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EXECUTIVE SUMMARY

Background information taken from the U. S. Environmental Protection Agency’s
(EPA’s) website:

“Following the December 22, 2008 dike failure at the
TVA/Kingston, Tennessee coal combustion waste (CCW) ash
pond dredging cell that resulted in a spill of over 1 billion gallons of
coal ash slurry, covered more than 300 acres and impacted
residences and infrastructure, the EPA is embarking on an
initiative to prevent the catastrophic failure from occurring at other
such facilities located at electric utilities in an effort to protect lives
and property from the consequences of a impoundment or
impoundment failure of the improper release of impounded slurry.”

As part of the EPA’s effort to protect lives and the environment from a disaster
similar to that experienced in 2008, Kleinfelder was contracted to perform a site
assessment at the Stanton Power Generating Station that is owned and operated
by Great River Energy. This report summarizes the observations and findings of
the site assessment that occurred on May 18, 2011.

The coal combustion waste impoundments observed during the site assessment
included:

e North Ash Pond — Commissioned in 1994 (current configuration)
e Center Drainage Pond — Commissioned in 1994 (current configuration)
e South Ash Pond — Commissioned in 1994 (current configuration)

Preliminary observations made during the site assessment are documented on the
Site Assessment Checklists presented in Appendix A. A copy of this checklist was
transmitted to the EPA following the field walk-through. A more detailed discussion
of the observations is presented in Section 4, “Site Observations”.

All three impoundments are regulated by the North Dakota Department of Health —
Waste Management Division. While that agency has not established a hazard
rating, Barr Engineering assigned the three impoundments a “Less Than Low”
hazard rating in September 2010. That hazard rating was reviewed, and it is
agreed that a hazard classification of “Less Than Low” is an appropriate
designation for all three impoundments.

Overall, the ponds are reasonably well maintained and engineered, and operated with
a few areas of concern as discussed in Section 6, “Recommendations”.

On the date of this site assessment, there appeared to be no immediate threat to the
safety of the impoundment embankments. No assurance can be made regarding the
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impoundments condition after this date. Subsequent adverse weather and other
factors may affect the condition.

A brief summary of the Priority 1 and 2 Recommendations is given below. A more

detailed

discussion is provided in Section 6, “Recommendations”.

Priority 1 Recommendations

1.

Prepare an Emergency Action Plan (EAP) for the facility by October 31,
2012.

Control burrowing animals on the downstream slopes. Develop and
implement an animal control program by October 31, 2012.

Priority 2 Recommendations

1.

2.

118953/DEN11R082

Repair embankment scarps and sloughs by October 31, 2012.

Maintain a log of maintenance and other activities at the impoundments
and supporting facilities by October 31, 2012.

Update the Operation and Maintenance (O&M) Manual for the
impoundments and the facility by October 31, 2012.

Perform video assessments of culvert piping by October 31, 2012.

May 10, 2012
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SECTION 1 - INTRODUCTION

1.1 General

This report has been prepared for the United States Environmental Protection
Agency (EPA) to document findings and observations from a site assessment at the
Stanton Station Power Plant on May 18, 2011.

The following sections present a summary of data collection activities, site
information, performance history of the facility’s impoundment ponds, a summary of
site observations, and recommendations resulting from the site investigation.

1.2 Project Location

Stanton Station is located approximately three miles southeast of Stanton, ND, as
shown in Plate 1. The power plant is located in Mercer County at approximately
47°17°10"N and 101°19'58"W. The nearby town of Stanton is a rural agricultural
community with the town population of about 350.

1.3 Site Documentation

Great River Energy provided the following documents during the time of this
assessment to aid in the review of the impoundments:

e Stone & Webster Engineering Corp., Design Report — Stanton Station Ash
Pond Modifications, April 25, 1994.

e Stone & Webster Engineering Corp., Operating Plans — Stanton Station Ash
Pond Maodifications, June 1994,

e Stone & Webster Engineering Corp., Proposed Ash Pond Modifications —
Stanton Station Waste Disposal and Ash Handling Project, December 1993.

e Stone & Webster Engineering Corp., Construction Drawings for Stanton
Station Ash Pond Modifications, original issue April 13, 1994.

¢ North Dakota Dept. of Health, Waste Disposal Permit SP-043, March 17,
2005.

e North Dakota Dept. of Health, NPDES Permit No. NDO000299, December 20,
2006.

e Barr Engineering, 2010 Annual Groundwater Monitoring Report, Stanton
Station Ash Disposal Facility, February 2011.



e Barr Engineering, Bottom Ash Surface Impoundment, 2010 Summer
Inspection Report, Stanton Station, September 27, 2010.

e Golder Associates, Inc., Stability Evaluation of Bottom Ash Surface
Impoundment, May 16, 2011.

e Golder Associates, Inc., Stability Evaluation of Bottom Ash Surface
Impoundment Addendum, December 22, 2011.

e Golder Associates, Inc., Addendum to Stability Evaluation of Bottom Ash
Surface Impoundment Addendum — Seismic Stability Evaluation, March 16,

2012.
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SECTION 2 — SITE ASSESSMENT

2.1 Attendees

The site assessment was performed on May 18, 2011 by Charles Larson, P.E. and
Brad Piede, E.I.T. of Kleinfelder. Other persons present during the site assessment
included:

Jennifer Charles — Great River Energy
Erik Silvola — Great River Energy
Diane Stockdill — Great River Energy
Steve Smokey — Great River Energy

2.2 Impoundments Assessed

Impoundments and associated structures that were observed during the site
assessment included:

¢ North Ash Pond — Commissioned in 1994 (current configuration)
e Center Drainage Pond — Commissioned in 1994 (current configuration)
e South Ash Pond — Commissioned in 1994 (current configuration)

Observations from the site assessment are documented on the Site Assessment
Evaluation Checklists presented in Appendix A. A summary of observations from the
site assessment is presented in Section 4.

2.3 Weather During Assessment
During the assessment of the Great River Energy Stanton Station impoundments,

the weather was sunny and breezy. Temperatures ranged from about 60° to 65° F,
and wind speeds ranged from about 5 to 10 miles per hour (mph).
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SECTION 3 - SITE INFORMATION AND HISTORY

3.1 Site Information and History

The Stanton Power Generating Station is a coal-fired facility that has been in
operation since 1966. The facility currently sluices primarily bottom ash and boiler
slag residuals, both by-products of coal fired energy generation, into either the North
or South Ash Pond impoundments. The bottom ash settles out and decants off to the
Center Drainage Pond, where additional setting occurs before discharging into a
pipeline that carries the effluent to the Missouri River outfall. Prior to the current
operational layout at the Stanton Station, all three ponds were originally part of the
original CCW facility known as Ash Pond A. The Stanton Station converted from a
wet to dry process for handling fly ash in 1995. Bottom ash and boiler slag are still
handled through a wet process, but the conversion to a dry fly ash process greatly
reduced the ash pond storage requirements. Approximately half of Ash Pond A was
reconfigured into three ponds to handle the bottom ash and boiler slag. Based on
Golder Associates review of the site history, the three ponds comprising the bottom
ash surface impoundment are not built over wet ash or other unsuitable materials..
An aerial image of these impoundments can be seen on Plate 2.

Both the North and South Ash Ponds function as settling basins for the bottom ash
material. Both ponds decant back into the Center Drainage Pond, and that pond
releases into the Missouri River under the ND Department of Health — Waste
Management Division Permit No. SP-043. According to GRE, it typically takes about
two years to fill either the North or South Ash Pond. Bottom ash disposal is then
shifted to the other pond that has been cleaned out, and the process continues for
another couple of years, then cycles back to the first pond while the material in the
pond just removed from service dries out for later removal and permanent disposal in
a landfill immediately west of the three impoundments. To our knowledge, none of
the bottom ash material is sold for other uses such as shingle grit or abrasives.

All three ponds are earthen embankment impoundments formed by an outer
perimeter embankment with two interior dikes that form the three ponds. Sluice pipes
transport primarily bottom ash from power generating operations to outlets near the
northeast corner of either the North Ash Pond or the South Ash Pond, depending on
which pond is in service. From there the bottom ash material in the slurry settles out.
The bottom ash material spreads out or is moved further out into the pond by
equipment during its two year filing cycle. Water drains out and collects on the
opposite side of the pond, where it then drains into the Center Drainage Pond via a
control weir and 36-inch diameter concrete pipe. The water in the Center Drainage
Pond further settles, then decants out through a similar outlet weir and an 18-inch
diameter concrete pipe that conveys flows to the Missouri River.

The ponds are all interconnected by pipes and concrete intake towers with adjustable
control weirs with metal stoplogs. All three ponds have managed inflow that is
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continuously monitored and thus do not have emergency spillways. Because all
ponds are diked impoundment structures, none of the ponds have tributary drainage
area outside of the crest perimeter.

In reviewing the response letter to the EPA’s section 104(e) request for information,
shown in Appendix B, it is noted that there has never been a release of impounded
water at Stanton Station.

3.2 Pertinent Data

A. GENERAL
I - 3T TSRS Stanton Station
- =SOSR PSRRI North Dakota
3. COUNLY ettt ettt ettt ettt et e st et e st e e ebeste st ebeebesaeseebeseeseebeseensabesbe e eteebeseeteebeseeneetesesseneeteseeneas Mercer
|_ A, LAHIUGE .ovovvvveveoseeessseeeessesssssess s ssssssas s 47° 17" 10” North
ST o o 1 13o [OOSR 101° 19’ 58” West
z 6. RIVEr USEd fOr OPEIALIONS........cueueeeeriiiriresistetite ettt s s sr e e eeneens Missouri
m 7. YEAIr CONSIIUCIEA ......ceeueveeiiiceiie ettt ettt sttt e e st ke e bt e e s ebe e bebe e s ese e s bebe e tesesenesnenis 1966
8.  Modifications.........cccovrerriresiiecnenenenenenes Orig. Ash Pond A reconfigured to 3 current ponds in1994
E 9.  Current Hazard ClasSifiCatiON..............coururueiirieieieisesiieseeseesesee e esssae e esessssesesessesesessnsens None
10. Proposed Hazard ClassifiCation ..........cccccueeiuiieeieeiiieiesessieeesese s Less Than Low
: R ST .. W ORI See below
U B. IMPOUNDMENTS
o NORTH ASH POND
a PR/ I, U W Earthen — Diked
A @ = = [V 10 PO +1720"
3. Cigstlength.. SO N N ~ 1,650 ft*
m 4 ACreSEWIAL............ 5 S e 20 ft
> 5. IMPOUNAMENE HEIGNE ....oovvvveeeiceeeecec et isseesaeeeesees e s st s s ~16ft
B.  UPSIEAM SIOPE . .cevieiiiiiiisisie ettt sttt ettt e e s et ee e e 3H:1V
- 7.  DOWNSITEAM SIOPE .. .cuecviieeicte ettt ettt et sttt et st be st e e be st e e ebe s be e esesbessenesbesaeneebesbensanereaee 3H:1V
: 8. Volume of Stored ASh...........cooeiiiiiii .~5.7 acre-feet’ (as of 7/10)
U’ CENTER DRAINAGE POND
u T Y/ o= TSRS Earthen — Diked
2. CrESLEIBVALON........coouerieeieeiiecisisieee st +1720"
q I € et ~ 1,550 ¢
N 1 =1 Ao |1 o TSP 20 ft
¢ 5. IMpoundmENt HEIGNE ......ccviveeiiiiicices ettt a s be e nns ~16ft
6. UPSIEAM SIOPE ...ttt ettt et s e s e s e ene e neeas 3H:1V
n 7. DOWNSEEAM SIOPE ...eiiieiiieieie sttt ettt b et e et e et enesaebe e e eeesenas 3H:1V
T 8.  Volume of StOred ASh..........ccooueee i .~3.1 acre-feet’ (as of 7/10)
SOUTH ASH POND
m' L TP e et e e b e e ae et a e b aeneerne Earthen — Diked
: N @ = = 1=V 70 PO +1720"
T O (=Y 113 1o | o FOUO OO ~ 1,800 ft?
N O (=1 AT/ To |1 o PSR TTSTPPSRPRN 20 ft
118953/DEN11R082 May 10, 2012
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5. IMpoundmENt HEIGNE ......ccvoiveiiieiiceiee ettt a s b pns ~16ft
6. UPSIEAM SIOPE ....evieiiieiriseeie ettt sttt sttt s e s e s e tne e neeas 3H:1V
7.  DOWNSIEAM SIOPE ...cvouiieeiietcee sttt et et b ettt se s benesa b e e s enerenis 3H:1V
8.  Volume of Stored ASh............oiiiiiiii e ~22 acre-feet’ (as of 11/09)
C. DRAINAGE BASIN

1. Area of Drainage Basin.........ccocceiiieiiiiieiee e Impoundment area
2. DOWNSEEaM DESCHPLON: ....cucueurereiiririreresieieteeeieseeseseseseseessessesesesesesesesesassesesesesssssesees Missouri River

D. RESERVOIRINLET

NORTH ASH POND
1. RESEIVOIN INIBL ...ttt et Double sluice pipes from plant

CENTER DRAINAGE POND
1. ReservoirInlet............. Weir structure w/ 36-inch pipe from both N and S Ash Ponds ~ elev. 1703

SOUTH ASH POND
1. RESEIVOIN INIEE ...t Double sluice pipes from plant

E. RESERVOIR

NORTH ASH POND
1. Reservoir Capacity......c.ccocceiiieerisreseeseeesreiieeanens Maximum storage is approximately 37 acre-feet"

CENTER DRAINAGE POND
1.  Reservoir Capacity......ccoeeeereerereeesisiieseeesciunnes Maximum storage is approximately 38 acre-feet"

SOUTH ASH POND
1.  Reservoir Capacity.......ccoceveeereerereeressereresssessenens Maximum storage is approximately 40 acre-feet*

F. PRIMARY SPILLWAY

NORTH ASH POND
O B =T o o] o T SO N/A — No Spillway Present

CENTER DRAINAGE POND
T I 7=t o ) o O ST N/A — No Spillway Present

SOUTH ASH POND
L. DESCIHPLON. ...ciieeiiicce et N/A — No Spillway Present

G. OUTLET WORKS

NORTH ASH POND
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1.  Description......cccccoeeevievennnnas Concrete weir structure w/ 36-inch dia. concrete pipe to Center Pond
2.  Location........cccceeevueneee. In shared embankment btwn North Ash Pond and Center Drainage Pond
3. INtAKE SHUCHUIE .....cueeveveectec et Concrete Intake w/ adjustable weir
A INtAKE INVETE EIQVALON. .........ooovveoeeeeeeeeeeeeeeeseeee s ses s eses s sessesssssssssensesnss s 1703"°
4. DISChArge CONUUIL ......coueuerertetererieirietee sttt sttt e et es et se s aene e sbenenens Concrete pipe
S T =T oo | USSR 60 ft.
D, DIAMELET ...ttt ettt bbbt bane 36 inches
118953/DEN11R082 May 10, 2012
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B, OUEL SITUCIUIE ..ottt seeneas Concrete outlet w/ adjustable weir

A OUEEL INVETE EIEVALION..........oovoveeeceeeeeeeeee et es s es s ene s snesneens 1703"*
b. Energy DiSSIPation ............ceuvueueueuereeiieseeeieee et en e senns Concrete apron in pool
6.  DiISCharge ChamnNEl ..........ccooiiieiiiiieie ettt sttt a b e nns None
7. Discharge Capacity with Water Surface at Top of Impoundment..........c..ccccceveeeeveecerennee. Unknown

CENTER DRAINAGE POND

1. Description......cccccccovvruennnne. Concrete weir structure w/ 18-inch dia. concrete pipe to Missouri River
2. LOCALON ...ttt sttt ettt e ee bt n b ne e b ene s bene s East embankment
3. INtAKE SHUCIUIE ... Concrete Intake w/ adjustable weir
A INAKE INVETE EIQVALON. ..........ooeveoeeeeeeeeee s sesssi s es s esee s sen s 1702"3
4. DiSCharge CONAUIL ........cceeeeviiiiietiiteeeteete sttt st sa e s e ebesteseebesbeseeseebesressebeseennetens Concrete pipe
= TR I =Y oo | ~1,900 ft
D, DHAMELET ...ttt ettt ettt ettt bene 18 inches
5. OUHEL SIUCKIUE ...t Pipe Outfall to Missouri River
. Outlet INVErt EIBVALION........ccoii et e Unknown
D.  ENErgy DISSIPALION ......c.cccoveviiiiecesieteesetee ettt tete e saess s s ete et sesesaeseenebesesnas Unknown
6.  DiSCharge ChannEl ...........coucuiiiiiciie e s et se b et ne b e s tnennens None
7. Discharge Capacity with Water Surface at Top of Impoundment...........ccccocveeerveeenninnene Unknown

SOUTH ASH POND

1. Description......cccocorrueeeununias Concrete weir structure w/ 36-inch dia. concrete pipe to Center Pond
2.  Location........cccceeeueueee. In shared embankment btwn South Ash Pond and Center Drainage Pond
3. INtAKE SHUCIUIE .....cueeveieectec ettt s Concrete Intake w/ adjustable weir
A INtAKE INVETE EIQVALON. .......cvooorveoeeeeetessiieseeeseees e sessssesss e esssssesssssssesssssensesssssssssensesnees 1703"°
4. DIiSChArge CONUUIL .....cvevieieetererieitsesie ettt sttt sa et e st s st e e et se e anne e ebenenen Concrete pipe
S T I =T 0| USSR 60 ft.
oM (i (-CIR. WU Y A S 36 inches
5. OULIEt SITUCIUIE ...ttt ettt Concrete outlet w/ adjustable weir
A OUEt INVEIE EIRVALION..............veoeeeieeeieeeeseeseees s sess s ssseses s seneeenes 1703"°
D.  Energy DiSSIPAtioN ...........cccccvueveeeeeeeeiieeeieeeeseseeeseseseeseseseseessesesesesessaens Concrete apron in pool
6. DIiSChArge ChannEl ...ttt en None
7. Discharge Capacity with Water Surface at Top of Impoundment............ccceeeeeeenerererenene Unknown

H. MANAGEMENT

L T S Great River Energy
............................................................................................... Coal Fired Energy Generation

N

o

c

=
©

o

(]

(0]

Notes:
1. Data provided by plant staff or obtained from Barr Engineering or Stone & Webster reports
2. Pond shares common embankment with adjacent pond
3. Feature was submerged and unable to be visually inspected

3.3 Regional Geology and Seismicity

Based on our review of previous reports, the subsurface conditions at the plant site
consist of river sediment overlaying the Bullion Creek Formation. The plant site
consists primarily of Missouri River terrace and alluvial deposits about 30 feet thick.
The Bullion Creek Formation generally consists of sandstones, silty clays, shales,
and lignite.
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The plant site is situated in a Seismic Zone 0 area with the largest historic
earthquake in North Dakota registering magnitude 5.5 in May, 1909. The plant area
is considered to have a very low seismic risk. Seismic stability analyses of the
embankments are discussed below.

3.4 Hydrology and Hydraulics

All three ponds are designed and situated in such a manner that there is no
watershed drainage contributing to the stored volume of the ponds. Pond operations
are limited to pumping of ash slurry and precipitation that falls within the
impoundments themselves.

During the assessment, the design report by Stone & Webster was reviewed. That
report covered details such as pond geometry, operations, waste stream volumes
and rates, pipe interconnects, capacities, and freeboard. The report did not contain
any discussion of site hydrology or impoundment break analyses, nor were any
subsequent documents located that covered those topics. However, Barr
Engineering prepared a report assessing the integrity of the ponds and assigning a
hazard rating based on EPA assessment criteria. All three ponds were assigned a
“Less Than Low” hazard rating. Considering that all three ponds have managed
inflow and pool levels that are regularly monitored by plant personnel, and the levels
are managed with sufficient freeboard to provide adequate storage during a very
significant hydrologic event, we would concur with that assessment. However, a
formal hazard classification should be performed.

3.5 Geotechnical Considerations

Regarding stability of the embankment slopes, we have reviewed the Design Report
for Stanton Station Ash Pond Modifications dated April 25, 1994 by Stone & Webster
Engineering Corp. That report included stability analyses for the most critical loading
condition and pool levels. All three ponds are stable under a normal pool loading
condition and conservatively assuming the planned geomembrane liners were not
present and steady-state seepage conditions had developed. Upstream slopes were
also evaluated for rapid drawdown. Under all evaluation scenarios, the computed
factor of safety exceeded 1.5. In addition, Golder completed a stability evaluation
report in May 2011 that confirmed factors of safety greater than 1.5 are expected
under anticipated loading conditions. Golder also noted several areas of minor slope
failures, animal burrows, and several punctures and tears in the geomembrane liner.
Golder recommended review of surface water drainage, instrumentation and
monitoring of the embankments, and future physical evaluation.

Seismic stability analyses were completed by Golder Associates for all of the
embankments of the bottom ash surface impoundment. The same loading condition
scenarios for the static stability evaluations completed earlier and discussed above
were evaluated, and in all cases the seismic stability factors of safety were all well in
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excess of 1.0 and thus meet the 1995 EPA guidelines. As such, the embankments
are expected to remain stable under the anticipated seismic loading conditions.

3.6 Structural Considerations

There are five concrete intake towers in the three ponds. The tower tops are level
with the crest of the ponds and provide a means of placing stoplogs in the tower
openings to control pond levels. One tower is located each in the North and South
Ash Ponds, and three towers are located in the Center Drainage Pond. Four of the
towers are at each end of the two interconnect pipes between the North or South Ash
Ponds and the Center Drainage Pond. The fifth tower is the outlet structure from the
Center Drainage Pond. The towers are connected to the pond embankments by
grated walkways. The tower structures were not assessed in detail, but appeared
visually to be in Satisfactory condition with no evidence of movement, concrete
spalling, excessive rust or corrosion of metal parts, or any structural distress. The
outlet tower from the Center Drainage Pond had a trashrack in place to prevent
debris from entering the 18-inch diameter outlet pipe.

There are also three manholes constructed in the east outer embankment for the
North Ash Pond and Center Drainage Pond. No internal assessment was made of
those features, but no distress was noted from our external assessment of the visible
cover portion. There is also a truss structure to support the sluice piping from the
plant to the northeast corners of the North and South Ash Ponds. The pipe support
structure is supported on the old Ash Pond A dike located east of the raised dike that
was part of the 1994 Ash Ponds modifications project. The pipe support structure
does not exhibit any signs of excessive loading on the dike or any movement or
structural distress.

3.7 Performance Evaluations

There have been no previous federal or state assessments of the Stanton Station
Ash Ponds to our knowledge. Based on written observations by Great River Energy
in their monthly walk-around assessments, there have been no significant incidents
involving any of the three impoundments. Great River Energy’s local plant personnel
perform more frequent informal observations of the impoundments and their
associated structures. In addition, Great River Energy retained Barr Engineering to
perform a site inspection and assessment in September 2010 as part of their surface
impoundment inspection and hazard assessment report discussed previously.

3.8 Hazard Classification

The Stanton Station’s three impoundments are regulated by the North Dakota
Department of Health — Waste Management Division, but do not currently have a
designated hazard rating assigned by that agency. However, the three ponds were
rated by Barr Engineering (one of Great River Energy’s ash pond impoundment
consultants) as being “Less Than Low Hazard” impoundments based on US EPA
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guidelines. Considering that pond volumes are very small and there is essentially no
potential for loss of life or significant economic or environmental damages from a
failure of any of the pond embankments, we would concur with that rating. While it is
only a relatively short distance before the pond material would enter the nearby
Missouri River, the material is not toxic and is free draining, and thus is not likely to
flow like a conventional high-density sludge. No private homes, recreational facilities,
businesses, paved roads or other structures outside of the plant area would be
impacted.

3.9 Site Access

We were required to seek permission from Great River Energy to gain access to the
plant site. After arriving at the site and meeting with representatives of Great River
Energy, we were escorted by facility personnel to assess the impoundments. The
impoundments can be accessed by standard passenger vehicle during normal
weather conditions via gravel-surfaced roadways on the Stanton Station property.
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SECTION 4 — SITE OBSERVATIONS

The impoundment outer embankments, downstream toes, and outlet works
components (portions not inundated at the time of assessment) of the North and
South Ash Ponds and the Center Drainage Pond were observed during the May 18,
2011 site assessment. The interior dikes separating the three ponds were also
observed. General observations of these features are presented below; more specific
observations of the site and facilittes are documented in the Site Assessment
Evaluation Checklist provided in Appendix A. Captioned site photographs are
presented at the end of this section.

4.1 North Ash Pond
411  Upstream Slope

Overall, the upstream slope of the impoundment was in Satisfactory condition.
Photos 1, 25, 29, and 30 show the conditions of the upstream slope. Specific
observations include:

e The upstream slope is in Satisfactory condition, appears stable, and is in
general accordance with the 1994 design report and drawings prepared by
Stone & Webster.

e The upstream slope has a geomembrane liner that appears to be in
Satisfactory condition above the water surface. The portion of liner below
the water surface was not visible and could not be assessed. The liner is
free of grasses and woody brush over the entire inside perimeter of the
impoundment.

e There is no riprap placed on the upstream slope.

412 Crest

Overall, the crest of the impoundment was in Satisfactory condition. Photos 25,
28, and 29 show the condition of the crest. Specific observations include:

e The impoundment crest also serves as a gravel road.

e No major depressions, erosion, or rutting was noted on the impoundment
crest.

e Transecting the crest near the northeast corner with minimal cover are two
bottom ash sluice lines. Photo 1 shows these sluice lines.

e Sluice pipe structure support columns for the pipeline that runs along the
east lower bench of the North Ash Pond and the Center Drainage Pond rest
on small concrete foundation pads that penetrate the crest in multiple
locations, as shown in photo 2.
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4.1.3 Downstream Slope

Overall, the downstream slope was in Fair condition. Photos 3, 4, 31, and 32
show the conditions of the downstream slope. Specific observations include:

e The slopes were well vegetated and appeared stable.

e The east embankment has a small scarp feature on the slope. While that
condition does not appear to present an imminent threat to the
embankment stability, the area should be repaired and revegetated to
prevent progressive failures.

e A few animal burrows were noted.

