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1 Executive Summary 

This summary provides an overview of the Groundwater Monitoring & Corrective Action Program status 

as required by §257.90(e)(6). The CCR unit operated under the detection monitoring program described 

in §257.94 at the start and at the end of the 2024 annual reporting period. The current status of the facility 

is detection monitoring. 

The monitoring program did not identify any statistically significant increases (SSIs) over background for 

any of the constituents listed in Appendix III to the CCR Rule; therefore, assessment monitoring of the 

constituents listed in Appendix IV to the CCR Rule were not monitored. Corrective action provisions of the 

CCR Rule were not required. 

The monitoring network continues to be refined and augmented to adjust to data collected.  Recent 

changes to the monitoring network include the installation and baseline monitoring of new upgradient and 

downgradient wells to adjust to changes in the interpretation groundwater flow direction.   
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1 Introduction 

Otter Tail Power Company (OTP) operates the Big Stone Plant (Big Stone), located near Big Stone City, 

South Dakota. Big Stone is a coal-fired electrical generating plant, the operation of which results in coal 

combustion residuals (CCR) as a by-product. Management of CCR from plant operations includes placing 

CCR in an on-site landfill, referred to as the Ash Disposal Area (ADA). The ADA is required to comply 

with the provisions of the US Environmental Protection Agency (EPA) CCR Rule (40 CFR Parts 257 and 

261, Disposal of Coal Combustion Residuals from Electric Utilities) for existing CCR landfills. The location 

of the ADA is shown on Figure 1. 

This 2024 Annual Groundwater Monitoring and Corrective Action Report (Annual Report) describes the 

monitoring program and results for the ADA at Big Stone. The ADA is currently in detection monitoring, as 

described by §257.94 of the CCR Rule. 

1.1 Purpose 

As stated in Section §257.90(e), the purpose of the Annual Report is to: 

• Document the status of monitoring and corrective action program for the CCR unit 

• Summarize key actions completed 

• Describe any problems encountered 

• Discuss actions to resolve the problems 

• Highlight key activities for the upcoming year 

1.2 Status of the Groundwater Monitoring and Corrective Action 

Program 

Baseline monitoring for the network was completed in 2017, as documented in the 2017 Annual 

Groundwater Monitoring and Corrective Action Report, Ash Disposal Area (Barr, 2018).  Wells H10, H11, 

and H12 were added in 2022 and 2023, as described in Section 2.1.2. 

Statistical evaluation of detection monitoring results began on October 17, 2017, and continued through 

2024. In 2024, the monitoring program did not identify any statistically significant increases (SSIs) over 

background for any of the constituents listed in Appendix III to the CCR Rule; therefore, constituents 

listed in Appendix IV to the CCR Rule were not monitored. Corrective action provisions of the CCR Rule 

were not required. 

1.3 CCR Rule Requirements 

This Annual Report has been prepared in accordance with the requirements of §257.90(e) of the CCR 

Rule, as outlined in the following Table 1. 
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Table 1 CCR Rule Requirements 

CCR Rule Reference Content Required in Report Location 

§257.90(e)(1) 

Map showing the CCR unit and all 

monitoring wells that are part of the 

groundwater monitoring system 

Section 2.1.1 Documentation; 

see Figure 1  

§257.90(e)(2) 
Discuss any new or decommissioned 

monitoring wells 
Not applicable in 2024 

§257.90(e)(3) 

All monitoring data obtained under §257.90 

through §257.98; provide the number and 

date groundwater samples were collected, 

and the monitoring (i.e., detection or 

assessment) 

Section 2.2 Monitoring and 

Analytical Results; Table 2, 

Figure 2, Figure 3, Appendix A, 

Appendix B 

§257.90(e)(4) 
Discuss any transition between monitoring 

programs 

Not applicable – no transition 

between monitoring programs 

was necessary 

§257.90(e)(5) 
Other information specified in §257.90 

through §257.98 
Throughout report 

§257.90(e)(6) Overview at beginning of annual report Executive Summary 
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2 Groundwater Monitoring and Corrective Action Program 

This section documents the status of the groundwater monitoring and corrective action program for the 

ADA for 2024. The groundwater monitoring system is described in Section 2.1, the monitoring and 

analytical results are described in Section 2.2, key actions completed and problems encountered are 

described in Section 2.3, and key activities planned for 2024 are described in Section 2.4. 

