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1.0 INTRODUCTION 
Golder Associates Inc. (Golder) has prepared this revision to the Coal Combustion Residual (CCR) Groundwater 

Monitoring System Certification Report on behalf of Great River Energy (GRE) to certify that the groundwater 

monitoring system for the CCR facilities at Coal Creek Station regulated by the United States Environmental 

Protection Agency’s (EPA) CCR rule meets the requirements of 40 CFR 257.91.  

2.0 SITE BACKGROUND 
GRE’s Coal Creek Station (CCS) is a coal-fired electric generation facility located in McLean County, North 

Dakota, approximately 10 miles northwest of Washburn, ND. CCRs are managed in composite-lined surface 

water impoundment cells and dry waste facilities regulated and permitted by the North Dakota Department of 

Health (NDDH) in accordance with North Dakota Administrative Code (NDAC) Article 33-10, Solid Waste 

Management and Land Protection.  

Coal Creek Station has four CCR facilities that are within the purview of the EPA CCR rule (see Figure 1): 

 Drains Pond System CCR Surface Impoundment (Drains Pond System) is located in the south-central 

portion of the plant site, northeast of the plant buildings.  

 Upstream Raise 91 CCR Surface Impoundment (Upstream Raise 91) is located in the south-central portion 

of the plant site, east of the plant buildings.  

 Upstream Raise 92 CCR Surface Impoundment (Upstream Raise 92) is located in the southeast portion of 

the plant site, between Upstream Raise 91 and Southeast Section 16.  

 Southeast Section 16 CCR Landfill (Southeast 16) is located in the southeast portion of the plant site, east of 

Upstream Raise 92.  

2.1 Site Setting 
The area surrounding CCS is primarily characterized by the presence of mixed glacial deposits. The following 

section detail the regional and site geology and hydrogeology.  

2.1.1 Regional and Site Geology 

CCS and McLean County are situated at the eastern-most extent of the Williston Basin, a structural and 

sedimentary basin (USGS 1999). The region is characterized by the presence of glacial drift, reaching 

thicknesses of several hundred feet, and overlying the Sentinel Butte Member, the source of commercially mined 

coal in the direct vicinity of CCS (Falkirk 1979). The Sentinel Butte Member is the highest strata of the Paleocene 

Fort Union Formation, overlying the Tongue River, Ludlow, and Cannonball Members (USGS 1999). The Sentinel 

Butte Member is marked by drab-gray units, separating it from the lower Tongue River Member.  

The site geology of CCS includes unconsolidated surficial deposits of the Coleharbor formation consisting of 

stratified and unstratified glacial drift. The near-surface materials are silty clay and sandy clay till with interbedded 

sand lenses (CP/UPA 1989).  

2.1.2 Site Hydrogeology 

Regional groundwater flow of the uppermost water-bearing unit in the vicinity of CCS is a subtle expression of the 

surface topography, which is influenced by the configuration of the eroded bedrock. Based on the October 2018 
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groundwater elevations (shown in Figure 1), the shallow groundwater at the CCR facilities generally follows 

surface topography, flowing the east and north towards Lower Samuelson Slough and Sayler Slough.  

The groundwater gradient across the CCR sites was estimated from the October 2018 groundwater levels, and 

ranges from 0.002 to 0.03 feet per feet (ft/ft). Slug testing was performed at several site monitoring wells in 2007 

and resulting in estimated hydraulic conductivity values between 8 x 10-3 centimeters per second (cm/sec; 22.7 

feet/day) and 1 x 10-4 cm/sec (0.28 feet/day).  

2.1.3 Geologic Cross Sections 

Geologic cross sections were compiled based on boring information from current CCR monitoring wells and 

historic site monitoring wells and boreholes (Appendix A).  

As shown in the cross sections and described previously, variability within the area of the site results in a range of 

geologic materials within the near-surface geologic units. Discontinuous seams of coal are located throughout the 

site, in addition to gravel, sand, silt, and clay.  

2.2 Release Conceptual Model 
A hypothetical subsurface release from any of the four facilities located at CCS, would be transported 

downgradient of each facility, as demonstrated by the groundwater information presented in Figure 1. The 

downgradient wells discussed in Section 3.2 are positioned along the downgradient edges of each CCR facility to 

detect a release.  

3.0 GROUNDWATER MONITORING SYSTEM 
The CCR groundwater monitoring system at CCS consists of a total of 23 monitoring locations (eight upgradient 

and fifteen downgradient wells). The monitoring locations are shown on Figure 1 and listed on Table 1.  

3.1 Information Reviewed 
Golder reviewed information from the operating record documenting the design, installation, and development of 

the monitoring wells and/or describing hydrogeologic conditions at the site to help assess the adequacy of the 

monitoring network. The information reviewed included: 

Cooperative Power and United Power Associations. 1989. Application to Renew Permit SU-033 – Coal Creek 

Station, McLean County, North Dakota. Submitted to the North Dakota State Department of Health. February 

1989.  

Falkirk Mining Company. 1979. Land Use Analysis/Technical Examination/Environmental Assessment Record – 

Falkirk Coal Lease Application M-31053 (ND). Submitted to the United States Department of the Interior, July 

1979.  

