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ACRONYMS AND ABBREVIATIONS 

ACM   Assessment of Corrective Measures 

AOC   Administrative Order on Consent 

BCSDA   Brince Concentrator Solids Disposal Area 

CCR   Coal Combustion Residual(s) 

CCR Rule  Coal Combustion Residuals Rule  

CC   Cleanup Criteria 

COC   Chemical(s) of Concern 

COI   Constituent(s) of Interest 

CSES   Colstrip Steam Electric Station 

ECD   Environmental Compliance Department 

EFAC   East Fork Armells Creek 

EHP   Units 3 & 4 Effluent Holding Ponds 

FOR   Facility Operating Record 

FSFS   Full Scale Freshwater Flushing System 

gpm   Gallons Per Minute  

GPS   Global Positioning System 

GWCSP  Groundwater Capture Storage Pond 

GWIC   Groundwater Information Center  

GWE   Groundwater Elevation 

GWMP   Groundwater Monitoring Plan 

GWPS   Groundwater Protect Standards 

IC   Institutional Controls 

MBMG   Montana Bureau of Mines and Geology 

MCL   Maximum Contaminant Level 

MDEQ   Montana Department of Environmental Quality 

MNA   Monitored Natural Attenuation 

O&M   Operations and Maintenance 

PMP   Performance Monitoring Plan 
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POC   Point of Compliance 

PPLMT   PPL Montana, LLC 

PBR   Pine Butte Road 

PRB   Permeable Reactive Barrier 

QA/QC   Quality Assurance and Quality Control 

RAA   Remedial Action Assembly 

RAO   Remedial Action Objective 

RCRA   Resource Conservation and Recovery Act 

RD/RA   Remedial Design/Remedial Action 

RL   Reporting Limit 

RPD   Relative Percent Difference 

RPP   Reinforced Polypropylene 

RSL   Regional Screening Level 

SAP   Sampling and Analysis Plan 

SC   Specific Conductance 

SOEP   Units 1 & 2 Stage I Evaporation Pond 

SSFS   Small-Scale Flushing System 

SSI   Statistically Significant Increase 

SSL   Statistically Significant Level 

STEP   Units 1 & 2 Stage II Evaporation Pond 

SWL   Static Water Level 

Talen   Talen Montana, LLC 

TDS   Total Dissolved Solids 

USEPA   United States Environmental Protection Agency 

VFD   Variable Frequency Drive 

VSEP   Vibratory Shear Enhanced Process 

WRMP   Water Resources Monitoring Plan
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EVALUATION OF 2024 HYDROLOGIC MONITORING DATA 

AND REMEDIAL ACTION PROGRESS FOR 

COLSTRIP UNITS 1 THROUGH 4 PROCESS POND SYSTEM 

COLSTRIP STEAM ELECTRIC STATION 

COLSTRIP, MONTANA 

 

 

1.0 INTRODUCTION 

 

Hydrologic monitoring of the Colstrip Steam Electric Station (CSES) Units 1 through 4 process 

pond system at Colstrip, Montana was conducted in 2024 as part of the ongoing water 

resources program coordinated by the Talen Montana, LLC (Talen Montana, formerly PPL 

Montana (PPLMT)) Environmental Compliance Department (ECD). Additional monitoring is 

conducted to evaluate performance of remedial actions in three areas of the CSES as defined 

in the Administrative Order on Consent (AOC) Regarding Impacts Related to Wastewater 

Facilities Comprising the Closed-Loop System at CSES between Talen Montana and the 

Montana Department of Environmental Quality (MDEQ) (PPLMT/MDEQ 2012): 

1. The Plant Site; 

2. Units 1 & 2 Stage I and II Evaporation Ponds (SOEP/STEP); and 

3. Units 3 & 4 Effluent Holding Ponds (EHP). 

The CSES project location and AOC area boundaries are shown in Figure 1-1. 

 

1.1 WATER RESOURCES MONITORING 

A summary of operational or water resources monitoring activities and their relationship to 

CSES facilities is provided herein. All water resources monitoring is conducted in accordance 

with the CSES Water Resources Monitoring Plan (WRMP) developed by Talen. The WRMP was 

most recently revised in December 2020 (Talen 2020). The WRMP describes methodology, 

procedures, frequencies, and data collection/sampling locations for the entirety of the site. 
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Data generated through site water resource monitoring are the cornerstone for AOC site 

characterization, risk assessment, development of cleanup criteria (CC), remedy evaluation, 

and performance monitoring. Performance monitoring is conducted in accordance with the 

WRMP under MDEQ-approved monitoring plans specific to each of the AOC areas, as 

described in Section 1.2 to follow. Groundwater monitoring is also conducted at the CSES to 

satisfy federal Coal Combustion Residuals (CCR) Rule groundwater monitoring and corrective 

action requirements of 40 CFR §§257.90 through 257.98. The CCR Rule Groundwater 

Monitoring Plan (GWMP) (Hydrometrics 2018a) was adopted as an Appendix to the WRMP 

(Talen 2020). A discussion of CCR Rule implementation and a summary of 2024 CCR Rule 

groundwater monitoring results are provided in Section 1.3 to follow. 

 

Water quality samples were collected in the spring and fall of 2024 from groundwater 

monitoring wells, groundwater capture wells/systems, and surface water locations peripheral 

to the Units 1 through 4 plant process ponds (i.e., the Plant Site), the 1&2 SOEP/STEP area, 

and the 3&4 EHP area. Flow data and water quality samples were also collected from 

designated surface water monitoring sites on East Fork Armells Creek in the Plant Site and 

SOEP/STEP areas and on Cow Creek north of the 3&4 EHP. Routinely scheduled static water 

level (SWL) measurements continued at the Talen monitoring well network in 2024. 

 

Ten private wells, which are near the 1&2 STEP Area, were monitored in 2024. The monitored 

private wells were originally installed for residential or commercial use; but use at each of 

these wells was discontinued in 2005/2006. Municipal water service from the City of Colstrip 

is provided to the well owners. The locations of private wells PW-705, 709, 721, 722, 723, 

727, 728, 729, 733, and 739 are shown in Exhibit 1. 

 

The CSES utilizes closed-loop process water/scrubber systems. All liquid waste, wastewater 

treatment salts, and dry CCR material from the generating plants are impounded in ponds 

designed and constructed to minimize seepage losses. Each pond or pond system at the CSES 

was designated to serve either electric generating Units 1&2 or electric generating Units  
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3&4. CSES Units 1&2 were 333-megawatt, coal-fired, steam electric generating units that 

operated from 1975 through 2019. Units 1&2 were placed in permanent retirement on 

January 5, 2020. The SOEP/STEP system was in service from 1975 until January 2020 when 

Units 1&2 were permanently closed. Neither the SOEP nor STEP are currently used for active 

ash disposal, and both are subject to closure by removal as identified in the AOC remedy 

selected by MDEQ (MDEQ 2020b). Further discussion of the SOEP/STEP remedy is provided 

in Section 1.2. CSES Units 3&4 are 805-megawatt generating units adjacent to Units 1&2. The 

3&4 EHP pond system servicing Units 3&4 has been in use since 1983 and contains the only 

current active ash disposal cell (EHP J-1 Cell). Former ash disposal facilities and current and 

former process and water management ponds that may be associated with any of Units 1 

through 4 are found on the Plant Site. Specific facilities and their usage are discussed in 

Section 2.0. 

 

Monitoring wells are generally installed upgradient and downgradient of process ponds, 

water management ponds, and ash storage facilities at the Plant Site, SOEP/STEP, and EHP. 

Monitoring is conducted under applicable WRMP (Talen 2020), GWMP (Hydrometrics 2018a), 

and/or Performance Monitoring Plans (PMP) (Geosyntec 2020c, 2023a, 2024b). All 

monitoring plans include protocols to evaluate concentrations of process water constituents 

of interest (COI) in groundwater around the ponds and track progress toward attaining CC 

under the AOC or groundwater protection standards (GWPS) under the federal CCR Rule. 

 

1.2 AOC REMEDY IMPLEMENTATION AND PERFORMANCE MONITORING 

A summary of the AOC remedy evaluation and implementation process and ongoing 

performance monitoring at the Plant Site, Units 1&2 Stage I and Stage II Ponds (SOEP/STEP), 

and Units 3&4 Effluent Holding Pond (EHP) is provided herein. 

 

1.2.1 Plant Site AOC Remedy Implementation and Performance 

The MDEQ originally approved (MDEQ 2018) a CSES Plant Site Remedy (Geosyntec 2019b) 

that included an assembly of groundwater capture, freshwater flushing, pond closures, and 
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monitored natural attenuation (MNA) technologies. Each of the remedial components is 

expected to contribute to the long-term success of the overall remedy. Major components of 

the MDEQ-approved remedy (i.e., enhanced capture and freshwater flushing systems) began 

operating on the Plant Site in 2020; and ongoing performance of the remedy is monitored 

according to the Plant Site PMP (Geosyntec 2020c). An evaluation of the initial performance 

of the remedy was prepared after the first year of operation (Hydrometrics 2021b). 

 

The original selected remedy included plans to close A Pond, B Pond, and 1&2 BAP in place 

(Geosyntec 2019b); but a proposal to modify the remedy was submitted to MDEQ to include 

closure by removal (Geosyntec 2023c). In the modified remedy, CCR in A Pond,  

B Pond, and 1&2 BAP will be removed and placed in new Plant Site Landfills 1 and 2. The 

locations of Plant Site Landfill 1 and Plant Site Landfill 2 are shown in Figure 1-2. Design 

specifications for the new landfills, with an emphasis on Plant Site Landfill 1, are included in 

the Landfill Engineering Report (Geosyntec 2024e). Talen continues to work with MDEQ on 

final design of Plant Site Landfill 2. Construction of Plant Site Landfill 2 is planned to begin in 

2025. Plant Site Landfill 1 was constructed and began receiving CCR (ash from 1&2 BAP) in 

December 2024. A site specific groundwater Sampling and Analysis Plan (SAP) was prepared 

for Plant Site Landfills 1 and 2 (Hydrometrics, Inc. 2024a). The SAP was approved by MDEQ 

(MDEQ 2025) with an addendum outlining additional wells and reporting requirements 

(Hydrometrics, Inc. 2025d). Ongoing monitoring results, including progress made toward 

attaining CC in 2024, are summarized in Section 6.0 of this report. Per the approved SAP, 

results of monitoring at Plant Site Landfills 1&2 are discussed separately in Sections 6.6 of this 

report. 

 

1.2.2 Units 1&2 SOEP/STEP AOC Remedy Implementation and Performance 

Upon review of alternatives presented in the Remedy Evaluation Integrated Report 

(Geosyntec 2020b) for the Units 1&2 SOEP/STEP area, MDEQ selected the Remedial Action 

Assembly (RAA) designated as Alternative 10 to address elevated concentrations of COI in the 

SOEP/STEP (MDEQ 2020b). Alternative 10 includes closure by removal of CCR from existing 
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CCR units and related SOEP/STEP facilities to a new CCR Rule compliant landfill, concurrent 

freshwater flushing and groundwater capture, institutional controls (IC), MNA, and a 

contingency for a permeable reactive barrier (PRB). A Remedial Design Remedial Action 

(RD/RA) Work Plan and Landfill Engineering Report (Geosyntec 2023d and 2023e) for the 

Alternative 10 Landfill were submitted to MDEQ in 2023. MDEQ subsequently issued 

conditional approval for the SOEP/STEP Area RD/RA Work Plan and associated design 

documents (MDEQ 2024b). 

 

Prior to completing the conditionally approved RD/RA Work Plan for the SOEP/STEP Area, 

CSES operators submitted an Interim Report regarding aspects of a final remedy that would 

be implemented regardless of final source control options (i.e. freshwater flushing and 

groundwater capture) (Geosyntec 2020b). MDEQ provided conditional approval of the 

remedial components in the Interim Report (MDEQ 2020b). A pilot test of flushing and 

capture systems was conducted in 2021, and construction of a small-scale flushing system 

(SSFS) was completed in 2023. The PMP for the SSFS (Geosyntec 2023a) was approved by 

MDEQ in March 2023 (MDEQ 2023). Full time operation of the SSFS was implemented in early 

2023; and a one-year progress report on performance of the SSFS was prepared and 

submitted in May 2024 (Hydrometrics 2024c). 

 

To further evaluate remedy performance in reducing groundwater concentrations of COI, 

statistical trend tests were performed and time series graphs were created for each COI/COC 

identified in the SOEP/STEP. Wells included in the COI trend evaluation are those associated 

with the SSFS as identified in the PMP (Geosyntec 2023a) and select wells in other areas of 

the SOEP/STEP with concentrations of one or more COI above CC. Graphs and trend analyses 

for SOEP/STEP are described in detail in Section 7.0. 

 

1.2.3 Units 3&4 EHP AOC Remedy Implementation and Performance 

The remedy for the 3&4 EHP area received conditional approval from MDEQ in 2020 (MDEQ 

2020a). The conditional approval was contingent upon Talen completing additional sampling 
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and treatability studies and addressing comments and contingencies associated with earlier 

versions of the Remedy Evaluation Report (Geosyntec 2019a). MDEQ provided approval of 

the Revised Remedy Evaluation Report (Geosyntec 2022a) in 2022 (MDEQ 2022). Final 

remedy design for the Units 3&4 EHP was submitted to MDEQ in the RD/RA Work Plan in 

November 2024 (Geosyntec 2024a). The 3&4 EHP remedy consists of pond upgrades and 

closures, flushing with freshwater via vertical (and horizontal) injection wells, increased 

groundwater capture in the flushing zones using vertical and horizontal capture wells, 

pumping the EHP Underdrain to intercept seepage from the cells, and MNA and institutional 

controls to address moderate to low mobility constituents after flushing/capture system 

shutdown. 

 

Similar to the SOEP/STEP remedy, certain components of the EHP remedy, mainly the capture 

system and pond closures, were implemented in an interim capacity while the final RD/RA 

Work Plan was being prepared. Colstrip 3&4 EHP J and A Cells were closed in 2017 and 2018, 

respectively. Colstrip 3&4 EHP D/E Cell was closed and capped in 2021. Colstrip 3&4 EHP  

B Cell was closed and capped in 2022. 3&4 EHP G Cell was closed in 2024 followed by the 

construction of a new CCR Rule-compliant impoundment (3&4 EHP G-1 Cell) directly above 

the closed G Cell. No CCR was placed in 3&4 EHP G-1 Cell in 2024, as installation of the final 

engineered above-liner drainage layer was ongoing at year’s end. The schedule for closures 

and other components identified in the remedy is outlined in the final RD/RA Work Plan 

(Geosyntec 2024a).  

 

Two horizontal capture wells completed in McKay coal south of the EHP (HCW-4M and HCW-

5M) have been operational since fall 2020. The 3&4 EHP Underdrain, designed to remove 

porewater from ash within the EHP, began pumping in December 2021. Installation of 

enhanced capture and freshwater flushing components of the 3&4 EHP remedy was 

completed and those systems became operational via a phased startup that began in June 

2023. The remedy is monitored in accordance with the 3&4 EHP PMP (Geosyntec, 2024b). An 

in depth evaluation of system performance during the initial period of operation  
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(July 2023 – December 2024) was conducted and documented in a preliminary performance 

monitoring report (Hydrometrics, Inc. 2025c). A condensed review of preliminary remedy 

performance and additional analysis of EHP groundwater monitoring data through 2024 is 

described in Section 8.0. 

 

1.3 CCR RULE GROUNDWATER MONITORING AND CORRECTIVE ACTION 

Groundwater monitoring and reporting under the CCR Rule is conducted independently of 

WRMP monitoring that is presented in this report. Results of all CCR Rule compliance 

activities conducted in 2024 can be found in the Annual Groundwater Monitoring and 

Corrective Action Report (Hydrometrics 2025b). 

 

The locations of 17 existing and future CCR units at the CSES are shown on Figure 1-1. The 

CCR units are listed according to the area of the facility in which they are constructed, as 

follows. 

Plant Site: 

Units 1&2 B Flyash Pond (1&2 B Pond) 

Units 1&2 Bottom Ash Pond (1&2 BAP) 

Units 3&4 Bottom Ash Pond (3&4 BAP) 

Plant Site Landfill 1 

Plant Site Landfill 2 (planned for construction in 2025) 

Units 1&2 STEP: 

Units 1&2 STEP D Cell (STEP D Cell) 

Units 1&2 STEP E Cell (STEP E Cell) 

Units 1&2 Old Clearwell (STEP Old Clearwell) 

Alternative 10 Landfill (initial construction planned to begin in 2025) 

Units 3&4 EHP: 

A Cell (3&4 EHP A Cell) 

B Cell (3&4 EHP B Cell) 

C Cell (3&4 EHP C Cell) 

  D/E Cell (3&4 EHP D/E Cell)  
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  G Cell (3&4 EHP G Cell) 

 G-1 Cell (construction substantially complete in 2024, will finalize in 2025) 

  J Cell (3&4 EHP J Cell) 

J-1 Cell (3&4 EHP J-1 Cell) 

 

The following is a summary of groundwater monitoring and corrective actions conducted at 

CCR units of the CSES in 2024 or that may have been conducted in prior years but have led to 

the current CCR Rule groundwater monitoring program status. 

• In compliance with the initial timeframes established in §257.90(b)(1), CSES 

completed the following groundwater monitoring requirements for existing CCR units 

by October 17, 2017: 

o Installation and certification of the groundwater monitoring system as 

required by §257.91; 

o Development of the groundwater sampling and analysis program to include 

the selection of statistical procedures to be used for evaluating the 

groundwater monitoring data as required by §257.93 (Hydrometrics, Inc. 

2018a); 

o Detection monitoring, as per §257.94(b), to include obtaining a minimum of 

eight independent samples for each background and downgradient well; and 

o Initial evaluation of groundwater monitoring data for statistically significant 

increases over background levels for the constituents listed in Appendix III as 

required by §257.94. 

• Statistically significant increases (SSI) of at least one Appendix III detection monitoring 

constituent were detected at all the existing CSES CCR units except for STEP D Cell in 

2018 (Hydrometrics, Inc. 2018b). No ash has been or will be placed in STEP D Cell and 

it is scheduled for closure by removal under the AOC. As a result of SSIs determined 

pursuant to §257.93(h)(2), an assessment monitoring program was established at the 

1&2 B Pond, 1&2 BAP, 3&4 BAP, 1&2 STEP E Cell & Old Clearwell, and 3&4 EHP A, B, 

C, D/E, G, J, and J-1 Cells. 
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• Statistically significant levels (SSL) of Appendix IV constituents were initially recorded 

in 2018; and pursuant to §257.95(g) a notification identifying the SSLs was completed 

on October 15, 2018, and placed in the CSES facility operating record. An assessment 

of corrective measures (ACM) was completed for all CCR units with SSLs of Appendix 

IV constituents above GWPS by April 15, 2019 (Hydrometrics 2019a, 2019b, and 

2019c). 

• The selection of remedy report was completed for 1&2 B Pond, the 1&2 BAP, and the 

3&4 BAP on February 18, 2020 (Hydrometrics 2020). An addendum to the Selection 

of Remedy Report for Plant Site CCR units was prepared in 2024 (Hydrometrics 2024e) 

to document that Units 1 & 2 B Pond and 1&2 BAP would be closed by removal of CCR 

rather than closed in place. The Units 1&2 A Pond was also designated for closure by 

removal; and two new CCR Rule compliant landfills (Plant Site Landfill 1 and Plant Site 

Landfill 2) were identified for construction on the Colstrip SES Plant Site for the 

relocation and final disposal of CCR and affected soil from A Pond, B Pond, and the 

1&2 BAP. The selection of remedy report for 3&4 EHP A, B, C, D/E, G, J, and J-1 Cells 

was completed in February 2021 (Hydrometrics 2021a). The selection of remedy 

report for 1&2 STEP E Cell and Old Clearwell, and STEP D Cell, which included closure 

by removal to the new Alternative 10 CCR Landfill, was completed in April 2024 

(Hydrometrics 2024b). 

• Groundwater monitoring was conducted under assessment and corrective action 

protocols at 1&2 B Pond, 1&2 BAP, 3&4 BAP, 1&2 STEP E Cell and Old Clearwell, and 

3&4 EHP A, B, C, D/E, G, J, and J-1 Cells in 2024. STEP D Cell remained under detection 

monitoring protocols in 2024. Monitoring at Plant Site Landfill 1 and the Alternative 

10 Landfill was conducted under background detection monitoring protocols in 2024. 

• Notifications identifying the Appendix IV constituents that exceeded the GWPS in 

spring and fall 2024 at CCR units subject to assessment or corrective action monitoring 

were prepared and placed in the facility operating record (FOR) (Hydrometrics, Inc. 

2024d, Hydrometrics, Inc. 2025a). Appendix IV Constituents detected at SSLs above 

the GWPS at the applicable CCR Units are as follows: 
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o 1&2 B Flyash Pond – Cobalt, Lithium; 

o 1&2 Bottom Ash Pond – Cobalt, Lithium; 

o 3&4 Bottom Ash Pond – Lithium, Molybdenum; 

o 1&2 STEP E Cell and Old Clearwell – Lithium; and 

o 3&4 EHP A, B, C, D/E, G, J, J-1 Cells – Cobalt and Lithium. 

• Groundwater monitoring was conducted in 2024, as it has been since 2018, at 

additional wells beyond CCR unit boundaries for all CCR units with SSL of Appendix IV 

constituents above the GWPS. Data from the additional wells were used to satisfy 

requirements of §257.95(g)(1) to characterize the nature and extent of releases of 

Appendix IV constituents at CCR units with an SSL. Samples will continue to be 

collected at downgradient characterization wells; and evaluation of these data will be 

conducted to monitor spatiotemporal trends and document the effectiveness of 

corrective actions at the Colstrip SES CCR units in complying with GWPS as required 

by §257.98(c)(2). 

 

A summary of the CCR Rule remedy selection process and ongoing monitoring in accordance 

with appropriate detection, assessment, or corrective action programs at Plant Site, 

SOEP/STEP, and 3&4 EHP CCR Units is provided herein. 

 

1.3.1 Plant Site CCR Units 

1&2 B Pond and 1&2 BAP - Operation of the full-scale freshwater flushing and capture 

systems related to 1&2 B Pond and 1&2 BAP began in July 2020. Results of corrective action 

groundwater monitoring conducted at 1&2 B Pond and 1&2 BAP in 2024 provide further 

indication that the selected remedy will be effective. Concentrations of Appendix IV 

constituents detected at SSL above the GWPS (lithium and cobalt) have declined since 

corrective action was initiated (Hydrometrics 2025b). Further, the spatial distribution of 

Appendix IV constituents with SSLs downgradient of 1&2 B Pond and 1&2 BAP is limited to 

within the Colstrip SES property boundary. 
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Plant Site Landfills 1 and 2 - Plant Site Landfill 1 and Plant Site Landfill 2 were proposed for 

construction on the Plant Site as the final disposal location for CCR that is currently held in 

1&2 B Pond, 1&2 BAP, and 1&2 A Pond. Construction of Plant Site Landfill 1 began in early 

2024 in the footprint of the former 1&2 Bottom Ash Pond (a separate location from the 

current regulated 1&2 BAP CCR Unit). Ash from the former 1&2 Bottom Ash Pond was 

removed prior to 2015. A groundwater monitoring system for Plant Site Landfill 1 was 

established in 2023. The Plant Site Landfill 1 groundwater monitoring system was identified 

in a site-specific SAP (Hydrometrics 2024a) and eight samples were collected at the Plant Site 

Landfill 1 groundwater monitoring system between December 2023 and May 2024 in 

accordance with background detection monitoring protocols (§257.94(b)). Plant Site Landfill 

1 was completed and began receiving CCR removed from 1&2 BAP in December 2024. The 

location of Plant Site Landfill 1 and proposed location of Plant Site Landfill 2 with each 

landfill’s groundwater monitoring systems, relative to existing CCR units are shown in Figure 

1-2. An additional monitoring well is planned for installation in 2025 to monitor water in the 

shallow interval southeast of Plant Site Landfill 1. 

 

Plant Site Landfill 2 will share a multi-unit groundwater monitoring system with the existing 

1&2 BAP, except existing wells 56M-P and AB-8S and a new well will be added to the 

monitoring system to provide downgradient coverage of the extended landfill footprint 

(Figure 1-2). Background samples will be collected at new wells in accordance with CCR Rule 

requirements to establish a baseline dataset prior to the initial placement of CCR in Plant Site 

Landfill 2. 

 

3&4 BAP - The 3&4 BAP was closed with a CCR rule compliant cap in 2019. The final vegetated 

cover system §257.102(d) was completed on 3&4 BAP in 2020. Preliminary statistical analyses 

conducted on lithium data through 2024 indicate that concentrations have not changed 

appreciably in response to capping; however, molybdenum concentrations at well  

153SP-CCR exhibited a significant (α = 0.05) decreasing trend through 2024 (Hydrometrics 

2025b).  
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1.3.2 STEP Area CCR Units 

STEP E Cell and Old Clearwell – In addition to assessment groundwater monitoring, key 

actions related to groundwater at STEP E Cell/Old Clearwell included ongoing discussion of 

remedy selection and design between Colstrip operators and MDEQ, operation of 

groundwater capture wells, dewatering ash within STEP E Cell for source control, and 

continued operation of the SSFS in 2024. The SSFS is part of the larger selected remedy for 

STEP E Cell and Old Clearwell CCR units. 

 

In accordance with §257.96(d), Colstrip SES operators discussed the ACM and closure by 

removal to the new Alternative 10 CCR Landfill at a public meeting on February 15, 2024. The 

final Selection of Remedy Report (Hydrometrics 2024b) for STEP E Cell and Old Clearwell was 

prepared and submitted in April 2024, allowing for further remedy evaluation and design and 

a period of at least 30 days from the date of the public meeting in accordance with §257.97. 

The selected remedy consists of closure by removal of CCR not only from STEP E Cell and Old 

Clearwell but from existing CCR facilities (i.e. Stage One Evaporation Pond and STEP A Cell) 

that were not regulated by the 2015 CCR Rule. 

 

Alternative 10 Landfill – The Alternative 10 CCR Landfill will be constructed about 0.5 miles 

north of the existing STEP (Figure 1-1). Construction of the Alternative 10 CCR Landfill is 

scheduled to begin in 2025. Construction of supporting infrastructure (i.e. access roads) 

began in 2024. The groundwater monitoring system for the Alternative 10 Landfill was 

installed in 2022 and collection of background groundwater quality samples was conducted 

in 2023 under the site-specific Groundwater SAP (Hydrometrics 2023a). The groundwater 

monitoring system is shown in Figure 1-3. As part of the construction of supporting 

infrastructure for the Alternative 10 Landfill, monitoring well 2104D was abandoned and will 

be replaced with a new well in 2025. 

