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EXECUTIVE SUMMARY

This Performance Evaluation Report was prepared to document operational and monitoring
activities and summarize data collected during the first year of operation of the Plant Site
groundwater remediation system at the Colstrip Steam Electric Station (CSES) in Colstrip,
Montana. The CSES is operated by Talen Montana, LLC (Talen). Major operational
components of the groundwater remediation system included a freshwater flushing system
(vertical flushing wells and conveyance pipelines) and horizontal and vertical capture wells
(and associated capture pipelines). Construction of the groundwater remediation system was
completed and freshwater flushing began in July 2020. Constituents of interest (COI) in
groundwater targeted by the Plant Site groundwater remediation system include boron, sulfate,
cobalt, lithium, molybdenum, and selenium. Manganese was identified as a constituent of
concern (COC). Cleanup criteria (CC) were established for each COIl (Canty and Neptune
2018). The primary objective of CSES Plant Site groundwater remediation system operation
and monitoring is to demonstrate that the remedy is effectively reducing constituent mass in
groundwater toward achieving CC (Geosyntec 2020a). The remedy is expected to achieve CC
across the Plant Site by 2049 as demonstrated in the Remedial Evaluation Report (Geosyntec

2018) and associated fate and transport numerical modeling (Newfields 2018 and 2019).

The freshwater flushing system delivers water from the Yellowstone River via the Surge Pond
to 53 injection wells completed within the COI plume(s) at the Plant Site. Groups of freshwater
flushing wells are interconnected by common pipelines that share and are identified by a
flushing port at the end of the pipeline. The capture system component of the Plant Site remedy
is designed to collect groundwater with COl impacts and water that is introduced to the targeted
hydrostratigraphic intervals through the freshwater flushing system. The current groundwater
capture system of the MDEQ-approved Plant Site remedy consists of 58 vertical wells and 4
horizontal capture wells. Captured groundwater is contained in the double-lined Groundwater
Capture Storage Pond (GWCSP). Another source control feature of the Plant Site remedy is

the A Pond Dewatering Trench. The A Pond Dewatering Trench was installed during closure
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activities at the Units 1&2 A Pond and features a perforated pipe that drains to a sump at the

north end of the capped cell. Pore water from the ash is pumped from the sump to the GWCSP.

Data collected and analyzed during the first year of groundwater remedy system operation that

are summarized in this evaluation report include:

e Rates and total volume of water introduced to the freshwater flushing system;
e Pressure at flushing system wellheads;

e Rates and total volume of water captured by the capture system;

e Rates and total volume of water removed from the A Pond Dewatering Trench;
e Water levels in monitoring wells adjacent to the flushing and capture systems;
e Water levels in capture wells; and

e Groundwater quality results at monitoring and capture wells.

Monitoring was conducted in accordance with Performance Monitoring Plan (PMP, Geosyntec
2020a) or Talen’s Water Resources Monitoring Plan (WRMP, Talen 2020). The discussion
of flushing system performance related to COI in groundwater is focused on sulfate and boron
because these two constituents were evaluated in the fate and transport modeling analysis
(Newfields 2018 and 2019), making it easy to draw comparison between projected and
observed results. Results of data analyses are as follows. Where appropriate, results are

compared to model predictions.

e Flushing System Rates - The total average flushing rate for all injection wells was about

92 gallons per minute (gpm) over the first year of operation. The targeted cumulative
flushing rate predicted by the model was 155 gpm (Newfields 2019), indicating that
the actual rates were approximately 60 percent of the target. Target flushing rates at
some wells could not be sustained or achieved due to limited ability of the receiving

formation (low permeability) to accept the target volumes of water.

e Flushing System Injection Pressures — Pressures recorded at flushing system wellheads

ranged from O psi to 30 psi depending on formation of completion. Lower pressures
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were typical in alluvium and spoils wells; while, higher pressures were more common

in McKay coal wells. Pressures in excess of 25 psi were short-lived and infrequent.

e Capture System Rates - A key feature of performance evaluation of the CSES remedy

is a demonstration that groundwater is captured at rates/volumes greater than flushing
rates in active areas of freshwater flushing. The average capture rate (183 gpm) and
cumulative volume of captured groundwater (126.6 million gallons) is more than twice
the rate (92 gpm) and volume (47.3 million gallons) of freshwater introduced by the

flushing system during the same time frame.

e A Pond Dewatering Trench - The A Pond Dewatering Trench is designed to be pumped
until 2026; and an estimated 526,000 cubic feet (3.93 million gallons) of liquid is
expected be removed from the ash (Geosyntec 2019b). Between September 2019 and

July 2021, approximately 1.57 million gallons of water were pumped from the A Pond
Dewatering Trench. The A Pond Dewatering Trench appears to be effective at

removing water from ash in A Pond.

e Water Levels and Potentiometric Surfaces — Groundwater flow patterns have been

controlled by groundwater capture that was occurring on the Plant Site prior to startup
of the flushing system. Effective capture and hydraulic control was maintained through

startup and operation of the flushing system.

e Temporal Water Quality Trends — Decreasing concentrations of sulfate and boron were

observed throughout the monitoring network between July 2020 and July 2021.
Thirteen wells in the monitoring network had either sulfate or boron concentrations, or

both, drop from above the CC to below the CC during the first year of system operation.

e Mass Capture — The Total mass of sulfate captured during the first year of operation by
all capture wells was more than 1.3 million kilograms (Mkg) (2.9 million Ibs),
exceeding the model prediction of 845,642 kg (1.8 M Ibs). The total mass of boron
captured during the first year was 3123 kg (6885 1bs), slightly less than the model
prediction of 3322 kg (7324 1bs).

e Plume Extents — The extent of boron and sulfate remaining above the CC on the Plant
Site after one year of groundwater remediation system operation was generally
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consistent with fate and transport model predictions. Sulfate and boron plumes were

restricted to near source areas at the CSES Plant Site at the end of one year of operation.

Monitoring results summarized in the Performance Evaluation Report suggest that, while in
the early stages of operation, the groundwater remediation system is effective at removing
constituent mass from groundwater and reducing concentrations of COI at the CSES Plant Site.
The groundwater remediation system will continue to operate as planned, with ongoing
maintenance and field adjustments to optimize flushing and capture system effectiveness.
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PERFORMANCE EVALUATION REPORT
PLANT SITE REMEDY -2021
COLSTRIP STEAM ELECTRIC STATION
COLSTRIP, MONTANA

1.0 INTRODUCTION

This Performance Evaluation Report was prepared to document operational and monitoring
activities and summarize data collected during the first year of operation of the Plant Site
groundwater remediation system at the Colstrip Steam Electric Station (CSES) in Colstrip,
Montana. Groundwater impacts at the CSES Plant Site were characterized and remedial
evaluation activities were conducted under an Administrative Order on Consent (AOC)
regarding impacts related to wastewater facilities comprising the closed loop system at the
CSES between the Montana Department of Environmental Quality (MDEQ) and Talen
Montana, LLC (Talen) (Talen/MDEQ 2012). The location of the Plant Site, as defined under
the AOC, is shown in Figure 1-1.

Constituents of interest (COI) in groundwater at the Plant Site were evaluated and cleanup
criteria (CC) were established for COI under the AOC (Canty and Neptune 2018). COl at the
Plant Site include boron, sulfate, cobalt, lithium, molybdenum, and selenium. Manganese was
identified as a constituent of concern (COC). CC for each of the COI are listed in
Appendix A. Attaining CC is one of the primary objectives of the remedy; and progress toward
obtaining specific CC is discussed throughout this report.

A remedial alternative assembly (RAA) consisting of process water pond closures, an
expanded groundwater capture system, a freshwater flushing program, monitored natural
attenuation (MNA), and a contingency for permeable reactive barrier (PRB) technology was
identified as the preferred alternative in the AOC Remedy Evaluation Report for the Plant Site
(Geosyntec 2018). MDEQ issued approval of the selected remedy for the CSES Plant Site in
October 2018 (MDEQ 2018). Major operational components of the groundwater remediation
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system (i.e. freshwater flushing system, horizontal and vertical capture wells, and flushing and
capture conveyance piping) were constructed in 2019 and began operating in July 2020. The
groundwater remediation system and associated groundwater monitoring wells/piezometers
are shown on Figure 1-2. Additional description of the CSES Plant Site groundwater

remediation system is provided in Section 2.0.

1.1 PURPOSE

The purpose of performance monitoring is to verify proper function of groundwater
remediation system components and measure the progress of the remediation system at
achieving remedial objectives. To that end, the purpose of this report is to present operational
data collected at the CSES Plant Site capture and flushing systems and evaluate the
effectiveness of the groundwater remediation system during its first year of operation (July
2020 — July 2021).

1.2 OBJECTIVES

The primary objective of CSES Plant Site groundwater remediation system operation and
monitoring is to demonstrate that the remedy is effectively reducing constituent mass in
groundwater toward achieving CC (Geosyntec 2020a). The remedy is expected to achieve CC
by 2049 (Geosyntec 2018). Frequent monitoring and periodic performance evaluations, such
as this first year evaluation, are a key tool in tracking progress toward obtaining the longer-
term groundwater remediation objective.

MNA was retained in the selected remedy to address reduction of low mobility constituents
(e.g. cobalt, molybdenum), if necessary, based on ongoing monitoring and remedy
performance evaluation. Specifically, objectives of monitoring related to MNA are to identify
indications (if any) that MNA may not address constituents remaining after the
flushing/capture system is shut down; and to evaluate whether portion(s) of the
flushing/capture system could be replaced with MNA before 2049 (Geosyntec 2020a).

Objectives related to MNA are not further addressed in this first year performance evaluation.
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2.0 PLANT SITE GROUNDWATER REMEDIATION SYSTEM

As described above, the MDEQ-approved CSES Plant Site Remedy includes an assembly of
groundwater capture, freshwater flushing, pond closures, and MNA technologies. Each of the
remedial components is expected to contribute to the long-term success of the overall remedy.
Pond closures are an important source control technology that will result in a reduction of
overall mass loading of COls to Plant Site groundwater. Pond closure dates, or planned closure
dates listed in the Colstrip Wastewater Facility Closure Plan for the Plant Site (Geosyntec
2019a) are shown on Figure 1-1. Where necessary, pond closure activities are discussed
relative to groundwater quality observations later in this report. However, the emphasis of this
report is the groundwater remediation system, which includes the freshwater flushing and
capture well network and associated distribution and capture pipelines and appurtenances. The
groundwater remediation system is described at length in the Operations and Maintenance
(O&M) Plan (Geosyntec 2020) and CSES Water Resources Monitoring Plan (WRMP, Talen
2020) and is summarized herein.

2.1 FRESHWATER FLUSHING SYSTEM

The freshwater flushing system delivers water from the Yellowstone River via the Surge Pond
to 53 injection wells completed within the COI plume(s) at the Plant Site. Freshwater
originates as raw water from the Surge Pond. The raw water is conveyed to the Plant Site
treatment system located in a building that formerly housed the Vibratory Shear Enhanced
Process (VSEP) and is still commonly referred to as the VSEP Building. The raw water is
filtered to remove suspended solids, chlorinated to reduce biofouling potential, dechlorinated
to remove residual chlorine, and then pumped through a network of buried pipelines referred
to as flushing lines connected to groups of injection wells. The locations of freshwater flushing

wells, pipelines, and the VSEP Building are shown in Figure 1-2.