2.1 Groundwater Monitoring System 

2.1.1 Documentation 

Figure 1 shows an aerial image of the ADA and all upgradient (background) and downgradient monitoring 

wells, including the well identification numbers, that are part of the groundwater monitoring system, as 

required by §257.90(e)(1). Further details on the monitoring system and the ADA monitoring wells can be 

found in the Groundwater Monitoring System Report, Big Stone Plant Ash Disposal Area (Barr, 2025).  

2.1.2 Changes to Monitoring System 

One upgradient monitoring well, H12, was installed east of the cooling pond on September 14, 2023, to 

provide a representative upgradient well for the area upgradient of H6 and H8 based on recent 

groundwater flow interpretations (Figure 1). Baseline sample collection began on October 17, 2023 and 

concluded on December 16, 2024; however, the analytical results from the December 16, 2024 event are 

not available at this time.  

In 2022, two downgradient monitoring wells were installed (H10 and H11). Baseline sample collection for 

H10 and H11 wells began on May 15, 2023; however, after the data were reviewed, the initial sampling 

event was considered a statistical outlier due to calcium analytical results. The initial baseline sampling 

event for H10 and H11 is now considered to have occurred on June 12, 2023. Baseline sample collection 

is anticipated to conclude in early 2025.  

The Groundwater Monitoring System Report, Big Stone Plant Ash Disposal Area has been updated to 

reflect the monitoring system changes (Barr, 2025). 

No new monitoring wells were installed in 2024.  

2.2 Monitoring and Analytical Results  

Groundwater samples were collected from monitoring wells H2OX, H3OX, H4OX, H6, H8, and H9 during 

two semiannual sampling events. A total of 11 groundwater samples (six monitoring wells and two 

sampling events; H6 was not sampled during fall event due to insufficient well volume) were collected and 

analyzed for the constituents listed in Appendix III (Part 257) in 2024 under the detection monitoring 

program, consistent with the requirements of §257.94(c). Dates of sampling are reported on the field data 

sheets, and analytical laboratory reports are presented in Appendix A. Results are summarized in Table 2 

from samples collected at monitoring wells previously included in the detection monitoring program. 

Results from samples collected at newly-installed monitoring wells are summarized in Table 3. 

Groundwater flow data, as required by §257.93(c), are presented in Figure 2, Figure 3 and Appendix C. 
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2.3 Key Actions Completed/Problems Encountered 

The following key actions were completed for the groundwater monitoring program during 2024: 

• Completed semiannual groundwater sampling under the detection monitoring program. 

• Statistical analysis was conducted according to the Statistical Analysis Plan, Appendix B of the 

CCR Groundwater Sampling and Analysis Plan (Carlson McCain, 2017). 

• Determined, pursuant to §257.93(h), that no statistically significant increase over background 

levels occurred for any of the constituents listed in Appendix III at any downgradient monitoring 

well during the 2024 detection monitoring sampling events.  

2.4 Key Activities for Upcoming Year 

The following key groundwater monitoring program activities are planned for 2025: 

• Continue the detection monitoring program in accordance with the CCR Rule. 

• Updated the Groundwater Monitoring Network to include monitoring wells H10, H11, and H12. 

