In some roof falls this entire sequence was exposed.  In NW 34-T13N-R4W and SW 27-T13N-R4W, a
peat trough resulted in coal up to 13 feet thick, in a north-south trending linear depression.  The grades were too
steep for the equipment and the feature was difficult to cope with.  Roof failures also made this feature difficult to
mine, although only the usual 6 to 7 feet of coal was actually removed.  A pattern of slips initiated a roof fall of 35 feet
of silty shale and gray shale within this area of thick coal.  The coal in the northern part of the mine was exceptionally
hard but relatively clean of impurities, and the underclay was rather soft.  In the southern part of the mine, the coal
was softer but had more impurities, and the underclay was much firmer.  

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Peabody Coal Company Peabody No. 10 1951-1994 147,281,150

147,281,150
Last reported production:  1994
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SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Company 8-1-1994 1:7200 1:7200 Final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, depth.
Directory of Illinois Coal Mines (Christian County) - Mine names, mine index, ownership, years of operation.
Mine notes (Christian County) - Mine type, shaft location, seam, thickness, geologic problems.
Company map, state archives - Slope & shaft locations, mine outline, mining method.
Company map, Coal Section files, 2-1-11L - Geologic problems.
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Mine Index 2040
Peabody Coal Company, Peabody No. 7 Mine

Type:  Underground     Total mined-out acreage shown:  7,127

SHAFT, SLOPE, DRIFT or TIPPLE LOCATIONS 

Type County Township-Range Section Quarters-Footage
Main shaft Christian 13N 3W 14 SW NW NW
Air shaft Christian 13N 3W 14 SW NW NW
Air shaft Christian 13N 3W 27 SE SE SW

GEOLOGY
      Thickness (ft) Mining

Seam(s) Mined Depth (ft) Min Max Avg Method
Herrin 349-365 6.5-7.5 RPP

Geologic Problems Reported:  The source map shows a probable sandstone channel that limited mine expansion in
the southeastern part of the mine.  Only three pairs of entries were driven across the channel to access the coal on
the other side, implying that almost no coal was minable there.  The coal was either eroded or never deposited. 
Another channel was between the Peabody No. 7 and Peabody No. 9 Mines (mine index 219).  The source map
showed unmined areas in 36-T14N-R3W (SE NW, S ½ NE and SE SW), some marked by the same symbol used to
denote channels elsewhere on the same map.  

PRODUCTION HISTORY 
Production

Company Mine Name Years    (tons)     
Illinois Midland Coal Company Illinois Midland No. 7 1912-1913        74,824
Peabody Coal Company Peabody No. 7 1913-1952 44,886,555

44,961,379

Last reported production:  May 1952

SOURCES OF DATA
Original Digitized    

Source Map Date   Scale   Scale Map Type 
Microfilm, document 351393 5-29-1952 1:4800 1:9600 Final

Annotated Bibliography  (data source, brief description of information)  

Coal Reports - Production, ownership, years of operation, depth, thickness.
Directory of Illinois Coal Mines (Christian County) - Mine names, mine index, ownership, years of operation.
Mine notes (Christian County) - Mine type, shaft location, seam.
Microfilm map, document 351393, reel 03135, frames 470-475 - Shaft locations, mine outline, mining method.
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INDEX OF MINES IN THE KINCAID QUADRANGLE
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Preface
About 840,000 acres of Illinois land have been undermined for coal and other minerals. About 
178,000 acres of residential and other built-up land in Illinois lie close to underground mines and 
may be susceptible to subsidence. The number of underground coal mines in Illinois has been 
estimated at 5,500. Maps exist for about 2,600. In 1991, it was estimated that about 320,000 hous-
ing units in the state were built over or adjacent to underground mines. Statewide, this number is 
likely to increase as cities continue to expand outward over mined-out areas.

Subsidence of the surface above abandoned coal mines is uncommon, but homeowners should 
be aware of nearby mining and the causes and consequences of subsidence. The information 
provided in this publication should enable homeowners to make a more educated decision as to 
whether they need to insure their homes against possible mine subsidence damage.

The Illinois State Geological Survey (ISGS) and Illinois Department of Natural Resources, Office of 
Mines and Minerals (OMM), are on a continual search for missing mine maps. If individuals are 
aware of any sources of old mine maps, please contact the ISGS or OMM to allow the maps to be 
copied.

Help for Homeowners
The ISGS has prepared this publication in order to provide information to Illinois homeown-
ers concerned with or experiencing subsidence problems associated with past mining activity. 
Common damages and problems associated with subsidence are described. Some information 
is included about problems frequently mistaken as being related to subsidence. Detailed advice 
is provided as to what to do when subsidence problems are suspected and what help is available 
for property owners faced with these kinds of problems. Links are provided to other mine infor-
mation such as maps that will assist the prospective property developer or buyer to avoid known 
mined-out areas and subsidence problems. 
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Mine Subsidence  
in Illinois
Signs of Subsidence
Cracks suddenly appear in the founda-
tion and walls or ceilings, then widen 
and grow. The ground around the 
house also starts to crack and lower. 
Popping and snapping can be heard as 
the house shifts. Doors and windows 
stick, jam, or break. Parts of the house 
tilt, and doors swing open or closed. 
The chimney, porch, or steps separate 
from the rest of the house. Water lines 
break, resulting in dirty tap water, loss 
of water pressure, and soaked ground. 
Gas and sewer lines leak.

As subsidence develops, several of 
these problems are likely to emerge 
simultaneously within a few days or 
weeks after onset. Collectively, the 
damage and ground movements indi-
cate a sense of direction that points to 
the center of the subsidence event. If 
only one or two problems occur in a 
house at random, they may be traced 
to some cause other than coal mine 
subsidence.

Underlying Cause
In Illinois, subsidence, or sinking of 
the land surface, commonly results 
from underground mining. Soon after 
the first settlers arrived in Illinois, 
they developed underground mines 
to extract coal, lead, zinc, fluorite, 
shale, claystone, limestone, and dolo-
mite. During the early years, land over 
mining areas was sparsely populated, 
and, if the ground settled, homes or 
other structures were seldom damaged. 
As towns and cities expanded over 
mined-out areas, subsidence damage 
to structures became increasingly 
common.

In Illinois, the risk of damage to struc-
tures has been high enough that a state 
law, the Mine Subsidence Insurance 
Act, was passed in 1979 to provide 
subsidence insurance for homeown-
ers in mining areas. This Act man-
dates that private insurance carriers 
include damage coverage as part of 
the homeowner policy. Amendments 
to the Act have increased coverage for 
insured structures from $50,000 (1979) 
to $350,000 (1990). Mine subsidence 
insurance in Illinois covers damage 

caused by underground mining of any 
solid mineral resource. (More informa-
tion about the insurance program and 
the fund is available from the Illinois 
Mine Subsidence Insurance Fund. See 
the Contacts for Additional Informa-
tion section, p. 19.)

Subsidence is possible in any area 
where any mineral has been mined 
below the ground surface. One of 
the state’s largest mine subsidence 
events (700 × 400 feet and 69- to 70-
feet deep) took place over a lead-zinc 
mine near Galena in 1972 (Touseull 
and Rich 1980). Most mine subsid-
ence in Illinois, however, is related 
to coal mining, which represents the 
largest volume extracted and area 
undermined in the state of any solid 
commodity. The total acre-
age where coal mining has 
occurred (fig. 1) far overshad-
ows the acreage undermined 
for all other commodities (table 
1). A 1991 study showed that about 
178,000 acres of residential and 
other developed areas can 
be found close to 
underground mines, 
and an estimated 
320,000 housing 
units have been 
built on land over 
or adjacent to 
underground mines 
(Treworgy and 
Hindman 1991).

Figure 2 shows the 
extent of under-
ground coal mining 
in each county. 
Home insur-
ance policies for 
residents living in 
counties with more 
than 1% of their 
land undermined 
have a mine sub-
sidence insurance 
premium automati-
cally included, as 
required by the 
Mine Subsidence 
Insurance Act 
of 1979. In these 
counties, mine sub-
sidence coverage 
can be declined by 
signing a waiver.

Geologic Setting
Knowing what geologic (earth) materi-
als lie above and below a coal mine 
leads to an understanding of how 
and why subsidence takes place. The 
ground surface may subside when 
bedrock or earthen materials fail either 
above (the roof), within (the coal pil-
lars), or below (the floor) the mine 
workings.

The term “overburden” refers to all 
earth materials overlying the mined 
coal. Overburden includes both the 
bedrock material and the non-bedrock 
deposits of sand, silt, clay, and pebbles 
that are found on top of the bedrock. 
These upper materials are commonly 
of glacial origin.
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Figure 1 Areas where coal 
has been mined in Illinois.
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Figure 2 Counties of Illinois undermined for coal. Counties with undermined areas 
of 1% or more are automatically included in the mine subsidence insurance pro-
gram.

From the ground surface downward, 
first are the windblown silts, called 
loess, in which Illinois soils have 
formed. Loess blankets most of the 
surface of the state. This silt material 
was blown out of the Mississippi and 
Illinois River valleys and was deposited 
across the Illinois land surface. Loess 

County Mineral Mine
(no.)

County
total

Adams
Alexander

limestone 4 4
ganister
tripoli

2 6
4

clay1

Calhoun clay 5 5
Carroll lead 2 2
Cook dolomite 1 1
Du Page
Greene
Hardin

dolomite
limestone 1 1

130 131
lead2

zinc2

1

1 1
11

93 102
9

1 1
2 2
6 8
2
1 1
3 3
2 4

2
1 1

2 2
3 3

51 58

7

3 3
1 1

2 2

1 1
12 14

2

2 2

Henderson limestone
Jackson
Jo Daviess

clay
lead3

zinc3

Johnson limestone
Kane dolomite
La Salle clay

limestone
clay
clay
clay

limestone
clay

limestone
limestone

limestone
clay

fluorspar4

lead5

zinc4

barite4

fluorspar5

lead5

clay
clay
tripoli

dolomite

Livingston
Mc Donough
Madison

Marshall

Monroe
Pike
Pope

Randolph
Rock Island
Saline

Scott
Union

Will

fluorspar2

1 Two of the four tripoli mines also mined clay.
2 Twenty-nine fluorspar mines also produced lead,
  ten produced zinc, and four produced lead and
  zinc.
3 Fifty-four lead mines also produced zinc.
4 Twenty-five fluorspar mines also produced lead, 
  three produced zinc, two produced lead and zinc, 
  and one produced barite.
5 One fluorspar mine also produced lead.

Table 1 Underground mines producing 
industrial minerals and metals.
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ranges from less than 2 feet to about 
25 feet thick (fig. 3), except in a part of 
southwestern Illinois where it may be 
as much as 100 feet thick near the Mis-
sissippi River valley. Below the loess 
are glacial materials deposited on top 
of the bedrock. These unconsolidated 
materials laid down by the moving or 
melting continental glaciers consist 
of sand, silt, clay, and gravel. These 
materials range from less than 10 feet 
thick to more than 300 feet thick over 
the areas mined for coal in Illinois. 
Beneath the glacial deposits is bedrock, 
the flat-lying or gently dipping layers of 
shale, coal, claystone, limestone, and 
sandstone (fig. 4). The layer below most 
Illinois coals is a soft claystone, also 
known as underclay.

little or none

less than 5 feet

5–10 feet

10–15 feet

15–20 feet

greater than 20 feet

50 km0

0 40 mi

N

Figure 3 Total loess thickness in Illinois (Fehrenbacher et al. 1986).

Figure 4 Generalized geologic column 
showing layers of surficial materials 
and underlying bedrock layers that are 
typical of the overburden of many coal 
mining areas.
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Underground Coal 
Mining Methods
Surface mining, formerly called “strip” 
mining, accounts for about 15% of 
the state’s current coal production. 
Although surface-mined land may 
settle, that settling is not called subsid-
ence.

Much of Illinois coal lies too deep for 
surface mining and requires an under-
ground mining operation. Two funda-
mental underground mining methods 
are used in Illinois: high-extraction 
(including longwall) and low-extraction 
room-and-pillar.

High-Extraction—Planned 
Subsidence
High-extraction mining methods (figs. 
5 and 6) remove almost all of the coal 
in localized areas, and planned surface 
subsidence is part of the operation. 
The surface subsides above the mine 
within several days or weeks after the 
coal has been removed. The sinking 
or subsiding of the overburden over 

the mined-out area will continue 
for years. The initial large and rapid 
ground movements associated with 
this mining method diminish rapidly 
after a few months. Once subsidence 
has decreased to levels that no longer 
cause damage to structures, the land 
may be suitable for development.

There have been three main high-
extraction mining methods used 
throughout the history of mining in the 
state: early longwall, high-extraction 
retreat, and modern longwall.

In the late1800s and early 1900s, 
longwall mines (figs. 5 and 6a) were 
excavated by hand, and workers main-
tained the haulageways (entryways) by 
placing stacked rock, wooden props, 
and rock-filled wooden structures to 
replace the support lost by the removal 
of coal. The mine roof and the rest of 
the overburden’s weight settled onto 
the stacks of rock and compressed 
them. When this occurred, a few feet of 
subsidence resulted at the ground sur-
face over the entire mined area.

Figure 5 Photograph of mining at the face in an early longwall mine. Note the 
rock support on the right side of photograph. These mines operated from the 
1870s to 1951 in fifteen counties. Most were located in the northern counties from 
Bureau through Will (fig. 2).

Modern high-extraction systems are 
designed to achieve a high rate of 
production and maximize resource 
removal (fig. 6, b–d). The high-extrac-
tion retreat method, used from the 
1940s through 2002, had miners 
remove as much coal as possible in 
an area within a panel until the roof 
started to collapse. The miners then 
retreated and formed the next row of 
pillars. This process was repeated as 
the miners worked their way out of 
the panel toward the haulageway. Roof 
collapse was controlled in those areas 
by the use of temporary roof supports. 
In this manner, relatively small areas 
were allowed to collapse as the miners 
retreated safely. Eventually, the entire 
panel was mined out, and the coales-
cence of collapsed areas caused the 
ground surface to lower.

In modern longwall mines, work-
ers remove 100% of the coal along a 
straight working face within defined 
panels, up to 1 to 2 miles long and 
about 1,000 feet wide. The mine roof 
collapses immediately behind the 
moving roof supports, causing 4 to 6 
feet of maximum subsidence on the 
ground surface over the centerline of 
the panel. This amounts to 60% to 70% 
of the mined height of the coal seam 
plus any roof or floor materials that 
have been removed along with the 
coal.

Low-Extraction Room- 
and-Pillar—Unplanned  
Subsidence
Using the room-and-pillar system, 
miners create openings (rooms) as 
they work. Enough coal is left in the 
pillars to support the ground surface. 
In Illinois, this system results in extrac-
tion of 40% to 55% of coal resources in 
modern mines and up to 75% in some 
older mines.

The design or layout of the rooms has 
changed through time. The room-and-
pillar method that was generally used 
before the early 1900s was character-
ized by rooms that varied consider-
ably in length, width, and sometimes 
direction (fig. 7a, b). To separate pro-
duction areas (panels) from the main 
entries and to improve ventilation, 
mine operators devised the modified 
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Figure 6 (a) Diagram of an early longwall mine design. Coal was removed start-
ing from the center of the mine (shaft-entrance to mine level) outward along a 
continuous outside perimeter of the mine. Areas where the coal was removed 
were backfilled with rock support (see fig. 5) (after Andros 1914a). (b) Diagram of 
general development plan for modern high-extraction retreat and longwall mine 
(Hunt 1980). (c) Modern high-extraction retreat method: small stumps of pillars are 
crushed when roof collapses. Chain pillars may be mined to increase panel width 
(Hunt 1980). (d) Modern longwall method whereby all coal is removed along a 
straight mining face, forming a sharply defined panel with no remaining coal sup-
port except a row of pillars between panels (after Hunt 1980).
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room-and-pillar methods in current 
usage are the blind room and the 
checkerboard (figs. 7, d, e). Using the 
first method, miners bypass every sixth 
or seventh room of a production area. 
The unmined area (blind room) func-
tions as a large pillar to support the 
roof. This method is still used today. 
The checkerboard system has evenly 

room-and-pillar or panel system (fig. 
7c). This system provided a more regu-
lar configuration of production areas. 
The production panels were set back 
from the main entries. Well-defined 
boundaries were the result of the broad 
barrier pillars or unmined areas left 
between adjacent panels and between 
the panels and the main entries. Two 

spaced square pillars in a checkerboard 
pattern forming very large panels.

Based on current state regulations, 
room-and-pillar mines in operation 
after 1983 that do not have planned 
subsidence approved as part of their 
operation have to show that they have 
a stable design. Although these permit-
ting requirements have improved over-
all mine stability, no one can guarantee 
that subsidence will not occur above a 
room-and-pillar mine in the future. In 
general, if coal has been removed from 
an area, subsidence of the overlying 
geologic materials is always a possibility.

Mine Maps
Copies of original mine maps may 
contain detailed features such as shaft 
locations (the entrances to a mine), 
surface facilities, and location and 
size of coal pillars left in the mine. 
Original mine maps are used to accu-
rately determine the type of mining 
performed in each area and to relate 
the location of mine features to sur-
face structures. Illinois law requires 
that mining companies file maps and 
mining information with the State 
Mine Inspector, Illinois Department 
of Natural Resources, Office of Mines 
and Minerals, in Springfield and with 
the Office of the County Clerk in the 
county where the mine is located. 
These two offices are the official repos-
itories for mine maps.

There are an estimated 5,500 under-
ground coal mines in Illinois. Maps 
exist for about 2,600 of them. The 
Illinois State Geological Survey and 
the Illinois Department of Natural 
Resources, Office of Mines and Miner-
als, are continually searching for miss-
ing mine maps. If persons are aware of 
any sources of old mine maps, please 
contact the Survey or Office of Mines 
and Minerals to allow them to be copied.

Dangers of  
Abandoned Mines
Abandoned mines are extremely dan-
gerous for a variety of reasons. Many 
old mines are partly collapsed or 
unstable, and thus inaccessible. Some 
are full of water. Others contain poi-
sonous and/or explosive gases or have 

a b
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extraction: variable
200 ft

60 m

too little oxygen to sustain life. Because 
abandoned mines are so dangerous, 
mine access requires the approval and 
supervision of the state mine inspector.

Types of Subsidence
Researchers have learned much about 
the nature and causes of subsidence 
by studying ground surface effects, 
drilling holes down into mines, lower-
ing small television cameras down the 
holes to view mine conditions, and 
personally inspecting mines that are 
still operating and accessible. In Illi-
nois, subsidence of the land surface 
takes one of two typical forms: pit or 
sag (trough).
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Figure 7 (a, b) Basic early room-and-
pillar mining method; this irregular 
layout was typical of some early mines 
found mostly before 1910 (Andros 
1914b). (c) Modified early room-and-pil-
lar method with a more regular layout; 
panels were separated from each other 
and from main entries by solid coal 
pillars (Andros 1914a). (d) Modern 
blind room method, where every sixth 
or seventh room within a panel is left 
unmined (blind) for additional support 
of the overburden (after Hunt 1980). (e) 
Modern checkerboard method places 
large, evenly spaced square pillars in a 
checkerboard configuration (Hunt 1980).

Pit Subsidence
Pits are generally 6 to 8 feet deep and 
range from 2 to 40 feet in diameter 
(figs. 8 and 9), although most are less 
than 16 feet across. Newly formed pits 
have steep sides with straight or bell-
shaped walls.

Pit subsidence mostly occurs over 
shallow mines that are less than 100 
feet deep and where the bedrock over 
the mine is less than 50 feet thick and 
composed of weak rock materials such 
as shale. The pit is produced when the 
mine roof collapses and the roof fall 
void works its way up through overly-
ing thin, weak bedrock and surficial 

layers to the ground surface. Pit subsid-
ence forms very quickly. If the bedrock 
is only a few feet thick and the surficial 
deposits are loose, these materials may 
wash into adjacent mine voids, pro-
ducing a surface hole deeper than the 
height of the collapsed mine void.

Sag or Trough Subsidence
Sag subsidence forms a gentle depres-
sion over a broad area. Some sags 
may be as large as a whole mine 
panel—several hundred feet long and 
a few hundred feet wide (fig. 10). Sev-
eral acres of land may be affected. The 
maximum vertical settlement is gener-

a b
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Figure 8 Diagram (Wildanger et al. 1980) and photographs of typical pit subsidence events.

Figure 9 Pit subsidence under the corner of a house 
from (a) above and (b) below ground.
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ally near the center of the depression 
and is 2 to 4 feet deep (fig. 10).

A major sag may develop suddenly (in 
a few hours or days) or gradually (over 
years). The rate of sag development 
depends on the type of failure in the 
mine. Sags may originate over places in 
mines where the coal pillars have dis-
integrated and collapsed (fig. 11), pro-
ducing a rapid downward movement 
at the ground surface or slower down-
ward movements where the coal pillars 

are being pushed into the relatively 
soft underclay that forms the floor of 
most mines (fig. 12). Sags can develop 
over mines of any depth. The profile in 
figure 10 shows settlement that took 
place over 45 weeks.

Tension cracks form as the ground is 
pulled apart by downward bending of 
the land near the outside edges of the 
sag. Generally, the cracks parallel the 
boundaries of the depression. Near 
the center of the sag, compression 

ridges may form as the 
ground is squeezed 
by downward bend-
ing of the land near 
the bottom of the sag. 
Ridges are observed 
less frequently than 
tension fractures 
because the area of 
compression is much 
smaller.

Effects of 
Subsidence: 
Problems and 
Solutions
Pit Subsidence
When pits develop, the 
ground moves primar-
ily in one direction: it 
drops vertically. Pits 
commonly appear 
after heavy rainfalls 
or snow melts. Water 
seldom accumulates 
in the pit. Instead, 
it drains down into 
the mine. A common 
treatment is to fill the 
pit with clayey soil and 
to compact the clay 
as tightly as possible 
so that its perme-
ability is very low. The 
idea is to prevent soil 

from eroding down into the mine by 
discouraging water from collecting 
and draining into the mine through 
the repaired pit subsidence. Many pits 
have been permanently filled this way.

Structures can be damaged if pit sub-
sidence develops under the corner 
of a building, the support posts of a 
foundation, or another critical spot. 
Otherwise, the probability of a struc-
ture being damaged by pit subsidence 
is low because most pits are relatively 
small—only a few feet across. If pit 
subsidence develops under foundation 
walls, the house may not be affected 
immediately because the foundation 
may temporarily bridge the pit (figs. 
8 and 9). Left unfilled, the structure 
(bridge) may become damaged from 
lack of support.

Homeowners living where pit subsid-
ence is common should periodically 
inspect crawl spaces and other hidden 
areas of their homes. When a pit is 
discovered below a foundation, the pit 
should be carefully filled so that proper 
support is again established.

Subsidence pits that are not filled 
pose a special danger for both people 
and animals. They are often deep and 
steep-sided. Anyone who falls in may 
find it very difficult to get out.