414 Downstream Toe Areas

The toe areas of the embankment were in Fair condition. See photos 3, 32, and
33 for the condition of these areas. Key features and observations of these
areas include:

e The embankment toe was located along a low area with ponded water on
the east side. It was not evident whether the ponded water was related to a
high groundwater table or recent rains. It did not appear that any noticeable
seepage was occurring, but that condition would be difficult to detect with
ponded water present.

e The north embankment has a small scarp feature near the toe. While that
does not appear to present an imminent threat to the embankment stability,
plant staff should continue to monitor for any signs of further displacement
that would indicate a slope failure could be occurring.

e The west embankment toe area is adjacent to the bottom ash landfill, and
thus the pond embankment is supported by an increasing level of fill.

e The embankment toe was well vegetated and clear of any woody bushes
and small trees.

415 Outlet Works

The outlet works of the North Ash Pond consists of a 36-inch diameter pipe
connecting the pond with the Center Drainage Pond immediately to the south.
The pipe is level, and flow and pond water levels are controlled by a stoplog
structure on each end of the pipe. The pipes were submerged and could not be
observed. The design drawings show a concrete apron and wingwalls for erosion
protection at either end. Key observations include:

e The intake portion of the outlet pipe was not able to be observed because it
was inundated at the time of the assessment.

e The intake tower of the outlet structure had stop logs in place to set the
water level, and did not have any trashrack in place (nor did one seem
necessary).
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e The discharge location of the outlet pipe into the Center Drainage Pond
could not be observed as it was inundated at the time of assessment.

¢ No video monitoring of the pipe was available at the time of assessment.

e The pipe material is indicated on the drawings to be RCP.

e Overall, the outlet works system appears to be functioning as intended at
this time.

416 Impoundment Inlet

Inflow into the North Ash Pond is by slurry pipes directly from the plant. Bottom
ash and other constituents of coal combustion are slurried into the pond at the
northeast corner in two 12-inch (est.) steel pipes, as shown on photo 1. From the
inlet location the slurry gradually dewaters and the water then collects on the
opposite (southwest) part of the pond and eventually decants into the Center
Drainage Pond for disposal to the Missouri River (discussed previously and
below). The steel inlet pipes appear to be in satisfactory condition.

4.2 Center Drainage Pond
421  Upstream Slope

Overall, the upstream slope of the impoundment was in Satisfactory condition.
Photos 20, 22, and 24 show the conditions of the upstream slope. Specific
observations include:

e The upstream slope is in Satisfactory condition, appears stable, and is in
general accordance with the 1994 design report and drawings prepared by
Stone & Webster.

e The upstream slope has a geomembrane liner that appears to be in
Satisfactory condition above the water surface. The portion of liner below
the water surface was not visible and could not be assessed. The liner is
free of grasses and woody brush over the entire inside perimeter of the
impoundment.

e There is no riprap placed on the upstream slope.

4272 Crest

Overall, the crest of the impoundment was in Satisfactory condition. Photos 17
and 24 show the condition of the crest. Specific observations include:

e The impoundment crest also serves as a gravel road.

¢ No major depressions, erosion, or rutting was noted on the impoundment
crest.

e Sluice pipe structure support columns for the pipeline that runs along the
east lower bench of the North Ash Pond and the Center Drainage Pond rest
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on small concrete foundation pads that penetrate the crest in multiple
locations.

423 Downstream Slope

Overall, the downstream slope was in Fair condition. Photos 5, 7, and 8 show the
conditions of the downstream slope. Specific observations include:

e The slopes were well vegetated and appeared stable.

e The east embankment has a small scarp feature on the slope. While that
condition does not appear to present an imminent threat to the embankment
stability, the area should be repaired and revegetated to prevent progressive
failures.

e A few animal burrows were noted on the slopes.

424 Downstream Toe Areas

The toe areas of the embankment were in Fair condition. See photos 7 and 8 for
the condition of these areas. Key features and observations of these areas
include:

e The embankment toe was located along a low area with ponded water on
the east side. It was not evident whether the ponded water was related to a
high groundwater table or recent rains. It did not appear that any noticeable
seepage was occurring, but that condition would be difficult to detect with
ponded water present.

e The west embankment toe area is adjacent to the bottom ash landfill, and
thus the pond embankment is supported by an increasing level of fill.

e The outer embankment toe was well vegetated and clear of any woody
bushes and small trees.

425 Outlet Works

The outlet works of the Center Drainage Pond consists of an 18-inch diameter
RCP connecting to a manhole that then connects to the outfall line to the
Missouri River. The outlet pipe is connected to an intake tower with stoplog slots.
Key observations include:

e The intake portion of the outlet pipe was not able to be observed because it
was inundated at the time of the assessment.

e The intake tower of the outlet structure had stop logs in place to set the
water level, and had a trashrack in place to prevent debris from entering the
outlet pipe.

e The discharge location of the outlet pipe into the Missouri River was not
able to be observed.
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¢ No video monitoring of the pipe was available at the time of assessment.

e The pipe material is indicated on the drawings to be RCP.

e Overall, the outlet works system appears to be functioning as intended at
this time.

42.6 Impoundment Inlet

Inflow into the Center Drainage Pond is via 36-inch diameter RCPs located in the
divider dikes for both the North and South Ash Ponds. Each inlet location has an
intake tower on each end of the pipe through the divider dikes, with stoplog slots.
Typically either the North Ash Pond or South Ash Pond will be discharging into
the Center Drainage Pond, but not both simultaneously. The inlet pipes appear to
be in functional condition.

4.3 South Ash Pond
43.1  Upstream Slope

Overall, the upstream slope of the impoundment was in Satisfactory condition.
Photos 14, 15 and 19 show the conditions of the upstream slope. Specific
observations include:

e The upstream slope is in Satisfactory condition, appears stable, and is in
general accordance with the 1994 design report and drawings prepared by
Stone & Webster.

e The upstream slope has a geomembrane liner that appears to be in
Satisfactory condition above the water surface. The portion of liner below
the water surface was not visible and could not be assessed. The liner is
free of grasses and woody brush over the entire inside perimeter of the
impoundment.

e There is no riprap placed on the upstream slope.

432 Crest

Overall, the crest of the impoundment was in Satisfactory condition. Photos 15
and 17 show the condition of the crest. Specific observations include:

e The impoundment crest also serves as a gravel road.

e No major depressions, erosion, or rutting was noted on the impoundment
crest.

e Transecting the crest near the northeast corner with minimal cover are two
bottom ash sluice lines (currently not in service).

4.3.3 Downstream Slope
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Overall, the downstream slope was in reasonably Fair condition. Photos 10, 35,
38, and 39 show the conditions of the downstream slope. Specific observations
include:

e The slopes were well vegetated and appeared stable.

e The east embankment has a small scarp feature on the slope. While that
condition does not appear to present an imminent threat to the
embankment stability, the area should be repaired and revegetated to
prevent progressive failures.

e The west embankment toe area is adjacent to the bottom ash landfill, and
thus the pond embankment is supported by an increasing level of fill.

e A few animal burrows were noted, with some sizable (8 to 10-inch
diameter) holes on the south embankment.

434 Downstream Toe Areas

The toe areas of the embankment were in Fair condition. See photos 10 and 12
for the condition of these areas. Key features and observations of these areas
include:

e The embankment toe was located along a low area with ponded water on
the east side. It was not evident whether the ponded water was related to a
high groundwater table or recent rains. It did not appear that any noticeable
seepage was occurring, but that condition would be difficult to detect with
ponded water present.

e The west embankment toe area is adjacent to the bottom ash landfill, and
thus the pond embankment is supported by an increasing level of fill.

e The embankment toe was well vegetated and clear of any woody bushes
and small trees.

435 Outlet Works

The outlet works of the South Ash Pond consists of a 36-inch diameter pipe
connecting the pond with the Center Drainage Pond immediately to the north.
The pipe is level, and flow and pond water levels are controlled by a stoplog
structure on each end of the pipe. The pipes were submerged and could not be
observed. The design drawings show a concrete apron and wingwalls for erosion
protection at either end. Key observations include:

e The intake portion of the outlet pipe was not able to be observed because it
was inundated at the time of the assessment.

e The intake tower of the outlet structure had stoplogs in place to set the
water level, and did not have any trashrack in place (nor did one seem
necessary). Water was not flowing to the Center Drainage Pond because
the South Ash Pond is currently not in service.
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e The discharge location of the outlet pipe into the Center Drainage Pond
was not able to be observed as it was inundated at the time of assessment.

¢ No video monitoring of the pipe was available at the time of assessment.

e The pipe material is indicated on the drawings to be RCP.

e Overall, the outlet works system appears to be in functioning order at this
time.

4.3.6 Impoundment Inlet

Inflow into the South Ash Pond is by two slurry pipes directly from the plant.
When the pond is in service, bottom ash and other constituents of coal
combustion are slurried into the pond at the northeast corner in two 12-inch (est.)
steel pipes. From the inlet location the slurry gradually dewaters and the water
then collects on the western half of the pond and eventually decants into the
Center Drainage Pond for disposal to the Missouri River (discussed above). The
steel inlet pipes were not attached to the slurry pipeline at the time of the
assessment because the South Pond was not in service.

4.3.7 Other

We inquired if Great River Energy had developed an EAP related to a potential
failure of the impoundments. We understand that an EAP has not been
developed for the site because of no probable loss of human life and the majority
of any ash material released during a failure would be contained on the GRE
property and any impacts would be limited to GRE facilities.

We also inquired if Great River Energy had developed an O&M Manual for the
Stanton Station Ash Ponds. That document was prepared by Stone & Webster
and was provided to us. The O&M Manual discusses operation of the cells,
removal and disposal of ash, and presents closure plan details. There is also a
discussion of contingency plans should there be damage to one of the cells that
would make it inoperable until repair. However, the contingency discussion does
not provide action items in the event of a failure of the pond, and thus is not
sufficient to serve as an EAP. The above referenced EAP should be part of this
O&M Manual if prepared, but should also be capable of being a stand-alone
document.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

118953/DEN11R082 May 10, 2012
Copyright 2012 Kleinfelder West, Inc. 22




D i

(T

2-Landside View of East Embankment Modification and Sluice Pipes (looking south)

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for
use as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representa-
tion is at the sole risk of the party using or misusing the information.
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use as a land survey product nor is it designed or intended as a construction design document. The
use or misuse of the information contained on this graphic representation is at the sole risk of the
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4-Landside Erosion on Original East Embankment
from Sluice Pipe Blow-out (looking south)
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5-Scarp on Original Landside East Embankment (looking southwest)

6-Surface Erosion on Original Landside East Embankment (looking south)

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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8-Erosion Rills on Original Landside East Embankment (looking southeast)
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The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.

9-Bulging of Original Landside East Embankment (looking south)

10-Erosion and Vegetation on Slope of Original Landside
East Embankment (looking south)
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12-Toe of Original East Embankment Over Steepened (looking south)

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.

/.A\ PROJECT NO. 118953-2 SITE PAGE
DRAWN: ot PHOTOGRAPHS 5-18-11
KLEINFELDER orawney B Prede 28

Bright Peaple. Right Solutions. | CHECKED BY: C. Larson Stanton Station
\'\é;-_—j/ FILE NAME: Great River Energy
www.kleinfelder.com Revised Stanton Site Photos Stanton. North Dakota

-
<
LLI
>3
-
O
O
o
L
=
—
L
O
od
<
<
o
L
2
-




14-South Ash Pond Waterside East Embankment, Not in Use (looking north)
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15-South Ash Pond Waterside South Embankment (looking east)

16-West Landside Embankment (looking north)
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18-South Pond Decant Inlet Structure, Not in Use
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20-Divider Dike Liner on South Side of Center Pond (looking east
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timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.

22-Center Pond Outfall Structure (looking west)

21-Center Pond Northern Decant Inlet and North Divider Dike (looking north)
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23-Center Pond Outfall Structure and Trashrack

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.

24-Divider Dike Liner on North Side of Center Pond (looking west)
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26-North Pond Decant Intake with Stop Logs

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.

/\\ PROJECT NO. 118953-2 SITE
DRAWN: 6/7/11 PHOTOGRAPHS 5-18-11

KLEINFELDER | oransy B. Piede

-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
<I
o
i
2,
-

Bright People. Right Salutions, | CHECKED BY: C. Larson Stanton Station

— FILE NAME: Great River Energy
www.kleinfelder.com Revised Stanton Site Photos Stanton. North Dakota

o

PAGE

35




28-Landside of West Embankment (looking south)

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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30-North Pond Waterside North Embankment (looking east)

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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32-Approximately 100’ Long Scarp Along Toe of North Embankment (looking east)

The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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34-Landside North Embakment (looking west)

The information included on this graphic representation has been compiled from a
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timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.
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The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
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timeliness, or rights to the use of such information. This document is not intended for use
as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representation
is at the sole risk of the party using or misusing the information.

38-Animal Burrows Approximately 6” to 12" Diameter
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39-Animal Burrows Approximately 6” to 12" Diameter
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SECTION 5 — OVERALL CONDITION OF THE FACILITY IMPOUNDMENTS

5.1 Analysis and Conclusions

Our analysis is summarized in three general considerations that are presented as
follows:

Structural Stability

All three impoundment (North Ash Pond, South Ash Pond, and Center Drainage
Pond) embankments were evaluated by Golder for static and seismic stability. All
perimeter and interior berms were evaluated for dual scenarios assuming the water
level at the crest of the embankment and with and without the geomembrane pond
liners. The minimum computed factor of safety (FOS) of 1.9 exceeds the minimum
desired FOS of 1.5 for permanent structures. The minimum dynamic FOS for any of
the seismic loading conditions was 2.1, or greater than the required minimum value
of 1.0 necessary to meet criteria. The Golder static and seismic stability evaluation
reports are presented in Appendix C.

Safety of the Impoundments Including Maintenance and Methods of Operation

We understand that the impoundments have a history of safe performance.
However, the future performance of these impoundments will depend on a variety of
factors that may change over time, including changes in groundwater levels,
maintenance and monitoring procedures, changes in embankment integrity, etc. In
light of this situation, we have noted several items as follows that present some
concern in this regard:

e Several animal burrows were observed. Some of the burrows were quite large
— up to a 10-inch diameter opening. This condition should be remedied with a
more aggressive animal control program, as the entire pond complex is
constructed of earth and clay embankment. While the ponds do have a plastic
liner on the inside of the pools, that component could be torn or chewed
through.

e Several areas of minor surface sloughs and scarps were observed on the
lower east embankment. In light of the south sluice pipe that failed in 2010 and
eroded a section of embankment, this area should be repaired with engineered
fill to sustain another possible sluice pipe failure. Kleinfelder understands that
GRE documented this issue as an “Action ltem.”

e The outlet culvert from the Center Drainage Pond was submerged and could
not be observed. There is currently no evidence of distress within the outlet
pipe, but it should be internally inspected if the plant is taken offline for a
sufficient amount of time to allow dewatering of the pond and outlet piping.

e An EAP is not currently in place at the site to mitigate damage in the event of
an emergency related to breach failure of the impoundment(s). While a failure
of an embankment would not constitute a life threatening situation, a short,
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simple document should be prepared to formally outline the procedures to
undertake in the event of such a failure. We do not envision that any type of
detailed dambreak analyses would be necessary. The EAP should be added to
the O&M Manual, and should also serve as a stand alone document.

e An O&M Manual for pond operations is currently in place for the site. The
O&M document should be updated to include the EAP and discussion of a
more robust animal control program.

Adequacy of Program for Monitoring Performance of the Impoundments

The present monitoring program primarily involves visual inspections by plant
personnel and by Great River Energy and outside consultant technical staff on
occasion. These visual inspections seem to be adequate to address issues such as
surface erosion and general condition of the impoundments. However, a more
detailed monitoring program is recommended to be established to quantify various
important factors associated with embankment stability and integrity. Those factors
include, but are not limited to monitoring for seepage, monitoring condition of minor
scarps observed, noting effectiveness of animal control measures, and documenting
any fluctuations of groundwater levels.

5.2 Summary Statement

I acknowledge that the management unit(s) referenced herein:
e North Ash Pond
e Center Drainage Pond
e South Ash Pond

were personally assessed by me and found to be in the following condition:

SATISFACTORY

Signature: Date:

Charles E. Larson, P.E.
Lead Civil Engineer
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SECTION 6 - RECOMMENDATIONS

6.1 Definitions

Priority 1 Recommendation: Priority 1 Recommendations involve the
correction of more severe deficiencies where action is required to ensure the
structural safety, operational integrity of a facility, and that may threaten the
safety of the impoundment.

Priority 2 Recommendation: Priority 2 Recommendations where action is
needed or required to prevent or reduce further damage or impair operation
and/or improve or enhance the O&M of the facility, that do not appear to
threaten the safety of the impoundment.

Based on observations during the site assessment, it is recommended that the
following actions be taken at the Stanton Station facility.

6.2 Priority 1 Recommendations

1. Prepare an Emergency Action Plan (EAP) for the facility by October 31,
2012. An EAP should be prepared for the Ash Pond Facilities. The EAP could
be a very short and straightforward document that basically documents that
sufficient volume exists on GRE property to contain releases, and outlines
procedures to undertake in the event of an unplanned release, including spill
mitigation procedures and phone calls to key plant personnel and any interested
and potentially impacted parties.

2. Control burrowing animals on the downstream slopes. Develop and
implement an animal control program by October 31, 2012. Refer to FEMA
publication 473, Technical Manual for Dam Owners, Impacts of Animals on
Earthen Dams. That manual is available on the FEMA website.

6.3 Priority 2 Recommendations

1. Repair embankment scarps and sloughs by October 31, 2012. Minor
surface scarps or sloughs were noted at the toe of the north outer embankment
at the North Ash Pond and on the slope of the east outer embankment of all
three ponds. These minor scarps should be repaired and revegetated to prevent
progressive failures.

2. Maintain a log of maintenance and other activities at the impoundments
and supporting facilities by October 31, 2012. We have seen examples of
monthly walk around inspection reports of the ponds. Other documentation may
exist that catalogs routine maintenance and repair activities, and if so, those
should be collected and bound in a notebook in a secure location if that practice
is not being followed currently. We believe that this log will provide continuity
during periods of staff change.

118953/DEN11R082 May 10, 2012
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3. Update the Operation and Maintenance (O&M) Manual for the
impoundments and the facility by October 31, 2012. The O&M manual
should include the EAP (discussed above) and a section on animal control.

4. Perform video assessments of culvert piping by October 31, 2012. This
would include only the outlet culvert piping from the Center Drainage Pond. The
video survey should determine the condition of the pipe for at least 100 feet
beyond the North Ash Pond embankment. Because the remaining piping is
located within the interior divider berms, video survey of those pipes does not
appear to be necessary.
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SECTION 7 — GLOSSARY OF TERMS

For the EPA Ash Pond Assessment program, the following glossary of terms shall be
used for classification unless otherwise noted.

Hazard Potential Rating

“Hazard potential” means the possible adverse incremental consequences that result
from the release of water or stored contents due to the failure of the impoundment or
reservoir or the misoperation of the impoundment, reservoir, or appurtenances. The
hazard potential classification of a impoundment or reservoir shall not reflect in any
way on the current condition of the impoundment or reservoir and its appurtenant
works, including the impoundment’s or reservoir's safety, structural integrity, or flood
routing capacity. These classifications are as described below:

1. Less than Low Hazard Potential

“Less than Low Hazard” means failure or misoperation of the dam results in no
probable loss of human life or economic or environmental losses.

2. Low Hazard Potential

“Low Hazard” means an impoundment’s or reservoir's failure will result in no
probable loss of human life and low economic loss or environmental loss, or
both. Economic losses are principally limited to the owner’s property.

3. Significant Hazard Potential

“Significant Hazard” means a impoundment’s or reservoir’s failure will result in
no probable loss of human life but can cause major economic loss,
environmental damage, disruption of lifeline facilities, or impact other concerns.
Significant Hazard Potential classification impoundments or reservoirs are often
located in predominantly rural or agricultural areas but could be located in
areas with population and significant infrastructure.

4. High Hazard Potential

“High Hazard” means a impoundment’s or reservoir’s failure will result in
probable loss of human life.

North Dakota State Hazard Classification

According to the North Dakota Dam Design Handbook, dated June 1985, dams are
categorized according to the potential hazard to property or loss of life if the dam
should suddenly fall.
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e Low - Dams located in rural or agricultural areas where there is little possibility
of future development. Failure of low hazard dams may result in damage to
agricultural land, township and county roads, and farm buildings other than
residences. No loss of life is expected if the dam fails;

e Medium - Dams located in predominantly rural or agricultural areas where
failure may damage isolated homes, main highways, railroads or cause
interruption of minor public utilities. The potential for the loss of a few lives
may be expected if the dam fails;

e High - Dams located upstream of developed and urban areas where failure
may cause serious damage to homes, industrial and commercial buildings
and major public utilities. There is a potential for the loss of more than a few
lives if the dam fails.

After a dam has been classified according to failure hazard, it will also be classified
for dam design criteria. Design criteria shall be based on the hazard classification
and the height of the dam. (“Height of the dam” is defined as the distance in feet from
the stream channel bottom at the centerline of the dam to the top of the settled
embankment.)

The table below is based on dam height and hazard categories and outlines five
classifications for dam design. Each classification will require varying degrees of
intensity of investigation for hydrology, foundation and borrow explorations, soil
testing, structural design, etc.

Dam Design Classifications
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Dam Height (ft) Hazard Categories
Low | Medium | High
Less than 10 I 1 \Y
10to 24 I Il [\
2510 39 11 11 \Y
40 to 55 1l \Y V
Over 55 Il [\ \%

Overall Classification of Impoundment

In a system similar to the New Jersey Department of Environmental Protection
Impoundment Safety Guidelines for the Inspection of Existing Impoundments
(January 2008), when the following terms are capitalized they denote and shall be

used to describe the overall classification of the impoundment as follows:
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SATISFACTORY - No existing or potential impoundment safety deficiencies are
recognized. Acceptable performance is expected under all applicable loading
conditions (static, hydrologic, seismic) in accordance with the applicable criteria.
Minor maintenance items may be required.

FAIR — Acceptable performance is expected* under all required loading conditions
(static, hydrologic, seismic) in accordance with the applicable safety regulatory
criteria. Minor deficiencies may exist that require remedial action and/or secondary
studies or investigations.

POOR - A management unit safety deficiency is recognized for any required loading
condition (static, hydrologic, seismic) in accordance with the applicable impoundment
safety regulatory criteria. Remedial action is necessary. POOR also applies when
further critical studies or investigations are needed to identify any potential
impoundment safety deficiencies.

UNSATISFACTORY - Considered unsafe. A impoundment safety deficiency is
recognized that requires immediate or emergency remedial action for problem
resolution. Reservoir restrictions may be necessary.

*the term expected is to be defined as likely

Recommendation Listing

Recommendations shall be written concisely and identify the specific actions to be
taken. The first word in the recommendation should be an action word (i.e.
“Prepare”, “Perform”, or "Submit”). The recommendations shall be prioritized and
numbered to provide easy reference. Impoundment Safety recommendations shall
be grouped, listed or categorized similar to the U.S. Department of Interior,
Reclamation Manual - Directives and Standards - Review/Examination Program for
High- and Significant-Hazard Impoundments (July, 1998 FAC 01-07) as follows:

Priority 1 Recommendations: Priority 1 Recommendations involve the correction
of severe deficiencies where action is required to ensure the structural safety,
operational integrity of a facility, and that may threaten the safety of the
impoundment.

Priority 2 Recommendations: Priority 2 Recommendations where action is needed
or required to prevent or reduce further damage or impair operation and/or improve
or enhance the O&M of the facility, that do not appear to threaten the safety of the
impoundment.
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SECTION 8 — LIMITATIONS

The scope of this work is for a preliminary screening for the EPA and plant
owner/operator of the visible performance and apparent stability of the impoundment
embankments based only on the observable surface features and information
provided by the owner/operator. Other features below the ground surface may exist
or may be obscured by vegetation, water, debris, or other features that could not be
identified and reported. This site assessment and report were performed without the
benefit of any soil drilling, sampling, or testing of the subsurface materials,
calculations of capacities, quantities, or stability, or any other engineering analyses.
The purpose of this assessment is to provide information to the EPA and the plant
owner/operator about recommended actions and/or studies that need to be
performed to document the stability and safety of the impoundments.

This work was performed by qualified personnel in a manner consistent with that
level of care and skill ordinarily exercised by other members of Kleinfelder’s
profession, practicing in the same locality, under similar conditions, and at the date
the services are provided. Kleinfelder's conclusions, opinions, and
recommendations are based on a limited number of observations. It is possible that
conditions could vary between or beyond the observations made. Kleinfelder makes
no other representation, guarantee, or warranty, express or implied, regarding the
services, communication (oral or written), report, opinion, or instrument of service
provided. Kleinfelder makes no warranty or guaranty of future embankment stability
or safety.

This report may be used only by the client and the registered design professional in
responsible charge and only for the purposes stated for this specific engagement
within a reasonable time from its issuance but in no event later than one (1) year
from the date of the report.

The information, included on graphic representations in this report, has been
compiled from a variety of sources and is subject to change without notice.
Kleinfelder makes no representations or warranties, expressed or implied, as to
accuracy, completeness, timeliness, or rights to the use of such information. These
documents are not intended for use as a land survey product nor are they designed
or intended as a construction design document. The use or misuse of the
information contained on these graphic representations is at the sole risk of the party
using or misusing the information.

Recommendations contained in this report are based on preliminary field
observations without the benefit of subsurface explorations, laboratory tests, or
detailed knowledge of the existing construction. If the scope of the proposed
recommendations changes from that described in this report, the conclusions and
recommendations contained in this report are not considered valid unless the
changes are reviewed and the conclusions of this report are modified or approved in
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writing by Kleinfelder. Kleinfelder cannot be responsible for interpretation by others
of this report or the conditions encountered in the field.
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EXISTING CONDITIONS AND
MONITORING UNITS
September 1, 2010
Stanton Generating Station
Great River Energy
Stanton, Morth Dakota
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The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for
use as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic representa-
tion is at the sole risk of the party using or misusing the information.
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U5 Environmental 5&

Coal Combuslion Dam Inspection Checkligt Form Pratection Agency \S
Site Name: Stantcn Station Date: 5_18-11
Unit Name: North Ash Pond Qperator's Name; Great River Energy
Unit 1.D.: Hazard Potential Classification: Hiah Slgnificant Loyl

Inspectﬂr 3 Name Klemfelder Charles Larsun PE, Brad Piede EIT

[ 5 COMIE e 3 : ] ord "MIA". An 3 it
mns"u:tnnn gla{:tlmsinal shnuld be noted m the sommants s&ctmn Farl ik nkmen r heckl m; r differen
bankmant areas. rate forms are us it roximate area that the form appﬁe& to in comments
b Mo Yes [

1. Feequancy of Campany's Dam [nspestions? Munthl:,r 18. Slaughing af bulging on slopes’?
2. Poal elevalion {operator records)? 1,7151 14. Major erosion or slepe deterioraten?
3. Decam inlet elevation (gpereigr recerds)T 1,?!]3.1:' 2. Decant Figas;
4. Gpen channel spillway elevation (operator records)? !-Jfﬂq, Is water enfaring inlél, Byl aot sading oullet?
5, Lowesl dam crest elevation (operatar records)? 1,720.0 I3 water exiting gullal. bt rot entenng inket?
&. If instrumentation is present. ane readings -

reconded {operator fecords)? smislsyemhngionlie TSNl

7. s 1ha ambankmenl currenily under construction’?

v

M. Seepage (specdy location, o seepage carries fines,
and approximate scepage rate below):

8. Foundalban preparation (ramove wagatabian, slumps,
{opsail n area where embankment fill wilk e ptaced)?

Fram underdrain?

