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1. INTRODUCTION

Dynegy Midwest Generation, LLC (Dynegy) is the owner of the inactive coal-fired Vermilion
Power Plant (Plant), also referred to as Vermilion Power Station, located approximately 13 miles
Northwest of Danville, Illinois. The Old East Ash Pond Area (OEAP) and North Ash Pond Area
(NAP) are inactive surface impoundments storing coal combustion residuals (CCR). The
requirements for the OEAP and NAP are specified in 35 I1l. Admin. Code 845, Standards for the
Disposal of Coal Combustion Residuals in Surface Impoundments (Part 845).

This Final Closure Plan addresses the requirements of Section 845.720(b) for the Old East Ash
Pond Area (OEAP) and North Ash Pond (NAP) Area. A Corrective Measures Assessment (CMA)
and Corrective Action Alternatives Assessment (CAAA) has been prepared in combination with a
Closure Alternatives Assessment (CAA) because they are being conducted simultaneously. This
combined CAA/CMA/CAAA is provided in Appendix 1. A Monitored Natural Attenuation
(MNA) evaluation and corresponding report was completed to provide input to the CMA and
CAAA and is provided in the Construction Permit Application. The Final Closure Plan proposes
a new Onsite Landfill to receive onsite wastes. A Feasibility Study (FS) to utilize the new Onsite
Landfill is provided in the Construction Permit Application.

1.1. Facility Information

Facility: Vermilion Power Plant
10188 East 2150 North Rd
Oakwood, IL 61858

CCR Unit: Old East Ash Pond Area (OEAP)
North Ash Pond Area (NAP)
Owner/Operator: Dynegy Midwest Generation, LLC

1500 Eastport Plaza Drive
Collinsville, IL 62234

Closure Method: Closure by Removal
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2. FINAL CLOSURE PLAN

2.1. General Requirements

Section 845.720(b)(1): The owner or operator of a CCR surface impoundment must submit to the
Agency, as a part of a construction permit application for closure, a final closure plan. The plan
must be submitted before the installation of a final cover system or removal of CCR from the
surface impoundment for the purpose of closure.

This Final Closure Plan will be submitted with the construction permit application for closure for
OEAP and NAP.

Section 845.720(b)(2): Except as otherwise provided in Section 22.59 of the Act, the owner or
operator of a CCR surface impoundment must not close a CCR surface impoundment without a
construction permit issued under this Part.

The owner will not close the OEAP and NAP without a construction permit issued under this Part
845.720.

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 §45.710.

The following sections describe the proposed selected closure method for OEAP and NAP. The
Closure Alternatives Analysis as specified by Section 845.710 is provided in Appendix 1. Based
on the Closure Alternatives Analysis, closure by removal to an on-site landfill has been identified
as the most appropriate closure for the OEAP and NAP.

2.2. Proposed Selected Closure Method

2.2.1. Description of Closure

Section 845.720(a)(1)(A): A narrative description of how the CCR surface impoundment will be
closed in accordance with this Part.

The OEAP contains a cover of vegetated fill consisting of lean clay, silty clay, and silty sand with
varying amounts of sand and gravel. The NAP is not covered and contains water in its northern
sections; it has exposed coal ash above the impounded water level and coal ash below the
impounded water. The OEAP and NAP overlap and will be removed as one removal action. The
OEAP does not contain water. The visible CCR will be removed, as well as any pipes and
discharge structures within the surface impoundment. The coal ash will be hauled to an onsite
landfill that meets State requirements of IAC Part 811 and will also be compliant with 40 CFR
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Part 257 for CCR landfills. The area will be graded and/or backfilled as necessary to minimize the
potential for ponding and vegetated with native grasses.

In general, the NAP and OEAP will be closed as one concurrent, continuous or semi-continues
operation. The closure of the NAP and OEAP will be accomplished by removal of CCR from the
surface impoundment. The NAP contains water in its northern section. Water from the CCR
Impoundments is required to be removed and the CCR dewatered in accordance with the Illinois
Attorney General (IAG) Interim Order (Order) entered June 30, 2021. The existing coal ash will
be removed from the NAP and OEAP. All areas affected by releases of CCR from the CCR surface
impoundment will be decontaminated. Groundwater monitoring will be performed in accordance
with Section 845.740(b).

General fill will be placed to manage stormwater following excavation of the coal ash from the
OEAP and NAP. The eastern berms that do not contain coal ash will be excavated and used as low
permeability soil or general fill. This will manage drainage on the final closure area to convey non-
contact stormwater offsite.

2.2.2. Description of Removal Plan

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.

In general, the NAP and OEAP will be closed as one concurrent, continuous or semi-continues
operation. The closure of the NAP and OEAP will be accomplished by removal of CCR from the
surface impoundment. The NAP contains water in its northern section. Water from the CCR
Impoundments is required to be removed and the CCR dewatered in accordance with the Order.
The OEAP does not contain water. The existing coal ash will be consolidated and removed from
the NAP and OEAP. All areas affected by releases of CCR from the CCR surface impoundment
will be decontaminated. Groundwater monitoring will be performed in accordance with Section
845.740(b). All structures and conveyances used to manage CCR will be decontaminated or
removed and sent to a onsite landfill.

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.
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Closure by Removal (CBR) is the proposed closure method for the NAP and OEAP, and therefore,
this Section is not applicable.

2.2.3. Estimate of the Maximum 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.

Closure by removal at the facility will include removing approximately 992,000 cubic yards of
coal ash from the OEAP and approximately 1,171,000 cubic yards of coal ash from the NAP.

2.2.4. Estimate of the Largest Area

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.

A final cover is not required because the Closure by Removal method will be implemented.
2.2.5. 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.

The closure schedule is provided for the scenario where a new on site landfill (Landfill) is
provided. To construct the Landfill, the Plant will be demolished.

Table 2-1. CCR Proposed Closure Schedule
Milestone Timeframe (all preliminary estimates)

Final Closure Plan February 2022

Notification of Intent to Close Placed in | By the date the owner or operator initiates
Operating Record closure of a CCR surface impoundment, the
owner or operator must prepare a notification of
intent to close a CCR surface impoundment. The
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notification must be placed in the facility's
operating record as required by Section
845.800(d)(22) and Section 845.730(d).

Agency Coordination and Permit Acquisition

e Coordinating with State Agencies for
Compliance for Closure and On site
Landfill

e Acquiring various State permits

Year 1 -8

Year 2 — &

Dewater and Stabilize CCR

e Complete pond water removal and
CCR Dewatering, as necessary

e Complete Stabilization

Year | - Ongoing

Activities Will be Completed

NA
Mobilization (Plant Demolition) Year 2
Plant Demolition (for onsite Landfill) Year 2 through 6
Mobilization New Landfill Year 6
Mobilization CCR Closure Year 7
Excavate CCR and Haul to Landfill Year 8§ — 12
Estimate of Year in Which All Closure | Year 2033
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3. 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 . e . . . Professional Engineer
and Date Pages or Section Description of Revision Certifying Plan
Version 0 .

November 2021 NA Final Closure Plan John Seymour, PE
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4. CLOSURE BY REMOVAL

This section includes a description of the final closure by removal that will be completed for the
NAP and OEAP surface impoundments, including principal design and construction features,
material specifications, and a discussion of how each feature is in accordance with the
requirements of Section 845.740. Drawings showing each design feature are provided in the OEAP
and NAP Construction Permit Application.

4.1. Groundwater Corrective Action

Section 845.740(a): Closure by Removal of CCR. An owner or operator may elect to close a CCR
surface impoundment by removing all CCR and decontaminating all areas affected by releases of
CCR from the CCR surface impoundment. CCR removal and decontamination of the CCR surface
impoundment are complete when all CCR and CCR residues, containment system components

such as the impoundment liner and contaminated subsoils, and CCR impoundment structures and
ancillary equipment have been removed. Closure by removal must be completed before the
completion of a groundwater corrective action under Subpart F.

The owner has proposed to close the CCR impoundments by CBR.

4.2. Post-Closure Groundwater Monitoring

Section 845.740(b): After closure by removal has been completed, the owner or operator must
continue groundwater monitoring under Subpart F for three years after the completion of closure
or for three years after groundwater monitoring does not show an exceedance of the groundwater
protection standard established under Section §45.600, whichever is longer.

The owner shall continue the groundwater monitoring under Subpart F for at least three years
following the completion of closure and continue until groundwater monitoring does not show an
exceedance of the groundwater protection standard.

4.3. Handle and Transport CCR

Section 845.740(c).: The owner or operator of a CCR surface impoundment removing CCR during
closure must responsibly handle and transport the CCR consistent with this subsection.

The CCR impoundments shall be closed utilizing CBR to a proposed onsite landfill. Therefore,
Section 845.740(c)(1) does not apply.

Section 845.740(c)(2): The owner or operator of a CCR surface impoundment must develop and
implement onsite dust controls, which must include: A) A water spray or other commercial dust
suppressant to suppress dust in CCR handling areas and haul roads, and B) Handling of CCR to
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minimize airborne particulates and offsite particulate movement during any weather event or
condition.

The design documents will include ongoing wetting of exposed CCR materials in accordance with
the site Fugitive Dust Plan.

Section 845.740(c)(3): The owner or operator of a CCR surface impoundment must provide the
following public notices: A) Signage must be posted at the property entrance warning of the
hazards of CCR dust inhalation; and B) When CCR is transported off-site, a written notice
explaining the hazards of CCR dust inhalation, the transportation plan, and tentative
transportation schedule must be provided to units of local government through which the CCR will
be transported.

Signage shall be posted at the property entrance warning of the hazards of CCR dust inhalation.
The language included in the signage will be specified in the Construction Bid Documents. The
CCR impoundments shall be closed utilizing CBR to an onsite landfill. Therefore, Section
845.740(¢c)(3)(B) does not apply.

Section 845.740(c)(4): The owner or operator of the surface impoundment must take measures to
prevent contamination of surface water, groundwater, soil and sediments from the removal of
CCR, including the following:

A): CCR removed from the surface impoundment may only be temporarily stored, and must be
stored in a lined landfill, CCR surface impoundment, enclosed structure, or CCR storage pile.

B): CCR storage piles must:

i) Be tarped or constructed with wind barriers to suppress dust and to limit stormwater
contact with storage piles,

ii) Be periodically wetted or have periodic application of dust suppressants;

iii) Have a storage pad, or a geomembrane liner, with a hydraulic conductivity no greater
than 1 x 107 cm/sec, that is properly sloped to allow appropriate drainage;

iv) Be tarped over the edge of the storage pad where possible;

v) Be constructed with fixed and mobile berms, where appropriate, to reduce run-on and run-
off of stormwater to and from the storage pile, and minimize stormwater-CCR contact; and

vi) Have a groundwater monitoring system that is consistent with the requirements of Section
845.630 and approved by the Agency.
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C): The owner or operator of the CCR surface impoundment must incorporate general
housekeeping procedures such as daily cleanup of CCR, tarping of trucks, maintaining the pad
and equipment, and good practices during unloading and loading.

D): The owner or operator of the CCR must minimize the amount of time the CCR is exposed to
precipitation and wind.

E): The discharge of stormwater runoff that has contact with CCR must be covered by an
individual National Pollutant Discharge Elimination System (NPDES) permit. The owner or
operator must develop and implement a Stormwater Pollution Prevention Plan (SWPPP) in
addition to any other requirements of the facility's NPDES permit. Any construction permit
application for closure must include a copy of the SWPPP.

The final CBR design documents shall include specifications in accordance with this Section.
Stockpiling of CCR materials will only be conducted within the existing surface impoundments
and with the onsite Landfill. Stockpiling will not occur outside of these limits. Any stockpiling
will include measures such as tarping or temporary berms to reduce wind and precipitation
exposure.

The owner shall incorporate general housekeeping procedures such as daily cleanup of CCR,
tarping of trucks, maintaining the pad and equipment, and good practices during unloading and
loading. The design documents will include ongoing wetting of exposed CCR materials in
accordance with the site Fugitive Dust Plan. The discharge of stormwater runoff that has contact
with CCR shall be covered by an individual NPDES permit and copy of the Stormwater Pollution
Prevention Plan (SWPPP) is included in the OEAP and NAP Construction Permit Application.
Dynegy will be applying for a modification to NPDES Permit No. IL0004057 to reflect the planned
physical alterations and short-term discharges of waters from the ponds.

4.4. Monthly Reporting

Section 845.740(d): At the end of each month during which CCR is being removed from a CCR
surface impoundment, the owner or operator must prepare a report that:

1) Describes the weather, precipitation amounts, the amount of CCR removed from the CCR
surface impoundment, the amount and location of CCR being stored on-site, the amount of CCR
transported offsite, the implementation of good housekeeping procedures required by subsection
(c)(4)(C), and the implementation of dust control measures, and

2) Documents worker safety measures implemented. The owner or operator of the CCR surface
impoundment must place the monthly report in the facility's operating record as required by

Section 845.800(d)(23).
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The owner shall prepare a monthly report during construction in accordance with the Section
845.740(d).

4.5. Completion of CCR Removal

Section 845.740(e): Upon completion of CCR removal and decontamination of the CCR surface
impoundment under subsection (a), the owner or operator of the CCR surface impoundment must
submit to the Agency a completion of CCR removal and decontamination report and a certification
from a qualified professional engineer that CCR removal and decontamination of the CCR surface
impoundment has been completed in accordance with this Section. The owner or operator must
place the CCR removal and decontamination report and certification in the facility's operating
record as required by Section 845.800(d)(32).

Upon completion of CCR removal and decontamination of the CCR surface impoundment under
subsection (a), the owner shall submit to the Agency a completion of CCR removal and
decontamination report and a certification from a qualified professional engineer that CCR
removal and decontamination of the CCR surface impoundment has been completed in accordance
with this Section and place the documents in the facility's operating record.

4.6. Completion of Groundwater Monitoring

Section 845.740(f): Upon completion of groundwater monitoring required under subsection (b),
the owner or operator of the CCR surface impoundment must submit to the Agency a completion
of groundwater monitoring report and a certification from a qualified professional engineer that
groundwater monitoring has been completed in accordance with this Section. The owner or
operator must place the groundwater monitoring report and certification in the facility's operating
record as required by Section 845.800(d)(24).

Upon completion of the groundwater monitoring program in accordance with subsection (b), the
owner shall submit to the Agency a completion of groundwater monitoring report and a
certification from a qualified professional engineer that groundwater monitoring has been
completed in accordance with this Section and place the documents in the facility's operating
record.
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S. CERTIFICATION

CCR Unit: Dynegy Midwest Generation, LLC; Vermilion Power Plant, Old East Ash Pond Area
and North Ash Pond Area

I, John Seymour, being a Registered Professional Engineer in good standing in the State of Illinois,
do hereby certify in accordance with Section 845.720(b)(5), to the best of my knowledge,
information, and belief, that the information contained in this plan has been prepared in accordance
with the accepted practice of engineering and meets the requirements of Section 845.720(b).

John Seymour _
Printed Name

Signature Date

062.040562 Ilinois 30 November 2021
Registration Number  State Expiration Date

Affix Seal
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APPENDIX 1

Closure Alternatives Analysis (CAA), Corrective
Measures Assessment (CMA), and Corrective Action
Alternatives Analysis (CAAA)
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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. Part 845 additionally
requires that a Corrective Measures Assessment (CMA) be performed prior to undertaking any corrective
measures at CCR surface impoundments. Pursuant to requirements under IAC Section 845.710, this
report presents a CAA for the retired North Ash Pond/Old East Ash Pond (NAP/OEAP) impoundment
system and the retired New East Ash Pond (NEAP) impoundment located on Dynegy Midwest
Generation, LLC's (DMG) Vermilion Power Plant property near the Village of Oakwood, Illinois. This
report also presents a CMA for the NAP/OEAP and the NEAP pursuant to requirements under IAC
Section 845.660 and a Corrective Action Alternatives Analysis (CAAA) pursuant to requirements under
IAC Section 845.670 (IEPA, 2021a).

Closure Alternatives Analysis

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). As mandated by the
Agreed Interim Order entered on June 30, 2021 (Illinois, Attorney General, 2021), Gradient evaluated
only Closure-by-Removal (CBR) as source control for the NAP/OEAP and the NEAP. Two specific
closure scenarios were considered: Closure-by-Removal with On-Site CCR Disposal (CBR-Onsite) and
Closure-by-Removal with Off-Site CCR Disposal (CBR-Offsite). Consistent with the Agreed Interim
Order, the CAA does not address Closure-in-Place (CIP). Both of the CBR scenarios that were evaluated
entail excavating all of the CCR from the former NAP/OEAP and NEAP impoundments and transporting
it to a landfill for disposal. Both scenarios also include the construction and operation of a groundwater
collection trench that will be installed and operated until closure has been completed, as required by the
Agreed Interim Order (Illinois, Attorney General, 2021); the groundwater collection trench will prevent
seeps and discolored water from reaching the Middle Fork of the Vermilion River. Under the CBR-
Onsite disposal option, the Vermilion Power Plant would be demolished and a landfill will be constructed
over a portion of its footprint. Under the CBR-Offsite option, CCR would instead be hauled to an off-Site
landfill.

Table S.1 summarizes the expected impacts of the CBR-Onsite and CBR-Offsite closure alternatives with
regards 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, CBR-Onsite has been identified
as the most appropriate closure alternative for the NAP/OEAP and the NEAP. Key benefits of the CBR-
Onsite scenario relative to the CBR-Offsite scenario include near-term plans for the demolition of the
power plant, which will have scenic benefits along Illinois's only National Scenic River, and reduced
impacts to community members and the environment due to construction activities (e.g., fewer
constructed-related community accidents, lower energy demands, less air pollution and greenhouse gas
[GHG] emissions, less traffic, and lower impacts to environmental justice [EJ] communities). This
conclusion is subject to change as additional data are collected and following the completion of an
upcoming public meeting, which will be held in December 2021, pursuant to requirements under IAC
Section 845.710(e) and the Agreed Interim Order (IEPA, 2021a; Illinois, Attorney General, 2021).
Following the public meeting, a final closure decision will be made based on the considerations identified
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in this report, the results of additional data that are collected, and any additional considerations that arise
during the public meeting. The final closure recommendation will be provided in a Final Closure Plan,
which will be submitted to the Illinois Environmental Protection Agency (IEPA) as described under IAC
Section 845.720(b) (IEPA, 2021a).
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Table S.1 Comparison of Proposed Closure Scenarios

Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Closure Alternative Descriptions
(Section 2.1;
IAC Section 845.710(c))

The Vermilion Power Plant would be demolished and a

landfill will be constructed over a portion of its footprint.

All CCR would be excavated from the NAP/OEAP and

NEAP and transported to the on-Site landfill for disposal.

This scenario meets the requirement of IAC Section
845.710(c)(2) (IEPA, 2021a) that an assessment be
conducted in the CAA regarding whether the Site has an
on-Site landfill with available capacity or whether an on-
Site landfill can be constructed.

All CCR would be excavated from the NAP/OEAP and
NEAP and transported to an off-Site landfill for disposal.

Type and Degree of Long-Term
Management, Including
Monitoring, Operation, and
Maintenance

(Section 2.2.3;

IAC Section 845.710(b)(1)(C))

Groundwater and surface water monitoring would be
performed at the closed impoundments until
groundwater protection standards (GWPSs) have been
achieved. A minimum of 30 years of post-closure care
would be performed at the on-Site landfill, including
leachate management and cap inspection, mowing and
maintenance, and groundwater and surface water
monitoring.

Groundwater and surface water monitoring would be
performed at the closed impoundments until GWPSs have
been achieved.

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 risks to any human or ecological
receptors. Because there are no current risks, and
dissolved constituent concentrations are expected to
decline post-closure, no risks to human or ecological
receptors are expected post-closure.

There are no current risks to any human or ecological
receptors. Because there are no current risks, and
dissolved constituent concentrations are expected to
decline post-closure, no risks to human or ecological
receptors are expected post-closure.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

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
due to flooding or seismic activity and minimal risk of dike
overtopping during flood conditions. Similarly, there
would be minimal risk to the on-Site landfill due to
flooding or seismic activity. Risk of dike failure occurring
due to riverbank erosion would be managed with
riverbank monitoring and, if needed, temporary riverbank
maintenance measures. The risk of needing temporary
riverbank maintenance measures would be slightly higher
for the CBR-Onsite scenario compared to the CBR-Offsite
scenario, because the excavation of CCR from the
impoundments would be delayed by approximately 6
years in order to demolish the power plant and construct
the landfill. However, the overall risk of dike failure
would be low because of the riverbank monitoring and
mitigation measures that are in place. Post-closure, there
would be no risk of CCR releases due to dike failure.
Furthermore, there would be no risk to the on-Site landfill
associated with future meandering and erosion of the
river (Geosyntec, 2021a).

During closure, there would be minimal risk of dike failure
due to flooding or seismic activity and minimal risk of dike
overtopping during flood conditions. Risk of dike failure
occurring due to riverbank erosion would be managed
with riverbank monitoring and, if needed, temporary
riverbank maintenance measures. The risk of needing
temporary riverbank maintenance measures would be
slightly lower for the CBR-Offsite scenario compared to
the CBR-Onsite scenario, because it would result in CCR
being removed from the impoundments more quickly.
Post-closure, there would be no risk of CCR releases due
to dike failure.

Overall, while the timing of various risks differs for the
two closure scenarios, the magnitude of the likelihood of
future releases under both scenarios would be expected
to be approximately the same.

Worker Risks

(Section 2.2.4.1;

IAC Sections 845.710(b)(1)(D) and
845.710(b)(1)(F))

An estimated 0.051 fatalities and 6.4 injuries would be
expected to occur to workers due to on-Site activities
under this scenario. An estimated 0.061 fatalities and

4.7 injuries would be expected to occur to workers due to
off-Site activities (hauling, labor and equipment
mobilization and demobilization, and materials deliveries)
under this scenario. In total, 0.11 worker fatalities and

11 worker injuries would be expected under this scenario.

An estimated 0.027 fatalities and 2.8 injuries would be
expected to occur to workers due to on-Site activities
under this scenario. An estimated 0.055 fatalities and

3.8 injuries would be expected to occur to workers due to
off-Site activities (hauling, labor and equipment
mobilization and demobilization, and materials deliveries)
under this scenario. In total, 0.082 worker fatalities and
6.6 worker injuries would be expected under this
scenario.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

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 Environmental
Justice (EJ) Communities

Off-Site impacts on nearby residents and EJ communities
(including accidents, traffic, noise, and air pollution)
would be less under this scenario, because it would only
require transport of workers, equipment, and materials to
and from the Site. No off-Site transport of CCR would be
required. An estimated 0.031 fatalities and 2.1 injuries
would be expected to occur among community members
due to off-Site activities related to closure.

Off-Site impacts on nearby residents and EJ communities
would be greater under this scenario, because it would
require substantial off-Site CCR hauling in addition to the
transport of workers, equipment, and materials to and
from the Site. An estimated 0.090 fatalities and

3.3 injuries would be expected to occur among
community members due to off-Site activities related to
closure. A haul truck would likely pass a location near the
Site every 2.5 minutes on average for the duration of
excavation activities, resulting in substantial traffic
demands. Additionally, the proposed off-Site landfill
location would be within the buffer zone of the EJ
community near Tilton, and the transport of CCR to the
landfill would require hauling CCR through the EJ
communities near Tilton and Danville.

Oakwood Junior High School is located at 21600 North
900 East Road in Danville, at the entrance to the
Vermilion Power Plant. As a result of considerable off-Site
hauling activities, the CBR-Offsite scenario would create
greater traffic, nuisance, and safety concerns at the
school than would occur under the CBR-Onsite scenario.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Impacts on Scenic and Recreational
Value

Due to (e.g.) noise and visual disturbances, construction
activities may have short-term negative impacts on the
recreational use of the Orchid Hill Natural Heritage
Landmark and the Middle Fork of the Vermilion River.

The overall magnitude of the short-term impacts to scenic
and recreational value under both scenarios would be
expected to be approximately the same.

Despite causing some negative short-term impacts, this
closure scenario would be expected to have long-term
scenic and recreational benefits. These include near-term
plans to demolish the power plant, which would have
scenic benefits to the Middle Fork of the Vermilion River
and increase public access to the Orchid Hill Natural
Heritage Landmark.

Due to (e.g.) noise and visual disturbances, construction
activities may have short-term negative impacts on the
recreational use of the Orchid Hill Natural Heritage
Landmark and the Middle Fork of the Vermilion River.

The overall magnitude of the short-term impacts to scenic
and recreational value under both scenarios would be
expected to be approximately the same.

Long-term scenic and recreational benefits would be less
certain under this closure scenario than under the CBR-
Onsite scenario. Eventually, we assume that the power
plant would be demolished under this scenario, resulting
in scenic benefits to the Middle Fork of the Vermilion
River and increased public access to the Orchid Hill
Natural Heritage Landmark. However, these benefits may
not be realized for an undetermined amount of time
following closure.

Environmental Risks

(Section 2.2.4.3;

IAC Sections 845.710(b)(1)(D) and
845.710(b)(1)(F))

Impacts on Greenhouse Gas
Emissions and Energy Consumption

Overall (on-Site + off-Site) energy demands and GHG
emissions from construction equipment and vehicles
would expected to be lower under this closure scenario
than under the CBR-Offsite scenario.

The CBR-Onsite scenario would have an additional,
unquantified carbon footprint due to the need to
manufacture >50 acres of geomembranes for the on-Site
landfill bottom liner and final cover system.

Overall (on-Site + off-Site) energy demands and GHG
emissions from construction equipment and vehicles
would be expected to be greater under this closure
scenario.

If expansion of the off-Site landfill becomes necessary in
order to accept all of the CCR from the impoundments,
then the CBR-Offsite scenario may also have an
additional, unquantified carbon footprint due to the need
to manufacture geomembranes for use in the expanded
landfill liner.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Impacts on Natural Resources and
Habitat

Construction activities may have short-term negative
impacts on terrestrial and aquatic species located near
the impoundments and the on-Site landfill location.
Construction would also cause a long-term shift in the
habitat type atop portions of the impoundments. The
overall magnitude of the short-term impacts to natural
resources and habitat under both scenarios would be
expected to be approximately the same.

Despite causing some negative short-term impacts, this
closure scenario would be expected to have long-term
benefits to natural resources and habitat. These include
near-term plans to demolish the power plant, which
would result in the creation of new habitat atop the
footprint of the impoundment (and, post-closure, atop
the footprint of the new on-Site landfill).

Construction activities may have short-term negative
impacts on terrestrial and aquatic species located near
the impoundments, along the haul roads, and near the
off-Site landfill location. Construction would also cause a
long-term shift in the habitat type atop portions of the
impoundments. The overall magnitude of the short-term
impacts to natural resources and habitat value under both
scenarios would be expected to be approximately the
same.

Long-term benefits to natural resources and habitat
would be less certain under this closure scenario than
under the CBR-Onsite scenario. Eventually, we assume
that the power plant would be demolished under this
scenario, resulting in the creation of new habitat atop the
footprint of the power plant. However, these benefits
may not be realized for an undetermined amount of time
following closure.

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))

At sites where groundwater corrective action will be
implemented, it is inappropriate to evaluate the time to
achieve GWPSs based on closure alone, because both
closure and corrective actions will affect future
groundwater concentrations. See Section 4.1.6 of the
CAAA for an evaluation of the times to achieve GWPSs at
the Site based both on source control and the corrective
action alternatives.

At sites where groundwater corrective action will be
implemented, it is inappropriate to evaluate the time to
achieve GWPSs based on closure alone, since both closure
and corrective actions will affect future groundwater
concentrations. See Section 4.1.6 of the CAAA for an
evaluation of the times to achieve GWPSs at the Site
based both on source control and the corrective action
alternatives.

Long-Term Reliability of the
Engineering and Institutional
Controls

(Section 2.2.7;

IAC Section 845.710(b)(1)(G))

CBR-Onsite 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))

There would be no difference between the two closure
scenarios regarding the potential need for future
corrective actions (or regarding the extent to which
treatment technologies may be used).

There would be no difference between the two closure
scenarios regarding the potential need for future
corrective actions (or regarding the extent to which
treatment technologies may be used).
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Effectiveness of the Alternative in
Controlling Future Releases
(Section 2.3;

IAC Section 845.710(b)(2)(A and B))

There would be no risk of CCR releases occurring post-
closure under either closure scenario.

There would be no risk of CCR releases occurring post-
closure under either closure scenario.

Ease or Difficulty of Implementing
the Alternative

(Section 2.4;

IAC Section 845.710(b)(3))

Degree of Difficulty Associated with
Construction

Excavation of the impoundments would present the same
level of difficulty under both closure scenarios.

Hauling would be easier to implement under the CBR-
Onsite scenario than under the CBR-Offsite scenario, due
to the shorter haul distance required, the larger haul truck
capacity, and the lack of need to haul over public roads
under this scenario. A smaller number of trucks and truck
trips would also be required under the CBR-Onsite
scenario than under the CBR-Offsite scenario.

Constructing a new on-Site landfill under this scenario
would require additional planning, design, and
construction.

Excavation of the impoundments would present the same
level of difficulty under both closure scenarios.

Hauling would be more difficult to implement under the
CBR-Offsite scenario than under the CBR-Onsite scenario,
due to the longer haul distance required, the smaller haul
truck capacity, and the need to haul over public roads
under this scenario. A larger number of trucks and truck
trips would also be required under the CBR-Offsite
scenario than under the CBR-Onsite scenario.
Additionally, because the CBR-Offsite scenario involves
hauling ash off-Site (i.e., intrastate travel), a higher level
of dewatering would be required compared to the CBR-
Onsite scenario.

Off-Site landfilling under the CBR-Offsite scenario would
require the development of a disposal plan and may 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.

Expected Operational Reliability

Operational reliability would be expected under both
closure scenarios.

Operational reliability would be expected under both
closure scenarios.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Need for Permits and Approvals

Permits and approvals required under both closure
scenarios would include modifications to the existing
NPDES permit, a Land Disturbance Permit, and a 309
Wastewater Treatment Permit. As required by the
Agreed Interim Order (lllinois, Attorney General, 2021),
construction of the on-Site landfill under the CBR-Onsite
scenario would also require a permit. Non-contact
stormwater from the on-Site landfill would be discharged
under the existing NPDES permit in accordance with a
Stormwater Pollution Prevention Plan (SWPPP).

Permits and approvals required under both scenarios
would include modifications to the existing NPDES permit,
a Land Disturbance Permit, and a 309 Wastewater
Treatment Permit. Additional permits and approvals may
be required under the CBR-Offsite scenario if the landfill
must be expanded to receive all of the CCR from the
impoundments.

Availability of Equipment and
Specialists

CBR-Onsite and CBR-Offsite would rely on common
construction equipment and materials and typically would
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 both scenarios if supply chain
resilience does not improve by the time construction
begins.

CBR-Onsite and CBR-Offsite would rely on common
construction equipment and materials and typically would
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 both scenarios if supply chain
resilience does not improve by the time construction
begins. The current shortage of truck drivers may be
particularly impactful under the CBR-Offsite scenario, due
to the longer hauling distance required, the smaller haul
truck capacity, and the need to haul over public roads
under this scenario.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Available Capacity and Location of
Treatment, Storage, and Disposal
Services

The new on-Site Landfill would be designed and
constructed to be able to receive all CCR that has been
generated on-Site.

The capacity remaining at the chosen off-Site landfill in
Danville, lllinois, would be sufficient to receive all of the
CCR in the impoundments. However, due to the relatively
short period over which CCR would be received at this
landfill, vertical and/or lateral expansions may become
necessary. Additionally, the landfill operators may need
to develop a disposal plan to account for the increased
volume of material that will be received and the unique
CCR waste characteristics. Elements of this disposal plan
might include increasing daily operational capacity and
procedures, expediting planned airspace construction,
and potentially expediting landfill expansion.

If expansion of the Danville landfill were found to be
impractical or infeasible, then an alternative landfill
located farther from the Site would need to be identified.

Impact of Alternative on Waters of
the State

(Section 2.5;

IAC Section 845.710(d)(4))

There are no current exceedances of any human health or
ecological screening benchmarks in the Middle Fork of the
Vermilion River (Appendices A and B). Modeling
concluded that mass flux to the Middle Fork of the
Vermilion River from the MGU will be reduced by
approximately 50% 10 years after closure is completed
and by approximately 80% 35 years after closure is
completed (Ramboll, 2021a). Mass flux declines will occur
more slowly in the LGU, which has lower concentrations,
due to its lower-permeability deposits (Ramboll, 2021a).
Thus, no future exceedances of any screening benchmarks
for surface water are anticipated and no impact on any
waters of the state are expected.

There are no current exceedances of any human health or
ecological screening benchmarks in the Middle Fork of the
Vermilion River (Appendices A and B). Modeling
concluded that mass flux to the Middle Fork of the
Vermilion River from the MGU will be reduced by
approximately 50% 10 years after closure is completed
and by approximately 80% 35 years after closure is
completed (Ramboll, 2021a). Mass flux declines will occur
more slowly in the LGU, which has lower concentrations,
due to its lower-permeability deposits (Ramboll, 2021a).
Thus, no future exceedances of any screening benchmarks
for surface water are anticipated and no impact on any
waters of the state are expected.
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Evaluation Factor

Closure Scenario

(Report Section; Part 845 Section) CBR-Onsite

CBR-Offsite

Potential Modes of Transportation | Not relevant for this scenario.
Associated with CBR
(Section 2.1;

IAC Section 845.710(c)(1))

There is no established rail terminal or a railroad track
near the power plant area. In order for CCR to be
transported by rail, a new rail line to the Union Pacific
Railroad line located more than 5 miles to the northwest
would need to constructed and a loading terminal would
need to be constructed on-Site. This was considered
infeasible, because it would increase the project schedule
due to the need to coordinate with the railroad, complete
design and permitting, and construct the terminal, and
because additional land would need to be acquired.
Furthermore, CCR would still need to be hauled by truck
to the on-Site loading terminal and loaded into rail cars,
resulting in additional CCR exposures and potential
releases.

The Middle Fork of the Vermilion River is not open to
barge traffic. Therefore, transporting CCR by barge is not
feasible for this site.

The local availability and use of natural gas-powered
trucks, or other low-polluting trucks, will be evaluated
prior to the start of construction.
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Evaluation Factor
(Report Section; Part 845 Section)

Closure Scenario

CBR-Onsite

CBR-Offsite

Concerns of Residents Associated
with Alternatives

(Section 2.6;

IAC Section 845.710(b)(4))

Source control under this closure scenario would address
the primary concerns of residents (potential impacts to
groundwater and surface water quality, and the potential
for dike failure to occur due to riverbank migration).
Under this scenario, dewatering would commence
immediately, reducing the risks of dike failure and the
leaching of CCR-associated constituents from the
impoundment. CCR excavation would begin once the

plant is demolished and the on-Site landfill is constructed.

Because this scenario does not require off-Site hauling of
CCR, it presents less risks to nearby residents and EJ
communities in the form of accidents, traffic, noise, and
air pollution. Additionally, this scenario would more
rapidly address stakeholder concerns about having an
inactive power plant located along lllinois's only National
Scenic River.

Source control under this closure scenario would address
the primary concerns of residents (potential for CCR in the
impoundments to impact groundwater and surface water,
and the potential for dike failure to occur due to riverbank
migration). Under this scenario, excavation can begin
immediately. However, this scenario presents greater
risks to nearby residents and EJ communities in the form
of accidents, traffic, noise, and air pollution due to the
substantial off-Site hauling of CCR required.

Class 4 Cost Estimate
(Section 2.7;
IAC Section 845.710(d)(1))

A Class 4 cost estimate will be prepared in the final

closure plan consistent with AACE classification standards.

A Class 4 cost estimate will be prepared in the final
closure plan consistent with AACE classification standards.

Notes:

AACE = Association for the Advancement of Cost Engineering; CAAA = Corrective Action Alternatives Analysis; CBR = Closure by Removal; CCR = Coal Combustion Residual; GHG =
Greenhouse Gas; IAC = lllinois Administrative Code; NAP = North Ash Pond; NPDES = National Pollutant Discharge Elimination System; OEAP = Old East Ash Pond.
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Corrective Measures Assessment and Corrective Action Alternatives Analysis

The goal of performing a CMA and a CAAA is to holistically evaluate proposed corrective
measures/corrective action alternatives in order to remediate groundwater and achieve compliance with
the groundwater protection standards (GWPSs) specified under IAC Section 845.600 (IEPA, 2021a).
These analyses assess proposed corrective measures/corrective action alternatives based on a wide range
of factors, including the performance, reliability, and ease of implementation of the corrective measure;
its potential impacts on human health and the environment; and its ability to address concerns raised by
residents (IEPA, 2021a). The CMA provides a high-level screening of potential corrective measures.
This analysis determines which corrective measures are potentially viable at a site and subject to further
evaluation in the CAAA. The CAAA provides a more detailed analysis of potentially viable remedies,
based on results of the CMA.

It is important to note that many CCR sites are complex groundwater environments where remedial
actions will inherently take many years to complete. While no formal definition of a complex
groundwater environment exists, most would agree that there a number of common characteristics at
complex groundwater sites, including the following (National Research Council, 2013):

» Highly heterogeneous subsurface environments;
= Large source zones;
= Multiple, recalcitrant constituents; and

» Long timeframes over which releases occurred.

Each of these characteristics are common at CCR sites. Surface impoundments are often tens to hundreds
of acres in size and many have operated for decades, leading to large source zones and prolonged
releases. Furthermore, CCR impoundments are often located in alluvial geologic settings where sands are
interbedded with silts and clays. This results in a heterogeneous environment where constituent mass
may persist for many years in low-permeability deposits. Finally, the constituents that are most common
at CCR sites include metals and inorganics that do not naturally biodegrade. The combination of these
factors results in a complex groundwater environment where remediation, even under the best of
circumstances, may take many years to achieve GWPSs. It is for these reasons that US EPA refused to
specify what is a reasonable versus an unreasonable timeframe for groundwater corrective actions at CCR
sites, stating that "EPA was truly unable to establish an outer limit on the necessary timeframes—
including even a presumptive outer bound" (US EPA, 2015a, p. 21419).

It is also important to note that source control, which at a CCR impoundment could include either capping
or excavation, is generally considered to be one of the more effective remedial action approaches. Source
control involves removing the hydraulic head from an impoundment (i.e., unwatering and dewatering)
and preventing further downward migration of constituents. US EPA has found that "releases from
surface impoundments [to groundwater] drop dramatically after closure" (US EPA, 2014, pp. 5-18 to 5-
19). As a result, the implementation of source control often has a more substantial and more immediate
effect on groundwater quality improvements than other groundwater corrective measures. In this CMA
and CAAA, source control is paired with other additional groundwater remediation strategies.

Five potential corrective measures were selected for consideration in the CMA for this Site. Each
corrective measure includes source control based on the CBR-Onsite scenario (i.e., Closure-by-Removal
with CCR disposal at an on-Site landfill). Corrective measures considered in the CMA include Source
Control with Monitored Natural Attenuation (Source Control-MNA), Source Control with Groundwater
Extraction (Source Control-GE), Source Control with Monitored Natural Attenuation and Groundwater
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Extraction (Source Control-MNA/GE), Source Control with Construction of a Cutoff Wall (Source
Control-CW), and Source Control with Construction of a Permeable Reactive Barrier (Source Control-
PRB). Each of these corrective measures was evaluated in the CMA for its potential viability at the Site.
Under the Source Control-MNA alternative, groundwater concentrations of dissolved constituents will
attenuate via naturally occurring physical and chemical processes in arecas downgradient of the
NAP/OEAP; active monitoring will be performed to verify and document the remediation processes.
Under the Source Control-GE alternative, the groundwater collection trench will continue operating post-
closure in the OEAP area, and an additional GE system comprised of either groundwater pumping wells
or a groundwater collection trench will be installed in the NAP area in order to extract potentially
impacted groundwater from the aquifer, helping to contain the contaminant plume and prevent the lateral
migration of constituents off-Site. Under the Source Control-MNA/GE alternative, the groundwater
collection trench will continue operating post-closure in the OEAP area, and groundwater concentrations
of dissolved constituents will attenuate via natural physical and chemical processes in areas downgradient
of the NAP. Under the Source Control-CW alternative, a trench will be dug along the downgradient
perimeter of the NAP/OEAP and filled with a soil-bentonite mixture, creating a low-permeability
subsurface barrier to the lateral migration of constituents off-Site. Under the Source Control-PRB
alternative, a subsurface barrier of reactive materials (e.g., zerovalent iron) will be placed in the path of
groundwater flow downgradient of the NAP/OEAP in order to promote the in situ transformation and/or
immobilization of CCR-associated constituents.

Table S.2 evaluates the corrective measures included in this CMA with regards to each of the factors
specified under IAC Section 845.660(c) (IEPA, 2021a). Based on this evaluation and the details provided
in Section 3 of this report, two corrective measures, Source Control-MNA and Source Control-MNA/GE,
have been identified as potentially viable corrective actions for the Site. Source Control-GE, Source
Control-CW, and Source Control-PRB were not selected as viable corrective actions for consideration in
the CAAA, for the following reasons:

= [t is unlikely that Source Control-PRB would perform well at this Site, because PRBs have not
been proven effective for lithium and boron in groundwater (both of which are CCR-associated
constituents);

= Construction of the CW and the PRB would likely be very difficult, due to the required location,
length, and depth of these structures;

= Source Control-GE may have a detrimental effect on the baseflow in the Middle Fork of the
Vermilion River, because the GE system may capture/intercept water from the river.
Furthermore, if groundwater pumping wells were installed at the NAP, the high iron content in
the formation could lead to fouling of the well screens, which would create the need for frequent
maintenance and, potentially, GE well replacement. If a groundwater collection trench were
instead installed at the NAP, it would need to be deeper than the trench to be installed during
closure at the OEAP, because groundwater from both the middle groundwater unit (MGU) and
the lower groundwater unit (LGU) would need to be intercepted. Due to limited construction area
between the river and the NAP perimeter berm, installation of a groundwater collection trench
through both the MGU and the LGU near the NAP is likely infeasible. Furthermore, installation
of a groundwater collection trench at the NAP could create a hydraulic connection between the
MGU and the LGU, which could delay cleanup times.

*  Both Source Control-CW and Source Control-PRB would likely have a large potential impact on
the Middle Fork of the Vermilion River due to the extent of construction required in close
proximity to the river; and
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= Both Source Control-CW and Source Control-PRB would likely have relatively large impacts on
worker safety, air quality, and surface water, and sediment quality compared to the other
alternatives due to the substantial construction activities required.

Table S.3 evaluates the two potentially viable corrective actions included in this CAAA, Source Control-
MNA and Source Control-MNA/GE, with regard to each of the factors specified under IAC Section
845.670(e) (IEPA, 2021a). Based on this evaluation and the details provided in Section 4 of this report,
the most appropriate corrective action for this Site is Source Control-MNA. Source Control-MNA and
Source Control-MNA/GE both have similar design, construction, and operations and maintenance (O&M)
requirements and, as a result, similar expected impacts on workers, nearby communities, and the
environment. Modeling has also shown that there is no material difference between the two scenarios in
terms of the time to achieve the GWPSs (Ramboll, 2021a). Source Control-MNA is the preferred
alternative at this Site.

The remedy will be selected following the completion of an upcoming public meeting, which will be held
in December 2021. Following the public meeting, a final decision will be made based on the
considerations identified in this report, the results of additional data that are collected, and any additional
considerations that arise during the public meeting. The final recommendation will be provided in a
Corrective Action Plan, which will be submitted to IEPA as described under IAC Section 845.670 (IEPA,
2021a).
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Table S.2 Comparison of Proposed Corrective Measure Alternatives with Respect to Factors Specified in IAC Section 845.660(c)

Evaluation Factor
(Report Section;
Part 845 Section)

Corrective Measure Alternative

Source Control-MNA

Source Control-GE

Source Control-MNA/GE

Source Control-CW

Source Control-PRB

Corrective Measure Alternative
Descriptions
(Section 3.1)

Source Control-MNA would rely on
naturally occurring physical and chemical
processes to immobilize and attenuate
concentrations of CCR-associated
constituents in groundwater in the OEAP
and NAP areas. Active groundwater
monitoring would be performed to ensure
that the remedy is working as intended.

Under Source Control-GE, the
groundwater collection trench would
continue operating post-closure in the
OEAP area. An additional GE system
comprised of either groundwater pumping
wells or a groundwater collection trench
would be installed in the NAP area to
extract potentially impacted groundwater
and prevent the lateral migration of
constituents off-Site. Groundwater
captured by the GE system would be
treated, if necessary, and discharged to
the Middle Fork of the Vermilion River via
one of the facility's NPDES-permitted
outfalls. Monitoring would be performed
to ensure that the remedy is working as
intended.