The injection wells are connected to the treatment system through a network of six separate
flushing lines that reach the lateral extents of the COI plumes and service wells completed at
various depths to target impacted hydrostratigraphic intervals. Each of the flushing system

pipelines extends beyond the injection wells and terminates at a flushing port. Flushing ports
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are not only used as maintenance terminals for the pipelines (i.e. to periodically remove
sediment accumulation) but are also fitted with pressure sensors designed to automatically
control pumping rates from the VSEP building. The freshwater flushing system pipelines are
commonly identified by flushing port. Subsequently, as is discussed in later sections of this
report, monitoring and capture wells in proximity to injection wells are also designated to a
specific flushing port for the sake of simplifying the performance evaluation. The injection
wells are located in four general areas of the Plant Site that are serviced by seven separate
flushing lines, listed in Table 2-1 and described as follows:

e Flushing Line FP-01: North of Units 1&2 Bottom Ash Pond and East of the
Units 1-4 Sediment Retention Pond
o FP-01 services six (6) injection wells, screened in alluvium
e Flushing Lines FP-02 and FP-03: West Side of Former Units 1&2 A Pond
o FP-02 services 16 injection wells, screened in alluvium
o FP-03 services 7 injection wells, screened in McKay coal
e Flushing Lines FP-04 and FP-05: East side of Former Units 1&2 A Pond
o FP-04 services eight (8) injection wells, screened in alluvium
o FP-05 services five (5) injection wells, screened in McKay Coal
e Flushing Lines FP-06 and FP-08: Vicinity of the Brine Concentrator Solids Disposal
Area (BCSDA) and the coal pile to the east
o FP-06 services eight (8) injection wells, screened in spoils

o FP-08 services three (3) injection wells, screened in spoils

Treatment equipment, tanks, pumps and controls for the flushing system are housed in the
VSEP building. The filtered and treated freshwater is distributed via six variable frequency
drive pumps under constant user-defined pressure to the flushing line and injection well
network (Geosyntec 2020a). This allows the system to compensate automatically if flows at
the individual injection wells are altered, either as a result of adjustments to the manual valves

at each well, or as a result of variations in the amount of flow that a well can accept at a given
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pressure due to the geologic formation in the completion interval. Targeted flushing rates at
each well were identified in the O&M Plan (Geosyntec 2020a).

2.2 GROUNDWATER CAPTURE SYSTEM

The capture system component of the Plant Site remedy is designed to collect groundwater
with COI impacts and water that is introduced to the targeted hydrostratigraphic intervals
through the freshwater flushing system. The current groundwater capture system of the
MDEQ-approved Plant Site remedy consists of 58 vertical wells and 4 horizontal capture wells,
as shown on Figure 1-2. Groundwater capture has been conducted at the Plant Site, in some
capacity, since the 1980s. The groundwater capture system includes wells that were operating
prior to final selection of the Plant Site Remedy and newly installed horizonal and vertical
wells intended to expressly enhance system performance. All current capture wells are listed

by area and associated flushing system pipeline in Table 2-1.

Vertical capture wells are completed to target specific hydrostratigraphic intervals that may
include alluvium, spoils, Rosebud coal, interburden, McKay coal, or shallow bedrock at the
Plant Site. As shown in Figure 1-2, vertical wells are often completed in proximity to one
another, at spacing appropriate for the targeted hydrostratigraphic interval, to effectively
capture COI in groundwater over a larger areal extent than a single well. Horizontal wells
similarly target discrete intervals; but their lateral completion allows for capture over a larger
area using fewer wells. Horizontal drilling also allows for wells to be completed beneath
process ponds or other sites with limited surface access to vertical drilling rigs. Horizontal
capture wells HW1-A and HW3-A are screened near the bottom of the alluvium beneath former
Units 1&2 A Pond (A Pond); while HW2-SP and HWA4-SP are screened near the bottom of the
spoil beneath the BCSDA. The BCSDA is constructed at the location of the former Brine
Ponds D1-D4. A Pond and former Units 1&2 Brine Ponds are among process water facilities

identified as sources of COI to groundwater. While the ongoing source strength has diminished
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with pond closure activities, horizontal capture wells installed beneath A Pond and the BCSDA

target the center of plume mass.

Submersible pumps are installed in each horizontal and vertical capture well. Pumps are
operated to maximize drawdown and capture rates. Automated controls are used at each
capture well to protect the pump by stopping it in response to dry or cavitating conditions and
re-starting it after sufficient time has passed for water levels to recover. Design capture rates
are discussed further in Section 4.0.

Captured water is routed to the Groundwater Capture Storage Pond (GWCSP) for
management/future treatment. The GWCSP was constructed in 2019 with a geosynthetic
double-liner and a geo-composite drainage collection system between the liners. The GWCSP
is at the south end of the Plant Site (Figure 1-1).

2.3 APOND DEWATERING TRENCH

An ash dewatering system known as the A Pond Dewatering Trench was installed during
closure activities at the Units 1&2 A Pond. The A Pond Dewatering Trench is pumped from
a sump at the north end of the closed cell (Figure 1-2). The A Pond Dewatering Trench is
designed to collect pore water from fly ash that might otherwise drain by gravity to the
underlying groundwater system; thus, the A Pond Dewatering Trench is a source control
component of the Plant Site remedy. Water captured at the sump is routed to the GWCSP but
it is not counted in the groundwater collection summary. Performance of the A Pond
Dewatering Trench, including rates and volumes of captured ash water relative to design
volumes is documented in Section 4.4 of this report. The A Pond Dewatering Trench is

expected to operate until 2026 (Geosyntec 2019b).
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3.0 PERFORMANCE MONITORING

Monitoring of the CSES Plant Site groundwater remediation system was conducted as outlined
in the Performance Monitoring Plan (PMP) (Geosyntec 2020b) and WRMP (Talen 2020). Per
the PMP, monitoring activities were assigned to one of two phases, short-term and long-term
monitoring; and as described, components of the groundwater remediation system are
organized in accordance with freshwater flushing lines (FP-01 through FP-08). Short term
monitoring activities are focused on verifying system function and performance during startup.
Long-term monitoring protocols are in place to evaluate attainment of long-term remedial

objectives, such as attainment of CC.

Monitoring conducted during the first year of operation of the Plant Site groundwater remedy
was primarily short-term monitoring, the results of which were intended to optimize system
operation. However, groundwater quality was monitored and results were compiled to initiate
the long-term evaluation and provide an early indication of the CSES Plant Site groundwater
remediation system effectiveness. Results of system operation and performance monitoring
(short-term objectives) are included in Section 4.0. Results of groundwater quality monitoring
(long-term objectives) are included in Section 5.0. The operation, configuration and
monitoring requirements associated with the remediation system will change over time in

response to the data collected during system operation.
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4.0 SYSTEM OPERATION AND PERFORMANCE

4.1 FRESHWATER TREATMENT SYSTEM

The objective of monitoring the performance of the freshwater treatment system during startup
is to verify that the media filtration, chlorination and de-chlorination, and pumping systems
are delivering freshwater to the injection wells at the desired quantity and quality and to
identify leaks or blockages in the flushing lines through pressure measurements at the VSEP
building.

In general, the freshwater treatment system operated as outlined in the O&M Plan (Geosyntec
2020a). Notable exceptions are as follows:

e Backwash from the media filters was re-routed from the Coal Combustion Residuals
(CCR) Containment Basin to the Units 1 through 4 Sediment Retention Pond (SRP).
The SRP has a much greater capacity than the CCR Containment Basin. The re-route
prevented potentially overfilling the much smaller basin.

e Downtime due to changing feed water supply from Raw Water to pre-filtered Raw
Water April 6 to June 11, 2021. Additional filtration was required due to rising silt
density index (SDI) readings in the river water supply. Pre-filtered Raw Water was
routed to the VSEP Building to feed the Plant Site Injection System.

4.2 FRESHWATER FLUSHING SYSTEM
Flushing water injection rates, injection pressures, and water levels in nearby monitoring wells
were used to evaluate system performance and inform decisions related to ongoing system

operation as follows.

4.2.1 Injection Rates

Observed injection rates and target injection rates based on numerical modeling (Newfields
2019) during the first year of operation for each well are presented on Table 4-1. The total
average flushing rate for all injection wells was about 92 gallons per minute (gpm) over the
first year of operation. The targeted cumulative flushing rate was 155 gpm (Newfields 2019),

indicating that the actual rates were approximately 60 percent of the target. Target flushing
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rates at some wells could not be sustained or achieved due to limited ability of the receiving
formation to accept the target volumes of water. Target flushing rates were based on pilot
testing at three wells (IW-4A, IW-37M, and IW-47SP) and best available hydrogeologic
information used in construction of a three-dimensional numerical groundwater flow model of
the Plant Site groundwater system (Newfields 2019); however, there are heterogeneities in
hydraulic properties of the target formation that make it difficult to predict optimized flushing

rates.

Flushing rate hydrographs for each injection well are found in Appendix B. Flushing rates
were initially set at the design targets; but totalizer readings often indicated average flows
tended to drift, usually below, the set point. Flushing rates were re-set to the target using flow
control valves (FCV) on subsequent routine visits to each wellhead. Note the disparity between
the average flow rate calculated from the totalizer and instantaneous readings taken from the
flow meters (after adjusting the flow) on the hydrographs of Appendix B. As previously
described, the injection system was down for a period of two months from April 6, 2021 to
June 11, 2021 for maintenance and upgrades to the treatment system; downtime is reflected by

a gap in the hydrographs (Appendix B).

A comparison between average flushing rates and volumes achieved during the first year of
operation and the targeted flushing rates and volumes is provided in Table 4-1. Consistent
with the lower than projected cumulative flushing rate, flushing rates and volumes realized at
individual wellheads were generally lower than the design targets. Flushing rates and volumes
were between 15% and 85% lower than targeted values. In rare cases at shallow alluvial wells,
freshwater would daylight to ground surface when wells were operated at or near targeted
flushing rates. The operational flushing rate targets were decreased by as much as 87.5%, as
shown in Table 4-1, to eliminate daylighting. Seven (7) wells with observed daylighting that
were later assigned reduced flushing rates are: 1W45-A at FP-01; IW48-A, IW3-A, IW2-A,
IW7-A, and IW31-A at FP-02; and IW41-A at FP-04.
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In attempt to increase the average flushing rate and combat downward drift of FCV settings,
increased targeted set rates were assumed for 32 of the 53 injection wells, as listed in
Table 4-1. Wells with increased flushing rates will be monitored closely for daylighting; and
flushing rates will be reduced if water is observed at the ground surface. The remaining 14
wells will be operated with unchanged flow rates, in accordance with the original O&M Plan.
This includes well IW6-A of FP-04, which was an exception to under-performing flushing

rates. Flushing rates achieved at IW6-A were 10% greater than the target.

Cumulative injection volumes varied from approximately 3.6 million gallons at FP-01 to
14.2 million gallons at FP-02 in the first year of operation. The number of wells and designated
completion interval of wells assigned to each flushing port is variable; flushing ports with more
wells, and wells completed in more hydraulically conductive sediments (alluvium or spoils),
tended to have higher cumulative flushing rates. A total of 47.3 million gallons of water was

injected by the flushing system during the first year of operation.