4. Traes groang gn embankment® (I so. indicate
largast diameter below!

At isglaled points on embankment slopas®

10 Cracks or scanps on crast?

At nalural hillzide i the embankment area?

11 Is there sigrificant settlement along 1he crest?

Cver widespread areas?

12 Ara dacani Irashracks clear and in place?

Fram downstream foundation acea?

13, Depressions or sinkholes in tailings surface or
whifpeol in the pool area’?

"Boils" beneath stream or ponded water?

14, Clggged spillways, groin o divers:=on ditches?

Around the putsige of the decant pipa’?

15, Are spilbway ar ditch linings deterioraled?

22 Surface movements it valley bottom or en hillsde?

16. Arg outlels of decant or underdraing blocked™

N PR LN PR CN RN

23, Water against dgwnslegam foe?

17. Cracks of scarps an slopes? v

= “ |
|
o PR LN N PR P RN <[« |«

24, Wera Fhotos 1aken during the dam inspeclion?

Major adverse changes in these itema could cause instability and should be reported for
further evaluation. Adverse conditions noted in these items shauld narmally he descriked {extent, location,
volumae, ¢fc.) in the space below and on the back of this sheet.

Inspection |ssue # Comments

17. Minor Scarp on the North Embankment Toe

Based on Golder Associates review

of

the site history, no part ot the

Impoundment was built over wet ash,

slag, or other unsuitable materials.

EFA FORM -X3XX


llariviere
Typewritten Text
Based on Golder Associates review of the site history, no part of the

llariviere
Typewritten Text
impoundment was built over wet ash, slag, or other unsuitable materials.
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Coal Combustion Waste (CCW)
Impoundment Inspection

Impoundment NPDES Permit # ND0000299 INSPECTOR Kleinfelder (C. Larson, B. Piede)

Date 5-18-11

Impoundment Name Stanton Station

Impoundment Company  Great River Energy

EPA Region 8
State Agency (Field Office) Addresss N/A-no US EPA field office in ND

Name of Impoundment North Ash Pond

(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Bottom Ash and Boiler Slag Settling Pond

Nearest Downstream Town : Name Washburn, ND
Distance from the impoundment 15 miles

Impoundment

Location: Longitude 101 Degrees 19  Minutes 53  Seconds
Latitude 47  Degrees 17  Minutes 01 Seconds
State ND County _Mercer

Does a state agency regulate this impoundment? YES X  NO
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If So Which State Agency? North Dakota Dept. of Health - Waste Management Div.

EPA Form XXXX-XXX, Jan 09




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

__ X __ LESSTHAN LOW HAZARD POTENTIAL: Failure or misoperation of
the dam results in no probable loss of human life or economic or environmental
losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential
classification are those where failure or misoperation results in no probable loss of
human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL.: Dams assigned the significant
hazard potential classification are those dams where failure or misoperation results
in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will probably cause
loss of human life,

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:
___-No loss of human life anticipated
____-Pond volume is small and any failure or misoperation related

release would be contained on Great River Energy's property.
____-Failure would have essentially no environmental or economic impact.

EPA Form XXXX-XXX, Jan 09 2
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TYPE OF OUTLET (Mark all that apply)

Open Channel Spillway =~ 4%=2A TRIANGULAR
Trapezoidal Top Widh Top Width
i o v
Triangular «—>

Rectangular $oor v o
Irregular —

Width

- depth . RECTANGULAR IRREGULAR
bottom (or average) width Average Width

top width Depth
- -

Width

X Outlet

36"  inside diameter

corrugated metal
welded steel

X concrete
plastic (hdpe, pvc, etc.)
other (specify)

A
Material Inside | Diameter
y

Is water flowing through the outlet? YES X NO

No Outlet

Other Type of Outlet (specify)

The Impoundment was Designed By Stone and Webster
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EPA Form XXXX-XXX, Jan 09




Has there ever been a failure at this site? YES NO X

If So When?

If So Please Describe :
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EPA Form XXXX-XXX, Jan 09




Has there ever been significant seepages at this site? YES NO X

If So When?

IF So Please Describe:
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EPA Form XXXX-XXX, Jan 09
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO X

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :

EPA Form XXXX-XXX, Jan 09



LS Environmentzl ™
©

Coal Combustion Dam Inspection Checklist Form Protection Agency
Site Name: Stanton Station Date: 5-18-11
Unit Name: Center Drainage Pond Qperatar's Name: Great River Energy
Unit 1.G.: Hazard Potential Classification: Hligh  Significant  Logl

Inspector's Name: Kleinfelder - Charles Larsan PE, Brad Piede EIT

MQ_WMMMMWB Iif nol applicable or not avaiable, rewd A" M'.' unusualwn«jllmn}_n;_r
! ¢ kment ki

1l I'dl

s 2! 3
ambnnkmtmt 3mas I suga[a E Fnrms are used dﬂﬂmmm_!_m e forrn_&nﬂﬁ 1o in mrnmar_rg.

Yes [ Yes Mo
— e —_—
1. Frequensy of Company's Dam Inspections? KMarnlhly 18. Slaughing ar bulging on slapas?
2. Pool elevalion {operator records)? 17123 19, Major arosion ar stope deterioration?
% Dacant inlat elevalign ioparater regords)? 1.702.0 20. Decant Pipes:
4. Qpen channgl spillyey elevation (cperster reconds)? pj‘,/& |s water enlering inlel, but not exting outled?
5, Lowast dam crest elevanon (operator reenmis)? 1,720.0 I waler exiting outlet, but net &ntering inlet?
E :L:’;:;';??:g;:: a:sr:;i;:;‘.? are readings / 15 waler exiting outlet flowing clear’

7. Is the embankent currently undes consiruction? / 21 Seepage tspecfy Incatan, if seepaga carnes finas,

and appraximate seepage rate below):

oy 3
topenil in araa whare ambankimeant fill will ba placed)? LR ]

8. Traas growing on embankmant? (1] sa, indicate
largesi dinmeler Helow}

11}, Cracks o scalps on crest?

8. Foundation preparalan {remove vegelaton slumps, f

A1 izolated points ¢n embankment slopes?

A1 natural hullsida in the &mbankmeant area’?

11. Is Ihere significant setifement along the srasi? Cwer wdespread areas”

12. Are decant trashracks chear and in place? v Fram dawnslream faundatian area’?

13. Depressians gr sinkhgles in lailings surface or

whitlpool in 1he pool anea? “Hails" Banoath slream of ponded water?

14, Clogged spillvays, Qrein or diversion dilches? Araund the outzide of the decanl pipe?

15. Ade sprllway or dikeh hrng s deteriarated? 22. Surface movemenis in valley bottam or on hillside?

16 Are guilets of decant er underdrains bocked? 22 Water against downsiream toe?

17. Cracks or scarps on shpes?

<, “ *w
*\k\*\*\“\\‘k\ < |, [ ~

NN PREN LN B L SN EN

24 Were Phalgs taken duting the dam inspectian?

Major adverse changes in these items could cause instability and should be reported for
furthar avaluation. Advarse conditions noted in these items should normrally be describad {extant, location,
vilume, ete.) In the space belaw and on the back of this sheet.

Inspection |gsue # Comments
18. Minor sloughing and a few animal burrows on east embankment

Based on Golder Associates review of the site history, no part ot the

iImpoundment was built over wet ash, slag, or other unsuitable materials.

EFA FORM -XXXX


llariviere
Typewritten Text
Based on Golder Associates review of the site history, no part of the

llariviere
Typewritten Text
impoundment was built over wet ash, slag, or other unsuitable materials.
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Coal Combustion Waste (CCW)
Impoundment Inspection
Impoundment NPDES Permit# ND0000299 INSPECTOR Kleinfelder (C. Larson, B. Piede)

Date 5-18-11

Impoundment Name Stanton Station

Impoundment Company Great River Energy

EPA Region 8
State Agency (Field Office) Addresss N/A - No US EPA field office in ND

Name of Impoundment Center Drainage Pond

(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X
Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Final settling and water decanting pond

Nearest Downstream Town : Name Washburn, ND
Distance from the impoundment 15 miles

Impoundment
Location: Longitude 101 Degrees 19  Minutes 53  Seconds
Latitude 47 Degrees 16  Minutes 58  Seconds

State ND County  Mercer

Does a state agency regulate this impoundment? YES X  NO

If So Which State Agency? North Dakota Dept. of Health - Waste Management Div.

EPA Form XXXX-XXX, Jan 09



HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

X LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of
the dam results in no probable loss of human life or economic or environmental
losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential
classification are those where failure or misoperation results in no probable loss of
human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant
hazard potential classification are those dams where failure or misoperation results
in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will probably cause
loss of human life.

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

__-No loss of human life is anticipated
-Pond volume is small, and any failure or misoperation related release would be contained on

Great River Energy's property.
-Failure would result in essentially no environmental or economic consequences.
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CONFIGURATION

Water or ccw

original

~ INPOUNDMENT

ground

CROSS-VALLEY

Water or ccw

groun
SIDE-HILL

T T

DIKED

A
y

Water or ccw

v

oy
ord
ord
ord
ord

original ground

INCISED

)

Water or ccw

ININWND0A IAIHDOYEY vYd3 SN

Cross-Valley
Side-Hill
X __ Diked

Incised (form completion optional)
Combination Inc

Embankment Height 13

Pool Area 3.0

d/Diked

1Se

Embankment Material Earthfill

feet

acres Liner HDPE

Liner Permeability Approx.0

feet

Current Freeboard Approx. 7.7
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TYPE OF OUTLET (Mark all that apply)

Open Channel Spillway TRAPEZOIDAL TRIANGULAR
Trap ezoidal Top Width Top Width
Triangular ¢ ’ —
Rectangular §o § oo
Irregular Bottom
Width
_ dep th . RECTANGULAR IRREGULAR
bottom (or average) width Average Width
top width — I o [
o
Width

< T

w o f

E 18"  inside diameter

u- Material Inside | Diameter

o corrugated metal
welded steel

a X concrete
plastic (hdpe, pvc, etc.) v

g other (specify)

=

.- Is water flowing through the outlet? ~ YES X NO

ﬁ No Outlet

¢ Other Type of Outlet (specify)

(a8

Ll

7)) The Impoundment was Designed By Stone and Webster

EPA Form XXXX-XXX, Jan 09




Has there ever been a failure at this site? YES NO X

If So When?

If So Please Describe :
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Has there ever been significant seepages at this site? YES NO X

If So When?

IF So Please Describe:
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO X

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :

EPA Form XXXX-XXX, Jan 09



US Environmental A
(&)

Ceoal Combustion Dam Inspection Checklist Form Protection Agency :
Site Name: Stanton Station Date: 5-18-11
Unit Name: South Ash Pond Operator's Name: Great River Energy
Unit 1.0.: Hazard Potential Classification: Hiah Significant Logf

Inspector's Name: Kleinfelder - Charles Larsun PE, Brad Piede EIT

= : a al able, record "N/A"__Any unusual condiions or
WNMMMMWM“ For uﬁ_ﬁtm -:mbankmants separate checklisls may be used for differen]

applies to in comments

Yes NCI Vag Ne
—
1. Frequancy of Company's Dam Inepections? Monthly 18. Sloughing or Bulyng on slopes?
2 Pocl elevation [operator records)? 1,716.1 19. Majer arcsion or slope detencralion?
3 Dwcant inlet glovatian (oparalor recomds)? 1,703.0Q 20. Decant Pipes:
4. Cpen channel spillwgy elevation (operator regonds,? M{A |5 waler entering inlet. but not exibing cutled?
5, Lowes! darm crast elevalion (gperater cagonds)? 1,720.0 | water exiting outlet, bul ngl entering inlet?
6. If malrumentation 15 present, ara readings

recardad [aperalar records)? I water exiting outlet flowing clear?

21 Seepage (pecdy keation, if seepane carmes nas,
and approximate seepaga rate below):

NN

7. |3 the embankment currently under congtruction™

8. Foundalion preparalion {remove vagelation slumps, / From underdrain?

topsoil 10 araa whare embankrment il will ba placed)?

& Traes qrowing on ambankment? (1 sa, indicate
largest drameter below)

190, Cracks or scarps on crest?

Alisolated pointls on embankment slopes?

Al nakural nillgide in the embankment area’?

11. Is {hare signricant settlerment along the nest? Owar widespread areas”?

12. Are decant trashracks clear and in place? Fram downstream foundation area?

13 Depressions gr sinkhaleg in tgilings sudace or

whirlpoal in the pool area? "Beds” Bengalh siraam of ponded water?

14 Clogged spiltways, grain or diversion ditches? Around the cutside of the decant pipe?

22, Sudaca movements in valley boltom or gn hillside?

15, Are spilway or digh linings delerigrated?

16 Are guitets of decant or uferdrains blacked? Z3. Waler against downstream loe?

< "k[
[
< [N S TS << [~

oS s SN s

17. Cracks or scarps on slopasz? 24 \Were Phatos 1aken dunng the dam inspectian?

Major adverse changes in these items could cause instability and should be reported for
further evaluatian. Adverss canditions noted in these items should normally be described (extent, locatian,
valume, etc.) in the space below and on the hack of thiz sheet,

Inspection [ssug # Comments

18. Minor sloughing and a few large animal burrows on
east and south embankment.

" " &

Based on Golder Associates review of the site history, no part ot the

iImpoundment was built over wet ash, slag, or other unsuitable materials.

ERA FORM OO0


llariviere
Typewritten Text
Based on Golder Associates review of the site history, no part of the

llariviere
Typewritten Text
impoundment was built over wet ash, slag, or other unsuitable materials.


. . @“’ﬂ .Er.ql,?__
U. S. Environmental Protection Agency e v

: @
"'*‘1L PHCIT':'-{'K
Coal Combustion Waste (CCW)
Impoundment Inspection
Impoundment NPDES Permit # ND0000299 INSPECTOR Kleinfelder (C. Larson, B. Piede)

Date 5-18-11

Impoundment Name Stanton Station

Impoundment Company Great River Energy

EPA Region 8
State Agency (Field Office) Addresss N/A-No US EPA field office in ND

Name of Impoundment South Ash Pond

(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Bottom Ash and Boiler Slag Settling Pond

Nearest Downstream Town : Name Underwood, ND
Distance from the impoundment 15 miles

Impoundment
Location: Longitude 101  Degrees 19  Minutes 53  Seconds
Latitude 47 Degrees 16 Minutes 55  Seconds

State  ND County  Mercer

Does a state agency regulate this impoundment? YES X NO
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If So Which State Agency? North Dakota Dept. of Health - Waste Management Div.

EPA Form XXXX-XXX, Jan 09




HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

X LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of

the dam results in no probable loss of human life or economic or environmental
losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential
classification are those where failure or misoperation results in no probable loss of
human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant
hazard potential classification are those dams where failure or misoperation results
in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will probably cause
loss of human life.

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:
__-No loss of human life anticipated.
__-Pond volume is small and any failure or misoperation related release
_____would be contained on Great River Energy's property.

__-Failure would have essentially no environmental and economic impact.
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CONFIGURATION:

Water or ccw

original

= IMPOUNDMENT

ground

CROSS-VALLEY

Water or ccw

gro
SIDE-HILL

T T

DIKED

Water or ccw

A

v

original ground

INCISED

)

Water or ccw

ININWND0A IAIHDOYEY vYd3 SN

Cross-Valley

Side-Hill
X Diked

Incised (form completion optional)

Combination Incised/Diked

Embankment Height 13

Pool Area

Embankment Material Earthfill

feet

LinerHDPE
Liner Permeability Approx.0

acres
feet

~3.5

Current Freeboard Notin Service
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TYPE OF OUTLET (Mark all that apply)

Open Channel Spillway =~ AFE2RAL TRIARGULAR
Trap ezoidal Top Width Top Width
Triangular ¢ ’ —
Rectangular §o § oo
Irregular Bottom
Width
_ dep th . RECTANGULAR IRREGULAR
bottom (or average) width Average Width
— topwidth e [
- +“—>
Width
4 < oute
m 5
E ~ 36" inside diameter
u- Material Inside | Diameter
o corrugated metal
welded steel
a X concrete
plastic (hdpe, pvc, etc.) v
g other (specify)
=
.- Is water flowing through the outlet? ~ YES NO X
m No Outlet
¢ Other Type of Outlet (specify)
Q.
Ll
7)) The Impoundment was Designed By Stone and Webster

EPA Form XXXX-XXX, Jan 09




Has there ever been a failure at this site? YES NO X

If So When?

If So Please Describe :
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Has there ever been significant seepages at this site? YES NO X

If So When?

IF So Please Describe:

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

EPA Form XXXX-XXX, Jan 09




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO X

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :

EPA Form XXXX-XXX, Jan 09
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Additional questions To Ask While conducting Coal Ash Site assessments

The purpose of the following questions is to identify each part of the equipment sequence that handles
fly ash, bottom ash, boiler slag, and Flue gas desulfurization sludges from the point of generation to the
CCR impoundments or into “dry” disposal.

Ask the same 4 questions for fly ash, bottom ash, boiler slag, Flue gas desulfurization sludge:

And take pictures of equipment and storage device

FLY ASH

1. Exactly how is it generated at the boiler? Describe equipment used to initially collect it (steel box,
etc).

Fly ash is generated through coal combustion. An electrostatic precipitator collects the fly ash on Unit 1.
A baghouse and spray dryer collect the fly ash on Unit 10.

2. How is it moved from point of generation to storage? Describe each piece of equipment used to
move it. Does this equipment have containment?

From the electrostatic precipitator, baghouse, and spray dryer the fly ash goes into hoppers that
discharge to a pipe which conveys the fly ash to the storage facility. Yes, they all have containment.

3. Describe the type of equipment is used to store it. Describe the engineering characteristics of each
of these storage units (silos, tanks, size, construction type (steel). Does this equipment have
containment?

Fly ash is stored in steel silos until it is transported to final destination. Yes, there is containment.

4. How is it moved from storage to final disposal? Describe each piece of equipment Does this
equipment have containment?

A majority of the fly ash is sold into the beneficial use market with the remaining going to a landfill. The
fly ash is moved via truck to market or the landfill. There is containment on site and at the landfill.
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Bottom Ash

5. Exactly how is it generated at the boiler? Describe equipment used to initially collect it (steel box,
etc).

Bottom ash is generated through coal combustion. The bottom ash hopper collects the bottom ash.

6. How is it moved from point of generation to storage? Describe each piece of equipment used to
move it. Does this equipment have containment?

The hopper discharges to the crusher which is emptied by a jet pump to a pipe that conveys the bottom
ash sluice to the impoundment. Yes, there is containment.

7. Describe the type of equipment is used to store it. Describe the engineering characteristics of each
of these storage units (silos, tanks, size, construction type (steel). Does this equipment have
containment?

An engineered, lined impoundment stores the material. Yes, there is containment. Additional
information was provided in the ICR.

8. How is it moved from storage to final disposal? Describe each piece of equipment Does this
equipment have containment?

The bottom ash is dozed to dewater and placed in a truck via a back hoe. Yes, there is containment.



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Boiler Slag

9. Exactly how is it generated at the boiler? Describe equipment used to initially collect it (steel box,
etc).

See bottom ash section.

10. How is it moved from point of generation to storage? Describe each piece of equipment used to
move it. Does this equipment have containment?

See bottom ash section.

11. Describe the type of equipment is used to store it. Describe the engineering characteristics of each
of these storage units (silos, tanks, size, construction type (steel). Does this equipment have
containment?

See bottom ash section.

12. How is it moved from storage to final disposal? Describe each piece of equipment Does this
equipment have containment?

See bottom ash section.
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Flue Gas Desulfurization Sludge

13. Exactly how is it generated at the boiler? Describe equipment used to initially collect it (steel box,
etc).

Facility has a dry scrubber. Does not apply.

14. How is it moved from point of generation to storage? Describe each piece of equipment used to
move it. Does this equipment have containment?

Facility has a dry scrubber. Does not apply.

15. Describe the type of equipment is used to store it. Describe the engineering characteristics of each
of these storage units (silos, tanks, size, construction type (steel). Does this equipment have
containment?

Facility has a dry scrubber. Does not apply.

16. How is it moved from storage to final disposal? Describe each piece of equipment Does this
equipment have containment?

Facility has a dry scrubber. Does not apply.



Appendix B

Response Letter to the EPA’s Section 104(e) Request for Information
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September 22, 2010

CERTIFIED MAIL

Mr. Craig Dufficy

U3 Envirgnimental Protection Agency
Two Potomac Yard

2733 &, Crystal Dr.

5" Floor; N-5831

Ariington, VA 22202-2733

RE: Reguest for Information under Section 104(e) of the Comprehensive
Environmental Response, Compensation, and Liability Act 42 U.S.C. 8804(e) —
Stanton Plant

Oear Mr. Dufficy,

Thig |etter [ in responsea to your August 24, 2010 letter that was racaived by Great
River Energy (GRE) August 27, 2010. The letter requested information pursuant to
Section 104(e} of CERCLA, September 2, GRE requested and was granted a 15
day extension to the information request.

GRE has reviewed the instructions in Enclosure A and determined that three surface
impoundments meet the definition of surface impoundments or similar diked ar
bermed management unit{s) designated as landfills which receive liquid-barne
material from a surface impoundment used for the storage or disposal of residuals or
by-products from the combustion of coal, including but limited to, fly ash, bottom ash,
hoiler slag, or flue gas emission cantrol residuals.

Enclozure A contains responses to information for the GRE, Stanton Plant,

Your letter states that EPA has requested this information pursuant fo authority
granted under provisions of CERCLA which provides in relevant part that whenever
the Agency has reason to believe that there may be a release or threat of a release
of a pallutant or contaminant, they may reguire any person who has or may have
information to furnish information ar documents relating to the matter. GRE feels
strongly that none of the impoundments at Stanton Flant presents the threat of

release.



GRE has exercised the utmost care and diligence in preparing our responses.
Please direct any questions concerning this submittal to my atfention at the address

listed below.

Sincerely,

//;z;;

_dohn Pelerine
Plant Manager,
Stanton Plant
4001 Hwy 2004
Stanton, ND 58571

i ( (i
LA A (’

CERTIFICATION
[ certify that the information contained in this response to EPA's request for
information and the accompanying document is true, accurate, and complete. As to
the identified portions of this response for which | cannst persanally verify their
accuracy, | certify under penalty of law that this response and all attachments were
prepared in accordance which a system designed to assure that qualified personnel
properly gather and evaluated the information submitted. Based on my inguiry of the
person or parsons who manage the system, those persons directiy responsible for
gathering the information, the information submitted is, to the best of my knowledge,
true, accurate and complete. [ am aware that there are significant penalties for
submitting false information, including the possibility of fines and imprisonment for
knowing violations,

f-'.—;, " _
ohin Peferine; et A
John Peferi / 7. / v, {
Plant Manageﬁfanton Plart




Enclosure A: US EPA Request under Section 104{e) CERCLA
September 22, 2010

1.

Relative to the National Inventory of Cams criteria for High, Significant, Low ar
Less-than-Low, please provide the potential hazard rating for each management
unit and indicate who established the rating, what the basis of the rating is and
what federal, or state agency regulates the unit(s). If the unit(s) does nat have a
rating, please note that fact.

The bottom ash ponds (designated nerth, middle, and south ponds) have
not been rated by any agency under the National Inventory of Dams criteria,
An independent ergineer, hirad by GRE, has rated the management units
using the National Inventory of Dams criteria, Ratings are provided below.

Management | Polential | Ratlngs Rating Basis Regulating
Unit Hazard Established Agsency
Rating By — -
North Bottom | Less Barr No probable less of human life. Morth Dakota
Ash Pond / Than Engineering | Small impoundment capacity, low | Department of
Call 1 Lo Company dam height, water does not Health
September, | contain pollutants at {NDDH)
2010 concentrations of concern (limited | Division of
or no risk of anvirenmental Wasfe
damage}, and areas next to the Management
pond are not susceptible o Permit
| _ damage. | BF-043
Middle Bottam | Less Barr Mo probable loss af human life. North Dakgta
Ash Pond { Than Engineering | Small impoundment capacity, low | Departrnent of
Retention Cell | Low Company dam height, watsr doss not Health
September, | contain pollutants at {NDDH)
2010 concentrations of concern {limited | Division of
or no sk of enviranmental Waste
damage), and argas naxt to the Management
pond are net susceptible to Permit
damage. SP-043
5South Beottom | Less Barr iNo probable loss of human life, Morth Dakota
Ash Pand / Than Engineering | Small impoundment capacity, low | Department of
Call 2 Low Company dam height, water doas not Health
September, | contain pellutants at {NDDH)
2010 concentratians of congarn {limited | Division of
ar no risk of environmental Waste
damage), and areas next to the Managsment
pond are not susceptible to Parmit
damage. SP-043




2. What year was each management unit commissicned and expanded?

All current impountdments were commissioned in 1994 and have not heen
eéxpandad since operations startad.

3. What materfals are temporarily or permanently contained in the unit? Use the
following categaries to respond to this question: (1) fly ash; (2) bottom ash; {3)
boiler skag; (4) flue gas emission control residuals; (5) other. If the management
unit contains more than one type of material, please identify all that apply. Also,
if you identify “other” please specify the other type of materials thai are
temporarily ar permanently contained in the unit(s).