 
1.3.3 3&4 EHP Area CCR Units 

3&4 EHP – As previously noted, the selection of remedy report for 3&4 EHP A, B, C, D/E, G, J, 

and J-1 Cells was completed in February 2021 (Hydrometrics 2021a). Remedial activities were 
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initiated within 90 days of selecting the remedy. The freshwater flushing system and 

enhanced capture system was started in 2023 and operated along with other source control 

components of the selected remedy that include capping and final closure of Colstrip  

3&4 EHP B Cell, A Cell, J Cell, and D/E Cell and ongoing operation of a new Dry Disposal Facility. 

Preliminary results of corrective action monitoring are found in the annual groundwater 

monitoring and corrective action report (Hydrometrics 2025b). 

 

1.4 REPORT ORGANIZATION 

This report provides a summary and evaluation of data collected in 2024 from the CSES Units 

1 through 4 process pond hydrologic monitoring system and remedy performance 

monitoring: 

• Section 2.0 describes the CSES Process Pond System; 

• Section 3.0 details the sample and data collection protocol; 

• Section 4.0 describes quality control and quality assurance (QA/QC) procedures; 

• Section 5.0 provides an overview of the 2024 evaluation; 

• Sections 6.0, 7.0, and 8.0 summarize 2024 data for the Plant Site Area, Stage I & II 

Evaporation Pond Area, and the Units 3&4 EHP Area, respectively; and 

• Section 9.0 lists references cited throughout the document. 

Tables, Figures, and Exhibits are referenced throughout the document to augment discussion 

of results and are found as attachments at the end of the report. 
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2.0 THE COLSTRIP STEAM ELECTRIC STATION PROCESS POND SYSTEM 

 

Pond capacities, pond surface areas, liner information, and a description of the function of 

each of the ponds in the process pond system servicing Units 1 through 4 are summarized in 

Table 2-1. Process ponds, monitoring wells, and capture systems located at the CSES are 

shown on Exhibit 1. 

 

A closed-loop process is used at the CSES to minimize interaction between process water and 

water resources (groundwater and surface water) in the area. Figure 2-1 is a schematic of the 

CSES process water circuit. CCR from the electric generating units are impounded in ponds 

designed and constructed to minimize seepage losses. The Plant Site pond system includes 

ponds that served all four generating units in various capacities. Prior to shut down, scrubber 

slurry from Units 1&2 was routed to the Units 1&2 STEP, located about three miles west-

northwest of Colstrip. Scrubber slurry from Units 3&4 is routed to the Units 3&4 EHP Area, 

located about three miles east-southeast of Colstrip. During operation, flow rates in the slurry 

lines from Units 1 & 2 varied from 1,200 gallons per minute (gpm) to 2,000 gpm. Flow in the 

slurry line from Units 3&4 varies from 1,500 gpm to 3,500 gpm. Scrubber slurry flow rates are 

dependent on operating conditions and down time at the units. Scrubber slurry is dewatered 

at the Units 3&4 EHP Dry Disposal Facility; and dry solids are placed in Units 3&4 EHP J-1 Cell. 

Bottom ash from the units is dewatered at the Plant Site prior to transport by truck to Units 

3&4 EHP J-1 Cell for disposal. 

 

2.1 WATER MANAGEMENT 

In 2024, the overall water inventory decreased by an estimated 11 million gallons. Water 

management practices and forced evaporation at the CSES have produced a net reduction of 

more than two billion gallons of excess water inventory since 2006. A summary of activities 

related to water management practices at the 1&2 STEP and Units 3&4 EHP is included in the 

following sections. 
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2.1.1 Ash Dewatering Process and Cell Usage 

Two streams of ash are produced during operation of the CSES: 1) scrubber slurry, which 

includes fly ash and flue gas desulfurization solids from the air pollution control system; and 

2) bottom ash, which has a larger particle size than fly ash and is collected at the bottom of 

the boilers. The scrubber slurry from Units 3&4 is transferred by pipeline to the Units 3&4 

EHP. Scrubber slurry is dewatered at the Units 3&4 Paste Plant and the new Dry Disposal 

System (using filter press technology) that was constructed in 2022. Dry solids are deposited 

in the active 3&4 EHP cell (currently J-1 Cell). Bottom ash is dewatered at the Units 3&4 

Bottom Ash Dewatering System located near the generating units on the Plant Site. Bottom 

ash is transported via truck to the Units 3&4 EHP for dry disposal. A similar process of 

scrubber slurry transfer, paste plant operation, and bottom ash handling was conducted at 

Units 1&2 prior to their shut down and permanent retirement on January 5th, 2020. 

 

Talen previously implemented a paste process; whereby, the practice of placing scrubber 

slurry directly in the process ponds was discontinued except during mechanical upsets. 

Instead, scrubber slurry was piped to the paste plant, dewatered to form a paste, and placed 

in the ponds. EHP and STEP paste processes were initiated in 2004 and 2009, respectively. 

The paste had the ability to set up under water, which provided an additional seal to the 

ponds in which it was applied. The Paste Process removes about 90% of the free available 

water from the scrubber slurry and is one of many water management practices that are part 

of the facility-wide effort to reduce the amount of process water maintained on site. In 

addition, paste, which has a relatively low permeability, was formerly strategically placed 

around the inside perimeter of certain ponds as a source reduction measure. Paste was 

deposited in ponds located in the Units 3&4 EHP and STEP but not in the Plant Site process 

water ponds. 

 

Stage I & II Evaporation Pond Area. Prior to shutdown of Units 1&2, paste from the Units 1&2 

Paste Plant was routed to STEP E Cell. Decant water was collected in the STEP Clearwell  

and from there pumped to the scrubber system for reuse. As a strategy to implement a paste 
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disposal method at the STEP, B Cell was lined in 2006 with a double-liner system consisting 

of a 45-mil reinforced polypropylene (RPP) primary liner and a 36 mil RPP secondary liner. A 

leakage collection system was installed between and beneath the two B Cell liners. Water 

transfer into B Cell began in late October 2006 to help facilitate water management. The 

Paste Process became operational in December 2009 in the Stage I & II Evaporation Pond 

Area; and B Cell became the STEP Clearwell in 2011 when new return pumps were installed. 

B Cell is currently used to transfer legacy water from the STEP to the forced evaporation 

system, via the clear water pipeline. 

 

STEP D Cell was constructed in 2011 to prepare for future paste disposal and help address 

more immediate water management issues. Construction of the new cell included an 

engineered double liner with an under-drain pumping system. The liner system incorporated 

a 45 mil RPP primary liner and a 36 mil RPP secondary liner, with leachate collection between 

and beneath the two liners. Water was routed to D Cell as needed from 2011 through 2019; 

but CCR material (slurry or paste) was never placed in D Cell. Paste was being deposited in  

E Cell and old Clearwell when Units 1&2 were retired in January 2020. With shutdown of Units 

1&2 in January 2020, the STEP ceased receiving scrubber slurry and the paste plant 

discontinued operation. Figure 2-2 presents aerial photos showing the evolution of cell 

construction, paste placement and dewatering at the STEP through 2024. The most recent 

aerial photo (2024) illustrates that there is a minimal amount of standing water in the STEP. 

Free liquids that remain in STEP Cells (mostly in B Cell) is transferred to the forced evaporation 

system. Note that a small pit was open in the center of E Cell as an access point for ongoing 

ash dewatering. No process water is being added to either D Cell or the Old Clearwell; so 

liquid levels seen in those cells are dependent on precipitation and evaporation cycles. 

 

Units 3&4 EHP. Scrubber slurry from Units 3&4 is piped approximately three miles southeast 

of the Plant Area to the Units 3&4 EHP. As previously described, scrubber slurry is dewatered 

at the Units 3&4 Paste Plant and the new Dry Disposal System. The Dry Disposal System was 

constructed and became operational in 2022. Dry solids are deposited in the active 3&4 EHP 
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cell (currently J-1 Cell). As the scrubber slurry is dewatered, the decanted water is sent to a 

lined Clearwell before it is returned to the scrubbers for re-use. Pond closures, dry disposal, 

and forced evaporation have been conducted in recent years to minimize seepage and 

control the water budget at the Units 3&4 EHP. 

 

EHP D/E Cell was capped and closed in 2021 with an engineered CCR Rule compliant cover 

system consisting of a vegetated 18-inch soil layer over a 40-mil HDPE geomembrane. EHP B 

Cell, which was operated as the Clearwell from 2009 to 2019, was closed and capped with 

the CCR Rule compliant cover in 2022. As listed in Table 2-1, B Cell Clearwell is lined with a 45 

mil RPP liner over a leakage collection system. A cap was constructed over A Cell in 2017, and 

it was also closed in compliance with the CCR Rule. A new Clearwell (A Cell Clearwell) was 

constructed in the north portion of A Cell and began receiving water in September 2018. 

Work to construct a single cell (J-1 Cell) out of the original Clearwell and the north half of G 

Cell was initiated in 2014. J-1 Cell was lined in 2016 per the CCR Rule and started receiving 

paste in 2018. As of April 9, 2021, J-1 Cell was the only active disposal cell and received paste 

or dry solids throughout 2024. A similar process was conducted on the remaining footprint 

of G Cell in 2024. G Cell was dewatered, the floor of the cell was graded, and a CCR Rule 

compliant liner was constructed to act as the cap of G Cell and liner for new G-1 Cell. A 

cover/drainage layer of bottom ash was actively being applied, as designed, at the end of 

2024, so G-1 Cell has not been used to store ash at this time.  

 

CSES operators began dewatering C Cell in fall of 2013. Most of the free-standing water had 

been removed by 2015, but water continued to be pumped from C Cell into lined H or F Cells 

through 2024, as needed in response to precipitation events. C Cell will be closed and capped 

in 2025. F Cell is lined with a RPP liner and an under-liner collection system; while H Cell is 

constructed with two layers of RPP (a 45 mil primary liner and a 36 mil secondary liner) and 

leakage collection systems between and beneath the two liners. H and F Cells are used for 

water management purposes and not for the disposal of ash. The forced evaporation system 

is supplied from F Cell. 



 

H:\PROJECTS\TALEN\10004 Annual Rpt\2024\R_2024AnnualRpt_Final.docx 
 2-5 6/26/2025 

Aerial photos showing the evolution of operations at the Units 3&4 EHP from 2005 through 

2024 are presented in Figure 2-3. The most recent photo (2024) shows EHP B Cell closed and 

capped, cap construction completed at D/E Cell, and C and G Cells dewatered in preparation 

for cap construction on C Cell and construction of new CCR Rule compliant G-1 Cell over  

G Cell. 

 

2.1.2 Pond Surveys and Water Elevations 

Water levels are surveyed on a weekly basis at process ponds at the CSES. Water elevations 

are surveyed using a survey grade Global Positioning System (GPS) unit. These elevations are 

used to calculate storage volumes. Table 2-5 summarizes water elevations and measured 

depths in ponds. Water levels in ponds can be variable in response to operational changes 

that include periods of low power demand or unit shut down for maintenance. Weather 

patterns, including periods of precipitation or drought, also influence pond water levels, 

especially for ponds that are used for storm water storage. 

 

2.2 PROCESS POND CHEMICAL PROFILES 

Chemical characteristics for water stored in each of the ponds in the Units 1 through 4 process 

pond system have been summarized for the period of record in previous hydrologic 

monitoring and remedial action reports (Hydrometrics, Inc. 2024f). Water quality in the 

ponds is variable and depends on the process of origin (to transport scrubber slurry, bottom 

ash water, captured groundwater, storm water runoff, etc.) and precipitation and 

evaporation cycles. In recent years water management strategies such as those described 

previously in Section 2.2 have resulted in a decreased quantity of free water that is stored on 

site, particularly water derived from ash handling processes. 

 

Water quality samples were collected from the following ponds with free water in each of 

the three CSES AOC areas in 2024. Results are found in tables as referenced below. 
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• Plant Site Ponds (Table 2-2) – Stormwater Ponds 1 and 2, Groundwater Capture 

Storage Pond (GWCSP), Units 1 -4 Sediment Retention Pond (SRP), and North Plant 

Drain Pond (North Pond).  

• Units 1&2 Stage I & II Evaporation Ponds (Table 2-3) – B Cell and D Cell; and 

• Units 3&4 EHP (Table 2-4) – A Cell Clearwell, F Cell, and H Cell. 
 

A list of COIs was developed for groundwater via the Risk Assessment and Cleanup Criteria 

process of the AOC that includes boron, sulfate, cobalt, lithium, manganese, and selenium in 

all three AOC areas in addition to molybdenum on the Plant Site (Marietta Canty 2018a, 

2018b, 2018c). Elevated concentrations of COI and total dissolved solids (TDS), chloride, 

bromide and increased specific conductance (SC) are present in process water within some 

of the ponds. These parameters are used as indicators of process water mixing with 

groundwater outside of the ponds. In addition, the majority of ponds have a high 

concentration of magnesium in relation to calcium, thus making the ratio of these two cations 

an indicator of process water mixing with groundwater outside of the ponds. 
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3.0 SAMPLE AND FIELD DATA COLLECTION 

 

The CSES WRMP (Talen 2020) details sample collection, handling, and preservation 

procedures and outlines data quality control/quality assurance objectives. Remedy 

performance monitoring parameters, frequencies, and objectives are outlined in individual 

PMPs specific to the Plant Site (Geosyntec 2020c), SOEP/STEP Small Scale Flushing System 

(Geosyntec 2023a), and EHP (Geosyntec 2024b). Sampling methodology for CCR Rule 

compliance is described in the GWMP (Hydrometrics, Inc. 2018a). While CCR Rule sampling 

results are not further discussed in this report, sampling methods are worthy of note because 

AOC/WRMP samples are collected concurrently with CCR Rule compliance samples from 

wells associated with CCR Rule groundwater monitoring systems. This chapter contains a 

summary of field data acquisition procedures for water sampling, water level measurement, 

field parameter measurement, and site surveying. 

 

In 2024, sampling and monitoring at established sites in the Units 1 through 4 Plant Site, the 

Units 1&2 SOEP/STEP Area, and the Units 3&4 EHP Area was performed by Talen ECD 

personnel and/or by Hydrometrics personnel. The spring WRMP sampling session was 

conducted from January through June and consisted of sampling about 1000 sites, including 

capture wells, monitoring wells, private wells, interception trenches/sumps, ponds, and 

surface water sites. The fall operational sampling session was conducted from July through 

December and consisted of sampling just under 900 sites. Not all sites are sampled in both 

spring and fall. 

 

Some sites scheduled for sampling were found to be dry during one or both of the 2024 semi-

annual monitoring events. Sites that were dry or that had insufficient water to physically 

retrieve a sample or satisfy sampling protocols were not sampled. A summary of deviations 

from the WRMP sampling schedule, related to dry sites, ongoing remedy construction, or 

other factors is included in Table 3-1. 
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Water levels are measured in vertical wells using a calibrated electric well probe prior to 

sample collection. All measurements are made to the nearest 0.01 feet. During sampling, 

monitoring wells containing sufficient water are pumped or bailed to remove a minimum of 

three well casing volumes of water or until water quality stabilizes as indicated by SC and 

water temperature measurements. Wells that are sampled for CCR Rule compliance in 

addition to water resources monitoring or AOC remedy performance monitoring are typically 

sampled using low-flow methodology with field parameter stabilization, as described in the 

GWMP (Hydrometrics, Inc. 2018a). Wells with low water yields are bailed or pumped dry and 

revisited for sampling. Adequate purging and/or field parameter stabilization promote 

representativeness of samples from the target water-bearing zones. Capture wells that are in 

operation (pumping) at the time of sample collection may not require additional purging. 

Field parameters (e.g., SC, pH, and water temperature) are measured during sampling a using 

calibrated YSI Pro 1030, YSI ProQuatro, or Solinst T-L-C 107 meters. Water level probe and 

field meter quality control (QC) data are on file in the Talen ECD and with Hydrometrics, Inc. 

 

Talen typically requests laboratory analysis for the parameters listed in Table 3-2, which 

includes typical process water indicator parameters and the complete list of AOC 

groundwater COIs. All samples to be analyzed for dissolved metals are field filtered through 

a new 0.45-micron membrane filter and adjusted to a pH of 2.0 or lower with redistilled nitric 

acid to preserve the sample. Samples collected for total metals analysis in compliance with 

the CCR Rule are not filtered. At sites that are specified for both WRMP and CCR Rule 

monitoring, separate sample bottle sets are collected that include a filtered and unfiltered 

portion of sample. Samples collected for analysis of common ions and physical parameters 

are submitted to the laboratory unfiltered and unpreserved. Sample collection, preservation, 

and storage procedures used by Talen ECD are in accordance with United States 

Environmental Protection Agency (USEPA) recommended techniques; and test procedures or 

their equivalent (USEPA 2012). 
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Talen prescribes water level monitoring frequency appropriately according to well type  

(i.e. monitoring, capture, or private well) and/or location to adequately assess short- and 

long-term temporal trends across the well network. Capture well water levels are monitored 

two to three times each month. These measurements may reflect either pumping or recovery 

conditions, depending on the pump cycle. Water levels at monitoring wells are either 

measured quarterly or semi-annually. Private well water level measurements are taken semi-

annually at wells with access ports. Monitoring schedules for all wells and sites can be found 

in the WRMP (Talen 2020). Groundwater elevations measured at monitoring wells in the 

Plant Site Area, Units 1&2 SOEP/STEP Area, and Units 3&4 EHP Area are included in 

Appendices A, B and C, respectively. Hydrographs for each monitoring well are also included 

in these Appendices. The Data Validation Summary for Plant Site, SOEP/STEP, and 3&4 EHP 

areas and the Private and Townsite wells are included in Appendix D. All historical water 

quality data and water level data can be found in the Talen ECD electronic files. 

 

All of the wells and established monitoring sites at CSES have been surveyed using survey 

grade GPS equipment for northing, easting, ground elevation, and measuring point elevation, 

with the following notations: US State Plane Montana 2500NAD 1983 (Conus), VERT=NAVD 

88 Geoid03 Grid2, USGS Benchmark U217 NAVD 88 ELEV 3234.80 us ft is held for VERT 

CONTROL. Combined scale factor at U217 = 0.99943242 & Convergence =  

2 deg 06’ 14”. Wells that were installed prior to establishment or adoption of the previously 

listed coordinate system or vertical control were re-surveyed in 2005; and all calculated 

groundwater elevations prior to the 2005 survey were revised using the new surveyed 

elevation datum and can be found in the Talen ECD files. The established sites shown on 

Exhibit 1 are plotted based on the vertical and horizontal coordinate system described above. 

New wells installed in 2024 were surveyed by Hydrometrics or Talen ECD staff. Surveyed 

elevation data for the new wells and all Talen sites can be found in Appendix E of this report. 

Lithologic and completion logs for all new wells installed in 2024 are included in Appendix F. 
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4.0 SAMPLE AND FIELD QUALITY CONTROL/QUALITY ASSURANCE PROCEDURES AND 

RESULTS SUMMARY 

 

Procedures for Quality Assurance (QA) and Quality Control (QC) are detailed in the WRMP 

(Talen 2020). As part of the QC procedures, duplicate, blank, and standard samples were 

submitted blind (encoded) to the contract laboratory. In 2024, the contract laboratory was 

Energy Laboratories, Inc. of Billings, Montana. 

 

Duplicate and split samples quantify precision. Precision is defined as a measure of 

reproducibility of replicate measurements and is inversely related to the variability among 

the results obtained (e.g., highly variable results have low precision). Precision of field 

duplicates is an evaluation of both field sampling variability and the laboratory analytical 

variability. Blank samples are used as a QC of laboratory analysis and to identify potential 

cross contamination of filtering apparatus, sample containers, or sampling equipment. A total 

of 97 duplicates and 37 blanks were submitted in 2024. 

 

Six split samples were collected in 2024 as a check of the contract laboratory analytical 

variability. The split samples were submitted to Pace Analytical Laboratory in Sheridan, 

Wyoming. All results were of acceptable quality. 

 

The QA/QC data and validation summary report for 2024 are included in Appendix D. 

 

4.1 QA/QC DATA EVALUATION 

The two categories of QA/QC data evaluated are: 

1. Talen duplicates submitted to Energy Laboratories; and 
2. Blanks. 

 
The sample-duplicate pair results compared favorably to control limits for inorganic 

constituents presented in EPA guidance (USEPA 2020). Suggested duplicate sample control 

limits are less than 20% relative percent difference (RPD) for duplicate pairs with results 
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greater than five times the reporting limit (RL), or +/- RL for duplicate pairs with one or both 

results less than five times the RL. The RPD values for inorganic constituents in the 2024 

sample-duplicate pair ranged from 0.55% to 9.1%. A summary of RPDs for Talen duplicates is 

as follows. 

Indicator 
Parameter 

2024 Average Relative Percent Difference 
Between Talen Duplicates 

SC 1.20 

TDS 1.09 

Calcium 2.10 

Magnesium 1.90 

Sulfate 1.25 

Boron 3.00 

Bromide 4.00 

Potassium 2.70 

Selenium 0.55 

Sodium 4.00 

Chloride 2.10 

Alkalinity 5.20 

Bicarbonate 1.00 

Carbonate 0.75 

Lithium 9.10 

Cobalt 1.20 

Molybdenum 7.71 

 

The review of Talen duplicates for the above parameters indicates all results were within 

acceptable limits of variation and are satisfactory for the intended use. 

 

All deionized water blanks in 2024 were obtained from Northwest Scientific, Inc. Eight of the 

38 sample collection blanks reported SC at or above the detection level. However, these 
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results had no impact on the associated data and the results were all acceptable, and no 

qualification took place. 

 

Laboratory analytical results were also compared with the previous water quality record for 

each site. Laboratory results for 2024 that were inconsistent with previous data for that site 

were noted and the laboratory was then requested to check for transcription errors, 

reanalyze the sample, or check for other possible problems that could result in anomalous 

results. Inconsistencies due to laboratory analytical or transcription error were corrected. If 

a sample was reanalyzed and, upon reanalysis, original and reanalysis results were within 

laboratory precision limits for that parameter, the original results remained in the data record 

and were flagged as anomalous values. Continued water quality monitoring of these sites will 

identify if the anomalous results indicate an actual water quality change. Results of reanalysis 

are managed in accordance with the WRMP (Talen 2020). 
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5.0 OVERVIEW OF 2024 DATA EVALUATION 

 

Monitoring data from 2024 are reviewed and evaluated in this report according to the 

location of the three AOC process water management areas at the CSES: the Units  

1 through 4 Plant Site; the Units 1&2 Stage I & II Evaporation Pond Area; and the Units  

3&4 EHP Area. The purpose of the remedy progress evaluation presented in this report is to 

document remedy effectiveness and/or to inform remedy operational decisions by 

identifying wells with concentrations of COI or Chemicals of Concern (COC) above CC, tracking 

decreasing trends in COI concentrations related to remedy implementation, and/or detecting 

increasing trends in COI concentrations that may occur in each area or sub-area. Additional 

data analysis used to evaluate remedy progress include groundwater level 

elevation/hydraulic control of remedy components, groundwater capture rates and volumes, 

mass capture rates of COI at existing capture wells, and freshwater flushing rates and 

pressures. The PMPs (Geosyntec 2020c, 2023a, and 2024b) outline the data interpretation 

and decision-making framework and define the performance evaluation, documentation, and 

reporting requirements specific to each AOC area. 

 

Wells or other monitoring sites in AOC areas or sub-areas that are not identified in the PMPs 

are subject to analysis (i.e. trend graphs and statistics) in this report to evaluate water quality 

in distal areas and identify potential gaps in remedy coverage. Data specific to sub-areas, 

remedial components, or process water facilities within the three AOC areas are further 

described and evaluated, as applicable, in Sections 6 through 8. Water level monitoring data 

and complete hydrographs for individual monitoring wells at the Plant Site, 1&2 SOEP/STEP 

Area, and 3&4 EHP Area are included in Appendices A, B, and C, respectively. A data validation 

report for water quality results recorded at individual sites in each of the three areas is 

included in Appendix D. The complete 2024 water quality dataset is not appended to this 

report but is provided to MDEQ in a separate digital submittal. 
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5.1 WATER QUALITY TREND GRAPHS  

Water quality trend graphs were constructed to illustrate concentrations of COI over time at 

sites in each of the three AOC areas. Trend graphs were prepared for all sites with a CC 

exceedance for sulfate, boron, or both in 2024. Trend graphs were also prepared for all sites 

listed in the Plant Site PMP (Geosyntec 2020c), the STEP SSFS PMP (Geosyntec 2023a), and 

the 3&4 EHP PMP (Geosyntec 2024a) to track concentrations of COI (Appendices H, K, and 

O). For the Plant Site, the seven COI include boron, sulfate, selenium, cobalt, lithium, 

manganese, and molybdenum. In the 1&2 SOEP/STEP and 3&4 EHP areas, COI are boron, 

sulfate, selenium, cobalt, lithium, and manganese. 

 

All trend graphs for the Plant Site include a marker indicating the date that the freshwater 

flushing system was started (July 21, 2020) (Appendix H). Trend graphs for wells listed in the 

1&2 STEP SSFS PMP (Appendix K) (Geosyntec 2023a) have a marker indicating the date that 

operators began system startup and function testing (December 30, 2022); but the SSFS was 

not fully operational until February 1, 2023. Trend graphs for the 3&4 EHP (Appendix O) 

include a marker indicating the startup date for each individual flushing line between June 

and August 2023. Trend graphs for capture wells in all AOC areas include a marker indicating 

the date that the individual capture well was started. Capture well start dates are highly 

variable, as capture wells have been in operation at CSES for decades. Trend graphs include 

all data for the period of record for each well/COI pair. Boron, sulfate, and in some cases 

selenium, have a longer data record; while cobalt, lithium, manganese, and molybdenum 

were only added to the semi-annual monitoring constituent list in 2020. 

 

5.2 2024 TREND TESTS 

In annual reports of water resources monitoring data prepared prior to 2022, an evaluation 

of site-specific water quality changes was conducted by comparing average values of process 

water indicator parameters from three previous monitoring years (generally six samples) to 

spring and fall results of the current year. Indicator parameters typically used in the 

comparison were sulfate, SC, boron, and chloride. As requested by the MDEQ in January 2023, 
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a Mann-Kendall statistical evaluation, in conjunction with concentration vs time graphs were 

utilized to identify any trends in groundwater COI data collected through ongoing monitoring 

at the CSES. 

 

Statistical trend tests were conducted for an extensive list of well/COI pairs in the three CSES 

AOC areas. For the Plant Site area, the seven evaluated COI include boron, sulfate, selenium, 

cobalt, lithium, manganese, and molybdenum (Appendix G). In the 1&2 SOEP/STEP and 3&4 

EHP areas, evaluated COI include boron, sulfate, selenium, cobalt, lithium, and manganese 

(Appendix J and N respectively). Wells selected for trend tests include those identified in the 

PMP for the Plant Site Remedy (Geosyntec 2020c), the 1&2 STEP SSFS PMP (Geosyntec 

2023a), and the 3&4 EHP PMP (Geosyntec 2024a); wells with concentrations of sulfate and/or 

boron above CC in the current year (2024); and wells for which trend tests were conducted 

in the previous year’s report (i.e., concentrations of COI may have dropped below CC in the 

current year but were previously above CC). Water quality data used in the analyses were 

obtained during semi-annual sampling events in the period between Spring 2019 and Fall 

2024; thus, test results are indicative of recent trends. All input values reflect the dissolved 

concentrations of the selected COI. 