Under Source Control-MNA/GE, the
groundwater collection trench would
continue operating post-closure in the
OEAP area. Naturally occurring physical
and chemical processes would immobilize
and attenuate concentrations of CCR-
associated constituents in groundwater in
the NAP area. Active groundwater
monitoring would be performed to ensure
that the remedy is working as intended.
Groundwater and seep water captured by
the groundwater collection trench would
be treated, if necessary, sent to the NAP
Secondary Pond, and discharged via the
NPDES-permitted outfall.

Under Source Control-CW, a trench would
be dug along the downgradient perimeter
of the former impoundments and filled
with a soil-bentonite mixture, creating a
low-permeability subsurface barrier that
would prevent the lateral migration of
constituents off-Site. Hydraulic control
wells would likely be required to prevent
groundwater mounding behind the CW.
Monitoring would be performed to ensure
that the remedy is working as intended.

Under Source Control-PRB, a subsurface
barrier of reactive materials would be
placed in the path of groundwater flow in
order to promote the in situ
transformation and/or immobilization of
CCR-associated constituents. Monitoring
would be performed to ensure that the
remedy is working as intended.

Performance — Controlling the
Source

(Section 3.2.1;

IAC Section 845.660(c)(1))

All of the alternatives would be fully
protective with regard to primary source
control. Source Control-MNA would also
likely be effective with regard to
secondary source control (Geosyntec,
2021b).

All of the alternatives would be fully
protective with regard to primary source
control. Source Control-GE would also
likely be effective with regard to
secondary source control, although GE
system performance can vary from site-to-
site.

All of the alternatives would be fully
protective with regard to primary source
control. Source Control-MNA/GE would
also likely be effective with regard to
secondary source control, through the
combination of MNA and operation of the
groundwater collection trench.

All of the alternatives would be fully
protective with regard to primary source
control. Source Control-CW would also
likely be effective with regard to
secondary source control due to natural
processes and GE (hydraulic controls),
which would promote the attenuation of
constituent concentrations upgradient of
the CW.

All of the alternatives would be fully
protective with regard to primary source
control. Source Control-PRB would also
likely be effective with regard to
secondary source control due to natural
processes, which would promote the
attenuation of constituent concentrations
upgradient of the PRB.

Performance — Likelihood of Future
Releases of CCR

(Section 3.2.2;

IAC Section 845.660(c)(1))

There would be no likelihood of CCR
releases occurring post-closure under any
of the alternatives.

There would be no likelihood of CCR
releases occurring post-closure under any
of the alternatives.

There would be no likelihood of CCR
releases occurring post-closure under any
of the alternatives.

There would be no likelihood of CCR
releases occurring post-closure under any
of the alternatives.

There would be no likelihood of CCR
releases occurring post-closure under any
of the alternatives.
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Evaluation Factor
(Report Section;

Corrective Measure Alternative

Source Control-MNA

Source Control-GE

Source Control-MNA/GE

Source Control-CW

Source Control-PRB

Part 845 Section)

Performance — Long-Term Minimal long-term O&M efforts would be ~ Moderate to high long-term O&M efforts Moderate long-term O&M efforts would Moderate long-term O&M efforts would Minimal long-term O&M efforts would be
Management required under Source Control-MNA, would be required under Source Control- be required under Source Control- be required under Source Control-CW, required under Source Control-PRB,
(Section 3.2.3; because it would not require the GE, including the monitoring and MNA/GE, including the monitoring and including the monitoring and maintenance including regular groundwater sampling

IAC Section 845.660(c)(1))

installation, operation, or maintenance of
any engineered systems or structures
other than monitoring wells.
Groundwater sampling would continue
until GWPSs have been achieved.

maintenance of the GE system and the
management and discharge of extracted
groundwater. Treatment of extracted
water may be required prior to discharge.

If extraction wells were installed at the
NAP, high iron concentrations in the
formation could cause fouling of the well
screens, which would require frequent
maintenance. Additionally, iron fouling
could create a need for the replacement
of extraction wells over time. If a
groundwater collection trench were
instead installed at the NAP, a hydraulic
connection may be created between the
MGU and LGU, which may delay
groundwater remediation times.

Groundwater sampling would continue
until GWPSs have been achieved. Once
the remedy is complete, the system would
be decommissioned in a manner that
meets applicable regulatory standards.

maintenance of the groundwater
collection trench and the management
and discharge of extracted groundwater.
Groundwater and seep water collected at
the groundwater collection trench would
be treated, if necessary, sent to the NAP
Secondary Pond, and discharged via the
NPDES-permitted outfall. Groundwater
sampling would continue until GWPSs
have been achieved.

of the CW and hydraulic gradient control
system and the management and
discharge of extracted groundwater.
Treatment of extracted water may be
required prior to discharge. Groundwater
sampling would continue until GWPSs
have been achieved. Once the remedy is
complete, the system would be
decommissioned in a manner that meets
applicable regulatory standards.

downgradient of the PRB until GWPSs are
achieved. The PRB would also be
monitored for treatment efficacy. If
necessary, the PRB media may be
amended or exchanged to extend the life
of the PRB.

Reliability - Engineering and
Institutional Controls
(Section 3.2.4;

IAC Section 845.660(c)(1))

High long-term reliability would be
expected for Source Control-MNA,
because this alternative would rely on
natural processes, rather than the
installation, operation, and maintenance
of engineered systems or structures.

Long-term reliability would be expected
for Source Control-GE, as long as the
system is designed and constructed for
Site-specific conditions.

Long-term reliability would be expected
for Source Control-MNA/GE, as long as the
groundwater collection trench is operated
and maintained appropriately.

Long-term reliability would be expected
for Source Control-CW, as long as the
system is designed and constructed for
Site-specific conditions.

Source Control-PRB may not be reliable
over the long term with respect to
engineering and institutional controls,
because PRBs generally have limited
success at treating lithium and boron in
groundwater (both of which are CCR-
associated constituents). The
effectiveness of the PRB would also
decrease over time, resulting in a
potential need for the eventual
replacement of the remedy.

Reliability - Potential Need for
Replacement of the Corrective
Measure

(Section 3.2.5;

IAC Section 845.660(c)(1))

Replacement of Source Control-MNA
would be unlikely. The MNA evaluation
provided by Geosyntec (2021b) notes
that, if MNA is selected as the remedy, a
contingency plan that will identify the
circumstances under which replacement
of the remedy may be appropriate will be
developed.

Unless groundwater flow conditions
change significantly at the Site,
replacement of the entire remedy would
be unlikely under Source Control-GE. If
extraction wells were installed at the NAP,
iron fouling may reduce the system
effectiveness and create a need for the
replacement of extraction wells over time.
Replacement pumps may also be
necessary, because groundwater hydraulic
controls would need to be maintained on
a long-term basis.

Replacement of Source Control-MNA/GE
would be unlikely, as long as the
groundwater collection trench is operated
and maintained appropriately. The MNA
evaluation provided by Geosyntec (2021b)
notes that, if MNA is selected as the
remedy, a contingency plan that will
identify the circumstances under which
replacement of the remedy may be
appropriate will be developed.

Unless groundwater flow conditions
change significantly at the Site,
replacement of the entire remedy would
be unlikely under Source Control-CW.
Replacement of individual hydraulic
control wells may be necessary, because
groundwater hydraulic controls would
need to be maintained on a long-term
basis.

Given the low effectiveness of PRBs for
boron and lithium in groundwater,
replacement of the Source Control-PRB
remedy would likely be necessary.
Replacement of the remedy may also be
necessary if the effectiveness of the PRB
declines over time.
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Evaluation Factor
(Report Section;
Part 845 Section)

Corrective Measure Alternative

Source Control-MNA

Source Control-GE

Source Control-MNA/GE

Source Control-CW

Source Control-PRB

Ease of Implementation
(Section 3.2.6;
IAC Section 845.660(c)(1))

Source Control-MNA would rely on
natural processes and active monitoring
and therefore would not pose any
significant construction challenges.

Construction of the GE system under
Source Control-GE at the NAP would likely
be difficult, due to the proximity of the
former impoundments to the Middle Fork
of the Vermilion River. GE using wells may
be difficult to implement, because the
alluvial deposits at the NAP vary in
composition laterally and vertically.
Additional testing would be required to
estimate the number, spacing, screened
intervals, and extraction rates for capture
of impacted groundwater. Additionally,
due to a limited construction area
between the river and the NAP perimeter
berm, installation of a groundwater
collection trench through both the MGU
and the LGU near the NAP is likely
infeasible.

Source Control-MNA/GE would rely on
natural processes and a groundwater
collection trench, which would already
have been installed based on the Agreed
Interim Order (lllinois, Attorney General,
2021). Therefore, no significant
construction challenges would be
expected.

Construction of the CW under Source
Control-CW would likely be very difficult,
due to the required location, length, and
depth of the CW.

Construction of the PRB under Source
Control-PRB would likely be very difficult,
due to the required location, length and
depth of the PRB.

Potential Impacts — Risks to the
Community or the Environment
During Implementation of Remedy
(Section 3.2.7;

IAC Section 845.660(c)(1))

Minimal impacts to worker safety, air
quality, and surface water and sediment
quality would be expected under Source
Control-MNA, due to the minimal nature
of the construction activities required
under this alternative.

Modest impacts to worker safety, air
quality, and surface water and sediment
quality would be expected under Source
Control-GE, due to the modest
construction activities required for the
installation of the GE system. This
alternative could potentially also have a
detrimental effect on the baseflow in the
Middle Fork of the Vermilion River,
particularly during low-flow conditions,
because the GE system could capture
and/or intercept water from the river.

Minimal impacts to worker safety, air
quality, and surface water and sediment
quality would be expected under Source
Control-MNA/GE, due to the minimal
nature of the construction activities
required under this alternative.

Relatively large impacts to worker safety,
air quality, and surface water and
sediment quality would be expected
under Source Control-CW, due to the
substantial construction activities required
for the installation of the CW.

Relatively large impacts to worker safety,
air quality, and surface water and
sediment quality would be expected
under Source Control-PRB, due to the
substantial construction activities required
for the installation of the PRB.

The Time Required to Begin and
Complete the Corrective Action Plan
(Section 3.3;

IAC Section 845.660(c)(2))

A Corrective Action Plan must be
submitted within 1 year of submission of a
CMA (IAC Section 845.670). We would
not anticipate any delays in the
completion of a Corrective Action Plan for
this Site.

A Corrective Action Plan must be
submitted within 1 year of submission of a
CMA (IAC Section 845.670). We would
not anticipate any delays in the
completion of a Corrective Action Plan for
this Site.

A Corrective Action Plan must be
submitted within 1 year of submission of a
CMA (IAC Section 845.670). We would
not anticipate any delays in the
completion of a Corrective Action Plan for
this Site.

A Corrective Action Plan must be
submitted within 1 year of submission of a
CMA (IAC Section 845.670). We would
not anticipate any delays in the
completion of a Corrective Action Plan for
this Site.

A Corrective Action Plan must be
submitted within 1 year of submission of a
CMA (Section 845.670). We would not
anticipate any delays in the completion of
a Corrective Action Plan for this Site.

State or Local Permit Requirements
or Other Environmental or Public
Health Requirements that May
Substantially Affect Implementation
of the Corrective Action Plan
(Section 3.4;

IAC Section 845.660(c)(3))

Source Control-MNA would require
regulatory approval prior to
implementation. The approval process
would not be expected to substantially
affect the implementation of the
Corrective Action Plan.

Source Control-GE would require
regulatory approval prior to
implementation, and may require
modifications to the Site's NPDES permit.
The approval process and, if needed,
NPDES permit modification would not be
expected to substantially affect the
implementation of the Corrective Action
Plan.

Source Control-MNA/GE would require
regulatory approval prior to
implementation, and may require
modifications to the Site's NPDES permit.
The approval process and, if needed,
NPDES permit modification would not be
expected to substantially affect the
implementation of the Corrective Action
Plan.

Source Control-CW would require
regulatory approval prior to
implementation, and may require
modifications to the Site's NPDES permit.
The approval process and, if needed,
NPDES permit modification would not be
expected to substantially affect the
implementation of the Corrective Action
Plan.

Source Control-PRB would require
regulatory approval prior to
implementation. The approval process
would not be expected to substantially
affect the implementation of the
Corrective Action Plan.

Notes:

CCR = Coal Combustion Residual; CMA = Corrective Measures Assessment; Geosyntec = Geosyntec Consultants; GWPS = Groundwater Protection Standard; LGU = Lower Groundwater Unit; MGU = Middle Groundwater Unit; NAP = North Ash Pond; NPDES = National Pollutant Discharge
Elimination System; O&M = Operations and Maintenance; OEAP = Old East Ash Pond; Source Control-CW = Source Control with Construction of a Cutoff Wall; Source Control-GE = Source Control with Groundwater Extraction; Source Control-MNA = Source Control with Monitored Natural
Attenuation; Source Control-MNA/GE = Source Control with Monitored Natural Attenuation and Groundwater Extraction; Source Control-PRB = Source Control with Construction of a Permeable Reactive Barrier.
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Table S.3 Comparison of Proposed Corrective Action Alternatives with Respect to Factors Specified in

IAC Section 845.670(e)

Evaluation Factor
(Report Section;
Part 845 Section)

Source Control-MNA

Source Control-MNA/GE

Magnitude of Reduction of
Existing Risks

(Section 4.1.1;

IAC Section 845.670(e)(1)(A))

There are no current risks to any human
or ecological receptors at the Site.
Because dissolved constituent
concentrations are expected to decline
due to source control and corrective
measures, there would also be no
future risks to human and ecological
receptors.

There are no current risks to any
human or ecological receptors at the
Site. Because dissolved constituent
concentrations are expected to decline
due to source control and corrective
measures, there would also be no
future risks to human and ecological
receptors.

Effectiveness of the Remedy
in Controlling the Source
(Section 4.1.2;

IAC Section 845.670(e)(2))

Both of the alternatives would be fully
protective with regard to primary
source control. Source Control-MNA
would also likely be effective with
regard to secondary source control
(Geosyntec, 2021b).

Both of the alternatives would be fully
protective with regard to primary
source control. Source Control-
MNA/GE would also likely be effective
with regard to secondary source
control, through the combination of
MNA and operation of the
groundwater collection trench.

Likelihood of Future Releases
of CCR

(Section 4.1.3;

IAC Section 845.670(e)(1)(B))

There would be no likelihood of CCR
releases occurring post-closure under
either of the alternatives.

There would be no likelihood of CCR
releases occurring post-closure under
either of the alternatives.

Type and Degree of
Long-Term Management,
Including Monitoring,
Operation, and Maintenance
(Section 4.1.4;

IAC Section 845.670(e)(1)(C))

Minimal long-term O&M efforts would
be required under Source Control-MNA,
because it would not require the
installation, operation, or maintenance
of any engineered systems or structures
other than monitoring wells.
Groundwater sampling would continue
until GWPSs have been achieved.

Moderate long-term O&M efforts
would be required under Source
Control-GE, including the maintenance
of the groundwater collection trench
and discharge of extracted
groundwater. Groundwater and seep
water collected at the groundwater
collection trench would be treated, if
necessary, sent to the NAP Secondary
Pond, and discharged via the NPDES-
permitted outfall. Groundwater
sampling would continue until GWPSs
have been achieved.

Short-Term Risks to the
Community or the
Environment During
Implementation of Remedy
(Section 4.1.5;

IAC Section 845.670(e)(1)(D))

Minimal impacts to worker safety, air
quality, and surface water and sediment
quality would be expected under Source
Control-MNA, due to the minimal
nature of the construction activities
required under this alternative.

Under both source control/corrective
action scenarios, the constituent mass
flux that flows from groundwater into
surface water would decline over time
after closure has been completed
(Ramboll, 2021a).

Minimal impacts to worker safety, air
quality, and surface water and
sediment quality would be expected
under Source Control-MNA, due to the
minimal nature of the construction
activities required under this
alternative.

Under both source control/corrective
action scenarios, the constituent mass
flux that flows from groundwater into
surface water would decline over time
after closure has been completed
(Ramboll, 2021a).
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Evaluation Factor
(Report Section;
Part 845 Section)

Source Control-MNA

Source Control-MNA/GE

Time Until Groundwater
Protection Standards Are
Achieved

(Section 4.1.6;

IAC Section 845.670(e)(1)(E))

Results of the modeling indicate that
groundwater will attain the GWPSs for
all constituents identified as potential
exceedances in the primary migration
pathway within approximately 50 years
after closure for both the Source
Control-MNA and Source Control-
MNA/GE scenarios (Ramboll, 2021a).
There is no significant difference
between the two scenarios in the time
to achieve the GWPSs at the Site.

Results of the modeling indicate that
groundwater will attain the GWPSs for
all constituents identified as potential
exceedances in the primary migration
pathway within approximately 50 years
after closure for both the Source
Control-MNA and Source Control-
MNA/GE scenarios (Ramboll, 2021a).
There is no significant difference
between the two scenarios in the time
to achieve the GWPSs at the Site.

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

(Section 4.1.7;

IAC Section 845.670(e)(1)(F))

There are no current or future risks to
any human or ecological receptors at
the Site, and there would be no risk of
CCR releases occurring post-closure.

Potential risks to workers that come in
contact with secondary sources of CCR-
associated constituents would be
managed through the use of rigorous
safety protocols and personal
protective equipment.

There are no current or future risks to
any human or ecological receptors at
the Site, and there would be no risk of
CCR releases occurring post-closure.

Potential risks to workers that come in
contact with secondary sources of CCR-
associated constituents would be
managed through the use of rigorous
safety protocols and personal
protective equipment.

Long-Term Reliability of the
Engineering and Institutional
Controls

(Section 4.1.8;

IAC Section 845.670(e)(1)(G))

High long-term reliability would be
expected for Source Control-MNA,
because this alternative would rely on
natural processes and active
monitoring.

Long-term reliability would be
expected for Source Control-MNA/GE,
as long as the groundwater collection
trench is maintained and operated
appropriately.

Potential Need for
Replacement of the Remedy
(Section 4.1.9;

IAC Section 845.670(e)(1)(H))

Replacement of Source Control-MNA
would likely be unnecessary. The MNA
evaluation provided by Geosyntec
(2021b) notes that, if MNA is selected
as the remedy, a contingency plan that
will identify the circumstances under
which replacement of the remedy may
be appropriate will be developed.

Replacement of Source Control-
MNA/GE would likely be unnecessary.
The MNA evaluation provided by
Geosyntec (2021b) notes that, if MNA
is selected as the remedy, a
contingency plan that will identify the
circumstances under which
replacement of the remedy may be
appropriate will be developed.

Degree of Difficulty
Associated with Constructing
the Remedy

(Section 4.2.1;

IAC Section 845.670 (e)(3)(A)

Source Control-MNA would rely on
natural processes and therefore would
not pose any significant construction
challenges.

Source Control-MNA would rely on
natural processes and continued
operation of the groundwater
collection trench, which is required by
the Agreed Interim Order (lllinois,
Attorney General, 2021). Therefore,
no significant construction challenges
would be expected.
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Evaluation Factor
(Report Section;
Part 845 Section)

Source Control-MNA

Source Control-MNA/GE

Expected Operational
Reliability of the Remedy
(Section 4.2.2;

IAC Section 845.670 (e)(3)(B))

High operational reliability would be
expected for Source Control-MNA,
because this scenario would rely on
natural processes and active
monitoring.

Operational reliability would be
expected for Source Control-MNA/GE,
as long as the groundwater collection
trench is maintained and operated
appropriately.

Need to Coordinate with and
Obtain Necessary Approvals
and Permits from Other
Agencies

(Section 4.2.3;

IAC Section 845.670 (e)(3)(C))

Source Control-MNA would require
regulatory approval, but no additional
permits would be needed.

Source Control-MNA/GE would require
regulatory approval. Groundwater and
seep water collected at the
groundwater collection trench would
be sent to the NAP Secondary Pond
and discharged via the NPDES-
permitted outfall.

Availability of Necessary
Equipment and Specialists
(Section 4.2.4;

IAC Section 845.670 (e)(3)(D)

Source Control-MNA would require
standard environmental monitoring
equipment. Specialists would be
available to evaluate the data after they
are collected.

Source Control-MNA/GE would require
standard remedial action and
environmental monitoring equipment.
The required equipment and specialists
would be available.

Available Capacity and
Location of Needed
Treatment, Storage, and
Disposal Services
(Section 4.2.5;

IAC Section 845.670

(e)(3)(D)

A minimal amount of investigation-
derived waste would be generated
under Source Control-MNA. This waste
could be managed by a standard waste
management contractor.

The groundwater collection system
would generate water. Groundwater
and seep water collected at the
groundwater collection trench would
be treated, if necessary, sent to the
NAP Secondary Pond, and discharged
via the NPDES-permitted outfall.

The Degree to Which
Community Concerns Are
Addressed by the Remedy
(Section 4.3;

IAC Section 845.670(e)(4))

Source control measures would address
the primary concerns of residents.

Source control measures would
address the primary concerns of
residents.

Notes:

CCR = Coal Combustion Residual; Geosyntec = Geosyntec Consultants; IAC = lllinois Administrative Code; GWPS = Groundwater
Protection Standard; NAP = North Ash Pond; NPDES = National Pollutant Discharge Elimination System; O&M = Operations and
Maintenance; Source Control-MNA = Source Control with Monitored Natural Attenuation; Source Control-MNA/GE = Source
Control with Monitored Natural Attenuation and Groundwater Extraction.
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1 Introduction

1.1 Site Description and History

1.1.1 Site Location and History

Dynegy Midwest Generation, LLC's (DMG) Vermilion Power Plant is an electric power generating
facility with coal-fired units located approximately 5 miles north of the Village of Oakwood, Illinois,
along the Middle Fork of the Vermilion River. The facility began operating in the mid-1950s (OBG,
2019a) and was retired in November 2011 (IEPA, 2013). The power plant remains in place and has not
yet been demolished.

1.1.2 CCR Impoundments

The Vermilion Power Plant produced and stored coal combustion residuals (CCRs) as a part of its
historical operations. There are two decommissioned ash ponds at the Site, both located east of the power
plant (Figure 1.1):

= Old East Ash Pond (OEAP) area (Vistra ID No. CCR Unit 911 and Illinois Environmental
Protection Agency [IEPA] ID No. W1838000002-03)/North Ash Pond (NAP) area (Vistra ID No.
CCR Unit 910 and IEPA ID No. W1838000002-01), including a secondary pond associated with
the NAP; and

= New East Ash Pond (NEAP; Vistra ID No. CCR Unit 912, IEPA ID No. W1838000002-04, and
National Inventory of Dams [NID] No. IL50291), including an associated secondary pond.

The OEAP is the oldest of the ash-receiving ponds and was put into service in the mid-1950s as part of
the original plant construction. Use of the OEAP continued until the NAP, which is hydraulically
connected with the OEAP, was constructed in 1977. Use of the NAP continued until 1989, after which
ash was diverted to the NEAP (Geosyntec, 2021¢, Appendix A; OBG, 2019a). None of the ash-receiving
ponds at the Site have received CCR since the plant was retired in 2011 (Geosyntec, 2021c, Appendix A).

The OEAP is bordered on the north and northeast by the Middle Fork of the Vermilion River. Steep
bluffs lie directly south, southeast, and west of the impoundment, and the NAP lies to the northwest. The
groundwater elevation in the vicinity of the OEAP exceeds the base elevation of the impoundment,
resulting in intersecting conditions (i.e., groundwater is in direct contact with ash in the OEAP; Natural
Resource Technology, Inc., 2014a). Between approximately 1986 and 1997, the OEAP was capped with
soil and vegetation. The OEAP does not contain any ponded water (Geosyntec, 2021c, Appendix A).

The NAP is bordered by fallow fields to the north, the Middle Fork of the Vermilion River to the east, the
OEAP to the south, and steep bluffs to the west. As with the OEAP, there are intersecting conditions in
the NAP (Natural Resource Technology, Inc., 2014b). Although the NAP no longer receives ash, it does
receive stormwater runoff. Currently, the NAP discharges decanted water into the NAP Secondary Pond,
which subsequently discharges into the Middle Fork of the Vermilion River during heavy rainfall events,
which only occur one or two times per year (OBG, 2019a). The NAP does not have a soil cover;
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however, a layer of vegetation overlies the CCR throughout much of the impoundment (Geosyntec,
2021c, Appendix A). Ponded water occurs in the northern section of the impoundment (Geosyntec,
2021c, Appendix Q).

The NEAP was constructed in the bottomlands of the Middle Fork of the Vermilion River with earthen
berms with a clay core. The berms are located on the north, east, and south sides of the primary cell of
the NEAP, and were keyed into the underlying shale at the time of construction using 4-foot-thick
soil/bentonite slurry walls (Kelron Environmental, 2003). The west side of the primary cell of the NEAP
is formed by the bluff, which is composed of low-permeability clays. In 2002, the original 1989 footprint
of the NEAP was expanded to form the present extent of the NEAP. The height of the berms was also
raised using additional low-permeability clay, and a trench filled with low-permeability fill was keyed
into the shale along the natural bluff on the west side of the NEAP (OBG, 2019b). The NEAP does not
have a soil cover, and ponded water occurs in the eastern section of the impoundment. The secondary
pond of the NEAP discharges to the Middle Fork of the Vermilion River (Geosyntec, 2021d, Appendix
Q). The NEAP overlies a former coal mine, which has impacted groundwater quality in the area (OBG,
2019b).

Secondary North
Ash Pond

Middle Fork
Vermilion River

' Secondary New
Ash Pond East Ash Pon
P »,,f

Figure 1.1 Site Location Map. Based on DMG et al. (2019).
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1.1.3 Surface Water Hydrology

The NAP and the NEAP are both currently permitted to discharge decanted water to the Middle Fork of
the Vermilion River via their secondary ponds (Geosyntec, 2021c, Appendix A). The 17-mile reach of
the Vermilion River known as the Middle Fork is Illinois's only National Scenic River, and is protected
due to its high-value historical, scenic, geologic, ecological, fish and wildlife, and recreational resources.
The Middle Fork is popular for a wide range of recreational activities, including canoeing, kayaking,
fishing, hiking, and wildlife viewing (US DOI, 2010; Barkley, 2012). Over recent decades, the Middle
Fork has been slowly migrating towards the impoundment embankments at the Site. Riverbank migration
and its potential impact on closure activities is discussed later in this report.

Surface water samples were collected from three locations in the Middle Fork of the Vermilion River in
2019 (Hanson Professional Services Inc., 2019). 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. Surface
water samples were also collected and analyzed in June and July 2021 (Eurofins TestAmerica and
Geosyntec, 2021).

In addition to the Middle Fork of the Vermilion River, there is an approximately 200-acre surface water
reservoir (cooling pond) located on the Site called Company Lake (Ramboll, 2021b).

1.1.4 Hydrogeology
1.14.1 NAP/OEAP

The geology underlying the Site in the vicinity of the NAP/OEAP consists of several distinct layers
(Ramboll, 2021b):

1. An upper unit composed of the clayey sands to sandy clays of the Cahokia Alluvium,;

2. A middle groundwater unit (MGU) composed of the coarser-grained material encountered at the
base of the Cahokia Alluvium. This unit is laterally continuous below the NAP/OEAP and is
designated as the uppermost aquifer;

3. A low-permeability upper confining unit composed of clay with isolated sand lenses. This unit is
present both below the NAP/OEAP and, in the uplands, limits the vertical migration of
groundwater;

4. A lower groundwater unit (LGU) composed of glacial outwash and re-worked glacial deposits of
the Henry formation. This unit is the lowermost, most laterally extensive coarse-grained
unlithified deposit identified beneath the Site and in the uplands. Based on permeability and
continuous lateral extent, this unit is identified as a Potential Migration Pathway (PMP);

5. A low-permeability lower confining unit composed of silty or sandy clay with isolated sand
lenses. This unit is the lowermost unlithified deposit and limits the vertical migration of
groundwater; and

6. A bedrock confining unit, the lowermost unit identified at the site, which underlies all unlithified
deposits. This unit occurs within Pennsylvanian shale, which is the uppermost lithified unit at the
Site.
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Hydrogeologic data collected at the Site show that groundwater flow occurs in the MGU and LGU, while
the upper and lower confining units act as barriers to groundwater flow (Ramboll, 2021b). Groundwater
migrates within the high-permeability sands and gravels of the MGU and LGU, which flow eastward to
the Middle Fork under normal river conditions. At the NAP/OEAP, potential dissolved CCR-related
constituents may migrate vertically downward under the influence of gravity into the MGU and, to a
lesser extent, through the middle confining unit into the LGU.

Groundwater in the MGU and the LGU flows primarily eastward toward the Middle Fork of the
Vermilion River. The Middle Fork is the regional sink of shallow groundwater in the area
(Kelron Environmental, 2003, 2012), i.e., all of the groundwater in the MGU and LGU in this area flows
upward and into the river. Groundwater modeling, potentiometric head maps, and vertical gradients
confirm that groundwater in both the MGU and LGU flows into the Middle Fork of the Vermilion River
(OBG, 2019a; Kelron Environmental, 2003, 2012; Ramboll, 2021b). There may be limited groundwater
migration in a northerly direction; however, this groundwater flow ultimately turns eastward and flows
into the river. There is no transport of CCR-related constituents toward the western and southern property
boundaries.

During groundwater interaction with surface water, CCR-related constituents may partition between
sediments and the surface water column. It should be noted that many CCR-related constituents occur
naturally in sediments and surface water. As a result, their presence in the sediments and/or surface water
of the Middle Fork does not necessarily signify contributions from the ash ponds.

Groundwater samples have been collected from wells in the vicinity of the NAP/OEAP since 1988. The
Hydrogeologic Site Characterization Report and Groundwater Monitoring Plan prepared by Ramboll as
part of the Operating Permits for the NAP/OEAP and NEAP include a summary of groundwater data
collected between 2015 and 2021 at the Site (Ramboll, 2021b,c). These reports also outline the additional
monitoring and analysis that will be performed at the NAP/OEAP going forward, as required under Part
845 (IEPA, 2021a).

1.14.2 NEAP

The geology underlying the Site in the vicinity of the NEAP is distinct from the geology in the vicinity of
the NAP/OEAP. The NAP/OEAP are built atop terraces, whereas the NEAP was constructed directly
atop shale bedrock in the lower-elevation bottomlands. The geology near the NEAP consists of three
layers (Ramboll, 2021d):

1. An upper unit composed of mixed alluvial deposits of sand with occasional layers of silty clay.
This unit is present outside of the NEAP and in the bottomlands of the Middle Fork;

2. An upper confining unit composed of predominantly low-permeability silty and clayey
diamictons (glacial till) with intermittent sand layers and lenses. This unit is present outside of
the NEAP and along the western bluff of the Middle Fork; and

3. A bedrock confining unit, which contains a major coal seam that was historically mined beneath
the NEAP. This is the lowermost unit identified at the site and underlies all unlithified deposits;
it occurs within Pennsylvanian shale, which is the uppermost lithified unit at the Site.

None of the units described above have been identified as an aquifer. However, the upper unit and
bedrock confining unit have been identified as PMPs. Groundwater surrounding the NEAP flows into the
Middle Fork of the Vermilion River (OBG, 2019b).
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Groundwater quality data and detailed statistical analyses have demonstrated that CCR-related
constituents from the NEAP have not impacted groundwater outside the low-permeability barriers and are
not impacting the Middle Fork (Kelron Environmental, 2003; OBG, 2019b). 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. Additional groundwater samples collected and analyzed in 2020 and 2021 are provided
by Geosyntec Consultants (Geosyntec, 2021b).

1.1.5 Site Vicinity

The Site is bordered by fallow fields owned by the Illinois Department of Natural Resources (IDNR) to
the north, the Middle Fork of the Vermilion River to the east, Kickapoo State Recreation Area to the
south, and steep bluffs to the west. High-value natural areas and recreational areas near the Site include
the Middle Fork of the Vermilion River, the Kickapoo State Recreation Area, and the Orchid Hill Natural
Heritage Landmark. As described in Section 1.1.3, the Middle Fork of the Vermilion River is Illinois's
only National Scenic River and is a popular spot for canoeing and other forms of water recreation.
Kickapoo State Recreation Area is one of the most popular parks in Illinois, with 1.3 million visitors in
2020 (La, 2021). This 2,842-acre park is popular for hiking, camping, hunting, fishing, canoeing, and
scuba diving (IDNR, 2021). The Orchid Hill Natural Heritage Landmark is a >100-acre natural area
located immediately northwest of the retired power plant. This area, which lies partially on Vermilion
Power Plant property but is managed by IDNR, is notable for its high-quality barrens, which are rare in
Illinois, as well as the occurrence of six species of native orchid, including the rare yellow lady's slipper
(Various, 1990-2010).

1.2 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. Part 845 additionally requires that a Corrective Measures
Assessment (CMA) and a Corrective Action Alternatives Analysis (CAAA) be performed prior to
undertaking any corrective measures at certain CCR-containing impoundments. Section 2 of this report
presents a CAA for the NAP/OEAP and the NEAP pursuant to requirements under IAC Section 845.710.
Based on potential groundwater exceedances identified at the Site (Ramboll, 2021b,d), Section 3 presents
a CMA for the NAP/OEAP and the NEAP pursuant to requirements under IAC Section 845.660 and
Section 4 presents a CAAA pursuant to the requirements under IAC Section 845.670. 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). The CMA/CAAA similarly evaluate a range of factors for
the various corrective measures being considered at each impoundment. A CAA and CMA/CAAA are
decision-making tools that are designed to aid in the selection of a closure alternative or corrective action
alternatives for the impoundments at a site.
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2 Closure Alternatives Analysis

This section of the report presents a CAA for the NAP/OEAP and the NEAP pursuant to requirements
under IAC Section 845.710 (IEPA, 2021a). Closure is evaluated separately in this report for the
combined NAP/OEAP system and the NEAP. For purposes of closure, DMG characterizes the OEAP
and NAP as a single multi-unit system because (a) there is a continuous layer of ash running between the
OEAP and NAP, (b) the NAP was designed such that the outer berms were an extension of the outer
berms of the OEAP, (¢) the NAP was designed and constructed to incorporate the ash located within the
OEAP, (d) the NAP and OEAP share a groundwater monitoring network, and (e) the NAP and OEAP fall
within the same areal extent of the local groundwater flow regime.

2.1 Closure Alternative Descriptions (IAC Section 845.710(c))

The two closure scenarios evaluated in this CAA are Closure-by-Removal with On-Site CCR Disposal
(CBR-Onsite) and Closure-by-Removal with Off-Site CCR Disposal (CBR-Offsite). Both of these
scenarios entail excavating all of the CCR from the former NAP/OEAP and NEAP impoundments and
transporting it to a landfill for disposal. Under the CBR-Onsite scenario, a landfill will be constructed on
the Site. Under the CBR-Offsite scenario, CCR will instead be hauled to an off-Site landfill. While
Closure-in-Place (CIP) is widely recognized as another viable closure approach that can be protective of
human health and the environment at many sites (US EPA, 2015a), CIP is not being evaluated as a
potential closure alternative at this Site because the Agreed Interim Order dated June 30, 2021, states that
the CAA for the Site "shall only consider and discuss closure by removal for the Ponds" (Illinois,
Attorney General, 2021). Additionally, a groundwater collection trench will be constructed downstream
of the OEAP under both closure scenarios. The groundwater collection trench, which is required by the
June 2021 agreement between DMG and the Illinois Attorney General (Illinois, Attorney General, 2021),
will intercept seepage and discolored water until excavation of the CCR has been completed.

Sections 2.1.1 and 2.1.2 provide detailed descriptions of the CBR-Onsite and CBR-Offsite closure
scenarios. These scenarios are based on detailed spreadsheets and closure reports provided to Gradient by
Geosyntec (Geosyntec [2021e] and Appendix Q of Geosyntec [2021c,d,f]).

2.1.1 Closure-by-Removal with On-Site CCR Disposal

Under the CBR-Onsite scenario, all of the CCR excavated from the NAP/OEAP and the NEAP will be
hauled to a landfill located on the Site. Currently, however, the Site does not have a landfill. Under this
scenario, the retired power plant located on the property will be demolished, and a "state-of-the-art," lined
landfill will be constructed over a portion of its footprint. The landfill will be used to contain CCR
excavated from the impoundments as well as non-hazardous material arising from the demolition of the
power plant and other historical plant operations. Excavation and transport of CCR from the
impoundments will begin once the on-Site landfill has been constructed. CCR will be hauled to the
landfill using haul trucks with a capacity of 34 cubic yards (CY). This scenario meets the requirement of
IAC Section 845.710(c)(2) (IEPA, 2021a) that an assessment be conducted in the CAA regarding whether
the Site has an on-Site landfill with available capacity or whether an on-Site landfill can be constructed.
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This scenario includes the following work elements for the closure of both the NAP/OEAP and the NEAP
(Geosyntec, 2021a,e):

= Construction of the on-Site landfill, including:

Stripping vegetation and topsoil, followed by excavation and stockpiling of soil;

Construction of the composite bottom liner system, which will include a minimum of 3 feet
of low-permeability soil and a 60-mil high-density polyethylene (HDPE) geomembrane liner;

Construction of the leachate collection and management system; and

Construction of an access road.

= CCR impoundment excavation and on-Site landfill operation, followed by Site restoration,
including:

Free water removal and dewatering of surface impoundments.

Excavation of cover soils. Excavated soils and topsoil will be segregated and set aside for
later use during Site restoration.

Excavation of CCR from the impoundments and transport of CCR to the on-Site landfill.
Any pipes and discharge structures within the impoundment will also be removed.

Construction of stormwater control structures to convey runoff away from the former
impoundments.

Site restoration, including grading and backfilling as needed to manage stormwater, followed
by revegetation with native grasses.

= Closure of the on-Site landfill, including:

Construction of the final composite cover system, which will tie into the bottom liner system
and will include 1 foot of low-permeability clay/cohesive soil subgrade, a 40-mil linear low-
density polyethylene (LLDPE) geomembrane liner, a geocomposite drainage layer (if
needed), and 3 feet of additional protective soil cover;

Seeding and mulching; and

Stormwater management, including excavation of a detention basin.

= Long-term (post-closure) monitoring and maintenance, including:

Groundwater and surface water monitoring at the closed impoundments until groundwater
protection standards (GWPSs) have been achieved.

A minimum of 30 years of post-closure care at the on-Site landfill, including leachate
management and cap inspection, mowing and maintenance, and groundwater and surface
water monitoring.

Soil for grading and revegetating the impoundment covers will be sourced from the perimeter dikes, the
original ash basin covers, and the on-Site landfill excavation (Geosyntec, 2021e). Soil for the bottom
liner, cover system, and daily cover at the on-Site landfill is similarly expected to be sourced from within
the footprint of the on-Site landfill (Geosyntec, 2021a). As such, we assume that an off-Site borrow soil
location will not need to be established.
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In addition to the work elements listed above, a groundwater collection trench will be constructed
downstream of the OEAP. The groundwater collection trench, which is required by the June 2021
agreement between DMG and the Illinois Attorney General (Illinois, Attorney General, 2021), will
intercept seepage and discolored water until excavation of the CCR has been completed. Water collected
in the trench will be sent to the NAP Secondary Pond and discharged via the National Pollutant Discharge
Elimination System (NPDES)-permitted outfall. For the purposes of the calculations below, this activity
is included as part of the construction activities for the NAP/OEAP closure (Geosyntec, 2021¢).

In addition to groundwater collection trench construction, our analysis also accounts for the potential
construction of a temporary riverbank maintenance measure/buttress along 1,000 feet of riverbank near
the NAP/OEAP in order to arrest riverbank migration, as discussed in Section 2.2.2. This work element
is tentative, because the need for the buttressing at this Site will be evaluated throughout the removal
process and has not yet been determined. Ultimately, buttressing may or may not be required at the
NAP/OEAP.

The existing power plant is assumed to be demolished under both scenarios; however, the timing of the
demolition will likely vary. The power plant will be demolished sooner under the CBR-Onsite scenario,
because the on-Site landfill will be constructed within a portion of the existing footprint of the power
plant. In contrast, under the CBR-Offsite scenario, it was assumed for this analysis that the power plant
would eventually be demolished at an undetermined point in the future. Therefore, we did not include the
impacts of power plant demolition (worker safety, waste disposal, equipment emissions, fugitive dust
emissions, efc.) in this assessment, because only work elements that result in differential impacts across
closure scenarios are of interest for the purposes of selecting between multiple options.

Demolition of the power plant and design, permitting, and construction of the on-Site landfill will delay
the start of excavation at the NAP/OEAP and NEAP under the CBR-Onsite scenario (relative to the CBR-
Offsite scenario) by an estimated 6 years (Geosyntec, 2021a,g). Landfill permitting is a significant
component of this estimated 6-year period; if IEPA is able to review and approve the on-Site landfill
permit application faster than expected, then it may be possible to reduce the delay before the start of
excavation. However, even though CCR excavation would not begin immediately under the CBR-Onsite
scenario, dewatering of the impoundments would begin at the same time under both scenarios in
accordance with the Safety Emergency Response Plan (SERP; Geosyntec, 2021h) and the requirements of
the Agreed Interim Order (Illinois, Attorney General, 2021). Construction of the on-Site landfill will
require approximately 1.8 years (Geosyntec, 2021¢). Excavation and closure of the NAP/OEAP will take
an estimated 7.1 years, excavation and closure of the NAP will take an estimated 3 years, and closure of
the on-Site landfill will take an estimated 0.6 years (Geosyntec, 2021e). Key parameters for the CBR-
Onsite scenario are shown in Table 2.1.
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Table 2.1 Key Parameters for the Closure-by-Removal with On-Site CCR Disposal Scenario

Parameter Value Notes
Haul Truck Capacity (CY) 34
NAP/OEAP Closure
Surface Area (acres) 60 NAP: 40 acres
OEAP: 20 acres
In-Place Volume of CCR (CY) 2,160,000 NAP: 1,170,000 CY
OEAP: 992,000 CY
Duration of Construction Activities (years)® 7.1 4.8 years for the NAP and 2.3 years for the
OEAP. Excludes the time required for landfill
construction and closure.
Total Labor Hours 285,000
Vehicle and Equipment On-Site Miles 229,000
Vehicle and Equipment Off-Site Miles® 1,620,000
NEAP Closure
Surface Area (acres) 21
In-Place Volume of CCR (CY) 376,000
Duration of Construction Activities (years) 3 Excludes the time required for landfill
construction and closure.
Labor Total Hours 94,800
Vehicle and Equipment On-Site Travel Miles 58,900
Vehicle and Equipment Off-Site Travel Miles? 443,000
Long-Term Operations & Maintenance
Labor Total Hours 84,800
Vehicle and Equipment On-Site Travel Miles 9,400
Vehicle and Equipment Off-Site Travel Miles? 2,570,000
On-Site Landfill
Surface Area (acres) 27
Duration of Construction Activities (years) 2.4 Includes landfill construction (1.8 years) and
closure (0.6 years).
Time to Place CCR in the On-Site Landfill (years)® 10.1 Total time required to excavate the OEAP
(2.3 years), NAP (4.8 years), and NEAP
(3 years).
Total On-Site Landfill Operation Time: 12.5
Construction, Operation, and Closure (years)®
Labor Total Hours 355,000
Vehicle and Equipment On-Site Travel Miles 106,000
Vehicle and Equipment Off-Site Travel Miles? 3,500,000
Scenario Totals
Total Labor Hours: 820,000
Vehicle and Equipment On-Site Travel Miles: 403,000
Vehicle and Equipment Off-Site Travel Miles:* 8,130,000

Notes:

CCR = Coal Combustion Residual' CY = Cubic Yard; NAP = North Ash Pond; NEAP = New East Ash Pond; OEAP = Old East Ash
Pond.

Source: Geosyntec (2021e).

(a) Includes Daily Labor Mobilization Miles, Vehicle and Equipment Mobilization/Demobilization Miles, and Material Delivery
Miles (Loaded + Unloaded).