Sag Subsidence
The ground moves in two directions 
during sag subsidence (figs. 13 and 14). 
The ground drops vertically and moves 
horizontally toward the center of the 
sag. At the surface, the sag may be 
much broader than the collapsed part 
of the mine. For example, a failure in a 
mine 160 feet deep could cause minor 
surface subsidence more than 70 feet 
beyond the edge of the collapsed area 
underground (edge of panel). The 
deeper the mine, the larger the area 
affected out over the unmined area. 
Collapsed areas in abandoned under-
ground mines may occur in only part 
of a panel or mined-out area (fig. 15).

Sag subsidence produces an orderly 
pattern of tensile features (tension 
cracks) surrounding a central area of 
possible compression features. Map-
ping the direction of how the cracks 
pulled apart shows that the movements 
point toward the center of the sag. Sub-
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Figure 10 Sag subsidence shown on a map of the 
underlying mine. Profile A–A shows the sag develop-
ing. Compression ridges formed near the deepest 
part of the sag, and tension cracks (red lines) formed 
around the perimeter. (Data are from Dave Kiesling, 
Department of Civil Engineering, University of Illinois, 
personal communication 1981.)

mine roof

coal
pillar

pillar failure

mine floor

Figure 11 Diagram of 
a failure of pillars that 
results in lowering of 
the ground surface.
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Figure 12 Diagram and photographs of coal pillars being 
pushed into a soft floor. The claystone material is being 
squeezed out from under the pillar up into the entryway.

sidence movements are not selective—
all structures (buildings, sidewalks, 
driveways, fences, streets, curbs, etc.) 
within a sag will be affected and move 
toward the center of the event.

The type and extent of damage to  
surface structures relate to their  
orientation and position within a sag. 
In the tension zone, the downward-
bending movements that develop in 
the ground may damage buildings and 
roads as well as driveways, sidewalks, 

sewer and water 
pipes, and other 
utilities. The down-
ward bending of 
the ground surface 
causes the soil to 
crack, forming the 
tension cracks that 
pull structures 
apart. The lower-
most portion of the 
house foundation 
will be pulled apart 
where it is in con-
tact with the soil. 
Houses H1 and 
H2 (figs. 13 and 
14) show cracking 
and separation 
caused by tension 
throughout their 
structures. Until 
subsidence has 
ceased and repairs 

can be made, house H1 needs to be 
entirely supported. Damage in house 
H2 will be restricted mostly to the low-
ered side, so that only this side may 
need support.

In the comparatively smaller com-
pression zone, roads (fig. 13, R) may 
buckle, and foundation walls may be 
pushed inward. The foundation of any 
house in the center of the sag would 
be subjected to horizontal compres-
sion. Buildings damaged by compres-

compression zone

road

tension zone 

2�4 ft R

H1

H2

Figure 13 Block diagram of a typical sag subsidence event. 
The road is in the compression zone (located at R), and 
asphalt has buckled. The wood frame house (H1) is in the 
tension zone; the house’s foundation has pulled apart and 
dropped away from the superstructure in one corner. A brick 
house (H2) in the tension zone shows cracks in walls, ceil-
ings, and floors.

sion typically need their foundations 
rebuilt. They may also need to be lev-
eled due to differential settling.

Repair of Subsidence- 
Damaged Houses
A house may be built on a slab, on 
footings with a crawl space, or on a 
basement. Each type of construction 
requires a different type of treatment 
for subsidence damage. Permanent 
or rigid repairs are not advisable until 
subsidence-related ground movements 
have been completed. Premature, rigid 
repairs may exacerbate damages and 
may break again, resulting in addi-
tional financial loss. Temporary repairs, 
such as weather proofing or making a 
door functional, should be flexible and 
be made to accommodate additional 
movement. It may be necessary to 
make temporary repairs several times 
in cases involving large ground move-
ments. The repair of most structures 
requires detaching the house from 
the slab or foundation to relieve stress 
to the frame and to allow re-leveling. 
The re-leveling technique is unique to 
each home in order to account for its 
damage and structural characteristics.

Houses on slabs Some houses are 
supported by broad, flat concrete pads 
called slabs or slab-on-grade construc-
tion. Areas around the outside edge of 
the slab and under other supporting 
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Figure 14 Photographs illustrating the sag subsidence event and features shown in figure 13. 
(a) Compression ridges formed in the road (feature R) as the result of ground movement (com-
pression) associated with coal mine subsidence. (b) Tension cracks form in the ground surface 
extending through a home (feature H1); the foundation has settled at the house corner close to 
the center of the sag. (c) The brick-sided house (feature H2) in the tension zone shows down-
ward bending (compare roof lines). The left side of the home is closest to the sag center and 
has dropped down. Insert: Ground has pulled away from the porch toward the sag center (left).
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Figure 15 Mine panels containing areas that have 
collapsed or failed in part. Circled areas represent 
the extent of the subsidence feature on the ground 
surface.

interior walls should have foundation 
walls extending downward from the 
slab into the soil to below the frost line 
(where the soil may freeze). The frame 
of the house is usually attached to the 
slab with bolts. If subsidence occurs, 
the slab settles, and the frame is pulled 
downward.
In many instances, the settlement and 
resulting damage associated with coal 
mine subsidence to slab-on-grade 
homes is sufficient to require leveling 
the slab and walls as a unit if possible. 
If not, restoring such a house to a level 
position may require detaching the 
house from the slab and raising the 
frame. Typically, the bolts attaching the 
frame to the slab can be difficult to find 
and remove because they are located 
within the walls. Once the bolt con-
nections are severed, the frame can be 
raised and leveled, and the walls can be 
supported until a new foundation can 
be constructed.

In its raised state, separation between 
the walls and the floor slab may be 
sizeable. The home interior may be 
exposed to the outdoors (fig. 16), which 
presents security and weatherization 
problems until a new, level floor is 
installed. Grading and pouring a new 
floor cannot be done until subsidence 
and settling of the ground ends, which 
may be a year or more. The elevation 

of the ground around the house can 
be measured periodically to deter-
mine when movement has decreased 
enough that further damage is no 
longer expected.

Houses with crawl spaces Some 
houses are supported by perimeter 
footings with foundation walls (and 
interior piers when necessary) so that 
a crawl space is created between the 
floor and the ground surface. Bolts 
attaching the foundation to the wood 
frame are generally visible and acces-
sible within the crawl space. Once the 
house is detached from its foundation 
and support beams are placed under 
it, the house can be raised to a level 
position. If foundation walls are con-
structed of concrete blocks, sections 
of the wall may be easily removed so 
that supporting beams can be inserted 
under the superstructure (frame) of 
the building (fig. 17). The family can 
usually continue to occupy the house 
because the floor is attached to the 
frame and raised along with it. Typi-
cally, temporary steps are constructed 
to allow access.

Houses with basements In some 
houses, support is provided by base-
ment walls and, where necessary, inte-
rior piers with posts. Subsidence may 

cause cracks in the basement floors 
and walls of such houses. If the exte-
rior waterproofing is cracked, water 
may occasionally enter through the 
foundation wall.
If basement walls are constructed of 
concrete blocks or bricks, the blocks 
or bricks can be easily removed from 
the walls to allow beams to be inserted 
under the superstructure (frame) for 
leveling. Basements with poured con-
crete walls may present more difficult 
problems in leveling. For example, 
basement windows may not be large 
enough or in the best locations to 
allow support beams to be brought in 
and put into position under the frame 
of the house. Breaking or cutting 
through poured concrete basement 
walls can be time consuming and 
costly. Basements, do, however,  allow 
room for access below the superstruc-
ture so that solutions can be devised 
for each house. Assuming that it is 
necessary to provide additional sup-
port for safety or damage mitigation 
purposes, the use of the basement as 
living space can be severely curtailed.

Brick or masonry structures 
Houses built with brick exterior siding 
or other masonry structures will show 
cosmetic cracks after only small differ-
ential movements occur. Large move-



�� Circular 569 Illinois State Geological Survey

Figure 16 Load-bearing walls of a 
garage on a slab. The entire superstruc-
ture (frame) has been raised to a level 
position, exposing the interior of the 
garage. This re-leveling eliminates dam-
aging stresses from differential move-
ments of the foundation and maintains 
the superstructure level throughout the 
life of the event.

ments beneath of structures that have 
full masonry walls may render those 
structures unstable. A structure with 
brick or concrete block walls, unlike 
wood frame walls, generally cannot 
cantilever or extend over a subsided 
(lowered) foundation without supple-
mental support. Expensive remedial 
measures may be necessary to develop 
suitable support for heavy masonry 
structures.

Effects on Utilities  
and Drainage
Subsidence-related ground move-
ments may also cause damage to water 
lines, gas lines, sewer lines, telephone 
lines, electrical wires, and cable TV 
lines. If utility poles tilt or sink, power 
and other lines may sag or pull from 
the poles. In turn, this may drop elec-
trical wires from the poles and create 
another hazard.

Gas leaks are rare but pose the greatest 
hazard because an explosion can occur 
if the gas is allowed to accumulate. If a 
gas leak is noticed, leave the structure 
immediately. Do not turn any electrical 
appliances, including lights, on or off. 
Phone the local gas utility company 
or fire department from outside, away 
from the gas lines and meter, or call 
from a neighboring property. Flexible 
piping can be installed between the 
outside meter and the home to accom-
modate movements. Water leaks from a 

Figure 17 Concrete blocks of a crawl space have been removed to make room to 
jack the house to a level position. I-beams support the re-leveled house.
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broken water main are more common 
and are usually the first noticeable 
evidence of major subsidence. Leaking 
water or sewer pipes cause additional 
problems by saturating the ground 
around a foundation or washing soil 
from under the house, especially in 
areas with moisture-sensitive soils.

Water can also pond in a sag subsid-
ence event (fig. 18). If any part of a 
house is in a sag, an attempt should be 
made to keep water from accumulating 
around and under it. The ground sur-
rounding the foundation must be kept 

well drained because excess moisture 
can cause additional foundation sup-
port problems.

Conditions That May 
Be Mistaken for Mine 
Subsidence
Soil conditions, tilting floors, support 
problems, and brick expansion can 
produce damage that may be mistak-
enly attributed to mine subsidence 
(Bauer 1983; Bauer and Van Roosen- 
daal 1992).

Soils
Shrinking and swelling Moisture-
sensitive soils expand when wet and 
shrink when dry. Many decades of 
cyclic wetting and drying build up 
pressure against basement foundation 
walls as soil and other debris fall into 
the space between the foundation wall 
and the dry, shrunken soil. Pressures 
build until basement walls are pushed 
inward, forming horizontal cracks that 
continue across the length of the wall 
until they propagate downward in a 
stair-step pattern near the corners. 
Often these cracks form on all walls 
but tend to be more severe along the 
longer, load-bearing walls of rectan-
gular-shaped homes. Typically, these 
horizontal cracks form a foot or more 
below the ground surface. If the walls 
move inward an excessive amount, the 
floor of the house may drop and tilt 
(fig. 19).
Reduced load-bearing support of the 
soil can cause foundations to tilt or 
sink at the corners (fig. 20). To avoid 
problems, homeowners should take 
measures to keep excessive amounts 
of water away from foundation walls. 
Downspouts should discharge water 
several feet from the house. The soil 
should be built up around the house 
and graded to slope away from the 
foundations so that water will then 
drain away from the house. The cracks 
produced in foundations by this rotat-
ing downward movement of the corner 
are wide at the top of the foundation 
and decrease to a nearly hairline crack 
near the base (footing) of the founda-

Figure 18 Ponding created by sag subsidence. Note the tension cracks around the 
edge of the depression.

Figure 19 Basement damage unre-
lated to mine subsidence. Damage 
was caused from decades of seasonal 
wetting and drying of soils, which built 
up pressure against the basement foun-
dation walls. With each cycle, dryness 
allows fine grains of soil to fall into the 
gap between the soil and the founda-
tion wall. When moisture returns, the 
soil expands, increasing pressure until 
the wall fails and is pushed inward.
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tion. This pattern is in contrast to that 
from subsidence, which produces 
cracking that shows the foundation is 
being pulled apart at its base where it 
rests on the soil.

Trees or large shrubs growing near 
foundations tend to alter soil moisture 
conditions to a considerable depth. 
The water contents of the soil can be 
lowered significantly during a drought 
when plant roots absorb so much of 
the available water that the soil shrinks 
from reduced moisture content. When 
soil shrinks below the foundation, it 
may cause plants to sink or tilt out-

ward. When moisture returns, the soils 
may expand enough that some cracks 
partially close, only to reopen again 
during another extremely dry season.

Freezing and thawing As some 
poorly drained soils freeze and thaw, 
they expand and contract in a manner 
similar to that of moisture-sensitive 
soils (fig. 21). Proper drainage through 
the use of granular materials (e.g., 
gravel) can reduce the potential for 
frost heave. These materials should 
be used beneath unheated garages, 
outbuildings, breezeways, driveways, 

and other structures that are most 
likely to be affected. Typical signs of 
heaving are found during extremely 
cold weather when soil and slabs push 
upward, causing problems with closing 
or opening of doors.
Foundation footings that are not 
installed below the “frost line,” where 
ground freezing may occur during 
winter, may also see movements in the 
foundation throughout the year, espe-
cially during extreme cold spells. These 
sections may also heave upward in 
relation to deeper foundations.

Figure 20 Foundation sinking at the 
corner of building due to reduced sup-
port caused by excessive, repeated 
moisture changes. Note gutter drainage 
(arrow) and lack of downspout to chan-
nel drainage away from foundation.

Figure 21 Diagram showing one example of frost heave for a garage floor.
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Piping Piping, or subsurface ero-
sion from water washing away fine-
grained soil, can occur along broken 
or separated sewer lines, water lines, 
old farm tile, and buried downspout 
extensions (fig. 22). Older drainage 
systems around the outside base of the 
foundation—the peripheral drainage 
system—slowly remove soil particles 
and lower the ground surface around 
the house (fig. 23). This removal causes 
sidewalks, stairs, and patio slabs 
located along the foundation to drop 
and tilt toward the house (fig. 24).

When a broken or separated water 
or sewer line is carrying a high flow, 
water surges out of the broken pipe 
and saturates the soil. When the flow 
is low, water in the saturated soil flows 
back into the sewer pipe and carries 
some soil particles with it. This pro-
cess may excavate a cavity around the 
line, and the cavity may become large 
enough to reach the surface, where a 
hole appears. More often, the piping 
process slowly lowers the ground sur-
face and causes a depression. A linear 
depression may occur along the length 
of the sewer or water line. Piping 
especially occurs in the highly erod-
ible loess that covers most of the state 
(fig. 3). Piping depressions are much 
smaller than subsidence sags and are 
found near sewer and water lines.

Tilting Floors and  
Problems with Supports
Vertical intermediate supports for the 
main beam of a house may sink if they 
do not rest on properly sized concrete 
footings. Many times concrete blocks 
are used in crawl spaces to support the 
main beam running down the center 
of the house. Sometimes these blocks 
are resting directly on the soil, and, 
because they do not provide enough 
bearing area, they will sink into the 
soil. If there is inadequate contact 
area between a beam and a vertical 
support, enough weight can be con-
centrated onto the beam to crush it, 
thus lowering the floor. Also, if a thick 
stack of shims has been used between 
the beam and the vertical support, 
the shims may compress, lowering 
the beam (fig. 25). The ends of the 
main beam should rest on the founda-
tion walls to reduce the likelihood of 

the beam moving a different 
amount than the foundation 
and causing cracks to develop 
in the walls above this location. 
Insufficient spacing and floor 
joist size can result in sagging 
floors, a condition sometimes 
mistaken for subsidence.

Brick Expansion
Clay bricks are smallest when 
they are new. Bricks continue 
to expand over time. The 
amount of brick expansion 
depends on a large number of 
variables such as temperature 
of firing, type of clay content, 
and various brick additives. 
Some bricks may expand up 
to 0.1 to 0.2% within four 
years (Hosking et al., 1966). 
This expansion may add up to 
over 1 to 2 inches or more for 
a 100-foot-long continuous 
brick wall with no expansion 
joints (or joints not functioning 
properly) and stiff mortar. This 
amount of cumulative move-
ment is enough to be notice-
able and generate enough 
pressure to cause damage.  

Figure 22 An extreme example of soil pip-
ing in a home crawl space. Soil was removed 
by moving water associated with farm drain-
age tile. Reproduced by permission of The 
News-Gazette, Inc. Permission does not imply 
endorsement by the newspaper. Originally pub-
lished September 11, 1983.

Foundation wall

Soil

Soil lo
wered along foundation wall

Peripheral drain surrounded by gravel

Figure 23 Diagram of a peripheral drainage system around some exterior founda-
tion walls. Over time, the drainage system removes small amounts of soil and low-
ers the ground surface along the foundation.
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Figure 24 A moat-type depression along the foundation wall and lowered sidewalk and patio slabs 
caused by the kind of peripheral drainage system shown in figure 23.

Figure 25 This main beam is not attached directly to the foundation wall. Because the beam is settling 
a different amount than the foundation and because some of the thick layers of shims are compressing, 
cracks have developed in the house above the beam.
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This type of damage is commonly asso-
ciated with long continuous expanses 
of brick usually found above or below 
windows or above doors of buildings. 
Movement increases from none near 
the center of the brick expanse to the 
greatest at the edges of the length of 
the wall (fig. 26). This movement differ-
ence occurs because small changes in 

each brick push adjacent bricks toward 
the unconfined edge of the wall. 
Damage is usually at the top of door 
frames, which move horizontally with 
the expanding wall in one direction 
in relation to the bottom of the door 
frame (fig. 27). This type of movement 
may result in the brick wall sliding 
slightly off the foundation at a corner 

(fig 28); weaker materials in the wall, 
such as glass blocks, may be crushed 
(fig. 29), and the sliding wall may 
become separated from the  
interior floor slab. To minimize this 
type of problem, functioning expan-
sion joints should be incorporated into 
the construction. Expansion joints 
should be clear of any hard materials 
that may have fallen in during con-
struction, and pliable caulk should be 
used to seal the gap.

Disclosure of 
Previous Mine 
Subsidence Claims
The Mine Subsidence Disclosure Act of 
1989, which became effective on Janu-
ary 1, 1990, allows a buyer to find out 
if an owner of the property has been 
paid for mine subsidence damage on 
the property. The act states that, at the 
time an agreement to transfer prop-
erty is made, the owner shall disclose 
in writing to the buyer and lender all 
insurance claims paid to the owner 
for mine subsidence damage on the 
property.

Property Tax Relief
Some counties offer property tax relief 
for homes that have been newly dam-
aged by coal mine subsidence. Coun-
ties offering tax relief typically require 
the property owners to protest their 
taxes and to provide a written report or 
letter certifying that the damages are 
subsidence related. Such letters can 
be obtained from either the Office of 
Mines and Minerals or the Mine Sub-
sidence Insurance Fund.

Considerations for Mine 
Subsidence Insurance
The purchase of mine subsidence 
insurance may be advisable to pro-
tect property lying above or near an 
undermined area or an area soon to be 
mined.

Homeowners in counties where 1% or 
more of the land has been undermined 
(fig. 2) will automatically have subsid-
ence insurance added to their policies 
when issued. Those individuals refusing 
coverage will be asked to sign a waiver.

Compound in expansion
joint is compressed and
squeezed out.

9 ft 6.5 in9 ft 7 in

Brick above door moving to
right, moving brick on either
side of top door and top of
door along it - racking door
since bottom not moving.

Figure 26 Diagram illustrat-
ing the back wall of a strip 
mall building containing 
doors and showing how 
expanding bricks move the 
brick wall.

Figure 27 The long continuous length of brickwork above the door is expanding, 
pushing the top of the door frame to the right while the base of the door remains 
stationary. This movement creates the gap and causes the door to stick while 
opening and closing.
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Insurance agents can describe the 
mine subsidence insurance program 
and outline the coverage available. For 
more information, contact the Illinois 
Mine Subsidence Insurance Fund 
headquarters in Chicago. (See Contacts 
for Additional Information section, p. 19.)

The county clerk’s office may be one 
place to learn about local mining 
activities. That office may have a map 
showing general outlines of the under-
ground mines. For general informa-
tion on coal mines in Illinois, contact 
the Illinois State Geological Survey in 
Champaign. The Survey can provide 
digital copies of original mine maps 
for some mines. The Survey can also 
provide county maps (table 2) showing 
active and abandoned mines and their 
known extent at a 1:100,000 scale (1 
inch on the map represents 1.6 miles 
on the ground). Township, range, and 
section lines are included. The county 
directory of coal mines accompanies 
each map and lists company names, 
mine names and numbers, type of 
mining method used, years operated, 
coal seam mined, and mine entrance 
location. Also, some areas have much 

Figure 28 The largest movements are at the edges 
of the long continuous wall. At this point, the brick 
wall is being pushed off the foundation.

Figure 29 The long, continuous brickwork intersects the vertical glass block wall. 
Pressures have broken the glass blocks in line with the long continuous expanse of 
brick work.

more detailed outlines of 
the mines superimposed 
over topographic maps 
(1 map inch represents 
2,000 feet). The direc-
tories that accompany 
these maps contain  
more detailed informa-
tion, such as depth of 
underground mines, 
than is available in 
county directories. Both 
the county-scale and 
topographic-scale maps 
can be viewed on the 
Illinois State Geological 
Survey Web site at www.
isgs.uiuc.edu/coal sec/
coal/index_online 
pubs_coal.htm.

A report on the state’s 
subsurface operations 
for minerals other than 
coal (Cook, unpublished 
notes, 1979) is on file at 
the Illinois State Geologi-
cal Survey library.

Finally, assistance is 
available from the Illi- 
nois Department of 

Natural Resources, Office of Mines and 
Minerals, in Springfield. This office is 
the repository for the original, detailed 

coal mine maps in the state. The Office 
of Mines and Minerals also issues 
mining permits for active and pro-
posed coal mines. All questions con-
cerning active mining and subsidence 
or mine stability should be directed to 
the Land Reclamation Division.

What If Mine 
Subsidence Damage 
Occurs?
Help is available. Any homeowner with 
subsidence insurance coverage who 
suspects property damage due to mine 
subsidence should immediately call his 
or her insurance agent, who will have 
the property examined.

If there are life safety concerns asso-
ciated with past mining activity, the 
property owner should contact the Illi-
nois Department of Natural Resources, 
Office of Mines and Minerals, Aban-
doned Mined Lands Division. After a 
brief phone interview, a team can be 
promptly dispatched to investigate the 
concerns if warranted and desired by 
the property owner. If conditions prove 
to be (1) life threatening and (2) mine 
related, Abandoned Mined Lands staff 
will seek federal funds to abate the 
hazardous conditions. Funds appropri-
ated by the U.S. Congress can be made 
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available through the Office of Surface 
Mining Reclamation and Enforcement 
to be used in abating life-threatening 
conditions associated with abandoned 
coal mines. These funds cannot be used 
for damage repair but are readily avail-
able for life protection measures such 
as providing structural support bracing 
when necessary, filling of large holes 
caused by shaft openings or pit type 
subsidence events, and sealing or vent-
ing of dangerous mine gas accumula-
tions. Often the work associated with 
hazard abatement serves to reduce or 
control future damages.