• Evaluate analytical results from the 2025 semiannual detection monitoring events for SSIs 

according to the Statistical Analysis Plan (Carlson McCain, 2017). 
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 Table 2
Detection Monitoring Well Groundwater Analytical Data Summary

Big Stone Plant
Otter Tail Power Company

H2OX H2OX H3OX H3OX H4OX H4OX H6 H8 H8 H9 H9
4/15/2024 10/14/2024 4/15/2024 10/14/2024 4/15/2024 10/14/2024 4/15/2024 4/15/2024 10/14/2024 4/15/2024 10/14/2024

N N N N N N N N N N N

Parameter Analysis
Location Units

Appendix III Parameters
Boron, total Lab mg/l 0.248 0.233 7.640 6.730 0.572 0.494 2.400 3.160 2.590 1.290 1.290
Calcium, total Lab mg/l 514.0 500.0 425.0 383.0 318.0 272.0 53.40 119.0 112.0 615.0 610.0
Chloride Lab mg/l 4.1 3.5 63.6 65.4 40.8 39.6 < 3 3.7 3.4 69.5 80.8
Fluoride Lab mg/l 0.350 0.300 0.420 0.340 0.520 0.480 0.430 0.530 0.510 0.330 0.310
pH Lab pH units 7.1 7.0 7.3 7.0 7.1 7.0 7.5 7.4 7.3 6.9 6.9
pH Field pH units 7.18 6.45 6.88 6.40 6.93 6.51 7.24 7.16 7.16 6.58 6.60
Solids, total dissolved Lab mg/l 3840 3760 3040 2880 2160 2090 599 951 941 2820 2800
Sulfate, as SO4 Lab mg/l 2230 2040 1380 1190 1070 922 104 245 276 1410 1370
Groundwater elevation Field ft amsl 1097.96 1093.24 1088.58 1087.41 1092.27 1088.75 1087.13 1075.76 1070.46 1078.19 1073.11

N Sample Type: Normal Detection Monitoring

Location
Date

Sample Type

Page 1 of 1
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 Table 3
New Well Groundwater Analytical Data Summary

Big Stone Plant
Otter Tail Power Company

H10 H10 H10 H10 H10 H10 H10 H10 H10
5/15/2023 6/12/2023 8/21/2023 10/17/2023 12/11/2023 2/19/2024 4/15/2024 6/10/2024 10/14/2024

N N N N N N N N N
Parameter Units

Appendix III
Boron, Total mg/l 0.292 0.284 0.298 0.358 0.349 0.359 0.369 0.368 0.273
Calcium, Total mg/l 284.0 489.0 492.0 509.0 499.0 499.0 496.0 469.0 356.0
Chloride mg/l 7.1 6.6 6.3 6.3 6.4 6.7 6.7 7.5 6.8
Floride mg/l 0.200 0.180 0.180 0.190 0.200 0.240 0.240 0.220 0.190
pH pH units 7.0 7.1 7.0 7.2 7.0 7.1 7.1 7.2 7.0
pH, Field pH units 6.34 7.00 6.88 6.51 6.87 6.95 7.01 6.91 6.38
Solids, total dissolved mg/l 4810 4820 4840 4840 4650 5100 4990 4970 4200
Sulfate, as SO4 mg/l 2590 2650 2270 2590 2450 2310 2930 2620 2690