Foth & Van Dyke and Associates, Inc. 1988. Hydrogeological Analysis – Coal Creek Station, McLean County, 

North Dakota. Prepared for Cooperative Power, Eden Prairie, Minnesota, and United Power Association, Elk 

River, Minnesota. December 1988.  

Foth & Van Dyke and Associates, Inc. 1989. Drilling Data – Summer 1989 – Coal Creek Station, McLean County, 

North Dakota. Prepared for Cooperative Power, Eden Prairie, Minnesota, and United Power Association, Elk 

River, Minnesota. December 1989.  
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United States Geological Survey. 1999. Fort Union Coal in the Williston Basin, North Dakota: A Synthesis. 

Chapter WS in 1999 Resource Assessment of Selected Tertiary Coal Beds and Zones in the Northern Rocky 

Mountains and Great Plains Region, U.S. Geological Survey Professional Paper 1625-A.  

3.2 Number, Locations, and Depths of Monitoring Wells 
40 CFR 257.91 includes the following requirements for the number, locations, and depths of monitoring wells: 

 The owner or operator of a CCR unit must install a groundwater monitoring system that consists of a 

sufficient number of wells, installed at appropriate locations and depths, to yield groundwater samples from 

the upper most aquifer that: 

 Accurately represent the quality of background groundwater. 

 Accurately represent the quality of groundwater passing the waste boundary of the CCR unit. 

 The number, spacing, and depths of monitoring wells must be based on site-specific technical information 

that must include thorough characterization of the uppermost aquifer and overlying materials.  

 The groundwater monitoring system must include the minimum number of monitoring wells necessary to 

meet the performance standards based on the site-specific information. The groundwater monitoring system 

must contain a minimum of one upgradient monitoring well and three downgradient monitoring wells per unit.  

Each CCR unit has a monitoring network consisting of a least one upgradient and three downgradient monitoring 

wells as specified within the rule, as discussed below.  

 The Drains Pond System has two upgradient and four downgradient monitoring wells.  

 Upstream Raise 91 has two upgradient and three downgradient monitoring wells.  

 Upstream Raise 92 has two upgradient and three downgradient monitoring wells.  

 Southeast 16 has two upgradient and five downgradient monitoring wells. 

Monitoring well construction details are provided on Table 1 and Appendix B. The monitoring wells assigned to 

each facility are as follows: 
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Table 2: CCR Units Monitoring Wells 

Drains Pond System 

Upgradient 
MW-DP3 

MW-DP5 

Downgradient 

MW-DP1 

MW-DP2 

MW-DP2B 

MW-DP4 

Upstream Raise 91 

Upgradient 
MW-91-2 

MW-75 

Downgradient 

MW-49 

MW-51 

MW-91-1 

Upstream Raise 92 

Upgradient 
MW-16-6 

MW-16-7 

Downgradient 

MW-10 

MW-16-0 

MW-16-1 

Southeast 16 

Upgradient 
MW-42 

MW-72 

Downgradient 

MW-16-2 

MW-16-3 

MW-16-4 

MW-16-5 

MW-15 

The monitoring wells are installed and screened at appropriate locations and depths to obtain groundwater from 

the uppermost water bearing zone. The number and spacing of the downgradient monitoring wells were selected 

based on the hydrogeologic conditions at the site and the areal extent of the CCR units, such that impacts to 

groundwater quality in the uppermost water bearing unit can be detected along potential flow pathways if they 

were to occur.  
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General solid waste industry practice includes placing monitoring wells downgradient of the waste disposal area 

within the property boundary and within 150 meters of the waste boundary. The distance from the waste boundary 

to the monitoring wells should be based on the presumed flow directions, groundwater seepage velocity, 

access/location limitations, and distance to provide sufficient space between the waste boundary and the 

monitoring network to allow for hydrodynamic dispersion, which increases the probability of detection of a 

potential release. The downgradient monitoring wells at the CCR facilities at CCS were primarily installed as part 

of previous state monitoring requirements and are located at appropriate distances as close as practical to the 

waste boundary. Further, the downgradient wells for Section 16 have been placed based on the historic permitted 

waste boundary for the facility.  

3.2.1 Drains Pond System 

The Drains Pond System has four downgradient monitoring wells monitoring downgradient water at three 

locations. MW-DP2B was installed as a companion well to MW-DP2, which has on occasion not had enough 

groundwater present in the well for water quality sampling. The three downgradient monitoring locations are 

based on observations that show groundwater flows to the northeast corner of the facility. A hypothetical release 

from this facility is anticipated to impact a relatively small areal extent, based on the footprint of the system and 

groundwater flow information. Therefore, based on site geometry and the groundwater flow direction, the four 

downgradient wells shown on Figure 1 were deemed adequate to monitor the groundwater flow regime of the 

Drains Pond System.  

3.2.2 Upstream Raise 91 

Upstream Raise 91 has three downgradient monitoring wells based on the length of the northern boundary of the 

facility and observations that show groundwater flows from southwest to northeast across the facility towards 

Lower Samuelson Slough. Based on site geometry and the groundwater flow direction, the spacing of the 

downgradient wells across the northern boundary as shown on Figure 1 were deemed adequate to monitor the 

groundwater flow regime of Upstream Raise 91.  