If the insurance agent or the 
Abandoned Mined Lands Rec-
lamation Division finds that a 
home is not subsiding because 
of a mine, they may be able to 
suggest the cause of the prob-
lem and, in general, whom 
to contact. The insurance 
assessment does not require 
an investigation into the ulti-
mate cause for the damage; it 
only determines whether the 
damage is caused by coal mine 
subsidence.

Contacts for  
Additional 
Information
Illinois Mine Subsidence  
Insurance Fund 
130 E. Randolph Dr., Suite 1130 
Chicago, IL 60601-6223 
800-433-6743 
www.imsif.com

Illinois Department of  
Natural Resources 
Office of Mines and  
Minerals 
Abandoned Mined Lands  
Reclamation Division 
Springfield, IL 62702-1271 
217-782-0588

Illinois Department of  
Natural Resources 
Office of Mines and Minerals 
Land Reclaimation Division 
One Natural Resources Way 
Springfield, IL 62702-1271 
217-782-6791

Illinois State Geological Survey 
615 East Peabody Drive 

 Champaign, IL 61820-6964 
 217-333-4747 
 www.isgs.uiuc.edu

Acknowledgments
This publication is an updated revi-
sion of Mine Subsidence in Illinois: 
Facts for the Homeowner Considering 
Insurance, which was released in 1981 
as ISGS Environmental Geology Notes 
99 and in 1993 as Environmental  
Geology 144.

We appreciate the helpful comments 
provided by peer reviewers: Daniel 
Barkley, Cheri Chenoweth, Scott Elrick, 
Robert Gibson, and Dean Spindler.

The Illinois Mine Subsidence Insurance 
Fund sponsored the reprinting of the 
original booklet and the printing of the 
subsequent two updated publications. 
The distribution of this mine subsid-
ence information for homeowners is 
largely due to the strong support over 
several decades of the Fund’s recently 
retired President and CEO, Edmund W. 
Murphy, and through continued sup-
port by the current President and CEO, 
Randolph J. Beck.

References
Andros, S.O., 1914a, Bulletin 5, Coal 

mining practice in District I (Long-
wall): Urbana, Illinois, University 
of Illinois, Bulletin of Illinois Coal 
Mining Investigations Cooperative 
Agreement, v. 1, no. 2, 42 p.

Andros, S.O., 1914b, Bulletin 8, Coal 
mining practice in District VI (Mines 
in bed 6 in Franklin, Jackson, Perry, 
and Williamson Counties): Urbana, 
Illinois, University of Illinois, Bulle-
tin of Illinois Coal Mining Investiga-
tions Cooperative Agreement, v. 1, 
no. 5, 42 p.

Bauer, R.A., 1983, Damage that may be 
mistaken for coal-mine subsidence: 
Proceedings of the Illinois Mining 
Institute Annual Meeting, October 
7–8, 1982, Springfield, Illinois:  
Illinois State Geological Survey, 
Reprint 1983E, 7 p.

Bauer, R.A., and D.J. Van Roosendaal, 
1992, Monitoring problems: Are we 
really measuring coal mine subsid-
ence?, in S. S. Peng, ed., Proceedings 
of the Third Workshop on Surface 
Subsidence Due to Underground 
Mining, June 1992, Morgantown, WV, 
p. 332–338.

Cook, W.J., 1979, Non-coal subsurface 
mines in Illinois: Unpublished notes 
on open file, Industrial Minerals and 
Metals Section, Illinois State Geo-
logical Survey.

Fehrenbacher, J.B., I.J. Jansen, and K.R. 
Olson, 1986, Loess thickness and its 
effect  on soils in Illinois: University 

Woodford

Adams

Bond

Brown

Bureau

Calhoun

Cass

Champaign

Christian

Clay

Clinton

Coles

Crawford

Cumberland

Douglas

Edgar

Edwards

Franklin

Fulton

Gallatin (3)1

Greene

Grundy

Hamilton

Hancock

Hardin

Henry

Jackson

Jasper

Jefferson

Jersey

Johnson

Kankakee

Knox

La Salle

Lawrence

Livingston

Logan

McDonough

McLean

Macon

Macoupin

Madison

Marion

Marshall

Menard

Mercer

Monroe

Montgomery

Morgan

Moultrie

Peoria

Perry

Pike

Pope

Putnam

Randolph

Rock Island

St. Clair

Saline (3)1

Sangamon

Schuyler

Scott

Shelby

Stark

Tazewell

Vermilion (2)2

Wabash

Warren

Washington

White

Will

Williamson (3)1

1 Herrin Coal, Springfield Coal, miscellaneous
1 coals.
2 Danville Coal, Herrin Coal.

Richland

Table 2 County maps and directories of Illinois 
coal mines.



�0 Circular 569 Illinois State Geological Survey

of Illinois at Urbana-Champaign, 
College of Agriculture, Agricultural 
Experiment Station in cooperation 
with the Soil Conservation Service, 
U.S. Department of Agriculture, Bul-
letin 782, 14 p.

Hosking, J.S., W.A. White, and W.E. 
Parham, 1966, Long-term dimen-
sional changes in Illinois bricks and 
other clay products: Illinois State 
Geological Survey, Circular 405, 44 p.

Hunt, S.R., 1980, Surface subsidence 
due to coal mining in Illinois: Uni-
versity of Illinois at Urbana-Cham-
paign, Ph.D dissertation, 129 p.

Illinois Coal Mine Maps and Directo-
ries, 1990, Publications of the Illinois 
State Geological Survey: Illinois 
State Geological Survey, p. 121.

Touseull, J., and C. Rich, Jr., 1980, 
Documentation and analysis of a 
massive rock failure at the Bautsch 
Mine, Galena, Illinois: U.S. Bureau 
of Mines, Report of Investigations 
8453, 49 p.

Treworgy, C.G., and C.A. Hindman, 
1991, The proximity of underground 
mines to residential and other built-
up areas in Illinois: Illinois State 
Geological Survey, Environmental 
Geology 138, 18 p.

Wildanger, E.G., J.W. Mahar, and A. 
Nieto, 1980, Sinkhole type subsid-
ence over abandoned coal mines 
in St. David, Illinois: Springfield, 
Illinois, Abandoned Mined Lands 
Reclamation Council, 88 p.







AECOM Location Restrictions for Dynegy Midwest Generation, LLC 
Kincaid and Coffeen Mine Subsidence at Ash Ponds 

References 

Attorney Client Privileged 

Reference 8 



















AECOM Location Restrictions for Dynegy Midwest Generation, LLC 
Kincaid and Coffeen Mine Subsidence at Ash Ponds 

References 

Attorney Client Privileged 

Reference 9 



  

 Hanson Professional Services Inc. 
1525 South 6th Street 
Springfield, IL 62703 
(217) 788-2450 
Fax: (217) 788-5241 

www.hanson-inc.com 
 

October 12, 2015 
 
 
Mr. James Klenke 
Plant Manager 
Kincaid Generation L.L.C. 
P.O. Box M 
Kincaid, Illinois  62540 
 
Attn: Mr. Richard Dixon 
 
Re: Kincaid Power Station Ash Pond 

Dike Inspection 
 
Dear Mr. Klenke: 
 
The Kincaid Power Station Ash Pond dike was inspected on June 24, 2015.  The inspection was 
made by James P. Knutelski, P.E., Hanson Professional Services Inc.  He was accompanied by 
Richard Dixon of Kincaid Generation.  The photographs taken during the inspection are 
attached. 
  
At the time of the inspection, the water level was at the normal operating pool elevation for this 
facility, approximately 2 ft below the crest of the emergency overflow spillway.    The day was 
cloudy with scattered showers and the temperature was about 70º.   
 
Ash Pond Description 
 
The ash pond was built in 1964 to serve as a disposal area for bottom ash produced during coal 
combustion.  The amount of ash stored in the facility has been variable over the operation of the 
pond.  Currently the ash is sold to other industries and the probability of the ash pond being 
filled to capacity is low in the foreseeable future.  Water and ash from the plant enter the pond 
through 7 pipes located on the south side of the dike.  The water level in the ash pond is 
controlled using a gated drop structure.  A large portion of the southern side of the dike that was 
constructed at about 5 ft lower elevation than the remaining crest of the dike is used as an 
emergency overflow spillway.   
 
The ash pond is inspected no less than weekly by Kincaid personnel.   

 
Summary of Observations and Recommendations 
 
The drop structure outlet for the ash pond appears to be in good condition (Photograph 1).  The 
outlet conduit appears to be in good condition (Photograph 2).   
 
The emergency spillway appears to be in good condition (Photograph 3). 
 
The inlet pipes appear to be in good condition (Photograph 10). 
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The earthen dike appears to be in good condition (Photographs 4 through 8).  The downstream 
embankment has been mowed and maintained over the past year.       
 
Within the pond, there are several areas where the elevation of the ash is higher than the 
normal pool elevation of the pond (Photographs 9 and 11).  These areas are not considered 
detrimental to the dike as long as equipment working these areas does not cause rutting within 
the original dike materials.  Also, this material may help prevent unwanted vegetation growth on 
the upstream side of the dike.    
 
A subsidence event beneath the western portion of the dike was reported in July of 2013.  The 
area was observed at that time.  Only a noticeable slump and tension cracks were apparent in 
that area.  In 2014, an intense rainfall event resulted in runoff on the downstream slope in this 
area and erosion of the slope.  The erosion on the slope was repaired, vegetation was 
established, and the crest elevation was restored.   This area appears to be in good condition.     
 
Weekly inspection and maintenance of the ash pond by Kincaid personnel are recommended.  
No further repairs are necessary.  

 
 
      Sincerely, 
 
      HANSON PROFESSIONAL SERVICES INC. 
 

       
 
      James P. Knutelski 
      Geotechnical Engineer 
 
Attachments: Photographs 
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Dam Inspection Report

Name of Dam Dam ID No.

II

Location Section 11 & 12 Township 13N Range

Owner
Name

62540      County
Zip Code

Inspection Personnel:

Professional Engineer's Seal

The Department of Nautural Resources is requesting information that is necessary to accomplish the statutory purpose as outlined under the River, Lakes and Streams Act, 615 

ILCS 5.  Submittal of this information is REQUIRED.  Failure to provide the required information could result in the initiation of non-compliance procedures as outlined in

Section 3702.160 of the "Rules for Construction and Maintenance of Dams".

Name Title

Name Title

Pool Elevation When Inspected 613.0

Tailwater Elevation When Inspected NA

Richard Dixon Kincaid Generation

James P. Knutelski P Geotechnical Engineer
Name Title

Date(s) Inspected 6/24/2015

Weather When Inspected Cloudy, scattered showers.

Temperature When Inspected 70 F

Sicily
City

Christian

Type of Dam Earth Embankment with Drop Structure Spilllway

Type of Spillway Drop structure to outlet condiut

Dynegy Midwest 217 237 4311
Telephone Number (Day)

217 237 4311
Telephone Number (Night)

IL Route 104
Street

Kincaid Power Station Ash Pond NA

Permit Number NA Class of Dam

4W



CONDITION CODES

NE  - No evidence of a problem

GC  - Good condition

MM  - Item needing minor maintenance and/or repairs within the year, the
safety or integrity of the item is not yet imperiled

IM  - Item needing immediate maintenance to restore or ensure its safety 
or integrity

EC  - Emergency condition which if not immediately repaired or other 
appropriate measures taken could lead to failure of the dam

OB  - Condition requires regular observation to ensure that the condition
does not become worse

NA  - Not applicable to this dam

NI  - Not inspected - list the reason for non-inspection under deficiencies
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SUMMARY OF MAINTENANCE DONE AND/OR

REPAIRS MADE SINCE THE LAST INSPECTION

1.

2.

3.

4.

5.

NA

None.

NA

None.

PRINCIPAL SPILLWAY

OUTLET WORKS

EMERGENCY SPILLWAY

EARTH EMBANKMENT DAMS

CONCRETE MASONRY DAMS

DATE OF PRESENT INSPECTION 6/24/2015

DATE OF LAST INSPECTION 3/11/2014

Mowed.  Grade and seed areas with previous erosion.



I, , dam,

, in County,

.

I, , dam,

, in County,

.

I

The Department of Nautural Resources is requesting information that is necessary to accomplish the statutory purpose as outlined under the River, Lakes and Streams Act, 615 

ILCS 5.  Submittal of this information is REQUIRED.  Failure to provide the required information could result in the initiation of non-compliance procedures as outlined in

Section 3702.160 of the "Rules for Construction and Maintenance of Dams".

  have determined that no revisions to the plan are necessary.

have reviewed the operation and maintenance plan including the Emergency Action Plan (EAP),

      Date

      Owner's Maintenance Statement

Owner's Operation and Maintenance Plan Statement

Signature

which is part of, Permit Number NA

  have enclosed the appropriate revisions or

owner of Kincaid Ash Pond

Dam Identification Number NA Christian

am maintaining the dam in accordance with the accepted maintenance plan which is part of

Permit Number NA

      Date

Signature

owner of Kincaid Ash Pond

Dam Identification Number NA Christian
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AECOM Location Restrictions for Dynegy Midwest Generation, LLC 
Kincaid and Coffeen Mine Subsidence at Ash Ponds 
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ATTORNEY PRIVILEGED AND CONFIDENTIAL 
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CCR Unit: Kincaid Ash Pond 
Site Visit Date: 06/9/2015 to 0610/2015 

Date Version: 06/23/15, Version B (Draft) 

Prepared by: Ed Villano / Brodie Adams 

Checked by: Eric Glazier 

ITR by: Vic Modeer 

Distribution to: AECOM and Dynegy 

Initial Classification: Existing Surface Impoundment as of 05/12/2015 

Impoundment Size: Approximately 170 acres (to be verified)  

Actively Receiving Ash: Yes 

 
 
Comments on CCR Unit from Initial Site Visit1: 
 
1. Surface Conditions: 

a. Vegetation Cover: None. 
b. Tree Cover: None. 

c. Exposed CCR Material: Approximately 64% of the surface area is bottom ash, with active ash 
deposition / handling in the southwest portion of the impoundment, and filling of recycle reject 
material in the western portion of the impoundment. 

d. Water: Approximately 34% of surface area is water.  On eastern third of pond. 
e. Other: Approximately 2% of the surface area is ash with random fill, construction debris from 

plant, or areas on the upstream side of the south embankment which do not appear to be ash 
covered.  

2. Surficial Issues/Concerns: 
a. Surficial Erosion: Surface erosion was not observed. 
b. Wet Vegetation: None observed. 
c. Drainage Swales: Drainage swale conveys water from sluice discharge point in the southwest 

corner of the pond to the northeast corner. 
d. Other: No other items noted. 

3. Impounding System Condition: 
a. General Grading of Pond Surface:  The site generally flows to the southwest to northeast 

toward the ponded water area.  
b. Presence of surface water: Approximately 34% of surface area is water.  On eastern third of 

pond. 
c. Low areas that could result in ponded water (inactive impoundments): Not applicable due to 

active pond status. 
d. Other features that could result in ponded water (inactive impoundments): Not applicable due 

to active pond status. 
e. Amount of freeboard (vertical distance between water surface and area of lowest crest 

elevation): The crest elevation is lowest in the southeast corner, with freeboard estimated to be 
1.5 to 2 feet using a hand-held level and tape/rod. 

4. Special Features: 
a. Geometry of Embankment Slopes: 

                                                      
1 Please refer to Figure 1 for locations. 
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i. The east embankment has estimated overall downstream slopes ranging from 
approximately 2.4H:1V to 3.8H:1V with localized steep sections near the crest that 
range from approximately 1.9H:1V to 2.2H:1V. 

ii. The north embankment has estimated overall downstream slopes of 1.7H:1V with 
some areas having a flatter slope near the toe. 

iii. The NW and SW embankments were estimated to have overall downstream slopes of 
approximately 1.7H:1V. 

iv. The south embankment is made up of 2 east-west trending sections, connected by a 
dogleg (NW-SE trending). 

1. The western portion and the dogleg have estimated downstream slopes of 
approximately 1.5H:1V to 1.7H:1V (with some areas possibly steeper).  It 
appears that some construction debris (concrete, inert fill) has been pushed 
out from the crest of the dogleg in the downstream direction.  This slope is 
estimated to be about 1.4H:1V. 

2. The eastern portion of the south embankment has a lower crest elevation than 
the rest of the impoundment (based on our freeboard measurements and 
visual observation) and has estimated downstream slopes of approximately 
1.7H:1V. 

v. The upstream slopes of the embankments on the interior of the ash pond were 
generally ash covered.  Slopes were 1.8H:1V to 2.3H:1V on the east embankment, 
3.7H:1V to 6H:1V on the north embankment, and were mostly relatively flat and/or 
higher in elevation than the crest upstream of the NW, SW, and south embankments. 

b. Condition of Embankment slopes:  
i. East Embankment:  

1. Downstream slope sloughing/slides and depressions (Photo 1). 
2. Evidence of prior tree removal and possible inadequate root excavation and 

backfilling. 
3. Drainage ditch at center portion of downstream toe.  

ii. North Embankment 
1. Ponded water at downstream toe along eastern portion of embankment (Photo 

2). 
2. Evidence of prior tree removal and possible inadequate root excavation and 

backfilling along eastern portion of embankment (Photo 3); at least one 
remaining large tree stump in slope. 

3. Heavy vegetation obscuring downstream toe/slope condition and possible lake 
water encroachment into slope, just east of toe buttress (Photo 4). 

4. Large tree at downstream toe and heavy vegetation obscuring downstream 
toe/slope condition and possible lake water encroachment into slope (Photo 5). 

5. Possible embankment/crest subsidence (Photo 7). 
iii. Northwest Embankment 

1. Scarps, depressions, sloughing, hummocky terrain (small, intermittent earth 
mounds and ridges) and animal burrows along downstream slope (Photos 6, 9, 
and 10). 

2.  Possible embankment/crest subsidence (Photo 8). 
iv. Southwest Embankment 

1. Ponded water along downstream toe/slope (Photo 11). 
2. Embankment/crest subsidence over old mine workings (Photo 12); wide crest 

transverse crack shown in historic phot os, now covered with gravel/rock fill. 
v. South Embankment 
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1. Erosion gullies, sloughing, and animal burrows along downstream slope west 
of dogleg (Photos 13 and 14). 

2. Active penetrating CMP conduit aligned along south embankment east of 
dogleg; CMP condition suspect due to 2006 failure of nearby CMP conduit 
(Photo 15). 

3. Lowest crest elevation at southeast corner, with less than 2 feet of freeboard 
(Photo 16).   

c. Structures in/on/through unit: Emergency spillway at southeast impoundment corner; 
operability of gate under emergency drawdown conditions unknown (Photos 16 and 17). 

5. Final Cover Area: 
a. No existing cover. If covered in the future, cover area would be approximately 170 acres.  

6. Additional/Other Waste Streams:  
a. To be determined/evaluated. 

7. Lined or Unlined:  
a. Unlined. 

8. CCR depth: 
a. Unknown at this time.  

9. ARO Cost: 
a. No estimate at present. (MSB to provide) 
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Figure 1 Kincaid Ash Pond 
 

Photo obtained from Google Earth on 06/17/15. Imagery date: 3/16/2014 
 
 
  

1.d. Water Covered (~34%) 
1.c. Ash Covered (~64%) 

1.e. Random fill, construction 
debris, non-ash (~2%) 

Embankment Subsidence 

Embankment sloughing 
(see dashed yellow lines) 

Lowest crest elevation 
Ash sluice discharge into pond 
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Photo No. 1 
 

 
Date: 06/09/15 
 

Downstream slope sloughing/slide, approximately 80 feet wide (along 
slope) by 40 feet long (up/down slope); note approximate 2 to 3 foot 
sloped scarp near embankment crest. Several other areas of 
sloughing/sliding and depressions were observed along the east 
embankment slope. Woody debris, roots, and evidence of prior tree 
removal were observed. 

 
Location:  
Ash Pond, East Embankment 
 
Direction:  
   south 
Coordinates:  
   39.59997°N 
   89.48756°W 

 
Photo No. 2 
 

 
Date: 06/09/15 
 

 
Area of ponded water and heavy vegetation at downstream toe near 
northeast corner of embankment, which may possibly be partially 
related to runoff from adjacent agricultural field and possibly partially 
related to seepage. Ponded water was relatively clear, approximately 
8 to 12-inches deep, and approximately 50 feet wide (along toe) by 5 
to 8 feet long (up/downstream).  
 

 
Location: 
Ash Pond, North Embankment 
 
Direction:  
   east southeast 
Coordinates:  
   39.60144°N 
   89.48831°W 
Description: 
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Photo 
No. 3 
 

 
Date: 
06/09/15 
 

 
Depressed areas in upper portion of downstream slope, believed to be voids left 
over from tree removal (possible evidence of inadequate tree root removal, 
backfilling and compaction), located directly upstream of ponded water noted in 
previous photo. One 16-inch diameter tree stump left in the slope was observed in 
this area. Possible remnant tree roots and uncompacted void fill could constitute 
preferential seepage pathways.  

 
Location: 
Ash Pond, North 
Embankment 
 
Direction:  
   south 
Coordinates:  
   39.60143°N 
   89.48827°W 

 
Photo 
No. 4 
 

 
Date: 
06/09/15 
 

 
Toe buttress (foreground) and area of extremely heavy vegetation (background) at 
downstream toe of north embankment. The heavy vegetation prevented/obscured 
observation of the condition of the unrepaired portion of the toe, and whether lake 
water is encroaching on the embankment slope. 

 
Location: 
Ash Pond, North 
Embankment 
 
Direction:  
   east 
Coordinates:  
   39.63197°N 
   89.53563°W 
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Photo 
No. 5 
 

 
Date: 
06/09/15 
 

 
Looking downstream toward lake from embankment crest at area of heavy 
vegetation and 24-inch diameter tree growing in lower slope/toe area, 
representing possible seepage/piping risk (along tree roots). Heavy vegetation 
prevented / obscured condition of lower slope / toe, and whether lake water is 
encroaching on the embankment slope. Slope at this location is 
oversteepened (approximately 1.75H:1V), increasing potential for slope 
instability. Condition of slope obscured by heavy vegetation. 

 
Location:  
Ash Pond, North 
Embankment 
 
Direction:  
   north 
Coordinates:  
   39.60128°N 
   89.49355°W 

 
Photo 
No. 6 
 

 
Date: 
06/09/15 
 

 
12-inch high scarp in upper portion of downstream slope, with apparent ash 
covering exposed scarp. Other areas of scarping, depressions (up to 10-foot 
wide, 8-foot long, 1-foot deep), sloughing, and hummocky terrain were 
observed on the downstream slope of the northwest embankment.  