Appendix IV
Antimony, Total mg/l < 0.0025 < 0.001 < 0.001 < 0.0025 0.00156 < 0.001 < 0.0025 < 0.001 --
Arsenic, Total mg/l < 0.0025 < 0.001 < 0.001 < 0.0025 0.00121 < 0.001 < 0.0025 < 0.001 --
Barium, Total mg/l 0.026 0.026 0.023 0.027 0.026 0.023 0.023 0.022 --
Beryllium, Total mg/l < 0.005 < 0.005 < 0.00005 < 0.005 < 0.0001 < 0.0001 < 0.00025 < 0.0001 --
Cadmium, Total mg/l < 0.0005 0.00025 < 0.0002 < 0.0005 < 0.0002 < 0.0002 < 0.0005 < 0.0002 --
Chromium, Total mg/l < 0.01 < 0.01 < 0.0005 < 0.0025 0.00141 < 0.01 < 0.0025 < 0.001 --
Cobalt, Total mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 --
Lead, Total mg/l < 0.0025 < 0.001 < 0.0025 < 0.0025 < 0.0025 < 0.0025 < 0.0025 < 0.001 --
Lithium, Total mg/l 0.226 0.235 0.271 0.298 0.298 0.295 0.321 0.354 --
Mercury, Total mg/l < 0.000005 < 0.000005 < 0.000005 < 0.000005 < 0.000005 < 0.000005 < 0.000005 < 0.000005 --
Molybedenum, Total mg/l 0.017 < 0.015 0.00865 0.0123 0.0142 0.0133 0.0176 0.0145 --
Selenium, Total mg/l 0.00495 0.00474 0.00454 0.00379 J+ 0.00482 0.00465 0.00360 0.00248 --
Thallium, Total mg/l < 0.0005 < 0.0002 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0002 --
Radium 226 pCi/l 4.42 +/- 0.989 0.390 +/- 0.250 0.290 +/- 0.217 0.0723 +/- 0.186 ND 0.986 +/- 0.401 0.719 +/- 0.380 0.433 +/- 0.324 B 0.241 +/- 0.202 --
Radium 228 pCi/l 0.726 +/- 0.251 0.402 +/- 0.331 ND 0.465 +/- 0.265 ND 0.238 +/- 0.287 ND 0.840 +/- 0.251 0.467 +/- 0.197 -0.486 +/- 0.306 ND 0.371 +/- 0.496 ND --

Radium, combined (226+228)
[Barr Calclation] pCi/l 5.15 +/- 1.02 0.792 +/- 0.415 q 0.755 +/- 0.340 q 0.310 +/- 0.342 ND 1.826 +/- 0.473 1.186 +/- 0.428 -0.486 +/- 0.306 ND 0.612 +/- 0.536 q --

Other
Groundwater elevation,
 Field ft amsl 1079.81 1078.28 1075.36 1073.73 1077.51 1075.85 1080.06 1085.00 1076.17

N Sample Type: Normal Detection Monitoring
J+ The reslt is an estimated qantity and may be biased high.
ND the analyte was analyzed for, but was not detected.
q The combined radium result includes both detected and not detected values.
B The analyte was detected in one of the associated laboratory,
equipment, field or trip blank samples and is considered non-detect at the concentration reported by the laboratory.

Note: The samples collected from H10 and H11 on 5/15/2023 are considered to be statistical outliers and are not considered baseline samples.

Location
Date

Sample Type

Page 1 of 3
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 Table 3
New Well Groundwater Analytical Data Summary

Big Stone Plant
Otter Tail Power Company

Parameter Units
Appendix III

Boron, Total mg/l
Calcium, Total mg/l
Chloride mg/l
Floride mg/l
pH pH units
pH, Field pH units
Solids, total dissolved mg/l
Sulfate, as SO4 mg/l

Appendix IV
Antimony, Total mg/l
Arsenic, Total mg/l
Barium, Total mg/l
Beryllium, Total mg/l
Cadmium, Total mg/l
Chromium, Total mg/l
Cobalt, Total mg/l
Lead, Total mg/l
Lithium, Total mg/l
Mercury, Total mg/l
Molybedenum, Total mg/l
Selenium, Total mg/l
Thallium, Total mg/l
Radium 226 pCi/l
Radium 228 pCi/l

Radium, combined (226+228)
[Barr Calclation] pCi/l

Other
Groundwater elevation,
 Field ft amsl

Location
Date

Sample Type

H11 H11 H11 H11 H11 H11 H11 H11
5/15/2023 6/12/2023 8/21/2023 10/17/2023 12/11/2023 2/19/2024 4/15/2024 6/10/2024

N N N N N N N N

0.232 0.247 0.245 0.271 0.263 0.263 0.261 0.260
217.0 547.0 543.0 573.0 558.0 552.0 553.0 551.0
4.7 3.9 3.5 3.6 3.7 3.9 4.0 3.9