4.2.2 Injection Pressure

Injection well pressures were routinely monitored during system operation. Injection pressures
are shown on time-series graphs included in Appendix B. A description of wellhead pressure
trends, by flushing port, over the first year of operation and monitoring is as follows:

e FP-01 — Wellhead pressures at alluvial wells of FP-01 were typically less than 5 psi
and were often 0 psi, indicating that water was introduced to the formation without
back pressure. As an exception, well IWA45-A often exhibited pressures above 5 psi,
peaking at 9 psi in October 2020. Relatively high pressures at IW45-A were likely
caused by fine grained alluvium overlying the injection interval. As previously
described, water was observed at the ground surface around this well at the targeted
flushing rate. The targeted rate has been reduced to eliminate freshwater from issuing
to surface. Wellhead pressures will be closely monitored at IW45-A and other injection
wells on FP-01 to avert fresh water from reaching the ground surface.

e FP-02 — Wellhead pressures observed at FP-02 ranged from prolonged periods of
flushing by gravity (0 psi) to short-lived peaks up to 19 psi. Wells such as IW4-A,
IW2-A, IW51-A, and IW52-A exhibited the highest pressure upon initial startup before
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declining and reaching quasi-equilibrium. Other wells (IW5-A, IW8-A, IW39-A, and
IW53-A) exhibited an increasing trend in pressure throughout nearly the entire first
year of operation. Pressures recorded at wells where surface daylighting was observed
(i.e. IW2-A, IW3-A, IW31-A, IW43-A) were not overly elevated. Daylighting only
occurred at wells with relatively thin alluvial deposits that may not have enough
confining pressure to resist high freshwater flushing rates and injection pressures.
Alluvial wells on FP-02 will continue to be monitored and operated at low enough flow
rates and pressures to avoid surface daylighting.

e FP-03 — All of the wells on this flushing line are completed in McKay coal. In general,
wells completed in McKay coal required the greatest wellhead pressure to induce
freshwater flushing at targeted rates. A range of wellhead pressures from 0 psi to
28 psi were recorded during the first year of monitoring at FP-03 wells. Pressures in
excess of 25 psi were short-lived and infrequent.

e FP-04 — Consistent with alluvial flushing wells on other flushing lines, FP-04 alluvial
wells exhibited injection pressures that were typically below 10 psi. IW50A-2 was the
exception, as sustained injection pressures above 20 psi were recorded there from
December 2020 to April 2021. The high pressures did not produce surface daylighting;
and pressure has since declined at IW50A-2. Only well IW41-A, which had pressures
ranging from 0 to 8 psi, produced daylighting at the targeted flushing rate. As shown
in Table 4-1, the targeted flow rate was reduced from 3 to 0.5 gpm. Pressure decreased
and water quit daylighting in response to the reduced flow rate. Note, that the flushing
rate was inadvertently set at the initial target (3 gpm) in July 2020 and wellhead
pressure increased. The flow rate has since been reduced to the modified target of
0.5 gpm.

e FP-05 — Wells on FP-05 are completed in McKay coal; and injection pressures are
typically higher than in neighboring alluvial wells. Pressure at IW12-M was minimal
when the flushing system was started in July 2020 but progressively increased to
greater than 20 psi at the end of one year of operation. Wellhead pressure has always
been high at IW36-M (up to 30 psi); and this well receives very little water even with
the FCV fully open.
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e FP-06 — As previously discussed, all wells at FP-06 are completed in spoils. Hydraulic
properties of mine spoils are notoriously heterogeneous, as they can be composed of
many different overburden materials ranging from clinker to claystone. Spoils in the
area of FP-06 are hydraulically conductive and minimal pressure was needed for
freshwater flushing. Pressures observed at the wellheads were often O psi; and
maximum pressures rarely reached 5 psi at the FP-06 wells. Maximum pressures of
5.5 psi were observed at IW20-SP and IW24-SP when the flushing system was restarted
in June 2021; but those pressures quickly subsided.

e FP-08 — Wellhead pressures recorded at FP-08 flushing wells were 2.5 psi or less.
Similar to FP-06, all of the FP-08 flushing wells are completed in spoils.

4.2.3 Groundwater Levels in Monitoring Wells

Groundwater level elevations measured at system monitoring wells are presented by flushing
port in Table 4-2, alongside groundwater elevations predicted by the MDEQ-approved
numerical flow and fate and transport model (Newfields 2018 and 2019). Monitored
groundwater levels are presented as the range of elevations and average elevation observed at
each well during the first year of system operation. Modeled groundwater elevations are
representative of conditions predicted at the end of the first year of system operation at targeted
flushing and capture rates. The model simulation was conducted in one-year time steps; thus,
more frequent outputs of predicted water level elevation are not available. As already
demonstrated, the freshwater flushing system was not continuously operated at targeted
flushing rates. This fact discounts the practicality of a direct comparison to observed versus
modeled water levels. Further, since modeled groundwater elevations are only representative
of annual time steps, the most applicable comparison may be made to long-term observations
(i.e. multiple years of data, rather than one year of data). However, since the model is a key
tool used to evaluate the efficacy of the Plant Site Remedy, it is meaningful to evaluate the

tendency of short-term groundwater level elevations toward model predicted values.

Hydrographs of monitoring well water levels recorded during system operation are included
by FP in Appendix C. Although monitoring wells are associated based on their proximity to a

given FP, itis equally likely that water levels may be influenced by pumping at nearby capture
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wells or recharge from process or stormwater ponds. Notable observations related to water

levels in each FP area are as follows:

FP-01 — Water level elevations at wells at the far north end of the FP-01 monitoring
network (e.g. 123AP, 124AP, 30S-2, 76A, and 45A) exhibited a muted response, if
any, to startup and operation of the flushing and expanded capture systems. Water level
elevations at wells situated near the north end of the Units 1&2 Bottom Ash Pond (1&2
BAP) completed in either McKay coal (149M-CCR and 150M-CCR) or alluvium (42S,
47S, and 46S) all responded similarly between July 2020 and July 2021. Water levels
declined during the first full month of system operation (August 2020), likely in
response to startup of HW1-A, then rose in the following month. Water levels declined
from October 2020 to March 2021. FP-01 water levels rose in March and April 2021,
possibly due to spring recharge. In general, water levels in the FP-01 area decreased
when the flushing system was turned off to address rising SDI in the Raw Water.

FP-02/FP-03 — The monitoring well networks assigned to FP-02 and FP-03 overlap
each other and FP-01. As such, fluctuation in water level elevations at FP-02 and
FP-03 were consistent with each other and those previously discussed at FP-01. Of
note, groundwater levels in sub-McKay bedrock wells in the FP-02/FP-03 were
variably influenced by the remediation system. Groundwater levels in wells 55D-P,
174D, and 110D varied mildly and remained within the range of elevations observed
prior to system startup. Groundwater elevations at well 181D trended upward
throughout the first year of flushing system operation, except for a decline that
corresponded with flushing system shutdown in April through June 2021. McKay
monitoring wells (i.e. 58M-P, IW37-M-N-D, and IW37-M-S) completed near McKay
flushing wells (IW37-M and 1W38-M) showed the greatest overall increase in water
level elevation (up to ~ 10 feet) during year one of flushing system operation.
Pronounced water level response in the McKay coal is attributable to lower

permeability and confined conditions in this hydrostratigraphic interval.
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e FP-04/FP-05 — Monitoring wells associated with the FP-04 and FP-05 flushing lines
are completed between capture wells HW1-A and HW3-A and the associated flushing
system. At wells AB-13S and 156S-CCR, groundwater levels were relatively stable,
suggesting they were either uninfluenced or responses to the flushing and capture
systems counterbalanced each other. However, groundwater levels at most wells in the
FP-04 and FP-05 area responded more noticeably to flushing than to groundwater
capture. Groundwater levels in wells such as AB-22S, -25S, -26S, 160M-CCR, and
88M rose when flushing was initiated but declined during periods when the flushing
system was not operational. (See Figures C13, C14, and C15 in Appendix C).

e FP-06/FP-08 — Groundwater levels in spoils and other laterally connected shallow
intervals near flushing lines FP- 06 and FP-08 were either not apparently influenced by
the remediation system or exhibited a decreasing trend during the first year of Plant
Site remedy operation/evaluation (Figures C17 — C22, Appendix C). Wells such as
25SP-2, 18SP, and 18S had no apparent water level trend. It is possible that effects of
simultaneous flushing and increased capture resulted in quasi-equilibrium in water
levels at these wells. Most monitoring wells completed in spoils near HW2-SP and
HW4-SP (i.e. 28SP, 27SP, 85SP, 12R-2, 71SP, and 180SP, etc.) exhibited a declining
water level trend throughout the monitoring period. The horizontal capture wells are
thought to have had the greatest influence on groundwater levels; but the decline could
also be attributed to falling water levels in nearby Stormwater Pond 2. Precipitation
was below normal during the first year of Plant Site remedy operation and the amount
of water held in the pond was greatly reduced throughout the monitoring period. Note
that two distinct and abrupt water level reductions were recorded in October 2020 and
May 2021 at well 18D. Well 18D is completed in sub-McKay bedrock beyond the
depths of the Plant Site remedy in the FP-06 and FP-08 areas; and the observed water
level depressions are the result of purging during routine semi-annual sampling. Well

18D is very low yield and it has a slow recovery time.
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4.3 GROUNDWATER CAPTURE SYSTEM

4.3.1 Groundwater Capture Volume/Rate

Groundwater capture rates measured in the field and model predicted capture rates (Newfields
2019) for each well of the Plant Site capture system are included on Table 4-3. The average
overall groundwater capture rate observed between July 2020 and July 2021 was 183 gpm; and
a total of 126.6 million gallons of water were captured by the system during the first year of
operation. The cumulative capture rate predicted by the model (Newfields 2019) for the first
year of concurrent freshwater flushing and capture system operation was 255 gpm. This
suggests that the actual capture rate is approximately 70 percent of (or 30% less than) the total

model predicted capture rate.

The difference between predicted and observed capture system pumping rates is attributable
to two factors: 1.) some sites included in the model were intentionally not operated during the
first year of system operation; and 2.) horizontal capture wells HW2-SP and HW4-SP, which
target impacted groundwater in spoils beneath the BCSDA, pumped at rates much lower than
projected. Three wells (68A, 9M, and 142R), accounting for 14.6 gpm, were simulated in the
GWCSP area that did not operate in 2020 or 2021 because concentrations of COIl at these sites
had reached CC. Similarly, the WECO well, which accounted for 26 gpm in the model
simulation, did not operate during the first year period because it is no longer needed for its
intended use. The WECO well was previously operated by Western Energy Company as a
dewatering well; but pumping was discontinued in 2019 and the pump was removed in January
2020. Design flow rates of 50 gpm and 15 gpm were targeted at horizontal capture wells HW2-
SP and HW4-SP, respectively. However, despite best efforts to maintain the wells and pumps,
the design flow rates were not sustainable. An average pumping rate of 10.2 gpm was recorded
at well HW2-SP; and well HW4-SP was pumped at an average rate of
8.1 gpm between July 2020 and July 2021 (Table 4-3). Average capture rates are a product of
run time and measured instantaneous pumping rates. Pumping rates observed at HW2-SP and

HW4-SP wellheads often meet or exceed the targeted rates; however, run time is limited by
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well yield and well inefficiency related to the inability to install a sand filter pack in horizontal

wells.

As noted in the PMP (Geosyntec 2020b), a key feature of performance evaluation of the CSES
remedy is a demonstration that groundwater is captured at rates/volumes greater than flushing
rates in active areas of freshwater flushing. Although not all capture wells performed at the
projected pumping rates, the average capture rate (183 gpm) and cumulative volume of
captured groundwater (126.6 million gallons) is more than twice the rate (92 gpm) and volume
(47.3 million gallons) of freshwater introduced by the flushing system during the same time
frame. The combined rate of groundwater capture in the area serviced by flushing lines FP-01
through FP-05 was 99.2 gpm (Table 4-3), as compared to 64.4 gpm of freshwater that was
introduced through flushing lines FP-01, FP-02, FP-03, FP-04 and FP-05 (Table 4-1).
Groundwater capture in the area of FP-06 and FP-08 totaled 43.9 gpm (Table 4-3), as compared
to FP-06 and FP-08 combined flushing rates of 27.7 gpm (Table 4-1).

4.3.2 Captured Mass of COI

Mass removal of sulfate and boron at vertical and horizontal capture wells was calculated as
the product of monthly average capture volumes and concentrations of sulfate and boron at
each well based on semi-annual sample results from Spring and Fall 2020 and Spring 2021.
Results are summarized and plotted in Figure 4-1.

Total mass of sulfate captured during the first year of operation by all capture wells was more
than 1.3 million kilograms (Mkg) (2.9 million Ibs), exceeding the model prediction of
845,642 kg (1.8 M Ibs). The total mass of boron captured during the first year was 3123 kg
(6885 1bs), slightly less than the model prediction of 3322 kg (7324 Ibs). An evaluation of

mass captured by vertical and horizontal wells is included below.

4.3.2.1 Vertical Capture wells

Mass removal rates for the vertical capture wells associated with each flushing port were
plotted over time and compared to modeled capture rates. Time series graphs of average daily,

monthly, and cumulative capture of sulfate and boron for the vertical capture wells are included

\\hydro-bildc\Sect\PROJECTS\TALEN\21014.00 Perf Monitoring Rpt\R21_IWPerfMon_Final.docx 10/8/2021
4-9



in Appendix E. Model predictions of mass removal by well and flushing port are also included
on these figures for comparison to actual removal. Daily mass removal of sulfate exceeded
model predictions at all but three wells, 5S, SRP-4, and 25R (Appendix E). Mass removal of
boron at each well typically exceeded or was similar to model predicted mass removal, with
the exception of a few wells associated with FP-02 and 03 (Appendix E). Cumulative sulfate
and boron removal during the first year of operation exceeded the model predictions for all

flushing ports with capture wells.