(b) Conservatively assumes that each impoundment is excavated sequentially, rather than simultaneously.
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2.1.2 Closure-by-Removal with Off-Site CCR Disposal

Under the CBR-Offsite scenario, CCR excavated from the NAP/OEAP and NEAP will be transported to
an off-Site landfill for disposal. For the purposes of this analysis, we assume that CCR will be sent to the
Republic Services Brickyard Disposal Landfill in Danville, Illinois (601 E. Brickyard Road), which is
approximately 15 miles from the Site (Geosyntec, 2021¢). As is described below in Section 2.4.5, it is
possible that the Brickyard Disposal Landfill would have to be expanded in order to accept all of the CCR
from the impoundments. CCR would be hauled to the off-Site landfill using haul trucks with a capacity
of 16.5 cubic yards under the CBR-Offsite scenario, which is a smaller capacity than that for the trucks
that would be used to haul CCR to the on-Site landfill under the CBR-Onsite scenario (i.e., 34 cubic
yards), due to restrictions placed on the size of trucks that can be used on public roadways.

IAC Section 845.710(c)(1) requires CBR alternatives to consider multiple methods for transporting CCR
off-site, including rail, barge, and trucks. There is no established rail terminal or a railroad track near the
power plant area at the Site. In order for CCR to be transported by rail, a new rail line to the Union
Pacific Railroad line located more than 5 miles to the northwest would need to constructed, and a loading
terminal would need to be constructed on-Site. This was considered infeasible, because it would increase
the project schedule due to the need to coordinate with the railroad, complete design and permitting, and
construct the terminal, and because additional land would need to be acquired. Furthermore, CCR would
still need to be hauled by truck to the on-Site loading terminal and loaded into rail cars, resulting in
additional CCR exposures and potential releases. Additionally, the Middle Fork of the Vermilion River,
which is the only river near the Site, is not open to barge traffic. Therefore, transporting CCR by barge is
not feasible for this site. The local availability and use of natural gas-powered trucks, or other low-
polluting trucks, will be evaluated prior to the start of construction.

This scenario includes the following work elements (Geosyntec, 2021¢):

= Free water removal and dewatering of surface impoundments.

= Excavation of cover soils. Excavated soils and topsoil will be segregated and set aside for later
use during Site restoration.

= Excavation of CCR from the impoundments and transport of CCR to the off-Site landfill. Any
pipes and discharge structures within the impoundment will also be removed.

= Construction of stormwater control structures to convey runoff away from the former
impoundments.

= Site restoration, including grading and backfilling as needed to manage stormwater, followed by
revegetation with native grasses.

= Groundwater and surface water monitoring until GWPSs have been achieved.

As with the CBR-Onsite scenario, we assume that an off-Site borrow soil location will not be needed.
Similarly, additional work elements included under this scenario include the construction of a
groundwater collection trench and potential construction of a temporary riverbank maintenance
measure/buttress. The impacts of power plant demolition were not quantified, because the power plant is
assumed to be demolished under both scenarios. However, plant demolition may not occur until an
undetermined point in the future under the CBR-Offsite scenario.
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Under the CBR-Offsite scenario, the overall duration of closure activities is expected to be 7.6 years for
the NAP/OEAP and 3.1 years for the NEAP. 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 Scenario

Parameter Value Notes
Distance to the Off-Site Landfill (miles) 15
Haul Truck Capacity (CY) 16.5 Capacity restricted due to use of public roads.
NAP/OEAP Closure
Surface Area (acres) 60 NAP: 40 acres
OEAP: 20 acres
In-Place Volume of CCR (CYs) 2,160,000 NAP: 1,170,000 CY
OEAP: 992,000 CY
Duration of Construction Activities (years)® 7.6 5.1 years for the NAP and 2.5 years for the
OEAP.
Total Labor Hours 471,000
Vehicle and Equipment On-Site Travel Miles 125,000
Vehicle and Equipment Off-Site Travel Miles? 6,630,000
NEAP Closure
Surface Area (acres) 21
In-Place Volume of CCR (cubic yards) 376,000
Duration of Construction Activities (years) 3.1
Labor Total Hours 125,000
Vehicle and Equipment On-Site Travel Miles 39,000
Vehicle and Equipment Off-Site Travel Miles? 1,290,000
Long-Term Operations & Maintenance
Labor Total Hours 85,600
Vehicle and Equipment On-Site Travel Miles 9,490
Vehicle and Equipment Off-Site Travel Miles? 2,590,000
Scenario Totals
Total Labor Hours: 682,000
Vehicle and Equipment On-Site Travel Miles: 173,000
Vehicle and Equipment Off-Site Travel Miles:* 10,500,000

Notes:

CCR = Coal Combustion Residual' CY = Cubic Yard; NAP = North Ash Pond; NEAP = New East Ash Pond; OEAP = Old East Ash
Pond.

Source: Geosyntec (2021e).

(a) Includes Daily Labor Mobilization Miles, Vehicle and Equipment Mobilization/Demobilization Miles, Material Delivery Miles
(Loaded + Unloaded), and Daily Haul Truck Miles (Loaded + Unloaded).

(b) Conservatively assumes that each impoundment is excavated sequentially, rather than simultaneously.

2.2 Long- and Short-Term Effectiveness of 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's February 2020 Human
Health and Ecological Risk Assessment (Appendix A) provides a detailed evaluation of the magnitude of
existing risks to human and ecological receptors at the Site. This report concluded that there are no
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current unacceptable risks to any human or ecological receptors at or near the Site. An additional risk
analysis performed in 2021, which included an analysis of several constituents (i.e., lithium and
molybdenum) that have recently been included in sampling programs but were not included in prior
sampling events, also concluded that there are no unacceptable risks to any human or ecological receptors
at or near the Site (Appendix B). Because there are no current risks to any human or ecological receptors,
and dissolved constituent concentrations are expected to decline post-closure, no post-closure risks are
expected under either closure scenario. Thus, the magnitude of reduction of existing risks is the same
under both 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. The likelihood of future releases was evaluated both during and following
closure activities at the NAP/OEAP and the NEAP under both closure scenarios.

Dike Failure Due to Riverbank Migration

The Middle Fork of the Vermilion River has been migrating towards the ash basin embankments for
decades. This phenomenon presents a threat to the long-term stability of the embankments (Stantec,
2017, 2019). Dike failure could thus conceivably occur prior to or during excavation of the
impoundments. However, risks related to dike failure will be minimized and managed through
monitoring and inspection under both closure scenarios. Under the Agreed Interim Order that DMG
entered into with the Illinois Attorney General in June 2021, DMG is required to inspect the riverbank in
the vicinity of the NAP/OEAP monthly, as well as after any 25-year, 24-hour storm events, in order to
determine whether damage is occurring to the dikes and whether emergency action is required to prevent
dike failure (Illinois, Attorney General, 2021). The SERP submitted by DMG on August 16, 2021, details
the temporary riverbank maintenance measures that will be undertaken, if needed, to ensure that dike
failure does not occur (Geosyntec, 2021h).

Moreover, a reliability assessment was performed by Geosyntec (20211) with the purpose of determining
when temporary riverbank stabilization measures would be implemented, if necessary. The reliability
assessment estimated "the probability of slope failure based on the variability of soil and groundwater
conditions" (Geosyntec, 20211). Geosyntec calculated a reliability index that can be used to identify when
stabilization measures should be undertaken, allowing sufficient time to design, permit, and construct the
stabilization measures. The reliability assessment determined, based on the best information available,
that the average riverbank erosion rate along the OEAP ranges from 0.5 to 0.7 feet/year (Geosyntec,
20211). This rate is significantly slower than prior riverbank erosion rates that have been estimated for the
Site (i.e., 2.3 feet/year; Stantec, 2017, 2019).

Overall, while the risk of needing temporary riverbank maintenance measures is slightly higher under the
CBR-Onsite scenario compared to the CBR-Offsite scenario, because the excavation of CCR from the
impoundments will be delayed by approximately 6 years in order to demolish the power plant and
construct the landfill under the former scenario, the overall risk of failure is low under both scenarios
because of the riverbank monitoring and mitigation measures that are already in place. Post-closure, there
is no risk of CCR releases occurring due to dike failure under either closure scenario.

Storm-Related Releases and Dike Failure During Flood Conditions

Under both the CBR-Offsite scenario and the CBR-Onsite scenario, there is no post-closure risk of CCR
releases occurring due to dike failure or overtopping under flood conditions, because all of the CCR will
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be excavated from the impoundments under both scenarios. However, as with dike failure due to
riverbank encroachment, it is conceivable that flood-related releases could occur prior to or during
excavation of the impoundments. We have therefore evaluated the risk of dike failure occurring during
this interim period.

The risk of dike failure occurring during floods or other storm-related event is exceedingly low under
both closure scenarios. Engineering analyses show that both the NAP/OEAP dikes and the NEAP dikes
are expected to remain stable under static, seismic, and flood conditions (Appendix W of Geosyntec
[2021c,d,f]). The risk of overtopping occurring during flood conditions is also exceedingly low under
both scenarios, because dewatering of the basins can begin immediately following the start of
construction activities; i.e., dewatering will not be delayed by power plant demolition or construction of
the on-Site landfill under the CBR-Onsite scenario. Geosyntec evaluated the risk of flood overtopping
occurring at the NAP/OEAP and the NEAP after dewatering and found that the relevant spillways for
each impoundment can adequately manage flow during peak discharge from even a 1,000-year storm
event, thus preventing overtopping (Appendix V of Geosyntec [2021¢,d,f]).

Dike Failure Due to Seismicity

Sites in Illinois may be subject to seismic risks due to their proximity to the Wabash Valley Seismic Zone
and the New Madrid Seismic Zone (IEMA, 2021). However, the Vermilion property does not lie within a
seismic impact zone and is also believed to have a "low risk level" for seismic risks based on the 2018
USGS National Seismic Hazard Map (Appendix G of Geosyntec [2021¢,d,f]). Additionally, none of the
impoundments at the Site 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;
Appendix F of Geosyntec [2021c,d,f]). Thus the risk of dike failure occurring prior to or during
excavation activities due to seismic activity is low (Appendix W of Geosyntec [2021¢,d,f]). Once all of
the CCR has been excavated from the impoundments, there will be no risk of CCR releases occurring due
to seismic conditions under either the CBR-Offsite or CBR-Onsite scenario.

Risks of Future Releases of CCR at the On-Site Landfill

The effective Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (Effective
FIRM) for the Site demonstrates that the proposed on-Site landfill location, which would be located atop
the bluff on the property, does not lie within the 100-year floodplain (FEMA, 2012). Inundation maps
prepared by DMG (2021) demonstrate further that the on-Site landfill location also does not lie within the
500-year floodplain or the 1,000-year floodplain. Furthermore, there is no risk to the on-Site landfill
associated with future meandering and erosion of the river (Geosyntec, 2021a). The river alignment and
geologic floodplain have been constrained historically by the floodplain bluffs. The on-Site landfill
would be located approximately 100 vertical feet above the river's 1,000-year flood event elevation and
1,400 feet horizontally from the river. Based on the geomorphology of the valley since the river channel
and floodplain bluffs were formed at the end of the Pleistocene Epoch (around 11,000 years ago), there is
no evidence that the river has ever flowed through the location of the proposed landfill or overtopped the
valley wall. The river is not expected to ever move significantly beyond the floodplain bluffs/valley walls
(Geosyntec, 2021a). Thus, there is no practical risk of CCR releases occurring at the On-Site landfill due
to flood conditions or riverbank erosion. Additionally, the seismic risks at the Site are low, as described
above. In summary, the overall risk of CCR escaping the on-Site landfill during flood or seismic
conditions is minimal.
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We did not evaluate flooding risks and seismic risks at the off-Site landfill, because it has previously been
constructed and permitted and is already in operation. We assume that the off-Site landfill will 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 impoundments and the on-Site landfill under each
closure scenario are described in Section 2.1 (Closure Alternatives Descriptions). In summary, under
both closure scenarios, the former impoundments will undergo groundwater and surface water monitoring
following the completion of excavation activities until GWPSs have been achieved. The post-closure
care plan for the on-Site landfill (CBR-Onsite scenario only) additionally includes leachate management;
landfill cap inspection, mowing, and maintenance; and 30 years of groundwater and surface water
monitoring in the vicinity of the landfill.

2.2.4 Short-Term Risks to the Community or the Environment During Implementation of
Closure (IAC Section 845.710(b)(1)(D))

2.24.1 Worker Risks

Best practices will 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 risks to workers 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, materials deliveries, and transportation and offloading
of CCR at the off-Site landfill.

The expected number of on-Site accidents is higher under the CBR-Onsite scenario than under the CBR-
Offsite scenario. Although the time required to excavate the impoundments is shorter by 0.6 years under
the CBR-Onsite scenario, the overall duration of construction activities is longer by 1.8 years under this
scenario due to the need to construct and then close the On-Site landfill (estimated to take 2.4 years).
Moreover, all of the CCR excavated from the impoundments under the CBR-Onsite scenario will be
hauled to the on-Site landfill, resulting in continuous hauling activity on-Site. Due to CCR hauling on-
Site, Geosyntec estimates that the total number of equipment and vehicles travel miles required on-Site is
over two times greater under the CBR-Onsite scenario than under the CBR-Offsite scenario (Geosyntec,
2021e). Based on on-Site labor hour estimates provided to us by Geosyntec for each closure scenario
(Geosyntec, 2021e) and accident rates reported by the US Bureau of Labor Statistics for laborers and
supervisors at construction sites (US DOL, 2020a-c), we estimated numbers of injuries and fatalities that
would occur on-Site under each closure scenario. Under the CBR-Onsite scenario, we estimate that 6.4
injuries and 0.051 fatalities will occur on-Site. Under the CBR-Offsite scenario, we estimate that 2.8
injuries and 0.027 fatalities will occur on-Site. The expected number of on-Site accidents and injuries is
broken down by labor category in Table 2.3.
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Table 2.3 Expected Number of On-Site Worker Accidents Under Each Closure Scenario

CBR-Onsite CBR-Offsite
Labor Category — .. — —
Injuries Fatalities Injuries Fatalities

Laborer 5.5 0.036 2.1 0.014
Site Supervisor/ 0.89 0.015 0.77 0.013
Construction Project Manager/
Construction Observation Tech/Engineer

Total: 6.4 0.051 2.8 0.027

Notes:
CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal; CBR-Onsite = Closure-by-Removal with On-Site CCR Disposal.

Under the CBR-Offsite scenario, truck accidents may occur during the hauling of CCR from the Site to an
off-Site landfill. Given the volume of CCR in the impoundments, off-Site hauling under the CBR-Offsite
scenario is expected to require approximately 5,180,000 vehicle travel miles (Geosyntec, 2021¢). The
United States Department of Transportation (US DOT, 2020) provides an estimate of the expected
number of fatalities and injuries "per vehicle mile driven" for drivers and passengers of large trucks.
Based on US DOT's statistics, an estimated 0.66 injuries and 0.015 fatalities would be expected to occur
among drivers and passengers of haul trucks due to hauling under the CBR-Offsite scenario.

In addition to hauling, both scenarios will also have off-Site impacts due to labor mobilization and
demobilization, equipment and vehicle mobilization and demobilization, and materials delivery. When
considering only CCR excavation, the magnitude of these factors is similar under both closure scenarios.
However, construction and closure of the on-Site landfill requires additional mobilization/demobilization
efforts and materials deliveries. Thus, the impact of these activities on the total off-Site risk to workers is
greater under the CBR-Onsite scenario than under the CBR-Offsite scenario.! 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, we assumed that labor mobilization/demobilization relied upon passenger
vehicles (cars or light trucks, including pickups, vans, and sport utility vehicles) and that hauling,
equipment mobilization/demobilization, and material deliveries relied upon large trucks. Crash statistics
for passenger vehicles and large trucks are reported by US DOT (2020). Summing together impacts
across all forms of off-Site transport, 4.7 injuries and 0.061 fatalities would be expected under the CBR-
Onsite scenario and 3.8 injuries and 0.055 fatalities would be expected under the CBR-Offsite scenario.

Table 2.4 Expected Number of Off-Site Worker Accidents Under Each Closure Scenario

Off-Site Vehicle Use Category . .CBR-On5|te — - _CBR_OffSIte —
Injuries Fatalities Injuries Fatalities

Hauling 0 0 0.66 0.015

Labor Mobilization/Demobilization 4.7 0.059 3.0 0.039
Equipment Mobilization/Demobilization 0.025 0.00056 0.014 0.00032
Materials Delivery 0.046 0.0010 0.037 0.00084

Total: 4.7 0.061 3.8 0.055

Notes:
CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal; CBR-Onsite = Closure-by-Removal with On-Site CCR Disposal.

! The additional impacts of labor and equipment mobilization and materials delivery under the CBR-Onsite scenario (relative to
the CBR-Offsite scenario) may be offset to an unknown degree by additional construction impacts required to expand the off-Site
landfill under the CBR-Offsite scenario, if expansion of the landfill is determined to be necessary at some point in the future.
However, the potential impacts of off-Site landfill expansion were not quantified in our report, because it is not known at this
time whether expansion will be required.
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Overall, taking into account accidents occurring both on- and off-Site, 11 injuries and 0.11 fatalities
would be expected under the CBR-Onsite scenario, and 6.6 injuries and 0.082 fatalities would be
expected under the CBR-Offsite scenario. Thus, overall risks to workers would be higher under the CBR-
Onsite scenario and lower under the CBR-Offsite scenario.

2.24.2 Community Risks

Accidents

Truck accidents that occur off-Site can result in injuries or fatalities to community members as well as
workers. Based on the accident statistics for large trucks reported by US DOT (2020) and the off-Site
haul truck travel mileage required under the CBR-Offsite scenario (i.e., 5,180,000 vehicle travel miles;
Geosyntec, 2021e), haul truck accidents could result in an estimated 1.9 injuries and 0.069 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, efc.) under this scenario. No
fatalities or injuries would be expected to occur among community members under the CBR-Onsite
scenario due to hauling, because no CCR will be hauled off-Site under this scenario.

Because the CBR-Onsite scenario requires additional construction activities relative to the CBR-Offsite
scenario (namely, construction and closure of the on-Site landfill), the CBR-Onsite scenario is associated
with a higher risk of accidents occurring off-Site due to non-hauling activities, including labor and
equipment mobilization/demobilization and materials delivery. However, as shown in Tables 2.1 and 2.2,
when summing together all forms of off-Site transport required (labor and equipment mobilization/
demobilization, materials delivery, and off-Site hauling), the CBR-Onsite scenario requires a total of
8,130,000 off-Site vehicle and equipment travel miles and the CBR-Offsite scenario requires a total of
10,500,000 off-Site vehicle and equipment travel miles. Thus, the additional travel mileage required
under the CBR-Offsite scenario to haul CCR to the off-Site landfill exceeds the additional travel mileage
required under the CBR-Onsite scenario to construct and close the on-Site landfill. The risk of accidents
occurring among community members is higher under the CBR-Offsite scenario than under the CBR-
Onsite scenario. Overall, non-hauling activities could result in an estimated 1.4 injuries and 0.021
fatalities among community members under the CBR-Offsite scenario. Under the CBR-Onsite scenario,
non-hauling activities could result in an estimated 2.1 injuries and 0.031 fatalities among community
members. Summing together impacts across all forms of off-Site transport required, 2.1 community
injuries and 0.031 community fatalities would be expected under the CBR-Onsite scenario, and
3.3 community injuries and 0.090 community fatalities would be expected under the CBR-Offsite
scenario (Table 2.5).

Table 2.5 Expected Number of Community Accidents Under Each Closure Scenario

Off-Site Vehicle Use Category — CBR-Onsite — — CBR-Offsite —
Injuries Fatalities Injuries Fatalities
Hauling 0 0 1.9 0.069
Labor Mobilization/Demobilization 1.9 0.024 1.2 0.016
Equipment Mobilization/Demobilization 0.071 0.0026 0.040 0.0015
Materials Delivery 0.13 0.0048 0.11 0.0039
Total: 2.1 0.031 33 0.090

Notes:
CBR-Onsite = Closure-by-Removal with On-Site CCR Disposal; CBR-Offsite = Closure-by-Removal with Off-Site CCR Disposal.
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Traffic

Haul routes would be expected to use major arterial roads and highways wherever possible, which will
reduce the incidence of traffic. However, the heavy use of local roads for construction operations may
result in traffic near the Site and, in the case of the CBR-Offsite scenario, near the off-Site landfill.

Traffic may increase temporarily around the Site under both closure scenarios due to the daily arrival and
departure of the workforce, equipment mobilization/demobilization, and material deliveries. These
demands will be greater under the CBR-Onsite scenario than under the CBR-Offsite scenario due to the
additional construction activities associated with construction and closure of the on-Site landfill.
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 materials
deliveries). These impacts will therefore likely be less disruptive to community members than the
constant and steady movement of haul trucks to and from the Site under the CBR-Offsite scenario. Under
the CBR-Offsite scenario, Geosyntec (2021¢) estimates that approximately 173,000 truckloads will be
required to transport CCR from the NAP/OEAP and the NEAP to the off-Site landfill over approximately
1,450 hauling days. Assuming a 10-hour work day, a haul truck would therefore need to pass a given
location near the Site once every 2.5 minutes on average for the duration of excavation activities under
the CBR-Offsite scenario. The traffic demands of the CBR-Offsite scenario would therefore be
considerable. This level of traffic could potentially cause traffic delays on local roads and cause damage
to local roadways.

Moreover, Oakwood Junior High School is located at 21600 North 900 East Road in Danville, at the
entrance to the Vermilion Power Plant. As a result of considerable off-Site hauling activities, the CBR-
Offsite scenario would create greater traffic, nuisance, and safety concerns at the school than would
occur under the CBR-Onsite scenario. A haul truck would likely pass the school once every 2.5 minutes
on average, for the duration of the school day, under the CBR-Offsite scenario.

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 "[T]ypical noise levels from construction equipment used for closure are expected to be 85 dBA 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." Because there are no residences or businesses
within 1,500 feet of the Site, we do not anticipate that any residences or business will be adversely
impacted by noise pollution under either closure scenario. However, recreators and wildlife could be
temporarily impacted by construction noise under both scenarios. Major recreational and high-value
natural areas with 1,500 feet of the impoundments include the Middle Fork and the Orchid Hill Natural
Heritage Landmark. The Orchid Hill Natural Heritage Landmark is also located within 1,500 feet of the
proposed location of the on-Site landfill (i.e., the power plant area).

The duration of noise impacts in the immediate vicinity of the impoundments will be slightly greater
under the CBR-Offsite scenario than under the CBR-Onsite scenario, because the expected duration of
excavation activities is longer by 0.6 years under this scenario (due to the need to haul CCR off-Site,
which requires the use of lower-capacity haul trucks). However, across the entire Site, the overall
duration of noise impacts from construction is also 1.8 years longer under the CBR-Onsite scenario than
under the CBR-Offsite scenario, due to the 2.4 years of construction required to construct and then close
the on-Site landfill. Unlike construction activities near the impoundments (which will impact the Orchid
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Hill Natural Heritage Landmark and the Middle Fork), construction activities in the vicinity of the on-Site
landfill will only impact the Orchid Hill Natural Heritage Landmark. The Orchid Hill Natural Heritage
Landmark has more limited foot traffic relative to the Middle Fork. Taking all these factors into account,
we estimate that the noise impacts of construction in the immediate vicinity of the Site will be
approximately the same under both closure scenarios.

Local roads near the Site (and the off-Site landfill, under the CBR-Offsite scenario) 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 2.5 minutes
on average for 10 hours each day for years while excavation is occurring. 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 materials
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
materials deliveries). These impacts will therefore likely be less disruptive to community members than
the constant and steady movement of haul trucks to and from the Site. Off-Site noise impacts on residents
would therefore be expected to be greater under the CBR-Offsite scenario than under the CBR-Onsite
scenario.

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 used to haul material to and from
the Site. Diesel exhaust contains hundreds of air pollutants, including nitrogen oxides (NOxy), 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, 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 expected to be significantly higher under the CBR-Onsite scenario than
under the CBR-Offsite scenario. The CBR-Onsite scenario includes construction and closure of the
landfill, which will add 1.8 years to the overall duration of construction activities at the Site and will also
increase the overall level of construction activity occurring on the Site relative to the CBR-Offsite
scenario. Moreover, under the CBR-Onsite scenario, there will be haul trucks moving CCR around the
Site continuously during excavation of the impoundments. Overall, Geosyntec estimates that the total
number of on-Site equipment and vehicles travel miles required under the CBR-Onsite scenario is over
two times greater than the number of on-Site travel miles required under the CBR-Offsite scenario
(Geosyntec, 2021¢).

Off-Site, hauling CCR to the off-Site landfill under the CBR-Offsite scenario will result in approximately
5,180,000 vehicle travel miles' worth of off-Site diesel vehicle emissions that will not occur under the
CBR-Onsite scenario. Other types of off-Site vehicle emissions, including those resulting from labor and
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equipment mobilization/demobilization and materials deliveries, would be larger under the CBR-Onsite
scenario than under the CBR-Offsite scenario due to the need to construct and close the on-Site landfill.
However, taking all forms of off-Site vehicle transport into account, the CBR-Offsite scenario requires
more off-Site vehicle and equipment travel miles than the CBR-Onsite scenario (10,500,000 off-Site
vehicle and equipment travel miles under the CBR-Offsite scenario versus 8,130,000 off-Site vehicle and
equipment travel miles under the CBR-Onsite scenario). Off-Site, emissions would therefore be expected
to be higher under the CBR-Offsite scenario than the under CBR-Onsite scenario.

Summing across all of the on-Site and off-Site vehicle and equipment demands for each scenario, as
presented in Tables 2.1 and 2.2, the CBR-Onsite scenario requires 8,530,000 total vehicle and equipment
travel miles, and the CBR-Offsite scenario requires 10,700,000 total vehicle and equipment travel miles.
Thus, the total air emissions from construction equipment and vehicles would likely be larger under the
CBR-Offsite scenario than under the CBR-Onsite 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, 2019). Relative to other communities, EJ communities experience an increased risk of
adverse health impacts due to environmental pollution and other factors associated with remediation
activities (US EPA, 2016).

As shown in a map of EJ communities throughout the state (IEPA, 2019), the nearest EJ communities
(near Danville/Tilton) lie approximately 4.8 miles from the Site. It is unlikely that these communities
would be directly impacted by on-Site air emissions, noise pollution, traffic, accidents, or other negative
impacts arising at the Site. However, they may be impacted by off-Site impacts, including CCR hauling,
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 materials
deliveries). Haul truck impacts, in contrast, will rely on a single transport route and will result in
significant traffic impacts on local roads throughout the entire excavation period. Therefore, off-Site
hauling, which will only occur under the CBR-Offsite scenario, would more likely have a significant
impact on EJ communities than other types of off-Site vehicle use. For this reason, the EJ impacts of the
CBR-Onsite scenario would be expected to be relatively small. In contrast, under the CBR-Offsite
scenario, EJ communities located along the haul route to the off-Site landfill or near the off-Site landfill
itself may be negatively impacted throughout the excavation period by the air pollution, noise, traffic, and
accidents generated by CCR-hauling activities. A review of the Illinois map of EJ communities reveals
that the off-Site landfill is located within the buffer zone of the EJ community near Tilton, and that
transport of CCR to the landfill will require hauling CCR through the EJ communities near Tilton and
Danville (Figure 2.1).
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Figure 2.1 Environmental Justice Communities in the Vicinity of the Off-Site Landfill. Adapted from
IEPA (2019).

Scenic and Recreational Value

During construction activities, negative impacts on scenic and recreational value may occur at
recreational areas immediately adjacent to the Site, including the Orchid Hill Natural Heritage Landmark
and the Middle Fork of the Vermilion River. Noise impacts were described above. In addition,
construction activities at the impoundments may be visible to recreators on the Middle Fork, potentially
interfering with enjoyment of the view. Access to the Orchid Hill Natural Heritage Landmark could also
potentially be restricted during the construction period, because this area borders on both the proposed on-
Site landfill location and the NAP/OEAP. Unfortunately, because both closure scenarios require
complete excavation of the CCR, there is no way to avoid these potential impacts under either the CBR-
Onsite or CBR-Offsite scenario. The duration of excavation activities is expected to be approximately 0.6
years longer under the CBR-Offsite scenario than the under CBR-Onsite scenario; however, the CBR-
Onsite scenario may have greater impacts on the Orchid Hill Natural Heritage Landmark than the CBR-
Offsite scenario, because it will require 2.4 years of additional work to construct and then close the on-
Site landfill. Overall, we anticipate that the short-term impacts of both closure scenarios on the scenic
and recreational value of nearby recreational areas will be approximately the same.

Although there is the potential for short-term negative impacts to occur at recreational areas near the Site
under both closure scenarios, there would also be long-term positive impacts that may arise post-closure.
These include:

= Demolition of the power plant, which may improve the view from the Middle Fork of the
Vermilion River (known for its pristine and undeveloped landscapes). Because the CBR-Onsite
scenario includes near-term plans for power plant demolition, this benefit will occur earlier and
with greater certainty for that alternative compared to the CBR-Offsite alternative, for which
these benefits may not be realized for years or even decades following closure; and
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= Increased public access to the Orchid Hill Natural Heritage Landmark, which is located adjacent
to the current power plant location (Various, 1990-2010). Because power plant demolition will
occur earlier and with greater certainty under the CBR-Onsite scenario, this benefit will likely
occur earlier for that scenario compared to the CBR-Offsite scenario.

2.24.3 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 (CO;) and possibly nitrous oxide (N,O). The potential impact of
each closure scenario on GHG emissions is similar 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, the CBR-Onsite scenario requires 8,530,000 total on- and off-Site vehicle and equipment travel
miles, and the CBR-Offsite scenario requires 10,700,000 total on- and off-Site vehicle and equipment
travel miles (Tables 2.1 and 2.2). Thus, GHG emissions from construction equipment and vehicles would
likely be greater under the CBR-Offsite scenario than under the CBR-Onsite scenario.

We did not quantify the carbon footprint of the composite bottom liner system and the composite final
cover system that would be required for the on-Site landfill under the CBR-Onsite scenario. Each of
these liner systems requires approximately 27 acres of geomembrane materials, including a 60-mil HDPE
geomembrane liner for the bottom liner and a 40-mil LLDPE geomembrane liner for the final cover
system (Geosyntec, 2021a). The carbon footprint of these geomembrane materials (i.e., the fossil fuel
emissions required to manufacture them) is an additional source of GHG emissions at the Site under the
CBR-Onsite scenario. If expansion of the off-Site landfill becomes necessary in order to accept all of the
CCR from the impoundments, then the CBR-Offsite scenario may also have an additional, unquantified
carbon footprint due to the manufacture of geomembranes used in the expanded landfill's liner.

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. Overall, the energy
demands of construction equipment and vehicles would likely be larger under the CBR-Offsite scenario
than under the CBR-Onsite scenario. We did not quantify the energy demands of the geomembranes
required for the construction and closure of the on-Site landfill under the CBR-Onsite scenario or,
potentially, the expansion of the off-Site landfill under the CBR-Offsite scenario.

Natural Resources and Habitat

Construction would likely have a negative short-term impact on the natural resources and habitat in the
vicinity of the impoundments and the proposed on-Site landfill location. For example, excavation of the
impoundments will result in the destruction of some habitat that may currently overlie impoundments
under both closure scenarios. Dewatering, excavation, and Site restoration will also result in long-term
shifts in the habitat overlying the impoundment (e.g., areas of the impoundment that are not currently
grassland will be converted to grassland).
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Construction of the on-Site landfill under the CBR-Onsite scenario is not expected to result in significant
habitat loss, because the landfill will be constructed over the site of the retired power plant rather than
over existing high-quality habitat. Thus, the magnitude of direct impacts on habitat is expected to be
approximately the same under both the CBR-Onsite and CBR-Offsite scenarios. However, the duration
of time over which these direct habitat impacts occur will be slightly longer under the CBR-Offsite
scenario than under the CBR-Onsite scenario, because excavation of the impoundments is expected to
take 0.6 years longer under the CBR-Offsite scenario.

In addition to direct impacts to the existing habitat atop the impoundments, construction activities may
have indirect impacts by causing alarm and escape behavior in wildlife found near the impoundments. In
the vicinity of the impoundments, these indirect impacts will be slightly worse under the CBR-Offsite
scenario than under the CBR-Onsite scenario, because the duration of CCR excavation activities is longer
by 0.6 years under the former scenario. However, indirect impacts in the vicinity of the on-Site landfill
location will be worse under the CBR-Onsite scenario, due to the construction and closure of the on-Site
landfill. Indirect impacts on habitat would likely be somewhat worse overall under the CBR-Onsite
scenario, because the overall duration of construction activities is 1.8 years longer than under the CBR-
Offsite scenario.

The likelihood of negative impacts occurring to sensitive aquatic organisms is small under both closure
scenarios. There is potential, however, for limited negative short-term impacts to aquatic species in the
Middle Fork of the Vermilion River due to, e.g., sediment runoff during construction. Although erosion
prevention and sediment control measures will be undertaken under both of the closure scenarios, some
small impacts could still conceivably occur. Eight state threatened or endangered aquatic species may be
found in the Middle Fork of the Vermilion River near the Site, including the bluebreast darter, clubshell,
little spectaclecase, northern riffleshell, purple wartyback, salamander mussel, silvery salamander, and the
wavy-rayed lampmussel (Hanson Professional Services Inc., 2019, Appendix A). All but two of these
species (the bluebreast darter and the silvery salamander) are freshwater mussels. Around 2010, IDNR
performed a mussel survey on behalf of the National Park Service in the vicinity of the NEAP (extending
approximately 200 feet upstream and 700 feet downstream) and found that the aquatic habitat in this area
was not suitable for mussels due to an abundance of scoured bedrock. Only a single live mussel was
found during this survey, on the opposite bank of the Middle Fork of the Vermilion River (NPS, 2010).
In 2018, Stantec performed a mussel survey over a longer reach near the embankments in support of
potential riverbank stabilization efforts. It similarly found that "the mussel densities within the project
area were described as low and suitable habitat as sparse”" (US FWS, 2019). The likelihood of negative
impacts occurring to sensitive aquatic organisms is small under both closure scenarios. The duration of
time over which these impacts may occur is slightly longer under the CBR-Offsite scenario than under the
CBR-Onsite scenario, because excavation of the impoundments is expected to take 0.6 years longer under
the former scenario.

In summary, there is some potential for short-term negative impacts to occur to terrestrial and aquatic
species during construction activities under both scenarios. However, long-term positive impacts would
likely also occur post-closure due to the demolition of the power plant, which will result in the
establishment of new habitat atop the footprint of the plant and (in the case of the CBR-Onsite scenario)
the new on-Site landfill. The long-term benefits of power plant demolition will be realized more rapidly,
and potentially with greater certainty, under the CBR-Onsite scenario than under the CBR-Offsite
scenario, because the CBR-Onsite scenario includes near-term plans for plant demolition. Under the
CBR-Offsite scenario, demolition of the power plant may not occur for decades.
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2.25 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 will 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). Additionally, at sites where groundwater corrective action will be implemented, it is
inappropriate to evaluate the time to achieve GWPSs based on closure alone, because both closure and
corrective actions will affect future groundwater concentrations. See Section 4.1.6 of the CAAA for an
evaluation of the times to achieve GWPSs at the Site based both on source control and the corrective
action alternatives.

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 closure of the
impoundments. Section 2.2.2 evaluates the potential for CCR releases to occur due to dike failure or
overtopping during flood conditions. In summary, there is no current or future risk to any human or
ecological receptors due to CCR-associated constituents leaching into groundwater at this Site.
Additionally, there is no current or future risk of overtopping occurring at the embankments due to flood
conditions at the Site. Dike failure due to seismic activity and flood conditions is also exceedingly
unlikely. Due to the steady migration of the Middle Fork of the Vermilion River towards the
embankments over time, dike failure could conceivably occur at the Site prior to the complete excavation
of the basins, if no riverbank stabilization infrastructure is put in place. However, because the erosion of
the riverbank is being closely monitored and an emergency response plan has recently been developed
(Geosyntec, 2021h), we judge that there is little practical risk of dike failure occurring due to riverbank
migration.

Section 2.2.4 provides an evaluation of several additional potential risks to human health and the
environment during closure activities, including risks of accidents occurring to workers; risks to nearby
residents and EJ communities related to accidents, traffic, noise, and air quality; and risks of natural
resource impacts and habitat impacts occurring in the vicinity of construction areas at the Site. The
findings from this section of the text are summarized in Table S.1.

2.2.7 Long-Term Reliability of the Engineering and Institutional Controls (IAC
Section 845.710(b)(1)(G))

After all of the CCR has been removed from the impoundments, there will be no long-term risk of
engineering or institutional failures leading to releases of CCR from the impoundments or the leaching of
CCR-associated constituents from the impoundments (see Sections 2.2.1 and 2.2.2 above). Reliable
engineering and institutional controls (e.g., a bottom liner, a leachate management system, and
groundwater monitoring) will also be implemented at the on- and off-Site landfills. The CBR-Onsite and
CBR-Offsite scenarios would therefore both be reliable with respect to long-term engineering and
institutional controls.
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2.2.8 Potential Need for Future Corrective Action Associated with the Closure (IAC
Section 845.710(b)(1)(H))

Sections 3 and 4 of this report present and evaluate the corrective measures being considered at the Site.
Because both closure scenarios involve complete excavation of CCR from the impoundments, we
anticipate that there will be no difference in the potential need for future corrective actions under either
closure scenario.

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))

All CCR will be excavated from all the impoundments under both closure scenarios. Both closure
scenarios would be expected to be fully effective in controlling future releases. Because both scenarios
entail CBR, there is no expected difference between scenarios in terms of the extent to which containment
practices will reduce further releases.

2.3.2 Extent to Which Treatment Technologies May Be Used (IAC Section 845.710(b)(2)(B))

All of the CCR in the impoundments will be excavated under both closure scenarios. Both closure
scenarios would therefore be expected to require treatment technologies to the same extent. Sections 3
and 4 evaluate the various corrective measures being considered at the Site, including treatment
technologies.

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

Excavation and landfilling are both highly reliable and well-standardized methods for managing waste
that rely on common construction activities. Dewatering and excavating saturated CCR can present
challenges during closure; however, those challenges will be the same for both closure scenarios. In
general, complete excavation of the impoundments will present the same level of difficulty for both
closure scenarios. However, the expected ease of implementation may vary between the two closure
scenarios due to other factors, including the demands of on-Site landfill construction and the relative
impacts of off-Site versus on-Site hauling and disposal of CCR.

Constructing a new on-Site landfill will require planning, design, and construction. While these elements
are unique to the CBR-Onsite scenario, the tasks and processes associated with the addition of a new on-
Site landfill are straightforward and standard. We anticipate that these elements of the CBR-Onsite
scenario can be completed in coordination with the necessary permitting for closure of the existing CCR
surface impoundments.
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Hauling will be easier to implement under the CBR-Onsite scenario than under the CBR-Offsite scenario,
due to the shorter haul distance required for on-Site disposal of the CCR from the impoundments than for
off-Site disposal and the lack of need to haul the CCR over public roads. When using public roads, there
are limits placed on the capacity of haul trucks traveling on those roads. The need to utilize only on-Site
private roads will allow for the use of higher-volume haul trucks, thereby reducing the number of trucks
and trips required for CCR excavation and transport. Additionally, the off-road haul trucks that will be
used under the CBR-Onsite scenario can work in inclement weather, whereas the interstate vehicles that
will be used under the CBR-Offsite scenario will require cleaning and preparation prior to leaving the Site
in poor weather conditions. Finally, because the CBR-Offsite scenario involves hauling ash off-Site (i.e.,
intrastate travel), a higher level of dewatering will be required compared to the CBR-Onsite scenario. As
described in Section 2.2.4.2 (Community Risks), off-Site hauling may additionally have detrimental
impacts due to an increased incidence of trucking accidents, truck traffic, noise, and air pollution.
Extensive traffic due to hauling activity may also cause damage to public roadways.

In addition to off-Site hauling, off-Site landfilling under the CBR-Offsite scenario may pose particular
challenges. A disposal plan will need to be developed between DMG and the owner/operator of the third-
party landfill in order to outline acceptable waste conditions upon delivery, 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 CCR excavated from the impoundments.

2.4.2 Expected Operational Reliability of the Closure Alternative

After all of the CCR has been removed from the impoundments, there will be no long-term risk of
operational failures leading to releases of CCR from the impoundments or the leaching of CCR-associated
constituents from the impoundments. Reliable operational controls (e.g., a bottom liner, a leachate
management system, and groundwater monitoring) will also be implemented at the on- and off-Site
landfills. Thus, the operational reliability of both closure scenarios is expected to be high.

2.4.3 Need to Coordinate with and Obtain Necessary Approvals and Permits from Other
Agencies

Permits and approvals will be needed under both closure scenarios. All permits would be expected to be
approved. Components of the closure scenarios that may require a permit include the disposal of water
from unwatering and dewatering of the impoundments, which will be managed under the existing NPDES
permit. Additional permits addressed in this report include those associated with the on- and off-Site
landfills.

As required by the Agreed Interim Order (Illinois, Attorney General, 2021), construction of the on-Site
landfill under the CBR-Onsite scenario will require a permit. In addition, the new on-Site landfill will
require a Stormwater Pollution Prevention Plan (SWPPP). Non-contact stormwater will be discharged
under the existing NPDES permit.

Under the CBR-Offsite scenario, it may be necessary to construct additional, pre-approved cells at the
off-Site landfill in order to accommodate the mass of CCR to be received. 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.
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Per the Agreed Interim Order (Illinois, Attorney General, 2021), both closure scenarios will require the
following permit applications:

=  NPDES Permit Modification for closure construction, to be submitted to IEPA;
= Land Disturbance Permit, to be submitted to State Historic Preservation Office (SHPO); and
= 309 Wastewater Treatment Permit, to be submitted to IEPA.

The permit documents will also be submitted to the Middle Fork River Corridor Advisory Committee for
review.

2.4.4 Availability of Necessary Equipment and Specialists

Excavation, hauling, and landfilling are reliable and standardized 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 the availability of construction equipment under
both 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 during the COVID-19 pandemic. The current shortage of truck drivers may be
particularly impactful under the CBR-Offsite scenario, due to the longer hauling distance required, the
smaller haul truck capacity, and the need to haul over public roads under this scenario. If sufficient trucks
and truck drivers are not available, the construction schedule may lengthen based on hauling-related
delays.

2.4.5 Available Capacity and Location of Needed Treatment, Storage, and Disposal Services

The new on-Site landfill would be designed and constructed to be able to receive all CCR wastes that will
be generated on-Site. Treatment would consist of the removal of water from wet CCR prior to loading
the CCR into haul trucks. Water from unwatering and dewatering of the impoundments would be
discharged via the existing NPDES permit.

The volume of CCR that will be excavated from the NAP/OEAP and NEAP and require disposal is
estimated to be 2.6 million cubic yards (MCY). According to the IEPA "Landfill Disposal Capacity
Report" for 2020 (IEPA, 2021Db), the closest nearby third-party landfill with the ability to receive and
dispose of CCR from the Site is the Republic Services Brickyard Disposal Landfill in Danville, Illinois.
This facility has 5.9 MCY of remaining capacity in its current permitted footprint. It receives 0.3 MCY
of waste annually, and is located 16 miles from the Site. Thus, the Republic Services Brickyard Disposal
and Recycling Inc. landfill has sufficient capacity to receive CCR from the NAP/OEAP and NEAP.

Due to the relatively short period over which CCR would be received at the landfill, vertical and/or lateral
expansions may become necessary. Additionally, the landfill operators may need to develop a disposal
plan to account for the increased volume of material that will be received and the unique CCR waste
characteristics. Elements of this disposal plan might include increasing daily operational capacity and
procedures, expediting planned airspace construction, and potentially expediting landfill expansion.
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If expansion of the Brickyard Disposal Landfill is impractical or infeasible, then an alternative landfill
located farther from the Site would need to be identified. A likely alternative to the Brickyard Disposal
Landfill is the Republic Services Illinois Landfill in Hoopeston, Illinois. It has 12.3 MCY of remaining
capacity in its current permitted footprint, receives 0.06 MCY of waste annually, and is located 29 miles
from the Site (IEPA, 2021b).

2.5 Impact of Closure Alternative on Waters of the State (IAC
Section 845.710(d)(4))

As demonstrated in the February 2020 Human Health and Ecological Risk Assessment (Appendix A),
modeled surface water concentrations in the Middle Fork of the Vermilion River are all below relevant
human health and ecological screening benchmarks. Due to the complete removal of the source material
from the NAP/OEAP and NEAP under both closure scenarios, surface water concentrations of CCR-
associated constituents are expected to decline over time. Modeling was performed to evaluate future
groundwater quality in the vicinity of the NAP/OEAP resulting from source control (Ramboll, 2021a).
The modeling concluded that mass flux to the Middle Fork of the Vermilion River from the MGU will be
reduced by approximately 50% 10 years after closure is completed and by approximately 80% 35 years
after closure is completed (Ramboll, 2021a). Mass flux declines will occur more slowly in the LGU,
which has lower concentrations, due to its lower-permeability deposits (Ramboll, 2021a). Thus, no future
exceedances of any human health or ecological screening benchmarks are anticipated under either closure
scenario.