Impeoundment Name | Material Tempoerary/Permanent

North Bottom Ash 3, 4, and 5 (coal mill rejects) | Temporary
Pand / Cell 1

Middle Bottom Ash 3, 4, and 5 {coal mill rejects) | Temporary
Pond / Retention Cell

South Bottom Ash 3, 4, and 5 {coal mill rejects) | Temporary
Pond / Cell 2

4. Was the management unit{s) designed by a professional Engineer? Is or was
the canstruction of the waste management units(s) under the supervision of a
Professional Engineer? [s inspection and maonitoring of the safety of the wasta
management unit{s) under the supervision of a Professional Enginear?

All management units have been designed by independant engineering
firms. Quality Contrel/Quality Assurance (QA/QC) during the construction
of all impoundments was conducted by an independent testing firm and
QA/QC results are analyzed by hoth the State of North Dakota and the
design angineer.

GRE performs monthly inspections on all impoundments. Al inspections
are documented in the plant Computerized Maintanance Management
System (CMMS). Impoundments are inspected for all applicable rules and
regulations. GRE has conducted training for all perscnnel performing
inspections. In addition to monthly ingpections, operations personnel are
trained to observe abnormalitiea during routine rounds.

Inspection and monitoring activity is under the supervision of a
professienal engineer ragistered in the state of North Dakota.




operation of the impoundments. The next inspection is expected to cccur
in Qctober 2090.

7. Have assessments, evaluations, or inspections conducted by State or Federal
regulatory officials conducted within the past year uncovered a safety issue(s)
with the management unit(s), and, if so, describe the actions that have been or
are heing taken to deal with the issue or issues. Please provide any
documentation that you have for these actions.

Mo safety izsuas have basn found.

8. What is the surface area {acres) and total storage capacity of sach of the
management unit(s)? What is the volume of material currently stored in each of

the managemsant unit(s)? Flease provide the date that the volume
measurement(s} was taken. Please provide the maximum height of the
management units({s). Tha basis for determining maximum height is explained
later in the Enclosure.

Impoundment Name Surface Aren Total Storage Capacity
Acres

North Bottom Ash 3.56
Pond / Cell 1 59,000 cubic yards
Middle Botiom Ash 3.11

Pond f Retention

Cell 652,300 cubie yards
South Bottom Ash 3.83

Fond f Cell 2 65,000 cuhic vards
Impoundment Name Date Volume of materlal

currently stored

Morth Bottom Ash MM 9258 cubic yards
Fond/Cell1

Middla Bottom Ash THH0 5017 cubic yards
Pond 7 Retention

Cell B

South Bottom Ash 111M15/08 35,185 cubic yards
Pond / Cell 2 Engineering Est.

Impoundment Name Maxirum Helght

Feet

North Bettom Ash Pond 13

Middle Bettom Ash Pond 13 |

South Bottom Ash Pond 13 |




9. Flease provide a brief history of known spills or unpermitted releases from the
unit within the last ten years, wheather or not these were reported to State or
federal regulatory agencies, For purposes of this question, please include only
releases to surface water or to the land [do not include releases to groundwater).

No spills or unpermitted releases from the units.

10. Please identify all current legal owner(s) and operator{s} at tha facility.
The current legal ownar and eperator of the facility:
Great River Energy

12300 Elm Creek Boulevard
Maple Grove, Minnesota 556369-4718
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Appendix C

Golder Associates Reports

Stability Evaluation of Bottom Ash Surface Impoundment
Stability Evaluation of Bottom Ash Surface Impoundment Addendum

Addendum to Stability Evaluation of Bottom Ash Surface Impoundment
Addendum — Seismic Stability Evaluation



STABILITY EVALUATION OF
BOTTOM ASH SURFACE
IMPOUNDMENT

Submitted to: Great River Energy
Stanton Station
4001 Highway 200A
Stanton, North Dakota 58571

Submitted by: Golder Associates Inc.
44 Union Boulevard, Suite 300
Lakewood, Colorado 80228

Distribution: 2 Copies — Great River Energy
2 Copies — Golder Associates Inc.
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Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation
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1.0 INTRODUCTION

1.1 Background

Golder Associates Inc. (Golder) has prepared this report to provide Great River Energy (GRE) with the
results of Golder's site observations and stability evaluation for GRE's Bottom Ash Surface
Impoundments at Stanton Station (SS). This report presents a general history of the facility and the
geologic setting, the basis and results for Golder’s stability evaluation, a summary of observations made
by Golder while visually assessing the facility, and a summary of Golder's recommendations and

conclusions.

1.2  Site History
SS is located in Section 16 and 21, Township 144N and Range 84W of Mercer County, three miles
southeast of Stanton, North Dakota (see Figure 1). Three surface impoundments and a bottom ash

waste landfill are located at SS (see Figure 2).

The three surface impoundments include the north, south and center cells. The north and south cells are
active cells used for dewatering bottom ash and the center cell functions as a retention cell. Bottom ash
is placed into one of the active cells until the cell reaches capacity. Once capacity is reached bottom ash
deposition is directed to the other active cell and the filled cell is dewatered. Bottom ash remaining in the
active cell is excavated and hauled to the adjacent landfill for disposal. Each active cell is sized to hold at
least two years of plant bottom ash production (Stone & Webster 1994c). The capacity of the bottom ash

facilities are:

North Cell — 36.5 acre-feet

Middle Cell — 38.4 acre-feet

South Cell — 40.3 acre-feet

Bottom Ash Landfill — 427,000 cubic yards

Approximately 20,000 tons of bottom ash is generated annually (GRE 2004). Additional materials
permitted for discharge to the surface impoundment are: water from the plant storm water retention pond,
water from the coal unloading pit sump, mineralizer reject water, boiler blowdown and overflow water, and

water from miscellaneous plant drains.

Stanton Station began operations in the mid-1960s and originally burned North Dakota lignite. SS was
converted to Powder River Basin coal from Wyoming in November 2004. All ash was originally deposited
wet into a series of ash ponds (Ponds A, B, and C), see drawing S1002 included in Appendix A (Stone &
Webster 1994b). In the mid-1990s, SS was converted to a dry fly ash handling system, and the past coal

combustion product (CCP) management units were consolidated and capped. CCP facilities that were
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consolidated and capped were: a previously closed 1970s ash disposal area; and the three surface

impoundment disposal areas (Ponds A, B and C).

CCPs from the previously covered fly ash/bottom ash disposal area from the 1970s, and Pond A were
excavated and hauled to the Pond B and C area. Ponds B and C were further consolidated and closed
with a protective cover. Construction quality documentation concerning the closure construction was
submitted on March 6, 1998 (UPA 1998). Pond A was modified to include three composite-lined surface
impoundments and an inert waste disposal cell. Construction quality documentation concerning the
construction of the three Bottom Ash Surface Impoundment cells was submitted on September 6, 1996
(UPA 1996).

1.3 Impoundment Embankments

The berm surrounding the Bottom Ash Surface Impoundment and two interior berms have a top elevation
of 1720 feet above mean sea level (ft amsl). The bottom elevation of the cells varies between 1700 and
1704 feet according to original construction drawings. The perimeter berm along the north, east, and
south sides of the impoundment complex consists of a historic embankment to elevation 1715 with a
berm extension to 1720 feet. The west perimeter berm and two interior berms were completely new
construction. The berm extension and new berms were constructed in 1994 and 1995. The interior and
exterior slopes of the berm are 3:1. The cells have bottom liners consisting of 2-foot protective cover,
60-mil high density polyethylene (HDPE), and 2-foot compacted clay fill (top to bottom). The liner along
the side slopes is 60-mil high density polyethylene (HDPE) and 3.16 feet compacted clay fill
(10’ horizontal width). These design dimensions are shown on drawings S1005 and S1006 provided in
Appendix A (Stone & Webster 1994b).

1.4 Geological Conditions

Stanton Station is located in the Missouri Slope district of the glaciated Missouri Plateau of the Great
Plains physiographic province (NDDH 2005). The Bottom Ash Surface Impoundment is constructed in
Missouri River alluvial deposits. The alluvial deposits have two distinct subunits: upper and lower. The
upper subunit consists of a silty sand and clay and the lower subunit is an outwash sand and gravel (Barr
2010).

1.5 Dam Oversight/Permits

The North Dakota State Engineer regulates, controls, and supervises the construction and operation of
dams within the state of North Dakota. All dams and impoundments that contain more than 50 ac-ft of
water require a construction permit (NDDC 2003). The Bottom Ash Surface Impoundment was issued

Construction Permit 918 in September 1994.
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The North Dakota Department of Health (NDDH) Division of Waste Management is the environmental
regulatory body for the CCP facilities at SS. The three Bottom Ash Surface Impoundment cells are
permitted as a surface water impoundment under permit SP-043. The permit is effective from March 17,
2005 to March 17, 2015.

Water exiting the retention pond (center cell) is permitted under National Pollutant Discharge Elimination
System (NPDES) Permit No.: ND-0000299. The permit was issued by NDDH Division of Water Quality
and is effective from January 1, 2007 through December 31, 2011. Water from the retention pond (center

cell) is mixed with cooling water discharge prior to release into the Missouri river.

1.6 Routine Inspections

GRE staff conduct inspections of the Bottom Ash Surface Impoundment on a monthly basis. Observed
conditions, implementation or recommendation for corrective measures, and additional comments are
documented on the Inspection Logs. Inspections Logs are included in the Stanton Station Annual Report
for Special Waste Landfill SP-043 (GRE 2010).
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2.0 SLOPE GEOMETRIES

Golder developed cross sections through the Bottom Ash Surface Impoundment to analyze the exterior
and interior (upstream) stability of the facility. The cross sections that were evaluated for stability are the
north/south, west, and east downstream (outside) slopes, and the upstream (interior) slope (Figure 2).
Two scenarios for each cross section were evaluated. The first scenario examined the stability for an
intact geomembrane and the second analysis examined the stability if no geomembrane is present. A

total of eight stability scenarios were analyzed. The geometries of each cross section are as follows:

North and South Berms

The geometry of the north and south downstream slopes are the same; therefore, one stability analysis
was performed to examine both downstream slopes. The stability of the downstream slopes was
examined according to design grades. The design indicates a 20-foot wide crest at an elevation of
1720 feet with 3:1 side slopes to approximately 1700 feet. Grades from a 2001 aerial survey were used
to confirm the design slope geometry. The cross section for the north and south downstream slope is

shown on Figure 3.

West Berm

The west downstream slope has a design crest width of 20 feet at an elevation of 1720 feet and extends
at an approximate 3:1 slope down to an elevation of 1700 feet (approximately). This section geometry
was also verified with grades from the 2001 aerial survey. The cross section for the west downstream

slope is shown on Figure 7.

East Berm

The east downstream slope has a design crest width of 20 feet at an elevation of 1720 feet and extends
at an approximate 3:1 slope down to an elevation of 1715 feet. There is a 4-foot wide bench at elevation
1715 then 3:1 slope down to an elevation of 1700 feet (approximately). Site observations, as-built
drawings and sections developed using the 2001 aerial survey do not match the design geometry. The
bench at elevation 1715 is substantially wider than the design and was modeled as 20 feet. The cross

section for the east downstream slope is shown on Figure 11.

Upstream (Interior) Berm

The upstream slope has an approximate 3:1 slope from elevation 1720 feet down to elevation 1702 feet.
This section geometry was verified with the as-built drawings and grades from the 2001 aerial survey.
The cross section for the upstream slope is shown on Figure 15. The analysis of the upstream slope did

not look at bottom ash on the smooth geomembrane but focused on the underlying clay liner and berm.
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2.1 Engineering Parameters

Soil and material properties were collected from several sources including historical design reports for the
Bottom Ash Surface Impoundment at SS and current geotechnical reference documents. The material
properties for each soil included in the stability analysis of the Bottom Ash Surface impoundment are

provided in Table 1 and discussed subsequently.

2.1.1 Historic Embankment Fill

Historic Embankment Fill properties were based on test boring results from September 1993 (Stone and
Webster, 1993). The Historic Embankment Fill were classified as clean to silty sands (SP, SM) with some
layers of lean to fat clays (CL, CH) and some silts (ML). Test borings were advanced through the historic
embankment and laboratory analyses were performed on eight soil samples to determine dry density,

moisture content, Atterberg Limits, specific gravity, and gradation.

Dry unit weight values ranged from 103.7 to 120.6 pounds per cubic foot (pcf) with moisture contents
between 12.2 and 27.6 percent (Stone & Webster 1993). Weighted averages are used in the stability
analysis to account for the varying thickness of sand, silt, and clay lenses in the Historic Embankment Fill.
Assuming a construction specification of 95 percent maximum dry density and optimum moisture, the dry
unit weight chosen is 116 pounds per cubic foot (pcf) with a moisture content of 14. This results in a

moist unit weight of 132 pcf.

Published values for void ratio of sand with a dry unit weight of 115 pcf are 0.45 (Das 2002). Specific
gravities from the 1993 test borings ranged from 2.68 to 2.71. The specific gravity weighted average is
2.71. Void ratio (0.45) and specific gravity (2.71) were used to calculate the saturated unit weight and
saturated moisture content. This resulted in a saturated unit weight of 135 pcf with a saturated water

content of 17 percent.

The predominant soil in the embankment fill is sand (SP, SM). Published values for effective stress
friction angle for silty sands (SM) are 33.6 degrees and 37.4 degrees for clean sands (SP) with negligible
cohesion (DOI 1987). The effective friction angle used for the Historic Embankment fill was 30 degrees

and the effective cohesion intercept is assumed to be 0 psf.

Typical hydraulic conductivities for silt, sandy silts, clayey sands, and till range from 10° to 10™ cm/sec

(Fetter 2001). The hydraulic conductivity of the Historic Embankment Fill was estimated at 10 cm/sec.

2.1.2 Natural Soil

Natural Soil properties were based on the same test borings used to characterize the Historical
Embankment Fill. The Natural Soils are mostly clean to silty sands (SP, SM) with some layers of lean to
fat clays (CL, CH) and some silts (ML).
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The Natural Soil properties are similar to the Historic Embankment Fill properties in that most of the soil is
sand (SP, SM). Assuming the Natural Soil is similar to the Historic Embankment Fill, but is compacted to
85 percent maximum dry density, the dry unit weight chosen is 104 pcf. The moist unit weight is assumed
to be the same as the Historic Embankment Fill, 14 percent. This results in a moist unit weight of

approximately 119 pcf

The hydraulic conductivity, void ratio, and effective friction angle for the Natural Soils are the same as the

Historic Embankment Fill properties previously described.

2.1.3 New Embankment Fill

The New Embankment was constructed from clayey soil from the Glenharold Mine site. Construction
testing of the new embankment fill placed in 1994 and 1996 indicate that the material is predominantly fat
clay (CH) with some lean clay (CL) (UPA 1996). In-Situ dry density of the constructed embankment
ranged between 87 and 107 pcf with an average of 98 pcf. The in-situ moisture content of the
constructed embankment ranged between 16 and 33 percent with an average of 22 percent. The moist

unit weight from these averages is approximately 120 pcf.

The void ratio was assumed to be 0.9 per reference Das, 2002 for soft clay with a dry unit weight ranging
from 73 to 93 pcf. Saturated unit weight and moisture content were calculated using the assumed void
ratio and specific gravity. The average specific gravity determined from soil tests performed in 1996 and
1997 is 2.63 (Midwest 1996 and 1997). The saturated unit weight is 132 pcf with a saturated water

content of 34 percent.

The effective stress friction angle used in analyses was 16 degrees and the effective cohesion intercept is
500 pounds per square foot (psf). These values are based on published values from the Design of Small
Dams (DOI 1987).

Permeability tests were performed on the Glenharold Mine clay as part of the Ash Pond Modification

Design Report. The average hydraulic conductivity of the clay was 2.4 x 10°® cm/sec.

2.1.4 Compacted Fill
The Compacted Fill was assumed to be taken from the Glenharold Mine site. Therefore, the Compacted

Fill is assumed to be fat clay and has the same material properties as the Glenharold Mine clay.

2.1.5 Geomembrane

Geomembrane interface inputs are based on previous experience by Golder and published values. The
interfaces of interest are a smooth HDPE against Compacted Fill (Glenharold Mine clay) and smooth
HDPE against bottom ash. The geomembrane/clay interface is more critical than the

geomembrane/bottom ash interface; therefore, the geomembrane/bottom ash interface will not be

T
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included in analyses. A residual friction angle of 7.5 degrees and a residual adhesion intercept of
approximately 190 psf are used in the stability analysis (Koerner 2005). These values are considered

conservative and are considered appropriate for use in the Stanton Station stability analyses.

The hydraulic conductivity for HDPE liner was taken from HELP program documentation as
2.0 x 10" cm/sec (Schroeder 1994).

2.1.6 Bottom Ash

During the Ash Pond Modification, bottom ash from Unit 1 and Unit 10 were analyzed for moisture
content, percent solids, specific gravity and absorption. The moist unit weight for bottom ash is 80 pcf
(Stone & Webster 1994a). The moisture content from tests performed at similar sites of drained and
saturated bottom ash ranged between 12% and 61%. For unsaturated conditions, a moisture content of
18.5% was assumed. This results in a dry unit weight of 68 pcf. The moisture content was reported at
48.5 from Unit 1 and 69.1 from Unit 10. These moisture contents are likely saturated bottom ash
conditions; therefore, the moisture content of bottom ash for saturated conditions was determined to be
the average, 58.8 percent. Using the calculated dry unit weight, saturated unit weight of bottom ash is
107 pcf.

Based on previous experience by Golder, the effective cohesion of bottom ash was chosen as 0 psf and

an effective friction value of 40 degrees was chosen for analysis.

The saturated hydraulic conductivity for bottom ash used in the stability analysis is 3.0 x 10 cm/sec.

This value is based on previous experience by Golder and published values.

2.2  Groundwater Information

Groundwater generally flows north under the Bottom Ash Surface Water Impoundment toward the
Missouri River. Groundwater is typically within 10 feet below the final construction grades of the
Impoundment and is at an approximate elevation of 1700 feet amsl near the South Cell and 1690 near the
North Cell (Barr 2011). Since the impoundment is lined, the flux of water from the impoundment to the

groundwater is expected to be minimal.

2.3  Stability Analysis

Golder performed stability analyses using SLIDE (Rocscience 2011). Factors of safety were computed
for circular failure surfaces using Spencer's method for force and moment equilibrium. Global stability
was analyzed, which evaluates the overall stability of a cross section through the entire facility that may
include both historic and expansion berms. Surficial failures at depths less than 5 feet were not evaluated

in this stability analysis.
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For the north/south, east and west downstream sections, the stability of each cross section was analyzed
for the condition of an intact geomembrane and if no geomembrane is present reflective of a severely
compromised geomembrane liner. For both analyses, the water level in the impoundment was set at
elevation 1720 feet to represent maximum conditions. With an intact geomembrane, there was no flux
assumed between the impoundment and the groundwater. The stability analysis for the condition of no
geomembrane required the development of a phreatic surface through the berm. The phreatic surface
was determined using groundwater finite element modeling within SLIDE. This surface was then modeled
in the slope stability analysis as a piezometric surface through the berm. The finite element model for the
phreatic surface through the north/south, west and east cross sections is shown on Figures 5, 9, and 13,

respectively.

For the upstream slopes four different conditions were evaluated: the stability with the impoundment
empty, the stability with the impoundment full (Elevation 1720 feet) and intact geomembrane, the stability
with the impoundment full and no geomembrane, and the stability of the impoundment empty with the
berm being saturated. This last condition was included to model the potential for draining of the

impoundment faster than the pore pressure can dissipate in the berm.

For permanent civil engineering structures (long-term conditions), a factor of safety greater than or equal
to 1.5 is desired. All of the scenarios evaluated have a factor of safety greater than 1.5 and are expected
to remain stable under the anticipated loading conditions. A summary of factors of safety calculated for

each scenario are provided in the following table:

Factors of Safety for Each Scenario

Description | Geomembrane | Water Level Factor of Figure ) Stability
Safety Analysis Results
Intact 1720 ft. 1.8 4
North/South -
None Phreatic Surface through Berm 1.7 6
Intact 1720 ft. 2.2 8
West -
None Phreatic Surface through Berm 2.1 10
Intact 1720 ft. 1.8 12
East -
None Phreatic Surface through Berm 1.8 14
NA No Water 2.8 16
Intact 1720 ft. 6.6 17
Upstream
None 1720 ft. 3.7 18
None Saturated Berm 1.9 19
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This stability analysis relies on typical values for shear strength based on material types identified from
site geotechnical information. The analysis should be updated when site-specific material testing for

shear strength is performed.

2.4  Sensitivity Analysis

The material properties used in the stability analysis were based on limited site specific geotechnical
testing (blow counts, moisture, and density) with no site specific testing for shear strength. A sensitivity
analysis was performed in SLIDE to evaluate the impact on slope stability due to the potential variability in
the material properties. In SLIDE, a sensitivity analysis is performed by varying the value of an individual
parameter over a specified range for the critical failure surface identified using the mean value. In a
sensitivity analysis, only a single parameter is varied at a time, while all the other parameters are held

constant at their mean values. The range over which a variable is evaluated is defined by the user.

The minimum and maximum values for the material unit weights were based on the historic in-situ
moisture and density testing (Stone and Webster 1993, UPA 1996). The minimum and maximum values
for the shear strength parameters were based on published values for SM/SP materials for the Historic
Embankment Fill and Natural Soil, and based on published values for CL/CH materials for the New
Embankment Fill and Compacted Fill (DOI 1987). These minimum and maximum values are summarized
in Table 2.

A sensitivity analysis was performed for three of the stability scenarios evaluated; the North and South
Berms with no geomembrane, The East Berm with no geomembrane, and the Upstream Berm with no
geomembrane and a saturated berm. Resulting sensitivity plots for these scenarios are provided as
Figures 20-22. The sensitivity plots show the resultant factor of safety for a percent variability in the
material property value. For the range in material properties, and the scenarios evaluated, the factors of

safety for slope stability are still all above 1.5, indicating that the slopes are expected to remain stable.
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3.0 VISUAL INSPECTION

3.1 Summary of Visual Inspection Terms

Visual inspection terms used in the following discussions are described and understood as follows:

Condition of Impoundment Component

Good: A condition that is generally better than what is minimally expected from the
design criteria and maintenance performed at the facility.

Fair: A condition that generally meets what is expected from the design criteria
and maintenance performed at the facility.

Poor: A condition that is generally below what is minimally expected from the
design criteria and maintenance performed at the facility.

Severity of Deficiency

Minor: An observed deficiency where current maintenance is below what is desired,
but does not currently pose a threat to the structural safety or stability.

Significant: An observed deficiency where current maintenance has neglected to improve
a condition. Typically, these conditions are identified, but no remedial action
has been implemented.

Excessive: An observed deficiency where current maintenance is worse than what is
desired and hinders the ability of the observer to evaluate the structure or
poses a significant threat to structural safety and stability.

3.2  Visual Observations

Visual observations of the Bottom Ash Surface Impoundment were performed on May 3, 2011 by Todd
Stong, a registered professional engineer (P.E.) in North Dakota. Golder observed the condition of inflow
and outflow structures, upstream berm slopes, the berm crest, downstream berm slopes, and the berm
toe. Inspection checklist logs are included in Appendix B and a map identifying the photo locations, and
photos taken during the visual observations are included in Appendix C. During the time of the
observations, the North Cell was actively receiving bottom ash, the Center Cell was active, and the South
Cell was not active.

3.2.1 Inflow and Outflow Structures

North Cell

Inflow to the North Cell includes the bottom ash discharge pipes (Photo 001), the retention pond inlet pipe
and the coal pit sump inlet pipe (Photo 002). The bottom ash pipes discharge into the impoundment over
previously deposited bottom ash and were in fair condition with minor corrosion and erosion of the pipe.
The retention pond inlet and coal pit sump inlet pipes discharge into the impoundment onto a sacrificial
HDPE wear-liner and were in good condition with no indications of wear or penetration of the liner or

cracking of the inlet pipes.
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Outflow from the North Cell is through the concrete outflow structure located on the south upstream slope
(Photo 013). The structure was in good shape with no signs of blockage, corrosion, erosion or cracking.
The stop logs were placed in the outfall structure to control the cell water surface at approximately

elevation 1715 feet.

Center Cell

Inflow to the Center Cell is through the outflow structures from the North Cell (Photo 042) and The South
Cell (Photo 050) located on the north and south upstream slopes respectively. These structures were in
good shape with no signs of blockage, corrosion, erosion or cracking. The HDPE liner connection to

these outflow structures (Photo 052) appeared to be intact and in fair condition.

Outflow from the Center Cell is through the outflow structure located on the east upstream slope (Photo
054). The structure was in good shape with no signs of blockage, corrosion, erosion or cracking. The
weir in the outfall structure was situated to maintain the cell water surface at approximately elevation
1712.5 feet

South Cell

Inflow to the South Cell includes the bottom ash discharge pipes (Photo 091), the retention pond inlet pipe
and the coal pit sump inlet pipe (Photo 090). The bottom ash pipes discharge into the impoundment over
previously deposited bottom ash and were in fair condition with minor corrosion and erosion of the pipe.
The retention pond inlet and coal pit sump inlet pipes discharge into the impoundment onto a sacrificial
HDPE wear-liner. These inlet pipes were in good condition, but water was identified between the clay
liner and HDPE liner. Further inspection identified that the pipe boots for these inlets were in poor

condition and had openings allowing water to get under the HDPE liner.

Outflow from the South Cell is through the concrete outflow structure located on the north upstream slope
(Photo 087). The structure was in good shape with no signs of blockage, corrosion, erosion or cracking.
The outflow weir elevation appeared to be set without any stop logs maintaining the cell at approximately
elevation 1712.5 feet.

3.2.2 Upstream Slope

North Cell

The upstream slopes above the water level and not covered with bottom ash were evaluated. The slopes
appeared to match the design slopes of 3:1 with no observed sections of significant slope difference. The
geomembrane liner is exposed on the slopes with no protective cover. Some small punctures were
identified on the slopes near the top of the berms (Photo 006) that require patching. There were no signs
of vegetation or rodent burrows on the upstream slopes. The North Cell upstream slopes appear to be in

fair condition.
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Center Cell

The upstream slopes above the water level were evaluated. The slopes appeared to match the design
slopes of 3:1 to about 4’ down (approximately elevation 1716’) at which point the slopes curved inward to
a steeper concave shape (Photos 054, 056, 058). This displacement of the lower slope may be due to
slope movement, piping of material, settlement and/or consolidation, and requires further evaluation. The
geomembrane liner is exposed on the slopes with no protective cover. Some small punctures were
identified on the slopes near the top of the berms that require patching. Due to the displaced lower
slopes, the Center Cell upstream slopes are given a poor condition rating until they can be further
evaluated.