4.3.2.2 Horizontal Capture wells

Monthly and cumulative mass removal and modeled mass removal rates for sulfate and boron
were plotted for each horizontal well and shown on graphs included in Appendix F. Actual
sulfate removal exceeded model predicted removal rates at HW-3A and HW4-SP but was less
than model predicted rates at HW1-A and HW2-SP. Overall sulfate mass removal by the
horizontal wells (487,019 kg) exceeded model prediction (401,859 kg).

Actual boron mass removal was less than model predictions for the horizontal wells except at
HW3-A, where it exceeded the predicted mass removal. Lower than predicted mass removal
at HW2-SP and HW4-SP, is a function of the low pumping rates that were realized at these
horizontal wells. Overall, total boron removal by the horizontal wells (1264 kg) was less than
model predictions (2000 kg).

4.3.3 Groundwater Levels in Capture Wells

Water levels in capture wells are routinely monitored in accordance with the WRMP (Talen
2020). Hydrographs showing water levels collected between July 2020 and July 2021 at
specific capture wells identified in the PMP (Geosyntec 2020) are included in Appendix D.
Water levels in capture wells fluctuate primarily in response to pumping. As previously noted,
capture well pumps are controlled with automated protection devices that cycle the pumps on
and off. Depending on well yield, water levels may fluctuate by several feet in a matter of
minutes. Water levels measured on a weekly frequency are not likely to capture all of the

variability at a given well but will provide an indication of longer-term trends.
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Groundwater level elevations predicted by the groundwater flow model (Newfields 2019) at
the end of one year of remedy simulation at capture wells of the PMP monitoring network were
generally higher than those observed in the field (Appendix D). In exception, groundwater
level elevations observed at well 56D were consistently above model predicted heads. It is
also apparent that pumping water levels in many capture wells increased, likely in response to
upgradient freshwater flushing. Talen and capture system operators will continue to maintain
individual wells, pumps, and system pipelines to maximize drawdown and flow rates. This
may include evaluating the capacity of existing pumps and making replacements, as necessary.
However, because the capture wells are still maintaining water level elevations below model
predicted elevations, capture mass of COls is trending appropriately, and the rate and volume
of capture far exceeds the rate of freshwater flushing, some tolerance in capture well water
levels is allowed. Ongoing success of the Plant Site remedy will involve inducing
potentiometric depressions at capture wells and maintaining hydraulic gradients between

flushing and capture wells; these concepts are discussed in Section 5.1.

4.4 UNITS 1&2 A POND DEWATERING TRENCH

Pumping rates are monitored in the Units 1& 2 A Pond Dewatering Trench Sump to evaluate
the progress of ongoing ash dewatering that is taking place in the closed and capped process
pond. The A Pond Dewatering Trench is designed to be pumped until 2026; and an estimated
526,000 cubic feet (3.93 million gallons) of liquid is expected be removed from the ash
(Geosyntec 2019b). Between September 2019 and July 2021, approximately 1.57 million
gallons of water were pumped from the A Pond Dewatering Trench (Figure 4-2). This estimate
does not account for water removed from the sump prior to construction of the A Pond cap,
which would have included recharge from precipitation. Average flow rates and monthly total
collection volumes have decreased with time, suggesting that the amount of available liquids
is decreasing and head in the closed pond is declining (Figure 4-2). The A Pond Dewatering

Trench appears to be effective at removing water from ash in A Pond.
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5.0 GROUNDWATER MONITORING RESULTS

As specified in the PMP (Geosyntec 2020Db), cleanup progress will be tracked by preparing
iso-contour maps of COI and comparing them to modeling predictions (Newfields 2019).
Current iso-contours will also be mapped relative to interim milestones, (transects spanning
key locations within the COI plumes on the Plant Site), that were established in the Revised
Remedy Evaluation Report (Geosyntec 2018). The transects shown in Exhibits 1 through 3
were established for gaging remedial progress over time. The parameters, locations, and
frequencies for long-term monitoring of flushing/capture performance at the Plant Site is
included in the PMP (Geosyntec, 2020). Groundwater quality samples are collected and
groundwater levels are monitored at the complete monitoring well network twice per year
(spring and fall) in accordance with the WRMP (Talen 2020). An evaluation of remedy
performance related to hydraulic gradients and groundwater flow patterns is presented in
Section 5.1 to follow. Current temporal and spatial trends in concentrations of COls are

discussed in Section 5.2.

5.1 POTENTIOMETRIC SURFACES

Potentiometric surface maps constructed using water level data collected prior to flushing
system startup (spring 2016) are presented alongside potentiometric surface maps
representative of operating flushing and capture systems in fall 2020 on Exhibit 1. Fall 2020
potentiometric maps were chosen rather than spring 2021 maps because of down time at the
freshwater flushing system in April — June 2021. As seen in the spring 2016 maps,
groundwater flow patterns were directly influenced by groundwater capture that was occurring
on the Plant Site prior to startup of the flushing system. The fall 2020 map illustrates that
effective capture was maintained through startup and operation of the flushing system.
Specifically, new horizontal and vertical capture wells of the enhanced capture system helped

maintain hydraulic control of Plant Site groundwater.
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5.2 WATER QUALITY

The discussion of flushing system performance related to COI in groundwater is focused on
sulfate and boron because these two constituents were evaluated in the fate and transport
modeling analysis (Newfields 2018 and 2019), making it easy to draw comparison between
projected and observed results. Further, lithium not only shares a similar spatial distribution
to the modeled constituents (boron and sulfate) but is also expected to respond to the remedy
in much the same way. Other COI (cobalt, molybdenum and selenium) are not found in
groundwater at the Plant Site to the same extent as boron and sulfate. If the limited
exceedances of these COI are not observed to cleanup as a result of the freshwater flushing
and groundwater capture system, they will likely be addressed by the MNA component of the
selected remedy. It should also be noted that COI other than boron and sulfate were only
recently added to the routine parameter list in the WRMP (Talen 2020). Long-term trends of

COl other than boron and sulfate will be discussed in future reports, as more data are collected.

5.2.1 Temporal Trends
Time series graphs for sulfate and boron in monitoring wells included in the PMP (Geosyntec,
2020b) are presented in Appendix G. Time series graphs for sulfate and boron in PMP capture
wells are presented in Appendix H. Where available, data from 2016 through July 2021 are
included on the graphs. Decreasing concentrations of sulfate and boron that occurred before
startup of the freshwater flushing and enhanced groundwater capture system may be related to
pond closures or other components of the chosen remedy. Monitoring wells with apparent
trends of decreasing sulfate and boron concentrations since flushing system startup are listed
below by flushing port. Since only two data points have been collected since the flushing
system started, trends described below are relative to earlier data and are based on observation
and not statistical trend analysis.

e FP-01: Decreasing concentrations of boron and sulfate are apparent at 42S, 47S, 76A.

A declining trend in sulfate concentration was observed at 150M-CCR.
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e FP-02/03: Decreasing concentrations of boron and sulfate are apparent at 59MP,
154A-CCR, 170M, IW4-A-N, IW4-A-S, and IW37-A-N-S. Decreasing trends in
sulfate concentration only are apparent at 48S, 56-MP, 58-MP, 148A-CCR, 181D, and
IW37-M-N-D.

e FP-04/05: Decreasing concentrations of boron and sulfate are apparent at 157S-CCR,
159S-CCR, 160M-CCR, AB25S, and AB26-S. An apparent declining trend in sulfate
concentration is observed at well 151M-CCR.

e FP-08: A decreasing sulfate trend is apparent at 18SP.

Note that thirteen of the wells listed above with declining concentration trends had either
sulfate or boron, or both concentrations drop from above the CC to below the CC during the
first year of system operation. Boron and sulfate concentrations at several wells included in
the monitoring system were below CC prior to system startup (Appendix G). The monitoring
network includes wells outside of the plume to evaluate potential migration of COI that may

be caused by flushing or preferential pathways.

Table 5-1 includes a comparison of boron and sulfate concentrations in Spring 2021 to the
model predicted concentration at the end of year 1 of operation for all monitoring wells
associated with the flushing lines. Of the 67 PMP wells sampled for boron in Spring 2021,
50 wells (76%) had boron concentrations that were less than model predicted concentrations.
For the same wells sampled for sulfate, 31 (~46%) had sulfate concentrations less than model
predicted concentrations. In general, the model more closely simulated concentrations on the
plume margins and downgradient of the plume. Concentrations of COI in the center of the
plume, near capture wells, were often greater than model predictions. This explains why
captured mass of COI at capture wells was consistent with model predictions, even though

pumping rates, particularly at horizontal capture wells, were lower than design targets.

5.2.2 Sulfate Plume
Iso-contour maps of sulfate concentrations in groundwater at the Plant Site are presented for
the Spring 2016 and Spring 2021 monitoring periods on Exhibit 2. Wells with sulfate

concentrations exceeding the CC are indicated with a red well symbol. The sulfate plume
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(concentrations exceeding CC) predicted by the fate and transport model was exported by

Newfields and is included on the Spring 2021 iso-contour maps. Designated interim milestones

(Transects A through N) are shown on the Exhibits.

Notable observations regarding the sulfate plume after one year of freshwater flushing and

enhanced capture system operation are as follows:

FP-01 — The sulfate plume in the area of FP-01 (north of SRP) was not extensive prior
to implementing the Plant Site remedy and only shrank as a result of flushing and
capture in 2020 and 2021. A minimal amount of groundwater with sulfate
concentrations above CC contacts the northeast side of Transect A. However, as shown
in Exhibit 1 the groundwater flow direction is controlled by capture wells CW4-A,
CW11-A, and CW12-A,; thus, no sulfate plume (> 3,000 mg/L) migrates north and west
of Transect A.

FP-02 and FP-03 — The sulfate plume west of the closed A Pond has been reduced
greatly in magnitude and extent by one year of freshwater flushing and expanded
capture. The extent of sulfate plume above 3,000 mg/L predicted by the model is
consistent with that observed in spring 2021. Sulfate plume (> 3,000 mg/L) in contact
with Transect B is limited to the south end; and the direction of groundwater flow is
parallel to the transect and controlled by a row of vertical capture wells (e.g. 114S,
SRP-6, SRP-7, 117A, and 118A).

FP-04 and FP-05 — Flushing lines FP-04 and FP-05 and associated capture wells
address a near-source area of the sulfate plume beneath Units 1&2 BAP, A Pond, and
B Pond at the Plant Site. Favorable decreases in the size and concentrations of the
sulfate plume in this area were observed in spring 2021, as compared to conditions
observed prior to initiating the Plant Site remedy.

FP-06 and FP-08 (BCSDA) - The fate and transport model predicted, and monitoring
data confirmed, that sulfate concentrations in much of the area directly northeast of the
BCSCA were reduced to below the CC of 3,000 mg/L after one year of remedy

implementation. Sulfate concentrations southwest and directly beneath the BCSDA
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also declined in 2021, as compared to concentrations observed in the plume before the
flushing system and horizontal capture wells began operating in this area.

e Units 3&4 Bottom Ash Pond Area — The Units 3&4 BAP Area is bound by interim
milestone Transects E and G. Concentrations of sulfate above CC that were not
predicted by the groundwater flow model have emerged in an isolated area northwest
of the 3&4 BAP. It is possible that freshwater flushing at wells on the FP-06 flushing
line, coupled with lower than anticipated capture rates at HW2-SP have pushed sulfate
to this area. Modifications to operation of the flushing and capture systems may need
to be considered to alleviate the sulfate plume in this area. The simplest option may be
to temporarily shut down IW20-SP, IW22-SP, IW23-SP, and IW24-SP to eliminate

mounding and allow groundwater to flow from the northeast toward HW2-SP.

5.2.3 Boron Plume

Iso-contour maps of boron concentrations in groundwater at the Plant Site are presented for
the Spring 2016 and Spring 2021 monitoring events on Exhibit 3. Wells with boron
concentrations exceeding the CC are indicated with a red well symbol. The model prediction
of boron plume extent (concentrations exceeding CC) at the end of the first year of Plant Site
remedy implementation is also included on the Spring 2021 iso-contour maps. Designated

Transects A through N are shown on Exhibit 3.