3.2.3 Upstream Raise 92 

Upstream Raise 92 has three downgradient monitoring wells based on observations that show groundwater flows 

from southwest to northeast across the facility. Based on the footprint of the system, the areal extent of the 

northern boundary of the facility, and the groundwater flow information, the three downgradient wells shown on 

Figure 1 were deemed adequate to monitor the groundwater flow regime of Upstream Raise 92.    

3.2.4 Southeast 16 

Southeast 16 has five downgradient wells along the northern and eastern boundaries of the facility, based on 

observations that show groundwater flows generally to the northeast of the facility. Based on the site geometry 

and the groundwater flow direction within the facility, the five downgradient wells shown on Figure 1 were deemed 

adequate to monitor the groundwater flow regime of Southeast 16. 

3.3 Monitoring Well Casing 
40 CFR 257.91(e) includes the following requirements for monitoring well construction: 

 “Monitoring wells must be cased in a manner that maintains the integrity of the well borehole. 

 The casing must be screened or perforated and packed with gravel or sand to enable collection of 

groundwater samples.  
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 The annular space above the sampling depth must be sealed to prevent contamination of samples and the 

groundwater.” 

The monitoring wells at CCS have polyvinyl chloride (PVC) casings to maintain the integrity of the monitoring well 

boreholes. The casings are screened within the uppermost water bearing unit and packed with sand to enable 
collection of groundwater samples within the unit. The annular space above the screened interval in each 

monitoring well is sealed with a bentonite seal and cement-bentonite grout seal.  

4.0 REVISION HISTORY 
A history of revisions to this document: 

Revision 0 – Published October 12, 2017.  

Revision 1 – Revised to reflect: Published March 8, 2019 

1) Addition of new wells at the site (MW-DP2B, MW-16-0, MW-91-1, MW-91-2);

2) New CCR unit naming convention (Upstream Raise to Upstream Raise 92 and Ash Pond 91 to Upstream

Raise 91); and

3) Division of Upstream Raise 91 and Upstream Raise 92 into separately monitored CCR units.

5.0 CLOSING AND CERTIFICATION 
Based upon the review described in this report, the undersigned certifies that the groundwater monitoring system 

for the Drains Pond System, Upstream Raise 91, Upstream Raise 92, and Southeast 16 at Coal Creek Station 

has been designed and constructed to meet the requirements of 40 CFR 257.91.  

Golder Associates Inc. 

Todd Stong, P.E. Erin L. Hunter, PhD 

Associate and Senior Consultant Project Engineer

ELH/TJS/ds 

Golder and the G logo are trademarks of Golder Associates Corporation 
https://golderassociates.sharepoint.com/sites/102406/deliverables/reports/rpt_networkcertr1_fnl_08mar19/19115185_rpt_networkcertrev1_fnl_08mar2019.docx 
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Table 1: Monitoring Network Well Summary

Facility Location Well ID
Date 

Constructed
TOC Elevation

(ft amsl)

Ground 
Surface 

Elevation
(ft amsl)

Screen 
Interval
(ft bgs)

Top of Screen 
Elevation
(ft amsl)

Bottom of 
Screen 

Elevation
(ft amsl)

Sand Pack 
Interval
(ft bgs) Geologic Unit(s) Completed In

MW-DP3 4/3/2015 1,932.7 1,929.6 9.0-19.0 1,920.6 1,910.6 6.0-19.0 fill, coal, clay
MW-DP5 1 11/18/2015 1,939.2 1,935.0 18.0-43.0 1,919.0 1,892.0 16.0-43.0 sandy lean clay, clayey sand

MW-DP1 2 6/10/2014 1,913.6 1,911.1 25.0-45.0 1,886.1 1,866.1 21.0-45.0 silt with sand, silty sand
MW-DP2 4/3/2015 1,898.1 1,894.9 7.0-17.0 1,887.9 1,877.9 5.0-17.0 sandy lean clay, clay sand

MW-DP2B 3 11/20/2018 1,898.6 1,895.6 12.0-22.0 1,883.6 1,873.6 10.0-22.0 sandy lean clay, sand with silt/gravel, silty sand
MW-DP4 4/3/2015 1,917.4 1,914.2 19.0-29.0 1,895.2 1,885.2 17.0-29.0 sandy clay, sand with silt/gravel, clay, clayey sand
MW-75 7/19/1989 1,941.4 1,938.9 30.0-40.0 1,908.9 1,898.9 27.7-40 clayey silt, silty sand

MW-91-2 11/6/2017 1,938.5 1,938.7 21.0-31.0 1,917.7 1,907.7 19.0-31.0 fat clay, coal
MW-49 5/20/1988 1,905.9 1,903.6 9.85-19.85 1,893.8 1,883.8 4.85-19.85 sandy gravelly clay, sandy silt, shale (rock)
MW-51 5/20/1988 1,896.9 1,895.5 8.8-18.8 1,886.7 1,876.7 3.8-18.8 sand with silt and gravel