South Cell

The upstream slopes above the water level and not covered with bottom ash were evaluated. The slopes
appeared to match the design slopes of 3:1 with no observed sections of significant slope difference. The
geomembrane liner is exposed on the slopes with no protective cover. Some significant tears in the
geomembrane were identified (Photos 082, 088, 089, 095) that require patching. There was also some
ripped geomembrane at the equipment crossing into the cell suggesting that the underlying liner may be
torn (Photo 096). As discussed above, the pipe boots on the retention pond inlet and coal pit sump inlet
pipes appeared to be compromised and water was found between the geomembrane and clay liner. The
South Cell upstream slopes appear to be in fair structural condition with poor geomembrane liner

conditions.

3.2.3 Crest

The berm crest around the Bottom Ash Surface Impoundment is surfaced with gravel at a constant
elevation of 1720 feet (Photos 010, 051, 061, 073, 074). The crest roadway is primarily used for light
vehicle traffic, but is exposed to heavy construction equipment when the North and South Cells are
cleaned out. The crest appears to be in good condition with no vegetation, rodent burrows, or settlement,
and appears to be well maintained. There was one potential crack identified along the west crest of the

Center Cell (Photo 046). The crack is very slight and may be limited to the gravel roadway.

3.2.4 Downstream Slope

North Cell

The downstream slopes on the north and east sides are approximately 20 feet high and the downstream
slope on the west side is approximately 5 feet high. The slopes are graded at approximately 3H:1V and
are well vegetated with grasses with no bushes or trees. Small rodent burrows were observed on the
downstream slopes (Photo 024). Localized sloughing and scarps were observed on the north

downstream slope, particularly near the toe where a surface water drainage ditch exists (Photo 023). An

T
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area of erosion and bottom ash deposition was identified on the east downstream slope (Photo 027) in

the original berm below elevation 1715 feet. The downstream slopes are generally in fair condition.

Center Cell

The downstream slope on the east side is approximately 20 feet high and the downstream slope on the
west side is approximately 5 feet high. The slopes are graded at approximately 3H:1V and are well
vegetated with grasses with no bushes and one dead tree observed at the toe of the east slope (Photo
070). Small rodent burrows were observed on the downstream slopes (Photo 048). Several areas of
minor surface erosion and localized surface failures were observed along the downstream slopes.
Several erosion rills were observed on the east downstream slope (Photos 064, 065, 066, and 068). The
erosion rills were located in the original berm below elevation 1715 feet, and varied from small rills to rills
running fifteen feet vertical, one foot deep and up to six feet wide. The downstream slope on the west
side is in fair condition and the downstream slope on the east side is in poor condition due to the erosion

rills.

South Cell

The downstream slope on the east and south sides are approximately 20 feet high and the downstream
slope on the west side is approximately 5 feet high. The slopes are graded at approximately 3H:1V and
are well vegetated with grasses with no bushes and one dead tree observed at the toe of the east slope
(Photo 104). Small rodent burrows were observed on the east and west downstream slopes (Photo 079)
and several larger rodent burrows were observed on the south downstream slope (Photos 110 and 112).
Several areas of minor surface erosion and localized surface failures were observed along the
downstream slopes. Several erosion rills and surficial failures were observed on the east downstream
slope (Photos 098, 099, 101, 103, and 114). The erosion rills were located in the original berm below
elevation 1715 feet, and varied from small rills to rills running fifteen feet vertical, one foot deep and up to
four feet wide. An area of bottom ash deposition was observed on the south downstream slopes running
the length of the slope (Photo 113). The downstream slope on the west side is in fair condition and the
downstream slopes on the east and south sides are in poor condition due to the erosion rills and larger

rodent burrows.

3.25 Toe

North Cell

The toe of the west berm is in the bottom ash deposition area and has no observed seepage, standing
water, rodent burrows, settlement or excessive vegetation. The toe of the north berm is in a surface
water drainage ditch with no observed seepage, standing water, rodent burrows, settlement or excessive
vegetation. The toe of the west berm is in a low area that has standing water and some dead woody
vegetation (Photo 028). There were no observed indications of seepage, rodent burrows, settlement or

excessive vegetation. The toe of the berms around the North Cell is in fair condition.

T
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Center Cell

The toe of the west berm is in the bottom ash deposition area and has no observed seepage, standing
water, rodent burrows, settlement or excessive vegetation. The toe of the west berm is in a low area that
has standing water and some dead woody vegetation (Photo 062). There were no observed indications
of seepage, rodent burrows, settlement or excessive vegetation. The toe of the berms around the Center

Cell is in fair condition.

South Cell

The toe of the west berm is in the bottom ash deposition area and has no observed seepage, standing
water, rodent burrows, settlement or excessive vegetation. The toe of the west berm is in a low area that
has standing water and some dead woody vegetation (Photo 108). There were no observed indications
of seepage, rodent burrows, settlement or excessive vegetation. The toe of the south berm is in a surface
water drainage ditch filled with standing water. There were no observed indications of seepage, rodent

burrows, settlement or excessive vegetation.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 Hazard Classification
The North Dakota Dam Design Handbook (North Dakota State Engineer 1985) defines dam hazard

classification as:

Although it is recognized that loss of life is possible with any dam failure, the

following hazard categories of dams have been established for North Dakota:

Low — dams located in rural or agricultural areas where there is little possibility of future
development. Failure of low hazard dams may result in damage to agricultural land,
township and county roads, and farm buildings other than residences. No loss of life is

expected if the dam fails.

Medium — dams located in predominantly rural or agricultural areas where failure may
damage isolated homes, main highways, railroads or cause interruption of minor public

utilities. The potential for the loss of a few lives may be expected if the dam fails.

High — dams located upstream of developed and urban areas where failure may cause
serious damage to homes, industrial and commercial buildings and major public utilities.
There is a potential for the loss of more than a few lives if the dam fails.

The USEPA has developed a classification system associated with impoundment inspections as:

Less Than Low Hazard Potential: Failure or misoperation of the dam results in no

probable loss of human life or economic or environmental losses.

Low Hazard Potential: Dams assigned the low hazard potential classification are those
where failure or misoperation results in no probable loss of human life and low economic

and/or environmental losses. Losses are principally limited to the owner’s property.

Significant Hazard Potential: Dams assigned the significant hazard potential
classification are those dams where failure or misoperation results in no probable loss of
human life but can cause economic loss, environmental damage, disruption of lifeline
facilities, or can impact other concerns. Significant hazard potential classification dams
are often located in predominantly rural or agricultural areas but could be located in areas

with population and significant infrastructure.

High Hazard Potential: Dams assigned the high hazard potential classification are those
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where failure or misoperation will probably cause loss of human life.
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Based on these Dam Hazard classification systems, our review of the site and stability evaluation, Golder
recommends the Bottom Ash Surface Impoundment be categorized with a Low Hazard potential. This

recommended designation is based on the following:

B There are no residences or occupied structures directly adjacent to the facility and loss of
human life is not deemed probable.

B A discharge of bottom ash transport water is unlikely to have a significant environmental
impact as bottom ash is an inert waste and the conveyance water is currently being
discharged to the river.

B The economic impacts associated with a failure will primarily be to the owner’s property
with the exception that failure of the south berm could damage the rail line and county
road.

4.2 Recommendations
Recommendations for inspection, maintenance, and stability evaluation are detailed in the following
sections. These recommendations are based on the visual observations, stability analysis, and Golder’'s

experience with the design and operation of surface water impoundments.

4.2.1 Inspections/Training

Golder recommends that GRE continue to perform monthly documented inspections of the Bottom Ash
Surface Impoundment by site personnel. Inspections should also be performed after heavy rainfall and/or
severe weather. These inspections should be done by employees trained in the operation and inspection
of the Bottom Ash Surface Impoundment and should include observations of the inlet and outlet
structures, upstream slopes, crest, downstream slopes and toe. General conditions to watch include
seepage, sloughing, cracking, excessive settlement, geomembrane integrity, animal burrowing, erosion,

and abnormal vegetation.

Golder recommends that all personnel associated with the operation and maintenance of the Bottom Ash
Surface Impoundment be provided with surface water impoundment training on a regular basis. This
training should highlight the safety of the impoundment, maintenance of the impoundment structural and

environmental controls, and operation of the impoundment.

4.2.2 Maintenance
There were several maintenance items observed during the site evaluation that could lead to instability if

not addressed in a timely manner. These items include:

Erosion Protection and Repair

Erosion rills, surficial slope failures and over-steepened slopes were observed on all the downstream
slopes. If not repaired, the erosion rills could increase in depth and lead to progressive failure of the

downstream slopes.
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Golder recommends that all un-compacted, eroded material, and organics (vegetation) in the erosion
areas be excavated to undisturbed material. Structural fill should then be placed and compacted to
restore the original slope geometry. The disturbed area should then be seeded with a suitable mix of

native grasses.

In addition, Golder recommends that the surface water drainage of the Bottom Ash Surface Impoundment
and immediate vicinity be reviewed, and that erosion controls such as berms, channels and armoring be

installed as necessary to reduce the development of future erosion rills and over-steepened slopes.

Animal Control
There were several small rodent burrows observed on all the downstream slopes, and larger burrows
observed on the south downstream slope. Rodent burrows could lead to loss of downstream slope

material, alteration of the phreatic surface through the berm, and potentially affect the berm stability.

Golder recommends that GRE remove the burrowing animals and backfill the burrows with compacted
structural fill. For the small burrows, Golder suggests that bentonite chips or pellets be poured into the

holes to fill and seal them.

Geomembrane Liner

The exposed HDPE geomembrane liner is susceptible to puncture and tears due to animals, human
traffic, equipment loading, and material deposition. Several punctures and tears were identified on the
geomembrane liner ranges from small pinholes to 1 foot tears. In the vicinity of the retention pond inlet at
the South Cell, water was found between the geomembrane liner and the clay liner, and the

geomembrane pipe boot at the inlets was found to have openings.

Golder recommends that all identified geomembrane punctures and tears be repaired according to
industry standards for geomembrane patches and welding. At the retention pond inlet to the South Cell,
the trapped water should be removed by cutting a hole in the geomembrane liner and the hole and pipe
boots should be repaired. In the future, Golder recommends the liner integrity be included in the monthly

inspections and that identified punctures and tears be recorded and repaired as soon as practical.

Vegetation
The vegetation observed on the downstream slopes was comprised mostly of grasses with no bushes or

living trees. Golder identified a few areas where bottom ash had been deposited on the slopes and was

preventing vegetative growth.

Golder recommends that the bottom ash deposited on the downstream slopes be removed and that
growth medium be placed in these areas to re-establish the original slope geometry. The disturbed area

should then be seeded with a suitable mix of native grasses. Additionally, Golder recommends that the

T
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slopes be mowed every few years to promote growth and to allow for better evaluation of downstream

slope conditions during the monthly inspections.

4.2.3 Stability

There were several surficial slope failures observed on the downstream slopes, and slope displacement
was observed on the lower portion of the Center Cell upstream slopes. The identification of punctures in
the geomembrane liner, and softer material below the liner indicate the potential for leakage by the

geomembrane liner that can saturate and reduce the strength of the impoundment berms.

Based on these observations, Golder recommends that the following actions be done to better evaluate

the stability of the Bottom Ash Surface Impoundment.

Instrumentation

Golder recommends that piezometers be installed in the Bottom Ash Surface Impoundment slopes to
monitor the phreatic surface through the berms. The quantity, location, and depth of the piezometers to
be installed should be evaluated by an engineer to provide a reasonable understanding of the phreatic

surface through the berms.

Geotechnical Testing

Golder recommends that soil samples of the berm materials be collected at the time of piezometer
installation. Samples should be collected of all distinct material types identified in the berms. At a
minimum this should include the original silty sand fill and the newer clay fill. Laboratory testing of the soil
samples may include in-situ moisture and density, grain size distribution, Atterberg limits, and shear
strength (triaxial or direct shear depending upon material type). The site-specific materials properties

should then be used to update the slope stability analysis.

Inspection of Crest

A slight crack was identified across the Center Cell west berm crest. The crack had no apparent opening
width or depth. Golder recommends that a shallow excavation be done at this location to evaluate the

extent and cause of the surface crack.

Inspection of Upstream Slopes

The displacement observed on the lower portion of the Center Cell upstream slopes may be due to
shallow slope failure, consolidation, settlement, material piping or a combination of these mechanisms.
Due to the level of bottom ash and water in the North and South Cells, conditions could not be identified

in these cells.

Golder recommends that as the different cells can be isolated, cleaned of material, and dewatered, that a

more thorough evaluation of the upstream slopes be undertaken. This may include visual observations of
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the slopes, survey of the slopes, removal of portions of the geomembrane liner to evaluate the underling
liner, and collection of soil samples to evaluate the moisture condition and strength of the underlying

materials.

4.3 Closing

This report summarizes the results of Golder’s stability analysis and visual observations to evaluate the
stability of the Bottom Ash Surface Impoundment at Great River Energy’'s Stanton Station. The
evaluation of the Bottom Ash Surface Impoundment is based upon available data and visual observations

of field conditions at the time of the assessment.

For permanent civil engineering structures (long-term conditions), a factor of safety greater than or equal
to 1.5 is desired. All of the scenarios evaluated have a factor of safety greater than 1.5 and are expected
to remain stable under the anticipated loading conditions. It should be noted that the condition of the
Bottom Ash Surface Impoundment is constantly changing dependent upon many internal and external
conditions, and that continued monitoring and evaluation are required to identify unsafe conditions that

may develop.

The various components of the Bottom Ash Surface Impoundment were found to be in both fair and poor
condition. Areas identified with poor conditions included the downstream slopes with evidence of erosion
rills, surficial slope failures, and rodent burrows, and the upstream slopes with evidence of geomembrane

liner puncture and slope displacement.

Golder recommends that GRE continue to perform monthly inspections, that the maintenance issues be
addressed as soon as practical, and that the stability of the upstream slopes be further evaluated through

instrumentation, soil testing and future physical evaluation.

GOLDER ASSOCIATES INC.

\"'_I'lil;;:t\_\c—ﬂl_.l.—{.,_ — j e { ALl | 'j:‘:i-‘\-.*
A N
Ron Jorgenson Todd Stong, P.E. Tammy Rauen
Principal and Practice Leader Senior Project Engineer Project Engineer
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Great River Energy - Stanton Station
Table 1
Material Properties

Hydrau_llg e Moisture / Density Shear Strength
Conductivity | Specific

ksal Gravity, Gs Yary » Ywet e ® (Sat) Vsat ¢/8 c/a

cm/sec pcf % pcf % pcf degrees psf

Historic Embankment Fill - Sand/Silt/Clay 1.0E-05 2.71 116.0 14.0 132 0.45 16.6 135 30 NA
Natural Soil - Sand/Silt/Clay 1.0E-05 2.71 104.0 14.0 119 0.45 16.6 121 30 NA

New Embankment Fill - Clay from Glenharold Mine 2.4E-08 2.63 98.0 22.0 120 0.9 34.2 132 16 500
Compacted Fill — Clay from Glenharold Mine 2.4E-08 2.63 98.0 22.0 120 0.9 34.2 132 16 500
Smooth HDPE / Clay 2.0E-13 NA NA NA NA NA NA NA 7.5 190

Bottom Ash 3.0E-02 2.41 68 18.5 80 NA 58.8 107 40 NA

Void ratios from Table 3.2 pg. 53 Principles of Geotechnical Engineering (Das 2002)
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Great River Energy - Stanton Station
Table 2
Material Properties Sensitivity Range

Material Paramater Mean Min Max

Historic Embankment Fill - Sand/Silt/Clay ¢ (degrees) 30 23 45
Ywet (PCF) 132 119 135

Natural Soil - Sand/Silt/Clay 6 (degrees) 30 23 45

Ywet (PCF) 119 107 121

¢ (degrees) 16 4 34
New Embankment Fill - Clay from Glenharold Mine c (psf) 500 130 3400
Ywet (PCF) 120 109 128

¢ (degrees) 16 4 34
Compacted Fill — Clay from Glenharold Mine c (psf) 500 130 3400
Ywet (PCF) 120 109 128
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Facifity Name; Gottom Ash Impoundment  (Nerth  Cen)
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December 22, 2011 113-81645

Jennifer Charles

Great River Energy

Stanton Station

40001 Highway 200A
Stanton, North Dakota 58571

RE: STABILITY EVALUATION OF BOTTOM ASH SURFACE IMPOUNDMENT ADDENDUM
Dear Jennifer Charles:

Golder Associates Inc. (Golder) has prepared this addendum to the Stability Evaluation of Bottom Ash
Surface Impoundment (Stability Evaluation) report to provide Great River Energy (GRE) with an updated
stability evaluation for GRE’s Bottom Ash Surface Impoundments at Stanton Station (SS) (Figure 1). The
stability evaluation provided in this addendum will include a summary of the site-specific engineering
parameters, an updated stability analysis based on the site-specific soil properties, and final
recommendations and conclusions. The information provided in this addendum is intended to update
Section 2.0, Slope Geomoetries, and Section 4.0, Conclusion and Recommendations, from the Stability
Evaluation dated May 16, 2011.

1.0 PIEZOMETERS

Site-specific material properties were determined from soils collected during the installation of two
piezometers in the Bottom Ash Impoundment embankment. Piezometers were installed by Midwest
Testing Laboratory, Inc. (A Terracon Company) on October 4, 2011. Russ Nelson and Todd Stong from
Golder provided oversight and observed the installations. Boring logs and lab analyses are provided in
Attachment A.

Piezometer P-1 was installed south of the intake structure on the middle cell, close to the geomembrane
anchor trench. Piezometer P-2 was installed south of the intake structure and east of the pipe rack. The
approximate location of each piezometer is shown on Figure 2. The piezometers were installed through
the embankment and completed in the natural soil. The total depth of P-1 is 31 feet below ground surface
(ft bgs) and the total depth of P-2 is 25 ft bgs. The piezometers were constructed with 2-inch PVC and a
20-foot slotted screen. Complete construction details are provided in Attachment B and summarized in
Table 1.

Interstate Engineering surveyed the piezometers (P-1 and P-2). The northing and easting coordinates for
the piezometers could not be correlated to the coordinate system used by SS. Therefore, the piezometer
locations shown on Figure 1 are approximate. The top of PVC pipe elevation and ground surface
elevation are accurate and provided in Table 1 and on Figure 2.

20 SLOPE GEOMETRIES

The cross sections through the Bottom Ash Surface Impoundment remain unchanged from the initial
Stability Evaluation. The description of each cross section is provided subsequently for completeness.

The cross sections that were evaluated for stability are the north/south, west, and east downstream
(outside) slopes, and the upstream (interior) slope (Figure 3). Two scenarios for each cross section were
evaluated. The first scenario examined the stability for an intact geomembrane and the second analysis

i:\11\81645\0110\stability eval stanton sta_22dec11\11381645_stability eval_ss_22decl11.docx

Lakewood, CO 80228 USA

Golder Associates Inc. —
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Jennifer Charles December 22, 2011
Great River Energy 2 113-81645

examined the stability if no geomembrane is present. A total of eight stability scenarios were analyzed.
The geometries of each cross section are as follows:

North and South Berms

The geometry of the north and south downstream slopes are the same; therefore, one stability analysis
was performed to examine both downstream slopes. The stability of the downstream slopes was
examined according to design grades. The design indicates a 20-foot wide crest at an elevation of
1720 feet with 3:1 side slopes to approximately 1700 feet. Grades from a 2001 aerial survey were used
to confirm the design slope geometry. The cross section for the north and south downstream slope is
shown on Figure 4.

West Berm

The west downstream slope has a design crest width of 20 feet at an elevation of 1720 feet and extends
at an approximate 3:1 slope down to an elevation of 1700 feet (approximately). This section geometry
was also verified with grades from the 2001 aerial survey. The cross section for the west downstream
slope is shown on Figure 8.

East Berm

The east downstream slope has a design crest width of 20 feet at an elevation of 1720 feet and extends
at an approximate 3:1 slope down to an elevation of 1715 feet. There is a 4-foot wide bench at elevation
1715 then a 3:1 slope down to an elevation of 1700 feet (approximately). Site observations, as-built
drawings and sections developed using the 2001 aerial survey do not match the design geometry. The
bench at elevation 1715 is substantially wider than the design and was modeled as 20 feet. The cross
section for the east downstream slope is shown on Figure 12.

Upstream (Interior) Berm

The upstream slope has an approximate 3:1 slope from elevation 1720 feet down to elevation 1702 feet.
This section geometry was verified with the as-built drawings and grades from the 2001 aerial survey.
The cross section for the upstream slope is shown on Figure 16. The analysis of the upstream slope did
not look at bottom ash on the smooth geomembrane but focused on the underlying clay liner and berm.

2.1 Engineering Parameters

Soil properties were determined from geotechnical material testing performed on the soil collected during
the installation of the piezometers on October 4, 2011. Soils were tested for moisture, density, grain-size
distribution, shear strength and hydraulic conductivity. The material properties for each soil included in
the stability analysis of the Bottom Ash Surface impoundment are provided in Table 2 and discussed
subsequently. Lab results are provided in Attachment A and C.

2.1.1 Historic Embankment Fill

Historic Embankment Fill properties were based on the borings for piezometers P-1 and P-2. The Historic
Embankment Fill was classified as a silty sand (SM). Piezometer borings were advanced through the
historic embankment and laboratory analyses were performed on three soil samples to determine dry
density, five soil samples to determined moisture content, and two soil samples to determine plasticity
and gradation.

Dry unit weight values were 108.8, 111.0 and 114.9 pounds per cubic foot (pcf) with moisture contents
between 9.0 and 13.6 percent. Averages are used in the stability analysis to account for the material
variability in the Historic Embankment Fill. The dry unit weight chosen is 112 pcf with a moisture content
of 11 percent. This results in a moist unit weight of 124 pcf.

The saturated unit weight was determined by applying the saturated moisture content of the silty sand
from the Natural Soil. The Natural Soils were assumed to be saturated because the soil was observed at
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or below the water table. The saturated unit weight of the Historic Embankment Fill is 133 pcf with a
saturated water content of 19 percent.

The predominant soil in the embankment fill is silty sand (SM). A three-point tiaxial shear test was
performed to determine the effective stress shear strength parameters. The effective stress friction angle
was 35.4 degrees with cohesion of 31 pounds per square foot (psf). A more conservative failure
envelope was evaluated by eliminating the second point at 10 pounds per square inch (psi) confining
pressure, which resulted in an effective stress of 30.1 psi and cohesion of 246 psf. For this analysis, an
effective stress friction angle of 30 degrees and an effective cohesion intercept of 100 psf were
conservatively chosen.

The hydraulic conductivity is based on the results of the flexible wall permeameter test performed on silty
sand collected in a Shelby tube from the Historic Embankment. The hydraulic conductivity for the Historic
Embankment Fill used in the stability analysis is 3x10°® cm/sec.

2.1.2 Natural Soil

The Natural Soils are predominantly silty sands (SM) with layers of fat clay (CH). The dry unit weight of
the Natural Soil chosen is 104 pcf and is based on the dry unit weight of a silty sand layer collected 22 ft
bgs from Boring 1. The moist unit weight was determined from averaging the moisture content of five silty
sand samples collected from Borings 1 and 2 and is 19 percent.

The hydraulic conductivity for the Natural Soils was based on the flexible wall permeameter test results of
the silty sand from the Historic Embankment Fill. The friction angle and cohesion were also based on the
silty sand from the Historic Embankment Fill previously described.

2.1.3 New Embankment Fill

The New Embankment was constructed from clayey soil from the Glenharold Mine site. The material is
predominantly fat clay (CH). Dry density of the constructed embankment ranges between 94 and 108.8 pcf
with an average of approximately 100 pcf. The moisture content of the constructed embankment ranged
between 20.4 and 26 percent with an average of 23 percent. The moist unit weight from these averages
is approximately 123 pcf.

The saturated unit weight of the New Embankment Fill is based on the water content of the Natural Clay
Soil. Two soil samples were collected from the Natural Clay Soil with moisture contents of 29 and 30
percent. The Natural Soils were assumed to be at or below the water table. Therefore, the saturated
water content of the New Embankment Fill is 28 percent with a saturated unit weight of 128 pcf.

Soil strength values are based on effective stress shear strength parameters determined from a three-
point triaxial shear test performed on the clay collected from the New Embankment in a Shelby tube. The
effective stress friction angle was 30.2 degrees with cohesion of 365 psf. For this analysis, an effective
stress friction angle of 30 degrees and an effective cohesion intercept of 200 psf were conservatively
chosen.

The hydraulic conductivity used in the stability analysis for the New Embankment Fill is 2x10® cm/sec.
The hydraulic conductivity is based on the results of the flexible wall permeameter test performed on the
fat clay collected in a Shelby tube from the New Embankment.

2.1.4 Compacted Fill

The Compacted Fill was assumed to be taken from the Glenharold Mine site. Therefore, the Compacted
Fill is assumed to be fat clay and has the same material properties as the Glenharold Mine clay/New
Embankment.
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2.1.5 Geomembrane

Geomembrane interface inputs are based on previous experience by Golder and published values. The
interfaces of interest are a smooth HDPE against Compacted Fill (Glenharold Mine clay) and smooth
HDPE against bottom ash. The geomembrane/clay interface is more critical than the
geomembrane/bottom ash interface; therefore, the geomembrane/bottom ash interface will not be
included in analyses. A residual friction angle of 7.5 degrees and a residual adhesion intercept of
approximately 190 psf are used in the stability analysis (Koerner 2005). These values are considered
conservative and are considered appropriate for use in the Stanton Station stability analyses.

The hydraulic conductivity for HDPE liner was taken from HELP program documentation as
2.0 x 10™ cm/sec (Schroeder 1994).

2.2 Groundwater Information

Groundwater generally flows north under the Bottom Ash Surface Water Impoundment toward the
Missouri River. Groundwater is typically within 10 feet below the final construction grades of the
Impoundment and is at an approximate elevation of 1700 feet amsl near the South Cell and 1690 near the
North Cell (Barr 2011). Water elevations observed in piezometers P-1 and P-2 directly after well
construction were: 1,698.3 feet above mean sea level (ft amsl) at P-1 and 1,695.9 ft ams| at P-2. The
flux of water from the impoundment to the groundwater is expected to be minimal since the impoundment
is lined.