Additionally, the lined landfills that receive the CCR excavated from the impoundments under both
closure scenarios will be managed to ensure that no surface water impacts occur in the vicinity of the
landfills. In summary, no impacts on any waters of the state are expected.

2.6 Concerns of Residents Associated with Closure Alternatives (IAC
Section 845.710(b)(4))

Several nonprofits representing community interests near the Site have campaigned for complete
excavation of the CCR impoundments at the Site, including the Eco-Justice Collaborative, Earthjustice,
American Rivers, and the Prairie Rivers Network (American Rivers, 2018; Earthjustice, 2021; Eco-
Justice Collaborative, 2021; Barkley, 2012). Major concerns cited by these groups include potential
impacts to groundwater and surface water quality and the potential threat to dike stability posed by
riverbank migration. Because the CBR-Offsite and CBR-Onsite scenarios both involve complete
excavation of the impoundments, these scenarios should address all of the major concerns raised by these
groups.

Under the CBR-Offsite scenario, excavation can begin immediately. Under the CBR-Onsite scenario,
dewatering can begin immediately, reducing risks of dike failure and the leaching of CCR-associated
constituents from the impoundment; CCR excavation will then begin once the plant is demolished and the
on-Site landfill is constructed. Because the CBR-Onsite scenario does not require off-Site hauling of
CCR, it presents less risks to nearby residents and EJ communities in the form of accidents, traffic, noise,
and air pollution. Additionally, this scenario will more rapidly address stakeholder concerns about having
an inactive power plant located along Illinois's only National Scenic River.
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2.7 Class 4 Cost Estimate (IAC Section 845.710(d)(1))

A Class 4 cost estimate will be prepared in the final closure plan consistent with 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 summarizes the expected impacts of the CBR-Onsite 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, CBR-Onsite has been identified as the most
appropriate closure scenario for the NAP/OEAP and the NEAP. Key benefits of the CBR-Onsite scenario
relative to the CBR-Offsite scenario include near-term plans for the demolition of the power plant, which
will have scenic benefits along Illinois's only National Scenic River, and reduced impacts to community
members and the environment due to construction activities (e.g., fewer constructed-related community
accidents, lower energy demands, less air pollution and GHG emissions, less traffic, and lower impacts to
EJ communities). This conclusion is subject to change following completion of an upcoming public
meeting, which will be held in December 2021 pursuant to requirements under IAC Section 845.710(e)
and the Agreed Interim Order (IEPA, 2021a; Illinois, Attorney General, 2021). Following the public
meeting, a final closure decision will be made based on the considerations identified in this report, the
results of additional data that are collected, and any additional considerations that arise during the public
meeting. The final closure recommendation will be provided in a Final Closure Plan, which will be
submitted to IEPA as described under IAC Section 845.720(b) (IEPA, 2021a).
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3 Corrective Measures Assessment

This section of the report presents a CMA pursuant to requirements under IAC Section 845.660 (IEPA,
2021a). The goal of a CMA is to provide a high-level screening of potential corrective measures based on
expected remedy performance, reliability, ease of implementation, and other factors (IEPA, 2021a). A
detailed analysis of potentially viable corrective actions, as identified in the CMA, is provided in the
CAAA (Section 4).

It is important to note that many CCR sites are complex groundwater environments where remedial
actions will inherently take many years to complete. While no formal definition of a complex
groundwater environment exists, most would agree that there a number of common characteristics at
complex groundwater sites, including the following (National Research Council, 2013):

» Highly heterogeneous subsurface environments;
» Large source zones;
*  Multiple, recalcitrant constituents; and

* Long time frames over which releases occurred.

Each of these characteristics are common at CCR sites. Surface impoundments are often tens to hundreds
of acres in size and many have operated for decades, leading to large source zones and prolonged
releases. Furthermore, CCR impoundments are often located in alluvial geologic settings where sands are
interbedded with silts and clays. This results in a heterogeneous environment where constituent mass
may persist for many years in low-permeability deposits. Finally, the constituents that are most common
at CCR sites include metals and inorganics that do not naturally biodegrade. The combination of these
factors results in a complex groundwater environment where remediation, even under the best of
circumstances, may take many years to achieve GWPSs. It is for these reasons that US EPA refused to
specify what is a reasonable versus an unreasonable timeframe for groundwater corrective actions at CCR
sites, stating that "EPA was truly unable to establish an outer limit on the necessary timeframes—
including even a presumptive outer bound" (US EPA, 2015a, p. 21419).

It is also important to note that source control, which at a CCR impoundment could include either capping
or excavation, is generally considered to be one of the more effective remedial action approaches. Source
control involves removing the hydraulic head from an impoundment (i.e., unwatering and dewatering)
and preventing further downward migration of constituents. US EPA has found that "releases from
surface impoundments [to groundwater] drop dramatically after closure" (US EPA, 2014, pp. 5-18 to 5-
19). As a result, the implementation of source control often has a more substantial and more immediate
effect on groundwater quality improvements than other groundwater corrective measures. In this CMA
(Section 3) and CAAA (Section 4), every scenario evaluated pairs source control with other additional
groundwater remediation strategies.
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3.1 Corrective Measure Alternative Descriptions

Five potential corrective measures were selected for evaluation in the CMA for this Site. Each corrective
measure includes source removal based on the CBR-Onsite scenario (i.e., Closure-by-Removal with CCR
disposal at an on-Site landfill), as evaluated and tentatively selected in the CAA. Corrective measures
considered in the CMA include Source Control with Monitored Natural Attenuation (Source Control-
MNA), Source Control with Groundwater Extraction (Source Control-GE), Source Control with
Monitored Natural Attenuation and Groundwater Extraction (Source Control-MNA/GE), Source Control
with Construction of a Cutoff Wall (Source Control-CW), and Source Control with Construction of a
Permeable Reactive Barrier (Source Control-PRB). Each of these corrective measures was evaluated in
the CMA for its potential viability at the Site. Under the Source Control-MNA alternative, groundwater
concentrations of dissolved constituents will attenuate via naturally occurring physical and chemical
processes in areas downgradient of OEAP/NAP; active monitoring will be performed to verify and
document the remediation processes. Under the Source Control-GE alternative, the groundwater
collection trench will continue operating post-closure in the OEAP area, and an additional GE system will
be installed in the NAP area in order to extract potentially impacted groundwater from the aquifer,
helping to contain the contaminant plume and prevent the lateral migration of constituents off-Site.
Under the Source Control-MNA/GE alternative, the groundwater collection trench will continue operating
post-closure in the OEAP area, and groundwater concentrations of dissolved constituents will attenuate
via natural physical and chemical processes in areas downgradient of the NAP. Under the Source
Control-CW alternative, a trench will be dug along the downgradient perimeter of the OEAP and NAP
and filled with a soil-bentonite mixture, creating a low-permeability subsurface barrier to the lateral
migration of constituents off-Site. Under the Source Control-PRB alternative, a subsurface barrier of
reactive materials (e.g., zerovalent iron) will be placed in the path of groundwater flow downgradient of
the NAP/OEAP in order to promote the in situ transformation and/or immobilization of CCR-associated
constituents.

The performance of each of these corrective measures is influenced by the closure activities described
above in Section 2, including excavation of the CCR from the impoundments (Closure-by-Removal with
on-Site landfill CCR disposal, or CBR-Onsite) and construction of a groundwater collection trench, as
required by the Agreed Interim Order (Illinois, Attorney General, 2021). The groundwater collection
trench will be located downstream of the OEAP and will intercept seepage from the impoundment prior to
and during the excavation of CCR from the impoundment. Groundwater and seep water collected in the
trench will be sent to the NAP Secondary Pond and discharged via the NPDES-permitted outfall. For all
corrective measures considered in this CMA, the groundwater collection trench will operate at least until
closure has been completed. Because the impacts of the closure activities, including the construction of
the groundwater collection trench, on human health and the environment, engineering reliability, and
other factors were already evaluated in the CAA (Section 2), they were not re-evaluated in this section.
Additionally, because complete excavation of the CCR and installation of the groundwater collection
trench will occur under all the corrective measure alternatives, the impacts of source control and the
trench will be the same under all the alternatives. We have therefore omitted discussion of the impacts of
the closure-related activities from this section of the report.

This report evaluates the potential performance, reliability, and impacts of the various corrective
measures, but does not make any judgements regarding the need for these corrective measures. It should
be noted, however, that the primary pond of the NEAP was constructed atop bedrock using earthen berms
that contain a low-permeability clay core keyed into the underlying shale. Constituent migration from
this impoundment is therefore expected to be very limited, and there are no exceedances of the relevant
GWPSs that have been attributed to the NEAP. Thus, corrective measures other than source control may
not be necessary for the NEAP.
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3.1.1 Source Control with Monitored Natural Attenuation

The United States Environmental Protection Agency (US EPA, 1999) defines MNA as "[t]he reliance on
natural attenuation processes (within the context of a carefully controlled and monitored site cleanup
approach) to achieve site-specific remediation objectives within a time frame that is reasonable compared
to that offered by other more active methods." MNA relies on naturally occurring physical and chemical
processes to immobilize potentially problematic constituents in groundwater and attenuate dissolved
concentrations of those constituents. Chemical processes that naturally promote the attenuation of
dissolved inorganic constituent concentrations in groundwater include sorption, precipitation, and redox
reactions. Physical processes that promote attenuation include dispersion and dilution (US EPA, 2015b).
US EPA has determined that MNA can be a viable alternative at sites impacted by inorganic constituents
such as metals and metalloids, especially when implemented alongside source control measures (US EPA,
1999, 2015b). A site-specific analysis prepared by Geosyntec for the Vermilion Site (Geosyntec, 2021b)
demonstrates that MNA is a promising alternative for this Site. The following factors make the
Vermilion Site well-suited to the use of MNA (Geosyntec, 2021b; US EPA, 2015b):

= MNA will be implemented in conjunction with a source control measure,

* No receptors at or near the Site are currently being exposed to a contaminant,
= The contaminant plume is not expanding,

» Contaminant immobilization is happening naturally in the subsurface, and

=  GWPSs can be achieved within a reasonable timeframe.

Because MNA relies on natural processes, implementation of the Source Control with Monitored Natural
Attenuation (Source Control-MNA) alternative does not require the installation, operation, or
maintenance of any engineered systems or structures other than maintenance of the monitoring well
network. Long-term management associated with groundwater monitoring will be undertaken to ensure
that attenuation is occurring as planned. Groundwater monitoring will continue until GWPSs are
achieved. Following the completion of source control measures, the Source Control-MNA remedy will
require 1-2 years to design, construct, and implement, which includes any additional investigations
required to characterize Site conditions and additional work related to the design and installation of the
groundwater monitoring system.

3.1.2 Source Control with Groundwater Extraction

Under the Source Control with Groundwater Extraction (Source Control-GE) alternative, the groundwater
collection trench will continue to operate post-closure downgradient of the OEAP, and an additional GE
system will be installed downgradient of the NAP to extract potentially impacted groundwater from the
aquifer. The GE system at the NAP will either be comprised of groundwater pumping wells or a
groundwater collection trench. Extraction will help contain the contaminant plume and prevent the lateral
migration of constituents off-Site. If groundwater monitoring reveals a need for treatment of extracted
groundwater prior to discharge, then a treatment system will be designed and implemented at the Site.
Water treatment, if needed, will include a settling pond and possibly pH adjustment. Under this scenario,
groundwater captured by the GE system will be discharged to the Middle Fork of the Vermilion River via
one of the facility's NPDES-permitted outfalls.
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GE using wells may be difficult to implement, because the alluvial deposits at the NAP vary in
composition laterally and vertically. Additional testing would be required to estimate the number,
spacing, screened intervals, and extraction rates for capture of impacted groundwater. Additionally, due
to a limited construction area between the river and the NAP perimeter berm, the installation of a
groundwater collection trench through both the MGU and the LGU near the NAP is likely to be an
infeasible alternative to GE using wells.

In total, following the completion of source control measures, the Source Control-GE remedy will require
2-3 years to design and construct. Long-term management of the GE system will include periodic
inspections and routine maintenance, including the replacement of worn or damaged parts. Monitoring
will also be undertaken to ensure that the GE system is working as intended and will continue until
GWPSs are achieved.

3.1.3 Source Control with Monitored Natural Attenuation and Groundwater Extraction

The Source Control with Monitored Natural Attenuation and Groundwater Extraction (Source Control-
MNA/GE) alternative is a combination of the MNA and GE corrective measures. Specifically, the
groundwater collection trench will continue operating post-closure in the OEAP area and groundwater
concentrations of dissolved constituents will attenuate via natural physical and chemical processes (i.e.,
MNA) in areas downgradient of the NAP. Groundwater and seep water collected by the groundwater
collection trench will be routed to the NAP Secondary Pond and discharged to the Middle Fork of the
Vermilion River via one of the facility's NPDES-permitted outfalls. If monitoring reveals a need for
treatment of collected groundwater and seep water prior to discharge, then a treatment system will be
designed and implemented at the Site. Water treatment, if needed, will include a settling pond and
possibly pH adjustment.

Because MNA relies on natural attenuation processes and the groundwater collection trench will already
have been installed as required by the Agreed Interim Order (Illinois, Attorney General, 2021), this
alternative does not require the installation, operation, or maintenance of any additional engineered
systems or structures, unless a treatment system is found to be required for the treatment of collected
groundwater. The only long-term management activity required under this alternative is groundwater
monitoring and maintenance of the groundwater collection trench (and, if needed, maintenance of the
treatment system). Groundwater monitoring will continue until GWPSs are achieved. Following the
completion of source control measures, the Source Control-MNA/GE remedy will require 1-2 years to
design, construct, and implement, which includes any additional investigations required to characterize
Site conditions and additional work related to the design and installation of the groundwater monitoring
system.

3.1.4 Source Control with Construction of a Cutoff Wall

Under the Source Control with Construction of a Cutoff Wall (Source Control-CW) alternative, a trench
will be dug along the downgradient perimeter of the former impoundments and filled with a soil-bentonite
mixture. This process will create a low-permeability subsurface barrier to the lateral migration of
constituents off-Site. The slurry wall will extend all the way down to the underlying bedrock, creating a
barrier to constituent transport both immediately beneath the impoundment and at depth.

In the absence of additional hydraulic controls, CWs can unintentionally function as subsurface dams,
routing groundwater around the wall rather than preventing its lateral migration. In order to ensure that
this does not occur, a series of hydraulic control wells will be installed in the vicinity of the CW. These
wells will serve as a "hydraulic gradient control system," ensuring that groundwater flows inward through
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the wall, rather than flowing outward (thus containing any potentially impacted groundwater behind the
wall). If groundwater monitoring reveals a need for treatment of extracted groundwater prior to
discharge, then a treatment system will be designed and implemented at the Site. Water treatment, if
needed, will include a settling pond and possibly pH adjustment.

Site investigations and engineering analyses must be conducted prior to designing a CW system. In total,
following the completion of source control measures, the Source Control-CW remedy will require
2-3 years to design, construct, and implement. Long-term management under the Source Control-CW
alternative will include periodic inspections and routine maintenance of the CW and the hydraulic
gradient control system. Monitoring will also be undertaken to ensure that the corrective measure is
working as intended and will continue until GWPSs are achieved.

3.1.5 Source Control with Construction of a Permeable Reactive Barrier

Under the Source Control with Construction of a Permeable Reactive Barrier (Source Control-PRB)
alternative, a subsurface barrier of reactive materials will be placed in the path of groundwater flow in
order to promote the in situ transformation and/or immobilization of CCR-associated constituents. A
permeable barrier is used so that the barrier does not hinder groundwater flow. At the Vermilion Site, the
PRB would extend all the way down to the underlying bedrock.

One potential reactive material that can effectively immobilize many CCR-associated constituents is
zerovalent iron. Zerovalent iron is effective at immobilizing arsenic, chromium, cobalt, molybdenum,
selenium, and sulfate. However, zerovalent iron has not been proven effective for boron, antimony, or
lithium (EPRI, 2006).

Site investigations and engineering analyses must be conducted prior to designing a PRB. In total,
following the completion of source control measures, the Source Control-PRB remedy will require 2-
3 years to design, construct, and implement. Long-term management under the Source Control-PRB
alternative will include periodic maintenance and possibly replacement of the reactive media in order to
extend the life of the PRB. Monitoring will also be undertaken to ensure that the corrective measure is
working as intended and will continue until GWPSs are achieved.

3.2 Performance, Reliability, Ease of Implementation, and Potential Impacts
of the Corrective Measure Alternative (IAC Section 845.660(c)(1))

3.2.1 Performance of the Corrective Measure Alternative — Controlling the Source (IAC
Section 845.660(c)(1))

"Primary source control" means the prevention of CCR-associated constituents leaching from the
impoundments into underlying groundwater. Because source control will be undertaken at the Site prior
to the implementation of any corrective measures, all corrective measure alternatives will eliminate the
potential for CCR within the impoundments to impact groundwater. All of the corrective measure
alternatives would be equally and fully protective with regard to primary source control. However,
impacted soils underlying the impoundments can potentially act as a secondary source of CCR-associated
impacts to groundwater even after the primary source (CCR) has been excavated and hauled to a landfill
for disposal.
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The effectiveness of the various corrective measure alternatives with respect to secondary source control
are summarized as follows:

3.2.2

Under the Source Control-MNA alternative, the attenuation of dissolved constituent
concentrations remaining after source control would be achieved through natural processes. An
analysis by Geosyntec (2021b) demonstrates that MNA would likely perform well at this Site,
both within the secondary source area and downgradient.

Under the Source Control-GE alternative, GE would be used to capture dissolved constituent
concentrations emanating from secondary source areas and prevent lateral migration off-Site. GE
is a widely used corrective measure. However, its performance can vary from site to site.
Although good performance would generally be expected for this alternative, additional Site
investigations and engineering analyses may be required to design the GE system.

Under the Source Control-MNA/GE alternative, source control would be achieved by GE at the
groundwater collection trench near the OEAP and via the natural attenuation of dissolved
constituent concentrations near the NAP. An analysis by Geosyntec (2021b) demonstrates that
MNA would likely perform well at this Site, both within the secondary source area and
downgradient. Additionally, GE is a widely used corrective measure. While its performance can
vary from site to site, good performance would generally be expected.

Under the Source Control-CW alternative, a low-permeability subsurface barrier would prevent
the lateral migration of constituents off-Site. This barrier, which would extend all the way down
to the bedrock, is expected to be highly effective at preventing lateral constituent migration.
Although the CW would not be designed to promote the attenuation of dissolved constituent
concentrations within the secondary source area (i.e., under the former impoundment and
upgradient of the CW), some attenuation would nonetheless occur in this area due to natural
processes. Additional Site investigations and engineering analyses may be required to design the
CW and associated hydraulic control system.

Under the Source Control-PRB alternative, a PRB would be placed into the path of groundwater
flow in order to promote the transformation and immobilization of constituents. The ability of
this barrier to prevent the lateral migration of constituents would depend on Site-specific factors,
such as Site hydrogeology and geochemical conditions. Moreover, the effectiveness of the
barrier would vary by constituent. PRBs generally have limited success at treating lithium and
boron in groundwater, for example, which may limit the effectiveness of PRB at the Vermilion
Site (because both of these are CCR-related constituents). Although the PRB would not be
designed to promote the attenuation of dissolved constituent concentrations within the secondary
source area (i.e., under the former impoundment and upgradient of the PRB), some attenuation
would nonetheless occur in this area due to natural processes. Additional Site investigations and
engineering analyses may be required to design the PRB.

Performance of the Corrective Measure Alternative — Likelihood of Future Releases of
CCR (IAC Section 845.660(c)(1))

All corrective measure alternatives include source control. There would be no risk of accidental CCR
releases occurring post-closure under any of the corrective measure alternatives.
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3.2.3 Performance of the Corrective Measure Alternative — Long-Term Management (IAC
Section 845.660(c)(1))

The type and degree of long-term management under each corrective measure alternative are summarized
as follows:

= The Source Control-MNA alternative would not require the installation, operation, or
maintenance of any engineered systems or structures, other than maintenance of the monitoring
well network. Long-term management associated with groundwater sampling would continue
until GWPSs have been achieved or until it was determined that the measure is not meeting the
requirements of IAC Section 845.670(d).

* The Source Control-GE alternative would require the management and discharge of extracted
groundwater. Treatment may also be required prior to discharge. Water treatment, if necessary,
would be expected to potentially include a settling pond and pH adjustment. Operations and
maintenance (O&M) under this scenario would include routine groundwater sampling and
hydraulic gradient monitoring to ensure that the GE system is working as intended, which would
continue until GWPSs have been achieved or until it was determined that the measure is not
meeting the requirements of IAC Section 845.670(d). If extraction wells were installed at the
NAP, high iron concentrations in the formation could cause fouling of the well screens, which
would require frequent maintenance. Additionally, iron fouling could create a need for the
replacement of extraction wells over time. If a groundwater collection trench were instead
installed at the NAP, a hydraulic connection may be created between the MGU and LGU, which
may delay groundwater remediation times. The GE and (if necessary) treatment systems would
also need to be regularly inspected and maintained to prevent fouling and scaling issues from
impacting the effectiveness of the remedy. Any sediments generated by the treatment system, if
one is required, would periodically have to be removed and brought to a solid waste landfill for
disposal. Once the remedy is complete, the system would need to be decommissioned in a
manner that meets applicable regulatory standards. In total, the long-term O&M efforts under the
Source Control-GE alternative would be expected to be moderate to high.

= The Source Control-MNA/GE alternative would not require the installation of any new
engineered systems or structures, because the groundwater collection trench would already have
been installed as required by the Agreed Interim Order (Illinois, Attorney General, 2021). The
groundwater collection trench would have to be operated and maintained appropriately beyond
the closure of the impoundments. Groundwater and seep water collected at the groundwater
collection trench would be sent to the NAP Secondary Pond and discharged via the NPDES-
permitted outfall. Treatment may be required prior to discharge. Water treatment, if necessary,
would be expected to potentially include a settling pond and pH adjustment. Any sediments
generated by the treatment system, if one is required, would periodically have to be removed and
brought to a solid waste landfill for disposal. Additionally, routine groundwater sampling would
continue until GWPSs have been achieved or until it was determined that the measure is not
meeting the requirements of IAC Section 845.670(d).

= Long-term O&M efforts under the Source Control-CW scenario would include periodic
maintenance of the CW and hydraulic gradient control system and the management and discharge
of groundwater extracted by the hydraulic gradient control system. Extracted groundwater may
need to be treated prior to discharge. Water treatment, if necessary, would be expected to include
a settling pond and possibly pH adjustment. Once the cutoff wall is constructed and the
necessary extraction well installations are complete, O&M would include long-term groundwater
flow monitoring and periodic inspections and routine maintenance of the hydraulic gradient
control system, including the replacement of worn or damaged parts. Any sediments generated
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by the treatment system, if one is required, would periodically have to be removed and brought to
a solid waste landfill for disposal. Routine groundwater sampling would be performed
downgradient of the CW until GWPSs have been achieved or until it is determined that the
measure is not meeting the requirements of IAC Section 845.670(d). Once the remedy is
complete, the system would need to be decommissioned in a manner that meets applicable
regulatory standards. In total, the long-term O&M efforts under the Source Control-GE
alternative would be expected to be moderate.

= Long-term O&M efforts under the Source Control-PRB scenario would include routine
groundwater sampling downgradient of the PRB until GWPSs are achieved or until it is
determined that the measure is not meeting the requirements of IAC Section 845.670(d). The
PRB will also be monitored for treatment efficacy. If necessary, the PRB media may be amended
or exchanged to extend the life of the PRB. In total, the long-term O&M efforts under the Source
Control-GE alternative would be expected to be minimal.

3.2.4 Reliability of the Corrective Measure Alternative — Engineering and Institutional
Controls (IAC Section 845.660(c)(1))

The long-term reliability of the corrective measure alternatives summarized as follows:

* The Source Control-MNA alternative would be expected to be reliable over the long term at this
Site, because it would rely on natural processes, rather than the installation, operation, and
maintenance of engineered systems or structures. Under this alternative, engineering failure
would not occur and no O&M activities would be required to ensure the success of the alternative
(other than those required for groundwater monitoring). A review of Site conditions performed
by Geosyntec finds that, in combination with source control measures, MNA would likely result
in the reduction in groundwater concentrations downgradient of the Site to below GWPSs
(Geosyntec, 2021Db).

= The Source Control-GE alternative would be expected to be reliable over the long term at this
Site, as long as the system is designed and constructed for Site-specific conditions. The long-
term reliability of this alternative would depend on the management and maintenance of the GE
system and (if necessary) the treatment system for extracted groundwater. However, maintenance
of these systems would be expected to be relatively straightforward to implement.

* The Source Control-MNA/GE alternative would be expected to be reliable over the long term at
this Site, because it relies on a combination of natural processes at the NAP and a groundwater
collection trench at the OEAP. Under this alternative, no additional engineering structures, other
than what is required by the Agreed Interim Order (Illinois, Attorney General, 2021), would
require design or installation, unless a treatment system is found to be required for the treatment
of groundwater and seep water collected in the trench. Maintenance of a treatment system, if one
is required, would be expected to be relatively straightforward. A review of Site conditions
performed by Geosyntec finds that, in combination with source control measures, MNA would
likely result in the reduction of groundwater concentrations downgradient of the Site to below
GWPSs (Geosyntec, 2021b).

* The Source Control-CW alternative would be expected to be reliable over the long term at this
Site, as long as the system is designed and constructed for Site-specific conditions. Because
implementation of the CW would require the installation of hydraulic controls via a GE system,
the long-term reliability of this alternative would also depend on the management and
maintenance of the GE system and (if necessary) the treatment system for extracted groundwater.
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However, maintenance of these systems would be expected to be relatively straightforward to
implement.

* The Source Control-PRB alternative may not be reliable over the long term at this Site. The
reliability of this alternative would depend on Site-specific groundwater hydraulics and
geochemical conditions, including the behavior of the constituents of concern. PRBs generally
have limited success at treating lithium and boron in groundwater (both of which are CCR-related
constituents). The effectiveness of the PRB would also decrease over time, resulting in a
potential need for the eventual replacement of the remedy.

3.2.5 Reliability of the Corrective Measure Alternative - Potential Need for Replacement of
the Corrective Measure (IAC Section 845.660(c)(1))

The potential need for the eventual replacement of each corrective measure alternative is summarized as
follows:

= Source Control-MNA would rely on natural processes to achieve reductions in groundwater
concentrations to below GWPSs. Without the installation, operation, and maintenance of
engineered systems or structures, it would be unlikely that the Source Control-MNA remedy
would need to be replaced. The MNA evaluation provided by Geosyntec (2021b) notes that, if
MNA is selected as the remedy, a contingency plan that will identify the circumstances under
which replacement of the remedy may be appropriate will be developed.

»  For the Source Control-GE alternative, implementation of the GE system would rely on physical
management of the groundwater flow path. If extraction wells were installed at the NAP, iron
fouling may reduce the system effectiveness and create a need for the replacement of extraction
wells over time. Replacement of pumps would also be likely under this alternative, because
groundwater hydraulic controls would need to be maintained on a long-term basis. However, it is
unlikely that the entire remedy would need to be replaced; this would only be necessary if
groundwater flow conditions changed significantly at the Site.

= Source Control-MNA/GE would rely on a combination of natural processes at the NAP and a
groundwater collection trench at the OEAP to achieve reductions in groundwater concentrations
to below GWPSs. While the groundwater collection trench would need to be maintained, no
additional engineering structures will require design, installation, or replacement. It is therefore
unlikely that the remedy would need to be replaced. The MNA evaluation provided by
Geosyntec (2021b) notes that, if MNA is selected as the remedy, a contingency plan that will
identify the circumstances under which replacement of the remedy may be appropriate will be
developed.

= Like the Source Control-GE alternative, the Source Control-CW alternative would rely on
physical management of the groundwater flow path. Replacement of individual GE wells and
pumps would likely be necessary under this alternative, because groundwater hydraulic controls
would need to be maintained on a long-term basis, and pumps and well screens would ultimately
need to be replaced. However, it would be unlikely that the entire remedy would need to be
replaced; this would only be necessary if groundwater flow conditions changed significantly at
the Site.

=  PRBs would rely on the chemical treatment of groundwater along the flow path. Given the low
effectiveness of PRBs for boron and lithium, replacement of the PRB remedy would be likely.
Replacement of this remedy would also be necessary if the effectiveness of the PRB declined
over time or if groundwater flow conditions changed at the Site.
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3.2.6 Ease of Implementation (IAC Section 845.660(c)(1))

The expected degree of difficulty associated with implementing the corrective measure alternatives is
summarized as follows:

= The Source Control-MNA alternative would rely entirely on natural processes and therefore
should not pose any significant construction challenges. This alternative would only require the
installation of monitoring wells.

= Construction under the Source Control-GE alternative would be limited to the installation of the
GE system and monitoring wells. However, construction of the GE system at the NAP would
likely be difficult, due to the proximity of the former impoundments to the Middle Fork of the
Vermilion River, which may restrict access to the Site. Design of this remedy would also require
a good understanding of groundwater flow conditions at the Site, including an evaluation of the
ability to capture groundwater effectively and an evaluation of the relationship between
groundwater and the Middle Fork of the Vermilion River. GE using wells may be difficult to
implement, because the alluvial deposits at the NAP vary in composition laterally and vertically.
Additional testing would be required to estimate the number, spacing, screened intervals, and
extraction rates for capture of impacted groundwater. Additionally, due to a limited construction
area between the river and the NAP perimeter berm, installation of a groundwater collection
trench through both the MGU and the LGU near the NAP is likely to be an infeasible alternative
to GE using wells.

= The Source Control-MNA/GE alternative relies on natural processes and a groundwater
collection trench, which would already have been installed as required by the Agreed Interim
Order (Illinois, Attorney General, 2021). Therefore, no significant construction challenges are
expected. This alternative would only require the additional installation of monitoring wells.

= Construction of a CW under the Source Control-CW scenario would likely be highly difficult due
to the required location, length, and depth of the CW. The CW would be constructed along the
bank of the Middle Fork of the Vermilion River. Construction of the CW, which would be on the
order of 40 feet deep, would entail excavating into the low-permeability bedrock unit underlying
the NAP/OEAP and then backfilling the excavated trench. Specialized equipment may be
required. Access ramps, roads, and the CW itself would have to be constructed using controlled
practices that avoid potential flood impacts to construction materials and equipment, such as
equipment washing into the river. Design of the hydraulic control system would also require a
good understanding of groundwater flow conditions at the Site, including an evaluation of the
ability to contain groundwater effectively and an evaluation of the relationship between
groundwater and the adjacent river system.

= Construction of the PRB under the Source Control-PRB alternative would likely be highly
difficult due to the required location, length, and depth of the PRB. The PRB would be
constructed along the bank of the Middle Fork of the Vermilion River. The PRB may need to be
extended down to the low-permeability bedrock unit underlying the NAP/OEAP, which is
approximately 40 feet below ground surface. Access ramps, roads, and the PRB itself would
have to be constructed using controlled practices that avoid potential flood impacts to
construction materials and equipment, such as equipment washing into the river.
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3.2.7 Potential Impacts — Risks to the Community or the Environment During
Implementation of Remedy (IAC Section 845.660(c)(1))

Safety Impacts

Best practices will 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 risks to workers during construction activities. For example, injuries and fatalities can occur
due to truck accidents or equipment malfunctions. Truck accidents that occur off-Site can also result in
injuries or fatalities to community members. The safety impacts of construction under each corrective
measure alternative are summarized as follows:

= The Source Control-MNA alternative would not require the construction of any engineered
systems or structures other than monitoring wells. Construction activity would not be expected to
result in any significant negative safety impacts under this alternative.

= A moderate level of construction activity would be required under the Source Control-GE
alternative. Construction activities under this alternative would include the construction of the
GE system and monitoring wells. Therefore, the construction-related safety impacts of this
alternative would be modest. Impacts would largely be limited to workers, rather than
community members, because construction activities would largely be limited to the Site.

= The Source Control-MNA/GE alternative would rely on natural processes and a groundwater
collection trench, which would already have been installed as required by the Agreed Interim
Order (Illinois, Attorney General, 2021). No additional construction of any engineered systems
or structures other than monitoring wells would be required. Construction activity would not be
expected to result in any significant negative safety impacts under this alternative.

» The construction requirements of the Source Control-CW alternative would be considerable due
to the planned extent of construction activities (i.e., excavation and backfilling of an
approximately 40-foot-deep earthen trench). The Source Control-CW alternative therefore would
pose relatively significant construction-related safety risks to workers. The negative impacts of
construction activities would largely be limited to workers, rather than community members,
because construction activities would largely be limited to the Site.

* The construction requirements of the Source Control-PRB alternative would be similar to those of
the Source Control-CW alternative. Relatively intensive construction activities would be
required, including the excavation of an approximately 40-foot-deep earthen trench. The Source
Control-CW scenario therefore would pose relatively significant construction-related safety risks
to workers. The negative impacts of construction activities would largely be limited to workers,
rather than community members, because construction activities would largely be limited to the
Site.

Cross-Media Impacts to Air

Diesel emissions are a major source of air pollutants and GHG emissions at construction sites. Corrective
measures that require a greater level of construction activity will result in larger overall air impacts in the
form of diesel emissions. The Source Control-MNA and Source Control-MNA/GE alternatives would be
expected to have minimal air impacts, because they would not require the construction of any engineered
systems or structures (other than monitoring wells and the groundwater collection trench, which is
required by the Agreed Interim Order [Illinois, Attorney General, 2021]). The Source Control-GE
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alternative would be expected to have moderate air impacts, because it would have modest construction
requirements. The Source Control-CW and Source Control-PRB alternatives would be expected to have
the most considerable air impacts across all the corrective measure alternatives, because they would have
the most significant construction requirements.

Cross-Media Impacts to Surface Water and Sediments

Due to erosion and runoff, construction can have short-term negative impacts on surface water and
sediment quality immediately adjacent to a site. These impacts are of particular concern at the Vermilion
Site, due to the proximity of the former impoundments to the Middle Fork of the Vermilion River,
[llinois's only National Scenic River. Minimal surface water or sediment impacts due to erosion and
runoff during construction would be expected under the Source Control-MNA and Source Control-
MNA/GE alternatives because they would not require the construction of any engineered systems or
structures (other than monitoring wells and the groundwater collection trench, which is required by the
Agreed Interim Order [Illinois, Attorney General, 2021]). In contrast, the Source Control-GE, Source
Control-CW, and Source Control-PRB alternatives may have short-term negative impacts on the Middle
Fork of the Vermilion River due to erosion and sediment runoff during construction. These impacts
would be greater under the Source Control-CW and Source Control-PRB alternatives than under the
Source Control-GE alternative, due to the greater extent and duration of construction activities required
for the former (i.e., excavation of a 40-foot-deep earthen trench).

Under the Source Control-MNA/GE, Source Control-GE, and Source Control-CW alternatives, extracted
groundwater would be discharged to the Middle Fork of the Vermilion River via one of the facility's
NPDES-permitted outfalls. If necessary, extracted groundwater would be treated prior to discharge to
ensure compliance with water quality standards. Thus, no surface water or sediment impacts would be
expected under any of the corrective measure alternatives due to the discharge of extracted groundwater
into the Middle Fork of the Vermilion River.

Source Control-GE could also have a detrimental effect on the baseflow in the Middle Fork of the
Vermilion River, particularly during low-flow conditions, because the GE system could capture and/or
intercept water from the river.

Control of Exposure to Any Residual Contamination During Implementation of the Remedy

Source Control will be undertaken at the Site prior to the implementation of any of the corrective measure
alternatives. Thus, no residual CCR exposures would be expected to occur during the implementation of
any corrective measure alternative. However, impacted soils and groundwater underlying the
impoundments can act as a secondary source of CCR-associated constituent exposures for workers even
after the primary source (CCR) has been excavated and hauled to a landfill for disposal. Risks to workers
arising from potential contact with secondary sources during construction, operation, and maintenance
activities (e.g., contact with impacted groundwater extracted by the GE system under the Source Control-
MNA/GE and Source Control-GE alternatives or extracted by the hydraulic gradient control system under
the Source Control-CW alternative) would be managed through the use of rigorous safety protocols and
personal protective equipment.

Other Identified Impacts

In addition to safety impacts, cross-media impacts, and the potential for workers to be exposed to residual
contamination, construction activities can have significant energy demands and can cause nuisance
impacts such as traffic and noise. Moreover, construction activities can negatively impact natural
resources and habitat near the Site, as well as scenic and recreational value. High-quality natural areas
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and recreational areas in the immediate vicinity of the former impoundments include the Orchid Hill
Natural Heritage Landmark and the Middle Fork of the Vermilion River. The magnitude of all
construction-related impacts would be expected to increase with the duration and intensity of construction
activities. Because the Source Control-MNA and Source Control-MNA/GE alternatives would not
require any significant construction activity, the construction-related impacts listed above would not be a
concern under this alternative. In contrast, moderate construction-related impacts would be expected
under the Source Control-GE alternative. The most significant construction-related impacts would be
expected to occur under the Source Control-CW and Source Control-PRB alternative, both of which
would require excavation of an approximately 40-foot-deep earthen trench.

3.3 The Time Required to Begin and Complete the Corrective Action Plan (IAC
Section 845.660(c)(2))

IAC Section 845.670 states that a Corrective Action Plan must be submitted to the Agency within 1 year
of submission of a CMA. We do not anticipate that any delays would occur in the completion of a
Corrective Action Plan for this Site. Work would begin on the Corrective Action Plan following
completion of a public meeting, which will be held in December 2021.

3.4 State or Local Permit Requirements or Other Environmental or Public
Health Requirements that May Substantially Affect Implementation of the
Corrective Action Plan (IAC Section 845.660(c)(3))

All the corrective measure alternatives would require regulatory approvals prior to implementation. The
Source Control-GE, Source Control-MNA/GE, and Source Control-CW alternatives may also require
modifications to the Site's existing NPDES permit in order to manage groundwater extracted by the GE
system (Source Control-GE alternative), collected by the groundwater collection trench (Source Control-
MNA/GE alternative), or extracted by the hydraulic gradient control system (Source Control-CW
alternative).  However, these requirements would not be expected to substantially affect the
implementation of the Corrective Action Plan.

3.5 Summary

Table S.2 evaluates the five corrective measures included in this CMA with regards to each of the factors
specified under IAC Section 845.660(c) (IEPA, 2021a). Based on this evaluation and the details provided
above, two corrective measures have been identified as potentially viable technologies for further
consideration pursuant to IAC Section 845.670 (CAAA): Source Control-MNA and Source Control-
MNA/GE. Source Control-GE, Source Control-CW, and Source Control-PRB were not selected as viable
corrective measures for further consideration, for the following reasons:

= [t is unlikely that Source Control-PRB would perform well at this Site, because PRBs have not
been proven effective for lithium and boron in groundwater (both of which are CCR-associated
constituents);

* Construction of the CW and the PRB would likely be very difficult, due to the required location,
length, and depth of these structures;

=  Source Control-GE may have a detrimental effect on the baseflow in the Middle Fork of the
Vermilion River, because the GE system may capture/intercept water from the river.
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Furthermore, if groundwater pumping wells were installed at the NAP, the high iron content in
the formation could lead to fouling of the well screens, which would create the need for frequent
maintenance and, potentially, GE well replacement. If a groundwater collection trench were
instead installed at the NAP, it would need to be deeper than the trench to be installed during
closure at the OEAP, because groundwater from both the MGU and the LGU would need to be
intercepted. Due to limited construction area between the river and the NAP perimeter berm, the
installation of a groundwater collection trench through both the MGU and the LGU near the NAP
is likely infeasible. Furthermore, installation of a groundwater collection trench at the NAP could
create a hydraulic connection between the MGU and the LGU, which could delay cleanup times.

*  Both Source Control-CW and Source Control-PRB would likely have a large potential impact on
the Middle Fork of the Vermilion River due to the extent of construction required in close
proximity to the river; and

* Both Source Control-CW and Source Control-PRB would likely have relatively large impacts on
worker safety, air quality, and surface water, and sediment quality compared to the other
remedies due to the substantial construction activities required.
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4 Corrective Action Alternatives Analysis

This section of the report presents a CAAA pursuant to requirements under IAC Section 845.670 (IEPA,
2021a). The goal of a CAAA is to more fully evaluate proposed viable corrective measures that were
identified in the CMA. The CAAA evaluates potential corrective actions with respect to a wide range of
factors, including the performance, reliability, and ease of implementation of the corrective action; its
potential impacts on human health and the environment; and its ability to address concerns raised by
residents (IEPA, 2021a).

Per IAC Section 845.670(d), any corrective actions selected under a Corrective Action Plan must (IEPA,
2021a):

1) Be protective of human health and the environment;
2) Attain the groundwater protection standards specified in Section 845.600;

3) Control the sources of releases to reduce or eliminate, to the maximum extent feasible,
further releases of constituents listed in Section 845.600 into the environment;

4) Remove from the environment as much of the contaminated material that was released
from the CCR surface impoundment as is feasible, taking into account factors such as
avoiding inappropriate disturbance of sensitive ecosystems; and

5) Comply with standards for management of wastes as specified in Section 845.680(d).

Two potential corrective actions were selected for consideration under IAC Section 845.670 for this Site,
based on the evaluation presented in the CMA: Source Control-MNA and Source Control-MNA/GE.
These corrective actions are described above in Section 3.1.

This report evaluates the potential performance, reliability, and impacts of the various corrective actions,
but does not make any judgements regarding the need for these corrective actions. It should be noted,
however, that the primary pond of the NEAP was constructed atop bedrock using earthen berms that
contain a low-permeability clay core keyed into the underlying shale. Constituent migration from this
impoundment is therefore expected to be very limited, and there are no exceedances of the relevant
GWPSs that have been attributed to the NEAP. Thus, corrective actions other than source control may
not be necessary for the NEAP.

4.1 Long- and Short-Term Effectiveness and Protectiveness of Corrective
Action Alternative (IAC Section 845.670(e)(1))

4.1.1 Magnitude of Reduction of Existing Risks (IAC Section 845.670(e)(1)(A))

As described in Section 2.2.1 of the CAA (Magnitude of Reduction of Existing Risks), there are no
current unacceptable risks to human or ecological receptors at this Site (Appendices A and B). Both
corrective actions considered here include source control. Moreover, both corrective actions would
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reduce the concentrations of dissolved constituents in the vicinity of the impoundments post-closure.
Because current conditions do not present any existing risks at the Site and dissolved constituent
concentrations would be expected to decline over time with the implementation of the corrective actions
being considered, there would be no future risks to human and ecological receptors under either of the
corrective action alternatives.

4.1.2 Effectiveness of the Remedy in Controlling the Source (IAC Section 845.670(e)(2))

Extent to Which Containment Practices Will Reduce Further Releases (IAC Section 845.670(e)(2)(A))

"Primary source control" means the prevention of CCR-associated constituents leaching from the
impoundments into underlying groundwater. Because source control will be undertaken at the Site prior
to the implementation of any corrective actions, both corrective action alternatives would eliminate the
potential for CCR within the impoundments to impact groundwater. Both corrective action alternatives
would therefore equally and fully protective with regard to primary source control. However, impacted
soils underlying the impoundments can potentially act as a secondary source of CCR-associated impacts
to groundwater even after the primary source (CCR) has been excavated and hauled to a landfill for
disposal. The effectiveness of the corrective action alternatives with respect to secondary source control
are summarized as follows:

= Under the Source Control-MNA alternative, the attenuation of dissolved constituent
concentrations remaining after source control would be achieved through natural processes. An
analysis by Geosyntec (2021b) demonstrates that MNA would likely perform well at this Site,
both within the secondary source area and downgradient.

»  Under the Source Control-MNA/GE alternative, source control would be achieved by GE at the
groundwater collection trench near the OEAP and via the natural attenuation of dissolved
constituent concentrations near the NAP. An analysis by Geosyntec (2021b) demonstrates that
MNA would likely perform well at this Site, both within the secondary source area and
downgradient. Additionally, GE is an accepted corrective measure. While, its performance can
vary from site to site, good performance would generally be expected.