MW-91-1 11/6/2017 1,905.1 1,902.0 16.0-26.0 1,886.0 1,876.0 14.0-26.0 sand with silt and gravel, fat clay
MW-16-6 7/14/2015 1,917.2 1,913.9 4.0-14.0 1,909.9 1,899.9 3.0-14.0 sandy lean clay, coal, lean clay
MW-16-7 7/14/2015 1,889.1 1,886.6 22.0-32.0 1,864.6 1,854.6 20.0-32.0 fat clay, clayey sand, sandy clay
MW-10 11/2/1979 1,895.2 1,892.2 15-25 1,877.2 1,867.2 13-25 sand

MW-16-0 12/8/2017 1,883.4 1,880.4 4.5-9.5 1,875.9 1,870.9 2.5-9.5 lean clay with sand
MW-16-1 10/31/2007 1,879.5 1,876.1 6.5-11.5 1,869.6 1,864.6 4.5-11.5 silty sand
MW-42 5/28/1986 1,881.6 1,878.8 9.4-14.4 1,869.4 1,864.4 9-14.4 silty sand, lean clay
MW-72 7/18/1989 1,884.6 1,882.4 7.5-17.5 1,874.9 1,864.9 6.5-23.0 silty clay, silty sand
MW-15 11/7/1979 1,877.3 1,874.3 10-20 1,864.3 1,854.3 9-20 sand, clay till

MW-16-2 10/31/2007 1,880.6 1,877.8 7-12 1,870.8 1,865.8 5-12 sandy lean clay
MW-16-3 10/31/2007 1,878.5 1,875.6 7-12 1,868.6 1,863.6 5-12 sandy lean clay
MW-16-4 10/31/2007 1,877.5 1,874.6 7-17 1,867.6 1,857.6 5-17 sandy lean clay
MW-16-5 10/31/2007 1,880.2 1,877.1 6.5-11.5 1,870.6 1,865.6 4.5-11.5 sand with silt and gravel

Notes:
TOC: top of casing
ft amsl: feet above mean sea level
ft bgs: feet below ground surface
1. For MW-DP5, the ground surface elevation is taken from the original bore log, but is inconsistent with the available survey for the top of casing. 
2. For MW-DP1 only the top of casing elevation was provided.  The PVC riser was assumed to be 2.5 ft above ground surface.
3. For MW-DP2B only the top of casing elevation was provided.  The PVC riser was assumed to be 3.0 ft above ground surface.
Well construction measurements are from the original bore log, well data sheet, or well construction form. 
For some wells, elevations have been updated with more recent survey information than the original driller's logs. 

Southeast Section 16 
Facility

Upgradient

Downgradient

Drains Pond System

Upgradient

Downgradient

Upstream Raise 92

Upgradient

Downgradient

Upgradient

Downgradient
Upstream Raise 91
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1. EXISTING GRADES ARE APPROXIMATE AND MAY NOT REFLECT ACTUAL GRADES WITHIN

CCR UNITS DUE TO ACTIVE HANDLING OF MATERIALS.
2. MONITORING WELLS AND BORING LOGS HAVE BEEN PROJECTED ONTO THE GEOLOGIC

SECTIONS AND MAY NOT MATCH PRECISELY WITH THE EXISTING GRADES.

NOTE(S)
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1. EXISTING GRADES ARE APPROXIMATE AND MAY NOT REFLECT ACTUAL GRADES WITHIN

CCR UNITS DUE TO ACTIVE HANDLING OF MATERIALS.
2. MONITORING WELLS AND BORING LOGS HAVE BEEN PROJECTED ONTO THE GEOLOGIC

SECTIONS AND MAY NOT MATCH PRECISELY WITH THE EXISTING GRADES.
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SECTIONS AND MAY NOT MATCH PRECISELY WITH THE EXISTING GRADES.

NOTE(S)



E
LE

V
A

T
IO

N
 (

F
T

)

DISTANCE (FT)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500

1880

1890

1900

1910

1920

1930

1940

1950

1870

1860

1850

1880

1890

1900

1910

1920

1930

1940

1950

1870

1860

1850

SWG NE G'

MW-42
MW-16-3

10x VERTICAL EXAGGERATION

SOUTHEAST 16

SOUTHEAST 16

FIGURE 7

CROSS-SECTION G-G'  

P
at

h:
 \

\D
en

ve
r.

go
ld

er
.g

ds
\p

ro
je

ct
s\

17
JO

B
S

\1
77

22
55

 G
R

E
 C

C
S

\W
at

er
 Q

ua
lit

y\
C

C
R

 N
et

w
or

k 
C

er
tif

ic
at

io
n\

F
ig

ur
es

\  
|  

F
ile

 N
am

e:
 1

77
22

55
_C

C
S

C
ro

ss
-S

ec
tio

ns
.d

w
g
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SECTIONS AND MAY NOT MATCH PRECISELY WITH THE EXISTING GRADES.
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APPENDIX B 

Monitoring Well Boring Logs and 
Installation Information 

 

 

 







1.5

4.5

9.5

SANDY LEAN CLAY WITH GRAVEL (CL)

LEAN CLAY WITH SAND (CL), with gravel

LEAN CLAY WITH SAND (CL)

Boring Terminated at 9.5 Feet

PVC Cap

PVC Riser

Bentonite

Silica Sand

PVC Screen

PVC End Cap

1879

1876

1871

Northing, easting and elevation provided by Golder Associates, Inc.
No sampling performed at the direction of a Golder Associates, Inc.
representative on site.

Stratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION: See Exhibit A-2
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INSTALLATION
DETAILS

Surface Elev.: 1880.4 (Ft.)

ELEVATION (Ft.)

                    GRE Coal Creek Station
                    McLean County, ND
SITE:

Page 1 of 1

Advancement Method:
3¼" ID Hollow Stem Auger 0-9½'

Abandonment Method:
Boring converted to monitoring well upon completion.

Notes:

Project No.: M2175093

Drill Rig: D-90

Boring Started: 12-08-2017

BORING LOG NO. MW-16-0
Golder Associates, Inc.CLIENT:
Lakewood, CO

Driller: E. Mayer

Boring Completed: 12-08-2017

Exhibit: A-6

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT: Monitoring Well Installations

1805 Hancock Dr PO Box 2084
Bismarck, ND

None encountered

WATER LEVEL OBSERVATIONS
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0.3

7.5

12.0

15.0

16.0

TOPSOIL, dark brown
SANDY LEAN CLAY (CL), trace gravel, brown, soft to medium stiff

COAL, very dark brown, waterbearing

LEAN CLAY (CL), gray, very stiff

FAT CLAY (CH), dark brown, very stiff, silt laminations
Boring Terminated at 16 Feet

Elevation, Northing and Easting provided by client.
Latitude and Longitude measured by Terracon.
Sloping concrete collar at the surface.
Three steel bollards installed around well.
Well developed July 17.  Pumped water until clear (0.5 hrs).

Steel Casing

PVC Riser

Grout

Bentonite

Silica Sand

PVC Screen

Sluff

1913.5

1906.5

1902

1899

1898

2-2-2
N=4

2-2-3
N=5

2-3-4
N=7

2-3-4
N=7

9-10-6
N=16

7-9-11
N=20

7-9-13
N=22

Stratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION: See Exhibit A-2
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Hammer Type:  Automatic

Northing: 136540  Easting: 1841424
Latitude: 47.37249°  Longitude:  -101.14037°
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

Page 1 of 1

Advancement Method:
3¼" ID HSA 0-14½'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2155060

Drill Rig: D-90

Boring Started: 7/14/2015

BORING LOG NO. MW-16-6
Golder Asssociates, IncCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 7/14/2015

Exhibit: A-9

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT:  Monitoring Well Installations
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While drilling

At completion of drilling

After 70 hrs

WATER LEVEL OBSERVATIONS





0.3

13.0

20.5

24.0

29.0

33.0

TOPSOIL, dark brown
SANDY LEAN CLAY (CL), trace gravel, brown, stiff

CLAYEY SAND (SC), grayish-brown, medium dense, fine-grained

FAT CLAY (CH), light brown, very stiff, silt lamination

CLAYEY SAND (SC), light brown, dense, fine-grained, waterbearing

SANDY LEAN CLAY (CL), light brown, very stiff

Boring Terminated at 33 Feet

Elevation, Northing and Easting provided by client.
Latitude and Longitude measured by Terracon.
Sloping concrete collar at the surface.
Three steel bollards installed around well.
Well developed July 17.  Pumped water until clear (0.5 hrs).

Steel Casing

PVC Riser

Grout

Bentonite

Silica Sand

PVC Screen

Sluff

1906.5

1894

1886.5

1883

1878

1874

4-5-7
N=12

3-4-5
N=9

3-4-6
N=10

3-3-5
N=8

3-4-5
N=9

3-5-8
N=13

5-8-10
N=18

7-12-18
N=30

11-13-19
N=32

11-13-16
N=29

Stratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION: See Exhibit A-2
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Hammer Type:  Automatic

Northing: 136540  Easting: 1843239
Latitude: 47.3722°  Longitude:  -101.13292°
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

Page 1 of 1

Advancement Method:
3¼" ID HSA 0-33'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2155060

Drill Rig: D-90

Boring Started: 7/14/2015

BORING LOG NO. MW-16-7
Golder Asssociates, IncCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 7/14/2015

Exhibit: A-10

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT:  Monitoring Well Installations
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While drilling

At completion of drilling

After 68 hrs

WATER LEVEL OBSERVATIONS































0.3

1.5

7.0

10.5

25.0

26.0

FILL - TOPSOIL , dark brown
FILL - CLAYEY SAND , brown
SANDY LEAN CLAY, brown

SANDY LEAN CLAY (CL), trace gravel, brown, medium stiff

POORLY GRADED SAND WITH SILT AND GRAVEL (SP-SM), fine to coarse
grained, brown, loose to medium dense

FAT CLAY (CH), brownish-gray, very stiff, silt laminations

Boring Terminated at 26 Feet

PVC Cap

PVC Riser

Bentonite

Silica Sand

PVC Screen

PVC End Cap

1901

1900

1894.5

1891

1876.5

1875.5

7-10-10
N=20

5-7-9
N=16

2-3-3
N=6

3-4-4
N=8

3-5-4
N=9

4-5-5
N=10

4-7-6
N=13

5-7-9
N=16

Northing, easting and elevation provided by Golder Associates, Inc.

Stratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION: See Exhibit A-2
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Hammer Type:  Automatic

Northing: 138918  Easting: 1841128
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INSTALLATION
DETAILS

Surface Elev.: 1901.3 (Ft.)

ELEVATION (Ft.)
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                    GRE Coal Creek Station
                    McLean County, ND
SITE:

Page 1 of 1

Advancement Method:
3¼" ID Hollow Stem Auger 0-24½'

Abandonment Method:
Boring converted to monitoring well upon completion.

Notes:

Project No.: M2175093

Drill Rig: D-90

Boring Started: 11-06-2017

BORING LOG NO. MW-91-1
Golder Associates, Inc.CLIENT:
Lakewood, CO

Driller: E. Mayer

Boring Completed: 11-06-2017

Exhibit: A-4

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT: Monitoring Well Installations

1805 Hancock Dr PO Box 2084
Bismarck, ND

None encountered

WATER LEVEL OBSERVATIONS



1.5

4.5

5.5

10.5

15.5

18.0

29.0

31.0

FILL - POORLY GRADED SAND WITH SILT AND GRAVEL , dark brown

FILL - SANDY LEAN CLAY , trace gravel, brown

ORIGINAL TOPSOIL (CL), dark brown, stiff

FAT CLAY (CH), brownish gray, stiff

COAL, black

waterbearing at 15'

FAT CLAY (CH), grayish-brown, stiff, silt laminations

FAT CLAY (CH), gray, hard, silt laminations

COAL, black, waterbearing

Boring Terminated at 31 Feet

PVC Cap

Bentonite

PVC Riser

Silica Sand

PVC Screen

PVC End Cap

1937.5

1934.5

1933.5

1928.5

1923.5

1921

1910

1908

3-4-6
N=10

3-4-5
N=9

4-5-6
N=11

3-3-6
N=9

3-3-3
N=6

3-4-4
N=8

15-22-21
N=43

8-13-19
N=32

32-51-49
N=100

Northing, easting and elevation provided by Golder Associates, Inc.

Stratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION: See Exhibit A-2
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Hammer Type:  Automatic

Northing: 137705  Easting: 1839142
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                    GRE Coal Creek Station
                    McLean County, ND
SITE:

Page 1 of 1

Advancement Method:
3¼" ID Hollow Stem Auger 0-29½'

Abandonment Method:
Boring converted to monitoring well upon completion.

Notes:

Project No.: M2175093

Drill Rig: D-90

Boring Started: 11-06-2017

BORING LOG NO. MW-91-2
Golder Associates, Inc.CLIENT:
Lakewood, CO

Driller: E. Mayer

Boring Completed: 11-06-2017

Exhibit: A-5

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT: Monitoring Well Installations

1805 Hancock Dr PO Box 2084
Bismarck, ND

While drilling

WATER LEVEL OBSERVATIONS



13.5

24.0

25.5

FILL - LEAN CLAY WITH SAND (CL), brown

LEAN CLAY WITH SAND (CL), dark brown to
brown, very stiff to stiff

SILT WITH SAND (ML), light brown

Steel Casing

PVC Riser

Concrete

Bentonite

Silica sand

1900.5

1890

1888.5

2-2-2
N=4

3-3-5
N=8

5-7-11
N=18

5-7-9
N=16

3-4-6
N=10

3-6-12
N=18

5-6-10
N=16

4-5-8
N=13

3-4-5
N=9

See Exhibit A-2
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Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION:

Northing: 139810  Easting: 1839680
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

PROJECT:  Piezometers/Well
Installations

Page 1 of 2

Advancement Method:
3¼" ID HSA 0-44½'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2145058

Drill Rig: D-50

Boring Started: 6/10/2014

BORING LOG NO. MW-DP1
Golder AssociatesCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 6/10/2014

Exhibit: A-8

See Exhibit A-3 for description of field procedures.

See Appendix B for description of laboratory
procedures and additional data (if any).

See Appendix C for explanation of symbols and
abbreviations.

INSTALLATION
DETAILS

Surface Elev.: 1914 (Ft.)

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 (

F
t.)

5

10

15

20

25

W
A

T
E

R
 L

E
V

E
L

O
B

S
E

R
V

A
T

IO
N

S

ELEVATION (Ft.)

F
IE

LD
 T

E
S

T
R

E
S

U
LT

S

W
A

T
E

R
C

O
N

T
E

N
T

 (
%

)

D
R

Y
 U

N
IT

W
E

IG
H

T
 (

pc
f)

ATTERBERG
LIMITS

LL-PL-PI

Initially Encountered
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39.5

46.0

SILTY SAND (SM), light brown, dense, fine to
medium-grained, waterbearing (continued)

SILTY SAND (SM), gray, dense, fine to
medium-grained, waterbearing

Boring Terminated at 46 Feet

Silica sand

PVC Screen

Sluff

1874.5

1868

11-16-21
N=37

10-16-21
N=37

12-16-31
N=47

12-16-21
N=37

See Exhibit A-2
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Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION:

Northing: 139810  Easting: 1839680

T
H

IS
 B

O
R

IN
G

 L
O

G
 IS

 N
O

T
 V

A
LI

D
 IF

 S
E

P
A

R
A

T
E

D
 F

R
O

M
 O

R
IG

IN
A

L
 R

E
P

O
R

T
.  