2.3  Stability Analysis

Golder performed stability analyses using SLIDE (Rocscience 2011). Factors of safety were computed
for circular failure surfaces using Spencer's method for force and moment equilibrium. Global stability
was analyzed, which evaluates the overall stability of a cross section through the entire facility that may
include both historic and expansion berms. Surficial failures at depths less than 5 feet were not evaluated
in this stability analysis.

For the north/south, east and west downstream sections, the stability of each cross section was analyzed
for the condition of an intact geomembrane and if no geomembrane is present reflective of a severely
compromised geomembrane liner. For both analyses, the water level in the impoundment was set at
elevation 1720 feet to represent maximum conditions. With an intact geomembrane, there was no flux
assumed between the impoundment and the groundwater. The stability analysis for the condition of no
geomembrane required the development of a phreatic surface through the berm. The phreatic surface
was determined using groundwater finite element modeling within SLIDE. This surface was then modeled
in the slope stability analysis as a piezometric surface through the berm. The finite element model for the
phreatic surface through the north/south, west and east cross sections is shown on Figures 6, 10, and 14,
respectively.

For the upstream slopes four different conditions were evaluated: the stability with the impoundment
empty, the stability with the impoundment full (Elevation 1720 feet) and intact geomembrane, the stability
with the impoundment full and no geomembrane, and the stability of the impoundment empty with the
berm being saturated. This last condition was included to model the potential for draining of the
impoundment faster than the pore pressure can dissipate in the berm. Rapid drawdown conditions were
not applicable to operations of the Bottom Ash Impoundment and were not evaluated in this stability
analysis.

For permanent civil engineering structures (long-term conditions), a factor of safety greater than or equal
to 1.5 is desired. All of the scenarios evaluated have a factor of safety greater than 1.5 and are expected
to remain stable under the anticipated loading conditions. A summary of factors of safety calculated for
each scenario are provided in the following table:
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Factors of Safety for Each Scenario

Factor of
Safety Figure -
. based on Stability
Description | Geomembrane Water Level Site- Analysis
Specific Soil Results
Properties
Intact 1720 ft. 24
North/South -
None Phreatic Surface through Berm 2.3
Intact 1720 ft. 24
West -
None Phreatic Surface through Berm 2.4 11
Intact 1720 ft. 24 13
East -
None Phreatic Surface through Berm 2.4 15
NA No Water 3.0 17
Intact 1720 ft. 8.1 18
Upstream
None 1720 ft. 4.0 19
None Saturated Berm 1.9 20

This stability analysis relies on site-specific material values for shear strength based on geotechnical
material tests performed on the soil collected during the installation of piezometers through the Bottom
Ash impoundment berm.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 Hazard Classification

The North Dakota Dam Design Handbook (North Dakota State Engineer 1985) defines dam hazard
classification as:

Although it is recognized that loss of life is possible with any dam failure, the following
hazard categories of dams have been established for North Dakota:

Low — dams located in rural or agricultural areas where there is little possibility of future
development. Failure of low hazard dams may result in damage to agricultural land,
township and county roads, and farm buildings other than residences. No loss of life is
expected if the dam fails.

Medium — dams located in predominantly rural or agricultural areas where failure may
damage isolated homes, main highways, railroads or cause interruption of minor public
utilities. The potential for the loss of a few lives may be expected if the dam fails.

High — dams located upstream of developed and urban areas where failure may cause
serious damage to homes, industrial and commercial buildings and major public utilities.
There is a potential for the loss of more than a few lives if the dam fails.

The USEPA has developed a classification system associated with impoundment inspections as:

Less Than Low Hazard Potential: Failure or misoperation of the dam results in no
probable loss of human life or economic or environmental losses.

Low Hazard Potential: Dams assigned the low hazard potential classification are those
where failure or misoperation results in no probable loss of human life and low economic
and/or environmental losses. Losses are principally limited to the owner’s property.

Significant Hazard Potential: Dams assigned the significant hazard potential
classification are those dams where failure or misoperation results in no probable loss of
human life but can cause economic loss, environmental damage, disruption of lifeline
facilities, or can impact other concerns. Significant hazard potential classification dams
are often located in predominantly rural or agricultural areas but could be located in areas
with population and significant infrastructure.

High Hazard Potential: Dams assigned the high hazard potential classification are
those where failure or misoperation will probably cause loss of human life.

Based on these Dam Hazard classification systems, our review of the site and stability evaluation, Golder
recommends the Bottom Ash Surface Impoundment be categorized with a Low Hazard potential. This
recommended designation is based on the following:

B There are no residences or occupied structures directly adjacent to the facility and loss of
human life is not deemed probable.

B A discharge of bottom ash transport water is unlikely to have a significant environmental
impact as bottom ash is an inert waste and the conveyance water is currently being
discharged to the river.

B The economic impacts associated with a failure will primarily be to the owner’s property
with the exception that failure of the south berm could damage the rail line and county
road.
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3.2 Recommendations

Recommendations for inspection, maintenance, and stability evaluation are detailed in the following
sections. These recommendations are based on the visual observations, stability analysis, and Golder’'s
experience with the design and operation of surface water impoundments.

3.2.1 Inspections/Training

An Ash Management Training session was held at Stanton Station on October 4, 2011 by Todd Stong,
PE, a registered professional engineer (P.E.) in North Dakota. Attendees included ash management
operators and personnel, and site engineers.

Inspection forms for the ash facilities were prepared for monthly inspections. The forms have been
integrated into the inspection program and are completed during monthly inspections.

Golder recommends that GRE continue to perform monthly documented inspections of the Bottom Ash
Surface Impoundment by site personnel. Inspections should also be performed after heavy rainfall and/or
severe weather. These inspections should be done by employees trained in the operation and inspection
of the Bottom Ash Surface Impoundment and should include observations of the inlet and outlet
structures, upstream slopes, crest, downstream slopes and toe, and measurement of the water levels in
the piezometers. General conditions to watch include seepage, sloughing, cracking, excessive
settlement, geomembrane integrity, animal burrowing, erosion, and abnormal vegetation.

3.2.2 Maintenance
There were several maintenance items observed during the site evaluation on May 3, 2011 that have
been repaired or are planned for repair. These items include:

B Erosion Protection and Repair

H Animal Control
B Vegetation
|

Geomembrane Liner

Repairs were performed on the geomembrane of the South Cell on May 12, 2011. Geosynthetics, Inc.
(GSI) performed the repairs and non-destructive testing of visible defects. Construction Quality
Assurance was provided by Golder.

A Repair Plan has been prepared to address erosion, animal control, and vegetation maintenance items
observed on the downstream slopes Bottom Ash Impoundment. A Repair Bid Package is being prepared
to perform this scope of work.

3.2.3  Stability

There were several surficial slope failures observed on the downstream slopes, and slope displacement
was observed on the lower portion of the Center Cell upstream slopes. The identification of punctures in
the geomembrane liner, and softer material below the liner indicate the potential for leakage by the
geomembrane liner that can saturate and reduce the strength of the impoundment berms.

Based on these observations, Golder recommends that the following actions be done to better evaluate
the stability of the Bottom Ash Surface Impoundment.
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Inspection of Crest

A slight crack was identified across the Center Cell west berm crest. The crack had no apparent opening
width or depth. Golder recommends photo documenting the crack during inspections and measuring the
width of gap during each inspection to monitor any movement.

Inspection of Upstream Slopes

The displacement observed on the lower portion of the Center Cell upstream slopes may be due to
shallow slope failure, consolidation, settlement, material piping, wave action or a combination of these
mechanisms. Due to the level of bottom ash and water in the North and South Cells, conditions could not
be identified in these cells.

Golder recommends that as the different cells can be isolated, cleaned of material, and dewatered, that a
more thorough evaluation of the upstream slopes be undertaken. This may include visual observations of
the slopes, survey of the slopes, removal of portions of the geomembrane liner to evaluate the underling
liner, and collection of soil samples to evaluate the moisture condition and strength of the underlying
materials.

3.3 Closing

This report summarizes the results of Golder’s stability analysis and visual observations to evaluate the
stability of the Bottom Ash Surface Impoundment at Great River Energy’'s Stanton Station. The
evaluation of the Bottom Ash Surface Impoundment is based upon available data and visual observations
of field conditions at the time of the assessment.

For permanent civil engineering structures (long-term conditions), a factor of safety greater than or equal
to 1.5 is desired. All of the scenarios evaluated have a factor of safety greater than 1.5 and are expected
to remain stable under the anticipated loading conditions. It should be noted that the condition of the
Bottom Ash Surface Impoundment is constantly changing dependent upon many internal and external
conditions, and that continued monitoring and evaluation are required to identify unsafe conditions that
may develop.

The various components of the Bottom Ash Surface Impoundment were found to be in both fair and poor
condition. Areas identified with poor conditions included the downstream slopes with evidence of erosion
rills, surficial slope failures, and rodent burrows, and the upstream slopes with evidence of geomembrane
liner puncture and slope displacement.

Golder recommends that GRE continue to perform monthly inspections, that the maintenance issues be
addressed as soon as practical, the water levels in the piezometers are measured during inspections, and
that the stability of the upstream slopes be further evaluated future physical evaluation.

Sincerely,

GOLDER ASSOCIATES INC.

[ ¢V
Ron Jorgenson ) Todd Stong, PE
Principal and Practice Leader Senior Engineer
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Table 1: Piezometer Summary

D Top of PVC Pipe Elevation Ground Surface Elevation Total Depth Depth to Water (ft bgs) Elevation of Water
(ft amsl) (ft amsl) (ft bgs) 10/4/11 (ft amsl)

P-1 1,724.08 1,721.31 31 23 1,698.31

P-2 1,718.32 1,715.40 25 20 1,695.90

ft amsl - feet above mean sea level
ft bgs - feet below ground surface
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Table 2: Material Properties

Hydrau.llc.; Moisture / Density Shear Strength

Conductivity
ksat Ydry ® Ywet (O] (Sat) Ysat ¢I/8 c'/a
cm/sec pcf % pcf % pcf degrees psf
Historic Embankment Fill - Sand/Silt/Clay 3.0E-06 112.0 11.0 124 19.0 133 30.0 100
Natural Soil - Sand/Silt/Clay 3.0E-06 104.0 19.0 124 19.0 133 30.0 100
New Embankment Fill - Clay from Glenharold Mine 2.0E-08 100.0 23.0 123 28.0 128 30.0 200
Compacted Fill — Clay from Glenharold Mine 2.0E-08 100.0 23.0 123 28.0 128 30.0 200
Smooth HDPE / Clay 2.0E-13 NA NA NA NA NA 7.5 190
Bottom Ash 3.0E-02 68 18.5 80 58.8 107 40 NA
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EAST BERM WITH INTACT GEOMEMBRANE
STABILITY ANALYSIS RESULT
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EAST BERM WITH NO GEOMEMBRANE
WATER TABLE ANALYSIS RESULT
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UPSTREAM BERM WITH INTACT GEOMEMBRANE
AND FULL IMPOUNDMENT
STABILITY ANALYSIS RESULT
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ATTACHMENT A
BORING LOGS AND MIDWEST TESTING LABORATORIES
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Al Midwest Testing
LABORATORY, INC.
allerracon company

October 19, 2071

Golder Azsociates, Inc
44 Union Blwd, Suite 300
Lakewoond, CO BOZZ2E-1856

Attn: Todd Stong

RE: Pierometer instalations
Gregt River Energy — Stanion Station -
Stanton, Motk Dakots
GAl #113-B1645 MTL Proiect M2115282

Dear Todd,

Atached please find logs of the two barings advanced for the above-referenced project. These
borings were converted o piszometers installations.

Piezometer construction diagrams and the stale of Norlh Dakota required monitoring well
reports will be sent to you after the appropriate ownership information and survey data has been

abtained.

As requested, several soil samples were selecied for laboratory analysis. The testing program
included determining maisture content, dry density, Atterberg limits and grain-size distribufion.
Additionally, moisture-density refationships were determined on three bag samples. Al test
results are included on the attached baring logs opposite of the samples on which they were
performed and on the attachad summary reports.

Should you have any guestions or require further assistance, please contact us.

Sincerely,

MIDWEST TESTI MG}?RY

Steven S Smith, F.E.
Senior Project Engineer

SS55/ck

Allachments; test boring logs (2}
fests of soils (2)
grain-size distributions {8)
muisture-density ralationships
soil classiications
descriptive terminclogy

5C Golder Associates, InciTammy Rauen

Midwest Testing Laboratory, Inc., A Terracon Company 1805 Hancock Dr, PO Box 2084  Bismarck, ND 58502-2084
P [701] 258 2833  F [701] 258 2857  midwesttestinglabs.com  terracon.com



A Midwest Testing
LABDRATORY, iHC.
& a\lerracon cowrany

JOB NO._ M21115282 LOG OR TEST BORING NO.:

1205 Hancock Dr, PO Box 2044
Bicrrarck, MO SES02.2084
Phone (FI1) 258-2833 Fax (701} 255-2857

1 VERTICAL SCALE: 17=5

PROJECT: Piezometer Installations, Great River Energy-Stanton Station, Stanton, Merth Dakota

DEPTH | S0ILDESCRIPTION EAMPLE LABORATORY TESTS
I Wi TYPE N MOHNSTURE DENSITY LL/PL Q,
FEET SURFACE ELEVATION:
2" | GRAVEL | {psf)
FILL-EAT CLAY-grayish brown, soft to stiff. moist 1 33 3
[CH) 2 28 4 26 Y
3 bRy --
[ =1 a 24 95
5 LA -
- 73 55 i3 24 a7
12 CEILL-FAT CLAY WITH SAND-brown. stiff, coal
inclusions {CH) i
14 FEILLFAT CLAY-grayish brown, Stif, coal A L
irRclusions {CH) 5 s 14 5 102
a ™™ —
20 I"SILTY SAND-brownish gray, fine-grained, mediam
-brownish gray, fine-grained, i 10 g 10 18 104
dense, waterbearing @ 23
(E}
11 88 13 1B
12 1 12 17
1 B
g;;: FAT CLAY-grayish browr, mobtled, stift, moist {CHy | 12 35 1¢ 30 94
3ILTY éﬁNDagrayish breswn, fine o medium-*
29% ['FAT ClLaY-gravish brown, mottled, stiff, moist
(CH) A
31 I'END OF BORING
*grained, waterbaaring (SN}
WATER LEVEL DATA BORING DATA
DATE TIME CAVE IN DEPTH | WATER LEVEL | STARTED: 10-4-11 COMPLETED: 10-4-11 @ 11:25
19411 11:25 HSA 22% 25
104-11 11:35 HSA 2964 25 METHOD USED: I 1D HEA 02915
10-4-11 1200 30 Mone

CREW CHIEF: M. Roherts




LABORATORY INE, Bisrmarck, ND SE50Z-2054
Pnong {701 255-2833 Fax {7D1) 258.2857

A Midwest Testl.ng 1ans Mancpck O, PO Box 208+
\

& Tlerracon company

JOBNO:  Mri115282 - LOGOR TEST BORING NO.: P VERTICAL SCALE: 1"=4"
PROJECT Piezometer Installations, Great River Energy-Stanton Station, Stantan, Nortn Dakota
| DEPTH | SOIL DESCRIFTION SAMPLE LABORATORY TESTS
I
IN MO TYFE N MOIFTURE | DENIITY LUPL 2,
FEET SLERFAGE ELSVATN:
4" | FILL-FAT CLAY WITH SAND-brown, coal ? 1 S 22 (ps]
FILL-SILTY SAMNC-Drown, ine to medurn-grained, | o an g g
medium derze {SM) |
! 2 | 8ILTY SAND-dark Drown to brown, fine-grained, q T “-
i locse to medivm dense o very lnose
S
4 bt 20 ¥
*inclusionz {CH)
!
L5 Twy -
[ a3 3 11 111
1 7 T -
!
17 )
SAND WITH SILT-light brown, fie-grainad,
medium dense to [oose, walerbearing @ 1914 & 58 1% 18
i (SRS}
g 9 £5 g 21
y . 10 S5 i1 28 a4
28% ["EAT CLAYgrayish brown, mottled, stiff, moist
(CH)
i1 T -
26 | END OF BORING D
WATER LEVEL DATA BORIMG DWMATA
DATE TIME CAVE IN DEPTH | WATER LEVEL | STARTED: 10.4-11 COMPLETED: 10.4-11 @ 14:15
10-4-11 1400 HSA 18 1805
10-4-11 1415 HEA 24 20 i METHOD USED: 345" 10 HEA O-24%
10-4-11 1£:30 28" 23
CREW CHIEF: W, Roberts




A\ MIDWEST TESTING LABORATORY A\

1808 Haneock Drd PG Eox 2084 § Bismarck, Morh Dakdda 53502
Telephor {70) 258-2832 / Fax (701) 258-2857

REPORT OF: TESTS OF SOILS

PROJECT: Pizzometer Installations CATE: Octoher 19, 2011
Great River Energy — Stanton Stafion
Skantan, North Dakots
Al #143-81645

REPORTED T Golder Associates, Ine COPIES: Golder Associates, Inc
Aftn, Todd Stong Attn: Tammy Rauven
44 Lniart Blvd, Suite 300
Lakewood, CO BO228-T836

PROJECT NO: M2115282

SAMPLE NUMBER: 1 2 3

LOCATION: Test boring 1, Test baring 2, Test boring 2,
depth 1-17 depth 1-15' depth 1-15'

CLASSIFICATION: FAT CLAY (CH) SILTY SAND {Sh) SILTY SAND {SM)

COLOR: farayish brown Grayish brown Grayish brown

PARTICLE DISTRIBUTION (see attached curves):

Gravel (%)
Coarse (plus 30 mm}
Fine {30-5 mm)
Sand (%)
Coarse (5-2 mm}

Madium {2- 44 mmn) 2 3 3
Fine {44 mm-.074) 3] 7 87
Fines (&)
Silt {.074-.005 mm) 42 14 17
Clay {.005-. 001 mm} 17 4 4
Colloids {less than 001 mm} a3 9 9
ATTERBERG LIMITS:
Liquid Limnit B3 NP MNP
Plastic Lirmit 17 WF MNP
Plasticity Indax 45 NF MNP

LABORATORY MOISTURE-DENSITY RELATIONS (see attached curves):

Methaod Standard proctor, ASTM:DE98, Method *A"
Optimum Moisture {%) 209 1.4 12.2
Maximum Density (pcf} 103.0 118.0 117 .4

REMARKS: Samples were ohtained at the locations shown above by Midwest Testing Laboratory

on October 4, 2011,
Signad.%g&;g_&_ J 75 M
f -



A | MIDWEST TESTING LABORATORY AN

Pmoject Mo M2115282 Froject: Piezomeier Installakions
GRE - Stanton Statian

Sample Source: 1, Borehals #1, Depsh: 117 Starton, MO

Classffication:  FAT GLAY - grayrsh browmn {CH) Repeded (o. Golder Assaciales, Inc

GRAIN SIZE DISTRIBUTION CURYE
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2 > R T e L - 240 b PR L S = 1 b
no ] g I ] T i J : I : ] ] ; [
[ | | 1 | j 1 : I i 1 i : |
: 1 - | y ! 1 (I [ |
i ] [ I [ ;
! ! 1 1 1
&0 . | | =Y . | :
I ! I . S [ 1 | !
] 1 1 I ™ | . 1 !
i 1 i - : ] i | : ;\ i I 1 i
I ; 1 1 I . 1 T i . [ i
& : - ] = i T i ; N [ [ . - O
1 ] I | 1 I |1 —_
i 1 | i L \ — i ] i
: . ] | [ ! . i ! | s I ..
o 1 1 1 1 [ I 1 i I HIE I ]
' | ! i ! ) | : 1 | H ' T w, ' 1 ' 1
| | 1 ! 1 o 1 1 |
| 1 i | ] | i i | )} i
- i | ' [ 1T I B [ _ [N I !
2 l | | | | ! K‘xl I I
a - 1 1 , i 1 1 [
ﬁ I 1 I I I IH"H_ I
W | : I I i | | |
] i | | | [ 1 ! [ | i i ! i T i |
i | ' i : : : : i i .
z # : ' | | . ] Ty ; i I
% ! H : i | | !
E 1 R i
1. 1 ! | ! - ! ! 1
uc ; | | 1 ! 1 ! i
% 41 1 1 i 1 i
1 1 i . 1 i
E ' 1 ! i i ; : I ! 1 | 1 |
|
E 3: | 1 1 T | 1 ! | I |
w 1 i 1 1 | [
[ [ 1 i J [ i I i
[ I ! I | ] i1 ] i
i I i I I j i : i I !
1 I i H i
20 ! I ; ; : | ; i ] ] i I
* | T 1 ! 1 |
| i | . T 1 ' 1 I I | [
i I [ -3 . i I I | T I i : - !
. - : i T T . H i . B 1 i i
] i : 1 ] ' - 1 ' 1 H ' : | 1 |
i | ] I I 1 I 1
B B ] - 1 1 | 1 | ' | ! . i !
! i | 1 : | I © : . i ' [P
q 4 I ] . 1 T I i1 1 : ] i 1 -
] £ 22 5 {25 4= B3 4.5 23 20 5 E= LR N e i O P e o bis . 0SS e 02 W2 .l
PARTICLE S1ZE IM MILLAMETERS
GRAVEL SAND FINES
COAREE | FIME COARSE | RAE D LIN | FIME SILT | cray




T i

HGo— e

mi

A MIDWEST TESTING LABORATORY A\

PROJECT:

REPORTED TO:

1805 Hancock Dr. ¢ PO, Box 2084 ¢ Sismarchk, Marh Dakots 583502
Phone {701) 256-2823 / Fax (T0H) 256-2857

REPCRT OF: MOISTURE-DENSITY RELATICNS OF SOIL

Piezometer Installattons DATE: Ociober 18, 2011
Graat River Energy — Stanton Station

Stantan, North Dakaka

GAlI#113-B1645

Golder Associgtes, Inc COPIES: Golder Associates, Inc
Attr: Todd Stong Attn: Tammy Rauen
44 Union Blwd, Suite 300

Lakewood, CO 80228-1856

FRCJECT NO:, M2115282
SAMPLE NUMBER: 1 (Test horing 1, depth 1-17")
METHOE: Standard proclor, ASTM:DEGE, Method "A™ MAXIMUM DENSITY: 103.0 pod
SOIL TYPE: FAT CLAY-grayish brown [(CH} CPTIMU MOISTURE: 20.0%
! 1 ALl.]: j 1 |
3 : ! : I
_ 't‘
10 : 0
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A\

MIDWEST TESTING LABORATORY A\

Project Mo, 21165282 Praject: Piezometer Inskallafions
SRE - Stanten Staticon
Sample Source: 2. Borehole #2, Depth: 1'-1%' Stanton, HND
Classification:  SiLTY SAND - grayish brown (Sh) Feported o Golder Associates, Inc
GRAIN SIZE DISTRIBUTION CURVE
L).E. Standard Sieve Sizes
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A\ MIDWEST TESTING LABORATORY A\

1EDRS Hanuesk Or. /PO, Box 2084 7 Bismarck, Monh Cakdla 53602

PRCOJECT:

FEERPCORTED TO!