Notable observations regarding the boron plume after one year of freshwater flushing and
enhanced capture system operation are as follows:

e FP-01 — The extent of boron plume above CC of 4 mg/L predicted by the model in the
area of FP-01 (north of SRP) is slightly greater but generally consistent with the
distribution of boron observed in spring 2021. It is possible that a minimal amount of
groundwater with boron concentrations above CC contacts the northeast side of
Transect A. However, as shown in Exhibit 1 the groundwater flow direction is
controlled by capture wells CW4-A, CW11-A, and CW12-A; thus, no boron plume
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(>4 mg/L) migrates north and west of Transect A. Note that all analytical boron results
from wells north of transect A were below CC in spring 2021.

e FP-02 and FP-03 — Spring 2021 boron concentrations west of the closed A Pond are
much lower than those reported prior to startup of the Plant Site freshwater flushing
system and expanded capture system. The extent of boron plume above CC predicted
by the model is consistent with that observed in spring 2021. As noted, the direction
of groundwater control west of A pond is hydraulically controlled by capture wells
such that the Boron plume, at Transect B, is currently contained. Concentrations of
boron in all wells west of Transect B are below CC.

e FP-04 and FP-05 — Flushing lines FP-04 and FP-05 and associated capture wells
address a near-source area of the sulfate plume beneath Units 1&2 BAP, A Pond, and
B Pond at the Plant Site. Favorable decreases in the size and concentrations of the
boron plume in this area were observed in spring 2021, as compared to conditions
observed prior to initiating the Plant Site remedy.

e FP-06 and FP-08 (BCSDA) — The distribution of boron concentrations predicted by the
fate and transport model near the BCSDA was very consistent with those observed in
spring 2021. Concentrations within the boron plume in this area have declined.

e Units 3&4 Bottom Ash Pond Area — In contrast to elevated sulfate concentrations that
were not predicted by the model in the area of Transect E, the extent of boron
concentrations appears to be mildly over-predicted by the model. It is possible that
simulation of continued operation of the WECO well, which was actually discontinued,
resulted in model predictions of the plume farther to the northeast. Modifications to
operation of the flushing and capture systems may need to be considered to limit further
northeasterly boron migration. As noted previously, one option may be to temporarily
shut down IW20-SP, IW22-SP, IW23-SP, and IW24-SP to allow groundwater to flow
from the northeast toward HW2-SP.
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6.0 CONCLUSION AND RECOMMENDATIONS

In summary, the CSES Plant Site Remedy was started in July 2020 and generally operated as

outlined in the O&M Plan with the following exceptions:

Most notably, the media filters plugged in spring 2021 as a result of excess sediment
in the feed water from the Yellowstone River. Some sediment bypassed the filters
creating plugging problems in sediment screens within the flow meters at individual
wellheads. The plugged filters/sediment issue resulted in two months of down time for
the entire freshwater flushing system. The media filter system has been upgraded, pre-
filtration has improved the Raw Water feed to the flushing system, and additional
system checks are conducted on a weekly basis to preclude further sedimentation
issues.

The filter backwash line was rerouted from the CCR Containment Basin to the
Sediment Retention Pond. The decision to re-route the line was made because the SRP
has much more capacity, eliminating the potential of overfilling the concrete CCR
Containment Basin. Also, since the filter backwash is simply freshwater and not part
of the CCR waste stream, the SRP is a more appropriate destination.

The flow meter at IW32-M quit functioning nearly a week after the system began
operating. A new flow meter was ordered upon identifying the problem; however, the
meter was backordered and has yet to arrive. Note that several extra meters were also
ordered to have some backup units on hand in case of future meter failures. The extra
meters were also backordered and have not arrived on site.

Several of the targeted flow rates at individual injection wells completed in shallow
alluvium were reduced to eliminate daylighting to ground surface. It is apparent that
confining pressures of the shallow alluvium are not adequate to restrict upward vertical
movement at some flushing wellheads. These wells will continue to operate at
decreased flushing rate targets; but ongoing monitoring results will be used to inform
future decisions regarding their operation and maintenance.

Flushing rates at many wells were observed to drift downward without FCV

adjustment. Flushing rates and back pressure fluctuate in response to available pore
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space in the zone of injection. It is also possible that there is a discrepancy between
instantaneous readout and totalizer readings at individual flow meters.

Well B-6 was converted to a capture well; while capture was temporarily suspended at
well B4-2.

The following conclusions are based on evaluation of monitoring data collected during the first

year of Plant Site remedy:

Flushing rates realized at individual wells and by the system in total were lower than
anticipated. Low flushing rates were a product of hydrostratigraphic intervals accepting
less water than was predicted and system down time due to elevated SDI and
subsequent routing of pre-filtered water to the VSEP building.

Capture rates at operating wells were generally consistent with design targets except
for at horizontal wells HW2-SP and HW4-SP. These wells, completed in spoils, do not
yield as much groundwater as was anticipated. Spoils are heterogeneously mixed; and
it is possible that fine grained sediments limit flow to the well screen.

Capture rates measured during the first year of operation were much higher than
freshwater flushing rates. Approximately 92 gpm of freshwater was introduced
through the freshwater flushing system; while, the capture system collected
groundwater at a rate of 183 gpm.

More than 1.5 million gallons of water have been removed from the Units 1&2 A Pond
Dewatering trench and pumping rates have rapidly declined with pumping duration.
The A Pond Dewatering Trench is an effective source control component of the Plant
Site remedy, as it removes water from ash in the closed Units 1&2 A Pond that might
otherwise seep into the groundwater system.

Sulfate mass capture rates outpaced model predictions during the first year of operation
of the Plant Site remedy. The total mass of sulfate captured during the first year of
operation by all capture wells was more than 1.3 million kilograms (Mkg)
(2.9 million Ibs), as compared to the model prediction of 845,642 kg (1.8 M Ibs).

The total mass of boron captured during the first year was 3123 kg (6885 Ibs), slightly
less than the model prediction of 3322 kg (7324 Ibs).
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Concentrations of COI decreased in all areas of the plumes that were targeted by active
freshwater flushing and capture. Concentrations of COI at many monitoring wells
dropped below the CC after one year of flushing/capture.

Distribution of sulfate and boron plumes in spring 2021 was consistent with model
results except for the 3&4 BAP Area. More sulfate concentrations above CC were
observed northwest of the 3&4 BAP than were predicted by the model; while, the extent
of boron above CC was overpredicted by the model. Regardless, sulfate and boron
plumes were restricted to near source areas at the CSES Plant Site at the end of one

year of operation.

The following recommendations for additional monitoring, changes in operation, and ongoing

evaluation are made based on observations and performance evaluation at the end of the first

year of operation of the CSES Plant Site remedy.

Injection well pressures and flow rates are monitored on a monthly frequency. While
this data collection frequency is adequate, additional weekly checks of individual
flushing well operation are recommended. Weekly checks will include confirming that
flow rates are maintained at or near targets and visually inspecting wellheads for water
at the ground surface. The increased flushing well inspection frequency prioritizes
efficient operation as it allows for more rapid detection of system-wide issues such as
rising SDI. Note that weekly inspections were adopted after elevated SDI resulted in
system down time in April 2021.

Per the current PMP (Geosyntec 2020b), water levels and field specific conductance
(SC) are monitored on a weekly frequency. Based on monitoring conducted to date,
less frequent observations will provide enough data to inform decisions regarding
system operation and long-term effectiveness. It is recommended that the monitoring
well frequency be reduced from weekly to monthly starting in fall 2021.

It is recommended that changes to targeted flushing rates outlined previously in Table
4-1 be adopted, but that flushing rates continue to be adjusted in the field to optimize
performance and prevent freshwater from daylighting to ground surface.

Sulfate and boron plumes that are observed in the area northwest of 3&4 BAP, and

northeast of BCSDA, should be evaluated and addressed. It was previously suggested
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that flushing wells on the FP-06 line could be temporarily shut off to allow plumes of
sulfate and boron in groundwater to flow to horizontal capture well HW2-SP. It is
recommended that a model simulation of this, or other options, be conducted to inform
decision-making. Model update/calibration to data collected during year 1 of system

operation may be required to accomplish this objective.
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Table 2-1
Wells by Flushing Port
Colstrip Steam Electric Station - Colstrip, Montana

FIushing Line Site Type Site Code
Injection well IW44-A
Injection well IW49-A
Injection well IW45-A
Injection well IW9-A
Injection well IW11-A
Injection well IW10-A
Capture well SRP-1
Capture well SRP-2
Capture well SRP-3
Capture well 55D
Capture well 1D
Capture well 31M
Capture well 78A

FP-01 Capture well 119A
Capture well 43S
Capture well CW4-A
Capture well CW11-A
Capture well CW12-A

Monitoring well 149M-CCR
Monitoring well 150M-CCR
Monitoring well 42S
Monitoring well 46S
Monitoring well 76A
Monitoring well 30S-2
Piezometer 123A-P
Piezometer 124A-P
Monitoring well 45S
Monitoring well 47S
Injection well IW48-A
Injection well IW8-A
Injection well IW39-A
Injection well IW5-A
Injection well IW4-A
Injection well IW3-A
Injection well IW2-A

FP-02 InJ:ection well IW51-A
Injection well IW1-A
Injection well IW52-A
Injection well IW7-A
Injection well IW53-A
Injection well IW31-A
Injection well IW46-A
Injection well IW33-A
Injection well IW43-A
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Table 2-1

Wells by Flushing Port

Colstrip Steam Electric Station - Colstrip, Montana

FIushing Line Site Type Site Code
Injection well IW30-M
Injection well IW35-M
Injection well IW37-M

FP-03 Injection well IW38-M
Injection well IW32-M
Injection well IW54-A
Injection well IW34-A
Capture well HW1-A
Capture well HW3-A
Capture well SRP-4
Capture well SRP-5
Capture well 56D
Capture well 122A
Capture well 117A
Capture well SRP-6
Capture well 118A
Capture well 116M
Capture well 5M
Capture well 5S
Capture well 115M
Capture well 108A
Capture well 107A
Capture well 106A
Capture well SRP-7
Capture well 58M
Capture well 169M
Capture well 113M

FP-02/FP-03 Capture well 114S
Capture well SRP-8
Capture well 59M
Capture well 98M

Monitoring well 154A-CCR
Monitoring well 1S
Monitoring well 55D-P
Monitoring well 48S
Monitoring well 120A
Monitoring well 121A
Monitoring well IW4-A-N
Monitoring well IW4-A-S
Monitoring well IW4-A-E
Monitoring well 148A-CCR
Piezometer AB-20S
Piezometer AB-21S
Piezometer 56M-P
Piezometer AB-95/M
Piezometer AB-8S
Piezometer AB-7S
Monitoring well 109A
Piezometer 57M-P
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Table 2-1

Wells by Flushing Port

Colstrip Steam Electric Station - Colstrip, Montana

FIushing Line Site Type Site Code
Monitoring well 110D
Monitoring well 181D
Monitoring well IW37-A-N-S
Monitoring well IW37-M-N-D
Monitoring well IW37-M-S
Piezometer 58M-P
FP-02/FP-03 Piezometer AB-3S
Piezometer AB-2S
(cont.) Monitoring well 105A
Monitoring well 170M
Piezometer 59M-P
Monitoring well 171M
Monitoring well 172M
Monitoring well 174D
Monitoring well 173M
Injection well IW13-A
Injection well IW50-A-2
Injection well IW40-A-2
FP-04 InJ:ection well IW29-A
Injection well IW41-A
Injection well IW28-A
Injection well IW42-A
Injection well IW6-A
Injection well IW12-M
Injection well IW36-M
FP-05 Injection well IW25-M
Injection well IW26-M
Injection well IW27-M
Piezometer AB-23S
Piezometer AB-24S
Piezometer AB-22S
Piezometer AB-25S
Piezometer AB-26S
Monitoring well 160M-CCR
Piezometer AB-27S
Piezometer AB-28S
FP-04/FP-05 Mohitoring well 159S-CCR
Piezometer AB-29S
Monitoring well 158S-CCR
Monitoring well 157S-CCR
Piezometer AB-30S
Monitoring well 88M
Monitoring well 156SP-CCR
Piezometer AB12-S
Monitoring well 151M-CCR
Piezometer AB13-S
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Table 2-1