 
Location: Ash Pond, 
Northwest 
Embankment 
 
Direction:  
   southwest 
Coordinates:  
   39.59998°N 
   89.49651°W 
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Photo 
No. 7 
 

 
Date: 
06/10/15 
 

 
Area of possible embankment/crest subsidence, estimated to be 
approximately 2 feet of subsidence over a crest length of approximately 500 
feet.   

 
Location: Ash Pond, 
North Embankment 
 
Direction:  
   east 
Coordinates:  
   39.60126°N 
   89.49399°W 
 
 
 
 
 

 
Photo 
No. 8 
 

 
Date: 
06/10/15 
 

 
Area of possible embankment/crest subsidence, measured by hand-held level 
and tape rod to be approximately 3.5 feet over an approximate 600-foot 
distance.   

 
Location: Ash Pond, 
Northwest 
Embankment 
 
 
Direction:  
  northeast 
Coordinates:  
   39.59898°N 
   89.49794°W 

 



 CCR UNIT INITIAL SITE VISIT SUMMARY 
Dynegy CCR Compliance Program 

ATTORNEY PRIVILEGED AND CONFIDENTIAL 

This communication contains privileged and confidential information, and is intended solely for the persons or organizations to whom it is addressed.  If 
you are not the intended recipient, you should not copy, distribute or take any action in reliance on it. 

 
Page 9 of 13 

 

 
Photo 
No. 9 
 

 
Date: 
06/10/15 
 

 
Approximate 18-inch high distinct scarp in upper portion of downstream slope. 
Similar scarping, sloughing, and hummocky terrain were observed over a 
distance of approximately 300 feet running northeast from the southwest 
corner of the northwest embankment.  

 
Location: Ash Pond,  
Northwest 
Embankment 
 
 
Direction:  
   south 
Coordinates:  
   39.59875°N 
   89.49855°W 

 
Photo 
No.10 
 

 
Date: 
06/10/15 
 

 
Animal burrow observed in mid- to lower-portion of downstream slope near 
the southwest corner of the northwest embankment, measuring approximately 
6- to 12-inches in diameter (wider at mouth) and at least 2 feet deep. 
 

 
Location: Ash Pond,  
Northwest 
Embankment 
 
 
Direction:  
   East southeast 
Coordinates:  
   Not georeferenced 
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Photo 
No. 11 
 

 
Date: 
06/10/15 
 

 
Ponded water and/or saturated ground at toe and lower portion of 
downstream slope near MW-7, extending approximately 70 feet along the toe, 
25 feet up the slope (five tiers of ponded water up the slope), and 25 feet 
downstream from the toe. Vehicle ruts were observed in this area, and 
ponded water may partially be related to precipitation runoff, and partly related 
to seepage.  

 
Location: Ash Pond, 
Southwest 
Embankment 
 
Direction:  
  west northwest 
Coordinates:  
   39.59755°N 
   89.49878°W 

 
Photo 
No. 12 
 

 
Date: 
06/10/15 
 

 
Area of embankment/crest subsidence, directly upstream from a second area 
of standing water and/or wet ground extending approximately 150 feet along 
toe along toe of downstream slope. A previous study by Hanson Engineering 
correlated the subsidence in this area to mine workings directly beneath the 
embankment, possibly suggesting foundation material piping into the tunnels. 
A historical photo at this area showed a wide transverse crack in the crest. 
The subsided area has been filled with gravel and rock at recurrent intervals, 
as evident in the photo.    

 
Location: Ash Pond,  
Southwest 
Embankment 
 
Direction:  
   northwest 
Coordinates:  
   39.59703°N 
   89.49802°W 
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Photo 
No. 13 
 

 
Date: 
06/10/15 
 

 
Two parallel erosion gullies extending from crest to toe of the downstream 
slope, approximately 8- to 10-foot wide (each), and up to 2 feet deep. A series 
of similar erosion gullies were observed elsewhere along the south 
embankment west of the where the embankment doglegs. Kincaid staff said 
the gullies are related to relatively recent heavy precipitation and runoff. 
Several areas of slope sloughing/slides (up to 2 feet deep and 15 to 20 feet 
wide) were also observed in the same area, with accompanying animal 
burrows (see next photo). 

 
Location: Ash Pond, 
South Embankment 
 
Direction:  
  north 
Coordinates:  
   39.59445°N 
   89.49666°W 

 
Photo 
No. 14 
 

 
Date: 
06/10/15 
 

 
Animal burrow in downstream slope, measuring approximately 8- to 12-inches 
in diameter (wider at mouth) and at least 5 feet deep, with erosion gully in 
background. Several other large animal burrows were observed in the same 
area, and may be contributing to slope instability and erodibility.  

 
Location: Ash Pond, 
South Embankment 
 
 
Direction:  
   Northwest 
Coordinates:  
   39.59453°N 
   89.49541°W 
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Photo 
No. 15 
 

 
Date: 
06/10/15 
 

 
Looking west along crest/upstream slope of south embankment from 
emergency spillway at southeast corner of ash pond, and along alignment of 
buried CMP conduit that conveys water westward to ash sluice water pumping 
station. The CMP discharge conduit at this same area failed and was replaced 
around 2006; this indicates that the CMP conduit still in place may be 
defective, presenting a potential risk of leakage, internal erosion along/into the 
conduit, and possible dam breach.  

 
Location: Ash Pond, 
South Embankment 
 
Direction:  
   west 
Coordinates:  
   Not georeferenced 

 
Photo 
No. 16 
 

 
Date: 
06/10/15 
 

 
View of intake structure of emergency spillway, looking north from southeast 
corner of impoundment. The intake gate was reported by Dynegy staff to not 
have been operated since 2006 due to discharge restrictions; operability in the 
event of emergency reservoir drawdown is therefore in question. The crest 
elevation is lowest in this area, with freeboard estimated to be 1.5 to 2 feet 
using a hand-held level and tape/rod. 
 

 
Location: Ash Pond, 
South Embankment 
 
Direction:  
   north 
Coordinates:  
   Not georeferenced   
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Photo 
No. 17 
 

 
Date: 
06/10/15 
 

 
View of CMP emergency spillway conduit, located downstream of intake 
structure shown in previous photo. The CMP conduit was replaced after the 
original conduit failed in 2006. Note that there is currently no gate or means of 
bulkheading at the discharge end to test operability of the intake gate without 
discharging pond water into the “hot ditch”, violating discharge restrictions.  

 
Location: Ash Pond, 
South Embankment 
 
 
Direction:  
   east 
Coordinates:  
   Not georeferenced 
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Stratigraphic chart of the Pennsylvanian System in the Illinois Basin, showing major coal members. Modified from Mastalerz and Harper (1998, fig. 2) and Greb and others (1992, fig.
22). Fm., Formation; Gp., Group; --- , problematic coal correlations.
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Generalized north-south cross section of the Pennsylvanian System in Illinois. This section illustrates the thickening of the Pennsylvanian strata southward across the basin (provided
by C.P. Korose and C.G. Treworgy, Illinois State Geological Survey).
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Coffeen Power Station - Topographic Overlay
Truax-Traer Coal Co. Hillsboro Mine 63, 1969
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1.0 PURPOSE 

The purpose of this calculation package is to provide documentation of the hydrologic and 

hydraulic calculations of the cover design for the 84-acre capped portion of the final closure of 

the Kincaid Power Plant Ash Pond. The closure area is broken in to two basic watersheds that 

shed to the north and then eventually to Sangchris Lake and one to the south that will drain 

through five new 18” culverts to the Sangchris Lake Channel.  In particular, the analysis 

evaluates the performance of the cover’s proposed drainage features and outlets for the 25-year 

and 100-year, 24-hour Soil Conservation Service (SCS) Type II storm event in accordance with 

the CCR Rule (USEPA, 2015). HydroCAD10.00-24 (HydroCAD) was used for the Hydrologic 

analysis to estimate the peak runoff rate from each subcatchment for the identified storm events. 

The calculation was performed for the hydraulic analysis of the Perimeter ditches and letdowns.
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2.0 DESIGN BASIS  

The proposed perimeter drainage ditches, berms and letdowns were designed to meet the 

following minimum criteria: 

1. The 25-year storm event to satisfy IL Part 845.510; and 

2. Safely convey the 100-year storm event to satisfy IL Part 845.510. 

For design purposes, the SCS Type-II rainfall distribution was applied to both storm events listed 

above. The SCS Type-II distribution is a conservative temporal distribution for a 24-hour 

duration storm event in context of this closure design due to its peak rainfall intensity, which is 

greater than the other acceptable standardized distributions that were considered, such as Huff 

3rd Quartile (for areas less than 10 square miles) as published in the Illinois State Water Survey 

(ISWS) Circular 173 (ISWS, 1990). 

The cap system for the closure of the existing ash pond consists of (from bottom to top) a 

geomembrane, geotextile, 18” of soil cover and 6” vegetative layer.  The top is generally sloped 

at a 3% slope that sheet flows down to tag along berms running horizontally across the slopes 

about midway up the slope.  These tag-on berms carry the surface water across the slope and 

empty into letdowns that run vertically down the slope.  These letdown channels convey 

stormwater down to the perimeter ditch that runs along the toe of the ash pond.  The perimeter 

ditch drains to the north into the natural drainage path that leads to Sangchris Lake.  A portion of 

the existing berm along the north that forms the current ash pond will be removed to allow the 

surface water to flow through a rip rap channel and into Sangchris Lake.  The southern half of 

the perimeter ditch drains to the southeast corner and empties into the Sangchris Lake Channel 

through (5) 18-inch CHDPE pipes under the perimeter road.  The Letdown channels consist of an 

eight-foot flat bottom ditch and will have a riprap surface underlain by geotextile to protect the 

cap system.  The perimeter ditches will consist of the same section as the capping system and 

will also be an eight-foot flat bottom ditch.
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3.0 ASSUMPTIONS AND DATA INPUT 

The following section presents a summary of the assumptions and inputs associated with the 

hydrologic and hydraulic analysis and design. 

3.1 Summary of Survey Data and Site Improvement Data  

Site topographic surveys of existing conditions (e.g., pre-closure conditions) were performed by 

IngenAE, LLC in December 2020, which were prepared and provided to Vistra as a drawing set 

(IngenAE, March 2021).  

Site improvements are based on the preliminary closure design for the Kincaid Ash Pond (KAP) 

prepared by Burns & McDonnell as part of the construction permit application.  

3.2 Hydrological Inputs  

The following design assumptions and hydrologic parameters were used to perform the 

hydrologic analysis. 

3.2.1 Rainfall Depth and Distribution 

Rainfall depths were based on NOAA Atlas 14 (NOAA, 2006) Point Precipitation Frequency 

Estimates, as shown in Appendix 1. The Type II SCS storm distribution was used to evaluate the 

imbedded high rainfall intensity portion of the storm as a critical flood risk analysis. The SCS 

was preferred over the huff distribution as it is more conservative and will reduce the long-term 

structural maintenance of channels/letdown structures. This storm temporal distribution is 

considered conservative for a 24-hour duration event and therefore adequate for design purposes 

(see Section 2 for detailed explanation). The following storm events were used to size the 

proposed stormwater features: 

• Type II SCS 25-year, 24-hour event is 5.15 inches (Design) 

• Type II SCS 100-year, 24-hour event is 6.43 inches (Safely Convey) 

3.2.2 Curve Number (CN) 

Curve numbers (CN) were estimated using the capping system described above with an assumed 

CN of 89.  
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3.2.3 Time of Concentration (Tc) 

The time of concentration (Tc) for each drainage area was computed using the HydroCAD 

software with a minimum Tc of 6-minutes.  

3.2.4 Subcatchments  

The proposed site was subdivided into two drainage areas as shown on drainage area sketch in 

Appendix 2.  Drainage area south is approximately 36 acres and includes subcatchments DA-1 to 

DA-8 that discharge through five new 18” culverts under the perimeter road and into the 

Sangchris Lake Channel; Drainage area north is approximately 38 acres and includes 

subcatchments DA-9 to DA-13 that discharge through a riprap channel at north end of the area 

where the CCR materials have been removed and consolidated and then into Sangchris Lake. 

3.2.5 Perimeter Ditches  

The location and longitudinal slope of the cover ditches were based on the 30% conceptual 

design. The ditches were designed as eight-foot flat bottom ditches with side slopes of 4 foot 

horizontal and 1 foot vertical and longitudinal slope of one percent. The channels were oversized 

to accommodate mowing equipment and allow for any additional maintenance needs. According 

to Manning’s n for Channels (Chow, 1959), a manning’s roughness coefficient of 0.03 was used 

for excavated earthen channels with short grass and few weeds.  
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  Table 3-1: Perimeter Ditches 
 

 

 

Perimeter Ditches: 

 Peak Inflow 

(cfs) 

Max. Velocity 

(fps) 

Average Flow 

depth (ft) Capacity (cfs) 

25YR 100YR 25YR  100YR 25YR 100YR 

D-1 2.81 3.63 2.32  2.54 0.14 0.16 1532  

D-2 15.27 19.77 4.27  4.66 0.37 0.43 1549  

D-3 21.21 27.70 2.15  2.33 0.86 0.99 485  

D-4 116.70 152.81 3.05  3.29 2.02 2.31 430  

D-5 22.69 29.38 4.19  4.55 0.51 0.59 10918  

D-6 43.97 57.01 5.12  5.54 0.77 0.89 10578  

D-7 3.77 4.87 2.11  2.32 0.19 0.23 1128 

D-8 16.85 21.77 3.62  3.93 0.47 0.54 1150 

D-9 19.87 25.73 1.95  2.12 0.81 0.94 241 

D-10 18.32 23.74 2.34  2.54 0.67 0.78 605 

D-11 23.77 30.79 2.00  2.17 0.88 1.02 447 

D-12 26.08 33.78 2.13  2.31 0.90 1.04 469 

D-13 13.76 22.48 2.20  2.40 0.66 0.77 576 

 

Perimeter ditches were designed to convey the 25-year, 24-hour event. Peak discharge outputs 

were taken from the HydroCAD model to determine the critical drainage area. Table 3-1 displays 

critical ditch results for the drainage areas while all of the HydroCAD peak flow outputs are 

shown in Appendix 3. The peak flows are 116.7 cfs and 152.81 cfs for the 25-year, and 100-year 

events respectively. Additionally, ditch velocities and depths were calculated from HydroCAD 

calculation based on the peak discharges and the typical ditch cross-section. Ditches were 

designed to have side slopes of 4-foot horizontal to 1-foot vertical-, and a graded longitudinal 

slope of 0.3-3 percent. This resulted in maximum velocities of 5.12 ft/s and 5.54 ft/s and depths 

of 2.02 feet and 2.31 feet for the 25-year and 100-year events, respectively (shown in Table 3-1). 

Using guidance from Chapter 8 of the Natural Resources Conservation Services (NRCS) 

Engineering Handbook (NRCS, 2007), temporary erosion control blanket and grass cover 

provide enough protection to prevent erosion. Using the max velocities of 3.29 ft/s for the 100-

year storm event and Table 8-11 from Chapter 8, table shown below in Figure 1, the ditches can 

use “coconut fiber with net” or “Fiberglass roving” as a temporary erosion control product. Grass 

vegetation is expected to establish through the temporary erosion control product within the 
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ditches and has a recommended allowable velocity of 5 to 7 ft/s dependent on grass type – e.g., 

bermudagrass versus Kentucky bluegrass per Table 8-11 for Chapter 8. 

 

Figure 1: Excerpt Table 8-11 from Chapter 8 of the NRCS Engineering Handbook 

 

 

3.2.6 Letdown Design  

The letdowns were designed using D50 rock size of 12” and calculated by HydroCAD. The peak 

flows and maximum velocity arre presented in Table 3-2.  The letdown channels are riprap lined 

eight-foot flat bottom channels with 4-foot horizontal and 1-foot vertical side slopes. 
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Table 3-1: Letdown Channel  

Letdown 

channel 

Peak Inflow (cfs) Max. Velocity (fps) 
Average Flow depth    

(ft) Capacity (cfs) 

25YR 100YR 25YR 100YR 25YR 100YR 

LD-1 6.05 7.84 2.99 3.28 0.23 0.26 332 

LD-2-1 32.67 42.42 2.74 2.95 0.99 1.13 129 

LD-2-2 31.95 41.52 3.48 3.76 0.81 0.94 182 

LD-3-1 25.79 33.49 2.34 2.52 0.93 1.07 114 

LD-3-2 25.15 32.68 4.54 4.93 0.54 0.63 298 

LD-4 13.69 17.76 3.40 3.70 0.42 0.48 261 

LD-5 33.22 43.41 5.17 5.61 0.61 0.71 1411 

LD-6 37.22 48.35 3.07 3.31 1.00 1.15 143 

LD-7 72.33 94.54 6.10 6.60 0.99 1.14 288 

LD-8 26.11 33.92 2.23 2.41 0.97 1.11 106 

LD-9 25.41 33.09 1.96 2.11 1.05 1.20 89 

LD-10 59.75 78.08 5.80 6.27 0.89 1.03 1282 



Appendix G  Kincaid H&H Design Basis 

Kincaid H&H Study 4-1 Burns & McDonnell 

4.0 CONCLUSION 

The three design features are summarized as follows: 

1. An eight-foot flat bottom ditch with a longitudinal slope of 1% and side slopes of 4-foot 

horizontal to 1-foot vertical is expected to safely convey the 25-year, and 100-year events at 

flow depths of 2.65 feet and 3.05 feet for respectively.  

2. According to Table 8-11 in Chapter 8 of the Natural Resources Conservation Services 

Engineering Handbook, the max velocities of 5.54 ft/s for the 100-year storm event in the 

perimeter ditches are low enough to be supported by temporary erosion control blanket and 

grass cover. 

3. 18” base of Riprap with D50 of 12” riprap will be utilized on letdown channels to safely 

convey the stormwater down to natural drainage paths. 

  

 



Appendix G  Kincaid H&H Design Basis 

Kincaid H&H Study 5-1 Burns & McDonnell 

5.0 REFERENCES 

IngenAE,2021 . IngenAE, 2021. “Kincaid Power Station, February 2, 2021. 

National Oceanic and Atmospheric Administration (NOAA), 2006. NOAA Atlas 14, Precipitation-

Frequency Atlas of the United States, Volume 2, Version 4. Available online at 

http://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas14_Volume2.pdf. 

National Resource Conservation Service (NRCS), 1997. Part 630 Hydrology, National Engineering 

Handbook. 

United States Environmental Protection Agency (USEPA, 2015). Final Rule: Disposal of Coal 

Combustion Residuals from Electric Utilities. 



 

 

APPENDIX A - NOAA ATLAS 14, VOLUME 2, VERSION 3



����������	���
� 
�����������������������������

�����	�������� �������!���������"����"��#�������!���$%&%��'�(�)(�*+%��',*(��(��+����'����+�����'�!%���+����'��� ���

-.//�/0123�456�7819:;�<6�7;=3>8?�@�A8B20>8?�?2:;C�D2E?;;6�F11>?8>36�GH/I�A20>09J;C�@KLMKNOP6�A8?Q>09J;C�ROKL5K@NP�S1;T20>8?C�UVML@K�W0IIX������	�Y�Z[������XX������	�\�]�D.F-̂ �D_S̀ FDF̂/̂ F.-�a_SbGS-̀ c�SĤ Fd/̂ SH]����e������������������e��f����g��
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APPENDIX B – COVER GRADING PLAN AND DRAINAGE MAP
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APPENDIX C – HYDROLOGIC SUMMARY



WORKSHEET TITLEKincaid ash pond CALCULATION NO.: C002

CREATED: 7/25/2022 REVISION: A

PERFORMED BY: B. LIU REVIEWED BY: R. Owens

OBJECTIVE: letdown channel peak flow and velocity calculation with post-construction phase 25yr 24hr storm  

and checking with 100yr 24 hr storm

REFERENCES:

National Oceanic and Atmospheric Administration. (2018). NOAA Atlas 14, Volume 9, Version 2. 