 

All statistical procedures used in evaluating groundwater monitoring data collected at the 

CSES were conducted in a manner consistent with the US Environmental Protection Agency’s 

Statistical Analysis of Groundwater Monitoring Data at Resource Conservation and Recovery 

Act (RCRA) Facilities Unified Guidance (USEPA 2009; a.k.a. the Unified Guidance). The trend 

tests were performed using the Mann Kendall trend test function of the ‘trend’ package 

(Pohlert, 2020) within the R graphical user interface (R Core Team 2017). Tests were only 

performed for wells with a minimum of four values for the given constituent in the evaluation 

period. Non-detects were treated as being equal to their reporting limit, regardless of 

detection frequency, for the purpose of import into R. This method of handling non-detects 

is thought to be appropriate for monotonic temporal trend testing; however, strict adherence 

to USEPA (2009) guidance related to non-detects that varies by detection frequency would 
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be followed if statistical intervals (i.e. prediction limits or confidence intervals) and/or 

comparison of statistical results to CC or other groundwater quality standard (Maximum 

Contaminant Level [MCL] or Regional Screening Level [RSL]) were required. 

Results of trend testing are used as an independent metric to evaluate temporal changes in 

concentrations of COI and evaluate the effectiveness of remediation activities. Tabulated 

statistical results are presented in Appendices G, J and N for the Plant Site, 1&2 SOEP/STEP 

Area, and 3&4 EHP Area, respectively. 

 

5.3 POTENTIAL FACTORS INFLUENCING WATER QUALITY 

Seepage from process ponds could potentially influence water levels and water quality in the 

monitoring wells at the CSES; however, there are other factors that can influence local 

groundwater levels and/or water quality. Examples of these factors are as follows. 

 
1. Runoff water storage and disposal. Ponds used for sediment retention and 

management of runoff water are located within and outside of the plant area. This 

water is of variable quality and may differ from water present in the aquifers. These 

ponds include holding ponds utilized at the Rosebud Mine. 

2. Natural recharge. Aquifers in the area are recharged by infiltration of precipitation. 

Colstrip area precipitation in 2024 was 13.85 inches, similar to what was recorded in 

2023 (13.77 inches) but slightly lower than the ten-year annual mean (2014 through 

2023) of 16.45 inches (Table 5-1). 

3. Seepage from spoil. Re-graded and reclaimed mine spoil from previous mining 

operations are present at many locations in the Colstrip area. Wells that penetrate, or 

are adjacent to the spoil, may be completed in water that is more mineralized than 

most natural groundwater in the area. 

4. Construction activities. Groundwater levels and quality can be affected by 

construction activities associated with the power plant and pond construction. 

Excavation and temporary storage of water in sediment ponds may influence nearby 

monitoring wells. 
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5. Mining activities. Interruption of aquifers by strip mining and dewatering systems can 

affect groundwater levels and quality at nearby monitoring wells. 

6. Groundwater remedy. Just as seepage can influence groundwater quality, 

groundwater remedies selected for the Plant Site, 1&2 STEP Area, and 3&4 EHP Area 

are designed to reduce concentrations of COI. Remedial components include pond 

closures, capping, capture system pumping, freshwater flushing, and ash dewatering. 

MNA and a contingency for a PRB are also included in MDEQ-accepted remedies. 

 

5.4 REMEDY OPERATION METRICS 

5.4.1 Capture System Pumping 

Sections 6.0 through 8.0 include summaries of capture system pumping rates and volumes 

for capture wells in each AOC area in 2024. The reported capture system flows are based on 

manual measurements made at each wellhead using a calibrated container and stopwatch. 

The manual flows are adjusted by applying a correction factor to account for backpressure in 

the discharge line caused by increased head pressure due to the elevation difference at the 

final discharge point, friction losses in the pipe and fittings (that may be exacerbated by 

scaling), and connectivity to other capture wells on a common pipeline system. An average 

correction factor of 0.75 was estimated through empirical comparison between wellhead and 

end of pipeline discharge rates. All pumping rates measured at individual capture wells are 

multiplied by the average correction factor to obtain the final reportable capture rate. Total 

volume pumped for the year is calculated by multiplying the estimated flow rates by the 

amount of time the pump operated. Hour meters installed at each capture well are used to 

record pump operating time. 

 

Mass capture rates and total annual quantities of boron and sulfate collected at capture wells 

assigned to a PMP for each AOC area remedy are calculated in this report as the product of 

capture well pumping rate and constituent concentration. Pumping rates are measured as 

previously described in this section. Spring and fall concentrations of boron and sulfate are 

multiplied by pumping rates appropriate to the sampling period. Cumulative mass capture 
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rates are calculated and reported for capture systems associated with each of the Plant Site, 

1&2 SOEP/STEP SSFS, and 3&4 EHP flushing systems for 2024, as described in Sections 6 

through 8. Graphs of average daily, monthly, and cumulative capture of sulfate and boron 

were prepared for the four horizontal capture wells (HW-1A, HW-2SP, HW-3A, and HW-4SP) 

and vertical capture wells associated with individual flushing ports each of the Plant Site 

flushing system. These capture rates are tabulated and summarized graphically in  

Appendix I. Mass removal rates for boron and sulfate by the capture system associated with 

the STEP SSFS are presented graphically in Appendix L. Mass removal rates calculated for EHP 

capture wells operating in 2024, including seven horizontal capture wells (HCW-1D, HCW-2D, 

HCW-3D, HCW-4M, HCW-5M, HW-10D, and HW-11D), are presented in Appendices P and Q. 

Additional evaluation of 3&4 EHP mass capture for the period of June 2023 through 

December 2024 is provided in a performance monitoring report, submitted under separate 

cover (Hydrometrics 2025c). 

 

5.4.2 Freshwater Flushing 

Freshwater flushing system data are recorded at individual wellheads, which are 

instrumented with digital flow meters, totalizers, and pressure gauges. Flushing rates, 

volumes, and injection pressures for freshwater flushing systems associated with  

MDEQ-approved AOC remedies are provided in this report. Plant site freshwater flushing 

system data are presented and analyzed in Section 6.5.1. Flushing rates recorded at the SSFS 

are presented in Section 7.5.1. Flushing rates for the 3&4 EHP freshwater flushing system are 

presented in Section 8.5.1 and rigorously analyzed in a recent performance evaluation report 

submitted under separate cover (Hydrometrics, Inc. 2025c) 
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6.0 UNITS 1 THROUGH 4 PLANT SITE AREA MONITORING – 2024 

 

A summary of prescribed monitoring activities conducted under the WRMP (Talen 2020), 

additional hydrologic or hydrogeologic investigation, notable Operation & Maintenance 

(O&M) activities, and fulfillment of documentation and reporting requirements related to 

performance evaluation of the Plant Site remedy (Geosyntec 2020a) is provided herein. 

 

This section includes an ongoing evaluation of Remedial Alternative Objectives (RAOs) that 

were defined in the Plant Site RD/RA Workplan (Geosyntec 2019b) to include metrics related 

to Point of Compliance (POC), source control, migration management, and institutional 

controls (IC). Migration management RAOs included preventing COI from reaching surface 

water in East Fork Armells Creek (EFAC) and restoring water quality to CC or background, 

whichever is greater, in a reasonable period of time. No surface water COI/COCs were 

retained, and no CC were established for surface water in the Plant Site Risk Assessment 

(Marietta Canty LLC and Neptune LLC 2018b). EFAC was monitored throughout 2024 and was 

subject to the annual synoptic run monitoring event as discussed in Section 7.6. IC has yet to 

be implemented on the Plant Site; thus, no IC metrics are discussed in this report. Evaluation 

of the remaining aforementioned RAOs are described herein. 

 

6.1 PLANT SITE WATER LEVEL MONITORING 

The 2024 groundwater elevation (GWE) data for the Plant Site is tabulated in Appendix A. 

Appendix A also contains hydrographs for each of the wells. Potentiometric surface maps, 

constructed with spring and fall 2024 GWE data (including both monitoring and capture well 

measurements) are included as Exhibit 2. Note that groundwater elevations at capture wells 

shown on Exhibit 2 reflect either pumping or recovery conditions at the time of 

measurement. 

 

Potentiometric maps (Exhibit 2) for the Plant Site illustrate that capture was maintained 

during both spring and fall 2024 in the shallow, McKay coal, and sub-McKay 
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hydrostratigraphic units. Potentiometric depressions along the western and northwestern 

portions of the Plant Site are evident in all three hydrostratigraphic units as shown on Exhibit 

2. Water levels have also declined in the area of the former 3&4 Bottom Ash Ponds on the 

eastern portion of the Plant Site (Exhibit 2 and Appendix A) as a result of pond closure. 

Continued operation of Plant Site capture wells along with the enhanced capture system 

installed in 2020 maintained hydraulic control of Plant Site groundwater. As previously 

described, hydraulic control is a condition of the RAOs addressing source control and 

migration management. 

 

6.2 PLANT SITE WATER QUALITY ANALYSIS AND RESULTS  

Hydrological monitoring conducted in 2024 at the Units 1 through 4 Plant Site included 

collection of water quality samples from 289 sites (including ponds) in the spring and  

249 sites in the fall (exclusive of quality control samples). Plant Site water quality data are 

provided electronically in a separate submittal. A discussion of water quality results is as 

follows. 

 

6.2.1 Concentration Maps 

Concentration maps illustrating the spatial distribution of boron, sulfate, cobalt, selenium, 

lithium, molybdenum, and manganese in groundwater in Units 1 through 4 Plant Site Area in 

2024 are included in Exhibits 3 through 9. The concentration maps are prepared as part of 

the ongoing evaluation of progress made toward attaining CC objectives (Geosyntec 2019b) 

in alluvium, spoils, clinker/coal, or sub-McKay groundwater at the Plant Site. 

 

Boron and Sulfate - Concentrations of boron and sulfate above their respective CC are 

generally co-located with or directly downgradient of Plant Site process water facilities, such 

as Units 1&2 A Pond, B Pond, 1&2 Bottom Ash Pond, and former Brine Pond (current Brine 

Concentrator Solids Disposal Area (BCSDA)). There are no current areas of CC exceedance for 

boron or sulfate around the 3&4 BAP. As seen in Exhibit 3A, the extent of the boron plume 

decreases with depth, such that most areas of CC exceedance are found in the shallow 
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interval, fewer exceedances are observed in the McKay coal, and only well 55D exceeded the 

boron CC in the sub-McKay interval in 2024. The vertical extent of sulfate (Exhibit 4A) 

exceeding CC is similar to that of boron except that one sub-McKay bedrock well, 192D, 

located just north of the former Brine Pond had sulfate concentrations slightly above CC in 

fall 2024. Sulfate concentrations at well 55D did not exceed the CC. 

 

Concentrations of boron and sulfate from spring 2020 (pre-injection/flushing) and spring 

2024 (post-injection/flushing) are compared on Exhibits 3B and 4B. The extent and magnitude 

of both boron and sulfate continued to decrease in 2024 as they have since remedy startup 

in 2020. 

 

Cobalt - As seen in Exhibit 5, cobalt concentrations above CC were of limited extent in each 

of the shallow (alluvium/spoils) and McKay coal intervals and absent in the sub-McKay 

bedrock interval during 2024. Cobalt concentrations above CC were detected in the shallow 

interval at 1&2 A and B Pond boundaries, along the west side of Stormwater Pond #1 (former 

Wash Tray and Cooling Tower Blowdown Pond area), and in wells 18S and 26SP south of the 

former Brine Pond. Isolated cobalt concentrations above the CC were also recorded at well 

76A north of the former Units 1&2 Cooling Towers area. 

 

Cobalt is largely non-detect (<0.005 mg/L) in McKay coal groundwater, except for at isolated 

wells in the same general areas as the shallow cobalt CC exceedances (i.e., former Brine Pond 

Area, 1&2 A and B Pond boundaries). However, there were no cobalt CC exceedances in 

McKay coal around the former Wash Tray and Cooling Tower Blowdown Ponds. A CC 

exceedance was recorded in spring but not in fall 2024 at monitoring well 113M. A CC 

exceedance was recorded in fall but not in spring 2024 at monitoring well 59M-P. Cobalt 

concentrations above CC were reported in both events at neighboring monitoring wells  

60M-P and 172M. There is no clear pathway from any of the known sources (process ponds) 

to this isolated area of cobalt exceedances in McKay coal, as evident by the fact that there 

are wells with non-detectable cobalt concentrations between the process ponds and the 
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aforementioned wells. A CC exceedance was recorded in fall but not spring of 2024 at 

monitoring well 31M. 

 

Lithium - The distribution of lithium concentrations in the shallow (alluvium/spoils), McKay 

coal, and sub-McKay bedrock intervals at the Plant Site in 2024 is shown in Exhibit 6. Lithium 

is distributed in highest concentrations at known source areas but is generally below CC at 

property boundaries or in distal areas of the Plant Site. It is apparent the Plant Site Remedy, 

particularly freshwater flushing toward active capture wells, has fragmented and generally 

reduced the spatial extent of lithium CC exceedances in shallow and McKay coal intervals. 

Minimal lithium CC exceedances in bedrock capture wells (i.e., 1D, 55D, and 56D) remain 

unchanged but are controlled by active pumping. 

 

Molybdenum - The distribution of molybdenum concentrations in the shallow (alluvium, 

spoils), McKay coal, and sub-McKay bedrock intervals at the Plant Site in 2024 is shown in 

Exhibit 7. As mapped, molybdenum is not a widely distributed COI and was only detected 

above CC in two wells completed in spoils near the former 3&4 Bottom Ash Pond (153SP-CCR 

and 53SP) and at one sump located within the Units 1&2 A Pond (1&2 A Pond Sump) in spring 

2024. Well 53SP is only sampled once annually; and the 1&2 A Pond Sump was abandoned 

after the spring 2024 sample was taken in preparation of 1&2 A Pond Closure by removal and 

new Plant Site Landfill 1&2 construction. Removal of ash from 1&2 A Pond will eliminate it as 

a source of molybdenum and other COIs. Molybdenum concentrations downgradient of 

153SP-CCR and 53SP are below CC and typically below detection limits (<0.001 mg/L), 

indicating that molybdenum above CC near the former 3&4 Bottom Ash Pond is constrained 

to the pond boundary. Molybdenum concentrations have decreased consistently with time 

since the 3&4 Bottom Ash Pond was capped and closed, (see graph in Appendix H). A 

statistically significant (p<0.05) decreasing trend in molybdenum concentration was reported 

at well 153SP-CCR in the annual CCR Rule groundwater monitoring and corrective action 

report (Hydrometrics, Inc. 2025b). 
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Selenium - The distribution of selenium concentrations in the shallow (alluvium/spoils), 

McKay coal, and sub-McKay bedrock intervals at the Plant Site in 2024 is shown in Exhibit 8. 

Although selenium was retained as a groundwater COI/COC, the entire distribution of 

selenium concentrations does not appear to be related to Plant Site sources. Consistent with 

observations from prior years, selenium was only detected above CC at spoil well 38SP and 

alluvial wells CA-19A and AB10-S in 2024. Well 38SP is upgradient of Plant Site process water 

ponds; and well CA-19A is on the opposite side of EFAC from Plant Site with no apparent 

migration pathway for selenium. There were numerous monitoring and capture wells 

completed in alluvium between the Plant Site and CA-19A with concentrations of selenium 

below the detection limit (<0.005 mg/L) in 2024. Although well AB10-S is located just north 

of the 1&2 A Pond (a potential source), it is surrounded by many other wells with selenium 

concentrations that are either below CC or are non-detect. 

 

Manganese - Manganese concentrations in shallow (alluvium/spoils), McKay coal, and sub-

McKay bedrock intervals at the Plant Site in 2024 are mapped in Exhibit 9. Manganese 

concentrations above CC in each hydrostratigraphic interval are co-located with some Plant 

Site process ponds, such as 1&2 A and B Ponds, former Brine Ponds, former Wash Tray Pond, 

former Cooling Tower Blowdown Pond, and former 3&4 Bottom Ash Pond. However, there 

are also seemingly random exceedances at wells that would not be expected to be influenced 

by Plant Site sources based on the lack of other COIs. Manganese is naturally widely 

distributed in groundwater and dissolved concentrations are highly dependent on 

oxidation/reduction conditions. 

 

6.2.2 Interim Milestones 

A comparison of boron and sulfate concentrations between spring 2020 and spring 2024 by 

interim milestone transect location follows. The location of interim milestone transects were 

selected to evaluate POC metrics at the edge of certain source ponds, 150 meters from pond 

boundaries (based on RCRA Subtitle D POC), and at the Talen property boundary (Exhibits 3B 

and 4B). The following discussion is focused primarily on the Shallow and McKay units as there 

were either no CC exceedances of boron or sulfate in sub-McKay wells during either sampling 
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event or there were no wells completed in the sub-McKay along the transect. Spring 2020 

data represent conditions immediately prior to startup of the freshwater flushing system. 

Comparison of spring 2020 data to spring 2024 data was made to eliminate any potential 

seasonal differences between spring and fall data. 

 

Boron (Exhibit 3B) 

• Transect A – the average concentration of boron along Transect A decreased by about  

43 percent in the shallow unit between 2020 and 2024. All wells completed in the 

shallow unit had boron concentrations below CC in spring 2024. No wells along 

Transect A are completed in McKay coal, as the McKay coal has been eroded by EFAC 

at this location. Boron concentrations at the one sub-McKay well (77D) have remained 

below CC since 2020. 

• Transect B - the average boron concentrations in wells completed in the shallow 

interval decreased by about 70 percent from 2020 to 2024. While some wells in this 

interval had boron concentrations that decreased from above CC in 2020 to below CC 

in 2024 (e.g. AB4S, AB3S), most wells in the shallow interval remained above CC 

through 2024. The average boron concentration in McKay coal wells along Transect B 

decreased by about 37 percent over the same period and remains below CC. Boron 

concentration at the singular sub-McKay well (181D) was below CC and similar to 

previously recorded concentrations. 

• Transect C - Boron concentrations remained above the CC in the one well (10S) in the 

shallow unit and below the CC in the one McKay coal well (10M). Due to the location 

of the GWCSP, the number of wells along Transect C is limited to those at the extreme 

south and north ends. 

• Transect D – No exceedances of CC were mapped along this transect, which trends 

parallel to EFAC near the Talen property boundary, in 2020 or 2024. 

• Transect E - Concentrations of boron decreased by about 70 percent between 2020 

and 2024 and have been below CC since 2022. No wells are completed in the McKay 

coal along this transect. 
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• Transect F – Boron concentration was above CC in one of two wells completed in the 

shallow unit in 2020 (184SP-CCR) but had declined below CC as of 2024. No wells are 

completed in the McKay coal along this transect. 

• Transects G, H, I and L – Concentrations of boron remained below CC in 2020 and 2024 

in the shallow and McKay units along these transects. 

• Transect J – The concentrations of boron at the north end of the transect, represented 

by well 71SP, was below CC in 2024 and similar to concentrations recorded in previous 

years. The concentration recorded at HCW4-SP is not representative of Transect J, 

since pumping is from the horizontal well screen in an area of CC exceedances 

beneath the current BCSDA. No wells are completed in the McKay coal along  

Transect J. 

• Transect K – shallow wells sampled in the spring along this transect remained above 

CC with the exception of wells 179SP, AB14-S, and AB17-S. McKay wells remained 

below the CC with the exception of 164M-CCR. 

• Transect M – Boron in all wells completed in the shallow interval, McKay coal, and 

sub-McKay remained below the CC, except for a narrow dispersion between spoil 

wells 16SP and 17SP. The concentration of boron at 17SP has declined since 2020; 

while boron concentration increased at well 16SP. 

• Transect N – Boron concentrations at shallow wells 12R-2 and 90R were above CC in 

2020 and remained above CC, although narrowly at well 90R, through 2024. Boron at 

McKay wells 12M and 201M had concentrations below the CC in both 2020 and 2024. 

 

Sulfate (Exhibit 4B) 

• Transect A – The average concentration of sulfate decreased by about 26 percent 

between 2020 and 2024 in the shallow interval with no CC exceedances in spring 2024. 

No wells along this transect are completed in the McKay coal, as the coal is eroded at 

this location. Sub-McKay well 77D remains below CC for sulfate. 

• Transect B - the average concentration of sulfate decreased by about 54 percent in 

the shallow and 57 percent in the McKay between 2020 and 2024. In the McKay coal 

interval, sulfate CC exceedances were recorded at nearly all of the wells along 

Transect B (12 sites) in spring 2020. Only two wells (5M and 58M) had sulfate 
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concentrations above CC in 2024. The one well completed in the sub-McKay (181D) 

along Transect B remains below CC for sulfate. 

• Transect C - sulfate concentrations remained above the CC in the one well (10S) in the 

shallow unit and in the McKay (10M) through 2024. However, as noted above, these 

wells are located at the extreme north end of the transect. Interpolation of sulfate 

concentrations across Transect C indicates that 75% of the transect has 

concentrations below CC.  

• Transect D – no exceedances of CC were detected along this transect in the shallow 

unit and no wells are completed in the McKay coal along this transect. 

• Transect E – the average concentration of sulfate decreased by about 76 percent in 

the shallow interval and all three shallow wells along this transect had concentrations 

below the CC in 2024. There are no wells completed in the McKay coal or Sub-McKay 

along this transect. 

• Transect F – sulfate concentrations at the two shallow wells in 2024 remained similar 

to those reported in 2020. There are no wells completed in the McKay coal or Sub-

McKay along this transect. 

• Transects G and H – all wells remain below CC in 2024 in the shallow with no wells 

completed in the McKay unit or Sub-McKay. 

• Transect I – sulfate concentrations remained similar in the shallow unit with two wells 

above the CC. All wells completed in the McKay coal remained below CC. Sulfate 

concentrations in the Sub-McKay were similar to 2020. 

• Transect J – concentrations decreased by about 42 percent on average in the shallow 

unit although one well (71SP) remained above CC in 2024. No wells are completed in 

McKay coal along this transect. 

• Transect K – five out of the six shallow wells sampled in the spring along this transect 

had sulfate concentrations that remained above the CC. The average concentration of 

sulfate at the shallow and McKay wells in 2024 remained similar to 2020. 

• Transect L – sulfate concentrations remained above CC at one shallow well (38SP) and 

remained below CC at all McKay wells. 
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• Transect M - average sulfate concentrations decreased between 2020 and 2024 in 

both the shallow and McKay units. Sub-McKay well 34D remained below the CC for 

sulfate in 2024. 

• Transect N - sulfate concentrations in the shallow and McKay intervals along this 

transect were less than CC in 2024. 

 

6.2.3 Temporal Trends of COI Concentrations  

Concentration trends of COI (boron, sulfate, cobalt, selenium, lithium, molybdenum, and 

manganese) were evaluated at select wells at the Plant Site through the use of concentration 

graphs and a Mann Kendall trend analysis, as previously described in Sections 5.1 and 5.2. 

COI concentration graphs are included in Appendix H. Results of Mann Kendall statistical 

trend analyses are included in Appendix G. Trend graphs and statistical analysis output is 

organized by flushing port (FP-01 through 08) for remedy performance monitoring wells. The 

locations of flushing lines and performance monitoring wells are shown on Figure 6-1. All 

wells with CC exceedances of boron and sulfate that are not associated with a specific flushing 

port are listed in numerical order in Appendices G and H. 

 

Flushing Line/Port 1 (FP-01) – Decreasing or downward trends were detected for boron 

and/or sulfate in nine out of thirteen capture wells associated with FP-01. Of the FP-01 

capture wells with decreasing boron or sulfate trends, only four wells (CW4, CW11, SRP2, and 

SRP3) had exceedances of sulfate or boron CC in 2024. Capture wells 31M and 55D had sulfate 

or boron CC exceedances without statistically significant (p<0.05) decreasing trends. Upward 

or increasing trends were detected for boron at capture well 1D and monitoring well and 

124AP, and molybdenum at SRP-3; however, none of these constituents are above CC at their 

respective wells. Significant decreasing trends (p<0.05) in COI concentrations were also 

detected in monitoring wells associated with FP-01. A summary of detected decreasing COI 

trends is as follows:  
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Plant Site Performance Monitoring Wells - FP-01 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

47S (capture) 
Boron No 
Sulfate No 

55D (capture) Manganese No 

78A (capture) 
Boron No 
Sulfate No 

Manganese Yes 

119A (capture) 
Sulfate No 

Manganese Yes 

CW4 (capture) 
Boron Yes 
Sulfate No 

CW11 (capture) Sulfate No 

CW12 (capture) 
Boron No 
Sulfate No 

SRP-1 (capture) 
Boron No 
Sulfate No 

Selenium No 

SRP-2 (capture) Boron Yes 

SRP-3 (capture) 

Boron Yes 
Sulfate No 
Lithium Yes 

Manganese Yes 

30S-2 (capture) 
Boron No 
Sulfate No 

Manganese Yes 

42S (monitoring) 

Boron Yes 
Sulfate Yes 

Selenium No 
Lithium Yes 

76A (monitoring) 

Boron No 
Sulfate No 
Lithium No 
Cobalt Yes 

124AP (monitoring) 
Lithium No 

Manganese Yes 

149M-CCR (monitoring) 

Boron Yes 

Sulfate Yes 

Lithium Yes 
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Flushing Line/Port 2 & 3 (FP-02 & FP-03) – Boron exhibited a decreasing trend in fifteen of 

the twenty-four capture wells associated with FP-02 & FP-03, located on the west side of 

Units 1&2 A Pond. Sulfate exhibited a decreasing trend in seven of the twenty-four capture 

wells assigned to FP-02 & FP-03. A decreasing trend in manganese concentrations was 

detected at each of capture wells 5M, 5S, 59M, 98M, 108A, 113M, 115M, 169M, and SRP-8. 