Wells by Flushing Port

Colstrip Steam Electric Station - Colstrip, Montana

FIushing Line Site Type Site Code
Injection well IW47-SP
Injection well IW16-SP
Injection well IW17-SP
Injection well IW18-SP
Injection well IW20-SP
Injection well IW24-SP
Injection well IW22-SP
Injection well IW23-SP
Capture well HW2-SP
Capture well HW4-SP
Capture well 25R
Capture well 4S-2

FP-06 Capture well 195P
Capture well 175SP
Capture well 111SP

Monitoring well 25SP-2
Monitoring well 180SP
Monitoring well 19M
Monitoring well 19D-2
Monitoring well 4M-2
Monitoring well 12Mm
Monitoring well 12R-2
Monitoring well 85SP
Monitoring well 84SP
Monitoring well 27SP
Injection well IW19-SP
Injection well IW15-SP
Injection well IW14-SP
Capture well B4-2
Capture well B1-2
Capture well 26SP
Capture well 29SP
Monitoring well 28SP
Monitoring well 18M
Monitoring well 18S
FP-08 Monitoring well 18D
Monitoring well 18SP
Monitoring well B-7
Monitoring well 71SP
Monitoring well 1771
Monitoring well 179SP
Monitoring well B-6*
Monitoring well 162M-CCR
Monitoring well IW47-SP-S
Monitoring well IW47-SP-W
Monitoring well 26M

*Converted to temporary capture well
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Table 4-1

Flushing System Flow Rates (7/21/20 - 7/19/21)
Colstrip Steam Electric Station - Colstrip, Montana

Actual flow rates are compared to O&M targeted flow rates herein. Some targeted flow rates have been reduced to match actual hydrogeologic
performance of certain wells. However, where system pressures allow, flow rates will be Increased in future operation of other wells to more
closely achieve targeted endpoints.

Observed Average

Observed Annual

Flushing Port/Well |O&M Target Rate Total
(gpm) (gpm) (Gallons) Notes
Flushing Port FP-01 12 6.9 3,601,098
IW44-A 1 0.63 331,522 [Increased set point to 1.5 gpm
IW49-A 2 1.35 704,494 |Increased set point to 2.5 gpm
IW45-A* 1 0.93 488,100 [Decreased target from 2 gpm to 1 gpm
IW9-A 4 1.86 972,257 [Increased set point to 5 gpm
IW11-A 2 1.10 573,020 [Increased set point to 2.5 gpm
IW10-A 2 1.02 531,706 [Increased set point to 2.5 gpm
Flushing Port FP-02 50 27.5 14,212,924
IW48-A* 3 1.27 665,525 |Decreased target from 3 to 1 gpm
IW8-A 4 2.37 1,236,177 |Increased set point to 5 gpm
IW39-A 4 3.32 1,732,479
IW5-A 4 3.07 1,604,470
IW4-A 7 5.20 2,715,001
IW3-A* 6 2.05 970,287 |Decreased target from 6 to 3 gpm
IW2-A* 6 1.56 803,858 |Decreased target from 6 to 0.75 gpm
IW51-A 1 0.70 367,739 [Increased set point to 1.5 gpm
IW1-A 3 2.23 1,163,306
IW52-A 1 0.78 406,969
IW7-A* 3 1.22 635,499 |Decreased target from 3 to 2 gpm
IW53-A 1 0.67 351,205 [Increased set point to 1.5 gpm
IW31-A* 2 0.96 451,024 [Decreased target from 2 to 1 gpm
IW46-A 1 0.34 176,274 |Increased set point to 1.5 gpm
IW33-A 2 1.49 780,767
IW43-A 2 0.29 152,345 |Increased set point to 2.5 gpm
Flushing Port FP-03 12 8.0 4,174,300
IW30-M 2 1.01 529,361 [Increased set point to 2.5 gpm
IW35-M 2 1.44 753,834 |Increased set point to 2.5 gpm
IW37-M 2 1.50 782,376 |Increased set point to 2.5 gpm
IW38-M 2 1.44 755,006 |Increased set point to 2.5 gpm
IW32-M 1 0.38 198,963 [flow meter down, back-ordered; flow estimated
IW54-M 1 0.52 273,411 |Increased set point to 1.5 gpm
IW34-M 2 1.69 881,349 [Increased set point to 2.5 gpm
Flushing Port FP-04 21 14.27 6,848,748
IW13-A 1 0.37 191,559 |Increased set point to 1.5 gpm
IW50-A-2 4 2.72 1,419,174
IW40-A-2 2 1.23 644,801 [Increased set point to 2.5 gpm
IW29-A 3 2.54 1,325,410 |Increased set point to 3.5 gpm
IW41-A* 3 0.93 484,923 [Decreased target from 3 to 0.5 gpm
IW28-A 3 2.09 1,092,848 |Increased set point to 3.5 gpm
IW42-A 3 2.20 1,149,768 |Increased set point to 3.5 gpm
IW6-A 2 2.20 540,265
Flushing Port FP-05 12 7.7 4,008,166
IW12-M 1 0.48 252,654
IW36-M 2 0.45 235,813 [target reduced from 2 to 0.85 gpm
IW25-M 3 2.32 1,212,147
IW26-M 3 2.53 1,322,766
IW27-M 3 1.88 984,786
Flushing Port FP-06 31 17.27 9,026,945
IW47-SP 2 0.99 515,158 |Increased set point to 2.5 gpm
IW16-SP 4 1.65 860,144 [Increased set point to 4.5 gpm
IW17-SP 4 2.92 1,528,113 |Increased set point to 4.5 gpm
IW18-SP 4 2.63 1,372,554 |Increased set point to 4.5 gpm
IW20-SP 5 3.35 1,750,063 (Increased set point to 5.5 gpm
IW24-SP 4 3.11 1,623,437 |(Increased set point to 4.5 gpm
IW22-SP 4 0.71 369,725 |Increased set point to 4.5 gpm
IW23-SP 4 1.93 1,007,751 [Increased set point to 4.5 gpm
Flushing Port FP-08 16 10.45 5,461,964
IW19-SP 4 2.63 1,372,045 (Increased set point to 4.5 gpm
IW15-SP 6 3.70 1,934,059 |Increased set point to 7 gpm
IW14-SP 6 4.13 2,155,860 |Increased set point to 7 gpm
Cumulative Injection
Rate/Volume 154 92.1 47,334,146

*Injection well is prone to daylighting at the ground surface at the targeted flushing rate. Target rate decreased to eliminate daylighting.
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Table 4-2
Groundwater Elevations vs Modeled Results

Colstrip Steam Electric Station - Colstrip, Montana

. Model Result
Flushing Port Monitoring Range Average Year 1
Well (feet-amsl) (feet-amsl) (feet-amsl)
149M-CCR 3223.03 - 3228.33 3225.02 3223.73
150M-CCR 322483 - 3229.20 3226.65 3225.57
42S 3219.18 - 3225.68 3222.89 3219.48
46S 3224.10% - 3227.54 3225.70 3223.64
FP-01 76A 3223.39 - 3225.42 3224.27 3221.91
30S-2 322198 - 3224.77 3222.81 3222.58
123A-P 322234 - 3224.45 3223.32 3219.91
124A-P 3219.44 - 3223.02 3221.98 3219.03
45S 322229 - 3224.89 3223.70 3220.54
47S 322256 - 3228.97 3225.63 3219.54
154A-CCR 3221.03 - 3224.90 3222.73 3219.36
1S 3222.82 - 3224.87 3223.58 3219.41
55D-P 3222.61 - 3224.76 3223.59 3222.55
48S 322342 - 3226.89 3225.19 3219.45
IW4-A-N 3222.61 - 3226.97 3224.97 3230.70
IW4-A-S 3221.69 - 3229.32 3226.09 3230.20
FP-02/ |iwa-AE 3221.78 - 322546 | 3223.12 3231.70
FP-03 148A-CCR 322297 - 3226.22 3224.61 3220.19
AB-20S 3226.24 - 3233.57 3230.46 3229.20
AB-21S 323190 - 3237.72 3234.27 3234.80
56M-P 322387 - 323131 3226.89 3226.30
AB-9S/M 3225.07 - 3229.06 3226.94 3232.20
AB-8S 3226.71 - 3231.84 3228.77 3234.80
AB-7S 3225.87 - 3237.10 3229.82 3235.50

Hydrometrics, Inc.
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Table 4-2

Groundwater Elevations vs Modeled Results

Colstrip Steam Electric Station - Colstrip, Montana

. Model Result
. Monitoring Range Average
Flushing Port Year 1
Well (feet-amsl) (feet-amsl)
(feet-amsl)

57M-P 3225.29 - 3231.30 3227.49 3232.70
181D 3226.01 - 3233.78 3229.33 3234.30
IW37-A-N-S 3228.77 - 3238.95 3231.37 3235.50
IW37-M-N-D 322440 - 3236.97 3230.21 3236.10
IW37-M-S 3225.18 - 3235.69 3229.84 3535.30
58M-P 322796 - 3240.39 3233.10 3236.60
AB-3S 3228.97 - 3234.66 3231.23 3235.50
AB-2S 3230.98 - 3234.24 3232.14 3236.20

FP-OZ/ 170M 3231.33 - 3235.68 3232.75 3228.72

FP-03  |59m-p 3231.87 - 323638 | 3233.52 3238.10

(cont.)
120A 322391 - 3225.70 3224.60 3221.44
121A 322453 - 3226.20 3225.24 3222.61
109A 3227.80 - 3229.46 3228.65 3231.60
110D 322791 - 3229.66 3228.87 3234.20
105A 3231.49 - 323562 3233.13 3228.85
171M 3233.04 - 3234.88 3233.85 3231.46
172M 3231.33 - 323361 3232.27 3231.71
174D 3231.58 - 3233.84 3232.84 3233.45
173M 3230.66 - 3232.78 3231.56 3231.99
AB-23S 3227.70* - 3239.59 3235.85 3239.50
AB-24S 3230.50** - 3230.50**| 3230.50** 3240.20

FP-04/

FP-05 AB-22S 323294 - 3243.59 3239.49 3244.20
AB-25S 3234.72 - 3242.54 3239.70 3236.70
AB-26S 323293 - 3242.74 3239.10 3232.90
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Table 4-2
Groundwater Elevations vs Modeled Results

Colstrip Steam Electric Station - Colstrip, Montana

o Model Result

Flushing Port Monitoring Range Average Year 1

Well (feet-amsl) (feet-amsl) (feet-amsl)

160M-CCR 322991 - 324221 | 3235.30 3229.54

AB-275 3230.00%* - 3230.00**| 3230.00%* | 3235.30

AB-285 323899 - 3239.96 | 3239.17 3236.90

1595-CCR 322913 - 3237.85 | 3234.39 3231.94

AB-295 3237.39 - 3240.83 | 3239.33 3237.50

FP-04/ |1585-CCR 323508 - 323859 | 3236.99 3233.70

FP-05 1575 ccr 323354 - 323710 | 3235.66 3235.24
(cont.)