0.140 0.130 0.140 0.140 0.160 0.160 0.160 0.160
7.0 7.0 6.9 6.9 6.8 6.8 6.9 7.0
6.37 6.80 6.70 6.59 6.78 6.71 6.64 6.67
4270 4230 4220 4220 4160 4240 4660 4060
2640 2170 2440 2580 2410 2500 2280 1950

< 0.0005 < 0.0005 < 0.001 < 0.0025 < 0.0005 < 0.001 < 0.0025 < 0.0005 
< 0.0025 < 0.001 < 0.001 < 0.0025 < 0.001 < 0.001 < 0.0025 < 0.001 

0.036 0.035 0.034 0.030 0.030 0.030 0.028 0.027
< 0.005 < 0.005 < 0.0001 < 0.005 < 0.00005 < 0.0001 < 0.00025 < 0.00005 
0.00038 0.00035 0.00027 < 0.0005 < 0.0002 < 0.0002 < 0.0005 0.00014
< 0.01 < 0.01 < 0.001 < 0.0025 < 0.0005 < 0.01 < 0.0025 < 0.001 
0.008 0.009 0.008 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

< 0.0025 < 0.001 < 0.001 < 0.0025 < 0.001 < 0.001 < 0.0025 0.00055
0.223 0.251 0.303 0.332 0.345 0.326 0.332 0.358

< 0.000005 < 0.000005 < 0.000005 < 0.000005 < 0.000005 < 0.000005 0.000005 < 0.000005 
< 0.015 < 0.015 0.00490 0.00303 0.00204 0.00214 < 0.0025 0.00206

< 0.0025 0.00172 J+ < 0.002 < 0.0025 0.00237 < 0.002 < 0.0025 < 0.001 
< 0.0005 < 0.0002 < 0.0002 < 0.0005 < 0.0002 < 0.0002 < 0.0005 < 0.0001 

1.27 +/- 0.422 0.171 +/- 0.205 ND 1.83 +/- 0.496 0.0392 +/- 0.107 ND 0.267 +/- 0.384 ND 0.260 +/- 0.264 ND 0.119 +/- 0.184 ND 0.160 +/- 0.169 ND
0.875 +/- 0.201 0.772 +/- 0.328 0.798 +/- 0.293 B 0.538 +/- 0.242 0.128 +/- 0.262 ND -0.421 +/- 0.381 ND 0.0113 +/- 0.279 ND -0.115 +/- 0.699 ND

2.15 +/- 0.467 0.943 +/- 0.387 q 1.83 +/- 0.496 0.577 +/- 0.265 q 0.395 +/- 0.465 ND 0.260 +/- 0.264 ND 0.130 +/- 0.334 ND 0.160 +/- 0.169 ND

1082.58 1082.19 1079.29 1078.43 1079.48 1082.61 1083.12 1086.69

N Sample Type: Normal Detection Monitoring
J+ The reslt is an estimated qantity and may be biased high.
ND the analyte was analyzed for, but was not detected.
q The combined radium result includes both detected and not detected values.
B The analyte was detected in one of the associated laboratory,
equipment, field or trip blank samples and is considered non-detect at the concentration reported by the laboratory.