Extent to Which Treatment Technologies May Be Used (IAC Section 845.670(e)(2)(B))

Because Source Control-MNA would rely on natural attenuation processes, no treatment technologies
would be required under this alternative. Treatment would be not an integral part of the Source Control-
MNA/GE alternative; however, it may be necessary to treat groundwater and seep water extracted from
the groundwater collection trench prior to discharge. Water treatment, if necessary, could potentially
include a settling pond and pH adjustment.

4.1.3 Likelihood of Future Releases of CCR (IAC Section 845.670(e)(1)(B))

Both corrective action alternatives include source control. There would therefore be no risk of accidental
CCR releases occurring post-closure under either of the corrective action alternatives.
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4.1.4 Type and Degree of Long-Term Management, Including Monitoring, Operation, and
Maintenance (IAC Section 845.670(e)(1)(C))

The type and degree of long-term management under each corrective action alternative are summarized as
follows:

= The Source Control-MNA alternative would not require the installation, operation, or
maintenance of any engineered systems or structures. The only long-term management activity
required under this alternative would be routine groundwater sampling, which would continue
until GWPSs have been achieved or until it was determined that the measure is not meeting the
requirements of IAC Section 845.670(d).

» The Source Control-MNA/GE alternative would not require the installation of any new
engineered systems or structures, because the groundwater collection trench would already have
been installed as required by the Agreed Interim Order (Illinois, Attorney General, 2021). Under
this alternative, the groundwater collection trench would have to be operated and maintained
appropriately beyond the closure of the impoundments. Groundwater and seep water collected at
the groundwater collection trench would be sent to the NAP Secondary Pond and discharged via
the NPDES-permitted outfall. Treatment of this groundwater and seep water may be required
prior to discharge. Water treatment, if necessary, could potentially include a settling pond and pH
adjustment. Any sediments generated by the treatment system, if one is required, would
periodically have to be removed and brought to a solid waste landfill for disposal. Additionally,
routine groundwater sampling would continue until GWPSs have been achieved or until it was
determined that the measure is not meeting the requirements of IAC Section 845.670(d).

4.1.5 Short-Term Risks to the Community or the Environment During Implementation of
Remedy (IAC Section 845.670(e)(1)(D))

Safety Impacts

Best practices will 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 risks to workers during construction activities. For example, injuries and fatalities can occur
due to truck accidents or equipment malfunctions. Truck accidents that occur off-Site can also result in
injuries or fatalities to community members. The safety impacts of construction under each corrective
action alternative are summarized as follows:

= The Source Control-MNA alternative would not require the construction of any engineered
systems or structures other than monitoring wells. Construction activity would not be expected to
result in any significant negative safety impacts under this alternative.

=  The Source Control-MNA/GE alternative would rely on natural processes and a groundwater
collection trench, which would already have been installed as required by the Agreed Interim
Order (Illinois, Attorney General, 2021). No additional construction of any engineered systems
or structures other than monitoring wells would be required. Construction activity would not be
expected to result in any significant negative safety impacts under this alternative. Furthermore,
impacts would largely be limited to workers, rather than community members, because
construction activities would largely be limited to the Site.
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Cross-Media Impacts to Air

Diesel emissions are a major source of air pollutants and GHG emissions at construction sites. Corrective
actions that require a greater level of construction activity will result in larger overall air impacts in the
form of diesel emissions. The Source Control-MNA and Source Control-MNA/GE alternatives would be
expected to have minimal air impacts, because they would not require the construction of any engineered
systems or structures (other than monitoring wells and the groundwater collection trench, which is
required by the Agreed Interim Order [Illinois, Attorney General, 2021]).

Cross-Media Impacts to Surface Water and Sediments

Under both source control/corrective action scenarios, the constituent mass flux that flows from
groundwater into surface water would decline over time after closure has been completed (Ramboll,
2021a). Modeling was performed to evaluate future groundwater quality in the vicinity of the
NAP/OEAP under each of the proposed source control and corrective action alternatives (Ramboll,
2021a). The modeling concluded that mass flux to the Middle Fork of the Vermilion River from the
MGU will be reduced by approximately 50% 10 years after closure is completed and by approximately
80% 35 years after closure is completed (Ramboll, 2021a). Mass flux declines will occur more slowly in
the LGU, which has lower concentrations, due to the lower-permeability deposits (Ramboll, 2021a).

Due to erosion and runoff, construction can have short-term negative impacts on surface water and
sediment quality immediately adjacent to a site. These impacts are of particular concern at the Vermilion
Site, due to the proximity of the former impoundments to the Middle Fork of the Vermilion River,
[linois's only National Scenic River. However, minimal surface water and sediment impacts would be
expected under the Source Control-MNA and Source Control-MNA/GE alternatives, because they would
not require the construction of any engineered systems or structures (other than monitoring wells and the
groundwater collection trench, which is required by the Agreed Interim Order [Illinois, Attorney General,
2021]).

Under the Source Control-MNA/GE alternative, groundwater and seep water collected by the
groundwater collection trench would be discharged to the Middle Fork of the Vermilion River via one of
the facility's NPDES-permitted outfalls. If necessary, collected groundwater would be treated prior to
discharge to ensure compliance with water quality standards. Thus, no surface water or sediment impacts
are expected due to the discharge of extracted groundwater into the Middle Fork of the Vermilion River
under the Source Control-MNA/GE alternative.

Control of Exposure to Any Residual Contamination During Implementation of the Remedy

Source control and the installation of the groundwater trench will be undertaken at the Site prior to the
implementation of any of the corrective action alternatives. Thus, no residual CCR exposures would be
expected to occur during the implementation of either corrective action alternative. However, impacted
soils and groundwater underlying the impoundments can act as a secondary source of CCR-associated
constituent exposures for workers even after the primary source (CCR) has been excavated and hauled to
a landfill for disposal. Risks to workers arising from potential contact with secondary sources during
construction, operation, and maintenance activities (e.g., contact with impacted groundwater or seep
water collected by the groundwater collection trench under the Source Control-MNA/GE alternative)
would be managed through the use of rigorous safety protocols and personal protective equipment.
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Other Identified Impacts

In addition to safety impacts, cross-media impacts, and the potential for workers to be exposed to residual
contamination, construction activities can have significant energy demands and can cause nuisance
impacts such as traffic and noise. Moreover, construction activities can negatively impact natural
resources and habitat near the Site, as well as scenic and recreational value. However, because the Source
Control-MNA and Source Control-MNA/GE alternatives would not require any significant construction
activity, the construction-related impacts listed above would not be expected to be a concern under this
alternative.

4.1.6 Time Until Groundwater Protection Standards Are Achieved (IAC Section
845.670(e)(1)(E))

The time required to achieve GWPSs is immaterial from a risk to human health or the environment
perspective, because there are currently no unacceptable risks to human or ecological receptors at this Site
(see Section 2.2.1 of the CAA, Magnitude of Reduction of Existing Risks). At the NAP/OEAP, potential
dissolved CCR-related constituents may migrate vertically downward under the influence of gravity into
the MGU. The MGU is the primary conduit for groundwater flow at the Site. Groundwater flow in the
MGU is primarily eastward, toward the Middle Fork of the Vermilion River. Some potentially dissolved
CCR-related constituents may migrate downward through the middle confining unit into the LGU.
Groundwater flow rates are lower in the LGU relative to the MGU, due to the difference in the hydraulic
conductivities of the two units. Groundwater flow in the LGU is also primarily eastward, toward the
Middle Fork of the Vermilion River. CCR-related constituents in both the MGU and LGU may
potentially flow into the Middle Fork of the Vermilion River (Ramboll, 2021b). Based on Site-specific
numerical groundwater modeling performed at the Site (OBG, 2018; Ramboll, 2021a), all groundwater
impacted with potential CCR-related constituents is ultimately discharged into the Middle Fork of the
Vermilion River, and no CCR-related constituents migrate away from the Site underneath the river.
Similarly, there is no transport of CCR-related constituents toward the western or southern property
boundaries. There may be limited groundwater migration in a northerly direction; however, this
groundwater flow ultimately also turns eastward and flows into the river (Ramboll, 2021b).

At the NEAP, because the pond is built atop low-permeability shale and surrounded by low-permeability
clay/bentonite layers, limited or negligible constituent migration is expected out of the pond. There is no
or negligible impact of CCR-related constituents from the NEAP on groundwater quality. Additionally,
while groundwater underlying the NEAP migrates toward and discharges into the Middle Fork of the
Vermilion River, there is no evidence of CCR-related impacts from the NEAP in surface water (Kelron
Environmental, 2003; OBG, 2019b).

Groundwater modeling was performed to evaluate future groundwater quality in the vicinity of the
NAP/OEAP under each of the proposed source control and corrective action alternatives (Ramboll,
2021a). The modeling assumed that seasonal fluctuations in groundwater and river elevations do not
affect groundwater flow and transport over the long term (Ramboll, 2021a). The results of the modeling
indicate that groundwater will attain the GWPSs for all constituents identified as having potential
exceedances in the primary migration pathway (the MGU) within approximately 50 years after closure for
both the Source Control-MNA and Source Control-MNA/GE scenarios. Furthermore, flux to the Middle
Fork of the Vermilion River from the MGU will be reduced by approximately 50% 10 years after closure
is completed and by approximately 80% 35 years after closure is completed (Ramboll, 2021a). The LGU,
which has much lower boron concentrations, is estimated to take approximately another 50 years to reach
the GWPS due to the longer flow paths through low-permeability deposits (Ramboll, 2021a).
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From a modeling perspective, small differences between the predicted times for boron to reach the GWPS
in the MGU for the Source Control-MNA and Source Control-MNA/GE scenarios is negligible (Ramboll,
2021a). The results indicate there is no significant benefit in the modeled time to reach the GWPSs for
continued operation and maintenance of the GE (i.e., groundwater collection trench at the OEAP) beyond
the completion of the closure activities (Ramboll, 2021a).

4.1.7 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 845.670(e)(1)(F))

Section 4.1.1 describes the magnitude of reduction of existing risks under each corrective action
alternative. Section 4.1.2 describes the effectiveness of the remedy in controlling the source, including
the extent to which containment practices will reduce further releases. Section 4.1.3 describes the
likelihood of future releases of CCR occurring under each corrective action alternative, and Section 4.1.5
describes the short-term risks to workers, the community, and the environment during implementation of
the remedy, including safety impacts and control of exposure to any residual contamination. In summary,
source control measures (CBR with construction of a groundwater collection trench) will be undertaken at
the Site prior to the implementation of either of the corrective action alternatives. Thus, both corrective
action alternatives would completely eliminate the potential for a sudden CCR release to occur post-
closure (due, e.g., to flooding or a dike failure event). Similarly, due to the source control common to
both of the corrective action alternatives, both alternatives would completely eliminate the potential for
CCR within the impoundments to impact groundwater post-closure. Both corrective action alternatives
would therefore be equally and fully protective with regard to exposure to residual CCR. For
construction workers, impacted soils and groundwater underlying the impoundments can potentially act
as a secondary source of CCR-associated constituent exposures even after the primary source (CCR) has
been excavated and hauled to a landfill for disposal. During the implementation of the selected corrective
action, exposure potential would be managed through the use of rigorous safety protocols and personal
protective equipment.

Some changes in groundwater flow (i.e., reduction in groundwater flow into the river) may occur under
the Source Control-MNA/GE alternative, due to the operation of the groundwater collection trench.
However, changes to groundwater flow would not be expected to have an effect on the potential for
exposure of humans and environmental receptors to remaining wastes.

4.1.8 Long-Term Reliability of the Engineering and Institutional Controls (IAC
Section 845.670(e)(1)(G))

The long-term reliability of the engineering and institutional controls of the corrective action alternatives
are summarized as follows:

» The Source Control-MNA alternative would be expected to be reliable over the long term with
respect to engineering and institutional controls, because it would rely on natural processes, rather
than the installation, operation, and maintenance of engineered systems or structures. Under this
alternative, engineering failure would not occur and no O&M activities would be required to
ensure the success of the alternative (other than those required for groundwater monitoring). A
review of Site conditions performed by Geosyntec finds that, in combination with source control
measures, MNA would likely result in the reduction in groundwater concentrations downgradient
of the Site to below GWPSs (Geosyntec, 2021b).
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= The Source Control-MNA/GE alternative would be expected to be reliable over the long term at
this Site, because it would rely on a combination of natural processes at the NAP and a
groundwater collection trench at the OEAP. Under this alternative, no additional engineering
structures, other than what is required by the Agreed Interim Order (Illinois, Attorney General,
2021), would require design or installation. A review of Site conditions performed by Geosyntec
finds that, in combination with source control measures, MNA would likely result in the
reduction of groundwater concentrations downgradient of the Site to below GWPSs (Geosyntec,
2021b).

4.1.9 Potential Need for Replacement of the Remedy (IAC Section 845.670(¢e)(1)(H))

The potential need for the eventual replacement of each corrective action alternative is summarized as
follows:

= MNA would rely on natural processes to achieve reductions in groundwater concentrations to
below GWPSs. Without the installation, operation, and maintenance of engineered systems or
structures, it would be unlikely that the Source Control-MNA remedy would need to be replaced.
The MNA evaluation provided by Geosyntec (2021b) notes that, if MNA is selected as the
remedy, a contingency plan that will identify the circumstances under which replacement of the
remedy may be appropriate will be developed.

Source Control-MNA/GE would rely on a combination of natural processes at the NAP and a
groundwater collection trench at the OEAP to achieve reductions in groundwater concentrations
to below GWPSs. While the groundwater collection trench would need to be maintained, no
additional engineering structures would require design, installation, or replacement. It is
therefore unlikely that the remedy would need to be replaced. The MNA evaluation provided by
Geosyntec (2021b) notes that, if MNA is selected as the remedy, a contingency plan that will
identify the circumstances under which replacement of the remedy may be appropriate will be
developed.

4.2 The Ease or Difficulty of Implementing a Remedy (IAC Section 845.670
(e)(3))

4.2.1 Degree of Difficulty Associated with Constructing the Remedy (IAC Section
845.670(e)(3)(A)

The expected degree of difficulty associated with constructing each corrective action alternative is
summarized as follows:

* The Source Control-MNA alternative would rely on natural processes and therefore would not
pose any significant construction challenges. This alternative would only require the installation
of monitoring wells.

= The Source Control-MNA/GE alternative would rely on natural processes and a groundwater
collection trench, which would already have been installed as required by the Agreed Interim
Order (Illinois, Attorney General, 2021). Therefore, no significant construction challenges would
be expected. This alternative requires the installation of additional monitoring wells.
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4.2.2 Expected Operational Reliability of the Remedy (IAC Section 845.670(e)(3)(B))

Both corrective action alternatives would likely be highly reliable with respect to operational controls.
MNA would be highly reliable because it would rely on natural processes, rather than the installation,
operation, and maintenance of engineered systems or structures (other than monitoring wells). Under the
Source Control-MNA alternative, engineering failure would not occur and no O&M activities would be
required to ensure the success of the alternative. The Source Control-MNA/GE alternative would also be
highly reliable, as long as the groundwater collection trench is maintained appropriately in accordance
with standard practices.

4.2.3 Need to Coordinate with and Obtain Necessary Approvals and Permits from Other
Agencies (IAC Section 845.670(e)(3)(C))

Both corrective action alternatives would require regulatory approvals. No additional permits would be
needed for the Source Control-MNA. If groundwater and seep water collected from the groundwater
collection trench under the Source Control-MNA/GE alternative need to be treated prior to discharge,
then the Source Control-MNA/GE alternative may require modification of the Site's existing NPDES
permit. However, if needed, NPDES permit modifications related to the operation of the trench would
likely be undertaken during closure activities, rather than during the implementation of corrective
measures (i.e., the ongoing operation of the trench post-closure).

4.2.4 Availability of Necessary Equipment and Specialists (IAC Sections 845.670(e)(3)(D) and
845.660(c)(1), "Ease of Implementation")

The availability of equipment and specialists for each corrective action alternative is summarized as
follows:

» The Source Control-MNA alternative would require standard environmental monitoring
equipment. MNA specialists would be available to evaluate the data, once they are collected.

= The Source Control-MNA/GE alternative would require standard remedial action and
environmental monitoring equipment. The required equipment and specialists for
implementation of this remedy would be available.

4.2.5 Available Capacity and Location of Needed Treatment, Storage, and Disposal Services
(IAC Section 845.670(e)(3)(D))

The available capacity and location of needed treatment, storage, and disposal services under each
corrective action alternative is summarized as follows:

= The Source Control-MNA remedy would generate a minimal amount of investigation-derived
waste (IDW) that could be managed by a standard waste management contractor.

* The Source Control-MNA/GE alternative would generate water. Groundwater and seep water
collected from the groundwater collection trench would be discharged to the Middle Fork of the
Vermilion River. If treatment of the groundwater and seep water is found to be necessary prior to
discharge, then a treatment pond would need to be constructed. Any sediments generated by the
treatment system, if one is required, would periodically have to be removed and brought to a
licensed disposal facility.
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4.3 The Degree to Which Community Concerns Are Addressed by the Remedy
(IAC Section 845.670(e)(4))

Several citizen action groups representing community members near the Site have campaigned for
complete excavation of the CCR impoundments at the Site, including the Eco-Justice Collaborative,
Earthjustice, American Rivers, and the Prairie Rivers Network (American Rivers, 2018; Earthjustice,
2021; Eco-Justice Collaborative, 2021; Barkley, 2012). Both corrective action alternatives evaluated here
would include source control, thereby addressing the major concerns raised by these groups.

4.4 Summary

Table S.3 evaluates both corrective action alternatives included in this CAAA with regards to each of the
factors specified in IAC Section 845.670(e) (IEPA, 2021a). Based on this evaluation and the details
provided in Section 4 of this report, Source Control-MNA has been identified as the most appropriate
corrective action at this Site. Source Control-MNA and Source Control-MNA/GE both have similar
design, construction, and O&M requirements and, as a result, also have similar expected impacts on
workers, nearby communities, and the environment. Modeling has also shown that there is no material
difference between the two scenarios in terms of the time to achieve the GWPSs (Ramboll, 2021a).
Source Control-MNA is the preferred alternative at this Site.

The remedy will be selected following the completion of an upcoming public meeting, which will be held
in December 2021. Following the public meeting, a final decision will be made based on the
considerations identified in this report, the results of additional data that are collected, and any additional
considerations that arise during the public meeting. The final recommendation will be provided in a
Corrective Action Plan, which will be submitted to IEPA as described under IAC Section 845.670 (IEPA,
2021a).
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Executive Summary

Dynegy Midwest Generation Company's Vermilion Generating Station (VGS or the Site) is an electric
power generating facility with coal fired units in Oakwood, Illinois. The facility began operations in the
mid-1950s (OBG, 2019a) and was retired in November 2011 (IEPA, 2013). The VGS produced and stored
coal combustion residuals (CCRs) as a part of its historical operations in several CCR ash ponds located
east of the power plant (North Ash Pond [NAP], Old East Ash Pond [OEAP], New East Ash Pond [NEAP])
(Figure ES.1).

This report presents the results of a human health and ecological risk evaluation for potential CCR
constituents in environmental media at the Site. The groundwater monitoring data indicate that
groundwater beneath the ash ponds may be impacted by potential CCR-related constituents. The
Conceptual Site Model (CSM) developed for the Site indicates that groundwater beneath the former CCR
ash ponds flows into the Middle Fork of the Vermilion River adjacent to the Site and may potentially impact
surface water and sediment (OBG, 2019a,b). Key observations and conclusions of the risk evaluation are
highlighted below.
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Figure ES.1 Site Location Map. (Based on Dynegy Midwest Generation, LC, etal., 2019.)
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Regarding the Conceptual Site Model:

= The CSM describes how potential CCR constituents in the ash ponds may have come into contact
with groundwater and migrated off-Site into other media such as surface water and sediment. The
CSM is informed by the hydrogeology of the Site, including information on groundwater depth,
groundwater flow, and the characteristics of nearby surface water bodies. Site documents,
including original site investigations (e.g., Kelron Environmental, 2003) and site-specific
numerical groundwater modeling reports (OBG, 2018) were reviewed to develop the CSM.

»  There are two groundwater units below the site in the vicinity of the NAP/OEAP: the Middle
Groundwater Unit (MGU) and Lower Groundwater Unit (LGU). The MGU is the primary conduit
for groundwater flow at the Site. Groundwater flow in the MGU is primarily eastward toward the
Middle Fork of the Vermilion River. Groundwater flow in the LGU is also primarily eastward
toward the Middle Fork of the Vermilion River. CCR-related constituents in both the MGU and
LGU may potentially discharge via groundwater into the Middle Fork of the Vermilion River.

» The effect of the NEAP on groundwater quality in the unlithified materials and bedrock is either
negligible or not present as a result of limited or no hydraulic connection.

= Potentiometric groundwater elevation data indicate that groundwater in the bedrock aquifer flows
upward into the unlithified materials rather than downward into the bedrock aquifer (Kelron
Environmental, 2003). Isotopic radiocarbon dating of the groundwater also confirms that the ash
ponds are not a source of recharge to the bedrock aquifer (Kelron Environmental, 2003; OBG,
2019b).

= Based on site-specific numerical groundwater modeling (OBG, 2018) and potentiometric
groundwater elevation data (Kelron Environmental, 2003; Kelron Environmental, 2012a), all
groundwater potentially impacted with CCR-related constituents discharges into the Middle Fork
of the Vermilion River. Thus, there is no migration of potentially impacted groundwater beneath
the river, and there are no human or environmental exposures to potential CCR-related constituents
on the opposite side of the Middle Fork of the Vermilion River.

»  Groundwater is not used for any purpose at the Site. Based on a well survey (Kelron
Environmental, 2012b), private residential wells are only located hydraulically upgradient of the
Site and, thus, cannot plausibly be impacted by any CCR-related constituents. Also, there is no
off-Site migration of CCR-related constituents in groundwater to the south or west of the Site
because all shallow groundwater at the NEAP and NAP/OEAP discharges to the Middle Fork of
the Vermilion River (OBG, 2019a; Kelron Environmental, 2003, 2012a).

* QGroundwater samples from both the MGU and the LGU were collected from a total of 34
monitoring wells between 1998 and 2019. The analyses presented in this report relied on
groundwater data collected from 20 monitoring wells between 2011 and 2019, which is the dataset
considered to be representative of current conditions at the Site. Surface water samples were
collected from three locations in the Middle Fork of the Vermilion River, in February and March
2019, providing a total of six samples. Surface water concentrations were modeled for two analytes
(beryllium and cobalt) that were detected in groundwater, but not analyzed in surface water. In
addition, to supplement the measured surface water data, we modeled the Site-related contributions
to surface water for all constituents detected in groundwater at the Site. Sediment sampling has not
been conducted in the Middle Fork of the Vermilion River. Sediment concentrations were modeled
for all constituents that were detected in groundwater at the Site.

=  Many CCR-related constituents are naturally occurring in the environment. Thus detected
concentrations of these constituents in surface water or groundwater do not necessarily indicate
that these media have been impacted by CCR.
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Regarding the Potential Risk to Human Health:

= An exposure pathway is the way a person is exposed to constituents in environmental media.
Exposure pathways consist of the following four elements: (1) a source; (2) a mechanism of release,
retention, or transport of a constituent to a given medium (e.g., groundwater, surface water,
sediment, or fish); (3) a point where a person can contact the medium (i.e., exposure point); and (4)
a route of exposure at the point of contact (e.g., incidental ingestion, dermal contact). If any of
these elements is missing, the pathway is considered incomplete (i.e., it does not present a means
of exposure). Only those exposure pathways judged to be complete are of concern for human
exposure and were evaluated further at the Site.

» The Site-related constituents of interest (COls) for surface water included all analytes detected in
surface water, or analytes detected in groundwater but not analyzed in surface water. The COlIs for
sediment included all analytes that were detected in groundwater.

» Based on the local hydrogeology, a private well survey, and the location of residences relative to
the Site, residential exposure to groundwater used for drinking water or irrigation is not a complete
exposure pathway and was not evaluated.

* The following complete exposure pathways for humans were identified and evaluated at the Site:
recreators in the Vermilion River who are exposed to surface water and sediment (boaters and
swimmers), and anglers who consume locally caught fish.

= None of the complete human exposure pathways at the Site are expected to pose an unacceptable
risk, for the following reasons.

e For recreators exposed to surface water, all the maximum measured or modeled concentrations
of COIs in surface water were below the conservative risk-based screening values derived for
this assessment. Therefore, none of the COls evaluated for surface water are expected to pose
an unacceptable risk to recreators swimming or boating or tubing in the Middle Fork of the
Vermilion River adjacent to the Site.

e For recreators exposed to sediment, the modeled maximum sediment concentrations of COls
were well below their respective recreational sediment benchmark. Therefore, exposure to
sediment is not expected to pose an unacceptable risk to recreators while swimming or boating.

e For anglers consuming locally caught fish, the maximum concentrations for all COls in surface
water were below risk-based concentrations derived to be protective of fish consumption.
Therefore, none of the COIs evaluated are expected to pose an unacceptable risk to recreators
consuming fish caught in the Middle Fork of the Vermilion River.

Regarding the Potential Risk to Ecological Receptors:

= The following complete exposure pathways for ecological receptors in the Middle Fork of the
Vermilion River were identified and evaluated: 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 COls in surface water, sediment,
and dietary items. None of the complete ecological exposure pathways at the Site are expected to
pose an unacceptable risk.

e The maximum measured or modeled concentrations for all COIs in surface water were below
conservative risk-based surface water benchmarks. Therefore, none of the COIs evaluated for
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surface water are expected to pose an unacceptable risk to ecological receptors in the Middle
Fork of the Vermilion River.

The maximum modeled concentrations for all COlIs in sediment were below conservative risk-
based sediment screening benchmarks. Therefore, none of the COls evaluated for sediment
are expected to pose an unacceptable risk to ecological receptors in the Middle Fork of the
Vermilion River.

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, fish). None of the COIs were identified to have potential
bioaccumulative effects. Overall, this evaluation demonstrated that none of the COlIs evaluated
are expected to pose an unacceptable risk to ecological receptors.

Regarding Overall Risk Conclusions and Health-protective Assumptions:

* Qur overall conclusion is that groundwater from the ash ponds at the VGS and potential
groundwater contributions to surface water and sediment COI concentrations in the Middle Fork
of the Vermilion River pose no unacceptable risks to human health or the environment. We reach
this conclusion because modeled or detected maximum concentrations of all COls in surface water
and sediment in the Middle Fork of the Vermilion River were below conservative risk-based
screening benchmarks. This conclusion was reached using methodology consistent with applicable
US EPA risk assessment principles (e.g., US EPA, 1989). The assessment relied on conservative
assumptions meant to overestimate possible exposures and risks and provide an additional level of
certainty in the conclusions. Some of the key health-protective assumptions used in the assessment
are as follows:

We assumed that CCR constituents in groundwater could migrate into surface water and
sediment. Where measured surface water data were available, these were used in the risk
assessment, but for analytes where surface water data were not available and which were
detected in groundwater, surface water concentrations were modeled and evaluated using the
maximum detected concentrations in groundwater.

In our assessment we assumed that measured or modeled COI concentrations were from the
site. Reliance on the maximum detected COI concentration is not representative of conditions
across the entire Site and resulted in overestimates of potential human and ecological
exposures.

While measured surface water concentrations were used for the risk assessment, surface water
concentrations were also modeled to estimate the impact of Site-related COls on surface water,
and to supplement available surface water data. The modeled surface water concentrations
demonstrated that Site-related COIs were in agreement with the measured surface water
concentrations and further demonstrated that Site-related COIs do not pose an unacceptable
risk to human health and the environment..

We conservatively assumed that human and ecological receptors would be exposed to the
maximum modeled or measured concentration for the entire exposure period regardless of
location, even though the average concentration is more representative of exposures within an
exposure area over a long period of time. Ignoring the variability in exposure over time and
location may result in a substantial overestimation of actual risk.
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For the human health evaluation, we used conservative exposure assumptions that likely
overestimate actual exposures. For example, we assumed that children and adults would swim
or go tubing for 4 hours/day for 40 days/year for 26 years. For perspective, according to the
US EPA "Exposure Factors Handbook," which provides guidance on values to use in a risk
assessment, a high-end estimate of swimming activities for adults and children is under 3.3
hours per month, on average (US EPA, 2011a).

For the ecological evaluation, we conservatively assumed all constituents to be 100%
bioavailable. However, several metal COls (e.g., cadmium, copper, lead, nickel, and zinc)
form insoluble metal sulfides in sediment in the presence of sulfide or bind to organic carbon,
reducing their bioavailability and toxicity to benthic invertebrates. Similarly, depending on the
mineralogy and chemical form, the oral bioavailability to wildlife of several metals (e.g.,
cadmium, lead) has been shown to be much lower than 100%.

* 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 ash ponds have been 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. Moreover, the modeled time
horizon to achieving the groundwater protection standards (GWPSs) under the various closure
alternatives (OBG, 2018) is immaterial from a risk perspective since there is no unacceptable risk
associated with exceedances of the GWPSs. Because of this, other factors, such as the impact to
the environment and nearby communities and worker safety should be considered when evaluating
closure options.
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1 Introduction

Dynegy Midwest Generation Company's Vermilion Generating Station (VGS or the Site) is an electric
power generating facility with coal fired units in Oakwood, Illinois. The facility began operations in the
mid-1950s (OBG, 2019a) and was retired in November 2011 (IEPA, 2013). The VGS produced and stored
coal combustion residuals (CCRs) as a part of its historical operations in several CCR ash ponds located
east of the power plant (North Ash Pond, Old East Ash Pond, New East Ash Pond). The CCR ash ponds
are planned for closure.

An alternatives analysis was performed to select an optimal closure plan (OBG, 2018). This analysis
included construction of a numerical model in order to evaluate future groundwater impacts under different
closure scenarios. Specifically, groundwater flow hydraulics and the future boron concentrations in
groundwater! were evaluated using the numerical model for different closure scenarios, including closure
in place, closure by removal (on-site and off-site), beneficial reuse with monitored natural attenuation
(MNA), and the selected hybrid closure plan (known as Scenario 4A). Scenario 4A entails excavating and
consolidating the OEAP to the NAP, consolidating ash to the west end of the NEAP, closing the
consolidated NAP and NEAP in place, and using existing or new subsurface barrier walls around each
former pond to limit any additional potential impacts to groundwater. Scenario 4A was selected because it
was determined to be as protective of groundwater as closure by removal, but does not require off-site
transportation of the ash that could generate additional negative impacts (OBG, 2018).

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. While this report specifically
evaluates current risks, it also informs what potential risks may be under the different closure scenarios.
Human and ecological risks were evaluated for Site-specific constituents of interest (COIs), which included
all constituents detected in groundwater or surface water. The conceptual site model (CSM) assumed that
Site-related COls in groundwater may migrate to the river 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 COls: All constituents detected in groundwater or surface water.

3. 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. Refined Risk Analysis: If COPCs are identified, perform a refined analysis to evaluate potential
risks for the COPCs.

5. Formulate risk conclusions and discuss any associated uncertainties.

! Boron was selected as a representative analyte for coal ash impacts to groundwater due to its common, unique presence at coal
ash sites, its observed exceedance of groundwater protection standards at the VGS Site, and its high mobility in groundwater (OBG,
2018, p. 2).
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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 relied on US EPA's Regional Screening Levels
(RSLs) User's Guide (US EPA, 2019a), 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).

Section 2 of this report presents a description and CSM for the Site, and the human and ecological
conceptual exposure models. Section 3 presents the groundwater and surface water data used in the risk
evaluation, and the methodology used for modeling surface water and sediment concentrations. Section 4
describes the human health and ecological risk evaluations and associated uncertainties. Section 5 presents
the overall conclusions of the risk evaluation.
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2 Site Overview

2.1 Site Description

The VGS is located approximately five miles north of the Village of Oakwood, Illinois, along the Middle
Fork of the Vermilion River. The Site includes a retired plant and multiple decommissioned ash ponds
(Figure 2.1):

= QOld East Ash Pond (OEAP);
=  North Ash Pond (NAP), including an associated secondary pond; and
= New East Ash Pond (NEAP), including an associated secondary pond.

The OEARP is the oldest of the ash receiving ponds and was put into service in the mid-1950s as part of the
original plant construction. Use of the OEAP continued until the NAP, which is hydraulically connected
with the OEAP, was constructed and put into service in the mid-1970s. For purposes of closure, the
company characterizes the OEAP and NAP as a single multi-unit system because (a) there is a continuous
layer of ash running between the OEAP and NAP, (b) the NAP was subsequently designed such that the
outer berms were an extension of the outer berms of the OEAP, (c¢) the NAP was designed and constructed
to incorporate the ash located within the OEAP, (d) they share a groundwater monitoring network, (e) they
fall within the same areal extent of the local groundwater flow regime, and (f) they are covered by a single
closure plan. Use of the NAP continued until 1989-1990, after which ash was diverted to the NEAP (OBG,
2019a).

The IEPA approved NEAP was constructed in the bottomlands of the Middle Fork of the Vermilion River
with low permeability clay earthen berms built with an eight-foot thick low permeability core on the north,
east, and south sides that were keyed into the underlying shale with four-foot thick soil/bentonite slurry
walls (Kelron Environmental, 2003). The west side of the NEAP is formed by a cut into the bluff and
capped with a six-foot thick low permeability clay keyed at the base of the bluff into the underlying shale.
The original 1989 footprint of the NEAP was expanded in 2002 to form the present extent of the NEAP.
The height of the berms surrounding the NEAP was raised with more low permeability clay in 2002, and a
trench filled with low permeability fill was keyed into the shale along the natural bluff on the west side of
the NEAP (OBG, 2019b). The NEAP overlies a historical coal mine, which has impacted groundwater
quality in the area (OBG, 2019b).
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Figure 2.1 Site Location Map. (Based on Dynegy Midwest Generation, LLC, et al., 2019.)

1. An upper unit composed of silt deposits and alluvium;
2. A Middle Groundwater Unit (MGU) composed of alluvial sand and gravel with some silt;

3. A middle confining unit composed of alluvial and re-worked glacial deposits, clay, and silty clay
with occasional sand lenses;

4. A Lower Groundwater Unit (LGU) composed of glacial outwash and re-worked glacial deposits of
sand, silty sand, and clayey sand;

5. A lower confining unit composed of till, primarily clay, silty clay, and sandy clay with occasional
sand lenses; and

6. Bedrock composed of shale with deep coal seams and occasional layers of limestone and sandstone.

Hydrogeologic data collected at the site show that groundwater flow occurs in the MGU and LGU, while
the middle and lower confining units act as barriers to groundwater flow (OBG, 2019a). The MGU is more
conductive than the LGU and is the primary conduit for groundwater flow at the Site. Groundwater in both
the MGU and LGU flows to the east toward the Middle Fork of the Vermilion River. Potentiometric head
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maps, vertical gradients, and geochemistry data confirm that groundwater in both the MGU and LGU
discharge into the Middle Fork of the Vermilion River (OBG, 2019a; Kelron Environmental, 2003, 2012a).

The geology underlying the Site in the vicinity of the NEAP is distinct from the geology in the vicinity of
the NAP/OEAP because the NAP/OEAP are built atop terraces, while the NEAP was constructed in the
lower elevation bottomlands directly atop shale bedrock. The geology near the NEAP consists of three
layers: (OBG, 2019b).

1. Alluvial deposits of sand with occasional layers of silty clay;

2. Glacial deposits of low plasticity silty to sandy clays with occasional silt, sand, and gravel layers;
and

3. Bedrock, which contains a major coal seam.

The NEAP is hydraulically isolated from the alluvial deposits by low permeability clay/bentonite barriers
installed along its boundaries and keyed into the underlying low permeability shale (OBG, 2019b).
Groundwater surrounding the NEAP discharges into the Middle Fork of the Vermilion River (OBG, 2019b).
Groundwater quality data have demonstrated that CCR-related constituents from the NEAP have negligible
or no impact on groundwater outside the low permeability barriers and are not impacting the Middle Fork
of the Vermilion River (OBG, 2019b).

2.2 Conceptual Site Model

A conceptual site model (CSM) describes the sources of contamination, the hydrogeologic units, and the
physical processes that control the transport of constituents in and between environmental media. In this
case, the CSM describes how CCR constituents in the ash ponds may have come into contact with
groundwater and migrated off-Site into other media such as surface water and sediment. The CSM was
developed using historical hydrogeologic and groundwater quality data (OBG, 2019a,b). The CSM is
informed by the hydrogeology of the Site, including information on groundwater depth, groundwater flow,
and the characteristics of nearby surface water bodies. Atthe OEAP/NAP, potential dissolved CCR-related
constituents may migrate vertically downward under the influence of gravity into the MGU (Figure 2.2).
The MGU is the primary conduit for groundwater flow at the Site. Groundwater flow in the MGU is
primarily eastward toward the Middle Fork of the Vermilion River. Some potentially dissolved CCR-
related constituents may migrate downward through the middle confining unit into the LGU. Groundwater
flow rates are lower in the LGU relative to the MGU due to the difference in the hydraulic conductivities
of the two units. Groundwater flow in the LGU is also primarily eastward toward the Middle Fork of the
Vermilion River. CCR-related constituents in both the MGU and LGU may potentially discharge with
groundwater into the Middle Fork of the Vermilion River. Based on site-specific numerical groundwater
modeling performed at the Site (OBG, 2018), all groundwater impacted with potential CCR-related
constituents is ultimately discharged into the Middle Fork of the Vermilion River and no CCR-related
constituents migrate away from the Site underneath the river. Similarly, there is no transport of CCR-
related constituents toward the northern, western, and southern property boundaries.

There have been either no observed or negligible CCR-related impacts in the bedrock aquifer, which
underlies the NEAP and OEAP/NAP. Hydraulic head data indicate that groundwater in the bedrock aquifer
flows upward into the overlying unlithified deposits rather than downward into the bedrock aquifer.
Isotopic radiocarbon dating of the groundwater also confirms that the ash ponds are not a source of recharge
to the bedrock aquifer (Kelron Environmental, 2003; OBG, 2019b).
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During groundwater discharge into the river, CCR-related constituents may partition between sediments
and surface water. It should be noted that many of the CCR-related constituents occur naturally in
sediments and surface water. As a result, their presence in sediments and/or surface water of the Vermilion
River does not necessarily signify contributions from the ash ponds.
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At the NEAP, since the pond is built atop low permeability shale and surrounded by low permeability
clay/bentonite layers (Figure 2.3), no constituent migration is expected out of the pond. There is no or
negligible impact of CCR-related constituents from the NEAP on groundwater quality. Additionally,
while groundwater underlying the NEAP migrates toward and discharges into the Middle Fork of the
Vermilion River, there is no evidence of CCR-related impacts from the NEAP in surface water (OBG,
2019b, discussed further in Section 2.3.1).
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2.3 Human Conceptual Exposure Model

A Conceptual Exposure Model (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.

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
2.4 presents a human CEM for the Site. It considers a human receptor who could be exposed to COls
hypothetically released from the ash ponds 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 river near the site;

e Boaters — exposure to surface water and sediment while boating;

e Swimmers — exposure to surface water and sediment while swimming or tubing;

e Anglers — exposure to surface water and sediment and consumption of locally caught fish.

All of these exposure pathways were considered complete except for residential exposure to groundwater
or surface water used for drinking water or irrigation. Section 2.3.1 (below) explains why the residential
drinking water and irrigation pathways are incomplete, and Section 2.3.2 provides additional description of
the recreational exposures.

GRADIENT 7



Draft

Source Release Mechanism  Exposure Medium Exposure Pathway Receptor

g ngestion | S
(Drinking Water/
gy Dermal Contact Irrigation)

Groundwater?®

Incidental Ingestion

Recreator
Surface Water? ‘ (Boater, Swimmer)

Dermal Contact

CCR Leaching/

Impoundments Infiltration
Incidental Ingestion

Recreator

— (Boater, Swimmer)

Dermal Contact

Fish Ingesti ‘ Recreational
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2.3.1 Groundwater 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 OEAP/NAP, or the NEAP. Although the OEAP/NAP may
be the source of several CCR constituents that were detected above the Illinois Class I Potable standard in
shallow groundwater (i.e., the MGU and LGU) (OBG 2018; Kelron Environmental, 2012a,b), shallow
groundwater in the Site vicinity is not used as a source of drinking water. Hydrogeological and geochemical
evidence indicate that potential CCR-impacted groundwater near the ponds cannot plausibly impact distant
and hydraulically upgradient residential wells that may be used as sources of drinking water or irrigation.
Further, the NEAP is not a source of impacts to groundwater, based on the hydrogeological studies of
groundwater underlying and adjacent to the NEAP. A summary of the evidence supporting the conclusion
that CCR-related constituents originating from the ash ponds do not impact residential wells is presented
below.

= Groundwater for residential use is limited in the vicinity of the ash ponds. Based on a water
well survey conducted in 2009, only one drinking water well was identified within a 750-meter
radius of the ash ponds (Kelron Environmental, 2012b). This non-community well, as well as
several other drinking water sources identified in the upland areas (outside the 750-meter radius)
are all located hydraulically upgradient of the ash ponds. This means that groundwater underlying
and near the ash ponds migrates in the opposite direction of the residential drinking water sources
that were identified. Therefore, pond-derived CCR constituents in groundwater cannot impact
these hydraulically upgradient residential wells (Kelron Environmental, 2012b).

= There is no off-Site migration of CCR-related constituents to residential wells because all
shallow groundwater discharges to the Middle Fork of the Vermilion River. The Middle Fork
of the Vermilion River is the regional sink of shallow groundwater in the area (Kelron
Environmental, 2003, 2012a), i.e., all of the groundwater in the MGU and LGU in this area
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2.3.2

discharges to the river. Potentiometric surface maps using wells on both sides of the Middle Fork
of the Vermilion River show that groundwater discharge from the underlying shale is toward the
river (Kelron Environmental, 2003). Potentiometric surface maps for the MGU and the LGU
similarly show groundwater flow toward the river (Kelron Environmental, 2012a). Hydraulic head
measurements show that the surface water elevation in the Middle Fork of the Vermilion River is
about 1.5 to 4 feet lower than the head in wells screened in the alluvium across the river from the
NEAP portion of the Site (MW26 and MW28) (Kelron Environmental, 2003). Based on this site
data, the Middle Fork is the discharge point for groundwater at the Site (OBG, 2018). In sum, this
evidence confirms that CCR-related constituents in MGU and LGU groundwater will discharge to
the Middle Fork and will not migrate off-Site.

The NEAP is not hydraulically connected to shallow groundwater. Since the expansion of the
NEAP in 2002, changes in the pond stage elevation in the NEAP have been shown to not impact
surrounding groundwater levels, as the pond is hydraulically isolated by soil/bentonite slurry walls
and a compacted clay core (Kelron Environmental, 2003). The hydraulic separation between the
pond water and shallow groundwater suggests that the groundwater in the vicinity of the pond is
not impacted by pond-derived CCR constituents.

Water quality data in the vicinity of the NEAP confirm that pond water and shallow
groundwater are not connected. Water quality data collected for both groundwater and NEAP
water indicate that trace metals (e.g., molybdenum, selenium, and vanadium) that were elevated
above background levels in pond water were at background levels in both the alluvium and in the
bedrock groundwater (Kelron Environmental, 2003). Detailed statistical analyses (box-whisker
plots, cluster analyses, stiff diagrams, piper diagrams) were performed to compare groundwater
chemical measurements to background concentrations (Kelron Environmental, 2003). No NEAP-
derived impacts were identified in the surrounding groundwater. Moreover, hydrochemical facies
analyses indicate that water from the alluvial aquifer (MW26 and MW28) represents a Ca-Mg-
HCO; water-type, whereas the NEAP water represents a distinct Ca-SO4 water-type (Kelron
Environmental, 2003). The different chemical compositions of the NEAP pond water and
groundwater confirm that CCR-related constituents in the NEAP are not migrating to surrounding
groundwater (OBG, 2019b).

Isotopic measurements confirm the bedrock aquifer did not receive recharge from the ash
ponds at the Site. Isotopic data from the Site were analyzed by the Illinois State Geologic Survey
(ISGS).2 Based on carbon-14 (**C) and tritium (*H) data, groundwater in the bedrock aquifer is
thousands of years older than groundwater in the alluvium. In the NEAP area, radiocarbon (*C)
ages of groundwater in the bedrock aquifer ranged between 13,000 and 35,000 years old. In the
same subset of bedrock groundwater samples, no detectable tritium was observed, confirming a
longer residence time (more than 50 years) for groundwater in the bedrock aquifer (Kelron
Environmental, 2003; OBG, 2019b). The observations of *C and *H data confirm that the ash
ponds are not a source of recharge to the bedrock aquifer.