Manganese concentrations exceeded CC at wells 5M, 115M, and SRP-8 in 2024. The 

decreasing trend is an indicator that remedial progress toward the objective of attaining the 

CC is being made for this constituent. The manganese concentration was below CC at 5S, 

59M, 98M, 108A, 113M, and 169M in 2023. Lithium exhibited a decreasing trend but remains 

above CC at capture wells 5S, 115M, 117A, 122A, 169M, HW3-A, and SRP-6. Statistically 

significant (p<0.05) decreasing trends of COI in capture and monitoring wells associated with 

FP-02 and FP-03 are as follows: 

Plant Site Performance Monitoring Wells -  
FP-02 & FP-03 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 2024 
(Yes/No) 

5M (capture) 
Boron Yes 

Manganese Yes 

5S (capture) 

Boron Yes 
Sulfate No 
Lithium Yes 
Cobalt No 

Molybdenum No 
Manganese No 

58M (capture) Boron Yes 

59M 
(capture) 

Boron No 
Lithium No 

Manganese No 

98M (capture) Manganese No 

107A 
(capture) 

Boron No 
Lithium No 

108A (capture) Manganese No 
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Plant Site Performance Monitoring Wells -  
FP-02 & FP-03 (Continued) 

113M (capture) 
Boron Yes 

Manganese No 
114S (capture) Boron Yes 

115M (capture) 
Boron Yes 

Lithium Yes 
Manganese Yes 

117A (capture) 
Boron Yes 

Lithium Yes 

122A (capture) Lithium Yes 

169M (capture) 

Boron No 
Sulfate No 
Lithium Yes 

Molybdenum No 
Manganese No 

HW1-A (capture) 
Boron No 
Sulfate No 
Lithium No 

HW3-A (capture) 
Boron Yes 

Lithium Yes 

SRP-4 (capture) Sulfate No 

SRP-5 (capture) 
Boron Yes 
Sulfate No 

SRP-6 (capture) 

Boron Yes 
Sulfate No 
Lithium Yes 

Molybdenum No 

SRP-7 (capture) 

Boron No 
Sulfate No 
Lithium No 

Molybdenum No 

SRP-8 (capture) 
Cobalt Yes 

Manganese Yes 

1S (monitoring) 
Lithium No 

Manganese Yes 
56M-P (monitoring) Sulfate Yes 

57M-P (monitoring) 
Boron Yes 

Lithium Yes 
Manganese Yes 
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Plant Site Performance Monitoring Wells -  
FP-02 & FP-03 (Continued) 

58M-P (monitoring) 
Boron No 
Sulfate No 
Lithium No 

109A (monitoring) Lithium No 

110D (monitoring) Boron No 
120A (monitoring) Sulfate No 
121A (monitoring) Lithium No 

148A-CCR (monitoring) 
Lithium Yes 

Manganese No 

154A-CCR (monitoring) 

Boron Yes 
Sulfate Yes 
Lithium Yes 
Cobalt No 

Manganese Yes 

170M (monitoring) 
Boron No 
Sulfate No 
Lithium No 

171M (monitoring) Boron No 

174D (monitoring) 
Boron No 

Manganese No 

181D (monitoring) 
Boron No 

Lithium No 
Manganese No 

AB-20S (monitoring) 
Boron Yes 
Cobalt No 

IW4-A-E (monitoring) 
Boron Yes 
Sulfate Yes 

Manganese Yes 
IW4-A-N (monitoring) Sulfate No 

IW4-A-S (monitoring) Sulfate Yes 

IW37-A-N-S (monitoring) 
Boron No 

Lithium No 
Manganese No 

IW37-M-N-D 
(monitoring) 

Boron No 
Lithium No 

IW37-M-S (monitoring) 
Boron No 

Lithium No 
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Flushing Line/Port 4 and 5 (FP-04 & FP-05) – Flushing lines FP-04 and FP-05 service wells 

constructed in the shallow (fill/alluvium) and McKay coal hydrostratigraphic intervals 

between former 1&2 A Pond and 1&2 B Pond. Flushing in these lines was shut off in January 

2024 and some of the wells associated with FP-04 and FP-05 were abandoned in June 2024 

ahead of construction of Plant Site Landfills 1 and 2. Trends for wells associated with FP-04 

FP-05 were determined using data collected through spring 2024 prior to well abandonments. 

Multiple monitoring wells with significant decreasing trends (p<0.05) in COI concentrations 

in this near source area, as shown in the following table, is indicative of early and ongoing 

remedy effectiveness. 

 

Plant Site Performance Monitoring Wells - FP-04 & FP-05 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 2024 
(Yes/No) 

151M-CCR (monitoring) 
Boron No 

Lithium No 
Manganese No 

157S-CCR (monitoring) 
Sulfate Yes 
Cobalt No 

158S-CCR (monitoring) 
Lithium Yes 
Cobalt No 

Molybdenum No 

159S-CCR (monitoring) 

Boron Yes 
Sulfate No 
Lithium Yes 
Cobalt No 

Manganese No 

160M-CCR (monitoring) 
Boron Yes 

Lithium Yes 
Manganese No 

AB-26S (monitoring) 

Sulfate Yes 

Lithium Yes 

Molybdenum No 
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Flushing Line/Port 6 (FP-06) – Capture and monitoring wells associated with FP-06 are located 

north of the former Brine Pond and current BCSDA. As shown previously in concentration 

maps presented in Section 6.2.1, the extent of COI in this area has been reduced by 

freshwater flushing and capture well pumping. Horizontal capture well HW2-SP is the most 

influential capture well in the area. COI with significant decreasing trends at monitoring and 

capture wells in the FP-06 area, including HW2-SP, are summarized as follows: 

 

Plant Site Performance Monitoring Wells - FP-06 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 2024 
(Yes/No) 

4S-2 (capture) Boron No 

19SP (capture) 
Boron No 
Sulfate No 
Lithium No 

111SP (capture) 

Boron No 
Sulfate No 
Lithium No 
Cobalt No 

Manganese No 

175SP (capture) 

Boron No 
Sulfate No 
Cobalt No 

Manganese No 

HW2-SP (capture) 

Boron Yes 
Sulfate No 
Lithium Yes 

Manganese Yes 

12M (monitoring) Manganese No 

27SP (monitoring) Lithium No 

84SP (monitoring) 
Boron Yes 

Lithium Yes 

85SP (monitoring) 
Boron No 

Cobalt No 
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Flushing Line/Port 8 (FP-08) – Capture and monitoring wells associated with FP-08 are located 

south of the former Brine Pond and current BCSDA. COI with significant decreasing trends at 

monitoring and capture wells in the FP-08 area are summarized as follows: 

 

Plant Site Performance Monitoring Wells - FP-08 

Well 

Significant 
Decreasing 

Trend (@ p < 
0.05) 

CC exceedance 
in 2024 (Yes/No) 

26SP (capture) Boron Yes 

B1-2 (capture) 
Boron Yes 

Manganese Yes 

B4-2 (capture) 
Boron No 
Cobalt No 

26M (monitoring) Lithium No 

71SP (monitoring) 
Boron No 

Lithium No 
Cobalt No 

162M-CCR (monitoring) 

Boron No 
Sulfate Yes 
Cobalt Yes 

Manganese Yes 

177I (monitoring) 
Boron No Sample 

Manganese No Sample 

179SP (monitoring) Boron No 

B-6 (monitoring) 
Boron No 
Cobalt No 

IW47-SP-S (monitoring) 

Boron No 
Sulfate No 
Lithium No 
Cobalt No 

Manganese No 

IW47-SP-W (monitoring) 

Boron No 

Lithium No 

Manganese No 
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6.3 ADDITIONAL GROUNDWATER MONITORING OR REMEDIATION ACTIVITIES 

Additional work activities related to groundwater monitoring or remediation conducted in 

2024 for the Plant Site are described as follows. 

• Talen submitted the Plant Site Alternative 4B Engineering Report (Geosyntec 2024g) 

and continued to work with MDEQ throughout 2024 toward approval of Plant Site 

Landfill 1. MDEQ approved of Plant Site Landfill 1 soil verification sampling methods 

and results, liner system design and installation, and leachate recovery system 

installation (MDEQ 2024a). Plant Site Landfill 1 was constructed throughout 2024 and 

began receiving ash from 1&2 BAP in December 2024.  

• A site-specific SAP for groundwater monitoring at Plant Site Landfills 1 and 2 was 

developed in 2024 and later amended to satisfy state (MDEQ) and federal (CCR Rule) 

groundwater monitoring requirements (Hydrometrics, Inc. 2024a and 2025d). Existing 

wells of the groundwater monitoring systems were monitored in accordance with CCR 

Rule protocols in 2024; and data and analysis are included in the CCR Rule Annual 

Groundwater Monitoring and Corrective Action Report (2025b). New wells identified 

in the SAP for inclusion in the complete Plant Site Landfill 1 and 2 groundwater 

monitoring systems will be installed in 2025. 

• Flushing wells completed in the alluvium or other shallow substrates on the 

downgradient edge of 1&2 B Pond (FP-04) were turned off in January 2024 and McKay 

coal flushing wells on the downgradient edge of 1&2 B Pond (FP-05) were shut off in 

June 2024 in preparation of closure by removal of ash from 1&2 B Pond, A Pond, and 

1&2 BAP and Plant Site Landfill 1 and 2 construction.  

• Monitoring wells AB20-S, AB21-S, AB22-S, AB25-S, AB26-S, AB27-S, AB28-S, AB29-S, 

AB30-S, 156SP-CCR, 157SP-CCR, 158S-CCR, 159S-CCR, 160M-CCR, 176M, 177I, and 

178M and injection wells IW12-M, IW13-A, IW25-M, IW26-M, IW27-M, IW28-A,  

IW29-A, IW36-M, IW40-A-2, IW41-A, IW42-A, IW50-A-2, and IW6-A were abandoned 

in preparation for construction of Plant Site Landfill 1 and Plant Site Landfill 2. 

Abandonment logs for these wells are included in Appendix F and are on file with the 
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Montana Bureau of Mines and Geology Groundwater Information Center (MBMG-

GWIC). 

• All remaining Plant Site flushing wells (FP-01, FP-03, FP-06, and FP-08) were turned off 

but not abandoned in November 2024 to eliminate infrastructure and hydraulic 

conflicts with 1&2 BAP closure by removal and future Plant Site Landfill 2 construction. 

• Monitoring wells 202S and 203S were installed along the northern boundary of Plant 

Site Landfill 1 during the latter stages of construction to evaluate the potential for 

shallow perched groundwater at approximately the same elevation as the Plant Site 

Landfill 1 leachate collection sump. Both monitoring wells were dry at the time of 

completion. Well 202S has remained dry since it was installed. A minor amount of 

water, potentially attributed to a leak in the Plant Site fire water distribution system, 

has been detected at well 203S. Water at 203S is not connected to the shallow 

groundwater system and is easily depleted with minimal pumping (less than 5 gallons) 

before it is slowly replenished. Well logs for 202S and 203S are included in Appendix 

F and are on file with the MBMG-GWIC. 

• Monitoring well 19M is considered abandoned as it was filled with sediment runoff 

from the adjacent coal pile. Concentrations of COI at well 19M were below CC prior 

to the well silting in; therefore, a direct replacement for well 19M is not scheduled at 

this time. A replacement well for 19M may be considered if additional monitoring at 

nearby wells indicates increases in COI concentrations.  

 

6.4 PLANT SITE REMEDY OPERATIONS AND MAINTENANCE 

6.4.1 Capture System Maintenance 

Scaling (mineralization) and/or biofouling problems have been ongoing in some pipelines and 

capture wells on the Plant Site and have resulted in some capture system downtime, despite 

Talen’s aggressive maintenance protocol that includes addition of various anti-scalants and 

biocides. These products are added to the well to limit scaling and biofouling in the wells, 

pumps and pipelines. Boresaver® Ultra C and/or chlorine pellets were used in 2024 to treat 

wells listed in the following table.  
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704 98M 
725 115M 
5M 122A 
5S CW-12A 
 CW-4A 

 

In addition to chemical treatments, pipelines associated with capture wells that are prone to 

scaling are treated mechanically by ‘pigging’ or high capacity (pressure and flow rate) 

flushing. Fresh water and/or pipeline pigs constructed of closed-cell foam are forced through 

capture pipelines under high pressure and flow rates to scour interior pipe walls. Freshwater 

flushing was conducted in spring 2024 on capture well pipelines servicing 78A, 5S, 5M,  

CW-4A, CW-11A, CW-12A, 122A, 113M, 115M, 116M, and 111SP. Pigging was not used on 

these systems because there are not adequate access points for foam pig retrieval.  

A combination of flushing and pigging was conducted at pipelines servicing capture wells  

B1-2, B4-2, 98M, 10M, and 10S in 2024. Foam pigs were collected at the end of pipe at the 

GWCSP and saved for later use. 

 

6.4.2 Flushing System Maintenance  

The Plant Site freshwater flushing system was maintained as prescribed in the O&M Plan 

(Geosyntec, 2020a) except that the pump servicing FP-04 was shut off in January 2024 to 

reduce shallow groundwater levels during ash removal and construction of Plant Site Landfills 

1 and 2. The pump servicing FP-05 was shut off and individual wells on FP-04 and FP-05 were 

abandoned in June 2024. The entire Plant Site flushing system was shut off to avoid conflict 

with construction of new Plant Site Landfills 1 and 2 in November 2024. Freshwater flushing 

at the Plant Site area will resume with a series of new injection wells following completion 

and filling of Landfills 1 and 2, as described in the Modification of the Approved Groundwater 

Remedy for the Plant Site letter, dated July 17, 2023 (Geosyntec 2023c) and subsequently 

approved by MDEQ in a letter dated April 19, 2024 (MDEQ 2024a). 

 

Prior to shutting down the Plant Site flushing system, freshwater flushing rates declined and 

ultimately ceased at well IW4-A in 2024. Multiple attempts were made to rehabilitate the 
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flushing well by jetting it with compressed air. Further, Boresaver® Ultra C was introduced to 

the well to dissolve any scale buildup or reduce potential biofouling on the screen within the 

injection interval. Despite best maintenance efforts, no increase in flushing efficiency was 

gained at IW4-A. This flushing well will be abandoned and replaced prior to re-instating the 

Plant Site freshwater flushing system at the conclusion of Plant Site Landfill 2 construction. 

 

6.5 PLANT SITE REMEDY PERFORMANCE MONITORING  

6.5.1 Fresh Water Flushing Rates 

Flushing rates for injection wells on the Plant Site are provided in Table 6-1. In general, 

measured flushing rates were about 22% less than targeted flushing rates in 2024. The 

cumulative average flushing rate was 102.6 gpm in 2024, as compared to the targeted rate of 

132 gpm. All injection wells associated with FP-04 and FP-05 were abandoned in June and 

injection wells associated with FP-01, FP-02, FP-03, FP-06, and FP-08 were turned off in 

preparation for construction of Plant Site Landfill 1 and Plant Site Landfill 2. Measured 

flushing volumes for 2024 reflect partial system operation from January through June or 

November. In 2023, cumulative recorded flushing rates were within 4% of the targeted value 

(Hydrometrics, Inc. 2024f); lower overall flushing rates in 2024 are indicative of the reduced 

period of operation. 

 

Consistent with operation in previous years, flushing rates were valved back at certain wells 

to keep fresh water from daylighting to ground surface at the wellhead or from issuing out 

the top of nearby monitoring wells. For example, flushing rates at wells IW45-A and IW49-A 

were reduced by manual valve adjustment in 2024 because standing water was observed 

near the wellheads. In some instances, flushing wells are turned off if neighboring capture 

wells are down for maintenance or repairs. Freshwater flushing rates are maintained at each 

well within system design parameters but only as appropriate for actual hydrogeological 

conditions. Freshwater flushing rates are kept below capture well pumping rates on the Plant 

Site to maintain hydraulic control without overwhelming the capture system. 
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6.5.2 Evaluation of 2024 Plant Site Capture Well Pumping Rates 

A total of 61 capture wells (including four horizontal wells), two under-liner secondary 

containment systems, and the A Pond Collection Trench Sump were regularly monitored and 

operated in the Units 1 through 4 Plant Site Area for at least a portion of 2024. Estimates of 

capture system pumping rates from 2014 through 2024 are presented in Table 6-2. These 

reported pumping rates are based on the method of flow measurement presented in Section 

5.4.1 and the adjustment for backpressure influences. All captured groundwater at the Plant 

Site is pumped to the Groundwater Capture Storage Pond (GWCSP) for management. Capture 

wells that share a common pipeline are grouped together on Table 6-2. 

 

As shown in Table 6-2, sixteen Plant Site capture wells were turned off or left off for all or a 

portion of 2024 due to improved water quality. The collection rates for the wells in the Units 

1 through 4 Plant Site Area varied from less than one gpm to almost 13 gpm during 2024. 

Capture volumes reported for capture wells that were kept off in 2024 may be representative 

only of the amount of water that was purged during sample collection (e.g., 9M and 142A). 

The cumulative average pumping rate of the capture system was approximately 187 gpm in 

2024, which exceeds the overall freshwater flushing rate of 103 gpm. 

 

Groundwater captured in the Plant Site Area is pumped to the plant ponds (currently the 

GWCSP) as required by the Certificate of Environmental and Compatibility and Public Need 

“Certificate”. The captured groundwater results in an increase of the overall water inventory. 

To help address this increase in water inventory, a wastewater treatment process was 

implemented in 2009. This process previously utilized an innovative membrane technology 

called vibratory shear enhanced process (VSEP), which allows water to be treated without 

the addition of traditional pretreatment chemicals. The VSEP was removed in 2019. Beginning 

in February 2020, groundwater captured at the Plant Site and 1&2 STEP areas was directed 

to the GWCSP for management. A new system to treat captured groundwater was placed into 

service in 2023 and operated in 2024. 
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A dewatering trench was installed in Units 1&2 A Pond prior to closure in 2015. The A Pond 

Dewatering Trench was pumped from a sump to remove any remaining free liquids that drain 

to the trench from the ash; but pumping was discontinued in August 2024 when buried 

electrical power was decommissioned to facilitate closure of 1&2 A Pond and construction of 

Plant Site Landfill 2. Prior to being decommissioned, A Pond Trench Sump pumping rates were 

measured and recorded in accordance with the PMP (Geosyntec 2020c). A Pond Trench Sump 

pumping rates for 2024 are presented in Table 6-3. The average pumping rate at the A Pond 

Trench Sump in 2024 was about 0.16 gpm. Similar to capture wells, the A Pond Trench Sump 

pump was operated with automated controls that turn it on and off based on the presence 

of water in the sump. Pumping rates at this site recorded in 2021, 2022 and 2023 were  

0.6 gpm, 0.3 gpm, and 0.6 gpm respectively. The pumping rate recorded in 2024 suggests that 

the amount of free liquid within the closed 1&2 A Pond had decreased prior to 

decommissioning of the sump for closure of A Pond and construction of Plant Site Landfill 2. 

The Units 1&2 Bottom Ash Pond Clearwell primary seepage collection system and 1&2 B Pond 

collection system operated sparingly in 2024 before both systems were decommissioned and 

the electrical power supply was removed to clear conflicts with upcoming closure by removal 

and Plant Site Landfill construction. While in operation, pumping rates were consistent with 

those recorded in recent years. 

 

6.5.3 Mass Removal of COI 

Mass removal rates of sulfate and boron at vertical and horizontal capture wells associated 

with individual flushing lines identified in the Plant Site PMP (Geosyntec 2020c) were 

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 2024. 

Combined results are summarized and plotted in Appendix I. 

 

Cumulative sulfate and boron mass capture rates from all capture wells associated with the 

Plant Site flushing system are presented in Appendix I-1. Total mass of sulfate captured during 

2024 by all capture wells was more than 822,000 kilograms (1.8 million lbs.). Sulfate mass 
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removal predicted by the numerical transport model for the same year was approximately 

317,000 kilograms (699,000 lbs.). Because the actual mass of sulfate captured is greater than 

predicted by the model, it is likely that the model either underpredicts sulfate concentrations 

in groundwater at the Plant Site or actual capture system pumping rates varied from those 

applied in the model (NewFields 2019). The total mass of boron captured during 2024 was 

1389 kg (3062 lbs.), slightly less than the model prediction of approximately 1666 kg (3673 

lbs.). Note that annual boron and sulfate mass removal totals projected by the model were 

estimated by multiplying published daily mass capture rates by 365 days per year. 

 

Mass removal rates for the vertical capture wells associated with each flushing port were 

plotted over time and compared to modeled (NewFields 2019) capture rates. Average daily, 

monthly, and cumulative capture of sulfate and boron mass from the vertical capture wells 

associated with Flushing Ports FP-01, FP-02 & FP-03, FP-06, FP-08 and for each of the four 

horizontal capture wells (HW-1A, HW-2SP, HW-3A, and HW-4SP) are tabulated and 

summarized graphically in Appendix I for 2024. Measured and model-simulated capture well 

pumping rates were also compared as part of this analysis to evaluate if differences in 

predicted and actual mass capture were the result of inconsistent constituent concentrations 

or pumping rates. 

 

A narrative summary of sulfate and boron mass capture rates for each flushing port and 

horizontal capture well is as follows. 

 

FP-01– Daily mass removal of sulfate exceeded model predictions at all FP-01 capture wells 

except for 43S (Appendix I-2). Well 43S remained off in 2024 due to concentrations of boron 

and sulfate below CC. Total boron removal at all FP-01 capture wells (Appendix I-3) was 

greater than the model predicted rate due to the performance of CW4-A, which continued to 

outpace the model predicted flow rate. Despite some variability between predicted and 

actual pumping rates, pumping wells in the FP-01 area effectively removed boron and sulfate 

from the groundwater system in 2024.  
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FP-02 & FP-03 – Sulfate and boron mass capture rates calculated based on measured flows 

and groundwater quality analysis exceeded model predictions at most capture wells of the 

FP-02 and FP-03 systems along the west side of Units 1&2 A Pond (Appendices I-4 and I-5). 

As previously described, most capture wells in this area either exhibited a decreasing trend 

in sulfate and boron concentrations or were below CC in 2024. Despite some variability 

between predicted and actual well operation, pumping rates, and mass capture, pumping 

wells in the FP-02 & FP-03 area effectively removed boron and sulfate from the groundwater 

system in 2024. 

 

FP-06 – Sulfate and boron mass capture rates for the five capture wells associated with FP-

06 are shown in Appendices I-6 and I-7, respectively. Total sulfate mass capture calculated 

from measured flow rates and analytical results continued to exceed modeled sulfate mass 

capture at FP-06 in 2024. Total boron mass capture calculated from measured flow rates and 

analytical results was less than model-predicted mass capture in 2024. The shortfall was the 

result of wells 25R and 175SP. Well 25R was abandoned in December 2023 in preparation for 

construction of Plant Site Landfill 1. Well 175SP was unable to sustain the modeled pumping 

rates, resulting in less than predicted boron mass capture. 

 
FP-08 – Sulfate and boron mass capture rates for the capture wells associated with FP-08 are 

presented in Appendices I-8 and I-9, respectively. Mass capture was driven by 26SP and 29SP, 

which were simulated as off during 2024 in the model. Pumping rates realized by wells B4-2 

and B1-2 were consistent with or exceeded model projections. Sulfate mass capture at B4-2 

and B1-2 were higher than projected by the model in 2024. Boron mass capture at B4-2 was 

consistent with the model prediction; while boron mass capture at B1-2 exceeded the model 

prediction. 

 
Horizontal Capture Wells - A comparison of actual and modeled sulfate mass capture rates 

are shown in Appendix I-10 for Plant Site horizontal capture wells HW1-A, HW2-SP, HW3-A, 

and HW4-SP. Sulfate mass capture rates exceeded model projections at horizontal capture 

wells HW1-A, HW3-A, and HW4-SP but were less than predicted at HW2-SP. A comparison of 
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actual and modeled boron capture rates for the horizontal wells is shown in Appendix I-11. 

Boron mass capture rates at horizontal wells are consistent with model projections at HW3-

A and HW4-SP but not at HW1-A and HW2-SP. Measured concentrations of boron at HW1-A 

were below CC during both spring and fall sampling events, indicating that groundwater 

capture is effectively reducing boron constituent mass in the area. The boron mass removal 

shortfall at HW1-A can be attributed to boron concentrations that are declining more rapidly 

than predicted by the model. At HW2-SP, the actual flow that the well was able to sustain in 

2024 was approximately 20% of the projected rate (i.e., ~ 8 gpm, as compared to ~45 gpm). 

The resulting boron mass capture rate at HW2-SP for 2024 was 0.17 kg/day, as compared to 

the model prediction of 0.95 kg/day. 

 

Monthly totals of sulfate and boron mass at HW1-A are evaluated in Appendix I-12. Total 

sulfate mass removal by HW1-A exceeded model projections in 2024. Total boron mass 

removal by HW1-A was significantly lower than model projections because boron 

concentrations fell below CC in 2024, earlier than expected. HW1-A is effectively removing 

COI from the groundwater system. 

 

Monthly totals of sulfate and boron mass removed by HW2-SP are evaluated in Appendix  

I-13. Boron and sulfate mass removal by HW2-SP was less than model projections in 2024, 

because pumping rates were less than modeled. Note that this well is pumped at the 

maximum achievable pumping rate and is rigorously maintained to be able to do so. As seen 

in Exhibit 4B, concentrations of sulfate around the perforated interval of HW2-SP are less 

than CC and so is the sulfate concentration reported in samples collected directly from HW2-

SP. Concentrations of boron around the perforated interval at HW2-SP are less than CC 

(Exhibit 3A) but samples collected from HW2-SP are still above the boron CC, making this an 

effective capture location for COI mass removal. 

 

Monthly totals of sulfate and boron mass removed by HW3-A are evaluated in Appendix I-14. 

Sulfate mass removal greatly exceeded model projections whereas boron mass removal was 
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slightly less than model projections in 2024. The pumping rate at HW3-A was nearly double 

the model-predicted rate, resulting in proportionally higher sulfate mass collection than 

projected. Lower than projected boron mass collection at HW3-A indicates that actual boron 

concentrations have decreased below modeled concentrations in the capture zone of this 

horizontal well. 

 

Monthly totals of sulfate and boron mass removed by HW4-SP are evaluated in Appendix I-

15. Sulfate and boron mass removal both exceeded model projections in 2024; but the 

average pumping rate measured at HW4-SP was consistent with that simulated by the model. 

 

6.6 PLANT SITE LANDFILLS 1&2 GROUNDWATER MONITORING  

Groundwater monitoring at Plant Site Landfills 1 and 2 is conducted in accordance with a site-

specific SAP (Hydrometrics, Inc. 2024a and 2025d). As specified in the SAP and associated 

addendum, monitoring results will be summarized annually in a subsection (this section) of 

the Remedial Action Progress Report. The complete Plant Site Landfill 1 and 2 groundwater 

monitoring systems were not approved until after 2024 (Hydrometrics, Inc. 2025d); those 

systems will include new wells to be installed in 2025. Plant Site Landfill 1 and 2 data and 

analysis for 2025 will be included in the Remedial Action Progress Report beginning in 2026. 

Data was collected in 2024 at existing wells of the Plant Site Landfills 1 and 2 groundwater 

monitoring systems under CCR Rule protocols; and complete analysis and results are 

summarized in the 2024 Annual Groundwater Monitoring and Corrective Action Report 

(Hydrometrics 2025b). 

 

6.7 PLANT SITE SUMMARY AND RECOMMENDATIONS 

Prescribed monitoring activities conducted under the WRMP (Talen 2020), additional 

hydrologic or hydrogeologic investigation, O&M activities (Geosyntec 2020a), performance 

evaluation of the Plant Site remedy (Geosyntec 2020c), and monitoring requirements specific 

to Plant Site Landfills 1&2 were conducted in 2024 as described above. In general, 

groundwater quality is improving on the Plant Site, as evidenced by comparison of 
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concentrations of boron and sulfate from spring 2020 (pre-injection/flushing) to spring 2024 

(post-injection/flushing). The extent and magnitude of both boron and sulfate continued to 

decrease in 2024 as they have since remedy startup in 2020. It is recommended that wells 

associated with the flushing system continue to be monitored in 2025 despite the flushing 

system being off for Plant Site Landfill 2 Construction. 
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7.0 UNITS 1&2 SOEP/STEP AREA MONITORING – 2024 

 

A summary of prescribed monitoring activities conducted under the WRMP (Talen 2020), 

additional hydrologic or hydrogeologic investigation, notable O&M activities, and progress of 

ongoing remedy implementation at the 1&2 SOEP/STEP area is provided herein. Progress of 

the remedy includes an evaluation of spatial distribution, statistical analyses, and temporal 

trend graphs for COI at monitoring and capture wells associated with the SOEP/STEP area, 

based on data collected through 2024. 