Note: The samples collected from H10 and H11 on 5/15/2023 are considered to be statistical outliers and are not considered baseline samples.
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 Table 3
New Well Groundwater Analytical Data Summary

Big Stone Plant
Otter Tail Power Company

Parameter Units
Appendix III

Boron, Total mg/l
Calcium, Total mg/l
Chloride mg/l
Floride mg/l
pH pH units
pH, Field pH units
Solids, total dissolved mg/l
Sulfate, as SO4 mg/l

Appendix IV
Antimony, Total mg/l
Arsenic, Total mg/l
Barium, Total mg/l
Beryllium, Total mg/l
Cadmium, Total mg/l
Chromium, Total mg/l
Cobalt, Total mg/l
Lead, Total mg/l
Lithium, Total mg/l
Mercury, Total mg/l
Molybedenum, Total mg/l
Selenium, Total mg/l
Thallium, Total mg/l
Radium 226 pCi/l
Radium 228 pCi/l

Radium, combined (226+228)
[Barr Calclation] pCi/l

Other
Groundwater elevation,
 Field ft amsl

Location
Date

Sample Type

H11 H12 H12 H12 H12 H12 H12 H12
10/14/2024 10/17/2023 12/11/2023 2/19/2024 4/15/2024 6/10/2024 8/12/2024 10/14/2024

N N N N N N N N

0.218 0.402 0.415 0.392 0.381 0.610 0.369 0.358
607.0 25.60 21.70 23.00 23.20 39.90 20.70 25.60
4.0 < 3 < 3 < 3 < 3 < 3 < 3 < 3 

0.150 0.290 0.300 0.320 0.320 0.380 0.340 0.310
6.8 8.2 7.8 7.9 8.2 7.8 7.2 8.0
6.66 7.99 7.98 8.00 8.21 7.79 7.80 8.23
4140 197 156 159 184 207 133 197
2250 20.8 < 5 7.1 485 90.7 8.8 8.4

-- < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
-- 0.00274 0.00118 0.00187 0.00164 0.00142 0.00127 0.00252
-- 0.058 0.032 0.045 0.041 0.089 0.039 0.067
-- < 0.005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.0001 < 0.005 
-- < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0002 
-- 0.00371 0.00056 < 0.01 0.00184 0.00197 0.00177 < 0.01 
-- < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
-- 0.00153 < 0.0005 0.00081 0.00059 0.00052 < 0.0005 0.00136
-- < 0.02 < 0.02 < 0.02 < 0.02 0.031 < 0.02 < 0.02 
-- 0.000012 < 0.000005 < 0.000005 0.000009 < 0.000005 < 0.000005 0.000009
-- 0.0342 0.0387 0.0382 0.0378 0.0277 0.0394 0.039
-- < 0.0005 < 0.0005 < 0.001 < 0.0005 0.00199 < 0.0005 < 0.0005 
-- < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
-- 0.182 +/- 0.170 ND 0.0839 +/- 0.180 ND -0.00784 +/- 0.114 ND 0.0967 +/- 0.187 ND 0.147 +/- 0.155 ND 0.836 +/- 0.345 0.0912 +/- 0.196 ND
-- 0.465 +/- 0.228 0.947 +/- 0.196 0.710 +/- 0.274 1.85 +/- 2.81 0.604 +/- 0.488 ND 0.0603 +/- 0.228 ND 0.742 +/- 0.238

-- 0.647 +/- 0.284 q 1.031 +/- 0.266 q 0.710 +/- 0.274 q 1.95 +/- 2.82 ND 0.751 +/- 0.512 ND 0.896 +/- 0.414 q 0.833 +/- 0.308 q

1079.28 1109.26 1108.72 1109.29 1108.88 1111.77 1110.62 1109.46

N Sample Type: Normal Detection Monitoring
J+ The reslt is an estimated qantity and may be biased high.
ND the analyte was analyzed for, but was not detected.
q The combined radium result includes both detected and not detected values.
B The analyte was detected in one of the associated laboratory,
equipment, field or trip blank samples and is considered non-detect at the concentration reported by the laboratory.