SOFTWARE:

HydroCAD 10.00-24 (40 node s/n 08510)

HYDROCAD INPUTS:

SCS Storm Depth (in) Surface CN

2yr, 24hr 3.01 CCR 89

25yr, 24hr 5.15 Riprap 96

100yr, 24hr 6.43

6

16.5

10.7

21.5

10.7

10.7

21.5

17.1

10.7

10.5

HYDROCAD OUTPUTS:

Drainage :

Ditches:

   Max. Velocity (fps) Average Flow depth (ft)

25YR 100YR 25YR 100YR 25YR 100YR

3.77 4.87 2.11 2.32 0.19 0.23

16.85 21.77 3.62 3.93 0.47 0.54

19.87 25.73 1.95 2.12 0.81 0.94

18.32 23.74 2.34 2.54 0.67 0.78

23.77 30.79 2.00 2.17 0.88 1.02

26.08 33.78 2.13 2.31 0.90 1.04

13.76 22.48 2.20 2.40 0.66 0.77

Letdown channel:

    Peak Inflow (cfs)    Max. Velocity (fps) Average Flow depth (ft)

25YR 100YR 25YR 100YR 25YR 100YR

13.69 17.76 3.40 3.70 0.42 0.48

33.22 43.41 5.17 5.61 0.61 0.71

37.22 48.35 3.07 3.31 1.00 1.15

72.33 94.54 6.10 6.60 0.99 1.14

26.11 33.92 2.23 2.41 0.97 1.11

25.41 33.09 1.96 2.11 1.05 1.20

59.75 78.08 5.80 6.27 0.89 1.03

96,365

205,685

135,964

469

576

D-12

D-13

13.10

DA-18 (sf)

DA-16 10.10

LD-10 1282

Letdown channel Capacity (cfs)

LD-4 261

D-9 241

D-10 605

D-11 447

Ditches:

LD-5 1411

LD-6 143

LD-7 288

106

89

LD-8

LD-9

Capacity (cfs)

D-7 1128

D-8 1150

DA-15 16.36 21.25

DA-17

DA-18

33.78

22.48

26.08

17.36

 Peak Inflow (cfs)

DA-13 18.32 23.74

DA-14 23.77 30.79

DA-11 19.87 25.73

DA-12 37.22 48.35

13.69 17.76

Total (sf) 1,656,729

Total (ac) 38.03

South area
Peakflow (cfs)

25YR 100 YR

North Drainage Area (to riprap area) Tc (min)

DA-9 (sf) 25,797

DA-10 (sf) 128,351

DA-14 (sf) 187,472

DA-15 (sf) 175,790

DA-16 (sf)

DA-17 (sf)

DA-11 (sf) 156,707

DA-12 (sf) 400,062

DA-13 (sf) 144,536

DA-9 3.77 4.87

DA-10



DA-10

DA-11

DA-12

DA-13
DA-14

DA-15

DA-16

DA-17
DA-18

DA-9

D-10
D-11

D-12 D-13

D-7

D-8

D-9
LD-10

LD-4

LD-5

LD-6

LD-7

LD-8

LD-9

1L

Discharge

2L

Discharge

3L

Discharge

Routing Diagram for Ash Pond North letdown channels
Prepared by Burns and McDonnell,  Printed 7/25/2022

HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 2HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

38.033 89 CCR  (DA-10, DA-11, DA-12, DA-13, DA-14, DA-15, DA-16, DA-17, DA-18, DA-9)
38.033 89 TOTAL AREA



Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 3HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 0.000 0.000 38.033 38.033 CCR DA-10, DA-11, 
DA-12, DA-13, 
DA-14, DA-15, 
DA-16, DA-17, 
DA-18, DA-9

0.000 0.000 0.000 0.000 38.033 38.033 TOTAL 
AREA



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 4HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-10: 

Runoff = 13.69 cfs @ 12.08 hrs,  Volume= 0.961 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 128,351 89 CCR

128,351 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.8 93 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
1.3 218 0.0300 2.79 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
1.4 439 0.0080 5.30 349.62 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

16.5 750 Total

Subcatchment DA-10: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=128,351 sf
Runoff Volume=0.961 af

Runoff Depth=3.92"
Flow Length=750'

Tc=16.5 min
CN=89

13.69 cfs @ 12.08 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell
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Summary for Subcatchment DA-11: 

Runoff = 19.87 cfs @ 12.02 hrs,  Volume= 1.174 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 156,707 89 CCR

156,707 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 200 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 300 Total

Subcatchment DA-11: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

22
21
20
19
18
17
16
15
14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=156,707 sf
Runoff Volume=1.174 af

Runoff Depth=3.92"
Flow Length=300'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

19.87 cfs @ 12.02 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell
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Summary for Subcatchment DA-12: 

Runoff = 37.22 cfs @ 12.14 hrs,  Volume= 2.997 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 400,062 89 CCR

400,062 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.7 100 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
2.3 204 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 206 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.2 622 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

21.5 1,132 Total

Subcatchment DA-12: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

8
6
4
2
0

Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=400,062 sf
Runoff Volume=2.997 af

Runoff Depth=3.92"
Flow Length=1,132'

Tc=21.5 min
CN=89

37.22 cfs @ 12.14 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell
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Summary for Subcatchment DA-13: 

Runoff = 18.32 cfs @ 12.02 hrs,  Volume= 1.083 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 144,536 89 CCR

144,536 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 202 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 302 Total

Subcatchment DA-13: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

20
19
18
17
16
15
14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=144,536 sf
Runoff Volume=1.083 af

Runoff Depth=3.92"
Flow Length=302'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

18.32 cfs @ 12.02 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell
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Summary for Subcatchment DA-14: 

Runoff = 23.77 cfs @ 12.02 hrs,  Volume= 1.404 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 187,472 89 CCR

187,472 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 207 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 307 Total

Subcatchment DA-14: 
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=187,472 sf
Runoff Volume=1.404 af

Runoff Depth=3.92"
Flow Length=307'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

23.77 cfs @ 12.02 hrs
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Summary for Subcatchment DA-15: 

Runoff = 16.36 cfs @ 12.14 hrs,  Volume= 1.317 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 175,790 89 CCR

175,790 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.7 100 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
2.3 204 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 206 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.2 622 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

21.5 1,132 Total

Subcatchment DA-15: 
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=175,790 sf
Runoff Volume=1.317 af

Runoff Depth=3.92"
Flow Length=1,132'

Tc=21.5 min
CN=89

16.36 cfs @ 12.14 hrs
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Summary for Subcatchment DA-16: 

Runoff = 10.10 cfs @ 12.09 hrs,  Volume= 0.722 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 96,365 89 CCR

96,365 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.7 100 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
1.1 100 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 202 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
17.1 402 Total

Subcatchment DA-16: 
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=96,365 sf
Runoff Volume=0.722 af

Runoff Depth=3.92"
Flow Length=402'

Tc=17.1 min
CN=89

10.10 cfs @ 12.09 hrs
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Summary for Subcatchment DA-17: 

Runoff = 26.08 cfs @ 12.02 hrs,  Volume= 1.541 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 205,685 89 CCR

205,685 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 207 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 307 Total

Subcatchment DA-17: 
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=205,685 sf
Runoff Volume=1.541 af

Runoff Depth=3.92"
Flow Length=307'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

26.08 cfs @ 12.02 hrs
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Summary for Subcatchment DA-18: 

Runoff = 17.36 cfs @ 12.02 hrs,  Volume= 1.019 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 135,964 89 CCR

135,964 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.1 175 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.5 275 Total

Subcatchment DA-18: 
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=135,964 sf
Runoff Volume=1.019 af

Runoff Depth=3.92"
Flow Length=275'

Slope=0.0300 '/'
Tc=10.5 min

CN=89

17.36 cfs @ 12.02 hrs
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Summary for Subcatchment DA-9: 

Runoff = 3.77 cfs @ 11.96 hrs,  Volume= 0.193 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 25,797 89 CCR

25,797 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment DA-9: 

Runoff
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=25,797 sf
Runoff Volume=0.193 af

Runoff Depth=3.92"
Tc=6.0 min

CN=89

3.77 cfs @ 11.96 hrs
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Summary for Reach D-10: 

Inflow Area = 3.318 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 18.32 cfs @ 12.02 hrs,  Volume= 1.083 af
Outflow = 16.38 cfs @ 12.13 hrs,  Volume= 1.083 af,  Atten= 11%,  Lag= 6.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.34 fps,  Min. Travel Time= 4.3 min
Avg. Velocity = 0.60 fps,  Avg. Travel Time= 16.8 min

Peak Storage= 4,307 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.67'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 604.79 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 600.0'   Slope= 0.0052 '/'
Inlet Invert= 614.00',  Outlet Invert= 610.88'

‡

Reach D-10: 
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Inflow Area=3.318 ac
Avg. Flow Depth=0.67'

Max Vel=2.34 fps
n=0.030
L=600.0'

S=0.0052 '/'
Capacity=604.79 cfs

18.32 cfs @ 12.02 hrs

16.38 cfs @ 12.13 hrs
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Summary for Reach D-11: 

Inflow Area = 4.304 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 23.77 cfs @ 12.02 hrs,  Volume= 1.404 af
Outflow = 20.19 cfs @ 12.18 hrs,  Volume= 1.404 af,  Atten= 15%,  Lag= 9.8 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.00 fps,  Min. Travel Time= 6.3 min
Avg. Velocity = 0.50 fps,  Avg. Travel Time= 25.1 min

Peak Storage= 7,617 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.88'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 447.11 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 753.0'   Slope= 0.0028 '/'
Inlet Invert= 613.02',  Outlet Invert= 610.88'

‡

Reach D-11: 
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Inflow Area=4.304 ac
Avg. Flow Depth=0.88'

Max Vel=2.00 fps
n=0.030
L=753.0'

S=0.0028 '/'
Capacity=447.11 cfs

23.77 cfs @ 12.02 hrs

20.19 cfs @ 12.18 hrs
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Summary for Reach D-12: 

Inflow Area = 4.722 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 26.08 cfs @ 12.02 hrs,  Volume= 1.541 af
Outflow = 22.13 cfs @ 12.18 hrs,  Volume= 1.541 af,  Atten= 15%,  Lag= 9.8 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.13 fps,  Min. Travel Time= 6.3 min
Avg. Velocity = 0.53 fps,  Avg. Travel Time= 25.2 min

Peak Storage= 8,367 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.90'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 469.19 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 802.0'   Slope= 0.0031 '/'
Inlet Invert= 613.02',  Outlet Invert= 610.51'

‡

Reach D-12: 
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Inflow Area=4.722 ac
Avg. Flow Depth=0.90'

Max Vel=2.13 fps
n=0.030
L=802.0'

S=0.0031 '/'
Capacity=469.19 cfs

26.08 cfs @ 12.02 hrs

22.13 cfs @ 12.18 hrs
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Summary for Reach D-13: 

Inflow Area = 3.121 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 17.36 cfs @ 12.02 hrs,  Volume= 1.019 af
Outflow = 15.19 cfs @ 12.15 hrs,  Volume= 1.019 af,  Atten= 12%,  Lag= 8.2 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.20 fps,  Min. Travel Time= 5.1 min
Avg. Velocity = 0.56 fps,  Avg. Travel Time= 20.0 min

Peak Storage= 4,727 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.66'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 576.08 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 674.0'   Slope= 0.0047 '/'
Inlet Invert= 614.00',  Outlet Invert= 610.82'

‡

Reach D-13: 
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Inflow Area=3.121 ac
Avg. Flow Depth=0.66'

Max Vel=2.20 fps
n=0.030
L=674.0'

S=0.0047 '/'
Capacity=576.08 cfs

17.36 cfs @ 12.02 hrs

15.19 cfs @ 12.15 hrs
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Summary for Reach D-7: 

Inflow Area = 0.592 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 3.77 cfs @ 11.96 hrs,  Volume= 0.193 af
Outflow = 3.54 cfs @ 12.04 hrs,  Volume= 0.193 af,  Atten= 6%,  Lag= 4.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.11 fps,  Min. Travel Time= 2.6 min
Avg. Velocity = 0.80 fps,  Avg. Travel Time= 6.9 min

Peak Storage= 563 cf @ 11.99 hrs
Average Depth at Peak Storage= 0.19'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,128.06 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 330.0'   Slope= 0.0181 '/'
Inlet Invert= 623.11',  Outlet Invert= 617.14'

‡

Reach D-7: 
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Inflow Area=0.592 ac
Avg. Flow Depth=0.19'

Max Vel=2.11 fps
n=0.030
L=330.0'

S=0.0181 '/'
Capacity=1,128.06 cfs

3.77 cfs @ 11.96 hrs

3.54 cfs @ 12.04 hrs
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Summary for Reach D-8: 

Inflow Area = 3.539 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 16.85 cfs @ 12.07 hrs,  Volume= 1.155 af
Outflow = 16.43 cfs @ 12.10 hrs,  Volume= 1.155 af,  Atten= 2%,  Lag= 2.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.62 fps,  Min. Travel Time= 1.2 min
Avg. Velocity = 0.99 fps,  Avg. Travel Time= 4.3 min

Peak Storage= 1,186 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.47'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,150.95 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 257.0'   Slope= 0.0188 '/'
Inlet Invert= 617.14',  Outlet Invert= 612.30'

‡

Reach D-8: 
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Inflow Area=3.539 ac
Avg. Flow Depth=0.47'

Max Vel=3.62 fps
n=0.030
L=257.0'

S=0.0188 '/'
Capacity=1,150.95 cfs

16.85 cfs @ 12.07 hrs
16.43 cfs @ 12.10 hrs
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Summary for Reach D-9: 

Inflow Area = 3.597 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 19.87 cfs @ 12.02 hrs,  Volume= 1.174 af
Outflow = 17.45 cfs @ 12.15 hrs,  Volume= 1.174 af,  Atten= 12%,  Lag= 8.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.95 fps,  Min. Travel Time= 4.9 min
Avg. Velocity = 0.47 fps,  Avg. Travel Time= 20.6 min

Peak Storage= 5,265 cf @ 12.07 hrs
Average Depth at Peak Storage= 0.81'
Bank-Full Depth= 3.00'  Flow Area= 60.0 sf,  Capacity= 241.38 cfs

8.00'  x  3.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 32.00'
Length= 578.0'   Slope= 0.0029 '/'
Inlet Invert= 614.00',  Outlet Invert= 612.30'

‡

Reach D-9: 

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

22
21
20
19
18
17
16
15
14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

Inflow Area=3.597 ac
Avg. Flow Depth=0.81'

Max Vel=1.95 fps
n=0.030
L=578.0'

S=0.0029 '/'
Capacity=241.38 cfs

19.87 cfs @ 12.02 hrs

17.45 cfs @ 12.15 hrs
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Summary for Reach LD-10: 

Inflow Area = 14.091 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 59.75 cfs @ 12.19 hrs,  Volume= 4.598 af
Outflow = 59.53 cfs @ 12.20 hrs,  Volume= 4.598 af,  Atten= 0%,  Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.80 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 1.50 fps,  Avg. Travel Time= 0.8 min

Peak Storage= 782 cf @ 12.20 hrs
Average Depth at Peak Storage= 0.89'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,282.31 cfs

8.00'  x  4.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 76.0'   Slope= 0.1580 '/'
Inlet Invert= 610.51',  Outlet Invert= 598.50'

‡

Reach LD-10: 
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Inflow Area=14.091 ac
Avg. Flow Depth=0.89'

Max Vel=5.80 fps
n=0.078
L=76.0'

S=0.1580 '/'
Capacity=1,282.31 cfs

59.75 cfs @ 12.19 hrs
59.53 cfs @ 12.20 hrs
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Summary for Reach LD-4: 

Inflow Area = 2.947 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 13.69 cfs @ 12.08 hrs,  Volume= 0.961 af
Outflow = 13.65 cfs @ 12.09 hrs,  Volume= 0.961 af,  Atten= 0%,  Lag= 0.2 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.40 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 0.87 fps,  Avg. Travel Time= 0.6 min

Peak Storage= 121 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.42'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 261.35 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 30.0'   Slope= 0.1287 '/'
Inlet Invert= 621.00',  Outlet Invert= 617.14'

‡

Reach LD-4: 
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Inflow Area=2.947 ac
Avg. Flow Depth=0.42'

Max Vel=3.40 fps
n=0.078
L=30.0'

S=0.1287 '/'
Capacity=261.35 cfs

13.69 cfs @ 12.08 hrs
13.65 cfs @ 12.09 hrs
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Summary for Reach LD-5: 

Inflow Area = 7.136 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 33.22 cfs @ 12.13 hrs,  Volume= 2.329 af
Outflow = 33.06 cfs @ 12.14 hrs,  Volume= 2.329 af,  Atten= 0%,  Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.17 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 1.34 fps,  Avg. Travel Time= 1.0 min

Peak Storage= 513 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.61'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,410.68 cfs

8.00'  x  4.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 80.0'   Slope= 0.1912 '/'
Inlet Invert= 612.30',  Outlet Invert= 597.00'

‡

Reach LD-5: 
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Inflow Area=7.136 ac
Avg. Flow Depth=0.61'

Max Vel=5.17 fps
n=0.078
L=80.0'

S=0.1912 '/'
Capacity=1,410.68 cfs

33.22 cfs @ 12.13 hrs
33.06 cfs @ 12.14 hrs
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Summary for Reach LD-6: 

Inflow Area = 9.184 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 37.22 cfs @ 12.14 hrs,  Volume= 2.997 af
Outflow = 36.52 cfs @ 12.18 hrs,  Volume= 2.997 af,  Atten= 2%,  Lag= 2.5 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.07 fps,  Min. Travel Time= 1.4 min
Avg. Velocity = 0.83 fps,  Avg. Travel Time= 5.3 min

Peak Storage= 3,164 cf @ 12.15 hrs
Average Depth at Peak Storage= 1.00'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 143.19 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 262.0'   Slope= 0.0386 '/'
Inlet Invert= 621.00',  Outlet Invert= 610.88'

‡

Reach LD-6: 
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Inflow Area=9.184 ac
Avg. Flow Depth=1.00'

Max Vel=3.07 fps
n=0.078
L=262.0'

S=0.0386 '/'
Capacity=143.19 cfs

37.22 cfs @ 12.14 hrs
36.52 cfs @ 12.18 hrs
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Summary for Reach LD-7: 

Inflow Area = 16.806 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 72.33 cfs @ 12.17 hrs,  Volume= 5.484 af
Outflow = 71.89 cfs @ 12.17 hrs,  Volume= 5.484 af,  Atten= 1%,  Lag= 0.5 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.10 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 1.49 fps,  Avg. Travel Time= 1.1 min

Peak Storage= 1,182 cf @ 12.17 hrs
Average Depth at Peak Storage= 0.99'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 288.05 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 100.0'   Slope= 0.1563 '/'
Inlet Invert= 610.88',  Outlet Invert= 595.25'

‡

Reach LD-7: 
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Hydrograph
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Inflow Area=16.806 ac
Avg. Flow Depth=0.99'

Max Vel=6.10 fps
n=0.078
L=100.0'

S=0.1563 '/'
Capacity=288.05 cfs

72.33 cfs @ 12.17 hrs
71.89 cfs @ 12.17 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 26HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Reach LD-8: 

Inflow Area = 6.248 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 26.11 cfs @ 12.11 hrs,  Volume= 2.039 af
Outflow = 25.41 cfs @ 12.18 hrs,  Volume= 2.039 af,  Atten= 3%,  Lag= 3.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.23 fps,  Min. Travel Time= 2.1 min
Avg. Velocity = 0.58 fps,  Avg. Travel Time= 8.0 min

Peak Storage= 3,224 cf @ 12.14 hrs
Average Depth at Peak Storage= 0.97'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 106.39 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 280.0'   Slope= 0.0213 '/'
Inlet Invert= 621.00',  Outlet Invert= 615.03'

‡

Reach LD-8: 
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Inflow Area=6.248 ac
Avg. Flow Depth=0.97'

Max Vel=2.23 fps
n=0.078
L=280.0'

S=0.0213 '/'
Capacity=106.39 cfs

26.11 cfs @ 12.11 hrs
25.41 cfs @ 12.18 hrs
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Summary for Reach LD-9: 

Inflow Area = 6.248 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 25.41 cfs @ 12.18 hrs,  Volume= 2.039 af
Outflow = 24.83 cfs @ 12.25 hrs,  Volume= 2.039 af,  Atten= 2%,  Lag= 4.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.96 fps,  Min. Travel Time= 2.4 min
Avg. Velocity = 0.50 fps,  Avg. Travel Time= 9.3 min

Peak Storage= 3,579 cf @ 12.21 hrs
Average Depth at Peak Storage= 1.05'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 89.34 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 280.0'   Slope= 0.0150 '/'
Inlet Invert= 615.03',  Outlet Invert= 610.82'

‡

Reach LD-9: 
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Inflow Area=6.248 ac
Avg. Flow Depth=1.05'

Max Vel=1.96 fps
n=0.078
L=280.0'

S=0.0150 '/'
Capacity=89.34 cfs

25.41 cfs @ 12.18 hrs
24.83 cfs @ 12.25 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 28HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Link 1L: Discharge

Inflow Area = 7.136 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 33.06 cfs @ 12.14 hrs,  Volume= 2.329 af
Primary = 33.06 cfs @ 12.14 hrs,  Volume= 2.329 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 1L: Discharge
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Inflow Area=7.136 ac
33.06 cfs @ 12.14 hrs

33.06 cfs @ 12.14 hrs
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Summary for Link 2L: Discharge

Inflow Area = 16.806 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 71.89 cfs @ 12.17 hrs,  Volume= 5.484 af
Primary = 71.89 cfs @ 12.17 hrs,  Volume= 5.484 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 2L: Discharge
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Inflow Area=16.806 ac
71.89 cfs @ 12.17 hrs

71.89 cfs @ 12.17 hrs
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Summary for Link 3L: Discharge

Inflow Area = 14.091 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 59.53 cfs @ 12.20 hrs,  Volume= 4.598 af
Primary = 59.53 cfs @ 12.20 hrs,  Volume= 4.598 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 3L: Discharge
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Inflow Area=14.091 ac
59.53 cfs @ 12.20 hrs

59.53 cfs @ 12.20 hrs
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Summary for Subcatchment DA-10: 

Runoff = 17.76 cfs @ 12.08 hrs,  Volume= 1.265 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 128,351 89 CCR

128,351 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.8 93 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
1.3 218 0.0300 2.79 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
1.4 439 0.0080 5.30 349.62 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

16.5 750 Total

Subcatchment DA-10: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=128,351 sf
Runoff Volume=1.265 af

Runoff Depth=5.15"
Flow Length=750'

Tc=16.5 min
CN=89

17.76 cfs @ 12.08 hrs
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Summary for Subcatchment DA-11: 

Runoff = 25.73 cfs @ 12.02 hrs,  Volume= 1.545 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 156,707 89 CCR

156,707 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 200 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 300 Total

Subcatchment DA-11: 

Runoff
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=156,707 sf
Runoff Volume=1.545 af

Runoff Depth=5.15"
Flow Length=300'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

25.73 cfs @ 12.02 hrs
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Summary for Subcatchment DA-12: 

Runoff = 48.35 cfs @ 12.14 hrs,  Volume= 3.944 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 400,062 89 CCR

400,062 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.7 100 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
2.3 204 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 206 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.2 622 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

21.5 1,132 Total

Subcatchment DA-12: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=400,062 sf
Runoff Volume=3.944 af

Runoff Depth=5.15"
Flow Length=1,132'

Tc=21.5 min
CN=89

48.35 cfs @ 12.14 hrs



Type II 24-hr  100 YR Rainfall=6.43"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 34HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-13: 

Runoff = 23.74 cfs @ 12.02 hrs,  Volume= 1.425 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 144,536 89 CCR

144,536 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 202 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 302 Total

Subcatchment DA-13: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=144,536 sf
Runoff Volume=1.425 af

Runoff Depth=5.15"
Flow Length=302'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

23.74 cfs @ 12.02 hrs
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Summary for Subcatchment DA-14: 

Runoff = 30.79 cfs @ 12.02 hrs,  Volume= 1.848 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 187,472 89 CCR

187,472 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 207 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 307 Total

Subcatchment DA-14: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=187,472 sf
Runoff Volume=1.848 af

Runoff Depth=5.15"
Flow Length=307'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

30.79 cfs @ 12.02 hrs
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Summary for Subcatchment DA-15: 

Runoff = 21.25 cfs @ 12.14 hrs,  Volume= 1.733 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 175,790 89 CCR

175,790 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.7 100 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
2.3 204 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 206 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.2 622 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

21.5 1,132 Total

Subcatchment DA-15: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=175,790 sf
Runoff Volume=1.733 af

Runoff Depth=5.15"
Flow Length=1,132'

Tc=21.5 min
CN=89

21.25 cfs @ 12.14 hrs
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Summary for Subcatchment DA-16: 

Runoff = 13.10 cfs @ 12.09 hrs,  Volume= 0.950 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 96,365 89 CCR

96,365 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.7 100 0.0100 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.49"
1.1 100 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 202 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
17.1 402 Total

Subcatchment DA-16: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=96,365 sf
Runoff Volume=0.950 af

Runoff Depth=5.15"
Flow Length=402'

Tc=17.1 min
CN=89

13.10 cfs @ 12.09 hrs
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Summary for Subcatchment DA-17: 

Runoff = 33.78 cfs @ 12.02 hrs,  Volume= 2.028 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 205,685 89 CCR

205,685 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.3 207 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.7 307 Total

Subcatchment DA-17: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=205,685 sf
Runoff Volume=2.028 af

Runoff Depth=5.15"
Flow Length=307'

Slope=0.0300 '/'
Tc=10.7 min

CN=89

33.78 cfs @ 12.02 hrs
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Summary for Subcatchment DA-18: 

Runoff = 22.48 cfs @ 12.01 hrs,  Volume= 1.340 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 135,964 89 CCR

135,964 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.4 100 0.0300 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.49"

1.1 175 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.5 275 Total

Subcatchment DA-18: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=135,964 sf
Runoff Volume=1.340 af

Runoff Depth=5.15"
Flow Length=275'