Recreational Exposures

The Middle Fork of the Vermilion River flows south past the Site and into the Kickapoo State Recreation
Area approximately 4.5 miles downstream of the site (Hanson Professional Services Inc., 2019). The river
is used for recreational activities and is the only federally designated Wild and Scenic River in Illinois
(Hanson Professional Services Inc., 2019, American Rivers, 2018). Recreational activities that occur on

2 The atmospheric testing of nuclear weapons released tritium (*H), a radioactive isotope of hydrogen that peaked in the 1960s, and
since then has made it possible to track recently recharged groundwater (e.g., Schlosser et al., 1989). Carbon-14 (**C/'2C) isotopic
analysis of dissolved inorganic carbon in groundwater allows the dating of old groundwater (Fontes and Garnier, 1979).
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the Middle Fork of the Vermilion River include fishing, paddling, canoeing, tubing, and camping in the
state park (Illinois Department of Natural Resources, 2018; Kickapoo Adventures, 2017). The Middle Fork
of the Vermilion River is designated by the IEPA as a primary contact recreation site and is not designated
for public and food processing water supplies (IEPA, 2018). Therefore, it was concluded that this river is
not used as a public drinking water supply.

Recreational exposure to surface water and sediment may occur during boating and swimming/tubing
activity along the river. The Middle Fork of the Vermilion River is shallow enough to walk in during low
flow periods, and there are sediment deposition areas along the shoreline adjacent to and near the Site that
could be accessible by boat. Risks were evaluated separately for boaters and swimmers, as boaters were
assumed to have a higher exposure frequency than swimmers (i.e., exposure more days/year), due to
temperature constraints that favor a longer boating season. Exposure estimates for swimmers provide a
health protective means to evaluate exposure during other recreational activities.

2.4 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 COlIs in groundwater and ecological receptors that may be
exposed to these media. The ecological risk evaluation considered both direct toxicity as well as secondary
toxicity via bioaccumulation. Figure 2.5 presents the ecological CEM for the Site. The following
ecological receptor groups and exposure pathways were considered.
= Ecological Receptors Exposed to Surface Water:
e Agquatic plants, amphibians, reptiles, and fish.
= Ecological Receptors Exposed to Sediment:
e Benthic invertebrates (e.g., insects, crayfish, mussels).

= Ecological Receptors Exposed to Bioaccumulative COIs:

e 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, fish).
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Ecological Conceptual Exposure Model. CCR = Coal Combustion Residual.
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3 Data Summary

3.1 Groundwater Data

Groundwater samples at the Site were collected from a total of 34 monitoring wells between 1998 and 2019,
and the data were provided to Gradient in electronic files that were imported to a project database. The
analyses presented in this report relied upon the more recent groundwater data collected from 20 monitoring
wells between 2011 and 2019, which is a dataset considered to be representative of current conditions at
the Site (Figure 3.1). The chemical constituents that were analyzed in groundwater samples (Table 3.1)
were based on the Illinois Environmental Protection Agency (IEPA)-approved analyte list presented in the
Site's groundwater monitoring plan (OBG, 2019¢) and National Pollutant Discharge Elimination System
(NPDES) Permit (IEPA, 2012).

Middle]Fork:
\Vermilion[Rivers

SecondaryNew,
[EastAshPond
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Table 3.1 Constituents Analyzed in Groundwater (2011-2019) —
Based on IEPA-approved Monitoring Plan

Analyte
Antimony Lead
Arsenic Magnesium
Barium Manganese
Beryllium Mercury
Boron Nickel
Cadmium Potassium
Chromium Selenium
Chromium, Hexavalent Silver
Cobalt Sodium
Copper Thallium
Fluoride Zinc
Iron

Notes:

IEPA = lllinois Environmental Protection Agency.

General water quality parameters were also analyzed, but not evaluated in the risk
evaluation, including alkalinity, calcium, chloride, nitrate nitrogen, nitrite nitrogen,
total Kjeldahl nitrogen, phosphorus, sulfate, total dissolved solids, and total suspended
solids.

Table 3.2 Groundwater Data Summary (2011-2019)

Sam.ples Minimum Maximum Maximum

Analyte WI.t h Samples Detect Detect Detection Limit
Constituent Collected

Detected (mg/L) (mg/L) (mg/L)
Dissolved Metals
Antimony 0 50 0.0050
Arsenic 64 122 0.00050 0.073 0.073
Barium 122 122 0.0097 0.19 0.19
Beryllium 1 50 0.0084 0.0084 0.0084
Boron 206 212 0.030 53 53
Cadmium 1 50 0.0024 0.0024 0.0024
Calcium 13 13 69 390 390
Chromium 1 50 0.0066 0.0066 0.0066
Chromium, Hexavalent 0 1 0.0050
Cobalt 1 50 0.021 0.021 0.021
Copper 1 52 0.079 0.079 0.079
Fluoride 106 122 0.060 1.2 1.2
Iron 101 124 0.010 8.6 8.6
Lead 0 50 0.0050
Magnesium 13 13 23 150 150
Manganese 204 212 0.0052 1.6 1.6
Mercury 0 50 0.0020
Nickel 2 52 0.0081 0.073 0.073
Potassium 13 13 1.1 10 10
Selenium 13 122 0.00090 0.026 0.026
Silver 0 50 0.0050
Sodium 13 13 3.4 75 75
Thallium 0 50 0.0020
Zinc 4 52 0.0055 0.36 0.36
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Sam.ples Minimum Maximum Maximum

Analyte WI.t h Samples Detect Detect Detection Limit

Constituent Collected (mg/L) (mg/L) (mg/L)

Detected
Total Metals
Arsenic 0 2 0.025
Barium 2 2 0.11 0.12 0.12
Boron 2 2 31 38 38
Cadmium 0 2 0.00100
Chromium 0 2 0.0050
Chromium, Hexavalent 0 1 0.0050
Cyanide 0 52 0.0080
Fluoride 0 2 0.100
Iron 1 2 0.15 0.15 0.15
Lead 0 2 0.0150
Manganese 2 2 0.033 0.073 0.073
Mercury 0 2 0.00000080
Nickel 0 2 0.0050
Selenium 0 2 0.00100
Silver 0 2 0.0030
Zinc 0 2 0.0100
Note:

The maximum detection limit is the highest detection limit reported for the groundwater samples from 2011-2019.

3.2 Surface Water Data

Surface water samples have been collected from the Middle Fork of the Vermilion River, which flows
adjacent to the ash ponds at the Site (Figure 3.2) (Hanson Professional Services Inc., 2019). Surface water
samples from the river were collected from three locations (VR1, VR2, and VR3), in February and March
2019. Sample location VR1 is located upstream of the Site, VR2 is located adjacent to the Site, and VR3
is located adjacent and downstream of the Site (Figure 3.2). Constituents that were analyzed in surface
water samples are summarized in Table 3.3. Table 3.4 presents a summary of the surface water data at the
Site.
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Figure 3.2 Surface Water Sample Locations. (Based on Hanson Professional Services Inc., 2019.)

Table 3.3 Constituents Analyzed in Surface Water (2019)

Analyte

Arsenic Iron*

Barium Lead

Boron Manganese
Cadmium Mercury
Chromium Nickel*

Chromium, Hexavalent* Selenium

Copper* Silver

Cyanide Zinc*

Fluoride

Notes:

General water quality parameters were also analyzed, but not evaluated further in
the risk evaluation, including ammonia, nitrogen, chloride, nitrate nitrogen, nitrite
nitrogen, total Kjeldahl nitrogen, phosphorus, sulfate, total dissolved solids, and total
suspended solids.

*Metal also analyzed as dissolved metals.
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Table 3.4 Surface Water Data Summary

s Sl Minimum  Maximum Maxim_um

Analyte Detected Collected Detect Detect Detection
(mg/L) (mg/L) Limit (mg/L)

Dissolved Metals
Chromium, Hexavalent 0 3 0.0050
Copper 0 6 0.0050
Iron 0 6 0.040
Nickel 0 6 0.0050
Zinc 0 6 0.010
Total Metals
Arsenic 0 6 0.025
Barium 6 6 0.036 0.040 0.040
Boron 6 6 0.041 0.17 0.17
Cadmium 0 6 0.0010
Chromium 0 6 0.0050
Chromium, Hexavalent 0 3 0.0050
Cyanide 0 6 0.0050
Fluoride 6 6 0.15 0.17 0.17
Iron 6 6 0.34 0.65 0.65
Lead 0 6 0.015
Manganese 6 6 0.023 0.045 0.045
Mercury 3 6 0.0000012 0.0000013 0.0000013
Nickel 0 6 0.0050
Selenium 0 6 0.0010
Silver 0 6 0.0030
Zinc 0 6 0.010

3.3 Surface Water and Sediment Modeling

Sediment sampling has not been conducted in the Middle Fork of the Vermilion River. Many of the COlIs
are expected to be present in sediment from natural or non-site related anthropogenic sources. It would be
difficult to attribute concentrations of these COls to a particular source given the dynamic nature of river
systems and the multitude of potential sources. In the absence of sediment data, Gradient modeled
concentrations in river sediments as a result of groundwater discharge to the Middle Fork of the Vermilion
River for all constituents that were detected in groundwater. Similarly, surface water modeling was
conducted for all constituents detected in groundwater, in order to supplement the dataset of measured
surface water concentrations. Surface water and sediment were modeled based on the maximum detected
dissolved concentration in groundwater, since the dissolved concentration represents the mobile portion of
a constituent that could likely discharge into surface water and sediment.

For this evaluation we 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 original 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 (Kq4). The model assumes a well-mixed groundwater-surface water
location, with partitioning among total suspended solids, dissolved water column, sediment porewater, and
solid sediments.
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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 (dilution) at the
point of discharge of groundwater to the surface water.

The maximum detected dissolved concentrations in groundwater (from 2011 to 2019, regardless of well
location) were conservatively used to model COI concentrations in surface water and sediment.

The aquifer and surface water properties used to estimate the volume of groundwater flowing into the
Middle Fork of the Vermilion River and surface water concentrations are presented in Table 3.5. The COI
concentrations in sediment were modeled using the COl-specific sediment-to-water partition coefficients
and the sediment properties presented in Table 3.6. In the absence of site-specific information for the
Middle Fork of the Vermilion River, we used default assumptions (e.g., depth of the upper benthic layer,
bed sediment particulate concentration, and bed sediment porosity) to model sediment concentrations. A
description of the sediment modeling and the detailed results are presented in Appendix C.

The modeled surface water and sediment concentrations are discussed in Section 3.4. As described earlier,
the modeled concentrations reflect conservative contributions from groundwater discharge.
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Table 3.5 Groundwater and Surface Water Properties Used in Modeling

Parameter Unit Value Notes/Source

Groundwater

COI Concentration mg/L Constituent  Maximum detected dissolved concentration in

specific groundwater

Cross Section Area for the MGU m? 3,931 Estimated using the thickness of the MGU layer

Layer (5.2 m) and the length of the river intersected by
the modeled plume of Boron in the MGU (756 m;
OBG [2018])

Cross Section Area for the LGU m? 978 Estimated using the thickness of the LGU layer (3

Layer m) and the length of the river intersected by the
modeled plume of Boron in the LGU (326 m; OBG
[2018])

Aquifer Hydraulic Gradient in the m/m 0.0093 Average of the hydraulic gradients measured in

MGU Layer the MGU (0BG, 2018)

Aquifer Hydraulic Gradient in the m/m 0.0075 Average of the hydraulic gradients measured in

LGU Layer the LGU (OBG, 2018)

Aquifer Hydraulic Conductivity in cm/s 0.00215 As reported in OBG (2018)

the MGU Layer

Aquifer Hydraulic Conductivity in cm/s 0.000847  Asreported in OBG (2018)

the LGU Layer

Surface Water

Surface Water Flow Rate L/yr 1.52x 10°  Representative low flow discharge rate for the
Middle Fork of the Vermilion River (17 cfs), as
reported in OBG (2019b)

Total Suspended Solids (TSS) mg/L 6 Representative average river concentration
(Hanson Professional Services Inc., 2019)

Depth of the Water Column m 0.5 Conservative estimate. Variations in the
parameter were tested and did not produce a
significant change in the results.

Suspended Sediment to Water mg/L Constituent Values based on US EPA (2014a)

Partition Coefficients specific

Notes:

COIl = Constituent of Interest; LGU = Lower Groundwater Unit; MGU = Middle Groundwater Unit; US EPA = United States

Environmental Protection Agency.
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Table 3.6 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 0.53 Depth of water column plus depth of upper
benthic layer

Bed Sediment Particle g/cm?3 1 Default (US EPA, 2014a)

Concentration

Bed Sediment Porosity - 0.6 Default (US EPA, 2014a)

TSS Mass per Unit Area kg/m? 0.003 Depth of water column x TSS x conversion
factors (10 kg/mg and 1,000 L/m3)

Sediment Mass per Unit Area kg/m? 30 Depth of upper benthic layer x
bed sediment particulate concentration x
conversion factors (0.001 kg/g, 10 cm3/m3)

Sediment to Water Partition mg/L Constituent Values based on US EPA (2014a)

Coefficients specific

Notes:

TSS = Total Suspended Solids; US EPA = United States Environmental Protection Agency.

3.4 Exposure Estimates

3.4.1 Surface Water

As noted in Section 3.2, six surface water samples were collected in 2009. Samples were analyzed for total
metals, five dissolved metals (hexavalent chromium, copper, iron, nickel, and zinc) and other field
parameters that more generally characterize water chemistry. While total metal concentrations are typically
used to quantify human exposures (US EPA, 1989) and dissolved metals are a better indicator of toxicity
for ecological receptors (US EPA, 1993), the maximum detected concentrations (regardless of total or
dissolved) were conservatively used to quantify exposures for both types of receptors. Calcium,
magnesium, potassium, and sodium were also detected in surface water. However, these analytes are
essential nutrients with low toxicity for both human and ecological receptors and typically not evaluated in
arisk assessment (US EPA, 1989). Therefore, they were not carried forward in the risk evaluation. Arsenic,
cadmium, chromium, hexavalent chromium, copper, cyanide, lead, nickel, selenium, silver, and zinc were
not detected in surface water, and thus were not carried forward in the risk evaluation. In addition, surface
water modeling was conducted for two analytes that were detected in groundwater but not analyzed in
surface water (beryllium and cobalt). The surface water COlIs include the constituents detected in surface
water (barium, boron, fluoride, iron, manganese, and mercury) plus two constituents (beryllium and cobalt)
that were detected in groundwater but were not analyzed in surface water. Table 3.7 presents the surface
water concentration estimates used in both the human health and ecological risk evaluation.

In addition, to supplement the measured surface water data, we modeled the contributions to surface water
of all Site-related COls in groundwater. The modeled concentrations for all constituents modeled in surface
water were below the screening benchmarks for ecological and human receptors (swimmer/tuber, boater,
and angler) (see Table C.6 in Appendix C).
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Table 3.7 Surface Water Exposure Estimates

Measured Modeled? Surface Water Exposure .
COl . . . Basis
Concentration Concentration Concentration
Barium 0.040 -- 0.040 Measured
Beryllium -- 0.000016 0.000016 Modeled
Boron 0.17 -- 0.17 Measured
Cobalt -- 0.000039 0.000039 Modeled
Fluoride 0.17 -- 0.17 Measured
Iron 0.65 -- 0.65 Measured
Manganese 0.045 -- 0.045 Measured
Mercury 0.0000013 -- 0.0000013 Measured
Notes:

All concentrations reported in mg/L.
-- = Not analyzed; COI = Constituent of Interest.
(a) Modeled data presented for analytes that were not analyzed in surface water, but detected in groundwater.
Surface water was modeled using the maximum dissolved concentration in groundwater.

3.4.2 Sediment

Sediment COls included the metals detected in groundwater (arsenic, barium, beryllium, boron, cadmium,
chromium, cobalt, copper, fluoride, iron, manganese, nickel, selenium, and zinc). Sediment concentrations
were modeled for these COls as described in Section 3.3. Table 3.8 presents the modeled sediment

concentrations used to estimate exposure in both the human health and ecological risk evaluation.

Table 3.8 Sediment Exposure Estimates

ol Measured Groundwater Modeled Sediment
Dissolved Concentration (mg/L) Concentration (mg/kg)

Arsenic 0.073 0.033
Barium 0.19 0.11
Beryllium 0.0084 0.0090
Boron 53 0.65
Cadmium 0.0024 0.0060
Chromium 0.0066 0.55
Cobalt 0.021 0.036
Copper 0.079 0.36
Fluoride 1.2 0.35
Iron 8.6 0.41
Manganese 1.6 71
Nickel 0.073 0.94
Selenium 0.026 0.00021
Zinc 0.36 5.3

Note:

COI = Constituent of Interest.
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4 Risk Evaluation

4.1 Risk Evaluation Process

A risk evaluation was conducted to determine whether CCR constituents present in groundwater at the Site
have the potential to pose adverse health effects to human and ecological receptors. The media evaluated
included groundwater, surface water, and sediment. Fish consumption by anglers was evaluated indirectly
by comparing surface water concentrations with risk-based water concentrations protective of fish
consumption. 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, 2015).

The general risk evaluation approach is summarized in Figure 4.1 and discussed below.

Is the exposure pathway complete? No Eliminate pathway from
(Figures 3.2 and 3.3) evaluation
Yes

Is constituent detected in
groundwater or surface water? No

Yes

Constituent of Interest (COI)

Eliminate constituent
from further evaluation
Is the maximum measured or modeled
COI concentration in No
environmental medium above
the screening benchmark
for that medium?

Yes

Constituent of Potential Concern .
Further Evaluation
(copc)

Figure 4.1 Overview of Risk Evaluation Methodology

The first step in the risk evaluation was to develop the CEM and identify complete exposure pathways. All
potential receptors and exposure pathways based on the land use, groundwater use, and surface water use
in the vicinity of the Site were considered. Exposure pathways that are incomplete were excluded from the
evaluation.

Second, measured or modeled COI concentrations in surface water and modeled concentrations in sediment
were compared to conservative, generic risk-based screening benchmarks for human health and ecological
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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 or sediment. Ecological 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 maximum COI concentration exceeding an ecological screening benchmark does not indicate
an unacceptable ecological risk, but only that further risk evaluation is warranted. COIs with maximum
concentrations exceeding a conservative screening benchmark are identified as constituents of potential
concern (COPCs) requiring further evaluation.

As described in more detail below, this evaluation relied on the screening assessment to demonstrate that
the potential groundwater CCR constituents do not pose an unacceptable human health or ecological risk
to the Vermilion River. That is, after the screening step, no COPCs were identified and an additional
assessment was not warranted.

4.2 Human Health Risk Evaluation

The sections below present the results of the human health risk evaluation for recreators (swimmers,
boaters, anglers) along the Middle Fork of the Vermilion River adjacent to the Site. For each pathway
determined to be complete, risks were assessed for detected or modeled COls in surface water and sediment.

4.2.1 Recreators Exposed to Surface Water While Swimming or Tubing

Screening Exposures: Recreators could be exposed to surface water via incidental ingestion and dermal
contact while swimming or tubing. The maximum detected (or modeled) surface water concentration was
used as a conservative upper-end estimate of the COI concentration to which a recreator might be exposed
(Table 4.1).

Screening Benchmarks: US EPA develops RSLs using generic default assumptions designed to identify
constituents that warrant further investigation (US EPA, 2019a). However, because recreational exposure
scenarios are site-specific, US EPA has not established recreator RSLs that are protective of recreational
exposures to surface water (US EPA, 2019a). Therefore screening benchmarks protective of recreational
exposures to surface water were derived using US EPA's RSL guidance (US EPA, 2019a). The recreator
benchmarks were calculated using US EPA's recommended assumptions (i.e., dermal permeability
coefficient [K,], body weights, averaging time, target cancer risk, target hazard) and toxicity reference
values (i.e., reference dose [RfD] and cancer slope factor [CSF]), along with the following changes.
Recreators were assumed to be exposed to surface water as a child for 6 years and as an adult for 20 years.

The entire body was assumed to be submerged while swimming and tubing (recommended surface area of
6,365 cm? for a child and 19,652 cm? for an adult, based on Stalcup, 2014). Recreators were assumed to
incidentally ingest surface water while swimming (0.01 L/day, based on IEPA recommended water
ingestion rate while swimming).

US EPA does not recommend a specific exposure frequency for a swimmer. We assumed swimming occurs
primarily on days when the water temperature is above 70°F. Based on USGS data for the Vermilion River
near Danville, Illinois (five miles east of the site) (USGS, 2019a), in the 2018 water year (October 2017 to
September 2018) the mean water temperature was consistently above 70°F between mid-May and the end
of September (20 weeks). As a conservative assumption, the recreator is assumed to swim or go tubing in
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the river two days a week during those 20 weeks, which results in an exposure frequency of 40 days a year.
The recreator was assumed to go swimming or tubing for four hours/day. The number of hours spent
swimming or tubing is important for quantifying dermal exposure, which requires an estimate of the amount
of chemical that can be absorbed through the skin per unit of time. A target hazard quotient of 1 was used
based on US EPA's Risk Assessment Guidance for Superfund (RAGS; US EPA, 1989). The target cancer
risk was 1 x 10~ based on the risk target used in US EPA's CCR risk assessment and the guidance US EPA
has provided on the evaluation of CCRs in beneficial use assessments (US EPA, 2014a,b).

Surface water data were also compared to the Illinois surface water criteria (IEPA, 2015) known as the
Human Threshold Criteria (HTC). The 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 consumption
of fish. The comparison to the HTC is discussed in Section 4.2.4.

Table 4.1 presents the recreational RSLs that are protective of recreational exposures to surface water while
swimming or tubing. Appendix Table B.1 presents the calculation of RSLs protective of recreational
exposures to surface water while swimming or tubing.

Screening Risk Results: The maximum surface water exposure concentrations for all COIs were compared
to the conservative benchmarks protective of surface water exposures during swimming and tubing. The
maximum detected or modeled concentrations for all COIs were below their respective conservative
benchmarks (Table 4.1). Therefore, none of the COls evaluated in surface water are expected to pose an
unacceptable risk to recreators swimming in the Vermilion River adjacent to the Site.

Table 4.1 Risk Evaluation of Recreators Exposed to Surface Water While Swimming

Maximum Detected or Modeled B:(i\c:::::rrk
col Surface Water Concentration . . CcoPC
(mg/L) for Swimming
(mg/L)
Barium 0.040 74 No
Beryllium? 0.000016 0.1 No
Boron 0.17 776 No
Cobalt® 0.000039 2 No
Fluoride 0.17 155 No
Iron 0.65 2,716 No
Manganese 0.045 5.1 No
Mercury 0.0000013 0.1 No
Notes:

COlI = Constituent of Interest; COPC = Constituent of Potential Concern.
(a) Beryllium and cobalt are modeled concentrations. Modeled concentrations for beryllium and cobalt
reflect the potential maximum Site-related surface water concentrations from groundwater discharge.

4.2.2 Recreators Exposed to Surface Water While Boating

Screening Exposures: Recreators in the Vermilion River could be exposed to surface water via incidental
ingestion and dermal contact while boating. The surface water exposure concentrations used for the
swimmer were also used for the boater (Table 4.2). Boaters were evaluated separately from swimmers, as
boaters are assumed to have a higher exposure frequency, but less skin surface area exposed to water.

Screening Benchmarks: We calculated recreator benchmarks for a boater exposed to surface water. While
boaters can potentially be exposed to surface water via incidental ingestion, the amount of water
incidentally ingested is expected to be de minimis because they are not submerged in the water. Therefore,
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RSLs for the boater were calculated for the protection of dermal exposures only using the same
recommended assumptions as the swimmer (i.e., K, body weights, averaging time, target cancer risk, target
hazard, exposure duration) and toxicity reference values, along with the following changes.

We assumed that boaters are exposed to surface water on their hands, forearms, lower legs, and feet. The
age-weighted surface areas of 1,733 cm? and 4,824 ¢cm? were used for the child and adult, respectively. We
assumed boaters could be exposed to surface water four hours a day. We assumed boating activity on the
river occurs primarily in the warmer weather. Weather data from the National Oceanic and Atmospheric
Administration (NOAA) from Danville, Illinois (five miles east of the site) show that most of the days with
a mean air temperature above 60°F occur from April to October, a period of 30 weeks (NOAA, 2008-2018).
Based on professional judgment, the recreator is assumed to go boating for two days per week over those
30 weeks, which results in an exposure frequency of 60 days per year.

Table 4.2 presents the recreational RSLs that are protective of recreational exposures to surface water while
boating. Appendix Table B.2 presents the calculation of RSLs protective of recreational exposures to
surface water while boating.

Screening Risk Results: The maximum surface water exposure concentrations for all COIs were compared
to the conservative benchmarks protective of surface water exposures during boating. The maximum
detected or modeled concentrations for all analytes were below their respective conservative benchmarks
(Table 4.2). Therefore, none of the analytes evaluated in surface water are expected to pose an unacceptable
risk to recreators boating in the Vermilion River adjacent to the Site.

Table 4.2 Risk Evaluation of Recreators Exposed to Surface Water While Boating

Maximum Detected or Modeled B:ic::::rrk
col Surface Water Concentration . COPC
(mg/L) for Boating
(mg/L)
Barium 0.040 184 No
Beryllium? 0.000016 0.18 No
Boron 0.17 2,632 No
Cobalt® 0.000039 9.9 No
Fluoride 0.17 526 No
Iron 0.65 9,213 No
Manganese 0.045 13 No
Mercury 0.0000013 0.28 No
Notes:

COlI = Constituent of Interest; COPC = Constituent of Potential Concern.

(a) Beryllium and cobalt are modeled concentrations. Modeled concentrations for beryllium and
cobalt reflect the potential maximum Site-related surface water concentrations from groundwater
discharge.

4.2.3 Recreators Exposed to Sediment While Swimming or Boating

Recreational exposure to sediment may occur during boating and swimming activity along the river. The
Middle Fork of the Vermilion River is shallow enough to walk in during low flow periods, and there are
sediment deposition areas along the shoreline adjacent to and near the Site that could be accessible by boat.

Screening Exposures: COls in impacted groundwater flowing into the river can sorb to sediments. In the
absence of sediment data, sediment concentrations were modeled using maximum detected groundwater
concentrations.
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Screening Benchmarks: There are no established recreator RSLs that are protective of recreational
exposures to sediment (US EPA, 2019a). 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, 2019a). These benchmarks were calculated using the recommended assumptions (i.e.,
oral bioavailability, body weights, averaging time) and toxicity reference values (i.e., RfD and CSF), with
the following changes. Recreators were assumed to be exposed to sediment while recreating 60 days a year
(or two weekend days per week for 30 weeks a year). The exposure duration was for 6 years as a child and
20 years as an adult, per US EPA guidance (Stalcup, 2014). 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 (Stalcup, 2014; US EPA, 2011a). Since recreational exposures to sediment are assumed to
occur for less than four 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 cm? for the child and 3,026 cm? for the adult, based on the age-weighted surface areas reported in
US EPA, 2011a). While other body parts may be exposed to sediment, the contact time will likely be very
short, as the sediment would wash off in the surface water. We used US EPA's recommended adherence
factor of 0.2 mg/cm? based on child exposure to wet soil (US EPA, 2004; Stalcup, 2014), which was used
in the US EPA RSL User's Guide for a child recreator exposed to soil or sediment (US EPA, 2019a). As
discussed above, screening benchmarks for COIs with carcinogenic endpoints were calculated based on a
target risk of 1 x 10~ and COIs with non-cancer endpoints were calculated based on a target hazard quotient
of 1. Appendix Table B.3 presents the calculation of RSLs protective of recreational exposures to sediment.

Screening Risk Evaluation: The calculated RSLs for recreational exposures to sediment are presented in
Table 4.3. The modeled sediment concentrations were well below the recreational sediment RSL
(Table 4.3). Therefore, exposure to sediment is not expected to pose an unacceptable risk to recreators
while swimming or boating.

Table 4.3 Risk Evaluation of Recreators Exposed to Sediment

Modeled Sediment Recreator
col Concentration Benchmark COPC
(mg/kg) (mg/kg)
Arsenic 0.033 101 No
Barium 0.11 273,750 No
Beryllium 0.009 2,738 No
Boron 0.65 273,750 No
Cadmium 0.0060 1,219 No
Chromium 0.55 2,053,125 No
Cobalt 0.036 411 No
Copper 0.36 54,750 No
Fluoride 0.35 54,750 No
Iron 0.41 958,125 No
Manganese 71 32,850 No
Nickel 0.94 27,375 No
Selenium 0.00021 6,844 No
Zinc 53 410,625 No
Notes:

COlI = Constituent of Interest; COPC = Constituent of Potential Concern.
Modeled sediment concentrations reflect the potential maximum Site-related sediment

concentrations from groundwater discharge.
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4.2.4 Recreators Consuming Fish Caught Near the Site

Screening Exposures: Anglers could consume fish caught in the Middle Fork of the Vermilion River. The
maximum detected surface water (or modeled) concentrations were used as conservative upper-end
estimates to evaluate potential risks from fish consumption by anglers.

Screening Benchmarks: Tllinois provides equations to calculate HTC values, which are surface water
quality criteria that account for recreational fish consumption, and incidental ingestion and dermal
exposure to surface water (IEPA 2015).

The HTC values were calculated from the following equation (IEPA 2015):

ADI
W + (F x BCF)

HTC =

where:
HTC = Human health protection criterion in milligrams per liter (mg/L);
ADI = Acceptable daily intake (mg/day)
BCF = Bioconcentration factor (L/kg)
W = Water consumption rate (L/day)
F = Fish consumption rate (kg/day)

[linois 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, 2015). US EPA defines the
chronic 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, 2011b).
[llinois lists methods to derive an ADI from the primary literature (IEPA 2015). As per Illinois guidance,
we derived an ADI by multiplying the MCL by the default water ingestion rate of 2 L/day (IEPA, 2015).
In the absence of an MCL, we used the RfDs used by US EPA to derive the RSLs (US EPA, 2019b) as a
conservative estimate of the ADI. The RfDs are given in mg/kg-day, while the ADI are given in mg/day,
thus we multiplied the RfD by a standard body weight of 70 kg to obtain the ADI in mg/day.

We used bioconcentration factors (BCFs) from a hierarchy of sources. The primary source of BCFs were
those that US EPA used to calculate the National Recommended Water Quality Criteria (NRWQC) Human
Health Criteria (US EPA, 2002, 2016). Other sources included BCFs used in the US EPA combustion coal
ash risk assessment (US EPA, 2014a), and BCFs reported by Oak Ridge National Laboratory's Risk
Assessment Information System (ORNL RAIS).3

[linois recommends a fish consumption rate of 0.020 kg/day (20 g/day) for an adult weighing 70 kg (IEPA
2015). 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 2015). Appendix Table B.4 presents the calculated HTC for fish consumption.

Screening Risk Evaluation: The maximum detected or modeled concentrations in surface water were
compared to the calculated Illinois HTC (Table 4.4), and all surface water concentrations were below their

3 Although recommended by US EPA (2015b), 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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respective benchmarks. Thus, none of the COlIs evaluated would be expected to pose an unacceptable risk

to recreators consuming fish caught in the Vermilion River.

Table 4.4 Risk Evaluation of Recreators Consuming Locally Caught Fish

Sull\'/lf:::amwu;er HTC for HTC for
cor . Fish and Water Fish Only corPC
Concentration
(mg/L) (mg/L) (mg/L)
Barium 0.040 1.5 1.5 No
Beryllium? 0.000016 0.021 0.021 No
Boron 0.17 1,400 NA No
Cobalt® 0.000039 0.0035 0.0035 No
Fluoride 0.17 143 174 No
Iron 0.65 126 129 No
Manganese 0.045 93 210 No
Mercury 0.0000013 0.000053 0.000053 No
Notes:

COIl = Constituent of Interest; COPC = Constituent of Potential Concern; HTC = Human Threshold Criteria; NA =
Bioconcentration factor was not available, therefore, an HTC based on fish ingestion alone could not be calculated.
(a) Beryllium and cobalt are modeled concentrations. Modeled concentrations for beryllium and cobalt reflect the
potential maximum Site-related surface water concentrations from groundwater discharge.

Tables B.5 to B.10 in Appendix B compare the detection limits for non-detects in surface water (and
the modeled sediment concentrations for undetected metals in groundwater) to human and ecological
benchmarks. The detection limits do not exceed the benchmarks, except for arsenic, where the
detection limit in surface water (0.025 mg/L) is slightly above the human threshold concentration for
the angler for consumption of fish (0.023 mg/L).

4.3 Ecological Risk Evaluation

Based on the ecological CEM (Figure 2.5), ecological receptors could be exposed to surface water,
sediment, and dietary items (i.e., prey and plants) potentially impacted by Site-related COIs. The following
COlIs were evaluated: all constituents detected in surface water and all constituents detected in groundwater
but not analyzed in surface water (i.e., beryllium and cobalt). Concentrations for these COls in sediment
were modeled based on maximum groundwater concentrations.

4.3.1 Ecological Receptors Exposed to Surface Water

Screening Exposures: The ecological evaluation considered aquatic communities in the Vermilion River
potentially impacted by groundwater from the Site. While dissolved concentrations are a better indicator
of toxicity for ecological receptors (US EPA, 1993), the maximum of the total and dissolved analyte
concentration detected in surface water was conservatively compared to risk-based ecological screening
benchmarks. Beryllium and cobalt were not analyzed in surface water but were detected in groundwater.
Therefore, these two analytes were modeled in surface water based on their maximum groundwater
concentration and modeled surface water concentrations were compared to risk-based ecological screening
benchmarks.
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Screening Benchmarks: Surface water screening benchmarks protective of aquatic life were obtained from
the following hierarchy of sources:

= llinois Surface Water Quality Standards (IL SWQS) (IEPA, 2015). IL SWQS are regulatory
standards that are intended to protect aquatic life exposed to surface water on a long-term basis
(i.e., chronic exposure). The IL SWQS for several metals are hardness dependent (cadmium,
chromium, copper, fluoride, lead, manganese, nickel, zinc). Screening benchmarks for these
analytes were calculated using an average hardness of 300 mg/L for the Middle Fork of Vermilion
River based on measured data from a monitoring site located above Oakwood, IL (USGS, 2019b)*;

* National Recommended Water Quality Criteria — Aquatic Life Criteria Table (US EPA, 2019d);
and

= US EPA Region IV (2018) Surface Water Ecological Screening Values (ESVs) for Hazardous
Waste Sites.

Risk Evaluation: The maximum detected or modeled concentrations in surface water were compared to
the above hierarchy of benchmarks protective of aquatic life (Table 4.5). All surface water concentrations
were below their respective benchmarks. Thus, none of the COls evaluated are expected to pose an
unacceptable risk to aquatic life in the Middle Fork of the Vermilion River.

The modeled concentrations for all constituents modeled in surface water (including additional constituents
not analyzed or not detected in surface water) were below the ecological screening benchmarks (Table C.6

in Appendix C), which supports the results from the measured surface water data.

Table 4.5 Risk Evaluation of Ecological Receptors Exposed to Surface Water

Maximum Ecological
Surface Water Freshwater .
col Concentration Benchmark Basis copc
(mg/L) (mg/L)
Barium 0.040 5.0 IEPA (2015) No
Beryllium© 0.000016 0.064 US EPA R4 (2018) No
Boron 0.17 7.6 IEPA (2015) No
Cobalt® 0.000039 0.019 US EPA R4 (2018) No
Fluoride® 0.17 9.1 IEPA (2015) No
Iron 0.65 1.0 IEPA (2015) No
Manganese® 0.045 4.0 IEPA (2015) No
Mercury 0.0000013 0.0011 IEPA (2015) No
Notes:

COI = Constituent of Interest; COPC = Constituent of Potential Concern; IEPA = lllinois Environmental Protection Agency;
US EPA R4 = United States Environmental Protection Agency Region IV.

(c) Beryllium and cobalt are modeled concentrations. Modeled concentrations for beryllium and cobalt reflect the
potential maximum Site-related surface water concentrations from groundwater discharge.

(d) Anaverage hardness of 300 mg/L was used to calculate hardness-dependent benchmarks (fluoride and manganese).

4.3.2 Ecological Receptors Exposed to Sediment

Screening Exposures: COls in impacted groundwater discharging into the Middle Fork of the Vermilion
River can sorb to sediments via chemical partitioning. In the absence of sediment data, sediment
concentrations were modeled using maximum detected groundwater concentrations. Therefore, the

4 Hardness data include 135 samples collected from 1980 to 1997 (USGS, 2019b).
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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 (TECs) from MacDonald
et al. (2000), which provide consensus values that identify concentrations below which harmful effects on
sediment-dwelling organisms are unlikely to be observed. The ESVs for constituents not reported in
MacDonald et al. (2000) (i.e., iron and manganese) are the lowest effect levels, or the lowest level that can
be tolerated by a majority of sediment-dwelling organisms from Persaud et al. (1993). The benchmarks
used in this evaluation are listed in Table 4.6.

The above sources did not have sediment benchmarks for beryllium, boron, and fluoride. Therefore, the
following additional sources were searched for sediment benchmarks:

= USEPA (2014a)

= USEPA (1999)

* ORNL RAIS (Oak Ridge National Laboratory, 2018)

= Los Alamos National Laboratory (LANL) EcoRisk Database (US DOE, 2017)
= FEuropean Chemicals Agency Substance Evaluation (ECHA, 2007)

= NOAA Screening Quick Reference Tables (Buchman, 2008)

Boron did not have a published benchmark in the above sources, thus a no observed effect concentration
(NOEC) for boron was used as a conservative benchmark (ECHA, 2019). Sediment benchmarks protective
of aquatic receptors were not available for beryllium and fluoride.

Screening Risk Results: The maximum modeled COI sediment concentrations were all below their
respective sediment screening benchmarks (Table 4.6). The modeled sediment concentrations attributed to
potential contributions from site groundwater for all COls (with the exception of manganese) were less than
5% 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 the Vermilion River adjacent to the Site.

Screening benchmarks were not available for beryllium and fluoride. However, beryllium primarily
absorbs to clay and does not readily bioaccumulate from sediment to bottom feeders (WHO, 2001).
Similarly, fluoride entering a water body bonds strongly to the sediment particles (ATSDR, 2003). Further,
the modeled concentrations for beryllium and fluoride are low in comparison to typical concentrations
found in sediment. For example, the maximum modeled beryllium concentration (0.009 mg/kg) is well
below beryllium concentrations measured in [llinois lakes (1.4-7.4 mg/kg) (WHO, 2001) and concentrations
measured in US rivers (0.1-3.8 mg/kg) (ATSDR, 2002). The maximum modeled fluoride concentration
(0.35 mg/kg) is orders of magnitude lower than the concentrations measured in freshwater lakes (450-1,100
mg/kg) (ATSDR, 2003). Therefore, potential Site-related contributions of beryllium and fluoride from
groundwater to sediment are deemed de minimis.
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Table 4.6 Risk Evaluation of Ecological Receptors Exposed to Sediment

Modeled Sedi.ment ESV? % of

col Concentration (mg/ke) COPC Benchmark
(mg/kg)

Arsenic 0.033 9.8 No 0.3%
Barium 0.11 20 No 0.5%
Beryllium 0.0090 NC NoP -
Boron 0.65 38°¢ No 2%
Cadmium 0.0060 0.99 No 0.6%
Chromium 0.55 43 No 1%
Cobalt 0.036 50 No 0.07%
Copper 0.36 32 No 1%
Fluoride 0.35 NC NoP -
Iron 0.41 20,000 No 0.002%
Manganese 71 460 No 15%
Nickel 0.94 23 No 1%
Selenium 0.00021 0.8 No 0.03%
Zinc 5.3 121 No 1%

Notes:

COlI = Constituent of Interest; COPC = Constituent of Potential Concern; ESV = Ecological Screening Value;
NC = No criterion available, therefore, not evaluated; NOEC = No Observed Effect Concentration.

(a) ESV from US EPA Region IV (2018).

(b) Maximum modeled concentrations from groundwater contributions are low compared to typical
sediment levels and are therefore not expected to meaningfully contribute to ecological exposures and
potential risks.

(c) Boron NOEC of 38 mg/kg was used as a conservative benchmark for boron in the absence of an ESV
(ECHA, 2019).

4.3.3 Ecological Receptors Exposed to Bioaccumulative COls

Screening Exposures: COls with bioaccumulative properties can impact higher trophic-level wildlife
exposed to these COI via direct exposures (surface water and sediment exposure) and secondary exposures
through the consumption of dietary items (e.g., plants, invertebrates, small mammals, fish).

Screening Benchmark: US EPA Region IV guidance (2018) was used to identify analytes with potential
bioaccumulative effects.

Risk Evaluation: Of the metals detected in surface water and/or groundwater, US EPA Region IV (2018)
identifies only mercury? and selenium as having potential bioaccumulative effects. However, the maximum
detected mercury concentration in surface water® is below the screening benchmark protective of
bioaccumulative exposures. Selenium was undetected in surface water and the maximum detection limit
was below the screening benchmark protective of bioaccumulative exposures. Using the maximum
detected concentration is conservative and not reflective of long term wildlife exposures, especially since
mercury and selenium were not detected in all surface water and groundwater samples, respectively. In
addition, the modeled selenium sediment concentration’” was below the sediment benchmark protective of

3 US EPA Region IV (2018) notes that both mercury and methyl mercury have bioaccumulative properties.

¢ The maximum detected mercury concentration (0.0000013 mg/L) is below the acute benchmark (0.000012 mg/L) protective of
wildlife accounting for bioaccumulative exposures (US EPA Region IV, 2018). The maximum modeled selenium concentration
in sediment was below the benchmark protective of wildlife accounting for bioaccumulative exposures (US EPA Region IV, 2018).
7 Mercury was not detected in groundwater, therefore a sediment concentration was not modeled. However, the modeled mercury
concentration in sediment based on the maximum detection limit is also below the sediment benchmark protective of
bioaccumulative exposures.
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bioaccumulative exposures. Therefore, potential groundwater contributions of mercury and selenium to
the Middle Fork of the Vermilion River are not expected to pose an unacceptable risk from bioaccumulation
exposures.

Although arsenic, cadmium, hexavalent chromium, copper, lead, nickel, silver, and zinc were not identified
as bioaccumulative in US EPA Region IV (2018), they were identified as bioaccumulative in US EPA
(2000). However, these analytes were undetected in surface water and hexavalent chromium, lead, and
silver were undetected in groundwater.

Overall, COIs with potential bioaccumulative effects are not expected to meaningfully contribute to
potential Site-related ecological exposures in the Vermilion River and are therefore not considered to pose
an ecological risk via bioaccumulation.

4.4 Uncertainties and Conservatisms

A number of uncertainties and their potential impact on the risk evaluation are discussed below. Wherever
possible, conservative assumptions were used (use of maximum detected concentration and conservative
screening benchmarks) in an effort to minimize uncertainties and overestimate rather than underestimate
risks.

Exposure Estimates:

* The human health and ecological risk characterizations were based on the maximum 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 concentration did not exceed risk
benchmarks, the use of the maximum is not considered a significant source of uncertainty in the
risk evaluation.

=  Only analytes detected in surface water and/or groundwater were evaluated. However, multiple
analytes were not detected (i.e., below detection limits) in surface water and groundwater. For
human health, the maximum detection limits for non-detected analytes in surface water were below
surface water benchmarks protective of recreational exposures from swimming/tubing and boating.
Arsenic was the only non-detected analyte with a maximum detection limit (0.025 mg/L) that
exceeded the HTC (0.022 mg/L for water and fish ingestion and 0.023 mg/L for fish ingestion
only). However, a maximum detection limit is an overestimation of exposure for an analyte that is
not detected, as it could be present at any concentration below the detection limit. Analytes not
detected in groundwater were modeled in sediment using the maximum detection limits. The
modeled sediment concentrations for these analytes were all below sediment benchmarks protective
of recreational exposures.

= For ecological receptors, the maximum detection limits for analytes not detected in surface water
and the modeled sediment concentrations for analytes not detected in groundwater are all below
their respective surface water and sediment benchmarks. Therefore, although only constituents
detected in surface water and groundwater were evaluated, excluding analytes that were not
detected does not change our risk conclusions.
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=  The COlIs identified in this evaluation also occur naturally in the environment. Contributions to
exposure from natural or other non-Site-related sources were not considered in the evaluation of
modeled concentrations; only exposure contributions potentially attributable to the discharge of
groundwater into sediment and surface water were evaluated. While not quantified, exposures from
potential Site-related groundwater contributions are likely to present only a small fraction of the
overall human and ecological exposure to COlIs that also have natural or non-Site-related sources.