Note: The samples collected from H10 and H11 on 5/15/2023 are considered to be statistical outliers and are not considered baseline samples.
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FIGURE 3

Groundwater Elevation
Contours
Fall 2024
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Appendix A 

Laboratory and Field Reports 
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Appendix B 

Groundwater Flow Calculations 

 

 

 

  



Big Stone Ash Disposal Area Groundwater Velocity Calculation
Date 2/19/2024

2.10E-04 cm/s Groundwater Monitoring System Report (Barr, 2016)
5.95E-01 ft/day

n 0.25 Groundwater Monitoring System Report (Barr, 2016)

Top of Casing 
Elevation (1)

Depth to 
Water

Water Level 
Elevation

ft amsl ft below TOC ft amsl
H3OX 1095.26 5.74 1089.52
H9 1086.21 8.55 1077.66
(1) Groundwater Monitoring System Report (Barr, 2016)

horizontal distance, ft
H3OX

H9 2272.3

difference in WL elevation, ft
H3OX

H9 11.86

horizontal gradient, ft/ft
H3OX

H9 0.00522

V, ft/d
H3OX

H9 0.01243

V, ft/yr
H3OX

H9 4.5

V avg, ft/y
4.5

Kh

1 of 5
12/31/2024

\\barr.com\projects\Bismarck\41 SD\25\41251005 Big Stone Station - CCR Compli\WorkFiles\2024 Groundwater 
Reporting\BigStone GW flow rate_2024.xlsx



Big Stone Ash Disposal Area Groundwater Velocity Calculation
Date 4/15/2024

2.10E-04 cm/s Groundwater Monitoring System Report (Barr, 2016)
5.95E-01 ft/day

n 0.25 Groundwater Monitoring System Report (Barr, 2016)

Top of Casing 
Elevation (1)

Depth to 
Water

Water Level 
Elevation

ft amsl ft below TOC ft amsl
H3OX 1095.26 6.68 1088.58
H9 1086.21 8.02 1078.19
(1) Groundwater Monitoring System Report (Barr, 2016)

horizontal distance, ft
H3OX

H9 2272.3

difference in WL elevation, ft
H3OX

H9 10.39

horizontal gradient, ft/ft
H3OX

H9 0.00457

V, ft/d
H3OX

H9 0.01089

V, ft/yr
H3OX

H9 4.0

V avg, ft/y
4.0

Kh

2 of 5
12/31/2024

\\barr.com\projects\Bismarck\41 SD\25\41251005 Big Stone Station - CCR Compli\WorkFiles\2024 Groundwater 
Reporting\BigStone GW flow rate_2024.xlsx



Big Stone Ash Disposal Area Groundwater Velocity Calculation
Date 6/10/2024

2.10E-04 cm/s Groundwater Monitoring System Report (Barr, 2016)
5.95E-01 ft/day

n 0.25 Groundwater Monitoring System Report (Barr, 2016)

Top of Casing 
Elevation (1)

Depth to 
Water

Water Level 
Elevation

ft amsl ft below TOC ft amsl
H3OX 1095.26 2.71 1092.55
H9 1086.21 12.73 1073.48
(1) Groundwater Monitoring System Report (Barr, 2016)

horizontal distance, ft
H3OX

H9 2272.3

difference in WL elevation, ft
H3OX

H9 19.07

horizontal gradient, ft/ft
H3OX

H9 0.00839

V, ft/d
H3OX

H9 0.01998

V, ft/yr
H3OX

H9 7.3

V avg, ft/y
7.3

Kh

3 of 5
12/31/2024

\\barr.com\projects\Bismarck\41 SD\25\41251005 Big Stone Station - CCR Compli\WorkFiles\2024 Groundwater 
Reporting\BigStone GW flow rate_2024.xlsx



Big Stone Ash Disposal Area Groundwater Velocity Calculation
Date 8/12/2024

2.10E-04 cm/s Groundwater Monitoring System Report (Barr, 2016)
5.95E-01 ft/day

n 0.25 Groundwater Monitoring System Report (Barr, 2016)

Top of Casing 
Elevation (1)