AB-30S 3237.10 - 3241.64 | 3240.08 3238.90

88M 3236.79 - 324145 | 3239.03 3235.92

1565P-CCR 323671 - 323812 | 3237.25 3239.83

AB12-S 3230.20* - 3230.20 | 3230.08 3249.60

151M-CCR 322552 - 322946 | 322734 3226.79

AB13-S 3230.30* - 3231.33 | 3230.55 3241.20

255P-2 3240.19 - 3242.83 | 324157 3243.90

180SP 324805 - 3254.65 | 3250.98 3246.80

19M 324425 - 324573 | 3245.01 3235.67

19D-2 323417 - 3240.69 | 3239.68 3234.66

fpos |V 3243.09 - 324574 | 3245.18 3241.90

12M 324030 - 324249 | 3241.27 3234.97

12R-2 324945 - 325602 | 3251.80 3247.96

855P 325217 - 325339 | 3252.82 3239.14

845P 3251.62 - 325881 | 3253.01 3234.78

275P 3252.87 - 3254.65 | 3253.65 3246.87

Hydrometrics, Inc.
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Table 4-2
Groundwater Elevations vs Modeled Results

Colstrip Steam Electric Station - Colstrip, Montana

. Model Result
. Monitoring Range Average
Flushing Port Year 1
Well (feet-amsl) (feet-amsl)
(feet-amsl)
28SP 325446 - 3257.12 3255.85 3251.05
18M 324459 - 3251.53 3249.69 3242.70
18S 3249.74 - 3253.05 3251.30 3243.83
18D 3232.18 - 3237.86 3236.44 3239.20
18SP 3249.57 - 3252.85 3251.36 3249.19
B-7 3249.82 - 3256.27 3252.95 3249.34
71SP 3248.88 - 3253.00 3250.19 3246.87
FP-08
1771 324535 - 3251.83 3248.66 3242.80
179SP 324835 - 3252.55 3250.17 3246.20
B-6' 3245.80 - 3252.22 3250.65 3249.38
162M-CCR 3239.56 - 3246.12 3241.72 3235.80
IW47-SP-S 3249.20 - 3255.09 3250.35 3242.01
IW47-SP-W 3248.63 - 3253.61 3250.05 3241.70
26M 3242.84 - 3244.95 3243.76 3238.65

*Elevation is well bottom/dry

**Well casing damaged

H:\PROJECTS\TALEN\21014.00 Perf Monitoring Rpt\Tables\Table 4-2_WLs vs model.xlsx

Hydrometrics, Inc.

Page 4 of 4

Table 4-2
10/7/2021



Table 4-3

Units 1 through 4 Plant Site Collection Wells
7/21/20 - 7/21/21-Capture System Pumping Rates/Volumes
Colstrip Steam Electric Station - Colstrip, Montana

Well # Est Total Gals |Est Ave gpimt| Medeled Flow
Rates - Year 1
Brine Concentration Solids Disposal Area - BCSDA (FP-06 and FP-08)
B1-2 282,859 0.4 0.68
B4-2 3,134,507 4.5 3.87
B-6° - temp capture well 144,989 25 -
4S-2 1,512,545 2.2 2.22
19SP 523,186 0.7 0
25R 66,078 0.1 2.33
26SP 2,621,754 3.7 0
29SP 2,555,281 3.6 0
111SP 685,415 1.0 0
175SP 4,756,407 6.8 7.59
HW2-SP** 7,161,442 10.2 46.76
HW4-Sp** 5,698,659 8.1 18.71
Area Totals 29,143,122 43.9 82.2
Units 1-4 Sediment Retention Pond/Units 1 & 2 A/B Pond Dewatering System
(FP-01, FP-02, FP-03, FP-04, FP-05)
1D* 102 0.0 0.17
5M 456,156 0.7 0.67
5S 701,172 1.0 0
10M 3,578,501 51 5.22
10S 243,395 0.3 4.05
55D 267,307 0.4 0.36
56D 8,758,867 12.5 15.52
58M 568,646 0.8 2.3
59M 188,739 0.3 0
113M 776,453 1.1 0.62
114S 240,790 0.3 0
115M 1,824,989 2.6 1.38
116M 2,663,081 3.8 3.5
117A 1,889,819 2.7 1.65
118A 597,446 0.9 0
122A 5,164,516 7.4 3.81
169M 5,342,251 7.6 5.16
HW3-A 10,531,420 15.0 7.22
Area Totals 43,793,651 62.5 51.6
31M 1,015,261 1.4 0.53
SRP-1 58,654 0.1 0.27
SRP-2 849,907 1.2 0
SRP-3 4,811,621 6.9 5.36
SRP-4* 358 0.0 12.07
SRP-5 4,909,850 7.0 8.52
SRP-6 3,192,064 4.6 0
SRP-7 879,236 1.3 0
SRP-8 745,144 1.1 0
CW4-A 4,142,881 5.9 0.52
CW11-A 256,264 04 0.65
CW12-A 932,196 1.3 0.65
HW1-A 4,969,758 7.1 8.57
Area Totals 25,747,932 36.7 36.6
Plant Site Area Trailer Park Collection System (Downgradient of Freshwater Flushing System)
98M 2,953,351 4.2 6.24
106A 8,600,477 12.3 0
107A 2,651,093 3.8 2.79
108A 902,502 1.3 6.73
Area Totals 15,107,423 21.6 15.8
Units 1-4 Sediment Retention Pond (Downgradient of Freshwater Flushing System)
T4A* 662 0.0 3.1
82A* 101,745 0.1 0
T5A* 589 0.0 0
79A* 171 0.0 0
Area Totals 103,166 0.1 3.1
43S* 32,650 0.0 2.45
78A 6,363,903 9.1 13.19
119A 6,209,705 8.9 9.37
Area Totals 12,606,258 18.0 25.0
Groundwater Capture Storage Pond Area (No Freshwater Flushing in this area)
68A* 74 0.0 1.5
9M* 377 0.0 10.33
142R* 83 0.0 2.79
Area Totals 535 0.0 14.6
Units 3 & 4 Bottom Ash Pond (No Freshwater Flushing in this area)
21S* 124 0.0 0.0
51SpP* 96,701 0.14 0
52SpP* 1 0.0 0
53spP* 0 0.0 0
54SpP* 0 0.0 0
Area Totals 96,826 0.14 0.0
WECO Well (No Freshwater Flushing in this area)
WECO Well® | 0 [ 0.0 | 26
Total 126,598,913 183 255

* Indicates well turned off one or more months due to improved water quality

**Design capture rates from PMP (Geosyntec 2020) were 50 gpm and 15 gpm, respectively.
! Estimated flow rate is adjusted to 75% of total recovered volume to account for head loss in pipeline.

“The pump was removed from the WECO well in January 2020. There are no plans at this time to resume pumping at

this well.
*well was started in June 2021
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Boron and Sulfate Concentrations - Actual Spring 2021 Compared to Model Predicted after Year 1

Table 5-1

Colstrip Steam Electric Station - Colstrip, Montana

Boron (B) Sulfate (SO4)
(mg/L) (mg/L)
Flushing Port Site
Spring 2021 |Modeled Year Spring 2021 |Modeled Year
Result 1 Result Residual Result 1 Result Residual
149M-CCR 23.3 13.29 -10.01 5,540 1923 -3617
150M-CCR 9 5.83 -3.17 3,190 1755 -1435
42S 31.2 19.26 -11.94 7,520 1713 -5807
46S DRY 8.3 DRY 1073
76A 5.1 6.4 13 3,080 2429 -651
FP-01

30S-2 4.6 4.73 0.13 3,560 2772 -788
123A-P 0.7 1.66 0.96 2,270 1503 -767
124A-P 1.3 1.33 0.03 2,350 1572 -778
45S 1.3 1.33 0.03 2,490 1720 -770
47S 0.2 4.05 3.85 200 493 293
154A-CCR 36.2 5.06 -31.14 7,090 1614 -5476
1S 0.9 2.93 2.03 2,380 860 -1520
55D-P NS 2.78 NS 1954
48S 0.2 1.42 1.22 179 438 259
IW4-A-N 3.6 4.53 0.93 1,360 399 -961
IW4-A-S 33 8.94 5.64 1,110 669 -441

FP-02/ |iwa-aA-E 15.7 29.03 13.33 7,280 2059 -5221

FP-03
148A-CCR 4.4 6.67 2.27 1,260 637 -623
AB-20S 48 46.56 -1.44 9,350 5583 -3767
AB-21S NS 30.73 NS 2882
56M-P 4.9 2.69 -2.21 3,360 2447 -913
AB-9S/M NS 20.69 NS 2698
AB-8S NS 12.39 NS 363
AB-7S NS 17.58 NS 1128
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Boron and Sulfate Concentrations - Actual Spring 2021 Compared to Model Predicted after Year 1

Table 5-1

Colstrip Steam Electric Station - Colstrip, Montana

Boron (B) Sulfate (SO4)
(mg/L) (mg/L)
Flushing Port Site
Spring 2021 |Modeled Year Spring 2021 |Modeled Year
Result 1 Result Residual Result 1 Result Residual

57M-P 10.4 14.63 4.23 4,250 2686 -1564
181D 0.8 1.52 0.72 2,080 2670 590
IW37-A-N-S 0.5 10.09 9.59 1,170 880 -290
IW37-M-N-D 0.5 4.21 3.71 489 752 263
IW37-M-S 4.9 4.29 -0.61 1,160 828 -332
58M-P 0.3 3.24 2.94 193 795 602
AB-3S NS 23.67 NS 1724
AB-2S NS 7.44 NS 949

FP-OZ/ 170M 1.5 2.6 1.1 674 695 21

FP-03 59M-P 1.2 2.63 1.43 982 947 -35

(cont.)
120A 0.9 1.84 0.94 2,440 1962 -478
121A 0.8 2.46 1.66 2,370 2063 -307
109A 0.6 0.79 0.19 2,230 1856 -374
110D 1.3 2.21 0.91 2390 2605 215
105A 2.2 2.28 0.08 2,850 2205 -645
171M 0.7 2.85 2.15 2,940 1815 -1125
172M 2.5 2.95 0.45 3,350 2423 -927
174D 0.9 0.74 -0.16 2,550 2403 -147
173M 2.1 2.79 0.69 3,270 2706 -564
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Boron and Sulfate Concentrations - Actual Spring 2021 Compared to Model Predicted after Year 1

Table 5-1

Colstrip Steam Electric Station - Colstrip, Montana

Boron (B) Sulfate (SO4)
(mg/L) (mg/L)
Flushing Port Site
Spring 2021 |Modeled Year Spring 2021 |Modeled Year
Result 1 Result Residual Result 1 Result Residual
AB-23S NS 11.88 NS 2360
AB-24S NS 8.69 NS 2476
AB-22S NS 4.15 NS 460
AB-25S 1.2 14.05 12.85 356 1385 1029
AB-26S 4.2 19.87 15.67 2,020 5924 3904
160M-CCR 0.7 1.39 0.69 4,940 1883 -3057
AB-27S NS 18.77 NS 2394
AB-28S NS 21.85 NS 3647
FP-04/ |1595-cCR 21.2 24.08 2.88 6,400 5239 -1161
FP-05
AB-29S NS 19.56 NS 3324
158S-CCR 13.7 15.4 1.7 3,860 3913 53
157S-CCR 15.9 21.47 5.57 2,790 4353 1563
AB-30S NS 13 NS 2638
88M 0.5 0.82 0.32 2,210 2355 145
156SP-CCR 6.1 10.52 5290 3835
AB12-S NS 9.45 NS 1486
151M-CCR 0.7 2.85 2.15 1,800 1266 -534
AB13-S NS 7.98 NS 2267
25SP-2 0.5 0.87 0.37 249 939 690
180SP 5.5 6.22 0.72 2,610 1104 -1506
19M 0.6 0.72 0.12 435 873 438
FP-06
19D-2 0.5 0.51 0.01 284 324 40
4M-2 0.5 0.96 0.46 653 1100 447
12M 0.5 0.68 0.18 519 967 448
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Table 5-1
Boron and Sulfate Concentrations - Actual Spring 2021 Compared to Model Predicted after Year 1
Colstrip Steam Electric Station - Colstrip, Montana

Boron (B) Sulfate (SO4)
(mg/L) (mg/L)
Flushing Port Site
Spring 2021 |Modeled Year Spring 2021 |Modeled Year
Result 1 Result Residual Result 1 Result Residual

12R-2 9.7 7.62 -2.08 2,650 852 -1798

FP-06 |sssp 0.9 0.9 0.00 3,340 2427 -913

(cont.)
84SP 5.8 1.63 -4.17 5,530 1895 -3635
27SP 0.9 0.91 0.01 2,560 1995 -565
28SP 0.4 0.45 0.05 2,800 2032 -768
18M 1 0.64 -0.36 2,500 2196 -304
18S 0.6 0.67 0.07 2,390 2436 46
18D 0.5 0.59 0.09 1,490 1811 321
18SP 1.1 0.86 -0.24 1,490 1900 410
B-7 0.6 0.91 0.31 753 571 -182
71SP 0.5 1.06 0.56 4,580 1955 -2625