= The surface water data set from the Middle Fork of the Vermilion River includes six samples,
collected at three locations in February and March 2019. Surface water concentrations resulting
from the groundwater discharge were also modeled (Appendix C). The concentrations for all
modeled constituents in surface water were below the screening benchmarks for human receptors
(swimmer/tuber, boater, and angler) (Table C.6 in Appendix C). The modeled data are consistent
with the available surface water data, confirming that the measured and modeled data accurately
characterize conditions in the Middle Fork of the Vermilion River.

e For example, the measured concentration of boron at the upriver sampling location ranged from
41 to 46 ug/L (VR-1; OBG, 2019b) and from 103 to 170 pg/L at the sampling location adjacent
to the ash ponds (VR-2; OBG, 2019b), which is an increase in boron concentrations between
the two sampling locations of 57 to 129 pg/L. This is comparable to the model predicted
contribution of boron to the surface water concentration, as a result of groundwater discharge,
of 98 ug/L (Appendix C).

e Surface water sampling did not detect the presence of several analytes (arsenic, cadmium,
copper, lead, nickel, silver, zinc; Hanson Professional Services Inc., 2019). The model-
predicted surface water concentrations for these constituents were below their respective
analytical detection limits (Appendix C). These results indicate that the model-predicted
surface water data are in agreement with the measured data.

e Fluoride was detected in surface water upgradient, adjacent to, and downgradient of the Site at
similar concentrations (Hanson Professional Services Inc., 2019, Table 3). These results
indicate that the fluoride in surface water is related to a naturally occurring source and that
there are only limited contributions of fluoride in surface water resulting from Site-related
groundwater discharges. The model predicts low fluoride concentrations (2 pg/L; Appendix C)
in surface water as a result of Site-related groundwater discharges. These results indicate that
the model-predicted surface water data are in agreement with the measured data.

e Similarly, iron was detected in surface water upgradient, adjacent to, and downgradient of the
Site. Given the number of natural sources of iron and the high concentrations at which iron is
naturally present and the fact that iron is not typically a constituent associated with coal ash, it
is likely that iron concentrations in surface water are the result of naturally occurring sources.
Further, the dissolved iron concentrations were non-detect in every surface water sample
(Hanson Professional Services Inc., 2019, Appendix D), which is consistent with the model-
predicted surface water concentrations (Appendix C). Since iron contributed to surface water
through groundwater discharge would be soluble, the dissolved data are a more appropriate
comparison to model predictions.

e The model conservatively over-predicts mercury concentrations, but at very low
concentrations. The model predicts mercury concentrations of 0.004 pg/L (Appendix C), while
measured concentrations were 0.001 ug/L (Hanson Professional Services Inc., 2019, Table 3).
A factor of 4, erring on the conservative side, is reasonably good agreement for the complexity
of the modeling performed in this assessment.

= Sediment samples have not been collected from the Middle Fork of the Vermilion River. As noted
earlier, constituents in sediment collected adjacent to the site would not necessarily reflect impacts
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from the site because of sediment dynamics in river systems. COlIs in sediment were modeled
based on maximum detected groundwater concentrations. These model predictions carry
uncertainties due to gaps in scientific knowledge. For instance, the relationship between Kq and
sediment/water concentrations may result in different predictions depending on environmental
factors (e.g., dissolved oxygen content, particle size, etc.) giving rise to model uncertainty. The
modeling approach and Ky values, however, are consistent with the US EPA (2014a) CCR risk
assessment.

=  Exposure estimates for human and ecological receptors to metals in sediment assumed 100%
bioavailability.® This assumption is known to be invalid for most chemical substances under
varying environmental conditions (e.g., pH, organic matter content, aging, temperature, humidity,
and chemical form) and likely results in overestimates of exposure and risks. In humans, site-
specific bioavailability data can be used to increase the accuracy of the exposure estimate and risk
calculation (US EPA, 1989). However, in the absence of data, US EPA recommends assuming a
chemical is 100% bioavailable. For ecological receptors, sediment characteristics can impact the
bioavailability and subsequent toxicity of various metals to benthic organisms. Consequently, US
EPA recommends supplementing the sediment chemistry analysis with additional analyses
measuring bioavailability (e.g., acid volatile sulfides, organic carbon, particle size, pH) and/or
toxicity studies to address the uncertainties of assuming metals are 100% bioavailable (US EPA,
2005, 2007).

= Screening benchmarks for human health were developed using exposure inputs based on US EPA's
recommended values for reasonable maximum exposure (RME) assessments (Stalcup, 2014).
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 that "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 that this high-end
exposure "is the highest dose estimated to be experienced by some individuals, commonly stated
as approximately equal to the 90™ percentile exposure category for individuals" (US EPA, 2015c).
Thus, most individuals will have lower exposures than those presented in this risk assessment.

Toxicity Benchmarks:

= Screening level ecological benchmarks were compiled from 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, generic sediment benchmarks protective of ecological receptors do not
incorporate site-specific bioavailability or organic carbon content. The use of generic screening
benchmarks in lieu of more refined site-specific benchmarks is expected to have resulted in more
stringent benchmarks and a more conservative estimate of potential risks.

» In general, it is important to appreciate that the toxicity factors used in risk assessment 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 resulted in the effects
observed in human or animal studies. This means that a risk exceedance does not necessarily equate
to actual harm.

8 The exception is for recreators exposed to arsenic in sediment, where the screening value is calculated using US EPA's default
bioavailability of 0.6 (US EPA, 2012).
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5 Summary and Conclusions

A screening-level risk evaluation was performed for Site-related constituents in groundwater at the
Vermilion Generating Station in Oakwood, Illinois. The groundwater monitoring data indicate that
groundwater beneath the ash ponds may be impacted by Site-related constituents. The CSM developed for
the Site indicates that groundwater beneath the former CCR ash ponds flows into the Middle Fork of the
Vermilion River 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 in the Vermilion River who are exposed to surface water and sediment (boaters and
swimmers) 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 COls in surface water,
sediment, and dietary items.

Surface water data collected in 2019, and groundwater data collected from 2011 to 2019, were used to
estimate exposures. The maximum detected concentrations in surface water were used for human and
ecological receptors exposed to surface water. For analytes that were not analyzed in surface water, but
detected in groundwater, a surface water concentration was modeled using the maximum detected
groundwater concentration. In the absence of sediment data, modeled sediment concentrations based on
the maximum detected groundwater concentrations were used as the exposure estimate for human and
ecological receptors. Surface water and sediment exposure estimates were screened against benchmarks
protective of human health and ecological receptors for this risk evaluation.

For recreators (boaters and swimmers/tubers) exposed to surface water, all COIs were below the
conservative risk-based screening benchmarks. Therefore, none of the COls evaluated in surface water are
expected to pose an unacceptable risk to recreators swimming, tubing or boating in the Middle Fork of the
Vermilion River adjacent to the Site.

For recreators exposed to sediment vig incidental ingestion and dermal contact, all modeled sediment
concentrations were below health protective sediment benchmarks. Therefore, none of the COIs modeled
in sediment are expected to pose an unacceptable risk to recreators exposed to sediment in the Middle Fork
of the Vermilion River adjacent to the Site.

For anglers consuming locally caught fish, the maximum concentrations of all COlIs in surface water were
below conservative benchmarks protective of fish consumption. Therefore, none of the COls evaluated are
expected to pose an unacceptable risk to recreators consuming fish caught in the Middle Fork of the
Vermilion River.

Ecological receptors exposed to surface water include aquatic and marsh plants, amphibians, reptiles, and
fish. The risk evaluation showed that none of the COls in surface water exceeded protective screening
benchmarks. Ecological receptors exposed to sediment include benthic invertebrates. The modeled
sediment COls did not exceed the conservative screening benchmarks, therefore, none of the COls
evaluated in sediment are expected to pose an unacceptable risk to ecological receptors. Ecological
receptors were also evaluated for exposure to bioaccumulative COIs. This evaluation considered higher-
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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, fish). Based on US EPA
Region IV (2018), mercury and selenium were identified as bioaccumulative COIs. However, the
maximum detected concentration for mercury and the maximum detection limit for selenium (which was
undetected) in surface water were below benchmarks protective of bioaccumulative effects. In addition,
modeled sediment concentrations were also below benchmarks protective of bioaccumulative exposures.
Overall, this evaluation demonstrated that none of the COls 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; 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 (95 UCL); thus, using the maximum
concentration tends to overestimate exposure. Although the COls 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. Exposure estimates
assumed 100% metal bioavailability, which likely results in overestimates of exposure and risks. 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 ash ponds have been 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. Moreover, the modeled time horizon to achieving the
groundwater protection standards (GWPSs) under the various closure alternatives (OBG, 2018) is
immaterial from a risk perspective since there is no unacceptable risk associated with exceedances of the
GWPSs. Because of this, other factors, such as the impact to the environment and nearby communities and
worker safety should be considered when evaluating closure options.
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Table A.1 Groundwater Data Summary (2011-2019)

Privileged and Confidential; Attorney Work Product

Prepared at Request of Counsel

Total ) Max Min Max .
Group Analyte Detects Min Detect Max DL Units
Samples Detect Date Date

Metals Dissolved Antimony 0 50 2011 2011 0.0050 mg/L
Metals Dissolved Arsenic 64 122 0.00050 0.073 2011 2018 0.073 mg/L
Metals Dissolved Barium 122 122 0.0097 0.19 2011 2018 0.19 mg/L
Metals Dissolved Beryllium 1 50 0.0084 0.0084 2011 2011 0.0084 mg/L
Metals Dissolved Boron 206 212 0.030 53 2011 2019 53 mg/L
Metals Dissolved Cadmium 1 50 0.0024 0.0024 2011 2011 0.0024 mg/L
Metals Dissolved Calcium 13 13 69 390 2011 2011 390 mg/L
Metals Dissolved Chromium 1 50 0.0066 0.0066 2011 2011 0.0066 mg/L
Metals Dissolved Chromium, Hexavalent 0 1 2019 2019 0.0050 mg/L
Metals Dissolved Cobalt 1 50 0.021 0.021 2011 2011 0.021 mg/L
Metals Dissolved Copper 1 52 0.079 0.079 2011 2019 0.079 mg/L
Metals Dissolved Fluoride 106 122 0.060 1.2 2011 2018 1.2 mg/L
Metals Dissolved Iron 101 124 0.010 8.6 2011 2019 8.6 mg/L
Metals Dissolved Lead 0 50 2011 2011 0.0050 mg/L
Metals Dissolved Magnesium 13 13 23 150 2011 2011 150 mg/L
Metals Dissolved Manganese 204 212 0.0052 1.6 2011 2019 1.6 mg/L
Metals Dissolved Mercury 0 50 2011 2011 0.0020 mg/L
Metals Dissolved Nickel 2 52 0.0081 0.073 2011 2019 0.073 mg/L
Metals Dissolved Potassium 13 13 1.1 10 2011 2011 10 mg/L
Metals Dissolved Selenium 13 122 0.00090 0.026 2011 2018 0.026 mg/L
Metals Dissolved Silver 0 50 2011 2011 0.0050 mg/L
Metals Dissolved Sodium 13 13 3.4 75 2011 2011 75 mg/L
Metals Dissolved Thallium 0 50 2011 2011 0.0020 mg/L
Metals Dissolved Zinc 4 52 0.0055 0.36 2011 2019 0.36 mg/L
Metals Total Arsenic 0 2 2019 2019 0.025 mg/L
Metals Total Barium 2 2 0.11 0.12 2019 2019 0.12 mg/L
Metals Total Boron 2 2 31 38 2019 2019 38 mg/L
Metals Total Cadmium 0 2 2019 2019 0.00100 mg/L
Metals Total Chromium 0 2 2019 2019 0.0050 mg/L
Metals Total Chromium, Hexavalent 0 1 2019 2019 0.0050 mg/L
Metals Total Cyanide 0 52 2011 2019 0.0080 mg/L
Metals Total Fluoride 0 2 2019 2019 0.100 mg/L
Metals Total Iron 1 2 0.15 0.15 2019 2019 0.15 mg/L
Metals Total Lead 0 2 2019 2019 0.0150 mg/L
Metals Total Manganese 2 2 0.033 0.073 2019 2019 0.073 mg/L
Metals Total Mercury 0 2 2019 2019  0.00000080 mg/L
Metals Total Nickel 0 2 2019 2019 0.0050 mg/L
Metals Total Selenium 0 2 2019 2019 0.00100 mg/L
Metals Total Silver 0 2 2019 2019 0.0030 mg/L
Metals Total Zinc 0 2 2019 2019 0.0100 mg/L
Field Dissolved Oxygen 22 72 1.0 7.4 2017 2018 7.4 mg/L
Field Oxidation reduction potential 72 72 -231 139 2017 2018 139 mV
Field pH (field) 214 214 5.1 8.8 2011 2019 8.8 SU
Field Specific conductance at 25C 214 214 364 7680 2011 2019 7680 micromhos/cm
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Privileged and Confidential; Attorney Work Product

Prepared at Request of Counsel

Total . Max Min Max .
Group Analyte Detects Min Detect Max DL Units
Samples Detect Date Date
Field Temperature 190 190 7.3 22 2011 2019 22 deg. C
Field Temperature 24 24 47 70 2018 2019 70 deg. F
Field Turbidity 34 72 1.0 126 2017 2018 126 JCU
Inorganic Alkalinity, total 25 25 74 550 2011 2011 550 mg/L
Inorganic Chloride, total in water 113 124 2.0 51 2011 2019 51 mg/L
Inorganic Nitrate nitrogen, total 57 124 0.010 1.7 2011 2019 1.7 mg/L
Inorganic Nitrite nitrogen, total 2 74 0.050 0.060 2017 2019 0.060 mg/L
Inorganic Nitrogen, Ammonia, Total 2 2 0.63 0.64 2019 2019 0.64 mg/L
Inorganic Phosphorus, total 0 2 2019 2019 0.100 mg/L
. Residue, total filterable (dried at

Inorganic 1800) 212 212 224 4420 2011 2019 4420 mg/L
Inorganic Sulfate 184 214 6.4 1940 2011 2019 1940 mg/L
Inorganic Total dissolved solids 2 2 1400 1400 2019 2019 1400 mg/L
Inorganic Total Kjeldahl nitrogen 0 2 2019 2019 1.00 mg/L
Inorganic Total suspended solids 0 2 2019 2019 6.0 mg/L
Notes:

DL = Detection Limit; JCU = Jackson Candle Turbidity Units; SU = Standard Units.
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Table A.2 Surface Water Data Summary, Middle Fork of the Vermilion River (2019)

G Anal D | Min Max Max DL i
roup nalyte etects Samples Detect Detect ax Units
Field pH (field) 6 6 7.6 8.2 8.2 SU
Field Specific conductance at 25C 6 6 662 696 696 micromhos/cm
Field Temperature 3 3 7.4 8.6 8.6 deg. C
Field Temperature 3 3 37 38 38 deg. F
Inorganic Chloride, total in water 6 6 19 22 22 mg/L
Inorganic Nitrate nitrogen, total 6 6 4.3 5.6 5.6 mg/L
Inorganic Nitrite nitrogen, total 0 6 0.050 mg/L
Inorganic Nitrogen, Ammonia, Total 0 6 0.10 mg/L
Inorganic Phosphorus, total 6 6 0.11 0.32 0.32 mg/L
Inorganic Sulfate 6 6 25 40 40 mg/L
Inorganic Total Dissolved Solids 6 6 290 370 370 mg/L
Inorganic Total Kjeldahl Nitrogen 1 6 1.5 1.5 1.5 mg/L
Inorganic Total Suspended Solids 4 6 6.0 9.0 9.0 mg/L
Metals Dissolved  Chromium, Hexavalent 0 3 0.0050 mg/L
Metals Dissolved  Copper 0 6 0.0050 mg/L
Metals Dissolved  Iron 0 6 0.040 mg/L
Metals Dissolved  Nickel 0 6 0.0050 mg/L
Metals Dissolved  Zinc 0 6 0.010 mg/L
Metals Total Arsenic 0 6 0.025 mg/L
Metals Total Barium 6 6 0.036 0.040 0.040 mg/L
Metals Total Boron 6 6 0.041 0.17 0.17 mg/L
Metals Total Cadmium 0 6 0.0010 mg/L
Metals Total Chromium 0 6 0.0050 mg/L
Metals Total Chromium, Hexavalent 0 3 0.0050 mg/L
Metals Total Cyanide 0 6 0.0050 mg/L
Metals Total Fluoride 6 6 0.15 0.17 0.17 mg/L
Metals Total Iron 6 6 0.34 0.65 0.65 mg/L
Metals Total Lead 0 6 0.015 mg/L
Metals Total Manganese 6 6 0.023 0.045 0.045 mg/L
Metals Total Mercury 3 6 0.0000012 0.0000013  0.0000013 mg/L
Metals Total Nickel 0 6 0.0050 mg/L
Metals Total Selenium 0 6 0.0010 mg/L
Metals Total Silver 0 6 0.0030 mg/L
Metals Total Zinc 0 6 0.010 mg/L
Notes:

DL = Detection limit.
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Appendix B

Screening Benchmarks
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Table B.1 Recreator Exposure to Surface Water While Swimming

Privileged and Confidential; Attorney Work Product
Prepared at Request of Counsel

Cancer Non-Cancer )
Dermal TRV Child + Adult___| Child + Adult TRV Child Adult Child___ Adult | SWimmer
) Perme.aPlllty Incidental Dermal Incidental Dermal | Incidental Dermal RSL i
iz i Sl Coeflzluent CSF Derm. CSF | Ingestion Contact Cancer SL RfD Derm. RfD | Ingestion  Contact Ingestion  Contact Non-Cancer SL S:’uvrf:ce Basis
(cm;’hr) (mg/kg-d)* (mg/kg-d)®|  Sling Slem | (mg/l) | (meg/kg-d)  (mg/kg-d) | Sl Slaerm Sling SLaerm (me/L) (mag /‘*L’)
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Barium 0.0010 NC NC NC NC NC 0.20 0.014 2751 76 14673 131 74 130 74 nc
Beryllium 0.0010 NC NC NC NC NC 0.0020 0.000014 28 0.076 147 0.13 0.075 0.13 0.075 nc
Boron 0.0010 NC NC NC NC NC 0.20 0.20 2751 1081 14673 1867 776 1656 776 nc
Cobalt 0.00040 NC NC NC NC NC 0.00030 0.00030 4.1 4.1 22 7.0 2.0 5.3 2.0 nc
Fluoride 0.0010 NC NC NC NC NC 0.040 0.040 550 216 2935 373 155 331 155 nc
Iron 0.0010 NC NC NC NC NC 0.70 0.70 9629 3782 51357 6533 2716 5796 2716 nc
Manganese 0.0010 NC NC NC NC NC 0.024 0.00096 330 5.2 1761 9.0 5.1 8.9 5.1 nc
Mercury 0.0010 NC NC NC NC NC 0.00030 0.000021 4.1 0.11 22 0.20 0.11 0.19 0.11 nc
Thallium 0.0010 NC NC NC NC NC 0.000010 0.000010 0.14 0.054 0.73 0.093 0.039 0.083 0.039 nc
Notes:

AL = EPA Action Level; COI = Constituent of Interest; CSF = Cancer Slope Factor; derm = Dermal Contact; ing = Ingestion; NC = No criterion available; RfD = Reference Dose; SL = Screening Level; TRV = Toxicity Reference Value.

Health Benchmark defined as the lower of the Screening Levels for cancer and non-cancer. The basis of the Health Benchmark presented as ¢ = based on cancer endpoint or nc = based on non-cancer endpoint.

Screening Benchmark = 1
1 . 1
SLing SLerm
Non-cancer SL;,, = THQ * RfD Cancer SLiy, = TR
Intake Intake * CSF
Non-cancer SLyer, = THQ * RfD Cancer SLyem = TR
Intake * Kp Intake * Kp * CSF
Target Cancer Risk (TR) = 1E-05
Target Hazard Quotient (THQ) = 1
Surface Water — Ingestion (Chemical) Non-Cancer Cancer
Intake Factor (IF) = IR x EF x ED _ 7.3?—05 1.4E-05 6.2E'-06 3.9E-06 Basis
BW x AT Child Adult Child Adult
IR Ingestion Rate (L/day) 0.01 0.01 0.01 0.01 Recommended water consumption rate while swimming (IEPA, 201X)
EF Surface Water Exposure Frequency (days/year) 40 40 40 40 2 days/week between mid-May and end of Sept when water temp. > 70°F (Prof.
Judgment)
ED Exposure Duration (years) 6 20 6 20 Default value for Resident (US EPA, 2019)
BW Body Weight (kg) 15 80 15 80 Default value for Resident (US EPA, 2019)
AT Averaging Time (d) 2,190 7,300 25,550 25,550 |Default value for Resident (US EPA, 2019)
Surface Water — Dermal Contact (Chemical) Non-Cancer Cancer
Intake Factor (IF) = SA x ET x EF x ED x CF _ 1.9E.—01 1.1E-01 1.6E'-02 3.1E-02 Basis
BW x AT Child Adult Child Adult
SA Surface Area Exposed to Surface Water (cm?) 6,365 19,652 6,365 19,652  [Whole Body Default value for Resident (US EPA, 2019)
ET Exposure Time (hr/d) 4 4 4 4 Professional Judgment
EF Surface Water Exposure Frequency (days/year) 40 40 40 40 2 days/week between mid-May and end of Sept when water temp. > 70°F (Prof.
Judgment)
ED Exposure Duration (years) 6 20 6 20 Default value for Resident (US EPA, 2019)
CF Conversion Factor (L/cm?) 0.001 0.001 0.001 0.001
BW Body Weight (kg) 15 80 15 80 Default value for Resident (US EPA, 2019)
AT Averaging Time (d) 2,190 7,300 25,550 25,550 |Default value for Resident (US EPA, 2019)
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Table B.2 Recreator Exposure to Surface Water While Boating

Privileged and Confidential; Attorney Work Product
Prepared at Request of Counsel

B | Cancer Non-Cancer
erma TRV Child + Adult TRV Child Adult Child Adult | Boater RSL
Permeability
Detected Chemical Coefficient Dermal Dermal e suface
etecte emicals oetticien Derm. CSF Contact Cancer SL | Derm. RfD Contact Non-Cancer SL Water asts
Kp 1 Contact SLyem
(mg/kg-d) SLgerm (mg/L) | (mg/ke-d) SLerm (mg/L) (mg/L)
(cm/hr) (mg/L)
(mg/L) (mg/L)
Barium 0.0010 NC NC NC 0.014 184 353 184 353 184 nc
Beryllium 0.0010 NC NC NC 0.000014 0.18 0.35 0.18 0.35 0.18 nc
Boron 0.0010 NC NC NC 0.20 2632 5045 2632 5045 2632 nc
Cobalt 0.00040 NC NC NC 0.00030 9.9 19 9.9 19 9.9 nc
Fluoride 0.0010 NC NC NC 0.040 526 1009 526 1009 526 nc
Iron 0.0010 NC NC NC 0.70 9213 17656 9213 17656 9213 nc
Manganese 0.0010 NC NC NC 0.00096 13 24 13 24 13 nc
Mercury 0.0010 NC NC NC 0.000021 0.28 0.53 0.28 0.53 0.28 nc
Thallium 0.0010 NC NC NC 0.000010 0.13 0.25 0.13 0.25 0.13 nc
Notes:

AL = EPA Action Level; COI = Constituent of Interest; CSF = Cancer Slope Factor; derm = Dermal Contact; ing = Ingestion; NC = No criterion available; RfD = Reference Dose; SL = Screening Level; TRV

= Toxicity Reference Value.

Health Benchmark defined as the lower of the Screening Levels for cancer and non-cancer. The basis of the Health Benchmark presented as ¢ = based on cancer endpoint or nc = based on non-

cancer endpoint.

Screening Benchmark = Slgerm
Non-cancer SLyerm = THQ * RfD Cancer SLyerm = TR
Intake * Kp Intake * Kp * CSF
Target Cancer Risk (TR) = 1E-05
Target Hazard Quotient (THQ) = 1
Surface Water — Dermal Contact (Chemical) Non-Cancer Cancer
Intake Factor (IF) = SA x ET x EF x ED x CF : 7‘6E--02 4.0E-02 6‘5E'-03 1.1E-02 Basis

BW x AT Child Adult Child Adult

SA Surface Area Exposed to Surface Water (cm?) 1,733 4,824 1,733 4,824 Age weighted SA for hands, forearms, lower legs and feet (EPA, 2011a)

ET Exposure Time (hr/d) 4 4 4 4 Professional Judgment

EF Surface Water Exposure Frequency (days/year) 60 60 60 60 2 days/week between April and Oct when air temp. > 70°F (Prof. Judgment)

ED Exposure Duration (years) 6 20 6 20 Default value for Resident (US EPA, 2019)

CF Conversion Factor (L/cms) 0.001 0.001 0.001 0.001

BW Body Weight (kg) 15 80 15 80 Default value for Resident (US EPA, 2019)

AT Averaging Time (d) 2,190 7,300 25,550 25,550 |Default value for Resident (US EPA, 2019)
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Privileged and Confidential; Attorney Work Product

Prepared at Request of Counsel

Table B.3 Recreator Exposure to Sediment While Swimming or Boating
Dermal Cancer Non-Cancer
Relative . TRV Child + Adult TRV Child Adult Child Adult Recreator
Bioavailability Ao Incidental Capey Incidental Incidental Dermal RSL
Chemical COIs Fraction . Dermal Contact SL . Dermal Contact ) ) Basis
B e CSF Derm. CSF | Ingestion sl (mg/ke) RfD Derm. RfD Ingestion sl Ingestion Contact Non-Cancer SL Sediment
(unitless) (unitless) (mg/kg-d)*  (mg/ke-d)* Sling (mg;;(";) (mg/kg-d) (mg/kg-d) Sling (mg;;("é) Sling Slyerm (mg/kg) (mg/kg)
(mg/kg) (mg/kg) (mg/kg)  (mg/kg)
Arsenic 0.60 0.030 1.5 1.5 135 405 101 0.00030 0.00030 684 4445 7,300 8,042 593 3,827 101 C
Barium 1.0 NA NC NC NC NC NC 0.20 0.014 273,750 NA 2,920,000 NA 273,750 2,920,000 273,750 nc
Beryllium 1.0 NA NC NC NC NC NC 0.0020 0.000014 2,738 NA 29,200 NA 2,738 29,200 2,738 nc
Boron 1.0 NA NC NC NC NC NC 0.20 0.20 273,750 NA 2,920,000 NA 273,750 2,920,000 273,750 nc
Cadmium 1.0 0.0010 NC NC NC NC NC 0.0010 0.000025 1,369 11114 14,600 20,105 1,219 8,458 1,219 nc
Chromium 1.0 NA NC NC NC NC NC 1.5 0.020 2,053,125 NA 21,900,000 NA 2,053,125 21,900,000 | 2,053,125 nc
Cobalt 1.0 NA NC NC NC NC NC 0.00030 0.00030 411 NA 4,380 NA 411 4,380 411 nc
Copper 1.0 NA NC NC NC NC NC 0.040 0.040 54,750 NA 584,000 NA 54,750 584,000 54,750 nc
Fluoride 1.0 NA NC NC NC NC NC 0.040 0.040 54,750 NA 584,000 NA 54,750 584,000 54,750 nc
Iron 1.0 NA NC NC NC NC NC 0.70 0.70 958,125 NA 10,220,000 NA 958,125 10,220,000 958,125 nc
Manganese 1.0 NA NC NC NC NC NC 0.024 0.00096 32,850 NA 350,400 NA 32,850 350,400 32,850 nc
Nickel 1.0 NA NC NC NC NC NC 0.020 0.00080 27,375 NA 292,000 NA 27,375 292,000 27,375 nc
Selenium 1.0 NA NC NC NC NC NC 0.0050 0.0050 6,844 NA 73,000 NA 6,844 73,000 6,844 nc
Zinc 1.0 NA NC NC NC NC NC 0.30 0.30 410,625 NA 4,380,000 NA 410,625 4,380,000 410,625 nc
Notes:

AL = EPA Action Level; COI = Constituent of Interest; CSF = Cancer Slope Factor; derm = Dermal Contact; ing = Ingestion; NC = No criterion available; RfD = Reference Dose; SL = Screening Level; TRV = Toxicity Reference Value.

Health Benchmark defined as the lower of the Screening Levels for cancer and non-cancer. The basis of the Health Benchmark presented as ¢ = based on cancer endpoint or nc = based on non-cancer endpoint; Lead = based on US EPA's residential standard for lead.

Screening Benchmark =

SL

ing

SLderm

Non-cancer SLi,e = THQ * RfD Cancer SLipg = TR
Intake Intake * CSF
Non-cancer SLyerm, = THQ * RfD Cancer Slyerm = TR
Intake * ABS Intake * ABS * CSF
Target Cancer Risk (TR) = 1E-05
Target Hazard Quotient (THQ) = 1
- (ch 1) Non-Cancer Cancer
Intake Factor (IF) = IR x EF x ED x CF - 7.3€-07 6.8E-08 6.3E-08 2.0E-08 Basis
BW x AT Child Adult Child Adult
IR Ingestion Rate (mg/day) 67 33 67 33 One-third of US EPA residential soil ingestion rate (Prof. Judgment)
EF Sediment Exposure Frequency (days/year) 60 60 60 60 2 days/week between April and Oct when air temp. > 70°F (Prof. Judgment)
ED Exposure Duration (years) 6 20 6 20 Default value for Resident (US EPA, 2019)
CF Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001
BW Body Weight (kg) 15 80 15 80 Default value for Resident (US EPA, 2019)
AT Averaging Time (d) 2,190 7,300 25,550 25,550 Default value for Resident (US EPA, 2019)
Sediment — Dermal Contact (Chemical) Non-Cancer Cancer
Intake Factor (IF) = SA x AF x EF x ED x CF N 2.2E-06 1.2E-06 1.9e-07 3.6E-07 Basis
BW x AT Child Adult Child Adult
SA Surface Area Exposed to Sediment (cm?/day) 1,026 3,026 1,026 3,026 Age weighted SA for lower legs and feet (EPA, 2011a)
AF Sediment Skin Adherence Factor (mg/cm?) 0.2 0.2 0.2 0.2 Age weighted AF for children exposed to sediment (EPA, 2011a)
EF Sediment Exposure Frequency (days/year) 60 60 60 60 2 days/week between April and Oct when air temp. > 70°F (Prof. Judgment)
ED Exposure Duration (years) 6 20 6 20 Default value for Resident (US EPA, 2019)
CF Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001
BW Body Weight (kg) 15 80 15 80 Default value for Resident (US EPA, 2019)
AT Averaging Time (d) 2,190 7,300 25,550 25,550 Default value for Resident (US EPA, 2019)
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Table B.4 Calculated Water Quality Standards Protective of Fish Consumption

Privileged and Confidential; Attorney Work Product
Prepared at Request of Counsel

Bioconcentration Factor (BCF) Average Daily Intake (ADI) Human Threshold Criteria (HTC)
SRb BCF® ) MCL RfD ADI® Water & Fish Fish Only
Basis

(L/kg-tissue) (mg/L) (mg/kg-d) (mg/day) (mg/L) (mg/L)
Barium 130 US EPA, 2014 2.0 0.20 4.0 1.5 1.5
Beryllium 19 NRWQC 2002 0.0040 0.0020 0.0080 0.021 0.021
Boron NA NC 0.20 14 1400 NA
Cobalt 300 ORNL RAIS NC 0.00030 0.021 0.0035 0.0035
Fluoride 2.3 US EPA, 2014 4.0 0.040 8.0 143 174
Iron 19 US EPA, 2014 NC 0.70 49 126 129
Manganese 0.4 US EPA, 2014 NC 0.024 1.7 93 210
Mercury 3,760 NRWQC 2002 0.0020 0.00030 0.0040 0.000053 0.000053
Thallium 116 NRWQC 2002 0.0020 0.000010 0.0040 0.0017 0.0017
Notes:

ADI = Average Daily Intake; BCF = Bioconcentration Factor; COI = Constituent of Interest; F = Fish Consumption Rate; HTC = Human Threshold Criteria; MCL =
Maximum Contaminant Level; NA = BCF not available, therefore, WQC for fish only not calculated; NC = No Criterion Available; NRWQC = National Recommended
Water Quality Criteria; ORNL RAIS = Oak Ridge National Laboratory Risk Assessment Information System; RfD = Reference Dose, RSC = Relative Source Contribution;
THQ = Target Hazard Quotient; W = Water Consumption Rate; WQS = Water Quality Standard; US EPA = United States Environmental Protection Agency.
(a) BCFs from the following hierarchy of sources:
NRWQC (US EPA, 2016). National Recommended Water Quality Criteria.
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 (2018). Risk Assessment Information System (RAIS) Toxicity Values and Chemical Parameters.

(b) In the absence of chemical specific RCS, an RCS of 100% was used.

(c) 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 using an
RfD as the RfD (mg/kg-d) multiplied by the body weight (70 kg).
(d) WQS based on US EPA's action levels.
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Evaluation of Non-detects
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Table B.5 Risk Evaluation for Recreators Exposed to Surface Water While Swimming

Undetected Metals in

Surface Water

Recreator Benchmark

Surface Water Concentration® (mg/L) for Swimming (mg/L) Exceedance
Arsenic ND (0.025) 0.12 No
Cadmium ND (0.001) 0.13 No
Chromium ND (0.005) 105 No
Chromium, Hexavalent ND (0.005) 0.0054 No
Copper ND (0.005) 155 No
Cyanide ND (0.005) 2.3 No
Lead ND (0.015) 0.015 No
Nickel ND (0.005) 20 No
Selenium ND (0.001) 19 No
Silver ND (0.003) 1.8 No
Zinc ND (0.01) 1,633 No
Notes:

COPC = Constituent of Potential Concern; ND = Not Detected, maximum detection limit presented.

(a) Surface water concentration is the maximum detection limit of the total or dissolved metals analyses.
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Table B.6 Risk Evaluation for Recreators Exposed to Surface Water While Boating

Undetected Metals in

Surface Water Concentration®

Recreator Benchmark

Surface Water (mg/L) for Boating (mg/L) Exceedance
Arsenic ND (0.025) 0.37 No
Cadmium ND (0.001) 0.33 No
Chromium ND (0.005) 257 No
Chromium, Hexavalent ND (0.005) 0.014 No
Copper ND (0.005) 526 No
Cyanide ND (0.005) 7.9 No
Lead ND (0.015) 0.015 No
Nickel ND (0.005) 53 No
Selenium ND (0.001) 66 No
Silver ND (0.003) 4.4 No
Zinc ND (0.01) 6,581 No
Notes:

COPC = Constituent of Potential Concern; ND = Not Detected, maximum detection limit presented.

(a) Surface water concentration is the maximum detect limit of the total or dissolved metals analyses.
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Table B.7 Risk Evaluation for Recreators Exposed to Sediment

Privileged and Confidential; Attorney Work Product

Undetected Metals in

Modeled Sediment

Recreator Benchmark

Groundwater Concentration® (mg/kg) Exceedance
(mg/kg)

Antimony ND (0.027) 548 No
Chromium, Hexavalent ND (0.00057) 243 No
Cyanide ND® 821 No
Lead ND (0.28) 400 No
Mercury ND (0.13) 411 No
Silver ND (0.011) 6,844 No
Thallium ND (0.000071) 14 No
Notes:

COPC = Constituent of Potential Concern; ND = Not Detected, maximum detection limit presented.
(a) Sediment concentration is modeled using the maximum detect limit of the total or dissolved metals

groundwater analyses.

(b) Cyanide concentration in sediment was not modeled, however, the modeled concentration is expected to be

lower than the sediment benchmark.
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Table B.8 Risk Evaluation for Recreators Consuming Locally Caught Fish

Prepared at Request of Counsel

Undetected Metals in Surface Water HTC for Fish and HTC for Fish Only
Surface Water Concentration® (mg/L) Water (mg/L) Exceedance
(mg/L)
Arsenic ND (0.025) 0.022 0.023 Yes
Cadmium ND (0.001) 0.013 1.5 No
Chromium ND (0.005) 318 328 No
Chromium, Hexavalent ND (0.005) 0.64 0.66 No
Copper ND (0.005) 1.3 1.3 No
Cyanide ND (0.005) 13 20 No
Lead ND (0.015) 0.015 0.015 No
Nickel ND (0.005) 1.5 1.5 No
Selenium ND (0.001) 0.94 1.0 No
Silver ND (0.003) 18 35 No
Zinc ND (0.01) 22 22 No
Notes:

COPC = Constituent of Potential Concern; HTC = Human Threshold Criteria; ND = Not Detected, maximum detection limit

presented.

(a) Surface water concentration is the maximum detect limit of the total or dissolved metals analyses.
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Table B.9 Risk Evaluation for Ecological Receptors Exposed to Surface Water

Privileged and Confidential; Attorney Work Product

Prepared at Request of Counsel

. Ecological Freshwater
Undetected Metals in Surface Water Concentration® b
Benchmark Exceedance
Surface Water (mg/L)
(mg/L)
Arsenic ND (0.025) 0.19 No
Cadmium ND (0.001) 0.0021 No
Chromium ND (0.005) 0.44 No
Chromium, Hexavalent ND (0.005) 0.011 No
Copper ND (0.005) 0.029 No
Cyanide ND (0.005) 0.0052 No
Lead ND (0.015) 0.051 No
Nickel ND (0.005) 0.013 No
Selenium ND (0.001) 1.0 No
Silver ND (0.003) 0.0050 No
Zinc ND (0.01) 0.079 No
Notes:

COPC = Constituent of Potential Concern; ND = Not Detected, maximum detection limit presented.
(a) Surface water concentration is the maximum detect limit of the total or dissolved metals analyses.

(b) Surface water benchmarks from Illinois Environmental Protection Agency (IEPA, 2015) Water Quality Standards. An
average hardness of 30 mg/L was used to calculated hardness-dependent benchmarks (cadmium, chromium, copper,

lead, nickel, and zinc).
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Table B.10 Risk Evaluation for Ecological Receptors Exposed to Sediment

Privileged and Confidential; Attorney Work Product

Modeled Sediment

b

Undetected Metals in . a ESV

Concentration Exceedance
Groundwater (mg/kg)

(mg/kg)

Antimony ND (0.027) 2.0 No
Chromium, Hexavalent ND (0.00057) 43 No
Cyanide ND° NC NC
Lead ND (0.28) 36 No
Mercury ND (0.13) 0.17 No
Silver ND (0.011) 1.0 No
Thallium ND (0.000071) NC NC
Notes:

COPC = Constituent of Potential Concern; ESV = Ecological Screening Value; ND = Not Detected, maximum

detection limit presented; US EPA = United States Environmental Protection Agency.

(a) Sediment concentration is modeled using the maximum detect limit of the total or dissolved metals

groundwater analyses.

(b) Ecological Screening Value (ESV) from US EPA Region IV (2018).
(c) Cyanide concentration in sediment was not modeled; however, the modeled concentration is expected to be

lower than the sediment benchmark.
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Appendix C

Surface Water and Sediment Modeling
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Gradient modeled concentrations in river surface water and sediment based on available groundwater data.
First, we estimated the flow rate of constituents of interest (COIs) discharged to the river via groundwater.
Then, we adapted United States Environmental Protection Agency's (US EPA's) indirect exposure
assessment methodology (US EPA, 1998) in order to model surface water and sediment water
concentrations in the Middle Fork of the Vermilion River ("Vermilion River").

Model Overview

The groundwater flow into the river is represented by a one-dimensional steady-state model. In this model,
the groundwater plume migrates horizontally in the Middle Groundwater Unit (MGU) and the Lower
Groundwater Unit (LGU), in the direction of the river. For both layers, the groundwater flow entering the
river is the flow going through a cross-sectional area that has a length equal to the length of the river adjacent
to the ash ponds with potential coal combustion residual (CCR)-related impacts and a height equal to each
layer's thickness. All the groundwater flowing through these two layers discharges to the river; thus the
total flow into the river is the sum of the flows in the two layers. The length of the river adjacent to the
ponds was estimated based on the modeled boron plume obtained from the existing groundwater flow model
for the Site (OBG, 2018). Using the modeled boron plume length to represent the length of potential CCR-
impacted groundwater discharging into surface water is conservative because boron has very low
retardation in groundwater; thus boron will be more widely distributed in groundwater than other CCR-
related constituents.

The groundwater flow into the river mixes with the surface water in the Middle Fork of the Vermilion
River. The COls entering the river via groundwater can dissolve into the water column, sorb to suspended
sediments, or sorb to benthic sediments. Using the 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

We used conservative assumptions to evaluate the groundwater discharge rate of the COIls. We assumed
that the groundwater concentrations were uniformly equal to the maximum detected concentration for each
individual COl, in both the MGU and the LGU. For COls that were not detected in groundwater, but for
which the maximum detection limit exceeded the surface water ecological benchmark, we used the
maximum detection limit. We ignored absorption by subsurface soil and assumed that all the groundwater
flowing through MGU and LGU and intersecting the river bank was discharged into the river.

For each groundwater unit, the groundwater flow rate into the river was derived using Darcy's Law:
Q = KiA

where:

Groundwater flow rate (m?/s)

Hydraulic conductivity (m/s)

Hydraulic gradient (m/m)
Cross-sectional area (m?)

GRADIENT C-1
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For each COl, the mass discharge rate into the river was then calculated by:

me = C, X Q X CF
where:

m, Mass discharge rate of the COIl (mg/year)

C. Maximum groundwater concentration of the COI or the maximum detection limit if the constituent
was not detected (mg/L)

CF  Conversion factors needed for unit conversion: 1,000 L/m*; 31,557,600 s/year

The values of the aquifer parameters used for these calculations are provided in Table C.1. The total mass
discharge rate for each COI is the sum of the mass discharge rates in the MGU and the LGU. The calculated
mass discharge rates were used as inputs for the surface water and sediment partitioning model.

Surface Water and Sediment Concentration

Groundwater discharged into the river gets 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 we 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, 2014a). 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 our analysis, we used the
partitioning coefficients given in Table J-1 of the US EPA CCR Risk Assessment (US EPA, 2014a). These
coefficients are presented in Table C.2.

To be conservative, we assumed that the constituents were not affected by dissipation or degradation once
they entered the waterbody. The total waterbody concentration of the COI was calculated as (Table J-1-9
in US EPA, 20144a):

me
Cwaterbody = d
z
V} X fwater X d
w

where:

Cwaterboay  TOtal waterbody concentration of the constituent (mg/L)

Vs Waterbody annual flow (L/year)

d, Waterbody depth (m)

dy Water column depth (m)

fwater Fraction of COI in the water column (unitless)
me Mass discharge rate of the COI (mg/year)

The fraction of COIl in the water column was calculated for each COI using the sediment/water and
suspended solids/water partition coefficients (Table J-1-1 in US EPA 2014a). The values of the fraction of
COils in the water column and other calculated parameters are presented in Table C.3. For the Vermilion
River annual flow rate, we conservatively used a value reported by OBG as representative of low flow
conditions (OBG, 2019b); a flow rate of 17 cfs was calculated as the 90" percentile low of the daily mean

GRADIENT C-2
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discharge rates between 1979 and 2018 at the Oakwood gaging station. Other waterbody parameters are
presented in Table C.4.

The equation above calculates the total concentration of constituents in the waterbody. Using the fraction
of COls in the water column, we derived the concentration of COls in the water column (Table J-1-10 in
US EPA, 2014a). From these values, and based on the equilibrium partition coefficients, we computed the
fraction of water column sediments that are dissolved in the water column and those that are sorbed to
suspended solids in the water column. These were used to calculate the concentration of dissolved COls in
the water column and the concentration of COls sorbed to suspended solids in the water column (Table J-
1-11in US EPA, 1998, 2014a):

Csw = Caw X Kgsw
where:

Csw  Concentration sorbed to suspended solids (mg/kg)
Cqw Concentration dissolved in the water column (mg/L)
K., Suspended solids/water partition coefficient (mL/g)

In the same way, using the total waterbody concentration and the fraction of COls in the benthic sediments,
the model derives the total concentration in benthic sediments (Table J-1-12 in US EPA 2014a). This value
can be used to calculate dry weight sediment concentration as follows:

C _ Cbs—tot
sed—dw — bsc

where:

Csea—aw Dry weight sediment concentration (mg/kg)
Cps—tor  Total sediment concentration (mg/L)
bsc Bed sediment bulk density (used the default value from US EPA, 2014a: 1 g/m°)

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:

Csp = Caps X Kgps
where:

Csp  Concentration sorbed to bottom sediments (mg/kg)
Caps Concentration dissolved in the sediment pore water (mg/L)
K,ps  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 C.5.