 

7.1 1&2 SOEP/STEP WATER LEVEL MONITORING 

The 2024 GWE data and hydrographs for the Stage I & II Evaporation Pond Area sites are 

included in Appendix B. Potentiometric surface maps constructed using 2024 groundwater 

level elevations, measured at both monitoring and capture wells, in the Stage I & II 

Evaporation Pond Area are included as Exhibit 10. Note that groundwater elevations at 

capture wells shown on Exhibit 10 reflect either pumping or recovery conditions at the time 

of measurement. 

 

Groundwater in alluvium beneath the SOEP generally flows from southwest to northeast; but 

capture at well 966A creates a localized depression behind the SOEP Dam that was evident 

through fall 2024. The power supply at capture well 966A was discontinued in December 2024 

in preparation of SOEP closure by removal. Flow in alluvium beneath the STEP and 

downgradient of the STEP Main Dam continues to the northeast toward EFAC alluvium. Flow 

in EFAC alluvium trends from southeast to northwest. 

 

Groundwater flow in shallow bedrock in the SOEP area is generally from southwest to 

northeast. Potentiometric depressions were evident in 2024 at collection wells distributed 

along the northeast side of SOEP (such as, 376D, 2033D, 2024D-2) and at well EAP-119 that 

is located south of the SOEP. Capture wells 2084D through 2091D continued to be operational 

throughout 2024. The wells, turned on at the end of 2022, have decreased water levels in the 
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area north of SOEP by more than 30 feet, creating an increased zone of capture and improved 

source control. 

 

The general direction of groundwater flow beneath the STEP is from southwest to northeast. 

However, capture well 958D creates a major depression in the potentiometric surface at the 

western boundary of STEP E Cell; and capture wells located east of STEP Old Clearwell create 

overlapping capture radii that accelerate flow in the east/northeasterly direction. Two 

parallel capture well arrays provide hydraulic control of groundwater, potentially mixed with 

process water, east of STEP Main Dam. Hydraulic control in the area east of STEP Main Dam 

was maintained throughout 2024, even as freshwater continued to be introduced to shallow 

bedrock and alluvium via the SSFS (Exhibit 10). 

 

7.2 SOEP/STEP WATER QUALITY ANALYSIS AND RESULTS  

Talen conducted groundwater monitoring in the vicinity of the Stage I Evaporation Pond 

(SOEP) and the Stage II Evaporation Pond (STEP) in 2024. Groundwater monitoring included 

sample collection from 261 monitoring sites in the spring and 234 monitoring sites in the fall 

(exclusive of quality control samples). 

 

7.2.1 Concentration Maps 

Maps showing concentrations of boron, sulfate, cobalt, lithium, selenium, and manganese in 

groundwater in the SOEP and STEP Areas during 2024 are included as Exhibits 11 through 16. 

 

Boron and Sulfate - Concentrations of boron and sulfate in groundwater above their 

respective CC are generally co-located with or are directly downgradient of common SOEP 

and STEP process water facilities. Boron concentrations in the SOEP and STEP areas are 

mapped in Exhibit 11; while sulfate concentrations are mapped in Exhibit 12. Boron and 

sulfate CC exceedances in the shallow hydrostratigraphic interval (i.e. alluvium) occur directly 

beneath SOEP, in the narrow alluvial channel beneath STEP E Cell, in the same channel 

downgradient of STEP Main Dam, and on the margins of EFAC alluvium east of STEP. CC 
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exceedances for sulfate were observed in alluvium at SP3, SPN, and the SPN-Trench; and a 

boron exceeded CC at SPN in 2024. SP3, SPN, and SPN-Trench are monitored monthly in 

response to a pipeline release that occurred in 2021, as described in section 7.6.4 of this 

report. All of the ‘SP’ sites are completed in shallow fine-grained sediments with limited 

permeability; thus, groundwater with concentrations of boron and sulfate above CC in this 

area is of limited areal and vertical extent. The SPN-Trench was installed in November 2022 

to capture residual water from the pipeline release. As access allowed in 2024, the SPN-

Trench was visited up to three times per month and was pumped until dry each time. Capture 

volumes from SPN-Trench varied seasonally between 125 and 725 gallons per visit. Water 

captured from SPN-Trench is hauled via a portable tank to the GWCSP. 

 

As seen in Exhibits 11 and 12, the extent of boron and sulfate plumes in sub-McKay bedrock 

differs from alluvium in that wells completed along pond boundaries within the perimeter of 

STEP (e.g., 958D, 2043D-CCR, and 2044D-CCR) generally do not exhibit CC exceedances for 

either constituent. Capture well 2019D is the exception, as boron was above the CC in spring 

and fall and sulfate was above CC in spring but not fall of 2024 at this well. Boron and sulfate 

CC exceedances were observed directly north of SOEP and east of the STEP in sub-McKay 

bedrock in 2024 (Exhibits 11 and 12). Capture wells 2084D through 2091D provided source 

control and removed mass of COI north of SOEP, as they were actively pumped throughout 

2024. The capture system east and downgradient of STEP consists of two parallel lines of 

pumping wells. Capture wells in the row nearest the STEP exhibit a higher frequency of CC 

exceedances than the row of downgradient capture wells. 

 

Cobalt - Cobalt was detected above the CC in only one shallow (alluvial) well (979S) in spring 

but not in fall 2024 (Exhibit 13). It is common for cobalt to be non-detect (<0.005 mg/L) even 

at shallow near source locations (e.g. 921A, 922A, 924A, 923A, and 2056A-CCR) that are 

completed at A Cell or E Cell boundaries. Cobalt was detected at concentrations exceeding 

the sub-McKay CC at wells 2024D-2, 2087D, 2088D, 2089D, and 2091D during 2024. These 

wells are clustered north of the SOEP and were actively operated as capture wells throughout 
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2024. The distribution of cobalt is limited to the SOEP boundary and the isolated area around 

capture well 2024D-2 north of the SOEP. Nearby downgradient capture wells (i.e. 375D,  

EAP-205, 2033D, and 376D) did not have detectable (<0.005 mg/L) concentrations of cobalt 

during 2024. No other areas in sub-McKay bedrock around SOEP and STEP had cobalt 

concentrations above CC. 

 

Lithium - The distribution of lithium in the SOEP/STEP Area is shown in Exhibit 14. Lithium is 

widely distributed in shallow and sub-McKay hydrostratigraphic units. Most of the CC 

exceedances in the shallow unit occur within and near the southeastern portion of the SOEP. 

CC exceedances are also observed at shallow wells beneath the STEP and below the STEP 

Main Dam. Lithium CC exceedances in the sub-McKay occur proximal to the SOEP and STEP 

and downgradient of the STEP Main Dam. 

 

Selenium - Concentrations of selenium above the detection limit are mapped primarily near 

the southeastern margin of the SOEP (Exhibit 15). Only one well, 366S, exhibited selenium 

concentrations above CC in the shallow unit in both spring and fall 2024. A CC exceedance 

was recorded in spring but not fall 2024 for monitoring well 389A-P. A CC exceedance was 

recorded in fall but not spring 2024 for monitoring well 2041S. No CC exceedances were 

mapped for selenium in either of the spring or fall 2024 datasets in the Sub-McKay unit. 

 

Manganese - The distribution of manganese concentrations at SOEP and STEP is shown in 

Exhibit 16. Manganese concentrations above CC were detected beneath the SOEP in the 

shallow interval and downgradient of the SOEP to the north in the sub-McKay interval in 

spring and fall 2024. Other manganese CC exceedances were sparsely detected and randomly 

distributed, so it is possible that they are unrelated to CSES process water. 

 

7.2.2 Temporal Trends of COI Concentrations 

Trends of COI (boron, sulfate, cobalt, lithium, selenium, and manganese) concentrations were 

evaluated at select wells in the 1&2 SOEP/STEP area using a Mann Kendall trend analysis and 
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time series trend graphs, as previously described in Sections 5.1 and 5.2. COI concentration 

trend graphs are included in Appendix K. Results of Mann Kendall statistical trend analyses 

are included in Appendix J. Trend graphs and statistical analyses for wells that are monitored 

as part of the SSFS PMP are evaluated in separate discussion to follow. COI trends at other 

wells with CC exceedances of boron and sulfate are discussed according to the sub-area of 

the SOEP or STEP in which they are located. 

 

SSFS PMP Wells – The location of the SSFS is shown in Figure 7-1. Three bedrock (960D, 961D, 

989D) and two alluvial capture wells (2067A, 2072A) with current boron concentrations 

above CC in the SSFS monitoring network exhibited decreasing boron trends in 2024. Capture 

wells 927D, 987D, 988D, 2035A, and PW-704D-2 exhibited decreasing boron trends and 

boron concentrations below CC in 2024. This suggests that operation of the SSFS in 

conjunction with ongoing groundwater capture is inducing changes in groundwater quality 

toward attainment of CC in the area east of STEP. As discussed in Section 7.2.1, selenium 

concentrations are not present above CC in the SSFS PMP network; however, decreasing 

selenium concentrations are indicative of overall groundwater quality improvement. A 

summary of current decreasing trends of COI in wells associated with the SSFS is as follows. 

  

SSFS Performance Monitoring Wells 

Well 
Significant 

Decreasing Trend (@ 
p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

378A (capture) Selenium No 

382A (capture) Selenium No 

927D (capture) 
Boron No 
Sulfate No 
Lithium Yes 

928D (capture) Manganese No 

960D (capture) 
Boron Yes 
Sulfate No 
Lithium Yes 

  



 

H:\PROJECTS\TALEN\10004 Annual Rpt\2024\R_2024AnnualRpt_Final.docx 
 7-6 6/26/2025 

SSFS Performance Monitoring Wells (Continued) 

961D (capture) 
Boron Yes 
Sulfate No 

Manganese No 

987D (capture) 
Boron No 

Manganese No 

988D (capture) 
Boron No 
Sulfate No 
Lithium No 

989D (capture) 
Boron Yes 

Selenium No 

2035A (capture) 

Boron No 
Sulfate No 

Selenium No 
Lithium No 

Manganese No 

2072A (capture) 
Boron Yes 
Sulfate Yes 

PW-704D-2 (capture) 
Boron No 
Sulfate No 

908A (monitoring) Sulfate No 

964D (monitoring) Lithium Yes 

990D (monitoring) 
Boron No 
Sulfate No 

2065A (monitoring) Selenium No 

2067A (monitoring) 
Boron Yes 
Sulfate No 
Lithium No 

2073A (monitoring) Sulfate Yes 

2077D-E (monitoring) 
Boron No 
Sulfate No 

2077D-N (monitoring) 
Boron No 
Sulfate No 

2083A-E (monitoring) 
Boron No 
Sulfate No 

2083A-W (monitoring) Boron No 

 

SOEP Area – For the sake of this discussion, the SOEP area includes wells/piezometers that 

are completed within the footprint of the closed pond and wells located south of SOEP, 
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including wells adjacent to the Surge Pond (e.g., 366S). Monitoring and capture wells in the 

SOEP area with significant (p<0.05) decreasing trends of COI are summarized in the following 

table: 

SOEP Area 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

966A (capture) 
Sulfate Yes 
Cobalt No 

976D (capture) Selenium No 

EAP-119 (capture) Selenium No 

121-2 (monitoring) Lithium Yes 

366S (monitoring) 
Sulfate Yes 

Selenium Yes 

371D (monitoring) 
Boron No 
Sulfate No 
Lithium No 

946 (monitoring) Manganese Yes 

949D (monitoring) Selenium No 

2042S (monitoring) Manganese No 

 

Although they are statistically significant, the decreasing trends listed above are not 

necessarily indicative of a remedy response or even of the presence of SOEP/STEP process 

water in local groundwater. As described in Section 7.2.1, selenium, lithium, and manganese 

in this area are not consistent with a plume from the SOEP. Boron continued to trend down 

at 371D; but concentrations of this COI are already below CC. The decreasing sulfate trend at 

well 966A is an indication that years of pumping may be depleting source concentrations of 

the most mobile constituents beneath SOEP. Closure of SOEP by removal to the Alternative 

10 Landfill will expedite water quality improvement in alluvium in this area. 

 

SOEP North Area – Groundwater monitoring and capture is conducted in the area directly 

north of SOEP, namely by an array of thirteen capture wells that includes wells 2084D through 

2091D. COI in excess of CC are generally constrained to wells located near the SOEP boundary 

but additional capture and monitoring wells (e.g. 2024D-2, 2033D, 367D) are located farther 
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downgradient for redundancy. Long-term trends at several wells in this area indicate 

declining COI concentrations (Appendix K); and recent trends evaluated by Mann Kendall 

tests suggest ongoing water quality improvement. Statistically significant (p < 0.05) 

decreasing COI concentrations in the area north of SOEP are shown below. 

 

SOEP Area - North 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

369D (capture) 
Sulfate No 

Selenium No 
Lithium No 

375D (capture) 
Boron No 
Sulfate No 
Lithium No 

2033D (capture) Sulfate No 

2084D (capture) 
Selenium No 
Lithium Yes 

2085D (capture) 
Boron Yes 
Sulfate Yes 
Lithium Yes 

2086D (capture) Lithium Yes 

2088D (capture) 
Boron Yes 
Sulfate Yes 

2089D (capture) Lithium Yes 

2090D (capture) 
Boron Yes 
Sulfate No 

Manganese No 

2091D (capture) 

Boron Yes 
Sulfate Yes 
Lithium No 
Cobalt Yes 

EAP-205 (capture) 
Boron Yes 
Sulfate Yes 

Manganese Yes 

EAP-208 (capture) 
Boron No 
Sulfate No 

Selenium No 
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SOEP Area – North (Continued) 
2025D (monitoring) Sulfate No 
2057D (monitoring) Boron No 
2070D (monitoring) Boron No 

 

STEP Area – Statistically significant (p<0.05) changes in concentrations of COI were 

infrequently detected at wells within or near the STEP boundary through 2024. Complete 

results of STEP Area statistical analyses are presented in Appendix J. Monitoring and capture 

wells with significant (p<0.05) decreasing trends of COI are summarized in the following table: 

 

STEP Area  

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

362D (monitoring) Lithium No 

953D (monitoring) Lithium No 

2018D (monitoring) Manganese No 

2022D (monitoring) Manganese No 

2046D-CCR (monitoring) Manganese No 

2106D (monitoring) 
Lithium No 

Manganese No 

 

As demonstrated in Section 7.2.1, there are minimal CC exceedances in shallow bedrock; and 

CC exceedances in alluvium are limited by the narrow extents of the alluvial channels beneath 

the STEP. The lack of temporal trends of COI concentrations correlates with the minimal 

spatial distribution of COIs at the STEP. 

 

STEP Main Dam – The distribution of COI in alluvium and shallow bedrock downgradient of 

the STEP Main Dam was previously discussed in Section 7.2.1. Results of statistical trend tests 

for concentrations of COI at wells in this area are included in Appendix J. Capture wells 377A 

and 997A are the only wells that currently exhibit decreasing trends in boron concentrations. 

Of note, monitoring well 2056A-CCR exhibited a decreasing trend in lithium concentrations 
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through 2024. Lithium has not only been detected above AOC CC but has also been detected 

at concentrations above the GWPS under the CCR Rule monitoring program. Decreasing 

concentrations of lithium at 2056A-CCR preliminarily suggest that ongoing capture, SSFS 

operation, and A Cell/E Cell dewatering are effective components of the selected remedy. A 

summary of STEP Main Dam area COI trends is as follows: 

 

Stage II Main Dam 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

377A (capture) Boron Yes 

984D (capture) Manganese No 

985A (capture) Selenium No 

997A (capture) Boron Yes 

982D (monitoring) Sulfate No 

2017A (monitoring) Manganese No 

2056A-CCR (monitoring) Lithium Yes 

 

Monitoring wells southeast of the STEP Main Dam & Industrial Park Area – Groundwater 

quality trends at wells in the area southeast of the Main Dam and the Industrial Park area 

were evaluated separately in previous annual reports. Both areas are generally represented 

in the SSFS PMP; and wells with statistically significant decreasing trends in COI 

concentrations in these areas were previously addressed under the SSFS PMP heading above. 

However, there are wells that are completed in the Industrial Park or larger area southeast 

of STEP Main Dam that are not included in the SSFS PMP. Monitoring and capture wells with 

significant (p<0.05) decreasing trends of COI are summarized in a table following this 

discussion. Results provide further indication that the SSFS and ongoing capture are eliciting 

early improvements in groundwater quality. 
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Southeast of STEP Main Dam 

Well 
Significant 

Decreasing Trend 
(@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

393D (capture) Boron Yes 

968D (capture) 
Boron Yes 
Sulfate Yes 

2007D (monitoring) Manganese No 
2050D-CCR (monitoring) Lithium No 

 

Private Wells – Private wells in the STEP area were sampled twice in 2024. Concentrations of 

COI remain below CC in private wells PW-705, -709, -721, -722, -723, -727, -729, -733, and -

739. As such, statistical trend analyses were not performed on COI data from these wells. 

However, trend graphs are provided for the private wells in Appendix K. 

 

EFAC Alluvium – Wells completed in alluvium and shallow bedrock along EFAC are monitored 

to detect groundwater quality changes that may be attributable to STEP or the Plant Site. A 

summary of statistically significant trends (p<0.05) of COIs at wells along EFAC is as follows: 

 

East Fork Armells Creek Alluvial Wells  

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

940A (capture) Manganese No 

943A (capture) Manganese Yes 

945A (capture) Sulfate No 

937A (monitoring) Sulfate No 

942A-P (monitoring) Sulfate Yes 

P-12 (monitoring) 
Sulfate No 
Lithium No 

Manganese Yes 

SP-3 (monitoring) Cobalt No 

SPN (monitoring) 
Sulfate Yes 
Cobalt No 
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East Fork Armells Creek Alluvial Wells (Continued) 

SPN-TRENCH 
(monitoring) 

Boron No 
Sulfate No 
Lithium Yes 
Cobalt No 

Manganese Yes 

SPS (monitoring) 
Sulfate No 

Lithium No 

 

As described previously, SPN, SPS, and SPN-Trench are monitored to evaluate groundwater 

in fine-grained surficial alluvium near the Pipeline Drain Collection Pond (DC Pond) near East 

Fork Armells Creek. Water quality at these sites does not reflect that of the deeper more 

permeable alluvium. Concentrations of COI continued to decline at SPN, SPS, and SPN-Trench 

throughout 2024 after the increase observed following a release of water at the 1&2 Pipeline 

Drain Pond on December 3, 2021. Well 917A, which is completed in deeper alluvial gravels at 

the northern extent of the 1&2 Pipeline Drain Pond release, was converted to a capture well 

in 2022 and operated throughout 2024 to control potential migration of process water in this 

area. Concentrations of all COI were below CC at 917A in 2024. Continued monitoring of 

surface and groundwater sites in the area of the Units 1&2 Pipeline Drain Pond Release is 

discussed further in Section 7.3 and 7.4.6. 

 

Stocker Creek Alluvium – Well 357A is used to monitor water quality in Stocker Creek alluvium 

directly upstream of the confluence with East Fork Armells Creek. No notable changes in 

water quality were observed at this well in 2024. 

 
7.3 ADDITIONAL GROUNDWATER MONITORING OR REMEDIATION ACTIVITIES 

Additional work activities related to groundwater monitoring and remediation conducted at 

SOEP and STEP in 2024 included: 

• MDEQ conditionally approved the Revised Alternative 10 RD/RA Work Plan 

(Geosyntec 2023d) contingent on Talen addressing a list of comments and providing 

a revised RD/RA Work Plan and Landfill Engineering Report (MDEQ 2024b). Talen 

coordinated with MDEQ throughout 2024, and conducted additional field evaluation 
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of SOEP ash quantity and water content, before submitting another revision to the 

RD/RA Work Plan, Alternative 10 Landfill Engineering Report, and Ash Excavation and 

Restoration Design documents in fall 2024 (Geosyntec 2024d, 2024e). Upon receipt 

of conditional approval and in accordance with the fully developed engineering 

report, Talen began preparing the subgrade and constructing roads and other 

infrastructure associated with the Alternative 10 Landfill in fall 2024.  

• Continuous operation of the SSFS was ongoing east of STEP Main Dam throughout 

2024; and monitoring at capture, flushing, and monitoring wells associated with the 

SSFS was conducted in accordance with the PMP (Geosyntec 2023a). A one-year 

Performance Evaluation Report was submitted in spring 2024 (Hydrometrics 2024c) 

to present progress of the prior, first, year of operation. Ongoing SSFS performance 

will be evaluated annually in this and subsequent Hydrologic Monitoring and Remedy 

Progress reports. Talen completed the final design and submitted a final design report 

for the full scale freshwater flushing system (FSFS) and Upgraded Capture System 

(Geosyntec 2024c). FSFS construction is not planned until closure of SOEP and STEP 

by removal to the Alternative 10 Landfill. 

• Monitoring wells 362D and 2052A-CCR and capture wells 962D and 963D were 

abandoned to eliminate conflict with construction of the Alternative 10 Landfill access 

road in 2024. Abandonment logs are found in Appendix F and are on file with MBMG-

GWIC. 

• Additional monitoring was conducted along EFAC in 2024 as part of a surface water 

and groundwater investigation following a spill from the Units 1&2 Pipeline Drain 

Pond (CVID 23695) that occurred in December 2021. A cleanup report was prepared 

and submitted to DEQ in the standardized cleanup report format for spill CVID 23695 

in February 2022 (Hydrometrics 2022). Groundwater capture was initiated at select 

sites in the release area (SPN-Trench, 917A and P-12) to address seepage from the 

release to groundwater and restrict the potential flow of impacted groundwater to 

EFAC. Capture at 917A continued through 2024. Other capture efforts include purging 

at piezometers SPS, SPN, and SP3, and SPN-Trench adjacent to monitoring site SPN. 
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No impacts to EFAC have been observed through the course of the ongoing 

monitoring program. 

 

7.4 SOEP/STEP REMEDY OPERATIONS AND MAINTENANCE  

7.4.1 Capture System Maintenance 

Capture wells in the SOEP/STEP area that were treated with chlorine biocide or Boresaver® 

Ultra C in 2024 included wells 960D, 961D, 962D, and 963D. Treatment was applied to the 

wells and to the conveyance pipeline, the wells were jetted with compressed air and water, 

and the pipeline was flushed with fresh water using a high capacity pump. These wells are 

completed directly downgradient of STEP Main Dam and have consistently required 

treatment to reduce scaling on well screens and in collection pipelines. As noted above, wells 

962D and 963D were abandoned in fall 2025 to eliminate surface conflicts with the new 

access road to the Alternative 10 Landfill. 

 
7.4.2 Freshwater Flushing System Maintenance 

The SSFS O&M plan was submitted to DEQ in fall 2022 (Geosyntec 2022b). DEQ reviewed the 

O&M plan and responded with a list of required revisions (MDEQ 2023). The revised O&M 

plan (Geosyntec 2023b) was approved by DEQ in 2023. Startup of the SSFS, including testing 

system equipment function and equalizing system flow rates and pressures, was initiated in 

2022. Continuous operation of the SSFS was initiated in February 2023 and was ongoing 

throughout 2024.  

 

In general, the SSFS operated as outlined in the O&M Plan (Geosyntec 2023b) with limited 

down time for maintenance and troubleshooting on the variable frequency drive (VFD) 

pumps in spring 2024 and installation of a new process control valve in fall 2024.  

 

7.5 SOEP/STEP REMEDY PERFORMANCE MONITORING  

The SSFS PMP was submitted to DEQ in fall 2022. DEQ reviewed the PMP and responded with 

a list of required revisions (MDEQ 2023). The revised PMP (Geosyntec 2023a) was approved 
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by DEQ in 2023. A one-year Performance Evaluation Report was submitted in spring 2024 

(Hydrometrics 2024c). Ongoing SSFS performance will be evaluated annually in this and 

subsequent Hydrologic Monitoring and Remedy Progress reports. 

 

7.5.1 Freshwater Flushing Rates 

A summary of 2024 SSFS freshwater injection flow rates is included on Table 7-1. Overall, 

observed injection flow rates were slightly less than the target injection rates. The observed 

flushing rate was 18 gpm in 2024, as compared to the targeted rate of 21 gpm. The SSFS 

injected just over an estimated 9.5 million gallons of fresh water in 2024. 

 

Target flushing 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 wells 2083A-IW and 2077D-IW and best available hydrogeologic 

information used in construction of a three-dimensional numerical groundwater flow model 

of the SOEP/STEP groundwater system (NewFields 2023a); however, there are 

heterogeneities in hydraulic properties of the target formation that make it difficult to predict 

optimized flushing rates. Specifically, wells in the deeper sub-McKay bedrock 

hydrostratigraphic interval did not accept as much injection water as anticipated, due to an 

abundance of interbedded siltstone and fine-grained sandstone in the well completion 

intervals. With three exceptions, flushing rates realized at individual wellheads were lower 

than the design targets. Observed flushing rates marginally exceeded the design targets at 

wells 2075D-IW, 2078D-IW, and 2082D-IW. 

 

7.5.2 Evaluation of 2024 SOEP/STEP Area Capture Well Pumping Rates 

A total of 76 capture sites (wells or trenches) were operational in the SOEP and STEP Areas in 

2024 (Table 7-2). Seventeen (17) capture wells, identified in Table 7-2 did not operate in all 

or part of 2024 due to improved water quality. The estimated average collection rate for 

individual wells in the SOEP and STEP Areas varied from less than one gpm to 17 gpm in 2024. 
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The combined pumping rate of SOEP/STEP area capture wells was approximately 151 gpm in 

2024. 

 

Table 7-2 provides an estimate of capture system pumping rates for the period from 2014 

through 2024. These reported pumping rates are based on the method of flow measurement 

presented in Section 5.4.1. Capture wells that share a common pipeline are grouped together 

and process ponds and/or treatment facilities that receive groundwater from the capture 

wells are listed in the table. As of 2024, all captured groundwater from SOEP/STEP is routed 

to GWCSP. The STEP Main Dam Sump is still directed to STEP B Cell but will be re-routed to 

GWCSP prior to closure by removal of the SOEP and STEP. The STEP Main Dam Sump operated 

as designed in 2024 and collected water at an average rate of approximately 0.4 gpm. 