Depth to 
Water

Water Level 
Elevation

ft amsl ft below TOC ft amsl
H3OX 1095.26 5.13 1090.13
H9 1086.21 16.93 1069.28
(1) Groundwater Monitoring System Report (Barr, 2016)

horizontal distance, ft
H3OX

H9 2272.3

difference in WL elevation, ft
H3OX

H9 20.85

horizontal gradient, ft/ft
H3OX

H9 0.00918

V, ft/d
H3OX

H9 0.02185

V, ft/yr
H3OX

H9 8.0

V avg, ft/y
8.0

Kh

4 of 5
12/31/2024

\\barr.com\projects\Bismarck\41 SD\25\41251005 Big Stone Station - CCR Compli\WorkFiles\2024 Groundwater 
Reporting\BigStone GW flow rate_2024.xlsx



Big Stone Ash Disposal Area Groundwater Velocity Calculation
Date 10/14/2024

2.10E-04 cm/s Groundwater Monitoring System Report (Barr, 2016)
5.95E-01 ft/day

n 0.25 Groundwater Monitoring System Report (Barr, 2016)

Top of Casing 
Elevation (1)

Depth to 
Water

Water Level 
Elevation

ft amsl ft below TOC ft amsl
H3OX 1095.26 7.85 1087.41
H9 1086.21 13.10 1073.11
(1) Groundwater Monitoring System Report (Barr, 2016)

horizontal distance, ft
H3OX

H9 2272.3

difference in WL elevation, ft
H3OX

H9 14.30

horizontal gradient, ft/ft
H3OX

H9 0.00629

V, ft/d
H3OX

H9 0.01498

V, ft/yr
H3OX

H9 5.5

V avg, ft/y
5.5

Kh

5 of 5
12/31/2024

\\barr.com\projects\Bismarck\41 SD\25\41251005 Big Stone Station - CCR Compli\WorkFiles\2024 Groundwater 
Reporting\BigStone GW flow rate_2024.xlsx
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Appendix C

Additional 2024 Water Elevations

Big Stone Plant

Otter Tail Power Company

Location Well Casing Elevation 2/19/2024 4/15/2024 6/10/2024 8/12/2024 10/14/2024

ft AMSL ft AMSL ft AMSL ft AMSL ft AMSL ft AMSL

H10 1090.83 1075.85 1080.06 1085 -- 1076.17

H11 1093.24 1082.61 1083.12 1086.69 -- 1079.28

H1INT 1115.81 1090.27 1090.61 1094.04 1090.01 1087.23

H1OX 1115.89 1090.88 1091.01 1094.83 1090.56 1088.19

H2I 1103.91 1042.47 1042.8 1048.7 1042.55 1042.14

H2OX 1103.86 1094.97 1097.96 1098.99 1095.91 1093.24

H3I 1095.17 1068.98 1066.93 1073.12 1068.08 1067.17

H3OX 1095.26 1089.52 1088.58 1092.55 1090.13 1087.41

H4I 1108.61 1092.51 1092.89 1095.36 1092.82 1088.47

H4OX 1108.25 1091.59 1092.27 1095.46 1092.87 1088.75

H5 1122.8 1112.17 1111.04 1116.59 1113.85 1110.59

H6 1097.76 1085.62 1087.13 1090.17 1087.05 1080.9

H7 1106.06 1084.34 1084.35 1087.35 1087.54 1082.68

H8 1081.23 1076.25 1075.76 1066.57 1062.38 1070.46

H9 1086.21 1077.66 1078.19 1073.48 1069.28 1073.11

WELL 1 1090.71 1026.06 1026.69 1030.06 1029.53 1025.26

WELL 10 1098.7 1082.36 1082.82 1083.91 1082.22 1082.59

WELL 11 1104 1007.88 1008.6 1008.67 1006.35 1008.1

WELL 12 1071.89 1006.78 1007 1009.76 1006.15 1006.01

Notes:

--    Not Measured

Page 1 of 1

12/31/2024 2:51 PM
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