Slope=0.0300 '/'
Tc=10.5 min

CN=89

22.48 cfs @ 12.01 hrs
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Summary for Subcatchment DA-9: 

Runoff = 4.87 cfs @ 11.96 hrs,  Volume= 0.254 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 25,797 89 CCR

25,797 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment DA-9: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=25,797 sf
Runoff Volume=0.254 af

Runoff Depth=5.15"
Tc=6.0 min

CN=89

4.87 cfs @ 11.96 hrs
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Summary for Reach D-10: 

Inflow Area = 3.318 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 23.74 cfs @ 12.02 hrs,  Volume= 1.425 af
Outflow = 21.48 cfs @ 12.12 hrs,  Volume= 1.425 af,  Atten= 10%,  Lag= 6.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.54 fps,  Min. Travel Time= 3.9 min
Avg. Velocity = 0.64 fps,  Avg. Travel Time= 15.6 min

Peak Storage= 5,192 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.78'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 604.79 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 600.0'   Slope= 0.0052 '/'
Inlet Invert= 614.00',  Outlet Invert= 610.88'

‡

Reach D-10: 
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Inflow Area=3.318 ac
Avg. Flow Depth=0.78'

Max Vel=2.54 fps
n=0.030
L=600.0'

S=0.0052 '/'
Capacity=604.79 cfs

23.74 cfs @ 12.02 hrs

21.48 cfs @ 12.12 hrs
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Summary for Reach D-11: 

Inflow Area = 4.304 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 30.79 cfs @ 12.02 hrs,  Volume= 1.848 af
Outflow = 26.67 cfs @ 12.17 hrs,  Volume= 1.848 af,  Atten= 13%,  Lag= 9.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.17 fps,  Min. Travel Time= 5.8 min
Avg. Velocity = 0.54 fps,  Avg. Travel Time= 23.4 min

Peak Storage= 9,262 cf @ 12.07 hrs
Average Depth at Peak Storage= 1.02'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 447.11 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 753.0'   Slope= 0.0028 '/'
Inlet Invert= 613.02',  Outlet Invert= 610.88'

‡

Reach D-11: 
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Inflow Area=4.304 ac
Avg. Flow Depth=1.02'

Max Vel=2.17 fps
n=0.030
L=753.0'

S=0.0028 '/'
Capacity=447.11 cfs

30.79 cfs @ 12.02 hrs

26.67 cfs @ 12.17 hrs
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Summary for Reach D-12: 

Inflow Area = 4.722 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 33.78 cfs @ 12.02 hrs,  Volume= 2.028 af
Outflow = 29.25 cfs @ 12.17 hrs,  Volume= 2.028 af,  Atten= 13%,  Lag= 9.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.31 fps,  Min. Travel Time= 5.8 min
Avg. Velocity = 0.57 fps,  Avg. Travel Time= 23.4 min

Peak Storage= 10,177 cf @ 12.07 hrs
Average Depth at Peak Storage= 1.04'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 469.19 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 802.0'   Slope= 0.0031 '/'
Inlet Invert= 613.02',  Outlet Invert= 610.51'

‡

Reach D-12: 
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Inflow Area=4.722 ac
Avg. Flow Depth=1.04'

Max Vel=2.31 fps
n=0.030
L=802.0'

S=0.0031 '/'
Capacity=469.19 cfs

33.78 cfs @ 12.02 hrs

29.25 cfs @ 12.17 hrs
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Summary for Reach D-13: 

Inflow Area = 3.121 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 22.48 cfs @ 12.01 hrs,  Volume= 1.340 af
Outflow = 19.84 cfs @ 12.14 hrs,  Volume= 1.340 af,  Atten= 12%,  Lag= 7.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.40 fps,  Min. Travel Time= 4.7 min
Avg. Velocity = 0.60 fps,  Avg. Travel Time= 18.7 min

Peak Storage= 5,708 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.77'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 576.08 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 674.0'   Slope= 0.0047 '/'
Inlet Invert= 614.00',  Outlet Invert= 610.82'

‡

Reach D-13: 
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Inflow Area=3.121 ac
Avg. Flow Depth=0.77'

Max Vel=2.40 fps
n=0.030
L=674.0'

S=0.0047 '/'
Capacity=576.08 cfs

22.48 cfs @ 12.01 hrs

19.84 cfs @ 12.14 hrs
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Summary for Reach D-7: 

Inflow Area = 0.592 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 4.87 cfs @ 11.96 hrs,  Volume= 0.254 af
Outflow = 4.56 cfs @ 12.03 hrs,  Volume= 0.254 af,  Atten= 6%,  Lag= 4.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.32 fps,  Min. Travel Time= 2.4 min
Avg. Velocity = 0.80 fps,  Avg. Travel Time= 6.9 min

Peak Storage= 668 cf @ 11.99 hrs
Average Depth at Peak Storage= 0.23'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,128.06 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 330.0'   Slope= 0.0181 '/'
Inlet Invert= 623.11',  Outlet Invert= 617.14'

‡

Reach D-7: 
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Inflow Area=0.592 ac
Avg. Flow Depth=0.23'

Max Vel=2.32 fps
n=0.030
L=330.0'

S=0.0181 '/'
Capacity=1,128.06 cfs

4.87 cfs @ 11.96 hrs

4.56 cfs @ 12.03 hrs
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Summary for Reach D-8: 

Inflow Area = 3.539 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 21.77 cfs @ 12.07 hrs,  Volume= 1.520 af
Outflow = 21.26 cfs @ 12.10 hrs,  Volume= 1.520 af,  Atten= 2%,  Lag= 2.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.93 fps,  Min. Travel Time= 1.1 min
Avg. Velocity = 1.05 fps,  Avg. Travel Time= 4.1 min

Peak Storage= 1,411 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.54'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,150.95 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 257.0'   Slope= 0.0188 '/'
Inlet Invert= 617.14',  Outlet Invert= 612.30'
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Reach D-8: 
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Inflow Area=3.539 ac
Avg. Flow Depth=0.54'

Max Vel=3.93 fps
n=0.030
L=257.0'

S=0.0188 '/'
Capacity=1,150.95 cfs

21.77 cfs @ 12.07 hrs
21.26 cfs @ 12.10 hrs
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Summary for Reach D-9: 

Inflow Area = 3.597 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 25.73 cfs @ 12.02 hrs,  Volume= 1.545 af
Outflow = 22.81 cfs @ 12.14 hrs,  Volume= 1.545 af,  Atten= 11%,  Lag= 7.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.12 fps,  Min. Travel Time= 4.6 min
Avg. Velocity = 0.51 fps,  Avg. Travel Time= 19.1 min

Peak Storage= 6,370 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.94'
Bank-Full Depth= 3.00'  Flow Area= 60.0 sf,  Capacity= 241.38 cfs

8.00'  x  3.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 32.00'
Length= 578.0'   Slope= 0.0029 '/'
Inlet Invert= 614.00',  Outlet Invert= 612.30'
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Inflow Area=3.597 ac
Avg. Flow Depth=0.94'

Max Vel=2.12 fps
n=0.030
L=578.0'

S=0.0029 '/'
Capacity=241.38 cfs

25.73 cfs @ 12.02 hrs

22.81 cfs @ 12.14 hrs
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Summary for Reach LD-10: 

Inflow Area = 14.091 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 78.08 cfs @ 12.18 hrs,  Volume= 6.051 af
Outflow = 77.82 cfs @ 12.19 hrs,  Volume= 6.051 af,  Atten= 0%,  Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.27 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 1.62 fps,  Avg. Travel Time= 0.8 min

Peak Storage= 945 cf @ 12.18 hrs
Average Depth at Peak Storage= 1.03'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,282.31 cfs

8.00'  x  4.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 76.0'   Slope= 0.1580 '/'
Inlet Invert= 610.51',  Outlet Invert= 598.50'

‡

Reach LD-10: 
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Inflow Area=14.091 ac
Avg. Flow Depth=1.03'

Max Vel=6.27 fps
n=0.078
L=76.0'

S=0.1580 '/'
Capacity=1,282.31 cfs

78.08 cfs @ 12.18 hrs
77.82 cfs @ 12.19 hrs



Type II 24-hr  100 YR Rainfall=6.43"Ash Pond North letdown channels
  Printed  7/25/2022Prepared by Burns and McDonnell

Page 49HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Reach LD-4: 

Inflow Area = 2.947 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 17.76 cfs @ 12.08 hrs,  Volume= 1.265 af
Outflow = 17.71 cfs @ 12.08 hrs,  Volume= 1.265 af,  Atten= 0%,  Lag= 0.2 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.70 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 0.94 fps,  Avg. Travel Time= 0.5 min

Peak Storage= 144 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.48'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 261.35 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 30.0'   Slope= 0.1287 '/'
Inlet Invert= 621.00',  Outlet Invert= 617.14'

‡

Reach LD-4: 
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Inflow Area=2.947 ac
Avg. Flow Depth=0.48'

Max Vel=3.70 fps
n=0.078
L=30.0'

S=0.1287 '/'
Capacity=261.35 cfs

17.76 cfs @ 12.08 hrs
17.71 cfs @ 12.08 hrs
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Summary for Reach LD-5: 

Inflow Area = 7.136 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 43.41 cfs @ 12.12 hrs,  Volume= 3.064 af
Outflow = 43.15 cfs @ 12.13 hrs,  Volume= 3.064 af,  Atten= 1%,  Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.61 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 1.44 fps,  Avg. Travel Time= 0.9 min

Peak Storage= 616 cf @ 12.12 hrs
Average Depth at Peak Storage= 0.71'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,410.68 cfs

8.00'  x  4.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 80.0'   Slope= 0.1912 '/'
Inlet Invert= 612.30',  Outlet Invert= 597.00'
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Reach LD-5: 
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Inflow Area=7.136 ac
Avg. Flow Depth=0.71'

Max Vel=5.61 fps
n=0.078
L=80.0'

S=0.1912 '/'
Capacity=1,410.68 cfs

43.41 cfs @ 12.12 hrs
43.15 cfs @ 12.13 hrs
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Summary for Reach LD-6: 

Inflow Area = 9.184 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 48.35 cfs @ 12.14 hrs,  Volume= 3.944 af
Outflow = 47.54 cfs @ 12.17 hrs,  Volume= 3.944 af,  Atten= 2%,  Lag= 2.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.31 fps,  Min. Travel Time= 1.3 min
Avg. Velocity = 0.90 fps,  Avg. Travel Time= 4.8 min

Peak Storage= 3,813 cf @ 12.15 hrs
Average Depth at Peak Storage= 1.15'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 143.19 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 262.0'   Slope= 0.0386 '/'
Inlet Invert= 621.00',  Outlet Invert= 610.88'

‡

Reach LD-6: 

Inflow
Outflow

Hydrograph

Time  (hours)
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F
lo

w
  (

cf
s)

50

45

40

35

30

25

20

15

10

5

0

Inflow Area=9.184 ac
Avg. Flow Depth=1.15'

Max Vel=3.31 fps
n=0.078
L=262.0'

S=0.0386 '/'
Capacity=143.19 cfs

48.35 cfs @ 12.14 hrs
47.54 cfs @ 12.17 hrs
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Summary for Reach LD-7: 

Inflow Area = 16.806 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 94.54 cfs @ 12.16 hrs,  Volume= 7.216 af
Outflow = 94.02 cfs @ 12.17 hrs,  Volume= 7.216 af,  Atten= 1%,  Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.60 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 1.62 fps,  Avg. Travel Time= 1.0 min

Peak Storage= 1,430 cf @ 12.16 hrs
Average Depth at Peak Storage= 1.14'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 288.05 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 100.0'   Slope= 0.1563 '/'
Inlet Invert= 610.88',  Outlet Invert= 595.25'

‡

Reach LD-7: 

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=16.806 ac
Avg. Flow Depth=1.14'

Max Vel=6.60 fps
n=0.078
L=100.0'

S=0.1563 '/'
Capacity=288.05 cfs

94.54 cfs @ 12.16 hrs
94.02 cfs @ 12.17 hrs
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Summary for Reach LD-8: 

Inflow Area = 6.248 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 33.92 cfs @ 12.11 hrs,  Volume= 2.683 af
Outflow = 33.09 cfs @ 12.17 hrs,  Volume= 2.683 af,  Atten= 2%,  Lag= 3.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.41 fps,  Min. Travel Time= 1.9 min
Avg. Velocity = 0.63 fps,  Avg. Travel Time= 7.4 min

Peak Storage= 3,886 cf @ 12.14 hrs
Average Depth at Peak Storage= 1.11'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 106.39 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 280.0'   Slope= 0.0213 '/'
Inlet Invert= 621.00',  Outlet Invert= 615.03'

‡

Reach LD-8: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=6.248 ac
Avg. Flow Depth=1.11'

Max Vel=2.41 fps
n=0.078
L=280.0'

S=0.0213 '/'
Capacity=106.39 cfs

33.92 cfs @ 12.11 hrs
33.09 cfs @ 12.17 hrs
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Summary for Reach LD-9: 

Inflow Area = 6.248 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 33.09 cfs @ 12.17 hrs,  Volume= 2.683 af
Outflow = 32.27 cfs @ 12.24 hrs,  Volume= 2.683 af,  Atten= 2%,  Lag= 4.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.11 fps,  Min. Travel Time= 2.2 min
Avg. Velocity = 0.55 fps,  Avg. Travel Time= 8.5 min

Peak Storage= 4,320 cf @ 12.20 hrs
Average Depth at Peak Storage= 1.20'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 89.34 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 280.0'   Slope= 0.0150 '/'
Inlet Invert= 615.03',  Outlet Invert= 610.82'

‡

Reach LD-9: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=6.248 ac
Avg. Flow Depth=1.20'

Max Vel=2.11 fps
n=0.078
L=280.0'

S=0.0150 '/'
Capacity=89.34 cfs

33.09 cfs @ 12.17 hrs
32.27 cfs @ 12.24 hrs
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Summary for Link 1L: Discharge

Inflow Area = 7.136 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 43.15 cfs @ 12.13 hrs,  Volume= 3.064 af
Primary = 43.15 cfs @ 12.13 hrs,  Volume= 3.064 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 1L: Discharge

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=7.136 ac
43.15 cfs @ 12.13 hrs

43.15 cfs @ 12.13 hrs
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Summary for Link 2L: Discharge

Inflow Area = 16.806 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 94.02 cfs @ 12.17 hrs,  Volume= 7.216 af
Primary = 94.02 cfs @ 12.17 hrs,  Volume= 7.216 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 2L: Discharge

Inflow
Primary

Hydrograph
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Inflow Area=16.806 ac
94.02 cfs @ 12.17 hrs

94.02 cfs @ 12.17 hrs
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Summary for Link 3L: Discharge

Inflow Area = 14.091 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 77.82 cfs @ 12.19 hrs,  Volume= 6.051 af
Primary = 77.82 cfs @ 12.19 hrs,  Volume= 6.051 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 3L: Discharge

Inflow
Primary

Hydrograph
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Inflow Area=14.091 ac
77.82 cfs @ 12.19 hrs

77.82 cfs @ 12.19 hrs



WORKSHEET TITLEKincaid ash pond CALCULATION NO.: C001

CREATED: 7/14/2022 REVISION: A

PERFORMED BY: B. LIU REVIEWED BY: R. Owens

OBJECTIVE: New discharge culverts sizing with post-construction phase flow 25yr 24hr storm  

and checking with 100yr 24 hr storm

REFERENCES:

National Oceanic and Atmospheric Administration. (2018). NOAA Atlas 14, Volume 9, Version 2. 

SOFTWARE:

HydroCAD 10.00-24 (40 node s/n 08510)

HYDROCAD INPUTS:

SCS Storm Depth (in) Surface CN

2yr, 24hr 3.01 CCR 89

25yr, 24hr 5.15

100yr, 24hr 6.43

6

15.6

10.3

10.3

18.9

10.3

18.9

9.6

HYDROCAD OUTPUTS:

Drainage area:

Ditches:

   Max. Velocity (fps) Average Flow depth (ft)

25YR 100YR 25YR 100YR 25YR 100YR

2.81 3.63 2.32 2.54 0.14 0.16

15.27 19.77 4.27 4.66 0.37 0.43

21.21 27.70 2.15 2.33 0.86 0.99

116.70 152.81 3.05 3.29 2.02 2.31

22.69 29.38 4.19 4.55 0.51 0.59

43.97 57.01 5.12 5.54 0.77 0.89

Letdown channel:

    Peak Inflow (cfs)    Max. Velocity (fps) Average Flow depth (ft)

25YR 100YR 25YR 100YR 25YR 100YR

6.05 7.84 2.99 3.28 0.23 0.26

32.67 42.42 2.74 2.95 0.99 1.13

31.95 41.52 3.48 3.76 0.81 0.94

25.79 33.49 2.34 2.52 0.93 1.07

25.15 32.68 4.54 4.93 0.54 0.63

New culvert:

     Peak Inflow (cfs)    Max. Velocity (fps) Average Flow depth (ft)

25YR 100YR 25YR 100YR 25YR 100YR

132.95 177.29 8.88 8.92 1.50 1.50

129

182

LD-2-1

LD-2-2

57,254

327,400

615,322

258,458

Tc (min)

DA-2 (sf)

DA-3 (sf)

DA-4 (sf)

DA-5 (sf)

DA-6 (sf)

5x18" CHDPE 69.62

LD-3-2 298

CHDPE pipe Capacity (cfs)

LD-1 332

LD-3-1 114

Letdown channel Capacity (cfs)

D-6 10578

D-4 430
D-5 10918

D-2 1549
D-3 485

Ditches: Capacity (cfs)

D-1 1532

 Peak Inflow (cfs)

DA-7 25.79 33.49

DA-8 22.69

DA-1 2.81 3.63

29.38

DA-2 7.84

9.22

9.53

South area
Peakflow (cfs)

25YR 100 YR

42.42

102.42DA-6 79.11

DA-3 7.12

DA-4 7.36

DA-5 32.67

6.05

Total (ac) 35.82

South Drainage Area (to new culverts)

DA-1 (sf) 19,245

DA-8 (sf) 172,145
Total (sf) 1,560,470

DA-7 (sf)

55,256

55,390



DA-1

DA-2

DA-3 DA-4

DA-5

DA-6

DA-7

DA-8

D-1 D-2 D-3 D-4

D-5

D-6
LD-1

LD-2-1

LD-2-2

LD-3-1

LD-3-2

PIPES

1L

(new Link)

Routing Diagram for Ash Pond South
Prepared by Burns and McDonnell,  Printed 7/15/2022
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Subcat Reach Pond Link
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

35.823 89 CCR  (DA-1, DA-2, DA-3, DA-4, DA-5, DA-6, DA-7, DA-8)
35.823 89 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 0.000 0.000 35.823 35.823 CCR DA-1, DA-2, DA-3, 
DA-4, DA-5, DA-6, 
DA-7, DA-8

0.000 0.000 0.000 0.000 35.823 35.823 TOTAL 
AREA
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Summary for Subcatchment DA-1: 

Runoff = 2.81 cfs @ 11.96 hrs,  Volume= 0.144 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 19,245 89 CCR

19,245 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment DA-1: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

3

2

1

0

Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=19,245 sf
Runoff Volume=0.144 af

Runoff Depth=3.92"
Tc=6.0 min

CN=89

2.81 cfs @ 11.96 hrs
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Summary for Subcatchment DA-2: 

Runoff = 6.05 cfs @ 12.07 hrs,  Volume= 0.414 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 55,256 89 CCR

55,256 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.3 100 0.0100 0.13 Sheet Flow, 

Grass: Short   n= 0.150   P2= 3.01"
1.6 251 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
0.7 140 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

15.6 491 Total

Subcatchment DA-2: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=55,256 sf
Runoff Volume=0.414 af

Runoff Depth=3.92"
Flow Length=491'

Tc=15.6 min
CN=89

6.05 cfs @ 12.07 hrs
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Summary for Subcatchment DA-3: 

Runoff = 7.12 cfs @ 12.01 hrs,  Volume= 0.415 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 55,390 89 CCR

55,390 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

0.8 126 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

0.9 209 0.0700 3.97 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.3 435 Total

Subcatchment DA-3: 

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=55,390 sf
Runoff Volume=0.415 af

Runoff Depth=3.92"
Flow Length=435'

Tc=10.3 min
CN=89

7.12 cfs @ 12.01 hrs
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Summary for Subcatchment DA-4: 

Runoff = 7.36 cfs @ 12.01 hrs,  Volume= 0.429 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 57,254 89 CCR

57,254 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

0.8 126 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

0.9 209 0.0700 3.97 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.3 435 Total

Subcatchment DA-4: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=57,254 sf
Runoff Volume=0.429 af

Runoff Depth=3.92"
Flow Length=435'

Tc=10.3 min
CN=89

7.36 cfs @ 12.01 hrs
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Summary for Subcatchment DA-5: 

Runoff = 32.67 cfs @ 12.11 hrs,  Volume= 2.453 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 327,400 89 CCR

327,400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.3 100 0.0100 0.13 Sheet Flow, 

Grass: Short   n= 0.150   P2= 3.01"
1.3 119 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 200 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.0 587 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

18.9 1,006 Total

Subcatchment DA-5: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=327,400 sf
Runoff Volume=2.453 af

Runoff Depth=3.92"
Flow Length=1,006'

Tc=18.9 min
CN=89

32.67 cfs @ 12.11 hrs
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Summary for Subcatchment DA-6: 

Runoff = 79.11 cfs @ 12.01 hrs,  Volume= 4.609 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 615,322 89 CCR

615,322 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

0.8 131 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

0.9 224 0.0700 3.97 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.3 455 Total

Subcatchment DA-6: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=615,322 sf
Runoff Volume=4.609 af

Runoff Depth=3.92"
Flow Length=455'

Tc=10.3 min
CN=89

79.11 cfs @ 12.01 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond South
  Printed  7/15/2022Prepared by Burns and McDonnell

Page 10HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment DA-7: 

Runoff = 25.79 cfs @ 12.11 hrs,  Volume= 1.936 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 258,458 89 CCR

258,458 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.3 100 0.0100 0.13 Sheet Flow, 

Grass: Short   n= 0.150   P2= 3.01"
1.3 119 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 200 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.0 584 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

18.9 1,003 Total

Subcatchment DA-7: 

Runoff

Hydrograph
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=258,458 sf
Runoff Volume=1.936 af

Runoff Depth=3.92"
Flow Length=1,003'

Tc=18.9 min
CN=89

25.79 cfs @ 12.11 hrs
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Summary for Subcatchment DA-8: 

Runoff = 22.69 cfs @ 12.01 hrs,  Volume= 1.290 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  25 YR Rainfall=5.15"

Area (sf) CN Description
* 172,145 89 CCR

172,145 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

1.0 158 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

9.6 258 Total

Subcatchment DA-8: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25 YR Rainfall=5.15"

Runoff Area=172,145 sf
Runoff Volume=1.290 af

Runoff Depth=3.92"
Flow Length=258'