 

Stage I Evaporation Pond (SOEP) Area. The SOEP capture systems removed water at a rate of 

approximately 23 gpm in 2024 (see Table 7-2). This capture rate includes wells within SOEP 

boundaries and along the perimeter of the former pond. As previously described, SOEP Area 

capture wells, such as, 376D, 2033D, 2024D-2 to the northeast, wells 2084D through 2091D 

located west and north, and well EAP-119 to the south, act as a source control for the SOEP 

that will be closed by removal per the MDEQ-Approved Alternative 10 Remedy. 

 

Stage II Evaporation Pond (STEP) Area. Groundwater capture locations within the STEP 

footprint are limited to accessible surface locations such as internal dikes and pond 

embankments. Capture wells in this area are used for source control, as they are completed 

in sediments either directly beneath or immediately downgradient of the STEP. Capture wells 

in this area are typically completed in alluvium of an un-named tributary to East Fork Armells 

Creek or shallow bedrock. Pumping rates for these capture wells are shown on Table 7-2 and 

were consistent with previous results. 

 

Stage II Main Dam. Groundwater is captured at numerous wells east of the Stage II Main Dam; 

specifically, wells are arranged in two parallel arrays at successively farther downgradient 
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distances from the STEP. Through years of ongoing operation, water levels in the Stage II Main 

Dam capture wells have been lowered by Talen. The SSFS is operated such that it creates a 

hydraulic boundary between the two rows of capture wells and flushes constituent mass 

toward potentiometric depressions at the pumping wells. Pumping rates for these capture 

wells are included on Table 7-2. In general, pumping rates at capture wells east of STEP Main 

Dam were consistent with those observed in prior years. Capture wells 962D and 963D were 

abandoned in 2024 during construction of a new access road to the future Alternative 10 

Landfill. 

 

Industrial Park Area. Groundwater capture systems were put in service in the Industrial Park 

Area in 1999. These wells are completed on the margins of EFAC alluvium east and 

downgradient of STEP Main Dam. Two of the three capture wells (910A and 913A) have been 

left off since 2017 due to improved water quality. The third well, 382A, was turned off in 2020 

due to water quality improvements that were observed in 2019. Well 382A remained off, 

except to collect samples, in 2024. Well 382A is located near the SSFS and could be re-instated 

if added capture is needed in this area. Although they were not operated in 2024, Industrial 

Park capture wells 382A, 910A and 913A are included in Table 7-2. Wells 910A and 913A are 

sampled with portable pumps rather than the dedicated pumping system; so, no capture 

volume is shown as a result of sampling for those wells in Table 7-2. 

 

EFAC Alluvial Groundwater. Groundwater capture continued along East Fork Armells Creek 

from wells 943A and 917A in 2024 (Table 7-2). As previously described, well 917A was 

converted for capture in 2022 to collect process water from the Units 1&2 Pipeline Drain 

Pond release that occurred in December 2021. SPN-Trench is not connected to the capture 

well network, but water was manually pumped repeatedly throughout 2024 and transported 

to the GWCSP. 
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7.5.3 Mass Removal of COI at SSFS 

Mass removal rates of sulfate and boron at capture wells associated with the SSFS were 

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 2024. Mass 

capture rates of boron and sulfate calculated from empirical data were compared to 

predictions of mass capture rates made in the STEP area numerical transport model 

(NewFields 2023a). Mass removal results and pumping rates recorded at capture wells 

associated with the SSFS are tabulated and presented graphically alongside numerical 

modeling results in Appendix L. 

 

Boron mass capture rates are presented alongside numerical modeling results in Appendix  

L-1. The total mass of boron captured by all SSFS capture wells during 2024 was 480 kg (1058 

lbs.), which exceeds the model prediction of 363 kg (800 lbs.). Sulfate mass capture rates are 

presented alongside numerical modeling results in Appendix L-2.The total mass of sulfate 

captured during 2024 by all SSFS capture wells was more than 196,000 kilograms (432,000 

lbs.). Sulfate mass removal predicted by the numerical transport model for 2024 was 

approximately 169,000 kilograms (372,581 lbs.). Because the actual mass of boron and sulfate 

captured is greater than predicted by the model, it is apparent that the model either 

underpredicts sulfate concentrations in groundwater at the SSFS or actual capture system 

pumping rates varied from those applied in the model. Pumping rates for capture wells 

associated with the SSFS are plotted in comparison to model predictions in Appendix L-3. 

There is noticeable variability between measured and predicted capture well pumping rates 

at individual capture wells of the SSFS; however, the cumulative system pumping rate is well-

represented by the model and the SSFS capture system is effectively removing COI mass from 

the groundwater system east of STEP Main Dam. 

 

7.6 EAST FORK ARMELLS CREEK 

7.6.1 Stream Gauging 

Talen measures stage height at three locations along East Fork Armells Creek (Pine Butte Road 
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(PBR), the North Flume and the South Flume) as shown on Exhibit 1. Continuous 

measurements are recorded at these sites during ice-free months through the use of Parshall 

or compound weirs and pressure transducers with automated data recorders. The data is 

recorded as hourly minimum, maximum, and average stage height. East Fork Armells Creek 

flows are estimated from the stage height measurements using methods detailed in the 

WRMP (Talen 2020). 

 

Average flow data from the continuous recorders at weir/flumes from March through 

October are presented in Figure 7-2. Precipitation records from Colstrip for 2024 were 

incomplete; so precipitation data recorded in Forsyth, Montana, located 30 miles north of 

Colstrip, for that time period is also included on Figure 7-2. Flow at the farthest upstream 

flume, the South Flume, is typically the lowest of the three flumes. Similar to previous years, 

flow calculated from data collected at the South Flume during baseflow conditions in 2024 

was lower than that observed at the downstream flumes. However, the South Flume is more 

sensitive to runoff events and will typically exhibit maximum flows that exceed the 

downstream flumes in response to precipitation inputs. 

 

Flow patterns at all three surface water sites are characteristic of intermittent streams in 

Eastern Montana. That is, higher flows are typically observed in spring and early summer and 

tail off throughout the remainder of the year. These flow patterns are punctuated by periodic 

runoff events (either snowmelt or rainfall) which are indicated by rapid rise and fall of stream 

stages. Note that higher surface water flows may occur during the winter months when 

snowmelt occurs while the ground is still frozen. These events are often not recorded because 

freezing conditions associated with the winter cause transducer operation problems. 

 
7.6.2 City of Colstrip Wastewater Effluent 

The City of Colstrip Wastewater Treatment Plant diverts treated water to either the City of 

Colstrip Treated Effluent Pond or the community golf course (located between the North 

Flume and the PBR Weir). The golf course uses water from the treatment plant for irrigation 

from April through October each year. The average daily plant discharge to effluent ponds 
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located adjacent to EFAC is about 150,000 gallons/day. The locations of the golf course pond 

and treated effluent pond are shown on Exhibit 1. 

 

7.6.3 Synoptic Run  

East Fork Armells Creek is an intermittent stream. However, water typically flows year-round 

through the reach of the stream that passes through Colstrip. A synoptic run was conducted 

on East Fork Armells Creek on March 20, 2024 to document flow and water quality. In 

addition to surface water sample collection and flow measurements in East Fork Armells 

Creek, groundwater levels were also collected during the synoptic run. The 2024 Synoptic 

Run Report is included as Appendix M. 

 

7.6.4 Pipeline Drain Pond Monitoring 

Additional monthly monitoring was conducted along EFAC in 2024 as part of a surface water 

and groundwater investigation following a spill from the Units 1&2 Pipeline Drain Pond (CVID 

23695) that occurred in December 2021. A cleanup report was prepared and submitted to 

DEQ in the standardized cleanup report format for spill CVID 23695 in February 2022 

(Hydrometrics 2022). Groundwater capture was initiated at select sites in the release area 

(i.e., 917A, P-12, and SPN-Trench) to address seepage from the release to groundwater and 

restrict the potential flow of process water to EFAC. Capture at P-12 has been discontinued 

but capture at 917A and SPN-Trench is ongoing. No impacts to EFAC have been observed 

through the course of the ongoing monitoring program. 

 

7.7 SOEP/STEP SUMMARY AND RECOMMENDATIONS 

Prescribed monitoring activities conducted under the WRMP (Talen 2020), additional 

hydrologic or hydrogeologic investigation, O&M activities (Geosyntec 2022b), and 

performance evaluation of the SSFS (Geosyntec 2023a) were conducted in 2024 as described 

above. In general, groundwater quality is improving east of the STEP in response to SSFS 

operation, as evidenced by statistically significant decreasing trends of COI concentrations at 

multiple wells.  Decreasing trends of COI concentrations were detected in other areas of the 
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SOEP/STEP because of source reduction (i.e. ash dewatering) and enhanced capture 

(particularly 2084D – 2091D around SOEP). New wells 2084D – 2091D have decreased water 

levels by more than 30 feet, creating an increased zone of capture and improved source 

control around SOEP. In addition to ongoing work related to construction of the Alternative 

10 Landfill and ash dewatering and removal from STEP and SOEP, it is recommended that 

monitoring and reporting as outlined in the SSFS PMP and WRMP be continued in 2025. 

Current groundwater remedial actions and monitoring procedures are sufficient to track 

progress of remedial actions to date.  The freshwater flushing, capture, and monitoring 

systems will be updated as outlined in the FSFS design report (Geosyntec 2024c) as the 

SOEP/STEP remedy progresses. 



 

H:\PROJECTS\TALEN\10004 Annual Rpt\2024\R_2024AnnualRpt_Final.docx 
 8-1 6/26/2025 

8.0 UNITS 3&4 EFFLUENT HOLDING POND MONITORING – 2024 

 

A summary of prescribed monitoring activities conducted under the WRMP (Talen 2020), 

additional hydrologic or hydrogeologic investigation, notable O&M activities, and progress of 

ongoing remedy implementation at the 3&4 EHP area is provided herein. 

 

The remedy for the 3&4 EHP area was conditionally approved by MDEQ in 2020 (MDEQ 

2020a). The conditional approval was contingent upon Talen Montana completing additional 

sampling and treatability studies and addressing comments and contingencies associated 

with earlier versions of the Remedy Evaluation Report (Geosyntec 2019a). MDEQ provided 

approval of the Revised Remedy Evaluation Report (Geosyntec 2022a) in 2022 (MDEQ 2022). 

Talen continued to coordinate with MDEQ to refine EHP remedial components prior to 

submitting the final RD/RA Work Plan in 2024 (Geosyntec 2024a). 

 

Some components of the remedy (such as pond closures and groundwater capture and 

injection wells) were developed, approved, and implemented throughout the RD/RA process 

before the final RD/RA Work Plan was complete. Colstrip 3&4 EHP J and A Cells were closed 

in 2017 and 2018, respectively. Colstrip 3&4 EHP D/E Cell was closed and capped in 2021. 

Colstrip 3&4 EHP B Cell was closed and capped in 2022. 3&4 EHP G Cell was closed in 2024 

followed by the construction of a new CCR Rule-compliant impoundment (3&4 EHP G-1 Cell) 

directly above the closed G Cell. No CCR was placed in 3&4 EHP G-1 Cell in 2024, as installation 

of the final engineered above-liner drainage layer was ongoing at year’s end. The schedule 

for closures and other components identified in the remedy is outlined in the final Remedial 

Design and Remedial Action (RD/RA) Work Plan (Geosyntec 2024a). 

 

Two horizontal capture wells completed in McKay coal south of the EHP (HCW-4M and  

HCW-5M) have been operational since fall 2020. The EHP Underdrain, designed to remove 

free liquid from ash within the EHP, began pumping in December 2021. Installation of 

enhanced capture and freshwater flushing components of the 3&4 EHP remedy began in 
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2020 and were significantly completed and became operational in June 2023. The startup of 

some capture wells, notably horizontal wells HW-10D, HW-11D, and HCW-1D, was delayed 

due to electrical construction constraints until 2024. The location of the 3&4 EHP freshwater 

flushing and enhanced capture system is shown in Figure 8-1. A discussion of additional 

groundwater monitoring or remedial actions taken at EHP in 2024 is provided in Section 8.3. 

Operational data collected at the EHP capture and flushing systems and a complete 

evaluation of the effectiveness of the groundwater remediation system during its initial 

period of operation (June 2023 - December 2024) were presented in a separate EHP 

Performance Evaluation Report (Hydrometrics 2025c). 

 

Preliminary evaluation of RAO defined in the RD/RA Workplan (Geosyntec 2024a) is 

considered throughout this section. CC and migration management metrics in alluvium, 

clinker, McKay coal, and sub-McKay bedrock groundwater are evaluated via maps of COI 

concentrations specific to each hydrostratigraphic unit in Section 8.2. The distribution of COI 

above CC in spring and fall 2024 is presented for each unit to compare current plume 

geometry (fall 2024) to the baseline (pre-flushing system, spring 2023) extents of COI 

exceedances. Interim milestone transects were established in the MDEQ-approved Revised 

Remedy Evaluation Report for EHP (Geosyntec 2022a) to provide a consistent location for 

future POC performance monitoring metrics. Current COI concentrations at interim milestone 

transects are discussed in section 8.2.1. 

 

Source controls in place in 2024 include the pond closures described above, pumping from 

the Units 3&4 EHP Underdrain and other sites inboard of the EHP cutoff wall, and operation 

of the Dry Disposal System. Dry waste is contained in EHP J-1 Cell. Forced evaporation of 

water in F Cell further reduces the amount of process water in EHP. Institutional controls have 

yet to be implemented in the EHP area; thus, no IC metrics are discussed in this report. 

 
8.1 3&4 EHP WATER LEVEL MONITORING 

The 2024 GWE data and hydrographs for sites in the Units 3&4 EHP Area are included in 

Appendix C. Potentiometric surface maps, constructed with spring and fall GWE data from 
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both monitoring and capture wells are included on Exhibit 17 for 2024. Note that 

groundwater elevations at capture wells shown on Exhibit 17 reflect either pumping or 

recovery conditions at the time of measurement. 

 

Pumping the 3&4 EHP Underdrain, which began in December 2021, continues to have a 

pronounced influence on fluid levels in ash and Rosebud clinker on the inboard side of the 

3&4 EHP cutoff wall. The potentiometric surface of the fly ash, shallow fill, and Rosebud Coal 

Clinker within the EHP is shown in Exhibit 17. A potentiometric depression is shown centered 

on the EHP Underdrain Sump. Subsurface flow in the clinker/ash horizon is generally 

restricted by the cutoff wall. Hydraulic head in 2024 was generally highest along the south 

boundary of EHP at well 674R. Free liquid is stored preferentially in the clinker inboard of the 

concrete cutoff wall and flows either to one of the active vertical capture wells or proceeds 

to the north in the remaining clinker body before it is drawn into the ash toward the 

Underdrain. The source of free liquids in clinker inboard of the cutoff wall is associated with 

EHP CCR material and not a connection to a native groundwater source. 

 

Prior to operation of the flushing system, the direction of groundwater flow in McKay coal, 

where it is present, was typically perpendicularly away from the 3&4 EHP boundary. As seen 

in Exhibit 17, groundwater flow at the southeast corner and along the eastern boundary of 

EHP retains the perpendicular flow path in a direction away from the ponds. At the northwest 

corner of the 3&4 EHP, groundwater in the McKay coal flows in a north/northwesterly 

direction but is also influenced locally by flushing and capture wells associated with FL-04 

(e.g. 1229M and 1287M-CW). Potentiometric contours are largely absent north of the 3&4 

EHP where the McKay coal is burned and/or eroded at the EHP boundary. The greatest 

change in flow patterns induced by the flushing and enhanced capture system is seen in 

southwest corner and on the south side of the 3&4 EHP. Inflection in contour lines that is 

indicative of a potentiometric depression is evident adjacent to horizontal capture wells 

HCW-4M and HCW-5M; and pronounced radial depression surrounds vertical capture well 

1323M-CW inside the cutoff wall. A hydraulic barrier of fresh water created by McKay flushing 
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wells on FL-05 is evident along the west side and outside the southwest corner of the EHP 

(Exhibit 17). 

 

Increased capture from sub-McKay bedrock directly beneath the 3&4 EHP is evident in spring 

and fall potentiometric contour maps (Exhibit 17) at vertical wells such as 1262D-CW, 1319D-

CW, 1325D-CW, 1256D-CW, and 1257D-CW. Horizontal wells HW-11D and HW-10D began 

pumping on 2/19/2025 and 5/3/2025, respectively. Only well HW-11D would have been 

pumping when water levels were recorded in spring 2024. The influences of pumping from 

HW-10D and HW-11D is more pronounced in the fall 2024 potentiometric surface (Exhibit 

17). Groundwater in the sub-McKay generally flows northward on the north side of the 3&4 

EHP; but flow direction in the north is affected by capture wells installed on the abutments 

of the 3&4 EHP Main Dam and within the narrow valley that trends away from the Main Dam. 

The potentiometric surface in the bottom of the 3&4 EHP Main Dam drainage is lower than 

that on the abutment, indicating that groundwater is flowing from the bedrock into fill near 

the toe of the dam and/or to alluvium farther downgradient and is ultimately captured by 

one of many pumping wells in the area. On the east side and southeast corner of the 3&4 

EHP, groundwater flowed to the east-northeast in 2024 (Exhibit 17). Sub-McKay contours 

(and flow direction) in areas with concentrations of COI above CC are affected locally by 

groundwater capture wells and flushing wells across the site. COI constituent concentration 

maps are presented in the section to follow. 

 

8.2 3&4 EHP WATER QUALITY ANALYSIS AND RESULTS 

Hydrologic monitoring conducted in the vicinity of the Colstrip Units 3&4 EHP Area in 2024 

included collection of water quality samples from about 470 monitoring sites in the spring 

and 444 monitoring sites in the fall sampling session (exclusive of quality control samples). 

The 2024 water quality data from the Units 3&4 EHP Area are included in a separate 

electronic deliverable. Results are summarized herein. 
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8.2.1 EHP COI Concentration Maps  

Maps showing concentrations of boron, sulfate, cobalt, lithium, selenium and manganese in 

groundwater in the Units 3&4 EHP Area during 2024 are included on Exhibits 18 through 23. 

Transects of interim milestone cross sections developed in the revised Remedy Evaluation 

Report (Geosyntec, 2022a) are shown in the exhibit to establish a baseline to be used in later 

comparisons of plume extent during ongoing flushing and upgraded capture system 

operation. Boron and sulfate concentration maps and a discussion of the changing 

distribution of those COI in response to the EHP remedy is provided in the Remedy Evaluation 

Report (Hydrometrics 2025c). A discussion of iso-concentration maps and the distribution of 

all COI at EHP is as follows. 

 

Boron - The distribution of boron in alluvium, clinker/Rosebud coal, McKay coal, and sub-

McKay bedrock in spring and fall 2024 is shown in Exhibit 18. Boron was detected in Rosebud 

clinker wells around the perimeter of the EHP inboard and outboard of the cutoff wall at 

concentrations above the CC in both spring and fall 2024. Boron is only present above the CC 

in one Rosebud well (1192R) downgradient of Transect A. Boron concentrations above CC 

advance beyond Transect B in clinker; but clinker is dry north of and northeast of EHP at 

Transects C and D. Overlapping capture at wells 1169R, 1120C, 1170R, 1232R, and 1282R-CW 

is meant to contain process water seepage from advancing eastward beyond transect E. 

Capture efforts are successful, as wells 1120C and 1169R have been pumped dry. 

 

Boron concentrations observed at wells 675M and 1212M outside the southwest corner of 

EHP were above CC beyond Transect A in spring and fall 2024. Groundwater in McKay coal 

southwest of EHP is aggressively controlled by horizontal capture wells HCW-4M and  

HCW-5M and several freshwater flushing wells on FL-05. Boron CC exceedances occur 

northwest of EHP in McKay coal groundwater but are controlled by capture wells 1288M-CW, 

1287M-CW, and 1229M and flushing wells on FL-04. 

 

Wells directly west of EHP upgradient of Transect B have concentrations of boron below CC; 

but boron concentrations above CC were recorded at wells downgradient of Transect B in 
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2024. As presented in the Performance Evaluation Report (Hydrometrics 2025c), the spatial 

distribution of boron (and other COI) in McKay coal west of EHP existed prior to startup of 

the flushing system and suggests a plume that has been isolated from the source. Water 

issuing south of the Units 3&4 EHP into the SFCC drainage and into an un-named drainage 

west of EHP was discovered by facility personnel in 2004. Investigations into the SFCC and 

West Seeps concluded that water added to F and H Cells during the summers of 2003/2004 

reached a level in this area that allowed pond water to escape. This water then accumulated 

in the baked shale (clinker) on the south and west sides of the pond, apparently bounded by 

the local structure, until it reached an elevation that allowed it to flow towards the south and 

west seep locations.  

 

The practice of filling unlined F and H Cells to a level that would cause excess seepage was 

discontinued and a system of collection wells was installed in 2005 to pump water that had 

accumulated outside the slurry wall. A lined groundwater collection pond was built in F Cell 

(a 45 mil RPP liner with leachate collection under the liner) to hold the captured groundwater. 

F Cell is still used to store captured groundwater but may also be used to store excess pond 

water and is the source of water for the forced evaporation system. In 2013, a double-liner 

system was installed at H Cell with a 45 mil RPP primary liner and a  

36 mil RPP secondary liner with leachate collection between and beneath the liners. It is likely 

that residual concentration of COI in McKay coal west of EHP is from F Cell flooding that has 

since been abated.  

 

The area affected by the 2004 release from F and H cells, southwest of EHP, is targeted by 

freshwater flushing and enhanced capture associated with FL-05 that was initiated in June 

2023. Concentrations of COI in McKay coal southwest of EHP are expected to recede with 

continued remedy operation; however, it is recommended that additional capture in McKay 

coal (e.g., wells 650M, 655M, 693M, and 1189M) be implemented to expedite declining COI 

concentrations. McKay wells west of EHP were not previously subject to groundwater capture 

because of very low yields. Yield from McKay coal wells is likely to increase with continued 

flushing through FL-05. 

 



 

H:\PROJECTS\TALEN\10004 Annual Rpt\2024\R_2024AnnualRpt_Final.docx 
 8-7 6/26/2025 

Boron is present above the CC in alluvium as far north of EHP Main Dam as capture well 654A 

(just north of the location of Transect G). Boron above CC does not travel farther north of this 

point, as groundwater flow is controlled by capture well 654A and flushing well 1295A-IW. 

Isolated concentrations of boron above CC are observed in the alluvium/McKay along SFCC. 

Aggressive capture along SFCC has long since controlled the migration of groundwater 

beyond the Colstrip SES property boundary. Boron concentrations in sub-McKay bedrock in 

2024 were largely below CC south and west of EHP and in distal areas north and east of EHP. 

No boron concentrations above CC are currently (fall 2024) detected at Transects A, B, C, G, 

H, I, J, L, or M in sub-McKay bedrock. The plume of boron concentrations above CC in sub-

McKay bedrock is primarily found directly north of EHP and in some capture wells east of the 

ponds. The extent of the plume will be tracked in coming years by comparison to 

concentrations at Transects C, D, F, and K. 

 

Sulfate - The distribution of sulfate in alluvium, clinker/Rosebud coal, McKay coal, and sub-

McKay bedrock in spring and fall 2024 is shown in Exhibit 19. The distribution of sulfate CC 

exceedances is generally similar to that of boron CC exceedances. Sulfate concentrations 

above CC were detected at Transects A and B in the Rosebud and McKay intervals in 2024. 

Sulfate CC exceedances are sparser and of lower magnitude than boron exceedances west in 

McKay coal west of EHP.  

 

Sulfate CC exceedances were detected in the shallow interval (alluvium) in 2024 at all Interim 

Milestone Transects where alluvium is present. No sulfate concentrations above CC are 

currently detected in sub-McKay at Transects B, H, I, J, L, or M. The plume of sulfate 

concentrations above CC in sub-McKay bedrock is primarily found directly north of EHP and 

in wells east/southeast of the ponds. The extent of the sulfate plume will be tracked in coming 

years by comparison to concentrations at Transects C, D, E, F, and K. 

 

Cobalt - Concentrations of cobalt in hydrostratigraphic intervals beneath the EHP area are 

mapped in Exhibit 20. Cobalt is not widely distributed in any of the monitored intervals due 



 

H:\PROJECTS\TALEN\10004 Annual Rpt\2024\R_2024AnnualRpt_Final.docx 
 8-8 6/26/2025 

to the limited mobility of this constituent. Six wells (1173S, 674R, 1330R, 1003R, 1164R and 

1247C), located inboard of the cutoff wall had concentrations of cobalt above CC in 2024. 

These wells are directly connected to seepage from ash; and cobalt concentrations are not 

representative of the groundwater system outboard of the cutoff wall. Detectable 

concentrations of cobalt in McKay coal were limited to monitoring wells 655M (spring and 

fall) and 651M (fall only) and horizontal capture well HCW-5M in 2024. Note that well HCW-

5M, which had recorded exceedances in fall and spring 2024, also captures water from the 

ash/clinker interval inboard of the cutoff wall. Spring and fall cobalt concentrations at HCW-

5M were 0.082 mg/L and 0.064 mg/L, respectively.  

 

A cluster of sites north of the 3&4 EHP Main Dam, including alluvial wells 604A, 1084A, and 

the 3&4 MDS had concentrations above CC. These cobalt CC exceedances are related to pond 

seepage through a shallow bedrock flow path and not a direct lateral connection to 

downgradient alluvium. The extent of the cobalt plume in sub-McKay bedrock is limited, with 

exceedances of the CC generally mapped within the cutoff wall and directly north of the EHP 

boundary (Exhibit 20). 

 

Lithium - Concentrations of lithium detected in hydrostratigraphic intervals of the EHP area 

in 2024 are mapped in Exhibit 21. Lithium was detected in Rosebud clinker wells around the 

perimeter of the EHP inboard and outboard of the cutoff wall at concentrations above the CC 

in both spring and fall 2024. Saturated conditions in the clinker body are of limited aerial 

extent. Clinker wells outside the EHP that are targeted with aggressive overlapping capture 

radii (i.e. 1120C and 1169R) or those located farther from the EHP tend to be dry. Lithium 

concentrations that exceed the CC in McKay coal groundwater are similar to boron or sulfate 

exceedances. Lithium in sub-McKay groundwater is most concentrated at the northern pond 

boundary but is found dispersed throughout the 3&4 EHP area. 

 

Selenium - The distribution of selenium in alluvium, clinker/Rosebud coal, McKay coal, and 

sub-McKay bedrock in spring and fall 2024 is presented in Exhibit 22. As shown, selenium 
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concentrations exceeding the CC are limited in the EHP area and concentrations that do 

exceed the CC are only marginally elevated. Four wells (1007R, 1011R, 1036R, and 1248C) in 

the Rosebud clinker interval had selenium concentrations above CC in spring 2024 and six 

Rosebud clinker wells (1001R, 1007R, 1011R, 1035R, 1036R, and 1248C) had selenium 

concentrations above CC in fall 2024. Mapped selenium CC exceedances were limited to three 

wells completed in McKay coal (1158M, 1159M, and 633M) in 2024. Selenium was non-detect 

at many McKay wells at the EHP boundary and/or within the cutoff wall. No Selenium 

concentrations above the CC in sub-McKay groundwater at the EHP were detected during the 

fall or spring in 2024. 