  G
E

O
 S

M
A

R
T

 L
O

G
-W

E
LL

  L
O

G
S

.G
P

J 
 T

E
M

P
LA

T
E

 U
P

D
A

T
E

 3
-3

1-
14

.G
P

J 
 6

/1
9/

14

                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

PROJECT:  Piezometers/Well
Installations

Page 2 of 2

Advancement Method:
3¼" ID HSA 0-44½'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2145058

Drill Rig: D-50

Boring Started: 6/10/2014

BORING LOG NO. MW-DP1
Golder AssociatesCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 6/10/2014

Exhibit: A-8

See Exhibit A-3 for description of field procedures.

See Appendix B for description of laboratory
procedures and additional data (if any).

See Appendix C for explanation of symbols and
abbreviations.

Surface Elev.: 1914 (Ft.)
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0.2

6.5

9.5

10.5

12.0

13.5

18.0

FILL - TOPSOIL , dark brown
FILL - SANDY LEAN CLAY , trace gravel,
grayish-brown, frost to 6'

FILL - SANDY LEAN CLAY , trace gravel, dark
brown

ORIGINAL TOPSOIL, dark brown
SANDY LEAN CLAY (CL), trace gravel, brown,
stiff, waterbearing sand seam at 11½'
CLAYEY SAND (SC), light gray, dense, fine to
medium-grained, waterbearing
CLAYEY SAND (SC), trace gravel, brown, medium
dense, fine to coarse grained, waterbearing

Boring Terminated at 18 Feet

Survey data provided by client.
Well developed on April 2. Pumped until water was clear.

Steel Casing

PVC Riser

Grout

Bentonite

Silica Sand

PVC Screen

Sluff

1895

1888.5

1885.5

1884.5

1883

1881.5

1877

3-5-6
N=11

5-6-10
N=16

4-5-5
N=10

3-4-6
N=10

3-11-23
N=34

9-8-7
N=15

DEPTH

LOCATION: See Exhibit A-2
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Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Automatic

Latitude: 47.380769°  Longitude:  -101.14442°
Northing: 139538  Easting: 1840462
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

Page 1 of 1

Advancement Method:
3¼" Inside Diameter, Hollow Stem Auger 0-18'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2155021

Drill Rig: D-90

Boring Started: 4/1/2015

BORING LOG NO. MW-DP2
Golder Associates IncCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 4/1/2015

Exhibit: A-4

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT:  Piezometers/Well Installations
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42-16-26

39-17-22

62

59

Pro Top

Concrete

PVC Riser

Bentonite

PVC Screen

Silica Sand

Sluff

1885.5

1884.5

1882

1877

1870

7-8-12
N=20

3-6-9
N=15

11-14-8
N=22

6-7-10
N=17

9.5

10.5

13.0

18.0

25.0

FILL - SANDY LEAN CLAY , trace gravel,
brown

bulk sample obtained from 1 to 5'

bulk sample obtained from 9 to 10'

ORIGINAL TOPSOIL, dark brown

SANDY LEAN CLAY (CL), trace gravel,
brown, stiff
bulk sample obtained from 11 to 12'

POORLY GRADED SAND WITH SILT AND
GRAVEL (SP-SM), brown, medium dense,
fine to coarse-grained

SILTY SAND (SM), light brown, medium
dense, fine-grained

Boring Terminated at 25 Feet

Elevations provided by Golder Associates.
Latitude and Longitude obtained with a handheld GPS unit.

Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Automatic
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DETAILS

Surface Elev.: 1895 (Ft.)

ELEVATION (Ft.)

F
IE

LD
 T

E
S

T
R

E
S

U
LT

S

Page 1 of 1

Advancement Method:
3¼" I D, Hollow Stem Auger 0-19½'

Abandonment Method:
Boring converted to monitoring well with Type A Surface
Completion.

1805 Hancock Dr, PO Box 2084
Bismarck, ND

Notes:

Project No.: M2185118

Drill Rig: D-90

BORING LOG NO. MW-DP2B
Golder Associates, Inc.CLIENT:
Lakewood, CO

Driller: EM

Boring Completed: 11-20-2018

SITE:

Boring Started: 11-20-2018
While drilling

Reversed Auger Out

WATER LEVEL OBSERVATIONS

G
R

A
P

H
IC

 L
O

G

Latitude: 47.3806° Longitude: -101.1444°

LOCATION See Exploration Plan

DEPTH

PROJECT:  Monitoring Well Installation & Soil Testing

Elevations were provided by others.