Slope=0.0300 '/'
Tc=9.6 min

CN=89

22.69 cfs @ 12.01 hrs
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Summary for Reach D-1: 

Inflow Area = 0.442 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 2.81 cfs @ 11.96 hrs,  Volume= 0.144 af
Outflow = 2.63 cfs @ 12.01 hrs,  Volume= 0.144 af,  Atten= 6%,  Lag= 2.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.32 fps,  Min. Travel Time= 1.8 min
Avg. Velocity = 1.06 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 302 cf @ 11.99 hrs
Average Depth at Peak Storage= 0.14'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,531.83 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 256.0'   Slope= 0.0334 '/'
Inlet Invert= 623.11',  Outlet Invert= 614.57'

‡

Reach D-1: 

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=0.442 ac
Avg. Flow Depth=0.14'

Max Vel=2.32 fps
n=0.030
L=256.0'

S=0.0334 '/'
Capacity=1,531.83 cfs

2.81 cfs @ 11.96 hrs

2.63 cfs @ 12.01 hrs
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Summary for Reach D-2: 

Inflow Area = 2.982 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 15.27 cfs @ 12.03 hrs,  Volume= 0.973 af
Outflow = 14.65 cfs @ 12.08 hrs,  Volume= 0.973 af,  Atten= 4%,  Lag= 2.8 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.27 fps,  Min. Travel Time= 1.7 min
Avg. Velocity = 1.22 fps,  Avg. Travel Time= 5.9 min

Peak Storage= 1,506 cf @ 12.05 hrs
Average Depth at Peak Storage= 0.37'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,549.23 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 427.0'   Slope= 0.0341 '/'
Inlet Invert= 614.57',  Outlet Invert= 600.00'

‡

Reach D-2: 
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Hydrograph
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Inflow Area=2.982 ac
Avg. Flow Depth=0.37'

Max Vel=4.27 fps
n=0.030
L=427.0'

S=0.0341 '/'
Capacity=1,549.23 cfs

15.27 cfs @ 12.03 hrs
14.65 cfs @ 12.08 hrs
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Summary for Reach D-3: 

Inflow Area = 4.296 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 21.21 cfs @ 12.05 hrs,  Volume= 1.402 af
Outflow = 20.59 cfs @ 12.09 hrs,  Volume= 1.402 af,  Atten= 3%,  Lag= 2.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.15 fps,  Min. Travel Time= 1.2 min
Avg. Velocity = 0.57 fps,  Avg. Travel Time= 4.4 min

Peak Storage= 1,457 cf @ 12.07 hrs
Average Depth at Peak Storage= 0.86'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 485.84 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 149.0'   Slope= 0.0034 '/'
Inlet Invert= 600.00',  Outlet Invert= 599.50'

‡

Reach D-3: 

Inflow
Outflow

Hydrograph
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Inflow Area=4.296 ac
Avg. Flow Depth=0.86'

Max Vel=2.15 fps
n=0.030
L=149.0'

S=0.0034 '/'
Capacity=485.84 cfs

21.21 cfs @ 12.05 hrs
20.59 cfs @ 12.09 hrs
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Summary for Reach D-4: 

Inflow Area = 25.938 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 116.70 cfs @ 12.04 hrs,  Volume= 8.464 af
Outflow = 97.33 cfs @ 12.24 hrs,  Volume= 8.464 af,  Atten= 17%,  Lag= 12.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.05 fps,  Min. Travel Time= 7.3 min
Avg. Velocity = 0.75 fps,  Avg. Travel Time= 29.8 min

Peak Storage= 43,101 cf @ 12.12 hrs
Average Depth at Peak Storage= 2.02'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 430.69 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 1,331.0'   Slope= 0.0026 '/'
Inlet Invert= 599.00',  Outlet Invert= 595.49'

‡

Reach D-4: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=25.938 ac
Avg. Flow Depth=2.02'

Max Vel=3.05 fps
n=0.030

L=1,331.0'
S=0.0026 '/'

Capacity=430.69 cfs

116.70 cfs @ 12.04 hrs

97.33 cfs @ 12.24 hrs
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Summary for Reach D-5: 

Inflow Area = 3.952 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 22.69 cfs @ 12.01 hrs,  Volume= 1.290 af
Outflow = 21.41 cfs @ 12.09 hrs,  Volume= 1.290 af,  Atten= 6%,  Lag= 4.8 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.19 fps,  Min. Travel Time= 2.8 min
Avg. Velocity = 1.62 fps,  Avg. Travel Time= 7.3 min

Peak Storage= 3,650 cf @ 12.04 hrs
Average Depth at Peak Storage= 0.51'
Bank-Full Depth= 10.00'  Flow Area= 480.0 sf,  Capacity= 10,918.04 cfs

8.00'  x  10.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 88.00'
Length= 711.0'   Slope= 0.0228 '/'
Inlet Invert= 614.00',  Outlet Invert= 597.80'

‡

Reach D-5: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=3.952 ac
Avg. Flow Depth=0.51'

Max Vel=4.19 fps
n=0.030
L=711.0'

S=0.0228 '/'
Capacity=10,918.04 cfs

22.69 cfs @ 12.01 hrs

21.41 cfs @ 12.09 hrs
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Summary for Reach D-6: 

Inflow Area = 9.885 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 43.97 cfs @ 12.12 hrs,  Volume= 3.226 af
Outflow = 43.44 cfs @ 12.13 hrs,  Volume= 3.226 af,  Atten= 1%,  Lag= 0.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.12 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 1.69 fps,  Avg. Travel Time= 1.1 min

Peak Storage= 924 cf @ 12.12 hrs
Average Depth at Peak Storage= 0.77'
Bank-Full Depth= 10.00'  Flow Area= 480.0 sf,  Capacity= 10,578.30 cfs

8.00'  x  10.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 88.00'
Length= 108.0'   Slope= 0.0214 '/'
Inlet Invert= 597.80',  Outlet Invert= 595.49'

‡

Reach D-6: 
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Outflow

Hydrograph
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Inflow Area=9.885 ac
Avg. Flow Depth=0.77'

Max Vel=5.12 fps
n=0.030
L=108.0'

S=0.0214 '/'
Capacity=10,578.30 cfs

43.97 cfs @ 12.12 hrs
43.44 cfs @ 12.13 hrs
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Summary for Reach LD-1: 

Inflow Area = 1.269 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 6.05 cfs @ 12.07 hrs,  Volume= 0.414 af
Outflow = 6.02 cfs @ 12.08 hrs,  Volume= 0.414 af,  Atten= 0%,  Lag= 0.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.99 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 0.79 fps,  Avg. Travel Time= 0.7 min

Peak Storage= 62 cf @ 12.07 hrs
Average Depth at Peak Storage= 0.23'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 331.83 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 31.0'   Slope= 0.2074 '/'
Inlet Invert= 621.00',  Outlet Invert= 614.57'

‡

Reach LD-1: 
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Hydrograph
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Inflow Area=1.269 ac
Avg. Flow Depth=0.23'

Max Vel=2.99 fps
n=0.078
L=31.0'

S=0.2074 '/'
Capacity=331.83 cfs

6.05 cfs @ 12.07 hrs
6.02 cfs @ 12.08 hrs
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Summary for Reach LD-2-1: 

Inflow Area = 7.516 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 32.67 cfs @ 12.11 hrs,  Volume= 2.453 af
Outflow = 31.95 cfs @ 12.15 hrs,  Volume= 2.453 af,  Atten= 2%,  Lag= 2.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.74 fps,  Min. Travel Time= 1.4 min
Avg. Velocity = 0.73 fps,  Avg. Travel Time= 5.1 min

Peak Storage= 2,622 cf @ 12.12 hrs
Average Depth at Peak Storage= 0.99'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 129.38 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 222.0'   Slope= 0.0315 '/'
Inlet Invert= 621.00',  Outlet Invert= 614.00'

‡

Reach LD-2-1: 

Inflow
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Hydrograph
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Inflow Area=7.516 ac
Avg. Flow Depth=0.99'

Max Vel=2.74 fps
n=0.078
L=222.0'

S=0.0315 '/'
Capacity=129.38 cfs

32.67 cfs @ 12.11 hrs
31.95 cfs @ 12.15 hrs



Type II 24-hr  25 YR Rainfall=5.15"Ash Pond South
  Printed  7/15/2022Prepared by Burns and McDonnell

Page 20HydroCAD® 10.00-24  s/n 08510  © 2018 HydroCAD Software Solutions LLC

Summary for Reach LD-2-2: 

Inflow Area = 7.516 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 31.95 cfs @ 12.15 hrs,  Volume= 2.453 af
Outflow = 31.36 cfs @ 12.18 hrs,  Volume= 2.453 af,  Atten= 2%,  Lag= 1.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.48 fps,  Min. Travel Time= 1.1 min
Avg. Velocity = 0.91 fps,  Avg. Travel Time= 4.2 min

Peak Storage= 2,114 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.81'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 182.54 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 231.0'   Slope= 0.0628 '/'
Inlet Invert= 614.00',  Outlet Invert= 599.50'

‡

Reach LD-2-2: 
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Inflow Area=7.516 ac
Avg. Flow Depth=0.81'

Max Vel=3.48 fps
n=0.078
L=231.0'

S=0.0628 '/'
Capacity=182.54 cfs

31.95 cfs @ 12.15 hrs
31.36 cfs @ 12.18 hrs
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Summary for Reach LD-3-1: 

Inflow Area = 5.933 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 25.79 cfs @ 12.11 hrs,  Volume= 1.936 af
Outflow = 25.15 cfs @ 12.16 hrs,  Volume= 1.936 af,  Atten= 2%,  Lag= 3.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.34 fps,  Min. Travel Time= 1.7 min
Avg. Velocity = 0.61 fps,  Avg. Travel Time= 6.5 min

Peak Storage= 2,595 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.93'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 114.48 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 239.0'   Slope= 0.0247 '/'
Inlet Invert= 621.00',  Outlet Invert= 615.10'

‡

Reach LD-3-1: 
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Inflow Area=5.933 ac
Avg. Flow Depth=0.93'

Max Vel=2.34 fps
n=0.078
L=239.0'

S=0.0247 '/'
Capacity=114.48 cfs

25.79 cfs @ 12.11 hrs
25.15 cfs @ 12.16 hrs
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Summary for Reach LD-3-2: 

Inflow Area = 5.933 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 25.15 cfs @ 12.16 hrs,  Volume= 1.936 af
Outflow = 24.97 cfs @ 12.17 hrs,  Volume= 1.936 af,  Atten= 1%,  Lag= 0.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.54 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 1.16 fps,  Avg. Travel Time= 1.5 min

Peak Storage= 570 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.54'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 298.60 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 103.0'   Slope= 0.1680 '/'
Inlet Invert= 615.10',  Outlet Invert= 597.80'

‡

Reach LD-3-2: 
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Inflow Area=5.933 ac
Avg. Flow Depth=0.54'

Max Vel=4.54 fps
n=0.078
L=103.0'

S=0.1680 '/'
Capacity=298.60 cfs

25.15 cfs @ 12.16 hrs
24.97 cfs @ 12.17 hrs
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Summary for Reach PIPES: 

Inflow Area = 35.823 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 132.95 cfs @ 12.21 hrs,  Volume= 11.689 af
Outflow = 69.62 cfs @ 12.10 hrs,  Volume= 11.689 af,  Atten= 48%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 8.88 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 2.96 fps,  Avg. Travel Time= 1.0 min

Peak Storage= 1,546 cf @ 12.05 hrs
Average Depth at Peak Storage= 1.50'
Bank-Full Depth= 1.50'  Flow Area= 8.8 sf,  Capacity= 69.62 cfs

A factor of 5.00 has been applied to the storage and discharge capacity
18.0"  Round Pipe
n= 0.012  Corrugated PP, smooth interior
Length= 175.0'   Slope= 0.0150 '/'
Inlet Invert= 595.49',  Outlet Invert= 592.87'

Reach PIPES: 
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Inflow Area=35.823 ac
Avg. Flow Depth=1.50'

Max Vel=8.88 fps
18.0"

Round Pipe x 5.00
n=0.012
L=175.0'

S=0.0150 '/'
Capacity=69.62 cfs

132.95 cfs @ 12.21 hrs

69.62 cfs @ 12.10 hrs
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Summary for Link 1L: (new Link)

Inflow Area = 35.823 ac, 0.00% Impervious,  Inflow Depth = 3.92"    for  25 YR event
Inflow = 69.62 cfs @ 12.10 hrs,  Volume= 11.689 af
Primary = 69.62 cfs @ 12.10 hrs,  Volume= 11.689 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 1L: (new Link)
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Inflow Area=35.823 ac
69.62 cfs @ 12.10 hrs

69.62 cfs @ 12.10 hrs
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Summary for Subcatchment DA-1: 

Runoff = 3.63 cfs @ 11.96 hrs,  Volume= 0.190 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 19,245 89 CCR

19,245 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment DA-1: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=19,245 sf
Runoff Volume=0.190 af

Runoff Depth=5.15"
Tc=6.0 min

CN=89

3.63 cfs @ 11.96 hrs
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Summary for Subcatchment DA-2: 

Runoff = 7.84 cfs @ 12.07 hrs,  Volume= 0.545 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 55,256 89 CCR

55,256 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.3 100 0.0100 0.13 Sheet Flow, 

Grass: Short   n= 0.150   P2= 3.01"
1.6 251 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
0.7 140 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

15.6 491 Total

Subcatchment DA-2: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=55,256 sf
Runoff Volume=0.545 af

Runoff Depth=5.15"
Flow Length=491'

Tc=15.6 min
CN=89

7.84 cfs @ 12.07 hrs
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Summary for Subcatchment DA-3: 

Runoff = 9.22 cfs @ 12.01 hrs,  Volume= 0.546 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 55,390 89 CCR

55,390 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

0.8 126 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

0.9 209 0.0700 3.97 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.3 435 Total

Subcatchment DA-3: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=55,390 sf
Runoff Volume=0.546 af

Runoff Depth=5.15"
Flow Length=435'

Tc=10.3 min
CN=89

9.22 cfs @ 12.01 hrs
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Summary for Subcatchment DA-4: 

Runoff = 9.53 cfs @ 12.01 hrs,  Volume= 0.564 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 57,254 89 CCR

57,254 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

0.8 126 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

0.9 209 0.0700 3.97 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.3 435 Total

Subcatchment DA-4: 

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=57,254 sf
Runoff Volume=0.564 af

Runoff Depth=5.15"
Flow Length=435'

Tc=10.3 min
CN=89

9.53 cfs @ 12.01 hrs
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Summary for Subcatchment DA-5: 

Runoff = 42.42 cfs @ 12.11 hrs,  Volume= 3.227 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 327,400 89 CCR

327,400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.3 100 0.0100 0.13 Sheet Flow, 

Grass: Short   n= 0.150   P2= 3.01"
1.3 119 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 200 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.0 587 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

18.9 1,006 Total

Subcatchment DA-5: 
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=327,400 sf
Runoff Volume=3.227 af

Runoff Depth=5.15"
Flow Length=1,006'

Tc=18.9 min
CN=89

42.42 cfs @ 12.11 hrs
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Summary for Subcatchment DA-6: 

Runoff = 102.46 cfs @ 12.01 hrs,  Volume= 6.066 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 615,322 89 CCR

615,322 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

0.8 131 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

0.9 224 0.0700 3.97 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

10.3 455 Total

Subcatchment DA-6: 

Runoff

Hydrograph
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=615,322 sf
Runoff Volume=6.066 af

Runoff Depth=5.15"
Flow Length=455'

Tc=10.3 min
CN=89

102.46 cfs @ 12.01 hrs
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Summary for Subcatchment DA-7: 

Runoff = 33.49 cfs @ 12.11 hrs,  Volume= 2.548 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 258,458 89 CCR

258,458 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
13.3 100 0.0100 0.13 Sheet Flow, 

Grass: Short   n= 0.150   P2= 3.01"
1.3 119 0.0100 1.50 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
1.3 200 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
3.0 584 0.0030 3.24 214.10 Trap/Vee/Rect Channel Flow, 

Bot.W=0.00'  D=2.00'  Z= 30.0 & 3.0 '/'  Top.W=66.00'
n= 0.025  Earth, clean & winding

18.9 1,003 Total

Subcatchment DA-7: 

Runoff

Hydrograph
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=258,458 sf
Runoff Volume=2.548 af

Runoff Depth=5.15"
Flow Length=1,003'

Tc=18.9 min
CN=89

33.49 cfs @ 12.11 hrs
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Summary for Subcatchment DA-8: 

Runoff = 29.38 cfs @ 12.00 hrs,  Volume= 1.697 af,  Depth= 5.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 YR Rainfall=6.43"

Area (sf) CN Description
* 172,145 89 CCR

172,145 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.6 100 0.0300 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.01"

1.0 158 0.0300 2.60 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

9.6 258 Total

Subcatchment DA-8: 

Runoff

Hydrograph
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Type II 24-hr
100 YR Rainfall=6.43"

Runoff Area=172,145 sf
Runoff Volume=1.697 af

Runoff Depth=5.15"
Flow Length=258'

Slope=0.0300 '/'
Tc=9.6 min

CN=89

29.38 cfs @ 12.00 hrs
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Summary for Reach D-1: 

Inflow Area = 0.442 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 3.63 cfs @ 11.96 hrs,  Volume= 0.190 af
Outflow = 3.41 cfs @ 12.01 hrs,  Volume= 0.190 af,  Atten= 6%,  Lag= 2.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.54 fps,  Min. Travel Time= 1.7 min
Avg. Velocity = 1.07 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 358 cf @ 11.98 hrs
Average Depth at Peak Storage= 0.16'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,531.83 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 256.0'   Slope= 0.0334 '/'
Inlet Invert= 623.11',  Outlet Invert= 614.57'

‡

Reach D-1: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=0.442 ac
Avg. Flow Depth=0.16'

Max Vel=2.54 fps
n=0.030
L=256.0'

S=0.0334 '/'
Capacity=1,531.83 cfs

3.63 cfs @ 11.96 hrs

3.41 cfs @ 12.01 hrs
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Summary for Reach D-2: 

Inflow Area = 2.982 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 19.77 cfs @ 12.03 hrs,  Volume= 1.280 af
Outflow = 19.03 cfs @ 12.07 hrs,  Volume= 1.280 af,  Atten= 4%,  Lag= 2.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.66 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 1.27 fps,  Avg. Travel Time= 5.6 min

Peak Storage= 1,793 cf @ 12.05 hrs
Average Depth at Peak Storage= 0.43'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 1,549.23 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 427.0'   Slope= 0.0341 '/'
Inlet Invert= 614.57',  Outlet Invert= 600.00'

‡

Reach D-2: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=2.982 ac
Avg. Flow Depth=0.43'

Max Vel=4.66 fps
n=0.030
L=427.0'

S=0.0341 '/'
Capacity=1,549.23 cfs

19.77 cfs @ 12.03 hrs
19.03 cfs @ 12.07 hrs
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Summary for Reach D-3: 

Inflow Area = 4.296 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 27.70 cfs @ 12.05 hrs,  Volume= 1.845 af
Outflow = 26.88 cfs @ 12.08 hrs,  Volume= 1.845 af,  Atten= 3%,  Lag= 1.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.33 fps,  Min. Travel Time= 1.1 min
Avg. Velocity = 0.62 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 1,759 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.99'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 485.84 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 149.0'   Slope= 0.0034 '/'
Inlet Invert= 600.00',  Outlet Invert= 599.50'

‡

Reach D-3: 

Inflow
Outflow

Hydrograph
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Inflow Area=4.296 ac
Avg. Flow Depth=0.99'

Max Vel=2.33 fps
n=0.030
L=149.0'

S=0.0034 '/'
Capacity=485.84 cfs

27.70 cfs @ 12.05 hrs
26.88 cfs @ 12.08 hrs
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Summary for Reach D-4: 

Inflow Area = 25.938 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 152.81 cfs @ 12.04 hrs,  Volume= 11.138 af
Outflow = 130.14 cfs @ 12.22 hrs,  Volume= 11.138 af,  Atten= 15%,  Lag= 11.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.29 fps,  Min. Travel Time= 6.7 min
Avg. Velocity = 0.81 fps,  Avg. Travel Time= 27.5 min

Peak Storage= 53,135 cf @ 12.11 hrs
Average Depth at Peak Storage= 2.31'
Bank-Full Depth= 4.00'  Flow Area= 96.0 sf,  Capacity= 430.69 cfs

8.00'  x  4.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 40.00'
Length= 1,331.0'   Slope= 0.0026 '/'
Inlet Invert= 599.00',  Outlet Invert= 595.49'

‡

Reach D-4: 

Inflow
Outflow

Hydrograph
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Inflow Area=25.938 ac
Avg. Flow Depth=2.31'

Max Vel=3.29 fps
n=0.030

L=1,331.0'
S=0.0026 '/'

Capacity=430.69 cfs

152.81 cfs @ 12.04 hrs

130.14 cfs @ 12.22 hrs
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Summary for Reach D-5: 

Inflow Area = 3.952 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 29.38 cfs @ 12.00 hrs,  Volume= 1.697 af
Outflow = 27.66 cfs @ 12.08 hrs,  Volume= 1.697 af,  Atten= 6%,  Lag= 4.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.55 fps,  Min. Travel Time= 2.6 min
Avg. Velocity = 1.64 fps,  Avg. Travel Time= 7.2 min

Peak Storage= 4,368 cf @ 12.03 hrs
Average Depth at Peak Storage= 0.59'
Bank-Full Depth= 10.00'  Flow Area= 480.0 sf,  Capacity= 10,918.04 cfs

8.00'  x  10.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 88.00'
Length= 711.0'   Slope= 0.0228 '/'
Inlet Invert= 614.00',  Outlet Invert= 597.80'

‡

Reach D-5: 
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Inflow Area=3.952 ac
Avg. Flow Depth=0.59'

Max Vel=4.55 fps
n=0.030
L=711.0'

S=0.0228 '/'
Capacity=10,918.04 cfs

29.38 cfs @ 12.00 hrs

27.66 cfs @ 12.08 hrs
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Summary for Reach D-6: 

Inflow Area = 9.885 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 57.01 cfs @ 12.11 hrs,  Volume= 4.245 af
Outflow = 56.56 cfs @ 12.12 hrs,  Volume= 4.245 af,  Atten= 1%,  Lag= 0.5 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.54 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 1.75 fps,  Avg. Travel Time= 1.0 min

Peak Storage= 1,109 cf @ 12.11 hrs
Average Depth at Peak Storage= 0.89'
Bank-Full Depth= 10.00'  Flow Area= 480.0 sf,  Capacity= 10,578.30 cfs

8.00'  x  10.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 88.00'
Length= 108.0'   Slope= 0.0214 '/'
Inlet Invert= 597.80',  Outlet Invert= 595.49'

‡

Reach D-6: 
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Inflow Area=9.885 ac
Avg. Flow Depth=0.89'

Max Vel=5.54 fps
n=0.030
L=108.0'