 

Manganese - The distribution of manganese in alluvium, clinker/Rosebud coal, McKay coal, 

and sub-McKay bedrock in spring and fall 2024 is shown in Exhibit 23. The distribution of 

manganese CC exceedances in each hydrostratigraphic interval is generally consistent with 

boron and sulfate exceedances. The spatial extent of manganese CC exceedances is well-

defined and fully delineated in each of the mapped intervals. 

 

8.2.2 Temporal Trends of COI Concentrations 

Concentration trends of COI (boron, sulfate, cobalt, lithium, selenium, and manganese) were 

evaluated at select wells in the Units 3&4 EHP Area using a Mann Kendall trend analysis and 

graphs of COI concentrations. The Mann Kendall trend analyses were conducted as previously 

described in Sections 5.1 and 5.2; and results are included in Appendix N. COI concentration 

graphs are included in Appendix O. Trend graphs and statistical analysis output are organized 

by flushing port/flushing line (FL-01 through FL-11) for wells that are monitored according to 

the EHP remedy PMP (Geosyntec 2024a). A similar evaluation of temporal trends for PMP 

wells was provided in the Performance Evaluation Report (Hydrometrics, Inc. 2025c) that 

preceded this annual report. All other wells with CC exceedances of boron and sulfate are 

listed according to the sub-area of the 3&4 EHP in which they are located. Ongoing 

groundwater capture controls movement of process water that has mixed with groundwater. 

Distinct changes in constituent concentrations are not anticipated until the effects of source 

control (i.e. pond capping/ash dewatering) and long-term freshwater flushing are realized 
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along with existing capture. Still, current trends were evaluated for each flushing line and/or 

sub-area to assess preliminary remedy performance. Temporal trends for each EHP flushing 

line or sub-area are discussed as follows. 

 

North of Units 3&4 EHP Main Dam, EHP Flushing Line 1 (FL-01) – As noted previously, CC 

exceedances are common for multiple COI north of the EHP and the EHP Main Dam. Wells 

594D and 602S are the only wells associated with FL-01 with a current significant (p<0.05) 

decreasing trend for sulfate. Significant (p<0.05) decreasing trends were detected for boron 

and/or sulfate in three monitoring wells (581D-2, 594D, and 602S) completed north of the 

EHP and associated with FL-01. Among wells located north of the EHP and EHP Main Dam not 

associated with FL-01, significant decreasing trends for boron and/or sulfate were detected 

at two capture wells (619D and 1080D) and five monitoring wells (1091D, 1249D-E, 1249D-N, 

1249D-S, and 1249D-W). Note that wells 1249D-N, -S, and -W were initially installed for an 

injection pilot test and are located at 25-foot spacing from flushing well 1249D-IW that is 

operated in conjunction with FL-03. Significant decreasing trends of COI at wells currently 

associated with FL-01 or the larger area north of EHP are summarized in the following table: 

 

Units 3&4 EHP Main Dam Sump/Interception Trench/Dam 
Abutment Areas 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance 
in 2024 

(Yes/No) 

604A (capture)1 Lithium Yes 

619D (capture) 
Boron Yes 
Sulfate Yes 
Cobalt Yes 

1080D (capture) Boron Yes 

1279D-CW (capture)1 Manganese No 

581D-2 (monitoring)1 Boron No 

582A (monitoring)1 
Selenium No 
Lithium No 
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Units 3&4 EHP Main Dam Sump/Interception Trench/Dam 
Abutment Areas (Continued) 

594D (monitoring)1  

Boron No 
Sulfate No 
Lithium No 

Manganese No 

602S (monitoring)1 Sulfate Yes 

608D (monitoring)1 Lithium Yes 

625A (monitoring)1 Lithium No 

1082D (monitoring) Selenium No 

1091D (monitoring) Boron No 

1249D-E (monitoring) Boron No 

1249D-N (monitoring) 
Boron No 
Sulfate No 

1249D-S (monitoring) 
Boron No 
Sulfate No 

1249D-W (monitoring) 
Boron No 
Sulfate No 

1288M-CW (capture) Cobalt No 

1 assigned to FL-01  
 

West Side, EHP Flushing Lines 2, 3, and 4 (FL-02, FL-03, and FL-04) – The area west of 3&4 EHP 

was previously described in terms of the spatial distribution of COI in Section 8.2.1. As noted, 

COI concentrations above CC in this area may be related to seepage that occurred in 2004 

due to past water management practices in, then unlined, F and H Cells. Other ongoing 

pathways of process water may exist at the northwest corner of EHP, as evidenced by COI 

concentrations at near source capture wells such as 1037R and downgradient capture sites 

like 1229M and the SP-15 Trenches. Current decreasing trends in the area west of 3&4 EHP 

are summarized in the following table: 
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Units 3&4 EHP West Side 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

613D (capture)3 Sulfate Yes 

616D (capture)2 
Boron Yes 
Sulfate Yes 
Cobalt No 

657M (capture)2 
Boron No 

Lithium Yes 

1229M (capture)4 
Boron Yes 
Sulfate No 
Lithium Yes 

1251D-CW (capture)3 

Sulfate Yes 
Lithium Yes 
Cobalt No 

Manganese No 

1263D-CW (capture)2 Lithium Yes 

1287M-CW (capture)4 

Sulfate No 
Lithium Yes 
Cobalt No 

Manganese Yes 

615D (monitoring)4 Lithium Yes 

622D-P (monitoring)2 
Boron Yes 
Sulfate Yes 
Cobalt No 

624D (monitoring)3 Selenium No 

642P (monitoring)3 
Boron Yes 

Lithium Yes 
Manganese No 

1071D (monitoring)3 Selenium No 

1145D (monitoring)3 Boron No 

1160M (monitoring)2 Manganese No 

1163D (monitoring)2 Lithium Yes 

1173S (monitoring)2 Selenium No 

WA-142 (monitoring) Boron No 

2 assigned to FL-02   

3 assigned to FL-03  
4 assigned to FL-04  
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South/West Side, EHP Flushing Line 5 (FL-05) – Temporal trends in concentrations of COI 

south/southwest of the EHP are shown in graphs in Appendix O and statistical analyses in 

Appendix N. Trend analyses of sites south of EHP also include wells completed in the South 

Fork Cow Creek (SFCC) drainage. As previously shown in maps of COI concentrations in 

Section 8.2.1, COI are largely found at concentrations less than CC in the SFCC area. Significant 

(p<0.05) decreasing trends for boron at wells 1023AM and 1024AM indicate that 

concentrations continue to decline in this area since seepage from EHP, related to 

discontinued water management practices, was observed there in 2004. A summary of 

current significant decreasing trends in COI for this area, including wells assigned to the FL-

05 PMP, is as follows: 

 

Units 3&4 EHP South Side/South Fork Cow Creek 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance 
in 2024 

(Yes/No) 

695R (capture)5 Selenium No 

1002R (capture)5 Selenium No 

1007R (capture) Selenium Yes 

1017R (capture)5 Lithium Yes 

1024AM (capture) 
Boron Yes 
Sulfate Yes 

Selenium No 

HCW-5M (capture)5 Selenium No 

675M (monitoring)5 Manganese No 

693M (monitoring)5 Boron Yes 

698R (monitoring)5 Boron Yes 

1004M (monitoring)5 Lithium Yes 

1009D (monitoring)5 Sulfate No 

1065A (capture) Boron No 

1021A (monitoring) Manganese No 

1023AM (monitoring) 
Boron Yes 
Sulfate Yes 

1133D (monitoring)5 Manganese No 

1134D (monitoring)5 Boron No 
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Units 3&4 EHP South Side/South Fork Cow Creek (Continued) 

1180D-CCR (monitoring)5 Lithium No 

1192R (monitoring)5 
Boron Yes 
Sulfate Yes 

Manganese No 

1196M (monitoring)5 
Lithium No 

Manganese No 

1198M (monitoring)5 

Sulfate No 
Manganese No 

1211M (monitoring)5 Manganese No 

1212M (monitoring)5 Lithium Yes 

1250M-N (monitoring) 
Lithium No 

Manganese No 

1250M-S (monitoring) 
Sulfate No 

Manganese No 

1250M-W (monitoring) 
Sulfate No 

Manganese No 
PSW-4A (monitoring) Manganese No 

WR-129 (monitoring) Manganese No 

5 assigned to FL-05  
 

Inside EHP Cutoff Wall, EHP Flushing Line 6 (FL-06) – Wells completed in shallow 

hydrostratigraphic intervals inboard of the cutoff wall are hydraulically connected to 

porewater or saturated ash that is managed in the EHP. As dewatering and cell closures are 

completed, water in these hydrostratigraphic intervals is expected to recede. However, 

improved water quality is not anticipated in the near-term inboard of the cutoff wall without 

source reduction by closures and freshwater flushing. Freshwater flushing was only 

conducted at three of seven injection wells on FL-06 in 2024 (1314M-IW, 1315M-IW, and 

1312D-IW), as Talen has opted to focus on dewatering inboard of the cutoff wall before full-

scale flushing will be initiated. A summary of current significant decreasing trends in COI for 

this area, including wells assigned to FL-06 in the PMP, is as follows.  
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Units 3&4 EHP Inside Cutoff Wall 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

1003R (capture)6 
Sulfate Yes 
Lithium Yes 
Cobalt Yes 

1282R (capture)6 Selenium No 

674R (monitoring)6 
Lithium Yes 
Cobalt Yes 

1178M-CCR 
(monitoring)6 

Sulfate No 

Lithium Yes 

Manganese No 

6 assigned to FL-06  
 

North Saddle Dam, EHP Flushing Line 7 (FL-07) – Wells included in the discussion of water 

quality trends for this area are either associated with FL-07, which has flushing wells located 

from the east EHP Main Dam abutment (e.g. 1128D) to the area north of the EHP Saddle Dam, 

or wells that are not designated for FL-07 performance monitoring but have CC exceedances 

and were assigned to the North Saddle Dam area in previous annual reports. Multiple capture 

wells north of the Saddle Dam or associated with FL-07 exhibited significant (p<0.05) 

decreasing trends in COI concentrations through 2024. Significant decreasing trends currently 

associated with FL-07 and/or the North Saddle Dam area are summarized in the following 

tables: 

Units 3&4 EHP North Saddle Dam 

Well 
Significant 

Decreasing Trend (@ 
p < 0.05) 

CC exceedance 
in 2024 (Yes/No) 

610D (capture)7 Lithium Yes 

621D (capture) 
Boron Yes 
Sulfate Yes 

1083D (capture)7 Lithium Yes 

1115D (capture)7 Manganese Yes 
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Units 3&4 EHP North Saddle Dam (Continued) 

1128D (capture)7 
Boron Yes 
Sulfate Yes 
Lithium Yes 

1129D (capture)7 
Boron Yes 

Lithium Yes 
Cobalt Yes 

1203D (capture)7 Boron Yes 

1205D (capture)7 

Boron No 
Sulfate No 
Lithium No 

Manganese No 

1206D (capture)7 
Lithium Yes 
Cobalt Yes 

1207D (capture)7 
Boron Yes 
Sulfate Yes 
Lithium Yes 

1209D (capture)7 

Boron No 
Sulfate No 
Lithium Yes 
Cobalt No 

Manganese No 

1275D-CW (capture)7 Sulfate Yes 

555M (monitoring)7 Sulfate No 

585D (monitoring)7 Cobalt No 

611D (monitoring)7 Cobalt No 

1116D (monitoring)7 Lithium Yes 

1118D (monitoring)7 Manganese Yes 

1219D (monitoring)7 Lithium Yes 

1225D (monitoring)7 Boron No 

1226D (monitoring)7 

Boron No 

Sulfate No 

Manganese No 

7 assigned to FL-07 
 

 

Saddle Dam, EHP Flushing Line 8 and 9 (FL-08 and FL-09) – Two flushing wells serviced by  

FL-08 and the end-of-line flushing port (FP-08) are located east of the EHP Saddle Dam. 

Flushing wells on FL-09 are located east of the previously described North Saddle Dam Area. 
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Recent groundwater quality trends observed at wells in the Saddle Dam Area and wells 

monitored in conjunction with FL-08 and FL-09 through 2024 are listed in Appendix M. A 

summary of significant (p<0.05) decreasing trends of COI detected in this area is as follows: 

 

Units 3&4 EHP Saddle Dam 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance 
in 2024 (Yes/No) 

565D (capture) 

Sulfate Yes 
Manganese Yes 

646D (capture) Boron No 

647D (capture) Manganese Yes 

1108D (capture)8/9 Lithium Yes 

1167D (capture)8/9 
Boron No 
Sulfate Yes 

1170R (capture) Selenium No 

1216D (capture)8/9 Boron Yes 

1218D (capture)8/9 
Boron No 
Sulfate Yes 
Lithium Yes 

1222D (capture)8/9 
Boron No 
Sulfate No 

1223R (capture) Selenium No 

1227R (capture) Cobalt No 

629D (monitoring) Manganese No 

662D (monitoring)8/9 Lithium Yes 

1064D (monitoring)8/9 
Lithium Yes 

Manganese No 

1075D (monitoring) Lithium Yes 

1106D (monitoring) Lithium Yes 

1107D (monitoring)8/9 Lithium Yes 

1121D (monitoring)8/9 
Boron Yes 
Sulfate Yes 

Manganese No 

1123A (monitoring)8/9 Selenium No 
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Units 3&4 EHP Saddle Dam (Continued) 

1168R (monitoring) 
Boron Yes 
Sulfate No 
Lithium Yes 

1171R (monitoring) 

Boron Yes 
Sulfate Yes 
Lithium Yes 
Cobalt No 

1175D-CCR (monitoring)8/9 Boron No 

1213D (monitoring)8/9 Boron No 

1214D (monitoring)8/9 Lithium No 

1221D (monitoring)8/9 Sulfate No 

8/9 assigned to FL-08/09  
 

560A Area – The 560A Area is a distal area east of the EHP Saddle Dam with detected 

concentrations of COIs above the CC. Groundwater capture targeting alluvium and shallow 

bedrock was implemented prior to AOC remedy evaluation in the 560A Area for source 

control purposes. Pumping in this area has reduced water levels and concentrations of some 

COI over time. Current trends for COI in the 560A Area are provided in Appendix M. A 

summary of decreasing trends is as follows: 

 

560A Area 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance in 
2024 (Yes/No) 

560A (capture) 
Selenium No 
Lithium Yes 

1089D (capture) 
Boron No 
Sulfate Yes 

Selenium No 

1093D (capture) Lithium No 

1102D (capture) 
Boron No 
Sulfate Yes 
Lithium Yes 

1073A (monitoring) Cobalt No 

1114D (monitoring) Lithium Yes 
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560A Area (Continued) 

1130D (monitoring) 
Sulfate Yes 
Lithium Yes 

Manganese No 

1165D (monitoring) 

Boron Yes 

Sulfate Yes 

Lithium No 

 

Off-site alluvial wells PW-734, PW-735 and PW-736 were monitored downgradient of the 

560A Area by Battelle Pacific Northwest National Laboratory (PNNL) during 2024 (Thompson 

et al. 2025). These wells are part of the Stipulation 12(d) monitoring program that was 

established in 1984 to provide water quality data downgradient of the Units 3&4 EHP in the 

Cow Creek and Pony Creek drainages. Data collected during each year under this program is 

compared to previous years’ data to determine if any changes have occurred in the water 

quality or hydrological parameters east and downgradient of the Units 3&4 EHP. Findings 

from 2024 Stipulation 12(d) monitoring events do not indicate any definitive effects to off-

site groundwater quality from the operations of the Units 3&4 EHP. Results of specific 

chemical tracer analysis provide no apparent evidence of encroachment of water from the 

EHP in the study area either via groundwater transport or by overland flow of 

rainwater/snowmelt; and monitoring data recorded by a continuous recorder offsite do not 

indicate any releases from the EHP (Thompson et al. 2025). 

 

Drain Pit #3 

Drain Pit #3 and associated monitoring wells are shown on Exhibit 1. In 2000, this system was 

installed to capture groundwater affected by a spill in the pipeline/drain pond. Drain Pit 3 

was lined with a synthetic liner in 2011 after results of an investigation conducted in 2010 

indicated that water from the pond may have been seeping to the local shallow groundwater 

system that is captured by the DP3-IT. A summary of current significant decreasing trends in 

COI for the Drain Pit #3 area is in the table to follow. A sentence here about how there aren’t 

any CC; but still a couple decreasing trends.  
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Drain Pit 3 Area 

Well Significant Decreasing 
Trend (@ p < 0.05) 

CC exceedance in 2024 
(Yes/No) 

DP3-637A 
(monitoring) Lithium No 

PSW-2 
(monitoring) Sulfate No 

 

Private Stock Wells 

There are ten private stock wells in operation in the 3&4 EHP Area, the locations of which are 

shown on Exhibit 1. All are completed in sub-McKay bedrock except for PSW-4A, which is 

completed in alluvium along SFCC, and PSW-10, which is completed in McKay coal along Cow 

Creek. Wells closest to the 3&4 EHP are sampled semi-annually or annually in accordance 

with the WRMP. Analytical results of PSW samples are included in a separate electronic 

submittal. A summary of 2024 sample collection and results is as follows: 

• PSW-2, PSW-7 and PSW-9 – No Change in water quality. 

• PSW-4A – boron increased to slightly above CC and sulfate increased but remained 

slightly below CC.  

• PSW-1, PSW-3, PSW-5, PSW-6 – Not sampled. 

• PSW-10 was installed in 2011 and PSW-11 was installed in 2014. Neither well is 

currently sampled. 

 
8.2.3 Surface Water Monitoring Sites.  

Surface water monitoring was conducted at sites along Cow Creek (CC2 – CC7) (Exhibit 1) in 

spring of 2024. Sites CC3 and CC4 were sampled in the spring but were dry in the fall; the 

other Cow Creek sites were dry and have typically been dry for the past several years due to 

the ephemeral nature of the drainage. Water quality during the 2024 sampling events was 

within historical ranges observed at CC3 and CC4. The following table compares 2024 water 

quality data for surface water COI at these sites to the previous ten years of data. Note that 

sampling for cobalt, lithium, molybdenum, and manganese was initiated in 2020. Long term 

water quality graphs for CC3 and CC4 are included on Figure 8-2. 
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May 2024 Cow Creek Water Quality Compared to Previous 10 Years 

 
05/15/24 Minimum Maximum Average 

CC3      
Boron (mg/L) 1.2 0.6 1.5 1.0 

Sulfate (mg/L) 2430 2120 3000 2431 

Cobalt (mg/L) <0.005 <0.005 <0.005 <0.005 

Selenium (mg/L)  < 0.005 0.065 0.065 0.065 

Lithium (mg/L) 0.18 0.18 0.22 0.20 

Manganese (mg/L) 0.21 0.21 1.57 0.99 

CC4     
Boron (mg/L)  1.1 1.1 1.4 1.2 

Sulfate (mg/L) 1990 1780 2290 2012 

Cobalt (mg/L) <0.005 <0.005 <0.005 <0.005 

Selenium (mg/L)  < 0.005 <0.005 0.012 0.009 

Lithium (mg/L) 0.11 0.11 0.16 0.13 

Manganese (mg/L) 0.06 0.029 0.478 0.209 

 

The Cow Creek and South Fork Cow Creek (SFCC) crest gages (Exhibit 1) were monitored 

periodically during 2024. No flow was observed at these sites (SFCC1, SFCC2, and SFCC3) in 

2024. 

 

The West Seep Diversion was constructed across a narrow ephemeral drainage to collect 

seepage that was discovered after water levels were raised in F and H Cells in 2004. The last 

water quality sample was collected from the site in April 2020; and concentrations of all 

constituents were below cleanup criteria as defined in the Cleanup Criteria and Risk 

Assessment (Marietta Canty, LLC & Neptune LLC 2018a). The containment structure was 

removed in October 2020 as this pathway for seepage no longer exists. The site was dry prior 

to removal of the containment structure in October 2020 and continued to be dry in 2024. 

 

The NP Cut is an old mining cut located near the former West Seep Diversion. This site is 

excavated below the local water table. Water quality at this site is not thought to be 

influenced by EHP; but constituent concentrations of COI remained unchanged at NP Cut in 

2024. 
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8.3 ADDITIONAL GROUNDWATER MONITORING OR REMEDIATION ACTIVITIES 

The following additional work activities related to groundwater monitoring or remediation 

were conducted in the Units 3&4 EHP Area in 2024. 

• Well 1330R was converted for capture and began pumping in October 2024. 

• Horizontal wells HCW-1D, HW-10D, and HW-11D began capturing groundwater in 

February (for HCW-1D and HW-11D) and May 2024 (for HW-10D). 

• New wells 1331D, 1332D, 1333D, 1334D, 1335D, 1338F, and 1339R were installed in 

September and October 2024 around Units 3&4 EHP C/C-1 Cells to enhance 

dewatering in the area through groundwater capture. Conversion of these wells to 

capture wells will occur in 2025. 

• New well 1336R was installed in October 2024 to monitor water levels in Rosebud 

clinker south of G Cell. 

• New well 1337R was installed in October 2024 to monitor water in the shallow interval 

during construction of G-1 Cell. 

 

Spills or Releases at the Units 3&4 EHP. No spills or releases occurred in the Units 3&4 EHP 

Area during 2024. 

 

8.4 3&4 EHP REMEDY O&M 

8.4.1 Capture System Maintenance 

Capture wells in the Units 3&4 EHP area that were treated with chlorine biocide or 

Boresaver® Ultra C in 2024 are listed in the following table. 

 

657M 1170R 
648D 1227R 
552D 1172D – Trench 
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Pipelines servicing capture wells 556D, 610D, 1209D, and 1172D-Trench were also treated 

with Boresaver® Ultra C in 2024. Horizontal capture well HCW5-M was flushed/jetted during 

2024. A new pump was installed in the horizontal well after maintenance was completed. 

 

8.4.2 Freshwater Flushing System Maintenance 

In general, the freshwater flushing system operated as outlined in the O&M Plan (Geosyntec 

2024f) in 2024. A notable departure from the O&M Plan is that raw water is filtered at the 

North Plant Treatment Facility before being piped to the EHP, rather than being filtered in 

the Dry Disposal Building. Filtration equipment is installed in the Dry Disposal Building that 

can be plumbed into the treatment sequence once the North Plant Treatment Facility is 

retired. Maintenance performed on the EHP flushing system in 2024 was consistent with 

O&M plan (Geosyntec 2024f). Any ongoing maintenance issues that may affect system 

performance will be addressed annually in future versions of this report. 

 

8.5 3&4 EHP REMEDY PERFORMANCE MONITORING  

Operational data collected at the EHP capture and flushing systems and a complete 

evaluation of the effectiveness of the groundwater remediation system during its initial 

period of operation (June 2023 - December 2024) were presented in a separate EHP 

Performance Evaluation Report (Hydrometrics 2025c). The purpose of performance 

monitoring is to verify proper function of the groundwater remediation system components 

and measure the progress of the remediation system at achieving remedial objectives such 

as reducing constituent mass in groundwater and achieving CC. The following is a summary 

of performance monitoring results for calendar year 2024 that includes some EHP sites not 

previously described in the Performance Evaluation Report (Hydrometrics 2025c).  

 

8.5.1 Freshwater Flushing Rates  

Freshwater flushing rates recorded in 2024 are shown in Table 8-1. In general, operational 

flushing rates recorded in the field were less than rates targeted in the Remedy Evaluation 

numerical model (NewFields 2023b). Not including FL-06, which operated in limited capacity, 
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combined flushing rates for each line were 40% to 80% less than predicted. The discrepancy 

in measured versus predicted flushing rates is attributed to heterogeneity in targeted 

hydrostratigraphic units, such as low permeability siltstone interbedded with targeted 

sandstone intervals at FL-01, or adaptively managed flow rates that were reduced to 

eliminate surface seepage at some wells. A combined flushing rate of 108 gpm was recorded 

for all flushing lines FL-01 through FL-09 in 2024. As described previously, no water was 

introduced through flushing lines FL-10 and FL-11, as the horizontal wells served by those 

lines (HW-10D and HW-11D) were converted to capture wells to aid in dewatering. Three 

injection wells (1314M-IW, 1315M-IW, and 1312D-IW) on FL-06 were operational at the 

beginning of 2024 but they were turned off to avoid flushing interference with ongoing 

dewatering efforts within 3&4 EHP. 

 

8.5.2 Evaluation of 2023 Units 3&4 EHP Area Capture Well Pumping Rates 

Liquid capture was conducted at 118 of 138 existing sites in 2024 in the 3&4 EHP Area. Of 

these 118 sites, 106 are capture wells, nine are interception trenches, two are dam sumps 

and one is the EHP Underdrain. The EHP Underdrain and wells completed in shallow strata 

within the EHP cutoff wall are included in the capture system but are distinct in that they 

collect process water stored within source boundaries rather than groundwater. Pumping 

was not conducted at select capture wells during 2024 because the wells were dry or water 

quality had improved to below levels established as CC (Marietta Canty, LLC and Neptune, 

LLC, 2018a). Capture wells, including those that were off in 2024, are identified on Table 8-2. 

The total capture rate recorded at the 3&4 EHP in 2024 is 256 gpm, which does not include 

sumps (such as EHP Main Dam Sump) that are used to transfer captured water from other 

capture wells or the EHP Underdrain. The cumulative capture rate is greater than the 

freshwater flushing rate of 108 gpm. 

 

Table 8-2 provides an estimate of capture system pumping rates for wells in existence during 

the period from 2014 through 2024. These reported pumping rates are based on the method 

of flow measurement presented in Section 5.4.1. Capture wells that share a common pipeline 
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are grouped together and the pond or treatment process that receives water from each well 

is listed on Table 8-2. 

 

The Units 3&4 Underdrain system consists of 6-inch slotted corrugated polyethylene pipe 

installed above compacted soil and bentonite liner. The laterals for the Units 3&4 EHP 

Underdrain are connected to a sump located between what is now J/J-1 Cell and C Cell 

(Bechtel 1985). The approximate layout of the Units 3&4 EHP Underdrain system is included 

on Figure 8-3. Pumping was started at the Underdrain on December 2, 2021, as part of the 

MDEQ conditionally approved remedy. Pumping rates and water quality at the Units 3&4 EHP 

Underdrain are monitored similar to individual capture wells. Note that water pumped from 

the Underdrain is not from a native groundwater source but is associated with removal of 

free liquids from EHP CCR material. Approximately 27 million gallons of water was pumped 

from the Underdrain to the A Cell Clearwell in 2024 (Table 8-3). A new buried concrete vault 

was constructed around the EHP standpipe in August/September 2024 to alleviate potential 

obstructions with ash haul trucks around the Dry Disposal Building. A new flow meter and 

totalizer with remote sensing capabilities and an automated pressure transducer/datalogger 

were installed in the vault at the time of its installation to record ongoing Underdrain flow 

rates and fluid levels.  

 

Units 3&4 EHP Main Dam Sump/Interception Trench/Dam Abutment Areas. Collection of 

groundwater with indicators of process water was initiated downgradient of the Units 3&4 

EHP Main Dam in 1989 with construction of the Main Dam Lower Interception Trench. 