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Coal Creek Station
                    Underwood, ND



5.0

6.0

12.0

17.5

21.0

FILL - COAL , black

FILL - FAT CLAY , gray
FILL - COAL , dark brown

waterbearing at 10½'

FAT CLAY (CH), brownish-gray, stiff

COAL, black, waterbearing

Boring Terminated at 21 Feet

Survey data provided by client.
Well developed on April 2. Pumped until water was clear.

Steel Casing

PVC Riser

Grout

Bentonite

Silica Sand

PVC Screen

Sluff

1923

1922

1916

1910.5

1907

5-7-8
N=15

5-6-10
N=16

3-2-3
N=5

2-1-2
N=3

3-5-7
N=12

4-5-9
N=14

5-7-9
N=16

DEPTH

LOCATION: See Exhibit A-2
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Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Automatic

Latitude: 47.377698°  Longitude:  -101.149848°
Northing: 138647  Easting: 1839162
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

Page 1 of 1

Advancement Method:
3¼" Inside Diameter, Hollow Stem Auger 0-19½'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2155021

Drill Rig: D-90

Boring Started: 4/1/2015

BORING LOG NO. MW-DP3
Golder Associates IncCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 4/1/2015

Exhibit: A-5

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT:  Piezometers/Well Installations

ATTERBERG
LIMITS

LL-PL-PI

P
E

R
C

E
N

T
 F

IN
E

SINSTALLATION
DETAILS

S
A

M
P

LE
 T

Y
P

E

W
A

T
E

R
 L

E
V

E
L

O
B

S
E

R
V

A
T

IO
N

S

D
E

P
T

H
 (

F
t.)

5

10

15

20

Surface Elev.: 1928 (Ft.)

ELEVATION (Ft.)

W
A

T
E

R
C

O
N

T
E

N
T

 (
%

)

F
IE

LD
 T

E
S

T
R

E
S

U
LT

S

Initially Encountered

WATER LEVEL OBSERVATIONS





0.2

4.0

23.5

25.5

29.0

31.0

FILL - TOPSOIL , dark brown
LEAN CLAY WITH SAND (CL), trace gravel,
grayish-brown, frost

SANDY LEAN CLAY (CL), trace gravel, brown,
medium stiff to stiff

POORLY GRADED SAND WITH SILT AND
GRAVEL (SP-SM), brown, medium dense, fine to
coarse-grained, waterbearing
FAT CLAY (CH), gray

CLAYEY SAND (SC), gray, dense, fine-grained,
waterbearing

Boring Terminated at 31 Feet

Survey data provided by client.
Well developed on April 2. Pumped until water was clear.

Steel Casing

PVC Riser

Grout

Bentonite

Silica Sand

PVC Screen

Sluff

1914

1910

1890.5

1888.5

1885

1883

5-7-6
N=13

3-3-4
N=7

5-4-6
N=10

3-4-6
N=10

4-5-8
N=13

4-5-6
N=11

3-4-5
N=9

4-5-6
N=11

12-17-20
N=37

DEPTH

LOCATION: See Exhibit A-2
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Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Automatic

Latitude: 47.381119°  Longitude:  -101.149657°
Northing: 134705  Easting: 1839196
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

Page 1 of 1

Advancement Method:
3¼" Inside Diameter, Hollow Stem Auger 0-29½'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2155021

Drill Rig: D-90

Boring Started: 4/1/2015

BORING LOG NO. MW-DP4
Golder Associates IncCLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 4/1/2015

Exhibit: A-6

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT:  Piezometers/Well Installations
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5.0

11.0

32.0

46.0

FILL - SANDY LEAN CLAY , brown and black, coal inclusions

FILL - SANDY LEAN CLAY , trace gravel, brown to dark brown

SANDY LEAN CLAY (CL), trace gravel, brown to grayish-brown, very stiff to
stiff, silt laminations

CLAYEY SAND (SC), brownish-gray, medium dense to dense, fine-grained

Boring Terminated at 46 Feet

Steel Casing
PVC Riser

Bentonite

Silica Sand

PVC Screen

Sluff

1930

1924

1903

1889

3-5-11
N=16
7-8-8
N=16

5-7-8
N=15

5-8-10
N=18

3-5-7
N=12

3-6-7
N=13

5-7-9
N=16

3-5-6
N=11

3-5-6
N=11

5-5-8
N=13

5-8-10
N=18

10-16-23
N=39

11-17-27
N=44

Stratification lines are approximate. In-situ, the transition may be gradual.

DEPTH

LOCATION: See Exhibit A-2
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Hammer Type:  Automatic

Latitude: 47.37992°  Longitude:  -101.15194°
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                    GRE - Coal Creek Station
                    McLean County, North Dakota
SITE:

Page 1 of 1

Advancement Method:
3¼" ID HSA 0-44½'

Abandonment Method:
Boring converted to monitoring well installation.

1805 Hancock Drive
Bismarck, North Dakota

Notes:

Project No.: M2155090

Drill Rig: D-90

Boring Started:

BORING LOG NO. DP5
Golder Associates, Inc.CLIENT:
Lakewood, Colorado

Driller: MR

Boring Completed: 11/18/2015

Exhibit: A-4

See Exhibit A-3 for description of field procedures.

See Appendix B for explanation of symbols and
abbreviations.

PROJECT:  Monitoring Well Installation
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