GRADIENT c-3
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Table C.1 Parameters Used to Estimate Groundwater Discharge to Surface Water

GW Unit Parameter Full Name Value Unit
MGU A Cross-Sectional Area 3,931 m?
MGU i Hydraulic Gradient 0.0093 m/m
MGU K Hydraulic Conductivity 2.15E-03 cm/s
LGU A Cross-Sectional Area 978 m’
LGU i Hydraulic Gradient 0.0075 m/m
LGU K Hydraulic Conductivity 8.47E-04 cm/s
Notes:

GW = Groundwater Unit; LGU = Lower Groundwater Unit; MGU = Middle Groundwater Unit; NEAP = New
East Ash Pond.

Mass discharge from the NEAP was not included, because groundwater monitoring results indicate that
impacted groundwater from the NEAP is not reaching the Middle Fork (OBG, 2019b).

Source: OBG, 2018.
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Table C.2 Partition Coefficients

Sediment-Water, Suspended Sediment-Water,
Mean, Kdbs Mean, Kdsw

Constituent Value (log;,) (mL/g) Value (mL/g) Value (log;) (mL/g) Value (mL/g)
Antimony 3.6 3.98E+03 4.8 6.31E+04
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 Il 4.9 7.94E+04 5.1 1.26E+05
Chromium VI 1.7 5.01E+01 4.2 1.58E+04
Cobalt 3.1 1.26E+03 4.8 6.31E+04
Copper 3.5 3.16E+03 4.7 5.01E+04
Cyanide - -- - --
Fluoride 2.2 1.58E+02 2.2 1.58E+02
Iron 1.4 2.51E+01 1.4 2.51E+01
Lead 4.6 3.98E+04 5.7 5.01E+05
Manganese 4.4 2.80E+04 4.4 2.80E+04
Mercury 4.9 7.94E+04 5.3 2.00E+05
Nickel 3.9 7.94E+03 4.4 2.51E+04
Selenium 0.6 3.98E+00 3.8 6.31E+03
Silver 3.6 3.98E+03 5.2 1.58E+05
Thallium 1.3 2.00E+01 4.1 1.26E+04
Zinc 4.1 1.26E+04 5.0 1.00E+05
Notes:

Cyanide was not modeled because it lacks a Kd value in US EPA, 2014a.
Source: US EPA, 2014a.
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Table C.3 Calculated Parameters

Fraction of Constituent in Fraction of Constituent in Fraction of Constituent
the Water Column the Benthic Sediments Dissolved in the Water Column

conStituent .f water f benthic f dissolved
Antimony 0.0057 0.9943 0.7254
Arsenic 0.0649 0.9351 0.9545
Barium 0.0528 0.9472 0.9434
Beryllium 0.0281 0.9719 0.9132
Boron 0.7165 0.2835 0.9545
Cadmium 0.0122 0.9878 0.6772
Chromium (lIl) 0.0004 0.9996 0.5697
Chromium (VI) 0.2646 0.7354 0.9132
Cobalt 0.0179 0.9821 0.7254
Copper 0.0068 0.9932 0.7688
Cyanide -- -- --

Fluoride 0.0949 0.9051 0.9990
Iron 0.3933 0.6067 0.9998
Lead 0.0017 0.9983 0.2496
Manganese 0.0007 0.9993 0.8562
Mercury 0.0005 0.9995 0.4551
Nickel 0.0024 0.9976 0.8690
Selenium (1V) 0.7906 0.2094 0.9635
Silver 0.0081 0.9919 0.5126
Thallium 0.4659 0.5341 0.9298
Zinc 0.0021 0.9979 0.6250

GRADIENT
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Table C.4 Surface Water Parameters
Parameter |Full Name Value Unit
TSS Total Suspended Solids 6 mg/L
Vg Surface Water Flow Rate 1.52E+10 L/yr
db Depth of Upper Benthic Layer (default: 0.03) 0.03 m
dw Depth of Water Column 0.5 m
dz Depth of Water Body 0.53 m
bsc Bed Sediment Bulk Density (default: 1.0) 1 g/cm3
bsp Bed Sediment Porosity (default: 0.6) 0.6 -
M 1s¢ TSS Mass per Unit Area 0.003 kg/m2
M Sediment Mass per Unit Area 30 kg/m?2
Notes
Source of default values: US EPA, 2014a.
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Table C.5 Input Groundwater Concentrations and Output Surface Water and Sediment Concentrations

Total Concentration in
Groundwater Mass Discharge Rate to Total Water Column Concentration Sorbed Benthic Sediments

Constituent Concentration Surface Water Concentration to Bottom Sediments (Dry Weight)

mg/L mg/year mg/L mg/kg mg/kg.dw
Antimony 5.00E-03 1.33E+05 9.29E-06 2.68E-02 2.68E-02
Arsenic 7.30E-02 1.94E+06 1.36E-04 3.25E-02 3.26E-02
Barium 1.90E-01 5.06E+06 3.53E-04 1.05E-01 1.06E-01
Beryllium 8.40E-03 2.24E+05 1.56E-05 8.99E-03 9.00E-03
Boron 5.28E+01 1.41E+09 9.81E-02 5.91E-01 6.47E-01
Cadmium 2.40E-03 6.39E+04 4.46E-06 6.03E-03 6.03E-03
Chromium (Ill) 6.60E-03 1.76E+05 1.23E-05 5.55E-01 5.55E-01
Chromium (VI) 6.60E-03 1.76E+05 1.23E-05 5.61E-04 5.68E-04
Cobalt 2.10E-02 5.59E+05 3.90E-05 3.56E-02 3.57E-02
Copper 7.90E-02 2.10E+06 1.47E-04 3.57E-01 3.57E-01
Cyanide 8.00E-03 2.13E+05
Fluoride 1.20E+00 3.20E+07 2.23E-03 3.53E-01 3.54E-01
Iron 8.60E+00 2.29E+08 1.60E-02 4.01E-01 4.11E-01
Lead 1.50E-02 3.99E+05 2.79E-05 2.77E-01 2.77E-01
Manganese 1.60E+00 4.26E+07 2.97E-03 7.13E+01 7.13E+01
Mercury 2.00E-03 5.33E+04 3.72E-06 1.34E-01 1.34E-01
Nickel 7.30E-02 1.94E+06 1.36E-04 9.36E-01 9.36E-01
Selenium (VI) 2.60E-02 6.92E+05 4.83E-05 1.85E-04 2.13E-04
Silver 3.00E-03 7.99E+04 5.57E-06 1.14E-02 1.14E-02
Thallium 2.00E-03 5.33E+04 3.72E-06 6.89E-05 7.10E-05
Zinc 3.60E-01 9.59E+06 6.69E-04 5.26E+00 5.26E+00

Notes:
Cyanide was not modeled due to lack of Kd value in US EPA, 2014a.
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i Modeled Surface Water Ecological Recreator Benchmark Recreator Benchmark  HTC Water

Status Constituent X Freshwater Benchmark . | . i Exceedances
Concentration (mg/L) (mg/L) for Swimming (mg/L) for Boating (mg/L) & Fish (mg/L)

NA in SW,ND in GW  Antimony 9.29E-06 0.19 -- -- -- No
ND in SW Arsenic 1.36E-04 0.19 0.12 0.37 0.022 No
Detected in SW Barium 3.53E-04 5 74 184 1.5 No
NA in SW Beryllium 1.56E-05 0.064 0.1 0.18 0.021 No
Detected in SW Boron 9.81E-02 7.6 776 2,632 1400 No
ND in SW Cadmium 4.46E-06 0.0021 0.13 0.33 0.013 No
ND in SW Chromium (Il1) 1.23E-05 0.44 105 257 318 No
ND in SW Chromium (VI) 1.23E-05 0.011 0.0054 0.014 0.64 No
NA in SW Cobalt 3.90E-05 0.019 2 9.9 0.0035 No
ND in SW Copper 1.47E-04 0.029 155 526 13 No
ND in SW Cyanide [not modeled] 0.0052 2.3 7.9 13 No
Detected in SW Fluoride 2.23E-03 9.1 155 526 143 No
Detected in SW Iron 1.60E-02 1 2,716 9,213 126 No
ND in SW Lead 2.79E-05 0.051 0.015 0.015 0.015 No
Detected in SW Manganese 2.97E-03 4 5 13 93 No
Detected in SW Mercury 3.72E-06 0.0011 0.1 0.28 0.000053 No
ND in SW Nickel 1.36E-04 0.013 20 53 1.5 No
ND in SW Selenium (VI) 4.83E-05 1 19 66 0.94 No
ND in SW Silver 5.57E-06 0.005 1.8 4.4 18 No
NA in SW, ND in GW  Thallium 3.72E-06 0.006 -- -- 0.0017 No
ND in SW Zinc 6.69E-04 0.079 1,633 6581 22 No
Notes:
ND - not detected
NA - not analyzed
GRADIENT
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2021 Update to 2020 Human Health and Ecological Risk Assessment
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:Q GRADIENT
Memorandum
To: Dynegy Midwest Generation, LLC Date: October 27,2021
From: Gradient

Subject: Lithium and Molybdenum Risks at Dynegy Midwest Generation, LLC's Vermilion Power
Plant, Oakwood, Illinois

1 Introduction

Gradient (2020) conducted a screening-level Human Health and Ecological Risk Assessment for the
Dynegy Midwest Generation LLC (DMG) Vermilion Power Plant (VPP) using a tiered approach consistent
with United States Environmental Protection Agency (US EPA) guidance (US EPA, 1989). The
groundwater monitoring data indicate that groundwater beneath the former coal combustion residue (CCR)
ash ponds may be impacted by Site-related constituents. While no one is exposed to this groundwater,' the
hydrogeology of the area indicates that the groundwater is flowing into the Middle Fork of the Vermilion
River adjacent to the Site, potentially impacting surface water and sediment. Recreators (swimmers and
boaters) in the Vermilion River who are exposed to surface water and sediment and anglers who consume
locally caught fish could potentially be exposed to these Site-specific constituents of interest (COls). 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 COls in surface water, sediment, and dietary
items. Gradient (2020) concluded that none of the COIs measured in surface water and modeled in surface
water and sediment using Site groundwater data pose an unacceptable risk to the identified human
(swimmers, boaters, and anglers) or ecological (aquatic life, benthic invertebrates, and wildlife) receptors.

Risks were not evaluated for lithium and molybdenum in the 2020 Risk Assessment because no data were
available for these constituents. Additional groundwater and surface water samples were collected in 2021
and analyzed for lithium and molybdenum, in addition to other constituents already evaluated in the 2020
risk assessment. Therefore, this memorandum focuses on potential risks to human health and the
environment associated with lithium and molybdenum using the same approach as the original Risk
Assessment (Gradient, 2020).

! Based on the local hydrogeology, residential exposure to groundwater used for drinking water or irrigation is not a complete
pathway and was not evaluated.
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2 Exposure Data and Estimates

Groundwater samples were collected from 41 wells” between March and July 2021. Surface water samples’
were collected from five locations downstream of VPP in June and July 2021. Table 1 presents a summary
of the lithium and molybdenum groundwater and surface water results from the recent sampling events.

Table 1 Summary Statistics of 2021 Lithium and Molybdenum Data

Constituent of Maximum Minimum R Maximum
Media [E— Detected Sampled Detection Limit Detected (mg/L) Detected
(mg/L) (mg/L) (mg/L)
Groundwater | Lithium 176 211 0.0050 0.0031 0.10 1.2
(total)
Molybdenum 165 211 0.0017 0.0011 0.049 0.79
(total)
Surface Lithium 5 5 - 0.0047 0.0056 0.0070
Water (total)
Lithium 3 3 - 0.0055 0.0057 0.0059
(dissolved)
Molybdenum 0 5 0.01 ND ND ND
(total)
Molybdenum 0 3 0.01 ND ND ND
(dissolved)

Notes:
—= Not Applicable; ND = Not Detected.

Similar to the risk assessment, potential risks associated with lithium and molybdenum were evaluated for
the identified human (boaters, swimmers, and anglers) and ecological (aquatic life, benthic invertebrates,
and wildlife) receptors with complete exposure pathways to surface water and sediment. While none of the
receptors are exposed to groundwater, surface water and sediment concentrations were modeled based on
the maximum detected concentration in groundwater, which may flow into surface water.

Both the total and dissolved fractions of lithium and molybdenum were analyzed in surface water. While
total metal concentrations are typically used to quantify human exposures (US EPA, 1989) and dissolved
metals are a better indicator of toxicity for ecological receptors (US EPA, 1993), the maximum total lithium
concentration was used to quantify exposures for both types of receptors, because it is higher than the
dissolved concentration. Total and dissolved molybdenum were not detected in surface water; therefore,
using the approach used in the 2020 Risk Assessment (Gradient, 2020), they would not be carried forward
in the risk evaluation. However, to supplement the measured surface water data, we modeled the lithium
and molybdenum contributions to surface water based on groundwater flow into the river.

Sediment sampling has not been conducted in the Middle Fork of the Vermilion River. In the absence of
sediment data, Gradient modeled molybdenum concentrations in river sediments as a result of groundwater
flow into the river. Gradient used the same modeling approach presented in the 2020 Risk Assessment

2 Groundwater samples from the following wells were included: 1, 2, 3R, 4, 5, 7R, 8R, 10, 17, 16A, 18, 20-22, 34, 35D, 36-38,
40-44, 70D, 708, 71D, 718, 101-105, 101S-105S, ND3, NED1, and OEDI1.

3 Surface water samples from locations SW-1 through SW-5 were included. Two field duplicate samples collected in June 2021
were excluded because the locations of the parent samples were unknown. Excluding these field duplicate samples is not expected
to change the conclusions of this risk evaluation, because these field duplicate samples do not contain the maximum concentrations
used as the exposure estimate.

GRADIENT 2
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(Gradient, 2020, Section 3.3). Equilibrium partitioning coefficients (K4 values) for molybdenum were
based on values from US EPA (2014a) (Table 2).

Table 2 Equilibrium Partitioning Coefficients for Molybdenum

Parameter Value
(mL/g)

Suspended Sediment-Water (Kdsw) 25,119

Sediment-Water (Kdps) 316

Sediment lithium concentrations were not modeled because lithium is highly soluble and does not readily
partition into sediment. US EPA (2014a) used a conservative Kq of zero (no partitioning) to estimate lithium
fate and transport, citing the insufficient information on adsorption and known low retardation of this
constituent. A Ky of zero indicates that the chemical constituent remains in solution and enters the surface
water with no partitioning into the sediment. The Agency acknowledges that a lithium Kq of zero will result
in an overestimate of downgradient surface water exposures (US EPA, 2014a). Because lithium does not
readily sorb to sediments via chemical partitioning, we did not model lithium concentrations in sediment
and assumed that the lithium sediment concentration is zero.

Total concentrations were used for both the surface water and sediment modeling, because groundwater
samples were only analyzed for total concentrations. This may result in an overestimation of exposure, as
the dissolved groundwater concentration is generally lower and represents the mobile portion of a
constituent that could likely discharge into surface water and sediment. Table 3 presents the exposure
estimates used for all receptors in this risk evaluation.

Table 3 Lithium and Molybdenum Exposure Estimates for Surface Water and Sediment

Exposure Medium Lithium Molybdenum

Measured Surface Water Concentration (mg/L)? 0.0070 ND (0.01)

Modeled Surface Water Concentration (mg/L)? 0.0023° 0.0015¢

Modeled Sediment Concentration (mg/kg) 0 0.40°
Notes:

ND = Not Detected (detection limit presented).

(a) 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.

(b) Modeled based on the maximum measured groundwater lithium concentration of 1.2 mg/L.

(c) Modeled based on the maximum measured groundwater molybdenum concentration of 0.79 mg/L.

(d) Sediment concentrations were not modeled because lithium does not readily sorb to sediments via chemical
partitioning.

3 Human Health Risk Evaluation

Risks to recreators (swimmers and boaters) and anglers were evaluated using the exposure estimates
presented in Table 3 and screening benchmarks protective of the various receptors. The screening
benchmarks were calculated using the same methodology presented in the 2020 Risk Assessment (Gradient,
2020), as summarized below.

GRADIENT 3
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Recreators Exposed to Surface Water

Recreators can be exposed to surface water while swimming, boating, and fishing. Recreators could be
exposed to surface water via incidental ingestion and dermal contact while swimming or boating.* Anglers
could consume locally caught fish and incidentally ingest water while fishing.

For calculating Human Threshold Criteria (HTC), which are benchmarks protective of fish consumption or
fish and water consumption, a BCF of 4 from US EPA (2014a) was used for molybdenum. A BCF was not
available for lithium. Therefore, Gradient assumed a BCF of 1, indicating that the fish concentration is
equal to the water concentration. This is a conservative assumption, as lithium is not noted to have
bioaccumulative properties (US EPA Region IV, 2018) and does not readily bioaccumulate in the aquatic
environment (ECHA, 2020a).

The surface water exposure concentrations were compared to conservative benchmarks protective of
surface water exposures during swimming, boating, and fishing, via (1) fish consumption and water
ingestion, and (2) fish consumption only. The maximum detected and modeled lithium and molybdenum
concentrations were orders of magnitude lower than their respective conservative benchmarks for all three
exposure scenarios (Table 4). Therefore, lithium and molybdenum in surface water do not result in
unacceptable risk to recreators swimming, boating, or fishing in the Middle Fork of the Vermilion River
adjacent to the Site.

Table 4 Risk Evaluation of Recreators Exposed to Surface Water

surface Water [— o eter e
Constituent of Interest Exp.osure Benchmark for Benchmark for LS AR I_-ITC s
Estimate Sl Boating and Water  Fish Only
mg/L mg/L mg/L
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Lithium (measured) 0.0070 7.8 26 4.7 7.0
Lithium (modeled)? 0.0023 7.8 26 4.7 7.0
Molybdenum (modeled)® 0.0015 19 63 3.9 4.4

Notes:

HTC = Human Threshold Criteria.

(a) Although lithium was detected in surface water, the modeled concentration was also compared to surface water benchmarks
protective of various human receptors to supplement the measured surface water data. The modeled surface water
concentration is based on the maximum groundwater concentration and reflects the potential maximum Site-related surface
water concentration from groundwater discharge.

(b) Molybdenum was not detected in surface water, thus only the modeled concentration was used. The modeled concentration
reflects the potential maximum Site-related surface water concentration from groundwater discharge.

Recreators Exposed to Sediment

Recreational exposure to sediment may occur during boating and swimming activity along the river. The
Middle Fork of the Vermilion River is shallow enough to walk in during low-flow periods, and there are
sediment deposition areas along the shoreline adjacent to and near the Site that could be accessible by boat.

Conservative benchmarks protective of sediment exposures during swimming and boating were calculated
using the same approach and assumptions noted in the risk assessment. The maximum modeled
molybdenum concentration (0.40 mg/kg) was orders of magnitude below the benchmark protective of
sediment recreational exposures (6,844 mg/kg). As noted above, lithium does not readily sorb to sediments

4 Boaters were evaluated separately from swimmers, as boaters are assumed to have a higher exposure frequency, but less skin
surface area exposed to water.
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via chemical partitioning, eliminating potential sediment exposure and risk (e.g., exposure concentration of
0 mg/kg). Therefore, lithium and molybdenum in sediment do not result in unacceptable risk to recreators
swimming or boating in the Middle Fork of the Vermilion River adjacent to the Site.

4 Ecological Risk Evaluation

Ecological receptors could be exposed to surface water, sediment, and dietary items (i.e., prey and plants)
potentially impacted by lithium and molybdenum in groundwater. The screening benchmarks were
obtained from the same methodology presented in the 2020 Risk Assessment (Gradient, 2020), as
summarized below.

Ecological Receptors Exposed to Surface Water

The surface water exposure concentrations were compared to screening benchmarks protective of aquatic
life. The maximum detected and modeled lithium and molybdenum concentrations are at least an order of
magnitude lower than their respective benchmarks (Table 5). Therefore, lithium and molybdenum in
surface water do not result in unacceptable risk to aquatic life in the Middle Fork of the Vermilion River
adjacent to the Site.

Table 5 Risk Evaluation of Ecological Receptors Exposed to Surface Water

Surface Water Ecological Freshwater
Constituent of Interest Exposure Estimate Benchmark?®
(mg/L) (mg/L)
Lithium (measured) 0.0070 0.44
Lithium (modeled)® 0.0023 0.44
Molybdenum (modeled)© 0.0015 0.80

Notes:

(a) Benchmarks from US EPA Region IV (2018).

(b) Although lithium was detected in surface water, the modeled concentration was also compared to
surface water benchmarks protective of various human receptors to supplement the measured surface
water data. The modeled surface water concentration is based on the maximum groundwater
concentration and reflects the potential maximum Site-related surface water concentration from
groundwater discharge.

(c) Because molybdenum was not detected in surface water, the exposure estimate is modeled using
the maximum detected groundwater concentration. The modeled concentration reflects the potential
maximum Site-related surface water concentration from groundwater discharge.

Ecological Receptors Exposed to Sediment

A hierarchy of sources outlined in the 2020 Risk Assessment (Gradient, 2020) was reviewed for lithium
and molybdenum sediment screening benchmarks. US EPA does not have sediment screening benchmarks®
for lithium or molybdenum (US EPA 2014a,b; US EPA Region IV, 2018). As part of the molybdenum
chemical registration under the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH) regulation, a predicted no effects level (PNEC) of 22,600 mg/kg for sediment was estimated
using the equilibrium partitioning method and the PNEC for water of 12.7 mg/L (ECHA, 2020b). No
benchmarks were identified for lithium.

5 US EPA (2014a,b) did not evaluate sediment risks for lithium and molybdenum and acknowledged that not characterizing risks
for constituents with benchmarks that are not available (i.e., lithium and molybdenum) is not a significant source of uncertainty.
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The maximum modeled molybdenum concentration (0.40 mg/kg) was orders of magnitude lower than the
REACH benchmark protective of sediment exposures (22,600 mg/kg). As noted above, lithium does not
readily sorb to sediments via chemical partitioning, resulting in an exposure concentration of 0 mg/kg.
Therefore, the modeled sediment concentrations attributed to potential lithium and molybdenum
contributions from Site groundwater are not expected to significantly contribute to ecological exposures in
the Vermilion River adjacent to the Site.

Ecological Receptors Exposed to Bioaccumulative COls

Lithium and molybdenum are not identified as analytes with potential bioaccumulative effects (US EPA
Region IV, 2018). Therefore, these COlIs are not considered to pose an ecological risk via bioaccumulation.

5 Conclusions

Similar to the 2020 Risk Assessment (Gradient, 2020), this risk evaluation for lithium and molybdenum
incorporates a number of conservative assumptions that tend to overestimate exposure and risk. However,
despite the conservative assumptions, this evaluation demonstrates that the lithium and molybdenum
surface water and groundwater concentrations are not expected to pose an unacceptable risk to human
(swimmers, boater, and anglers) or ecological (aquatic life, benthic invertebrates, and wildlife) receptors
exposed to surface water and sediment in the Middle Fork of the Vermilion River adjacent to the Site.
These results are consistent with the overall conclusions of the 2020 Risk Assessment that groundwater
from the ash ponds at the VPP and potential groundwater contributions to surface water and sediment
concentrations in the Middle Fork of the Vermilion River pose no unacceptable risks to human health or
the environment.
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Geosyntec Consultants Construction Schedule and Labor,
Vehicle, and Equipment Demands for Closure of the
North Ash Pond/Old East Ash Pond and the New East Ash Pond,
Vermilion Power Station, September
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Worksheet 1 - General Questions
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NAP OEAP NEAP Note

Surface area of CCR layer (sq. ft.): 1,742,400 871,200 914,760 Areas provided by Others in the closure plan and
associated cost estimates.
Vol ided by Others in the cl I d

Total ash volume (cubic yards): 1,150,000 992,000 343,000 olume provided by Lthers In the closdre plan an
associated cost estimates.
2 density tests were available for the NAP.
11 density tests were available for the OEAP.

Dry bulk density of CCR (pcf): 70.9 82.5 80.7 .y .
No density tests were available for the NEAP, all tests
were averaged for this entry.




Worksheet 2 -Key Transportation Distances and Questions

DRAFT

Description Distance (miles) Notes
Distance between landfill and surface impoundments for closure by removal alternative 15 Republic Services Brickyard Disposal Landfill has been tentatively
identified as the landfill.
Distance between soil depot (origin of fill soil) and surface impoundments (to bring in topsoil) o A borrow site is assumed to be 8 miles from the project site; however, a
borrow site has not been identified.
Distance between origin of raw materials and surface impoundment (bentonite, 1000 Bentonite material may come from ash far away as Wyoming.
geomembrance) Geomembrane may come from Huston, Texas.
Distance between origin of raw materials and surface impoundment (for geotextile, etc.) This encompasses Chicago, Indianapolis, Cincinnati, and St. Louis. Most
250 materials would be available within this range. Some specific materials
(liner) may come from a much greater distance.
Distance between origin of raw materials and landfill (for geotextile, etc.) This encompasses Chicago, Indianapolis, Cincinnati, and St. Louis. Most
250 materials would be available within this range. Some specific materials
(liner) may come from a much greater distance.
Average distance between offsite offices and the site
250 This encompasses Chicago, Indianapolis, Cincinnati, and St. Louis.
Average distance between the workers residence and surface impoundment
15 Assume the workers reside in Danville, IL.
Average distance between the workers residence and landfill
5 Assume the workers reside in Danville, IL.
Average distance for onsite hauling
12 0.75 round trip, assume 16 trips per day.
Average distance of travel for onsite vehicles
5 Daily onsite mileage usage.
Question Answer (CY) Notes

Do on-site workers use personal vehicles for daily commute? What are other alternatives and
what percentage of workers use each alternative?

Yes. No other alternatives

are available.

Public transportation is not present near the site.

Capacity of dump trucks used for CCR transport on-site (within or between Sls)

34 Assume CAT 745
Capacity of dump trucks used for CCR transport off-site (to landfill) 16.5 Tandem dump truck
Capacity of trucks used for transportation of top soil 16.5 Tandem dump truck
Capacity of trucks used for transportation of bulk materials to the site 26 Trailer dump truck




Typical workday

10 Assume 10 hours per day
Bulk material delivery 10 Assume 55 MPH
Bulk material delivery (bentonite, gecomembrane) 37 Assume 55 MPH

Worksheet 2 -Key Transportation Distances and Questions

Equipment List

Engine Size (Horsepower)

Notes

support truck (standard pickup truck) 300 standard pickup truck
track hoe excavator (standard) 359 Komatsu PC490LC-11
track hoe excavator (standard with extended boom) 359 Komatsu PC490LC-10SLF
very large track hoe excavator 775 Komatsu PC1250
clamshell excavator 530 Liebherr Clamshell with HS 8100 Duty Cycle Crawler Crane
articulating dump truck 504 CAT 745
tandem dump truck 485 2020 WESTERN STAR 4900SF DUMP TRUCK
dozer 436 CAT D8
front end loader 263 CAT 950M
sheepsfoot roller 405 CAT C15
smooth drum roller 100 CAT CS44B
tractor pulled disc 300 2006 JOHN DEERE 8430 (this is the tractor, not the disc)
skid steer 95 CAT 272D2
4-inch pump 5.5 BE TP-4013HM - 580 GPM (4") Trash Pump w/ Honda GX Engine
6-inch pump 44 Thompson Pump 6HT-DIS-4LE2T
generator 410 Doosan G325 Generator (270kW)
2.5 Pro-Wedge VM20
geomembrane welder (wedge welder and extrusion welder) ro-ivedge
5 Pro-X5 Model 600-0105/X5/A
delivery truck (flatbed with 48,000 Ibs. capacity or 26 cy load) 475 2020 KENWORTH T880 FLATBED TRUCK, ROLLBACK TOW TRUCK
2003 PETERBILT 385 FUEL TRUCK - LUBE TRUCK, WASTE OIL TRUCKS,
fuel truck 430
TANKER TRUCK
water truck 565 2019 INTERNATIONAL HX WATER TRUCK




hydroseeding truck

450

2018 Finn T-170 Hydroseeder and International Truck

drilling rig

115

Diedrich D-50




Worksheet 3.1 - Work Element Details, Equipment, Hours, Labor and Materials Detail (Closure By Removal, Offsite Landfill).

DRAFT

Closure By Removal Closure Plan

Production One way # Equipment | Labor | Daily Labor Vehicle Equipment | ¢ i ment Dail Daily Haul | 5y ity Hay | Material - Material
Alternative Details/Questions for Each Work | Project |Project Equipment . ) ) . travel per day . | # |Additional| S9UPM y-ab Vehicles Mobilization | - J4IPMe any Truck yH Delivery | Delivery . .
Work Element . : Rate Equipment Units Equipment/ Material . hrs |[total time| unit . and Vehicle Total Mobilization . . Mob/Demob . Mobilization | Equipment . Truck Miles - . . Notes Production Rate / Duration Reference
Component Element Quantity | Unit pa Amount (miles) for Drivers| Workers ) Miles Onsite : Miles - . i . Miles - Miles - Miles -
(Unit/Time) . Total Hours Hours Miles Mileage Miles - Loaded|Miles Onsite Loaded
vehicles per day Unloaded Unloaded Unloaded | Loaded
Project duration - - - 0 - - 0 0 51 years| O 0 0 0 0 0 0 0 0 0 0 0 0 0 -
Owner's representative site visits - - - 1 vehicle per day [support truck (daily mob) 250 10 265 day 1 0 2,650 2,650 132,500 1,325 0 0 0 0 0 0 0 Weekly site visits.
K)A‘::;;‘:g Construction & Safety ; - ; 2 vehicle per day  [support truck 15 10 | 1,326 | day| 2 1 26,520 39,780 119,340 13,260 500 0 0 0 0 0 0 0  |Three full time staff.
Office facilities - - - 2 equipment per day |work trailer 0 10 1,326 | day 0 0 26,520 0 0 0 0 0 0 0 0 0 0 0 Office Trailer.
Electric usage (average per day) 1,326,000 [ KWH 100 0 KWH per day |electricity 0 10 1,326 | day 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Assume 50 kWh per trailer.
Site specific security - - - 1 vehicle per day [support truck 15 10 1,326 | day 1 0 13,260 13,260 39,780 6,630 500 0 0 0 0 0 0 0 One full time staff.
CQA Officer / Engineer site visit - - - 1 vehicle per day |[support truck (daily mob) 250 10 265 day 1 0 2,650 2,650 132,500 1,325 0 0 0 0 0 0 0 0 Weekly site visits. Schedule not defined, assume 5.1 years
211 Project CQA staff - - - 1 vehicle per day [support truck 15 10 1,326 | day 1 0 13,260 13,260 39,780 6,630 500 0 0 0 0 0 0 0 One full time staff. total project duration.
Duration ltems Estimated mobilization for heavy
Equipment mobilization . - . 61 equipment mob  |heavy equipment mob 250 10 1 |mob| 61 0 610 610 1,830 0 0 15,250 15,250 0 0 0 0 o  |equipment. Includes all non
vehicles. Vehicles are assumed to
travel to the site daily.
Equipment fueling - - - 1 vehicle per day |[fuel truck 15 2 1,326 | day 1 0 2,652 2,652 39,780 6,630 0 0 0 0 0 0 0 0 Daily refueling.
Portable restrooms - - - 1 equipment per day [restroom units 0 10 1,326 | day 0 0 13,260 0 0 0 0 0 0 0 0 0 0 0
Portable restroom service - - - 1 vehicle per day [maintenance vehicle 15 2 265 day 1 0 530 530 7,950 1,325 0 0 0 0 0 0 0 0 Full time.
Dust suppression - - - 1 equipment per day |water truck 12 10 1,326 | day 1 0 13,260 13,260 39,780 0 0 0 0 15,912 0 0 0 0
Groundwater monitoring - - - 0 - - 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Monitoring included in Task 2.4. -
NPDES monitoring - - - 0 - - 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Silt fence 2,650 LF 1,300 1 vehicle per day [support truck 15 10 3 |day| 1 1 30 60 180 15 500 0 0 0 0 0 0 o  [|Assumes siltfence notrequired oqy, oo ne 3125 1416 1000.
2.1.2 Install along west side.
EPSC Measures
Material deliveries 1 EA 1 1 materials  |truck delivery - silt fence 250 10 1 |load| 1 0 10 10 0 0 0 0 0 0 0 0 250 250 |Assume to be delivered in 1 load. |/\SSUMe 26 CY truck or 48,000 LB flat
bed delivery truck.
6.;\./\:/Satering AP Pump NAP to Secondary NAP, 14 MG 1 2 equipment per day |6-inch pump 0 10 14 day 1 0 280 140 420 0 0 0 0 0 0 0 0 0 stngoldpat:y'z;rgrgntgi Npﬁrz;o \S/g:ggsuirxia?:r?;g ;ar;tstr;r\Z\gtcifi(:‘;n
and Secondary potrzgglls()%(ilondary NAP to NPDES 10,360 KWH 74 0 KWH per hour |electricity 0 10 14 day 0 0 0 0 0 0 0 0 0 0 0 0 0 0 from the Secondary NAP to Outfall |Memo (4/19/19). Assume effort
NAP - - - 1 vehicle per day |support truck 15 10 14 day| O 0 140 0 0 70 500 0 0 0 0 0 0 0 001. Assume 40 hp pump. consistent with the closure plan.
31,700 cY 540 3 equipment per day |track hoe excavator 0 10 20 day 3 0 600 600 1,800 0 0 0 0 0 0 0 0 0 Assume dewatering to a depth of
- - - 3 equipment per day |articulating dump truck 12 10 20 day 3 0 600 600 1,800 0 0 0 0 720 0 0 0 0 10 feet with 15-foot ditches and
Excavate dewatering ditches and - ] ] 1 |equipment per day |dozer 0 10| 20 [day| 1 0 200 200 600 0 0 0 0 0 0 0 0 0 [sumps. Assume 2,000LF of 15 oy, oo 3193 1613 0130.
install dewatering sumps foot, 1:1 slope ditches, 4-foot base.
- - - 1 equipment per day [smooth drum roller 0 10 20 day 1 0 200 200 600 0 0 0 0 0 0 0 0 0 Assume effort consistent with the
214 closure plan.
2.1 NAP |Dewatering and - - - 1 vehicle per day |support truck 0 10 20 day 1 0 200 200 0 100 500 0 0 0 0 0 0 0 P
Closure  [Stormwater 83 MG 0 3 |equipment per day [sump pump 0 10 | 730 |day| 1 0 21,900 7,300 21,900 0 0 0 0 0 0 0 0 o |Assume 3 sump locations, / days
Management Dewater for Excavation per week for 6 months dewatering.
810,300 | KWH 111 0 KWH per hour [electricity 0 10 730 day 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Assume stormwater management [Volumes provided in Stantec
} for 5.1 years. Assume 40 hp pump.|Unwatering and Dewatering Memo
381 MG 0 3 equipment per day [sump pump 0 10 1,862 | day 1 0 55,860 18,620 55,860 0 0 0 0 0 0 0 0 0 Assume a 50% increase of the (4/19/19). Assume effort consistent with
Stormwater Management 2,066,820 | KWH 111 0 KWH per hour [electricity 0 10 1,862 | day 0 0 0 0 0 0 0 0 0 0 0 0 0 0 effort for the closure plan split the closure plan.
. between the NAP (2/3) and OEAP
- - - 1 vehicle per day [support truck 15 10 2,592 | day 0 0 25,920 0 0 12,960 500 0 0 0 0 0 0 0 (1/3) for stormwater management.
Excavation and loading soil 65,300 BCY 3,400 1 equipment per day |track hoe excavator 0 10 14 day 1 0 140 140 420 0 0 0 0 0 0 0 0 0
A swell of 10% was included.
2.1.5 Sall Hauling and dumping in stockpile 71,830 LCY 544 10 equipment per day |articulating dump truck 12 10 14 day 10 1 1,400 1,540 4,620 0 0 0 0 1,680 0 0 0 0 . . . Production rate based on 0.75 mile
P Soil to be stockpiled onsite and . . )
Stripping and around trip onsite with a speed of 10
o . ) . used to regraded excavated areas. L .
Stockpiling Place and spread in stockpile 71,830 LCY 3,500 1 equipment per day [dozer 0 10 14 day 1 1 140 280 840 0 0 0 0 0 0 0 0 0 MPH, wait time of 25 minutes and
capacity of 34 CYs.
Laborer Support - - - 1 vehicle per day [support truck 15 10 14 day 1 0 140 140 420 70 500 0 0 0 0 0 0 0
Excavate and load CCR 1,171,000 | BCY 3,400 1 equipment per day |track hoe excavator 0 10 654 day 1 0 6,540 6,540 19,620 0 0 0 0 0 0 0 0 0
A swell of 10% was included.
Excavation of CCR from the NAP |Production rate based on 30 mile
Hauling and dumping 1,288,100 | LCY 116 17 haul trucks per day |tandem dump truck 15 10 654 day 17 1 111,180 117,720 353,160 0 0 0 0 0 1,171,000 | 1,171,000 0 0 and haul to offsite landfill. Includes |around trip with a speed of 35 MPH,
2.1.6 Excavate 1-ft overexcavation. wait time of 15 minutes and capacity of
CCR Material 16.5 CYs. Roughly 2,000 CY/DAY.
and Haul to Laborer Support - - - 1 vehicle per day [support truck 15 10 654 day 1 1 6,540 13,080 39,240 3,270 500 0 0 0 0 0 0 0
Landfill In place MC1s ~35% and assume
1,288,100 | LCY | 10,000 1 equipment per day |tractor pulled disc 0 10 129 | day 1 0 1,290 1,290 3,870 0 0 0 0 0 0 0 0 0 a target of ~30%. The majority of
Moisture conditionin samples were above 30%, assume [Assume addition effort from track hoe
9 conditioning of total quantity. 10% |for above MC 45%.
128,810 LCY 3,400 1 equipment per day |excavator 0 10 38 day 1 0 380 380 1,140 0 0 0 0 0 0 0 0 0 of the samples had a MC over
45%
Excavate and load CCR 50,000 BCY 3,400 1 equipment per day |track hoe excavator 0 10 28 day 1 0 280 280 840 0 0 0 0 0 0 0 0 0 Volume provided by the Owner. A swell
2.1.7 Excavate . of 10% was included. Production rate
Coal Yard Excavation of coal from the Coal based on 30 mile around trip onsite with
. Hauling and dumping 55,000 LCY 116 17 haul trucks per day |tandem dump truck 15 10 28 day 17 0 4,760 4,760 14,280 0 0 0 0 0 50,000 50,000 0 0 Yard and haul to offsite landfill. . P
Material and Includes 1-ft overexcavation a speed of 35 MPH, wait time of 15
Haul to Landfill ’ minutes and capacity of 16.5 CYs.
Laborer Support - - - 1 vehicle per day [support truck 15 10 28 day 1 0 280 280 840 140 500 0 0 0 0 0 0 0 Roughly 2,000 CY/DAY.
40 AC 2 1 equipment per day |hydroseeder truck 250 10 20 day 1 1 200 400 1,200 0 0 0 0 5,000 0 0 0 0
Hydroseed and mulch Hydromulch assumed. RSMeans 3292 1913 1100.
31 i8hSeed and - - - 1 vehicle per day [support truck 250 10 20 |[day| 1 0 200 200 10,000 100 500 0 0 0 0 0 0 0
ulc :
Material deliveries 30 TON 24 1 materials | TuCK delivery - 250 10 1 |load| 1 0 10 10 0 0 0 0 0 0 0 0 250 250 |- Assume 26 CY truck or 48,000 LB flat

hydroseed/mulch

bed delivery truck.




Worksheet 3.1 - Work Element Details, Equipment, Hours, Labor and Materials Detail (Closure By Removal, Offsite Landfill).

DRAFT

Closure By Removal Closure Plan

Production One way # Equipment | Labor | Daily Labor Vehicle Equipment | ¢ i ment Dail Daily Haul | 5y ity Hay | Material - Material
Alternative Details/Questions for Each Work | Project |Project Equipment . ) ) ) travel per day . | # |Additional| S9UPM y-ab Vehicles Mobilization | - J4IPMe any Truck yH Delivery | Delivery . .
Work Element . : Rate Equipment Units Equipment/ Material . hrs |[total time| unit . and Vehicle Total Mobilization . . Mob/Demob . Mobilization | Equipment . Truck Miles - . . Notes Production Rate / Duration Reference
Component Element Quantity | Unit pa Amount (miles) for Drivers| Workers ) Miles Onsite : Miles - . i . Miles - Miles - Miles -
(Unit/Time) . Total Hours Hours Miles Mileage Miles - Loaded|Miles Onsite Loaded
vehicles per day Unloaded Unloaded Unloaded | Loaded
Dr||||ng for monitoring well and 4 EA 1 1 equipment per day drllllng rlg 0 10 6 day 1 0 60 60 180 0 0 0 0 0 0 0 0 0 .
. . . Assumes wells will be powered
observation well installations, . ) : .
. - - - 1 vehicle per day |support truck (daily mob) 250 10 6 day 1 0 60 60 3,000 30 0 0 0 0 0 0 0 0 with onsite power. Includes 2 days
drilling for abandonment of e S o
91 for mobilization/demobilization. Install 4 new monitoring wells.
monitoring wells - - - 1 equipment per day [skid steer 0 10 6 day 1 0 60 60 180 0 0 0 0 0 0 0 0
21.9 Install Clearing for monitoring wells - - - 1 equipment per day |track hoe excavator 0 10 5 day 1 0 50 50 150 0 0 0 0 0 0 0 0 0 8 locations are currently vegetated.
monitoring / 1 EA 1 1 materials | oK delIvery - fiush 250 10 1 |load| 1 0 10 10 0 0 0 0 0 0 0 0 250 250
observation mount
wells 1 EA 1 1 materials truck delivery - well steel 250 10 1 load 1 0 10 10 0 0 0 0 0 0 0 0 250 250
1 EA 1 1 materials truck delivery - PVC 250 10 1 load 1 0 10 10 0 0 0 0 0 0 0 0 250 250 Assume 26 CY truck or 48.000 LB flat
Material deliveries Assume to be delivered in 1 load. bed deli K ’
1 EA 1 1 materials truck delivery - sand 250 10 1 load | 1 0 10 10 0 0 0 0 0 0 0 0 250 250 ed delivery truck.
1 EA 1 1 materials truck delivery - bentonite 250 37 1 load 1 0 37 37 0 0 0 0 0 0 0 0 250 250
1 EA 1 1 materials truck delivery - cement 250 10 1 load 1 0 10 10 0 0 0 0 0 0 0 0 250 250
2.1 NAP Excavate and load from stockpile | 253,000 | BCY | 3,400 2 |equipment per day |track hoe excavator 0 10 | 56 |day| 2 0 1,120 1,120 3,360 0 0 0 0 0 0 0 0 0
Closure A swell of 20% was included
Hauling and dumping general fill 303,600 LCY 544 10 equipment per day |articulating dump truck 12 10 56 day 10 0 5,600 5,600 16,800 0 0 0 0 6,720 0 0 0 0 To promote positive drainage once . N
the ash is removed. Assumes Production rate based on 0.75 mile
Place and spread general fill 303,600 LCY 3,500 2 equipment per day |dozer 0 10 56 day 2 0 1,120 1,120 3,360 0 0 0 0 0 0 0 0 0 . . . around trip onsite with a speed of 10
onsite material from soil stripping MPH. wait time of 25 minutes and
Compact general fill 303,600 LCY 2,400 3 equipment per day |sheepsfoot roller 0 10 56 day 3 0 1,680 1,680 5,040 0 0 0 0 0 0 0 0 0 and other sources. "
capacity of 34 CYs.
Laborer Support - - - 1 vehicle per day [support truck 15 10 1 day 1 0 10 10 30 5 500 0 0 0 0 0 0 0
2.1.10 General - - - 2 equipment per day [track hoe excavator 0 10 15 day 2 0 300 300 900 0 0 0 0 0 0 0 0 0
Grading - - - 1 equipment per day |articulating dump truck 12 10 15 | day| 1 0 150 150 450 0 0 0 0 180 0 0 0 0
] - ] 1 equipment per day |dozer 0 10 15 | day| 1 0 150 150 450 0 0 0 0 