Collection systems have been expanded downgradient of the Main Dam over the years to 

more efficiently capture groundwater with increased concentrations of COI. Groundwater 

collected at the Lower Interception Trench and wells 1084A, 1087D, 606A, 604A, 605A-2, 

654A and the 552D-Trench is pumped or drains by gravity to the Units 3&4 EHP Main Dam 

Sump; from there it is routed to the Units 3&4 EHP. Table 8-2 shows the collection rates of 

these systems in 2024. Capture wells in the drainage downgradient of the 3&4 EHP Main Dam 

work in concert with freshwater flushing wells on Flushing Line 1 (FL-01).  
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Capture wells 644D, 645D, 1080D, 1081D, 1083D, 1087D, 1115D, 1128D, 1129D, 1203D, 

1205D, 1206D, 1207D, 1208D and 1209D, completed in bedrock north of the 3&4 EHP, 

continued to operate in 2024. Collection rates for these capture systems are presented in 

Table 8-2. These capture wells collect groundwater and freshwater introduced through 

flushing wells on Flushing Line 7 (FL-07). Note that capture well 1202D was off in 2024 due to 

water quality observations below CC. Capture well 1202D remains off but is monitored 

frequently. 

 

North Saddle Dam Area. A collection system consisting of wells 556D, 609D-2, 610D, and 621D 

has been in operation in the North Saddle Dam Area for over 20 years. Water levels in these 

wells have been lowered since collection was started; and well yield is typically less than one 

gpm in individual wells of this system. Capture wells 556D, 609D-2, 610D, and 621D are co-

located with freshwater flushing wells on Flushing Line 7 (FL-07). Table 8-2 shows the 

collection rates of wells in this system in 2024. Well 609D was damaged in 2014 and 

subsequently replaced with 609D-2. Well 609D-2 similarly was not operational in 2024 

because the submersible pump overheated and became lodged in the well screen. Well  

609D-2 will be abandoned and replaced with a new capture well in 2025.  

 

Saddle Dam Area. Groundwater collection systems were originally installed in the Units  

3&4 EHP Saddle Dam Area to address seeps that occurred in this area in December 1999. 

These capture systems have continued to operate and have been expanded eastward to 

improve capture of seepage east of EHP. Capture wells directly east of the Saddle Dam 

operate in concert with freshwater flushing wells on Flushing Line 8 (FL-08). Table 8-2 includes 

the collection rates of all capture wells in the Saddle Dam Area in 2024. 

 

560A Area. The 560A Area, located east of the Saddle Dam area, has been the subject of 

groundwater investigation and mitigation efforts for several years. Collection wells/trenches 

installed in this area include 560A-Trench, 1051A, 1073A-Trench, 1079A-Trench, 1089D, 

1090D, 1093D, 1095D, 1097D, 1098D, 1099D, 1100D, 1101D, 1102D, 1127D and 1148D. 
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Capture rates for 2024 are included in Table 8-2. Operational monitoring at the capture wells 

and nearby monitoring wells indicates that capture system pumping has resulted in sustained 

water level drawdown and/or improved water quality in this area. Capture wells of the 560A 

Area are downgradient of freshwater flushing systems that operate as part of the remedy 

east of 3&4 EHP. 

 

Units 3&4 EHP West Side. On the west side of the Units 3&4 EHP, well 656R continued to 

capture groundwater with increased COI concentrations. This well was converted for 

groundwater capture in 2006 to replace capture at wells 640P and 641P, which are now used 

to monitor water levels near the capture wells. Groundwater capture on the west side of EHP 

(1031R Area) was expanded in 2008 to include capture at 1031R, 1034R and 1037R. Capture 

well 1229M began pumping west of EHP in 2020. Current and historical data for these capture 

wells can be found in Table 8-2. Note that the total capture rate in 1031R area wells was 

steadily declining until well 1229M was started in 2020, providing an initial boost to area-

wide capture rates. The pumping rate at 1229M decreased annually since it was started until 

2023 when the freshwater flushing system began operating. However, the inclusion of 

capture wells 1285D-CW, 1287M-CW, and 1288M-CW led to an increase in overall system 

capture radius and volumes in 2023 that further increased in 2024. New and existing capture 

wells on the west side of EHP capture groundwater mixed with process water and flushing 

water related to Flushing Line 4 (FL-04). 

 

Interception trenches SP-15 South and SP-15 North were installed in 2002 to collect process 

water that had mixed with groundwater in the area west of the Units 3&4 EHP. In 2006, the 

SP-15 North collection system was expanded by adding the SP-15 Northwest Interception 

Trench. This trench was located approximately 800 feet downgradient from SP-15 North. The 

rate of groundwater capture at the SP-15 interception trenches had generally declined in 

recent years prior to starting the freshwater flushing system. Reduced capture rates at the 

SP-15 trenches were likely due to increased groundwater capture at upgradient capture wells 

adjacent to the slurry wall (well 1031R Area) and water management practices which have 
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significantly reduced head withing EHP. A summary of 2024 collection data can be found in 

Table 8-2 for these systems. Groundwater capture rates at South SP-15 remained low in 2024, 

as minimal water column at this site limited the amount of water accessible to pumping. 

Capture rates at SP-15 North and Northwest increased in response to inputs from the 

freshwater flushing system; and water was observed issuing to ground surface in the SP-15 

drainage in 2024. Capture well 1251D-CW, which was started in conjunction with the 

freshwater flushing system, was pumped at an average rate of 1.7 gpm throughout 2024 in 

the SP-15 Trench area. The sustained capture rate at 1251D-CW and increased capture at 

nearby trenches is attributed to proximity to shallow interburden bedrock flushing well 

1304I-IW. Capture at wells in this area is conducted in concert with freshwater flushing on 

Flushing Line 3 and 4 (FL-03 and FL-04). 

 

Drain Pit #3 Interception Trench Collection. In 2000, this system was installed to capture 

groundwater affected by a spill in the pipeline/drain pond. Drain Pit 3 was lined with a 

synthetic liner in 2011 after results of an investigation conducted in 2010 indicated that water 

from the pond may have been seeping to the local shallow groundwater system that is 

captured by the DP3-IT. Table 8-2 includes data from this collection system in 2024. Drain Pit 

#3 and associated monitoring wells are shown on Exhibit 1. 

 

Drain Pit #5 Interception Trench Collection. In 2001, an interception trench was installed in 

this area to address potential process water in unconsolidated sediments resulting from spills 

related to the pipeline and Drain Pit #5. The Drain Pit #5 interception trench captures 

groundwater flowing through the shallow unconsolidated sediments downstream of Drain  

Pit #5, the West Seep, SP-15 North, and SP-15 South areas. Current and historical data from 

this collection system are included in Table 8-2. Groundwater extraction is also conducted at 

1027A and 1028A by bailing these wells until they are dry on at least a monthly frequency. 

 

Units 3&4 EHP South/West Side. Water issuing south of the Units 3&4 EHP into the SFCC 

drainage and into an un-named drainage west of EHP was discovered by facility personnel in 
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2004. Investigations into the SFCC and West Seeps concluded that a likely source area of the 

seeps was through the slurry wall in the southeast corner of the Units 3&4 EHP, near well 

1016R. It is believed that water added to F and H Cells during the summers of 2003/2004 

reached a level in this area that allowed pond water to escape. This water then accumulated 

in the baked shale (clinker) on the south and west sides of the pond, apparently bounded by 

the local structure, until it reached an elevation that allowed it to flow towards the south and 

west seep locations. The practice of filling unlined F and H Cells to a level that would cause 

excess seepage was discontinued and a system of collection wells was installed in 2005 to 

pump water that had accumulated outside the slurry wall. A lined groundwater collection 

pond was built in F Cell (a 45 mil RPP liner with leachate collection under the liner) to hold 

the captured groundwater. F Cell is still used to store captured groundwater but may also be 

used to store excess pond water and is the source of water for the forced evaporation system. 

In 2013, a double-liner system was installed at H Cell with a 45 mil RPP primary liner and a  

36 mil RPP secondary liner with leachate collection between and beneath the liners. 

 

Based on observations at the SFCC and West Seep Areas, it can be concluded that the primary 

cause of these seeps has been mitigated by eliminating or reducing the source of seepage 

from F and H Cells. In addition to source reduction through pond liners, Talen operates 

freshwater Flushing Line 5 (FL-05) and associated capture system in this area to flush process 

water mixed with groundwater to vertical and horizontal capture wells (source control). 

Groundwater collection data from wells south or southwest of 3&4 EHP can be found in  

Table 8-2. 

 

South Fork Cow Creek Area (SFCC). As previously described, water issuing south of the Units 

3&4 EHP into the SFCC drainage was discovered in 2004 by facility personnel. It was 

concluded that water was coming from the Units 3&4 EHP. Collection systems, including the 

SFCC Diversion Dam and sump system, were constructed as soon as practicable upon 

discovering the seep and used to collect surface water and groundwater that had co-mingled 

with the seep. The SFCC diversion was removed in 2012, well after the SFCC seep had 
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subsided, to allow movement of natural surface water to downstream areas and promote 

recharge to alluvium in SFCC. Groundwater capture wells completed in alluvium or McKay 

coal in direct contact with alluvium are still active in the SFCC area. All the captured water is 

returned to the Units 3&4 EHP. 

 

Table 8-2 contains collection data from the capture systems in the SFCC Area. Declining water 

levels at these collection wells and associated observation wells indicate effective capture of 

groundwater. In some cases, water levels have been lowered to the contact with the 

underlying bedrock. The alluvium at many of the downgradient capture wells is essentially 

dry. Reduction in water levels and lower SC are indicative of effective mitigation efforts in 

this area. Several capture wells in the SFCC Area were shut down for all or a portion of the 

year due to improved water quality or absence of water for capture. The SFCC groundwater 

capture system is located downgradient of freshwater Flushing Line 5 (FL-05). 

 

8.5.3 Mass Removal of COI at EHP PMP Capture Wells 

Mass removal rates of sulfate and boron at capture wells associated with the 3&4 EHP 

flushing system were 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 

2024. Results of 2024 sulfate and boron mass capture analysis are found in Figures 8-4 and 8-

5, respectively. Results of mass capture for the 18-month preliminary performance 

monitoring period (June 2023 through December 2024) are included in the EHP Performance 

Monitoring Evaluation Report (Hydrometrics, Inc. 2025c). Results of mass capture analyses 

indicate that the remedy is effectively removing COI at an overall rate greater than or equal 

to predictions made during the RD/RA process by the numerical fate and transport model 

(NewFields 2023b). Total mass of sulfate captured during 2024 by all capture wells associated 

with the flushing system was more than 3.3 million kilograms (7.3 million lbs.). Total mass of 

boron removed during 2024 by all capture wells associated with the flushing system was 

more than 17,000 kilograms (37,600 lbs.). System-wide sulfate mass removal is presented 

against model-predicted sulfate mass removal for 2024 in Figure 8-4; similarly, system-wide 
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boron mass removal is compared to model predictions for 2024 in Figure 8-5. Note that 

modeled annual boron and sulfate mass removal totals were estimated by multiplying 

published daily mass capture rates by 365 days per year. 

 

Sulfate and boron mass removal rates and quantities calculated for capture wells associated 

with individual flushing lines (FL-01 through FL-11) of the EHP freshwater flushing system in 

2024 are presented graphically and tabularly in Appendix P. Mass removal rates recorded in 

2024 at each flushing line are examined briefly as follows: 

• FL-01 (Appendix P1) –The total mass of sulfate removed from the FL-01 capture 

system during 2024 was just 43% of the model-predicted sulfate mass removal 

(31,489 kg sulfate removed versus 72,533 kg sulfate removal forecasted). Similarly, 

the total mass of boron captured at FL-01 wells in 2024 was less than predicted (85 kg 

boron removed versus 124 kg boron removal forecasted). Shortfalls in constituent 

mass captured at FL-01 are the result of lower than predicted pumping rates, 

particularly at well 1279D-CW.  

• FL-02 (Appendix P2) – Sulfate and boron mass capture rates greatly exceeded model 

projections in 2024 at FL-02. Wells 1263D-CW and 616D were the greatest individual 

contributors to mass capture rates at FL-02. Capture well pumping rates at  

1263D-CW and 616D were consistent with but slightly less than model output, which 

suggests that the concentrations of COIs at 1263D-CW and 616D are greater than 

modeled. COI mass capture rates at well 657M were low and did not skew the 

comparison of recorded versus modeled results, even though pumping conditions 

were not modeled at well 657M. 

• FL-03 (Appendix P3) – Approximately 97,460 kg of sulfate and an estimated 441 kg of 

boron were captured during 2024 at FL-03 pumping wells. The measured mass 

capture of both COI exceeded model forecasts for the 2024 stress period. Mass 

capture rates at SP-15 trenches (north, northwest, and south) were included in 

calculations of recovered COI mass but were not included in the model results. 

Contributions of COI mass from the SP-15 trenches, particularly SP-15 North, 
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accounted for much of the difference between measured and modeled results. 

Pumping rates and COI mass capture rates were reasonably well approximated by the 

model at FL-03 capture wells. 

• FL-04 (Appendix P4) – Combined mass capture rates of sulfate and boron exceeded 

model predictions at FL-04 capture wells in 2024. The total mass of sulfate captured 

at FL-04 in 2024 was more than 259,506 kg, as compared to 89,582 kg of sulfate mass 

removal forecasted by the model. Total boron removal at FL-04 in 2024 exceeded the 

model prediction by more than 10 times the simulated result (~1500 kg of boron 

removed, as compared to 121 kg of simulated boron removal). Individual well 

pumping rates recorded at Rosebud wells 656R, 1034R, 1037R, and McKay well 

1229M were greater than predicted by the model; but, pumping rates recorded at 

1285D-CW and 1287M-CW were lower than predicted by the model. The differences 

between modeled and recorded mass removal rates were proportional to the 

differences between modeled and recorded pumping rates, suggesting that measured 

constituent concentrations are well represented by the model at those wells. 

• FL-05 (Appendix P5) – Mass removal of sulfate and boron from Rosebud Clinker wells 

of the FL-05 capture system totaled approximately 134361 kg and 698 kg, respectively 

in 2024. Mass capture of sulfate and boron exceeded model projections due to higher 

than predicted pumping rates at wells 1002R and 1017R. 

• FL-06 (Appendix P6) – Pumping wells associated with FL-06 are completed inboard of 

the EHP cutoff wall; thus, most free liquid removed from these wells is not 

groundwater but is process water stored in pore space of stratigraphic intervals that 

are or were hydraulically connected to unlined or previously unlined cells at EHP. Due 

to source concentrations of COI in many of these wells and aggressive pumping 

conducted as a source control measure, mass capture of COI at the FL-06 capture 

system is the highest of all of the flushing lines. The calculated mass of sulfate 

collected at FL-06 pumping wells was approximately 812,991 kg in 2024, which 

exceeded the annual model projection of 604,742 kg. The calculated mass of boron 
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collected at FL-06 pumping wells was approximately 4,341 kg in 2024, which exceeded 

the model-predicted boron mass removal of 1,021 kg. 

• FL-07 (Appendix P7) – In 2024, mass removal of sulfate and boron from capture wells 

of the FL-07 capture system totaled approximately 78,442 kg and 430 kg, respectively. 

Cumulative COI mass removal was well-approximated by the model, which predicted 

approximately 82,683 kg of sulfate removed and 340 kg of boron removed in 2024. 

Agreement between measured and modeled pumping rates and mass removal rates 

at individual capture wells of the FL-07 system was variable; but the cumulative mass 

of COI removed from this system was consistent with the model. 

• FL-08 & FL-09 (Appendix P8) – Sulfate mass removal from FL-08 and FL-09 capture 

wells was greater than three times the model-predicted total (73,397 kg, as compared 

to 20,492 kg); and boron mass removal at the same wells exceeded the model 

prediction by 73% (49 kg, as compared to 25.62 kg) in 2024. 

• FL-10 (Appendix P9) – Well 1260D-CW is the lone vertical capture well associated with 

FL-10. Nearly 20,000 kg of sulfate and 14 kg of boron were collected at this well in 

2024. Well 1260D-CW was not simulated as pumping in the model in 2024; so there 

is no comparison to model results.  

• FL-11 (Appendix P10) – Vertical capture wells of the FL-11 system are located directly 

north of the EHP and are completed in sandstone with elevated concentrations of COI. 

Capture well 1284D-CW is the exception, as concentrations of sulfate and boron were 

below CC throughout the initial performance monitoring period at that sub-McKay 

well completed at the toe of the EHP Main Dam. In 2024, cumulative mass removal of 

sulfate and boron from the FL-11 vertical wells equaled 175,741 kg and 1,073 kg, 

respectively. Total mass removal from FL-11 wells predicted by the model for 2024 

was 57,096 kg of sulfate and 154 kg of boron. 

 

Sulfate and boron mass removal rates and quantities calculated for horizontal capture wells 

operating in the EHP in 2024 are presented graphically and tabularly in Appendix Q and 

examined briefly as follows: 
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• HCW-1D (Appendix Q2) – Model estimated mass capture rates of sulfate and boron 

were exceeded by HCW-1D in 2024. Daily sulfate and boron mass removal predicted 

by the model was 64.7 kg/day and 0.67 kg/day, respectively, as compared to 

measured daily mass capture rates of 395 kg/day sulfate and 2.5 kg/day boron. The 

flow rate observed at HCW-1D was greater than 4 gpm, which was more than twice 

the model-predicted flow rate.  Greater than anticipated pumping rates accounted 

for the greater than expected mass removal rates. 

• HCW-2D (Appendix Q3) – Sulfate and boron mass capture rates at HCW-2D were well-

approximated by the model even though the volumetric pumping rate achieved by 

the well was just over half of the model-predicted flow. This suggests that 

concentrations of sulfate and boron at HCW-2D are higher than those represented in 

the model. 

• HCW-3D (Appendix Q4) – The total mass of sulfate removed from HCW-3D during 

2024 was 29% less than the model-predicted sulfate mass removal (35,327 kg sulfate 

removed versus 49,666 kg sulfate removal predicted). Similarly, the total mass of 

boron captured at HCW-3D in 2024 was less than forecasted (196 kg boron removed 

versus 351 kg boron removal forecasted). The shortfall in constituent mass captured 

at HCW-3D is attributable to lower than expected well yield. 

• HCW-4M (Appendix Q5) – Well HCW-4M pumped less water but captured more 

sulfate and boron mass than predicted by the model in 2024. The annual average 

pumping rate was less than 4 gpm, as compared to the model simulation of 7 gpm. 

Cumulative sulfate and boron mass collected in 2024 totaled 50,855 kg and 167 kg, 

respectively. Cumulative estimates of mass capture forecasted by the model were 

about 30,415 kg of sulfate and 48 kg of boron in 2024. 

• HCW-5M (Appendix Q6) – This horizontal capture well collects free liquids from within 

EHP cutoff wall boundaries and controls McKay coal groundwater with elevated 

constituent concentrations; as such, pumping rates and COI mass capture rates are 

higher at this horizontal well than at other horizontal wells.  Pumping and mass 

capture rates recorded in 2024 far exceeded model predictions. 

• HW-10D (Appendix Q7) – Pumping at HW-10D did not begin until August 2024 

because upgrades to the electrical service were necessary to make the capture well 
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operational. Limited run time in 2024 resulted in a yearly average pumping rate and 

COI mass capture rates that were lower than projected by the model. 

• HW-11D (Appendix Q8) – Mass capture rates for sulfate and boron were nearly 

identical to the model-predicted values at well HW-11D in 2024. Similarly, the 

pumping rate recorded at well HW-11D was well-approximated by the model. 

 

In general, measured mass capture rates exceeded the 2024 projected targets, indicating that 

the 3&4 EHP capture system is effectively removing COI mass from the groundwater system. 

 

8.6 EHP SUMMARY AND RECOMMENDATIONS 

Results of groundwater and remedy operational monitoring summarized previously in this 

report for 2024 are consistent with the comprehensive evaluation provided in the EHP 

performance monitoring evaluation report (Hydrometrics, Inc. 2025c), wherein data from 

June 2023 through December 2024 were evaluated. In summary, the EHP flushing and 

enhanced capture systems are working in concert to capture COI mass and reduce 

concentrations of COI in groundwater. 

 

Based on results of 2024 performance evaluation, in conjunction with the larger preliminary 

performance monitoring evaluation (Hydrometrics, Inc. 2025c), ongoing monitoring in 

accordance with the PMP and O&M Plan (Geosyntec 2024b and 2024f) is recommended, 

except that adaptive management and operation will be employed when site-specific 

conditions do not align with the parameters outlined therein. This includes operating flushing 

and capture wells at rates compatible with prevailing hydrogeologic conditions that will 

minimize surface seepage and increase drawdown in source areas. A series of sub-McKay 

bedrock capture wells were previously identified in the PMP for installation in 2025 

(Geosyntec 2024b). It is recommended that existing monitoring wells in McKay coal west of 

EHP, including 650M, 655M, 693M, and 1189M, should be evaluated for capture well 

pumping efficacy and converted to capture wells concurrent new sub-McKay bedrock. 

Ongoing evaluation using metrics identified in the PMP (Geosyntec 2024a) is also 

recommended, as those methods of evaluation have been proven to be effective at tracking 

remedy progress in the CSES EHP.
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NO. OF NO. ABV DATE AND ANALYSES OF
SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT

NA = Not Analyzed; *All Samples Collected From The Surface Of The Ponds

PLANT SITE UNITS 1 THROUGH 4 PROCESS POND CHEMICAL PROFILES 2024
TALEN COLSTRIP STEAM ELECTRIC STATION

TABLE 2-2

UNITS 1-4 SEDIMENT RETENTION POND (Cont.) TOTAL ALKALINITY AS CACO3 mg/L 13 13 11 258 132.077 147.000 77
Sample Period:  February 1985 To June 2024 TOTAL HARDNESS AS CACO3 mg/L 8 8 1,080 12,400 4762 2340 2,180

TOTAL KJELDAHL NITROGEN AS N mg/L 1 1 1 1 1.000 1.000 1
WATER TEMPERATURE (FLD) C 5 5 18.3 35.4 25.540 22.800 28.6

10/23/2024
GWCSP BICARBONATE ALK AS HCO3 mg/L 7 7 289 481 385.571 373.000 355
Groundwater Capture Storage Pond BORON (B) mg/L 5 5 6.1 9.7 8.160 9.300 9.4
Sample Period:  January 2020 To June 2024 BROMIDE (BR) mg/L 7 7 7.6 16.8 10.557 8.800 7.6

CALCIUM (CA) mg/L 5 5 383 431 406.200 395.000 395
CARBONATE AS CO3 mg/L 7 4 <4 18 8.286 7.000 7
CHLORIDE (CL) mg/L 7 7 134 192 151.571 151.000 137
COBALT (CO) mg/L 4 2 <0.005 0.008 0.005 0.003 <0.005
LITHIUM (LI) mg/L 4 4 0.2 0.33 0.248 0.230 0.23
MAGNESIUM (MG) mg/L 5 5 546 792 652.600 667.000 709
MANGANESE (MN) mg/L 4 4 0.039 2.01 0.582 0.053 0.053
MOLYBDENUM (MO) mg/L 4 4 0.004 0.016 0.010 0.010 0.011
pH - FLD s.u. 7 7 6.91 8.51 7.720 8.170 8.21
pH - LAB s.u. 7 7 6.8 8.5 7.957 8.400 8.4
POTASSIUM (K) mg/L 5 5 18 24 19.200 18.000 18
SC (UMHOS/CM AT 25 C) umhos/cm 7 7 4,160 6,980 5764 5840 6,250
SC (UMHOS/CM AT 25 C) (FLD) umhos/cm 7 7 5,390 7,045 5936 5632 6,192
SELENIUM (SE) mg/L 5 1 <0.005 0.003 0.003 - <0.005
SODIUM (NA) mg/L 5 5 369 504 420.200 413.000 439
SULFATE (SO4) mg/L 7 7 3,450 5,000 4043 4000 4,000
TDS (MEASURED AT 180 C) mg/L 7 7 5,390 7,160 6057 6180 6,240
TOTAL ALKALINITY AS CACO3 mg/L 7 7 267 395 329.286 321.000 302
TOTAL HARDNESS AS CACO3 mg/L 7 7 3,310 4,250 3779 3910 3,910
WATER TEMPERATURE (FLD) C 7 7 8.1 23.2 15.671 15.900 13.6
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Analytical 3&4
Lab Method Parameter EHP

FIELD PH - FLD X X X

FIELD SC (UMHOS/CM AT 25 C) (FLD) X X X

FIELD WATER TEMPERATURE (FLD) X X X

A4500-HB pH - LAB X X X

A2510B SC (UMHOS/CM AT 25 C) X X X

A2540C TDS (MEASURED AT 180 C) X X X
A2320B BICARBONATE ALK AS HCO3 X X X

A2320B CARBONATE AS CO3 X X X

A2320B TOTAL ALKALINITY AS CACO3 X X X

A2340B TOTAL HARDNESS AS CACO3 X X X

E200.7/E200.8 CALCIUM (CA) X X X

E200.7/E200.8 MAGNESIUM (MG) X X X

E200.7/E200.8 POTASSIUM (K) X X X

E200.7/E200.8 SODIUM (NA) X X X

E300.0 SULFATE (SO4) X X X

E300.0 CHLORIDE (CL) X X X

E300.0 BROMIDE (BR) X X X

E200.7/E200.8 BORON (B) X X X

E200.7/E200.8 COBALT (CO) X X X

E200.7/E200.8 LITHIUM (LI) X X X

E200.7/E200.8 MANGANESE (MN) X X X

E200.7/E200.8 MOLYBDENUM (MO) X

E200.7/E200.8 SELENIUM (SE) X X X

Units in mg/L unless otherwise specified.

Colstrip Steam Electric Station

Table 3-2

Talen Montana, LLC

SOEP/     

STEPPlantsite

 Groundwater Quality Parameters
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APPENDIX A 

UNITS 1-4 PLANT SITE AREA AND TOWNSITE GROUNDWATER ELEVATION 

DATA AND HYDROGRAPHS – 2024 
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APPENDIX B 

STAGE I & II EVAPORATION POND AREA AND SURGE POND GROUNDWATER 

ELEVATION DATA AND HYDROGRAPHS - 2024 































































































 

H:\PROJECTS\TALEN\10004 Annual Rpt\2024\R_2024AnnualRpt_Final.docx 
  6/26/2025 

APPENDIX C 

UNITS 3 & 4 EFFLUENT HOLDING POND AND WESTERN ENERGY 

GROUNDWATER ELEVATION DATA AND HYDROGRAPHS– 2024 
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APPENDIX D 

DATA VALIDATION SUMMARY – 2024 
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APPENDIX E 

SITE SURVEY DATA THROUGH 2024 
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APPENDIX F 

WELL COMPLETION LOGS AND ABANDONMENT LOGS FOR WELLS INSTALLED 

OR ABANDONED IN 2024 
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