S=0.0214 '/'
Capacity=10,578.30 cfs

57.01 cfs @ 12.11 hrs
56.56 cfs @ 12.12 hrs
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Summary for Reach LD-1: 

Inflow Area = 1.269 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 7.84 cfs @ 12.07 hrs,  Volume= 0.545 af
Outflow = 7.81 cfs @ 12.07 hrs,  Volume= 0.545 af,  Atten= 0%,  Lag= 0.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.28 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 0.84 fps,  Avg. Travel Time= 0.6 min

Peak Storage= 74 cf @ 12.07 hrs
Average Depth at Peak Storage= 0.26'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 331.83 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 31.0'   Slope= 0.2074 '/'
Inlet Invert= 621.00',  Outlet Invert= 614.57'

‡

Reach LD-1: 
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Inflow Area=1.269 ac
Avg. Flow Depth=0.26'

Max Vel=3.28 fps
n=0.078
L=31.0'

S=0.2074 '/'
Capacity=331.83 cfs

7.84 cfs @ 12.07 hrs
7.81 cfs @ 12.07 hrs
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Summary for Reach LD-2-1: 

Inflow Area = 7.516 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 42.42 cfs @ 12.11 hrs,  Volume= 3.227 af
Outflow = 41.52 cfs @ 12.14 hrs,  Volume= 3.227 af,  Atten= 2%,  Lag= 2.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.95 fps,  Min. Travel Time= 1.3 min
Avg. Velocity = 0.79 fps,  Avg. Travel Time= 4.7 min

Peak Storage= 3,158 cf @ 12.12 hrs
Average Depth at Peak Storage= 1.13'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 129.38 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 222.0'   Slope= 0.0315 '/'
Inlet Invert= 621.00',  Outlet Invert= 614.00'

‡

Reach LD-2-1: 
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Inflow Area=7.516 ac
Avg. Flow Depth=1.13'

Max Vel=2.95 fps
n=0.078
L=222.0'

S=0.0315 '/'
Capacity=129.38 cfs

42.42 cfs @ 12.11 hrs
41.52 cfs @ 12.14 hrs
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Summary for Reach LD-2-2: 

Inflow Area = 7.516 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 41.52 cfs @ 12.14 hrs,  Volume= 3.227 af
Outflow = 40.84 cfs @ 12.17 hrs,  Volume= 3.227 af,  Atten= 2%,  Lag= 1.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.76 fps,  Min. Travel Time= 1.0 min
Avg. Velocity = 0.99 fps,  Avg. Travel Time= 3.9 min

Peak Storage= 2,542 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.94'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 182.54 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 231.0'   Slope= 0.0628 '/'
Inlet Invert= 614.00',  Outlet Invert= 599.50'

‡

Reach LD-2-2: 
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Inflow Area=7.516 ac
Avg. Flow Depth=0.94'

Max Vel=3.76 fps
n=0.078
L=231.0'

S=0.0628 '/'
Capacity=182.54 cfs

41.52 cfs @ 12.14 hrs
40.84 cfs @ 12.17 hrs
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Summary for Reach LD-3-1: 

Inflow Area = 5.933 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 33.49 cfs @ 12.11 hrs,  Volume= 2.548 af
Outflow = 32.68 cfs @ 12.15 hrs,  Volume= 2.548 af,  Atten= 2%,  Lag= 2.8 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.52 fps,  Min. Travel Time= 1.6 min
Avg. Velocity = 0.67 fps,  Avg. Travel Time= 6.0 min

Peak Storage= 3,124 cf @ 12.13 hrs
Average Depth at Peak Storage= 1.07'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 114.48 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 239.0'   Slope= 0.0247 '/'
Inlet Invert= 621.00',  Outlet Invert= 615.10'

‡

Reach LD-3-1: 
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Inflow Area=5.933 ac
Avg. Flow Depth=1.07'

Max Vel=2.52 fps
n=0.078
L=239.0'

S=0.0247 '/'
Capacity=114.48 cfs

33.49 cfs @ 12.11 hrs
32.68 cfs @ 12.15 hrs
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Summary for Reach LD-3-2: 

Inflow Area = 5.933 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 32.68 cfs @ 12.15 hrs,  Volume= 2.548 af
Outflow = 32.48 cfs @ 12.16 hrs,  Volume= 2.548 af,  Atten= 1%,  Lag= 0.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.93 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 1.26 fps,  Avg. Travel Time= 1.4 min

Peak Storage= 682 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.63'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 298.60 cfs

8.00'  x  2.00'  deep channel,  n= 0.078  Riprap, 12-inch
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 103.0'   Slope= 0.1680 '/'
Inlet Invert= 615.10',  Outlet Invert= 597.80'

‡

Reach LD-3-2: 
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Inflow Area=5.933 ac
Avg. Flow Depth=0.63'

Max Vel=4.93 fps
n=0.078
L=103.0'

S=0.1680 '/'
Capacity=298.60 cfs

32.68 cfs @ 12.15 hrs
32.48 cfs @ 12.16 hrs
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Summary for Reach PIPES: 

Inflow Area = 35.823 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 177.29 cfs @ 12.19 hrs,  Volume= 15.382 af
Outflow = 69.62 cfs @ 12.05 hrs,  Volume= 15.382 af,  Atten= 61%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 8.92 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 3.17 fps,  Avg. Travel Time= 0.9 min

Peak Storage= 1,546 cf @ 12.00 hrs
Average Depth at Peak Storage= 1.50'
Bank-Full Depth= 1.50'  Flow Area= 8.8 sf,  Capacity= 69.62 cfs

A factor of 5.00 has been applied to the storage and discharge capacity
18.0"  Round Pipe
n= 0.012  Corrugated PP, smooth interior
Length= 175.0'   Slope= 0.0150 '/'
Inlet Invert= 595.49',  Outlet Invert= 592.87'

Reach PIPES: 
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Inflow Area=35.823 ac
Avg. Flow Depth=1.50'

Max Vel=8.92 fps
18.0"

Round Pipe x 5.00
n=0.012
L=175.0'

S=0.0150 '/'
Capacity=69.62 cfs

177.29 cfs @ 12.19 hrs

69.62 cfs @ 12.05 hrs
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Summary for Link 1L: (new Link)

Inflow Area = 35.823 ac, 0.00% Impervious,  Inflow Depth = 5.15"    for  100 YR event
Inflow = 69.62 cfs @ 12.05 hrs,  Volume= 15.382 af
Primary = 69.62 cfs @ 12.05 hrs,  Volume= 15.382 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Link 1L: (new Link)

Inflow
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Hydrograph
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Inflow Area=35.823 ac
69.62 cfs @ 12.05 hrs

69.62 cfs @ 12.05 hrs
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ATTACHMENT H:  PUBLIC NOTIFICATION AND PUBLIC MEETING 
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845.220(a)(9) 
  









 

 

ATTACHMENT I: CLOSURE PRIORITIZATION CATEGORY LETTER     
845.220(d)(1) 

  



 

Phil Morris 
Kincaid Generation, L.L.C. 

Luminant 
1500 Eastport Plaza Drive 

Collinsville, IL 62234 
 
 
May 19, 2021 
 
Mr. Darin LeCrone, P.E. 
Manager, Industrial Unit 
Bureau of Water, Division of Water Pollution Control, Permits Section 
Illinois Environmental Protection Agency 
1021 North Grand Avenue, East 
Springfield, IL  62794-9276 
 
Re:  CCR Surface Impoundment Category Designation and Justification for Kincaid Generation, L.L.C. 
 
Dear Mr. LeCrone: 
 
Pursuant to 35 I.A.C. 845.700(c), Kincaid Generation, L.L.C. submits the information necessary to categorize 
the CCR surface impoundment located at the Kincaid Power Plant. The following parameters were used in 
assessing and justifying each assigned category. 
 

• Category 1 – Impacts to existing potable water supply well or impacts to groundwater quality within 
the setback of an existing potable water supply well. 

o This review includes an assessment of potable water wells within 2,500 feet of CCR 
surface impoundments to determine whether any potential impacts are occurring within 
the setback zone of any community water supply well established under the Illinois 
Groundwater Protection Act. 

o This information was developed during the Part 845 rulemaking and is summarized in 
Attachment 1, Table 2: Impacts to Potable Water Supply. 

• Category 2 – Imminent threat to human health or the environment or have been designated by 
IEPA under (g)(5) 

o The surface impoundment at the Kincaid Power Plant does not pose an imminent threat 
to human health or the environment. There are no known conditions at or around the 
facility where someone or something may be exposed to contaminant concentrations 
reasonably expected to cause harm  

• Category 3 – Located in areas of environmental justice (“EJ”) concern 
o EJ areas were evaluated using the EJ mapping link from IEPA’s webpage located at 

https://www2.illinois.gov/epa/topics/environmental-justice.  Per the IEPA mapping tool, 
the EJ Status thresholds were determined as twice the state averages for Minority and 
Low Income consistent with 35 IAC 845.700(g)(6). 

o An EJ map denoting the facilities with impoundments is located in Attachment 2. 
 
 

https://www2.illinois.gov/epa/topics/environmental-justice


• Category 4-7 
o Category 4 - Inactive CCR surface impoundments that have an exceedance of the 

groundwater protection standards in Section 845.600 
o Category 5 - Existing CCR surface impoundments that have exceedances of the 

groundwater protection standards in Section 845.600 
o Category 6 - Inactive CCR surface impoundments that are in compliance with the 

groundwater protection standards in Section 845.600. 
o Category 7 – Existing CCR surface impoundments that are in compliance with the 

groundwater protection standards in Section 845.600 
 
Based on the information above, category designations have been assigned.  The category designations for 
each CCR impoundment are shown in Attachment 1, Table 1: Category Designations. 
 
If you have any questions regarding this submittal, please contact Phil Morris at 618-343-7794 or 
phil.morris@vistracorp.com. 
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Attachment 1 
 
Table 1:  Category Designation 

Facility Pond Description Classifications 

Potable 
Water Supply 

Impacts 
(Category 1) 

Human Health or 
Environment Threat 

(Category 2) 

Located within 
Environmental 
Justice Areas1 

(Category 3) 

Standards 
Exceedances2  

(Categories 
4,5,6,7) 

Impoundment 
Category 
845.700(g) 

Kincaid Ash Pond Existing No No No Yes 5 
 

1 See Attachment 2 Environmental Justice Area Map  

2 Ground water analyses for purposes of categories 4-7, assumptions have been made based on current groundwater data. However, since sampling and analysis is ongoing 
and subject to IEPA review and approval, IPGC reserves the right to update its category designations for Categories 4-7. 

 
 
Table 2:  Impacts to Potable Water Supply 
 

Site Name 
Private and Semi-Private 

Wells 
Non-Community Water 

Supply (CWS) Wells 

Non-CWS Surface 
Water Intakes 

Community Water 
Supply Wells 

CWS Surface Water 
Intakes 

Kincaid 

Present, but not at risk  
Twelve (12) water wells 
were identified; however, 
they are unlikely to be at 
risk because of their 
hydrogeologic location 
relative to the power 
plant and/or abandoned 
status.  No off-site wells 
are located in the 
downgradient direction. 

Absent Present, but inactive 
One non-CWS surface 
water intake was 
identified; however, it is 
unlikely to be at risk 
because it is listed as 
inactive. 

Absent Absent 



   Attachment 2:  EJ Mapping Denoting Facilities with Impoundments 
 

 



 

 

ATTACHMENT J: POST-CLOSURE CARE PLAN                                           
845.220(d)(5) 

  



Kincaid Ash Pond Post-Closure Plan Rev0 
 

 
 

SITE INFORMATION 

Site Name / Address Kincaid Power Plant / 199 Illinois Route 104, Kincaid, IL 62234 

Owner Name / Address Kincaid Generation, LLC / 6555 Sierra Drive Irving, Texas 75039 

CCR Unit Ash Pond Closure Method and 

Final Cover Type 

Close In-Place 

Clayey Soil Cover with Vegetation 
 

POST-CLOSURE PLAN DESCRIPTION 

40 C.F.R. § 257.104(c)(1) and 35 I.A.C. 845.780(c)(1) – 

Length of post-closure care period. 

Post-closure care will be conducted for a period of 30 years as required 

by 40 C.F.R. § 257.104(c)(1) and 35 I.A.C. 845.780(c)(1), except as 

provided by 40 C.F.R. § 257.104(c)(2) and 35 I.A.C. 845.780(c)(2). 

40 C.F.R. § 257.104(c)(2) and 35 I.A.C. 845.780(c)(2) - 

Circumstances extending the post closure care period.  
If at the end of the post-closure care period the CCR unit is operating 

under assessment monitoring in accordance with §257.95, the post-

closure care as described in this plan will continue until returning to 

detection monitoring in accordance with §257.95. 

Under 35 I.A.C. 845.780(c)(2), the post-closure care period will be 

extended until groundwater monitoring data demonstrate that 

concentrations are below the groundwater protection standards in 

Section 845.600 and are not increasing for those constituents over 

background, using the statistical procedures and performance 

standards in Section 845.640(f) and (g), provided that concentrations 

have been reduced to the maximum extent feasible and 

concentrations are protective of human health and the environment. 

40 C.F.R. § 257.104(d)(1)(i) and 35 I.A.C. 

845.780(d)(1)(A) – A description of the monitoring and 

maintenance activities required in 40 C.F.R. § 

257.104(b) and 35 I.A.C. 845.780(b), and the frequency 

at which these activities will be performed, to maintain 

the integrity and effectiveness of the final cover 

system, maintain the groundwater monitoring system 

and monitor the groundwater. 

Pursuant to § 257.104(b)(1) and 35 I.A.C. 845.780(b)(1), throughout the 

post-closure care period, periodic visual observations of the final cover 

system and stormwater management system will be performed at least 

annually for evidence of settlement, subsidence, erosion, or other 

damage that may adversely affect the integrity and effectiveness of the 

final cover system. When practical, visual observations of the final 

cover will be made concurrent with groundwater monitoring activities. 

 
Noted evidence of damage, such as rills, surface cracks and settlement, 

will be repaired to maintain the integrity and effectiveness of the final 

cover system. Vegetation will be established and maintained on the 

final cover system, including storm drainage areas, where appropriate, 

to provide long-term erosion control. Established vegetation and the 

slope design of the final cover system will prevent potential erosion and 

damage that may be caused by run-on and run-off. 

Repair activities may include, but are not limited to, replacing and 

 

 

POST-CLOSURE PLAN FOR EXISTING CCR SURFACE IMPOUNDMENT 

40 C.F.R. § 257.104 and 35 I.A.C. 845.780  
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Kincaid Ash Pond Post-Closure Plan Rev0 
 

 compacting soil cover, repairing drainage channels that have been 

eroded, filling in depressions with soil, regrading, and reseeding areas 

of failed vegetation, as necessary. 

 
Pursuant to § 257.104(b)(3) and 35 I.A.C. 845.780(b)(3), the 

groundwater monitoring system will be maintained, and groundwater 

will be monitored as required by 40 C.F.R. § 257.90 through 40 C.F.R. § 

257.98 and 35 I.A.C. 845.600 through 35 I.A.C. 845.680. Monitoring 

wells will be inspected during each groundwater sampling event. 

Monitoring wells and associated instrumentation will be maintained so 

that they perform to the design specifications throughout the life of 

the monitoring program. Groundwater monitoring frequency will be at 

least quarterly, except as provided in 40 C.F.R. § 257.94(d) and 35 I.A.C. 

845.650(b)(4). 

40 C.F.R. § 257.104(d)(1)(ii) and 35 I.A.C. 845.780(d)(1)(B) 

– The name, address,  

Kincaid Generation, LLC 

6555 Sierra Drive  

Irving, Texas 75039 

800.633.4704 

ccr@dynegy.com 

telephone number and email address of the person or  

office to contact about the facility during the post-closure 
care period. 

 

 

40 C.F.R. § 257.104(d)(1)(iii) and 35 I.A.C. 

845.780(d)(1)(C) – A description of the planned uses of 

the property during the post-closure period.  

The CCR unit is located at an operating electric generation facility. 

Planned uses of the property during the post-closure period are 

currently unknown, except for post-closure care of the CCR unit. 

 
Post-closure use of the property will not disturb the integrity of the 

final cover system or other components of the containment system, or 

the function of the monitoring systems unless necessary to comply with 

the requirements of 40 C.F.R. Part § 257, Subpart D and 35 I.A.C. Part 

845. Any other disturbance will be conducted following a 

demonstration that it will not increase the potential threat to human 

health or the environment, as required by 40 C.F.R. § 257.104(d)(1)(iii) 

and 35 I.A.C. 845.780 (d)(1)(C). The demonstration will be certified by a 

qualified professional engineer and submitted to the Illinois 

Environmental Protection Agency (IEPA). Per 40 C.F.R. § 

257.104(d)(1)(iii) notification shall be provided to the State Director 

that the demonstration has been placed in the operating record and on 

the owners or operator's publicly accessible internet site. 

 
Following closure of the CCR unit, a notation on the deed to the 

property, or some other instrument that is normally examined during 

title search, will be recorded in accordance with 40 C.F.R. § 257.102(i) 

and 35 I.A.C. 845.760(h). The notation will notify potential purchasers 

of the property that the land has been used as a CCR unit and its use is 

restricted under the post-closure care requirements in 40 C.F.R. § 

257.104(d)(1)(iii) and 35 I.A.C. 845.780(d)(1)(C) or groundwater 

monitoring requirements per 35 I.A.C. 845.740(b). Within 30 days of 

recording the deed notation, a notification stating that the notation has 

been recorded will be submitted to the IEPA and placed in the facility’s 

operating record per 35 I.A.C. 845.760(h)(3). The notification will be 

placed on the owner or operator’s publicly accessible CCR Web site in 

accordance with 40 C.F.R. 40 C.F.R. § 257.107(i)(9) and 35 I.A.C. 

845.810(e) and placed in the facility’s operating record as required by 

35 I.A.C. 845.800(d)(26) and §257.105(i)(9). 
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40 C.F.R. § 257.104(d)(3) and 35 I.A.C. 845.780(d)(3) - 

Amendments to the initial or subsequent written post-

closure plan.  

Pursuant to 40 C.F.R. § 257.104(d), the initial post closure care plan for 

the Kincaid Ash Pond was prepared on October 17, 2016. That plan is 

being amended pursuant to 40 C.F.R. § 257.104(d)(3)(i).  This plan also 

serves as the initial post-closure care plan, prepared in accordance with 

35 I.A.C. 845.780(d). 

 

Pursuant to § 257.104(d)(3) and 35 I.A.C. 845.780(d)(3), an operating 

permit modification application to amend the initial or any subsequent 

written post-closure care plan developed under 35 I.A.C. 845.780 (d)(1) 

and § 257.104(d)(1) will be submitted to IEPA. The written post-closure 

care plan will be amended whenever there is a change in the operation 

of the CCR surface impoundment that would substantially affect the 

written post-closure care plan in effect; or unanticipated events 

necessitate a revision of the written post-closure care plan, after post-

closure activities have started.  

 

The written post-closure care plan will be amended at least 60 days 

before a planned change in the operation of the facility or CCR surface 

impoundment, or within 60 days after an unanticipated event requires 

the need to revise the existing plan. If the plan is revised after post-

closure activities have started, a request to modify the operating 

permit, including an amended written post-closure care plan, will be 

submitted to the IEPA within 30 days following the triggering event. 

40 C.F.R. § 257.104(d)(4) and 35 I.A.C. 845.780(d)(4) – 
Qualified professional engineering certification. 

Certification by a qualified professional engineer will be appended 

to this plan and any amendment of this plan. 

35 I.A.C. 845.780(e) – Termination of post-closure care  Upon completion of the post-closure period, a request to terminate 

post-closure care will be submitted to the IEPA. The request will include 

a certification by a qualified professional engineer verifying that post-

closure care has been completed in accordance with the post-closure 

care plan specified in 35 I.A.C. 845.780(d) and the requirements of 35 

I.A.C. 845.780. 

40 C.F.R. § 257.104(e) and 35 I.A.C. 845.780(f) – 
Notification of completion of the post-closure care period. 

A notification of completion of post-closure care will be prepared and 

placed in the facility’s operating record within 30 days after IEPA 

approval of the request to terminate post-closure care. The notification 

will be placed in the facility's operating record in accordance with 35 

I.A.C. 845.800(d)(31) and § 257.105(i)(13). 

 

The notification will be placed on the owner or operator's publicly 

accessible CCR Internet site in accordance with the requirements of § 

257.107(i)(13) and 35 I.A.C. 845.810(e). The IEPA will be notified when 

the notification has been placed in the operating record and on the 

owner or operator's publicly accessible Internet site in accordance with 

the requirements of § 257.106(i)(13). 



Certification Statement 40 C.F.R. § 257.104 (d)(4) and 35 I.A.C. 845.780(d)(4) - Amended/Initial 
Written Post Closure Plan for a CCR Surface Impoundment

CCR Unit: Kincaid Generation, LLC; Kincaid Power Plant; Ash Pond

I, John R. Hesemann, being a Registered Professional Engineer in good standing in the State of 
Illinois, do hereby certify, to the best of my knowledge, information, and belief, that the 
information contained in this certification has been prepared in accordance with the accepted 
practice of engineering. I certify, for the above referenced CCR Unit, that the information 
contained in the amended/initial written post closure plan, dated October 30, 2021, meets the 
requirements of 40 C.F.R. § 257.104 and 35 I.A.C. 845.780.

John R. Hesemann

Printed Name

9/29/2021
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ATTACHMENT K:  CONTRACTOR TRAINING CERTIFICATION                                         
45 ILCS 5/22.59(b)(4) 

 



 
 
 
 
 

 
 

 Phil Morris 
Kincaid Generation, LLC 

1500 Eastport Plaza Drive 
Collinsville, IL 62234 

 
 
July 28, 2022
 
Illinois Environmental Protection Agency 
DWPC – Permits MC # 15 
ATTN: Part 845 Coal Combustion Residual Rule Submittal 
1021 North Grand Avenue East 
P.O. Box 19276 
Springfield, Illinois 62794-9276 
 
 
Re: 415 ILCS 5/22.59(b)(4) Certification Statement 
 Kincaid Power Plant Ash Pond (IEPA ID# W0218140002-01) 
 
Dear Mr. Darin LeCrone: 
 
For the above-referenced CCR surface impoundment and in accordance with 415 ILCS 5/22.59(b)(4), 
Kincaid Generation, LLC certify that all contractors, subcontractors, and installers utilized to construct, 
install, modify, or close a CCR surface impoundment will be participants in a training program that is 
approved by and registered with the US Department of Labor’s Employment and Training Administration 
and that includes instruction in the following: erosion control, environmental remediation, operation of 
heavy equipment and excavation. 
 
 
Sincerely, 
Kincaid Generation, LLC 
 

 
 
Phil Morris, P.E. 
Senior Director, Environmental



 

 

 

Burns & McDonnell World Headquarters 
9400 Ward Parkway 

Kansas City, MO 64114 
O 816-333-9400 
F 816-333-3690 

www.burnsmcd.com 
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