FP-08
1771 0.9 1.09 0.19 3,120 3025 -95
179SpP 0.4 0.57 0.17 6,600 1769 -4831
B-6 3.9 1.55 -2.35 3,520 2310 -1210
162M-CCR 2 1.11 -0.89 4,920 2681 -2239
IW47-SP-S 11.4 5.53 -5.87 3,980 852 -3128
IW47-SP-W 8.7 5.5 -3.2 3,000 838 -2162
26M 0.6 1.01 0.41 458 1722 1264

NS = Not sampled
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Total kg Mass Sulfate Removed - All wells

Mass Removed (kg)

Mass Removed (kg)

Mass Sulfate Removed per Month - All Wells ¥ FP-01 | FP-02/03 | FP-06 FP-08 | HWI-A | HW2-SP | HW3-A | Hwa-sp MT""th'y Cumulative

1400000 onth otal Total
July-20 31636.82] 43679.98  9553.39 18024.271  3073.99  3356.75  8620.44  3617.15 121562.79 121562.79
1200000 August-20 22390.97 41043.65 10670.33 14817.38  4711.74  4802.57 22008.15 11293.68 131738.47 253301.26
September-20 25791.69 1203690  8695.85 10713.85 522.27] 26941.63  7251.059 10086.68 102039.91 355341.17
1000000 October-20 29327.81 28092.38  9184.66f 8664.70  5429.06f 10476.31] 20580.13  9867.06 121622.10 476963.27
November-20 23759.80 28077.07  7046.100  5277.12]  4585.42| 31187.32] 14177.43  2845.49 116955.74] 593919.02
07001 December-20 24273.61] 2882078  6853.63]  6633.39  3690.71  7886.72] 22271.99  3069.60 103500.42] 697419.43
January-21 23682.10 28487.92]  6589.91]  7298.05  4119.36 0.62| 19958.08  7976.22 98112.2 795531.69
600000 February-21 20763.95 25378.671 6310.92]  7082.90  4091.71 3.49 17000.19  8648.05 89279.89 884811.58
March-21 20074.59 21080.74  7020.8§ 10857.01 5280.60  3078.72] 17819.99  9759.11 94971.63 979783.21
400000 April-21 16694.19 22060.18 6857.78 11668.16 9442 .44 3904.27] 17888.11 12211.33 100726.47] 1080509.67
May-21 15851.94 22134.83  7785.14 11808.19 11481.400 5974.63 19026.40f 13258.21] 107320.74] 1187830.42
200000 June-21 17633.15  25266.18  6513.13| 10238.49 10794.68  6802.34 16410.5§  6723.44 100381.98 1288212.40
W“”‘“‘\. July-21 6892.80  8100.08  2541.90  7706.29  5097.84  3966.94  3947.52 0.00 38253.37] 1326465.76

(jul-zo Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21Jun-21 Jul-21 Aug-21 gﬁlt;'tzeRpe°r:§er"ass 278773.43 | 334259.35 | 95623.62 | 130789.79 | 72321.21 | 108382.31 | 206960.03 | 99356.02 1326465.76
Date Total Modeled Mass
—e— Mass Removed per Month (kg) Cumulative Mass Removed (ke) — — — Year 1 Model Simulated Mass Removal L ate Remued 117540.95 | 277626.30 | 39080.55 | 9533.80 | 90983.55 | 131140.85 | 103565.10 | 76171.85 845642.95
Total kg Mass Boron Removed - All wells
Monthly | cumulative

3500 Mass Boron Removed per Month - All Wells Month FP-01 FP-02/03 FP-06 FP-08 HW1-A | HW2-SP | HW3-A | Hw4-sp Total Total
————————————————————————————————— July-20 70.29 128.40 19.39 28.76 15.57 8.20 22.87 6.10 299.58 299.58
3000 August-20 48.90 119.24 22.26 21.01] 22.18 11.61 57.19 22.10 324.48 624.08
September-20 54.03 38.71 18.78 16.33 2.21 64.41] 18.44 22.03 234.94 858.99
2500 October-20 56.98 86.61 20.43 13.01 19.58 24.76 51.17 23.47 296.01 1155.00
November-20 41.90 79.31 15.75 8.70 12.36 72.84 34.43 7.25 272.53 1427.54
2000 December-20 43.05 82.66 15.83 9.58 4.68 18.19 52.77 8.27 235.02 1662.55
January-21 40.79 77.46 15.24 9.02 7.56 0.00 48.62 21.48 220.18 1882.73
1500 February-21 33.92 71.36 14.37 7.59 9.45 0.01] 42.68 23.29 202.66 2085.39
1000 March-21 30.03 58.49 15.40 9.23 14.30 6.81 46.18 26.28 206.72 2292.11
April-21 22.18 50.88 14.72 9.92 28.75 8.51 47.98 32.89 215.81 2507.92
“00 May-21 19.27 45.20 14.93 9.58 38.29 12.81 52.97 35.71 228.76 2736.68
g e S S S S S U S S June-21 22.25 71.79 13.35 7.98 38.72) 14.33 47.58 18.11 234.11 2970.79
0 July-21 12.70 83.52) 12.72 5.68 17.84 8.18 11.97 0.00 152.60 3123.39

Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21 Total Reported Mass 496.29 993.63 213.16 156.38 231.49 250.66 534.84 246.96 3123.39
Date Boron Removed
—e— ass Removed per Month (k] Cumulative Mass Removed (kg) = = = Year 1 Model Simulated Mass Removal ;‘;ﬁi‘n“’r'{‘;‘::;fl‘:;"'ass 292.00 912.50 106.58 10.95 682.55 573.05 445.30 299.30 3322.23
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Est
Est Total .
Month Gallons per Cumulative | Average
Month Total Gallons FIow1
(gpm)
Sept-19 86470 86470 1.50
Oct-19 146596 233066 2.55
Nov-19 146596 379663 2.55
Dec-19 146596 526259 2.55
Jan-19 146596 672855 2.55
Feb-20 146596 819451 2.55
Mar-20 66761 886212 1.16
Apr-20 61529 947741 1.07
May-20 61529 1009269 1.07
June-20 61529 1070798 1.07
July-20 74416 1145214 1.29
Aug-20 66449 1211663 1.15
Sept-20 43312 1254975 0.75
Oct-20 47882 1302856 0.83
Nov-20 44011 1346867 0.76
Dec-20 42048 1388915 0.73
Jan-21 39920 1428835 0.69
Feb-21 0 1428835 0.00
Mar-21 57965 1486800 1.01
Apr-21 23993 1510793 0.42
May-21 26198 1536991 0.45
June-21 22550 1559541 0.39
July-21 12494 1572035 0.22
1Estimated flow rate is adjusted to 75% of total recovered

volume.
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APPENDIX A

Cleanup Criteria
(Marietta Canty, LLC & Neptune and Company, Inc., 2018)
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APPENDIX A

Performance Evaluation Report - Plant Site Remedy 2021

Colstrip Steam Electric Station - Colstrip, Montana

Marietta Canty, LLC

Environmental Consulting

Table 12-1 Groundwater Standards, Screening Levels and Proposed Cleanup Criteria

Ecological Proposed Cleanup Criteria
Ground- USEPA X . - -
- T BSL (Livestock) Cleanup Alluvium Spoils Clinker Coal- SubMcKay
col/coc DEQ-7/MCL RSL Range Cleanup Criterion (mg/L) (mg/L) (mg/L) Related (mg/L)
(mg/L) (mg/L) (mg/L) Criterion Source (mg/L)
(mg/L)
CCR Appendix 1l Constituents
) B ) 4 4 4 4 4
Boron NA 4 0.818-4 39 RSL (RSL) (RSL) (RSL) (RSL) (RSL)
Livestock/ 3,000 3,045 3,160 3,000 3,000
Sulfat NA® NA 2,061 - 3,160 3,000 ? > ’ ’ 7 >
uttate ! ! ! BSL (livestock) (BSL) (BSL) (livestock) (livestock)
CCR Appendix IV Constituents
@
0.00066 — 0.02 0.0232 0.0232 0.006 0.006
Cobalt NA® 0.006 0.03" RSL/BSL
oba 0.0232 / (BSL) (BSL) (BSL) (RSL) (RSL)
@ @)
L (6) a @3) 0.092 0.09 0.09 0.072 0.072
Lithium NA 0.04 0.072-0.092 NA BSL (BSL) (BSL) (BSL) (BSL) (BSL)
()
6) B @) 0.1 0.1 0.1 0.1 0.1
Molybdenum NA 0.1 0.004 —0.048 NA RSL (RSL) (RSL) (RSL) (RSL) (RSL)
0.05 0.05 0.05 0.05 0.05
Seleni 0.05"” 0.1 0.0023-0.01 0.28" DEQ-7
elentum Q (DEQ-7) | (DEQ-7) | (DEQ-7) | (DEQ-7) (DEQ-7)
Other Potential Plant Site Constituents
0.6 2.79 0.67 0.54 0.43
M NA® 0.43 0.27-2.79 61" RSL/BSL
anganese / (BSL) (BSL) (BSL) (BSL) (RSL)
Notes:
BSL Background Screening Level (Neptune, (1) Calculated Cleanup Criterion protective of livestock (calf), see Appendix C
2016)
CCR Coal Combustion Residual (2) Upper limit of “marginal” sulfate range for livestock (USDA-ARS, 2009)
col Constituent of Interest (3) Cleanup Criterion could not be calculated — no mammalian Toxicity Reference Value (TRV) available,
cocC Chemical of Concern see Appendix C
MCL Maximum Contaminant Level (4) BSL not available. BSL for adjacent hydrostratigraphic layer used as a proxy value.
mg/L Milligrams per liter (5) BSL not available. RSL assumed to be applicable.
NA Not available/not applicable (6) Neither a DEQ-7, nor an MCL has been established.
RSL Regional Screening Level (7) Value is both the DEQ-7 and the MCL.

Project No. 17-1006
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APPENDIX B
Injection Well Hydrographs
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APPENDIX C
Monitoring Well Hydrographs
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APPENDIX D
Capture Well Hydrographs
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APPENDIX E
Vertical Capture Well Mass Removal
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APPENDIX F
Horizontal Capture Well Mass Removal
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Appendix G
Monitoring Well Water Quality
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APPENDIX H
Capture Well Water Quality
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EXHIBITS

\\hydro-bildc\Sect\PROJECTS\TALEN\21014.00 Perf Monitoring Rpt\R21_IWPerfMon_Final.docx 10/8/2021



	Executive Summary
	Table of Contents
	1.0   Introduction
	1.1 Purpose
	1.2 Objectives

	2.0  Plant Site Groundwater Remediation System
	2.1 Freshwater Flushing System
	2.2 Groundwater Capture System
	2.3 A Pond Dewatering Trench

	3.0  Performance  Monitoring
	4.0   System Operation and performance
	4.1 Freshwater treatment system
	4.2 Freshwater flushing System
	4.2.1 Injection Rates
	4.2.2 Injection Pressure
	4.2.3 Groundwater Levels in Monitoring Wells

	4.3 Groundwater Capture system
	4.3.1 Groundwater Capture Volume/Rate
	4.3.2 Captured Mass of COI
	4.3.2.1 Vertical Capture wells
	4.3.2.2 Horizontal Capture wells

	4.3.3 Groundwater Levels in Capture Wells

	4.4 Units 1&2 A Pond Dewatering Trench

	5.0   Groundwater Monitoring Results
	5.1 Potentiometric surfaces
	5.2 Water Quality
	5.2.1 Temporal Trends
	5.2.2 Sulfate Plume
	5.2.3 Boron Plume


	6.0  Conclusion and Recommendations
	7.0   References
	TABLES - PERF. EVAL. REPORT
	Table 2-1_Wells by FP
	Table 4-1_IW Volumes Year 1 Performance
	Table 4-2_WLs vs model
	Table 4-3_Capture Flow Calcs_7-21-20 through 7-21-21
	Table 5-1_Boron and Sulfate vs model

	FIGURES - PERF. EVAL. REPORT
	2101421B001-FIG 1-1 Location
	2101421B002-FIG 1-2 NETWORK
	Figure 4-1_Mass Removed_All Wells
	Figure 4-2_A Pond Sump Pumping Vol

	APPENDIX A - Cleanup Criteria