PROJECT NO:

Fhone (701} 256-2833 ¢ Fax {701} 2552057

REPORT OF: MOISTURE-DENSITY RELATIONS OF SOIL

Fiezometer Installations DATE:

Sraat River Energy — Stanton Station
Stanton, Morth Dakota
GAl #113-81645

Golder Associates, Inc

At Todd Stang

44 Union Blvd, Suite 300
Lakewood, OO 80228-1858

M2115282

Oclober 19, 2011

COPRPIES:. Golder Associates, Inc
Attn: Tammy Rausn

SAMPLE NUMBER:

Z (Test borrg 2, depth 1-17)

METHOLD: Standard proctor, ASTM:DE98, Method "A”™ MAXIMUM DENSITY: 119.0 pof
S0IL TYPE: SILTY SAMD-grayish brown (S} OPTIMUM MOISTURE: 11.4%
7 L 4
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A\

Praject Mo, mM2115252 Project:

Sample Source: 3, Borehole #2, Depih: 1-15'

Classification:  SILTY SAND - grayish brown (SM) Feportad ta:

MIDWEST TESTING LABORATORY AN

Piezomater Inslallations
GRE - Stanfon Staton
Skanton. MO

Galder Assoccigtes, Inc

PERCENT FINER THAN 3IZE SHOWN
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Ak MIDWEST TESTING LABORATORY A\

1805 Hancock Dr, ! P.0. Box 2064 ! Bismarck, Morih [akdota 53502
Phone (FO1) 268-2433 f Fae {T01) 26B-205T

REPCRT OF. MOISTURE-DENSITY RELATIONS OF SOIL

FROJECT: Fiezometer Installations DATE: Oclober 18, 2011
Great River Energy — Stanton Station
Stanton, North Dakota
GAlI#113-2316845

REFORTED TO:  Gelder Associates, Ing

COPIES: Golder Associgtes, Inc

At Todd Stong Attr: Tamimy Rauen

44 Union Blvd, Suite 300
Lakewood, CO BO228-1856

PROJECT NO:.  M2115282

SAMPLE NUMBER: 3 {Test boring 2, depth 1-17")

METHOD: Standard proctor, ASTMDE9E, Mathad "A" MAXIMUM DENSITY: 117 .4 pef
SOIL TYPE: SILTY SanD-grayish brown (S} OPTIMUM MOISTURE: 12.2%
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A\ MIDWEST TESTING LABORATORY

1805 Hancock Drf PO Bad 2084 ! Bigmarck, Monb Daketa 53502
Telephone (7)) 258-2835 f Fax [FOT) 256-2457

REPORT OF: TESTS QF 30IL3

A\

PROJECT: Piczometer Inslaliations DATE: Oetober 19, 2011
{Sreat River Energy — Starion Station
Stanton, North Dakota
Gal #113-81645
REFPORTED TO:  Golder Associates, Inc COPIES: Golder Associates, G
Altn: Todd Stong Atln: Tammy Rauen
44 Union Blvd, Suite 300
Lakewnsod, CO 80228-1358
FROJECT N M2115282
SAMPLE MUABER. A LY C3
LOCATION: Test boring 1, Composile of Composite of
Composite of Samples Test boring 1, Samples  Test boring 1. Sample
2,4 6438 10,11 & 12 and 13 & test boring 2,
test boting 2, Samples  Sample 10
&9
CLASSIFICATION:; FAT CLAY {CH) POORLY-GRADED FAT CLAY {CH}
SAMDWITH SILT
(SP-SM})
COLOR: Grayish brawn Brown Brown
PARTICLE DISTRIBUTION {see aftached curvas):
Gravel (%)
Coarse (plus 30 mim)
Fing {30-5 mm)
Sand (%)
Coarse {5-2 mm}
Medium (2-.44 mmj} 3 4 1
Fine {44 mm-.074) G 85 7
Fines {%
Silt {.074-.005 mm) 46 4 14
Clay {.005-.001 mm) 15 3 1
Colloids (less than .001 mm} 30 4 57
ATTERBERG L IMITS:
Liguid Lirnit 56 NP 79
Plastic Limit 18 NP 18
Plasticity Index 38 NP 61

REMARKS: Samples were obtained at the locations shown above by Midwest Testing Laboratory

on October 4, 2011,

Signed:
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Project Mo,

Sample Source: C1, Boring 1, Samples 2, 4, 6, 8

M2115282

MIDWEST TESTING LABORATORY AN\

Praoject: Fierometer [nstalkations

GRE - Stanton Station
Stantan, ND

Classification;  FAT CLAY - grayish brown Reportad to; Geolder Associales, Inc
GRAIN S1ZE DISTRIBUTION CURVE
LS. Standard Sieve Sires
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Project Mo

MZE115282

MIDWEST TESTING LABORATORY AN\

Sample Source: G2, Boring 1, Samples 10,11,12; and
Boring 2, Samples 8, 8

Froject:

Piezometer Insiallations
GRE - Stanton Staticen
Stanten, MD

Classification: POORLY GRADED SAMND WITH SILT - brown [(SP-SM; Reported to: Golder Assaciates, Inc
GRAIM S1ZE DISTRIBUTION CURVE
L35, Slandard Sieve Sizes
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MIDWEST TESTING LABORATORY AN

Projact No.: h2115282 Praject: Piezometer Insiallaiions
GRE - Stanton Statian
Sampte Source: C3, Boring 1, Sample 13; and Swnton, WD
Boring 2, Sampie 10
Classification:  FAT CLAY - brown . Fepored to: Gelder Associates, Inc

GRAIM S17E DISTRIBUTION CURYVE
IS, Standard Sieve Sizes

FERCENT FINER THAN SIZE SHOWN
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Classification of Soils For Engineering Purposes

ASTM:D 2487-98

Soil Clazzificaticn

Criteria for Assigning Giroup Symbols and Greup Mames Lsing Laboratary Tests” | Group

Grouz Narna®

- Symbg!
Coarse-Grained Soils Cravels Clean Giravels £
Niore than 50% €208 Mo than 50% cparse LE8S than 5% fines® Cuzd and 120cs ¥ G Wiel| graded gravel”
n to, 260 Sieve s - -
i Eﬂs"‘-ih;; saraised or: No. Cued andiar 1=0ox3° GE Panrly geztled gravel”
Giiavets with FInes  Fines claceify as ML ar MH G Silly gravel” =7
More inan i2% v
fires Fines classify as GLar CH o Clayey gravel
Sands Clean Sanas £ \
&0% ormore cfcoarse  Less than 6% fines  Cu2fiand 150es3 5w \neli-graded sand
i fn_adiun passes No. 4 _ B - .
i Sieve Cueg andbar 15Co=a° SR Poory graded sand
Sands with Fines Fines classify a5 ML o MH S Sty sand™"**
hore lnan i2% — . o
finast Fines classify as Clar CH SC Clayey sand
Fine-Grained &ails " Sills and Clays " Inorganic ' FI= 7 and plots on or ahave “A7 L alayft™
HI% 07 MOre passes Ligued lenit less than 50 . line” — - Lean __'-'"
te: Ka. 200 Sieve Pic4 or plots helow A" line” Me St
Cirganic - o .- KLM.E
Liguic il - oven dried  .n 70 oL rganiz clay
Liquid il - nol dred Organic sil;* 4
SiMe and Clays Inerganic ral Lu
Liguid himit 50 o mpre P mlgts o or abave "A' line CH ra clay®
P plats below *A" ling hH Elastiz sil*t ™
Qrganic - ' o . ,;M r
Liquid Yimlt - over dried o op OH rganic clay”
Ligquid Jirmit - i dried Craanic si™="?
i - FT Foat

Highly orgenic seils
Fibric Peal = 67% Fibar

Prirnary orpanic mater, dask incoler, and crganic odor
Heme Peat 33%-87 % Fibers

Eapric Paat < 33% Fibsrs

*Based on the malerial passing ke 2Hn_ (7omm)
sieve.

Bif figld carmple contained cobées of bovlders, o
both, add "with cobbles er boulders, or bel™ 1o
group name.

GW-GM well-graded wilh sill

GW-GT well-graced gravel with clay
GP-GM poorty graded graval with sift
GP-GC poory graded gravel with clay

5 ands with 5§ 16 12% fines Tequire dual symbols;

EWLEM well-graded sand with silt
S-S0 well.graded sand with clay
SF-50% pantly graded sand with silt
SP-5C poorly graced sand with Gey

(Paa)”
O ———

ECu = Dl Dyg
8}
0%

*IF 55i: conleing =155 sand, add "with sand” to
reUp name.
If fines ciassify as CL-ML. wse dual symbal GC-
Cal, o SC-Sh,
|t fines, are arganic, add * with crganic fines” to
group name.
It sail cortains = 15% gravel, aod “with gravel’ to
Qroup name.

Ciravels win 510 12% fines zenuine dual syrmbole!

“If Aterberg limits phot in hatched area, 501l is GL-ML, sitty clay.
it smil anntaing 15 to 28% plos No 204, add "with samd” or “with giavel”, whizhevar s

predominant.

{j= coil containe = 3% phus na_ 200, predominantly sand, add "sandy” fa graup nams.
i enil contams = 30% pius no. 200, predeminantly grovel, add gravelly* 12 group

HAITE.

¥mi= # and plots an or above "ATine.
8P| <4 or plots below “A" lioe.

FEl plols on of aboye “A” ling.

90| plots below A" line.

ED .
For plasgifigatlon of fing-oraiasd soils 1 Linel
sud Ene.greingg fraclicn 4 prarse- ” ST
spy . gimnpp solly - ne
Equatian of *4"-Line ‘<
Herizonl at Pl=d o LL=25.% P /
2 thee E=0.75 [LL-20} p v
[ I
l?_-ﬁ Egualice o "U" = ing r CH ar OH /
B werical ol LL= 16 1o PI= s /
E s then PIS03 (LE-8) 1 / »
) ”
= Py ’ /
% 20— AL or gL
& . ’ MH jor OH
11— P
7l - r /f
al. f}'ﬁ}’é%L-Pﬂ | | |
u]
i 10 498 2D a0 40 &0 [=14] 7O an Bt 100 10

LICHIID LIMIT (LL)
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A\

DESCRIPTIVE TERMINOLOGY

THICKNESS OF S50IL INTRUSIONS

A\

RELATIVE DENSITY
Term "N Walue Term Range
Yery Loose -4 Lense f Laminalior 0-18"
Loaze 5-49 Seam i 17
bedium Jense 10-130 Layer 1" -1
Cense A -50
Wery Dense Greaier han &0

CONSISTENCY OF COHESIVE SOILS FARTICLES SIZES

Term "N Walue Term Range

“ery soff han 2 Boutders Creer 127

50{.? i ;Efit an Cobbles I-1

Mdinm stiff 5 -4 Gravel S

S 9-15 C.DEJ'SE 34" -3

Vgry Stiff 16 - 30 5‘;'::1;‘ #i-34

o G . I

Har reatier than Comrse 1 - B10

RELATIVE PROPORTIONS tedium #10 - #40
Fine a0 - #200
Clay Lass than 0.005 mmn

Tracs 0-5% .

A Little 5 {R% Mote: Sieve sizes shown are U5, Slandard

With 16— B0%:

DRILLING & SAMPLING SYMBOLS LARORATORY TEST SYMBOLS

Symbal Definiticn Symbois Definition

FA Flight Auger LL Lirquid Limit, %a

S5 Split Spoon FL Plaslic Limit, %

TWY Thin-‘Walled Tuhe Gy Uneonfined Coempressive
HZA Hollow Starmn Auger L Strength, psf

M Penelration Resistance: Additional insertiens in Q. colurtn

blows required to deive a

two-ingh £0 split speon G Specific Gravity
sampler ong foot Dy MEeans 3L Shrinkage Limnit, "
of 2 140-pound hammer oH Hydrogen lon Cantent-
falling 30 inches Meter Niethod
o] Organic Content, 9 -
Combuslion Method
MR Grain Size Analysis -
Mechanical Method
Hydl. Grain Size: Analysis -
Hydrometer Methed
C One-Dimansional
Caonselidation
Qe Triaxial Compression
K CoeHicient of Farmaability

WATER LEYEL INFORMATION

Water levgls shown on the boring logs are lavels measurad in the borings at ihe time and usnder the condilions noted. In sand, the
indizated lovels can be eonsidered reliable. In clay soil, i i3 not possible o detoemine the ground waker lewel within the nommal scope
of a test haring nvestigation, excepl wherg lenses or ayers of mare pervious water-bearing scils are present. Even then, a long
peded of time may be necezsary 1o reach equilivrium, Therefure, the posiion of the water level neted on the Soring logs far cohesive

of mixed-texiure soile may not indicate Fie true [evel of the ground water 1able.

S0IL STRATIFICATION BOUNDARIES

The =oil stratifieation lines shawn on the boring logs indicate the apsroximate boundary betwean differen: scil pes. I the field, the
transition Letween soil types may be gradual.




ATTACHMENT B
WELL REGISTRATIONS AND MONITORING WELL
CONSTRUCTION DIAGRAMS
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A‘ Midwest Testing
LABORATORY, INC.
allerracon company

Ocleber 27, 2011
Golder Associates, Ing
44 Lnion Blvd, Suite 300
Lakewood, CO BDZZB-1856
Aftn: Todd Stong
RE: FPierameter installations
Great River Energy — Stanton Staticn
Stanton, North Dakota
GAl #113-81645 MTL Projecl M2115282
Dear Todd:

Alached please find copies of the two Manitoring Well Reports submitted to the State of North
Dakota Beard of Water Well Contractors for the two piezometers installed in conjunction with
the above-referenced project.

Also atlached of copies of the two Monitoning VWell Construction Diagrams preparaed for the
same piezometers.

We are also sending copies to Mz, Jennifer Charies with Great River Energy.
Should you have any questions or require further assistance, please contact us.
Sincerely,

MIDWEST TESTING LABORATORY

.

Steven 5, Smith, PLE.
Senior Project Engingsr

B558/ch

Altachments: monitoring well reports (2)
manitoring well diagrams {2}

cC: Golder Associates, InciTammy Rauen
Great River EnergytJennifer Charles

Midwest Testing Laboratory, Inc., A Terracon Company 1805 Hancock Dr, PO Box 2084  Bismarck, ND 58502-2084
P [701] 258 2833  F [701] 258 2857  midwesttestinglabs.com  terracon.com



State of Norh Dakots

BOARD OF WATER WELL CONTRACTORS
900 E. BOULEVARD - BISMARCK, NORTH DAKOTA 58305

MONITORING WELL REPORT

Stale low requires Ural this revort b2 e with the State Bowrd of Water Well Confragtors within 30 days afier conipletion or wbandanment of e well.

1. WELL OWXNER

Mzme (ireat Biver Enerey — Sranton Station
Address 4001 Hune 2HLA

Stanton, NI 58371-0402

2. WELL LOCATION [¥Well T'=2}

Address {if in oitv)

Wel® head completion:
247 gbpve prude Ciher _L_K

Efother, speeify 47 % 4% x 3% sieel gpover

Wag protective casing inslalled? B Yoz o MNa

Was well disinfected vpan camnletion® oYes B Na

5 WATER LEVEL

Staric waner lcvel 20 frat helow suriacs

County Mercer I flowing: ¢loseld m prassune -- ___ psiarft abowe land surfee

SW % NW_ % NE % 8o 2 Twp 144 N Ree B3 W 5. WELL LDG ' Dzpth (FL}

L, 47° 16° S7.03° N Long: 101" 19° 48,72 W

Altiteda: 171340 {Fround akevation} Farmatian Erom To

3, METHOD DRILLED SILTY SAND 0 7]
W oAuser  Other _ pollowstemy SAND WITH SILT ) T 7%

4. WELL CONSTRUCTION FATCLAY 2w 4|

Diameter of Hale _ 6 154 inches  Teph 25

Rizar. W PYC o1 Dither
B Threaded i Sobvent a Cirher
Higer rating 5D _ Schedule 41
Liameter 20 inches

From __ -1 o 5 _
Wasa well screen instzlled” M Yes oMo
Raterial Schedple 30 PAC

fewd

Diametat 2 INCNES

Slot Size _#1{k  se1 fron A fecteo 25 Feet
Sand packed from 3 tor q4¢ (Lse separate sh_c-::t if noocssiry)
Deplh prouted from __ 17 __ 1o 5 7. WAS THE HOLE PLUGGEL OR ABAMDONED!
Grawting Material uYe: N Mo
Beniondts 3 Cotlies 1F s, how? )
If other explain:
Onc foot thick concrete colta: at the surface . REMARKS

9. DATE COMPLETED _ 10-4-11

10. CONTRACTOR CERTIFICATION

This well was drilled under my jurisdiction and Lhis repert 15 true o the
test ol my knowledge,

Mlidwest Testing Lahoratory, Inc. 444

Mondaring Well Contractor Cerlificats Ma.

P.Ch. Box 2084, Bismarck, NI 58502-2084
. )

Address

: _ /'c:”‘é?ﬂf"/}/__

S{gnamm Date




State of North Dakota

BOARD OF WATER WELL CONTRACTORS
900 E. BOULEVARD = BISMARCK, NORTH DAKOTA 58505

MONITORING WELL REPORT

Slaie law requires that this report b filed with the State Bonrd of Woler Wall Contractoes wathin 340 davs afier completion or dbandoaiment of the well.

1. WELL DWNER

Name Grear River Energy - Stanton Station

Addross A0 ey 2004

Sranton, WD 335719402

Wrell head completion:

24" abave prade Other _ %
Tf ptier, specisy 47 147 x 3 slaal cover
Wiag protective casing instalbed? B Yes Mo

Was well disinfecled upon completion? o Yer B No

2. WELL LOCATION (Well -1}
Address (if in city) 5. WATER LEVEL T
Slatic water level 20 feet Balow surfecs
Counby MgmaeT If flowing; ¢losed inpressure __ —  pai or i abowve leed surface
W W ONW 4 NE_ % Ses 2t Twp. 144 N, Rpe 84 W 6 WELL LOG Tiepth {FL} |
Lat 7% 15 3705 N Loog: 101° 107 40 147 W
Alvaude; 172131 (ecroynd eicvation] Formation From To
3 METHOD PRILLED FAT CLAY ' 7 70
W Auger Other halliny sterg [ SILTY SAND ) 0 274
4. WELL CONSTRUCTION FATCLAY 34 2%
Ciarncter of Hole, 6 |44 woches Deplh 30 faet BILTY SAWD k2 |
Fiser, @ PV 0 Oher FATCLAY TR 30
W Theeaded o Solvem o Other B
Fiser rating SDR Sehedmle 40
THiameter 28 inches -
Fram __ +3 _ftow_ . s fr. —_— -
Wasz a well sereen inshlcd? B Yes o Mo -
Marerial Schedhile 40 FVC Diameter 2.0 inches —
Slof Gize _ #10 setfrom_ 3 [eettn 30 et | i
Sand packed from g 3 {LIge separate shect if necessaryy
Diepih grouted fFom _ _ ™ 1 7. WAS THE HOLE PLUGGED OF ABANDORNED?
Growting Matarial oYes W No
Bentonite X Cither I s, how?
[f ather explain: -
One foot thick conerate cellar at the surfuce 8. REMARKS )

"9, DATE COMPLETED_ 10-4-1]

| This well was drilled under eny jurisdiction and this repert is trog to the

10. CONTRACTOR CERTIFICATION

hest of ey knowledge.

Midwest Testing Laboratory, Inc. 444

Memnitering, Well Contractor ) Cerlificats Mo,

P.0. Box 2084, Bismarck, ND 58302-2084

Addness M\
,%/ 4

o -7

Shmmanes = 7 The




Ak MIDWEST TESTING LABORATORY Al\

MONITORING WELL CONSTRUCTION DIAGRAM

PROJECT:
PROJECTNO: M2115282

Cireat River Energy = Stanton Station

Monitoring Well No:  F-2

Ground Sucface Elevation: 171540

Date of Jnstallation:  10-4-11 ‘Tap of Riscr Elevation: 171832
Crew Chiclh Mike Roberts
Protective Casing
Material: Sleel
Diameter x Lengrh: A n 4"y Y [ |
Length Above Ground: 32 .
Riser Pipe
Mlalerial: Schedule 40 PVC

Diameter x Length:
Length Above Existing Grads:

Annular Space Backill Material:

Seal Above Screen
Malerial:
Thickness:

Filter Sand
daterial:
Depth (o Top of Filter Sand:

Depth tn Bottom of Filter Sand:

Well Screen
Sdaterial:
Diameter x Length:
Slot leo. or Sixc:
Depth 1o Botlom of Screan:

Borchols
Tharmncier:
Diepth to Botrom of Borehole:
Method of Advancement:

Mxy

AT

1* Conerete collar

Bentonite
21

#10 Silica sand
3!
25°

Schedule 40 PYC
7y 2y

10 Slot

25

6 144"
z5°
Hollow stemn auger

WATER LEVEL. MEASUREMENTS BELOW

TOP OF RISER PIPE

DATE TIE

WATER LEVEL

13-4-11 14:15
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A}.\ MIDWEST TESTING LABORATORY

MONITORING WELL CONSTRUCTION IMAGRAM

PROJECT: Great River Energy - Stanton Station

PROJECT NO: M2115282

A

Monitoring Well No: P-]
Drate of Instailation: 10-4-11

Crew Chief: Wike Roberts

Ground Surface Elevation:  [721.31
Top of Riser Elevation: 1724 08

Protective Casing
Material:
Diameter x T.ength:
Length Above Ground:

Riser Pipe
Malereal:
IMameter x Lengih:
Lengrh Above Existing Grade:

Annular Space Backfill Material:

Seal Above Screen
Material:
Thickness:

Filter Sand
biaterial;
Depth to Top of Filler Sand:

Depth to Borom of Filter Sand:

Well Screen
Maicrial:
Diameter x Length:
Slot Ho, or Sive:
Depth to Botinm of Screen;

Borehole
Diameter:
Jepth to Bottom of Borehole:
Methed of Advancement:

Seel
4w 47w 5
31T

Schedule 40 PVC
g &

3'.

1* Concrele collar

Demtonite

21

#10 Silica sand
3§
ELIN

Schedule 40 PYC
7y 25

#10 Slat

3

B 1/4™
317
Hollow siem auger

WATER LEVEL MEASUREMENTS BELOW

TQOP OF RISER PIPE

DATE TIME WATER LEVEL

10-4-11 11:35
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ATTACHMENT C
EFFECTIVE STRESS SHEAR STRENGTH TEST LAB REPORTS
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CLAY FILL
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I Sample # = Clay Fill 2A Sample # = Clay Fill 2A Sample # = Clay Fill 2B
z Point # = 1 (staged) Point # = 2 (staged) Point # = 3
Ll Initial Initial Initial
Length = 14.74 cm Length = 14.74 cm Length = 17.58 cm
E Diameter = 7.28 cm Diameter = 7.28 cm Diameter = 7.29 cm
Wet Weight = 1231.20 g Wet Weight = 1231.20 ¢ ] Wet Weight= 154040 g
, Area = 41.6 cm’ Area = 41.6 cm’ Area = 417 om’
Sample Area = 6.45 in® Sample Area = 6.45 in® Sample Area = 6.47 in®
o Volume = 613.5 cm® Volume= 6135 cm’ Volume= 7338 cm’
Moisture Content = 21.4% Moisture Content = 21.4% Moisture Content = 20.4%
n Specific Gravity = - Specific Gravity = - Specific Gravity = -
Dry Weight of Solids = 1014.17 g Dry Weight of Solids = 1014.17 g Dry Weight of Solids = 1279.40 g
Wet Unit Weight = 2.01 glem’ Wet Unit Weight = 2.01 glem® Wet Unit Weight = 210  glem’
m Dry Unit Weight = 1.65 glem® Dry Unit Weight = 1.65 glem® Dry Unit Weight = 1.74  glem®
Wet Unit Weight = 125.2 pcf Wet Unit Weight = 125.2 pcf Wet Unit Weight = 131.0 pcf
> Dry Unit Weight = 103.1 pcf Dry Unit Weight = 103.1 pcf Dry Unit Weight = 108.8 pcf
: Cell Pressure = 65 psi Cell Pressure = 70 psi Cell Pressure = 90 psi
Back Pressure = 60 psi Back Pressure = 60 psi Back Pressure = 70 psi
u Confining Pressure = 5 psi Confining Pressure = 10 psi Confining Pressure = 20 psi
u Notes: Intact sample with ends trimmed flush
: Sample 2A was staged (points 1 & 2)
n Golder Associates, Inc. Title:
Denver, Colorado TRIAXIAL SHEAR TEST REPORT
m Job Short Title: SAMPLE DATA AND CALCULATIONS
GRE/2011 STANTON STAT ENG SRVC/ND
m Sample Number: Reviewed: Date: Job Number: Figure:
: Clay Fill 2 TJS 11/21/11 113-81645




g vs. Strain
30
25 -
20 -
3, 15 1 5 psi
O
10 - —— 10 psi
— 20 psi
= N
0 T T T T T
z 0% 5% 10% 15% 20% 25%
m Strain
=| Excess Pore Pressure vs. Strain
@) "
o = 10 - 5 psi
Q: —— 10 psi
n g 5 —20psi
2 0 1
et
Ll £ 5
et
> S -10
- 8 -15
o
T
u -25 ; : ‘ ,
: 0% 5% 10% 15% 20% 25%
q Strain
{ Golder Associates, Inc.  [Title:
n_ Denver, Colorado C-U TRIAXIAL SHEAR DATA
m Job Short Title: g AND EXCESS PORE PRESSURE PLOTS
GRE/2011 STANTON STAT ENG SRVC/ND
m Sample Number: Reviewed: Date: Job Number: Figure:
: Clay Fill 2 TJS 11/21/11 113-81645 2




Stress Path (p'-q) Plot
100
90 - 5 psi
— 10 psi
80 —— 20 psi
Failure Envelope

70 -

60 -
2 50 -
o

40 -

30 -

20 -

10 A

0 Y T T T
0 20 40 60 80 100
p’, psi

Stress Path Parameters

y'= 26.7 degrees
a'= 2.2 psi
Golder Associates, Inc. Title:
Denver, Colorado C-U TRIAXIAL SHEAR DATA
Job Short Title: STRESS PATH PLOT
GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
Clay Fill 2 TJS 11/21/11 113-81645
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Mohr's Circle Diagram
Effective Stress Parameters
100
90 - —5psi
—— 10 psi
80 — 20 psi
Failure Envelope
70 A
60 -
k%)
Q50
Ry
40 -
30
20
10 4
0 T T T T
0 20 40 60 80 100
c's, psSi

Effective Stress Shear Strength Parameters

¢'= 30.2 degrees

c'= 25 psi

Golder Associates, Inc. Title:

Denver, Colorado C-U TRIAXIAL SHEAR DATA
Job Short Title: MOHR'S CIRCLE DIAGRAM
GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
Clay Fill 2 TJS 11/21/11 113-81645
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Consolidated-Undrained Triaxial Lab Data
From: GOLDER ASSOCIATES INC.

h Project: GRE/2011 STANTON STAT ENG SRVC/ND
z Project Number: 113-81645
m Sample Number eyl 2 Effective Stress Analysis
E p'-q Plot
Effective Stress Analysis 16
O |
Point Number : 12 + y = 0.5026x + 2.194
P a R2=0.9999
n (psi) (psi)
1 (staged) 9.9 7.2 10 -

[y 2 (staged) 22.9 13.7 @

3 24.0 14.3 "
- g 4
H K

tan(y)= 050 po
: a'= 2.2 psi o 6
u ¢'= 30.2 degrees 4
m c'= 2.5 psi
(- 4 2|
ﬂ 0 ‘ ‘ ‘ ‘ ‘

0 5 10 15 20 25 30

n p' at Failure, psi

Printed on: 12/15/2011 Golder Associates, Inc. Clay Fill 2.xlIsx




Consolidated-Undrained Triaxial Lab Data
From: GOLDER ASSOCIATES INC.

h Project: GRE/2011 STANTON STAT ENG SRVC/ND
z Project Number: 113-81645
I.l.l Sample Number Clay Fill 2 Total Stress Analysis
E g Vvs. p-U,
Total Stress Analysis 18
‘ l 16
o | .
n Point Number p-U, q y= °§3f%?8;§f341
(psi) (psi) 12 7
1 (staged) 12.5 7.2 ‘5
m 2 (staged) 24.3 13.7 210 |
> 3 34.4 14.3 o
3
(- 3 8
tan(y) = 0.33 B *
: a= 3.8 psi 6
u = 19.4 degrees 4t
m c= 4.1 psi
< |
O T T T
ﬁ 0 10 20 30 40
n p-u, at Failure, psi

Printed on: 12/15/2011 Golder Associates, Inc. Clay Fill 2.xlIsx
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Consolidated-Undrained Triaxial Lab Data

From: GOLDER ASSOCIATES INC.

Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number:  113-81645

Mohr-Coulomb Failure Criteria:

@ =C'+o'tf tan(¢g')
ot = C + orf tan(g)

Where:
¢’, ¢ = effective and total stress cohesion intercepts

¢, ¢ = effective and total stress friction angles
7 = shear strength on the failure surface at failure

J’s, oy = effective and total normal stresses on the failure surface at failure

Stress Path Space:

00

. O'+Oh 0:+0s
2 = P=

q pP=— 2

Where:
g = maximum shear stress

p’, p = mean effective and total stresses
0’1, oy = effective and total axial stresses

0’3, oy = effective and total confining stresses

Stress Path Failure Criteria:

q=a+p'tan(y’)
q=a-+(p—uo)tan(y)
Where:
a’, a = intercepts of the g-axis in effective stress and total stress spaces

v, w=angles of the failure envelopes in effective stress and total stress spaces
g = maximum shear stress at failure

p’ = mean effective stress at failure

p-Uo = mean total stress at failure minus the initial pore pressure

The relationships between yand ¢and a and c are as follows:

tan(y) = sin(¢)
a =c cos(¢)

The relationships between ” and ¢’ and a’ and ¢’ are as follows:

tan(y’) = sin(¢")

a’ =c’ cos(¢’)

Printed on: 12/15/2011 Golder Associates, Inc.

Clay Fill 2.xlsx
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tstong
Typewritten Text
Sample 2B
20psi


FLOW PUMP #2
FLEXIBLE WALL PERMEABILITY
ASTM D 5084
h METHOD D, CONSTANT RATE OF FLOW
z PROJECT TITLE|GRE/2011 STANTON STAT ENG SRVC/ND BOARD # 3 COMMENTS|1. Water used as permeant
m PROJECT NUMBER|113-81645.0002 CELL # TX-5 2. Specific gravity is assumed
SAMPLE ID|Clay Fill 2B -- Flow Pump Speed 12
E SAMPLE TYPE]|Inplace Technician RIJM
: Sample Data, Initial Sample Data, Final
u’ Height, cm 17.58 B-Value, f 95.0 Height, cm Trimmings Sample
Diameter, cm 7.29 Cell Pres. (psi) 80.0 Diameter, cm WATER CONTENTS Initial Final
o Area, cm? 41.74 Bot. Pres. (psi) 70.0 Area, cm? Wt Soil & Tare, i g 374.42 1712.8
Volume, cm®|  733.78 Top Pres. (psi) 70.0 Volume, cm® Wt Soil & Tare, f g 316.08 1497.20
a Mass, g| 1540.40 | Eff. Stress (psi) 10.0 Mass, g| 1560.30 Wt Tare g 30.43 152.65
Moisture Content, % 20.4 Head, max. 137 Moisture Content,% 16.0 Wt Moisture Lost [s} 58.34 215.60
m Dry Density, pcf 108.8 Head, min. 136 Dry Density, pcf Wt Dry Soil g 285.65 1344.55
Spec. Gravity 2.70 Max. Grad. 7.79 Volume Solids, cm®[  498.03 Water Content % 20.4% 16.0%
> Volume Solids, cm® 473.76 Min. Grad. 7.74 Volume Voids, cm®
Volume Voids, cm®|  260.02 Void Ratio
H Void Ratio 0.55 Saturation, % DESCRIPTION
: Saturation, %| 100.5% -
u Flow Pump Rate cm3/sec
d DATE/TIME dt TEMP Speed Speed DH L A i q v Permeability
(min) (°C) (1-12) Coeff. (cm) (cm) (sz) (Gradient)) (cmslsec) (cm/sec) (cm/sec)
¢ 11/14/11 12:15
11/14/11 12:30 15 20.7 12 1 137 17.58 4174 7.79 5.5E-06 | 1.3E-07 1.7E-08
n 11/14/11 12:45 30 20.7 12 1 136 17.58 41.74 7.74 5.5E-06 1.3E-07 1.7E-08
11/14/11 13:00 45 20.7 12 1 136 17.58 4174 7.74 5.5E-06 | 1.3E-07 1.7E-08
m 11/14/11 13:15 60 20.7 12 1 136 17.58 41.74 7.74 5.5E-06 1.3E-07 1.7E-08
m PERMEABILITY REPORTED AS **l 1.7E-08 |cm/sec *x
: DATE 11/14/2011
REVIEW MB

Golder Associates Inc.
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h Boring = #2 Boring = #2 Boring = #2
Sample # = 4A Sample # = 4A Sample # = 3A
z Depth (f) = 5.0-7.0 Depth (f) = 5.0-7.0 Depth (ft) =  10.0-12.0
Point#= 1 (staged) Point# = 2 (staged) Point # = 3
m Initial Initial Initial
E Length = 15.50 cm Length = 14.71 cm Length = 17.10 cm
Diameter = 7.30 cm Diameter = 7.47 cm Diameter = 7.27 cm
: Wet Weight = 1356.60 g Wet Weight = 135660 g Wet Weight = 1398.00 g
Area= 419  cm’ Area = 438  cm’ Area= 415  cm’
u- Sample Area = 6.49  in® Sample Area = 6.79 in® Sample Area = 643 in’
o Volume= 6487 cm’ Volume= 6447 cm’ Volume=  709.8 cm’
a Moisture Content = 13.6% Moisture Content = 13.6% Moisture Content = 13.0%
Specific Gravity = na Specific Gravity = na Specific Gravity = na
Dry Weight of Solids = 1194.19 g Dry Weight of Solids = 119419 g Dry Weight of Solids = 1237.17 g
m Wet Unit Weight= 209 g/em’ Wet Unit Weight= 210 glem® Wet Unit Weight= 1.97  glem’
Dry Unit Weight = 1.84  glem® Dry Unit Weight = 1.85 glem® Dry Unit Weight = 1.74  glem®
> Wet Unit Weight = 130.5 pcf Wet Unit Weight = 131.3 pcf Wet Unit Weight = 122.9 pcf
l I Dry Unit Weight = 114.9 pcf Dry Unit Weight = 115.6 pcf Dry Unit Weight = 108.8 pcf
: Cell Pressure = 65 psi Cell Pressure = 70 psi Cell Pressure = 90 psi
u- Back Pressure = 60 psi Back Pressure = 60 psi Back Pressure = 70 psi
: Confining Pressure = 5 psi Confining Pressure = 10 psi Confining Pressure = 20 psi
Notes: Undisturbed core sample
q Points 1 and 2 were staged
n Golder Associates Inc. Title:
m Denver, Colorado TRIAXIAL SHEAR TEST REPORT
Job Short Title: SAMPLE DATA AND CALCULATIONS
m' GRE/2011 STANTON STAT ENG SRVC/ND
: Sample Number: Reviewed: Date: Job Number: Figure:
Silt Fill TJS 12/7/11 113-81645




g vs. Strain
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Golder Associates Inc. Title:

Denver, Colorado C-U TRIAXIAL SHEAR DATA

Job Short Title: g AND EXCESS PORE PRESSURE PLOTS
GRE/2011 STANTON STAT ENG SRVC/ND

Sample Number: Reviewed: Date: Job Number: Figure:

Silt Fill TJS 12/7/11 113-81645 2
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Stress Path (p'-q) Plot
100
5 psi
— 10 psi
— 20 psi
75 N Failure Envelope
& 50
o
25 -
0 | | ' ‘
p’, psi

Stress Path Parameters

y'= 30.1 degrees
a'= 0.2 psi
Golder Associates Inc. Title:
Denver, Colorado C-U TRIAXIAL SHEAR DATA
Job Short Title: STRESS PATH PLOT
GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
Silt Fill TJS 12/7/11 113-81645
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Mohr's Circle Diagram
Effective Stress Parameters
5 psi
50 10 psi
20 psi
Failure Envelope
— = = - Failure Envelope (Eliminate -
10 psi point) -7 ’
K7} -7
o P
25 N . g - ’
0 T T T T T
0 10 20 30 40 50 60
c's, psSi

Effective Stress Shear Strength Parameters

¢'= 35.4 degrees
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c'= 0.2 psi
Golder Associates Inc. Title:
Denver, Colorado C-U TRIAXIAL SHEAR DATA
Job Short Title: MOHR'S CIRCLE DIAGRAM
GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
Silt Fill TJS 12/7/11 113-81645




Consolidated-Undrained Triaxial Lab Data
From: GOLDER ASSOCIATES INC.

h Project: GRE/2011 STANTON STAT ENG SRVC/ND
z Project Number: 113-81645
I.l.l Sample Number Silt Fill Effective Stress Analysis
E p'-q Plot
Effective Stress Analysis 50
‘ l 45 +
o ol
Point Number p' q
(psi) (psi) 35 y =0.5786x + 0.176
1 (staged) 152 9.1 R?=09708

[y 2 (staged) 30.2 18.4 % 30 |

3 28.0 15,5 "
> g 5
H K

tan(y") = 0.58 % 20 |
: a'= 0.2 psi o .

15 | .
u ¢o' = 354 degrees
m c'= 0.2 psi
10

q If eliminate the second point at 10 psi. S

tan(y') = 0.50
ﬁ a'= 15 psi 0 1 1 1 1
n 0 10 20 30 40 50

o' = 30.1 degrees p' at Failure, psi

m c'= 1.7 psi

Printed on: 12/15/2011 Golder Associates Inc. Silt Fill.xIsx




Consolidated-Undrained Triaxial Lab Data
From: GOLDER ASSOCIATES INC.

h Project: GRE/2011 STANTON STAT ENG SRVC/ND
z Project Number: 113-81645
I.l.l Sample Number Silt Fill Total Stress Analysis
E g Vvs. p-Ug
Total Stress Analysis 40
‘ I 35
® | 0|
a Point Number P-Uo a y = 0.3486x + 5.5667
(psi) (psi) R? = 0.6656

1 (staged) 12.9 9.1 = 20
[y 2 (staged) 27.9 184 a
> 3 347 155 S 2 |

= .
— & —
tan(y)=  0.35 ® 15 | .
: a= 5.6 psi . —
u = 204  degrees 10 .
m c= 5.9 psi
< a
If eliminate the second point at 10 psi.
tan(y) = 0.30 0 ‘ ‘ ‘
ﬁ a= 5.3 psi 0 10 20 30 40
n p-u,at Failure, psi
o= 17.2 degrees

m c= 55 psi

Printed on: 12/15/2011 Golder Associates Inc. Silt Fill.xIsx
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Consolidated-Undrained Triaxial Lab Data

From: GOLDER ASSOCIATES INC.

Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number:  113-81645

Mohr-Coulomb Failure Criteria:

@ =C'+o'tf tan(¢g')
ot = C + orf tan(g)

Where:
¢’, ¢ = effective and total stress cohesion intercepts

¢, ¢ = effective and total stress friction angles
7 = shear strength on the failure surface at failure

J’s, oy = effective and total normal stresses on the failure surface at failure

Stress Path Space:

00

. O'+Oh 0:+0s
2 = P=

q pP=— 2

Where:
g = maximum shear stress

p’, p = mean effective and total stresses
0’1, oy = effective and total axial stresses

0’3, oy = effective and total confining stresses

Stress Path Failure Criteria:

q=a+p'tan(y’)
q=a-+(p—uo)tan(y)
Where:
a’, a = intercepts of the g-axis in effective stress and total stress spaces

v, w=angles of the failure envelopes in effective stress and total stress spaces
g = maximum shear stress at failure

p’ = mean effective stress at failure

p-Uo = mean total stress at failure minus the initial pore pressure

The relationships between yand ¢and a and c are as follows:

tan(y) = sin(¢)
a =c cos(¢)

The relationships between ” and ¢’ and a’ and ¢’ are as follows:

tan(y’) = sin(¢")

a’ =c’ cos(¢’)

Printed on: 12/15/2011 Golder Associates Inc.

Silt Fill.xIsx
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FLOW PUMP #2
FLEXIBLE WALL PERMEABILITY
ASTM D 5084
METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE|GRE/2011 STANTON STAT ENG SRVC/ND BOARD # 2 COMMENTS|1. Water used as permeant
PROJECT NUMBER|113-81645 CELL # 5 2. Specific gravity is assumed
SAMPLE ID|Silt Fill (#2 /3A @ 10-12") -- Flow Pump Speed 6 3. Sample was sheared after permeability test performed
SAMPLE TYPE]|Inplace Technician PRH

Sample Data, Initia Sample Data, Final

Height, cm 17.10 B-Value, f 95.0 Height, cm Trimmings Sample
Diameter, cm 7.27 Cell Pres. (psi) 80.0 Diameter, cm WATER CONTENTS Initial Final
Area, cm? 4151 Bot. Pres. (psi) 70.0 Area, cm? 0.00 Wt Soil & Tare, i g 392.67
Volume, cm®|  709.83 Top Pres. (psi) 70.0 Volume, cm®|  0.00 Wt Soil & Tare, f g 362.08
Mass, g| 1398.00 Eff. Stress (psi) 10.0 Mass, g Wt Tare g 126.70
Moisture Content, % 13.0 Head, max. 85 Moisture Content,%| #DIV/0! Wt Moisture Lost g 30.59 0.00
Dry Density, pcf 108.8 Head, min. 82 Dry Density, pcf| #DIV/0! Wt Dry Soil g 235.38 0.00
Spec. Gravity 2.70 Max. Grad. 4.97 Volume Solids, cm®[  #DIv/0! Water Content % 13.0% #DIV/0!
Volume Solids, cm®|  458.23 Min. Grad. 4.80 Volume Voids, cm®|  #DIV/0!
Volume Voids, cm®|  251.60 Void Ratio| #DIV/0!
Void Ratio 0.55 Saturation, %| #DIV/0! DESCRIPTION
Saturation, %| 63.9% -
Flow Pump Rate cm3/sec

DATE/TIME dt TEMP Speed Speed DH L A i q v Permeability
(min) (°C) (1-12) Coeff. (cm) (cm) (sz) (Gradient)) (cmslsec) (cm/sec) (cm/sec)
12/4/11 12:45
12/4/11 13:00 15 20.7 6 1 82 17.10 41.51 4.80 5.5E-04 | 1.3E-05 2.8E-06
12/4/11 13:15 30 20.7 6 1 85 17.10 41.51 4.97 5.5E-04 1.3E-05 2.7E-06
12/4/11 13:30 45 20.7 6 1 84 17.10 41.51 4.91 5.5E-04 | 1.3E-05 2.7E-06
12/4/11 13:45 60 20.7 6 1 84 17.10 41.51 491 5.5E-04 1.3E-05 2.7E-06

PERMEABILITY REPORTED AS **l 2.7E-06 |Cm/sec **
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DATE 12/4/2011

REVIEW

Golder Associates Inc.



NATURAL CLAY
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h Boring # = Natural Clay # 1 Boring # = Natural Clay # 1 Boring # = Natural Clay # 1
Sample # = 5A Sample # = 5A Sample # = 5B
z Depth (ft) = 20.0-22.0 Depth (ft) =  20.0-22.0 Depth (ft) =  20.0-22.0
m Point # = 1 (staged) Point#= 2 (staged) Point # = 3
Initial Initial Initial
E Length = 15.15 cm Length = 15.15 cm Length = 15.40 cm
Diameter = 7.29 cm Diameter = 7.29 cm Diameter = 7.28 cm
:. Wet Weight= 124740 g Wet Weight = 1247.40 g Wet Weight = 121630 g
Area = 4.7 cm? Area= 417 o’ Area= 416 cm’
u' Sample Area = 6.47 in” Sample Area = 6.47 in’ Sample Area = 6.45 in”
o Volume = 632.3 cm® Volume= 6323 cm’ Volume= 6410 cm’
a Moisture Content = 25.8% Moisture Content = 25.8% Moisture Content = 25.8%
Specific Gravity = - Specific Gravity = - Specific Gravity = -
Dry Weight of Solids = 991.57 g Dry Weight of Solids = 99157 g Dry Weight of Solids=  966.85 g
m Wet Unit Weight = 1.97 glem® Wet Unit Weight=  1.97  g/em® Wet Unit Weight=  1.90  g/em’
Dry Unit Weight = 1.57 glem® Dry Unit Weight = 1.57 glem® Dry Unit Weight = 151  glem®
> Wet Unit Weight = 123.1 pcf Wet Unit Weight = 123.1 pcf Wet Unit Weight = 118.4 pcf
H Dry Unit Weight = 97.9 pcf Dry Unit Weight = 97.9 pcf Dry Unit Weight = 94.1 pcf
: Cell Pressure = 37 psi Cell Pressure = 45 psi Cell Pressure = 70 psi
u Back Pressure = 30 psi Back Pressure = 30 psi Back Pressure = 40 psi
Confining Pressure = 7 psi Confining Pressure = 15 psi Confining Pressure = 30 psi
u Notes: Visually observed as dark olive brown silty clay.
q Intact sample; ends trimmed flush
Rate of strain = 4.364%/hour; tsy = 5.5 minutes.
Points 1 and 2 were staged.
¢ Point 2 lost cell pressure during test; results shown to 12.4% strain
n Golder Associates, Inc. Title:
m Denver, Colorado TRIAXIAL SHEAR TEST REPORT
Job Short Title: SAMPLE DATA AND CALCULATIONS
m GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
: Natural Clay # 1/ 5A and 5B TJS 12/13/11 113-81645




g vs. Strain
25 :
— 7 psi
20 | —— 15 psi
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15 -
8
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0 T T T 1
z 0% 5% 10% 15% 20% 25%
m Strain
=| Excess Pore Pressure vs. Strain
O 25 .
o —7 psi
g | —— 15 psi
a 9_; 20 —30psi
2
g 15 |
Ll £
:-_. 5 10 -
[a
et 2 .|
.- P
L
@) 0o T . | |
: 0% 5% 10% 15% 20% 25%
d Strain
ﬂ Golder Associates, Inc.  [Title:
n_ Denver, Colorado C-U TRIAXIAL SHEAR DATA
m Job Short Title: g AND EXCESS PORE PRESSURE PLOTS
GRE/2011 STANTON STAT ENG SRVC/ND
m Sample Number: Reviewed: Date: Job Number: Figure:
: Natural Clay # 1/ 5A and 5B TJS 12/13/11 113-81645 2




Stress Path (p'-q) Plot

100

90 - 7 psi
— 15 psi

80 ——30psi

Failure Envelope

60 -

g, psi
o
o

40 -

30 -

10 -

0 20 40 60 80 100

p’, psi

Stress Path Parameters

y'= 27.3 degrees
a'= 0.8 psi
Golder Associates, Inc. Title:
Denver, Colorado C-U TRIAXIAL SHEAR DATA
Job Short Title: STRESS PATH PLOT
GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
Natural Clay # 1/ 5A and 5B TJS 12/13/11 113-81645
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Mohr's Circle Diagram
Effective Stress Parameters
60
— 7 psi
50 | — 15 psi
— 30 psi
Failure Envelope
40 -
k%)
2 30 1
e
20
10
0 T T T T T
0 10 20 30 40 50 60
o'y, psi

Effective Stress Shear Strength Parameters

¢'= 31.1 degrees

c'= 09 psi

Golder Associates, Inc. Title:

Denver, Colorado C-U TRIAXIAL SHEAR DATA
Job Short Title: MOHR'S CIRCLE DIAGRAM
GRE/2011 STANTON STAT ENG SRVC/ND
Sample Number: Reviewed: Date: Job Number: Figure:
Natural Clay # 1/ 5A and 5B TJS 12/13/11 113-81645
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Consolidated-Undrained Triaxial Lab Data
From: GOLDER ASSOCIATES INC.

h Project: GRE/2011 STANTON STAT ENG SRVC/ND
z Project Number: 113-81645
I.l.l Sample Number Natural Clay # 1/ 5A and 5H Effective Stress Analysis
E p'-q Plot
Effective Stress Analysis 16
) |
Point Number P q 12 | y=05171x + 0.7903
. . R2=0.9985
n (psi) (psi)
1 (staged) 14.7 8.4 10 -

[y 2 (staged) 26.0 14.1 @

3 24.1 134 "
> e
= T

tan(y)= 052 %
: a'= 0.8 psi o 6
u ¢o' = 31.1 degrees 4 |
m c'= 0.9 psi
- 4 2.
ﬂ 0 ‘ ‘ ‘ ‘ ‘

0 5 10 15 20 25 30

n p' at Failure, psi

Printed on: 12/15/2011 Golder Associates, Inc. Natural Clay.xIsx




Consolidated-Undrained Triaxial Lab Data
From: GOLDER ASSOCIATES INC.

Printed on: 12/15/2011

Golder Associates, Inc.

h Project: GRE/2011 STANTON STAT ENG SRVC/ND
z Project Number: 113-81645
I.l.l Sample Number Natural Clay # 1/ 5A and 5H Total Stress Analysis
E g vs. p-Ug
Total Stress Analysis 16
‘ '- 14 + . s
o y =0.1797x + 6.6109 e
12 + R2=0.6389 ///
n Point Number p-Uo q ///
(psi) (psi) -
1 (staged) 15.9 8.4 = 07 s
[y 2 (staged) 29.7 141 a
> 3 43.6 13.4 e g .
=

— k

tan(y)=  0.18 T 6 -
: a= 6.6 psi <
u = 10.4 degrees 4
m c= 6.7 psi
< a

O T T T T

ﬁ 0 10 20 30 40 50
n p-u,at Failure, psi

Natural Clay.xlIsx
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Consolidated-Undrained Triaxial Lab Data

From: GOLDER ASSOCIATES INC.

Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number:  113-81645

Mohr-Coulomb Failure Criteria:

@ =C'+o'tf tan(¢g')
ot = C + orf tan(g)

Where:
¢’, ¢ = effective and total stress cohesion intercepts

¢, ¢ = effective and total stress friction angles
7 = shear strength on the failure surface at failure

J’s, oy = effective and total normal stresses on the failure surface at failure

Stress Path Space:

00

. O'+Oh 0:+0s
2 = P=

q pP=— 2

Where:
g = maximum shear stress

p’, p = mean effective and total stresses
0’1, oy = effective and total axial stresses

0’3, oy = effective and total confining stresses

Stress Path Failure Criteria:

q=a+p'tan(y’)
q=a-+(p—uo)tan(y)
Where:
a’, a = intercepts of the g-axis in effective stress and total stress spaces

v, w=angles of the failure envelopes in effective stress and total stress spaces
g = maximum shear stress at failure

p’ = mean effective stress at failure

p-Uo = mean total stress at failure minus the initial pore pressure

The relationships between yand ¢and a and c are as follows:

tan(y) = sin(¢)
a =c cos(¢)

The relationships between ” and ¢’ and a’ and ¢’ are as follows:

tan(y’) = sin(¢")

a’ =c’ cos(¢’)

Printed on: 12/15/2011 Golder Associates, Inc.

Natural Clay.xIsx
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FLOW PUMP #2
FLEXIBLE WALL PERMEABILITY
ASTM D 5084
METHOD D, CONSTANT RATE OF FLOW

PROJECT TITLE|GRE/ 2011 STANTON STAT ENG SRVC/ ND BOARD # 4 COMMENTS|1. Water used as permeant
PROJECT NUMBER|113-81645 CELL # TX3 2. Specific gravity is assumed
SAMPLE ID|Natural Clay (#1 /5B @ 20-22") -- Flow Pump Speed 11 3. Sample was too soft to take final measurements accurately.
SAMPLE TYPE]|Inplace Technician RIJM

Sample Data, Initia Sample Data, Final

Height, cm 15.40 B-Value, f 97.0 Height, cm 12.40 Trimmings Sample
Diameter, cm 7.28 Cell Pres. (psi) 47.0 Diameter, cm WATER CONTENTS Initial Final
Area, cm? 41.62 Bot. Pres. (psi) 40.0 Area, cm? 0.00 Wt Soil & Tare, i g 388.84 1286.8
Volume, cm®|  641.02 Top Pres. (psi) 40.0 Volume, cm® 0.00 Wt Soil & Tare, f g 326.15 1061.30
Mass, g| 1216.30 | Eff. Stress (psi) 7.0 Mass, g| 1204.50 Wt Tare g 83.17 82.83
Moisture Content, % 25.8 Head, max. 114 Moisture Content,% 23.0 Wt Moisture Lost g 62.69 225.50
Dry Density, pcf 94.1 Head, min. 111 Dry Density, pcf| #DIV/0! Wt Dry Soil g 242.98 978.47
Spec. Gravity 2.70 Max. Grad. 7.40 Volume Solids, cm®[  362.56 Water Content % 25.8% 23.0%
Volume Solids, cm® 358.09 Min. Grad. 7.21 Volume Voids, cm®|  -362.56
Volume Voids, cm®|  282.93 Void Ratio| ~ -1.00
Void Ratio 0.79 Saturation, %| -62.2% DESCRIPTION
Saturation, %| 88.2% -
Flow Pump Rate cm3/sec

DATE/TIME dt TEMP Speed Speed DH L A i q v Permeability
(min) (°C) (1-12) Coeff. (cm) (cm) (sz) (Gradient)) (cmslsec) (cm/sec) (cm/sec)
12/9/11 11:30
12/9/11 11:45 15 20.7 11 1 114 15.40 41.62 7.40 1.4E-05 | 3.4E-07 4.5E-08
12/9/11 12:00 30 20.7 11 1 112 15.40 41.62 7.27 1.4E-05 3.4E-07 4.6E-08
12/9/11 12:15 45 20.7 11 1 113 15.40 41.62 7.34 1.4E-05 | 3.4E-07 4.6E-08
12/9/11 12:30 60 20.7 11 1 111 15.40 41.62 7.21 1.4E-05 3.4E-07 4.7E-08

PERMEABILITY REPORTED AS **l 4.6E-08 |Cm/sec **
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DATE 12/9/2011

REVIEW

Golder Associates Inc.
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Subject Made by Job No.
GRE - Stanton Station JJS 123-81645
ok Addendum to Stability Checked by Date
A Gold Evaluation of Bottom Ash 3/16/2012
» Aporcb e Surface Impoundment CCS
Associates P
Addendum
. . . Approved by Sheet No.

Seismic Stability Evaluation TIS 10of5

OBJECTIVE:
Evaluate the seismic (pseudo-static) stability of the Bottom Ash Surface Impoundment at Great River
Energy’s (GRE) Stanton Station (SS).

METHOD:

Due to the low potential for seismic activity at the site, a pseudo-static analysis was deemed appropriate.
Seismic slope stability analyses were performed using the seismic stability method recommended in the
Environmental Protection Agency’'s (EPA) “Resource-Conservation and Recovery Act (RCRA) Subtitle D
(258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities” document (EPA 1995) and
the slope stability analysis computer program SLIDE. Factors of safety were computed for circular slip

surfaces using Spencer’s method for force and moment equilibrium to determine limiting conditions.

ASSUMPTIONS:

Site

Stanton Station, located in central North Dakota, is in an area with low historic seismic activity. No
earthquakes of Magnitude V (i.e. Moderate-Strong) or greater (Mercalli intensity scale) have occurred in
North Dakota during historical times (USGS 1975). Additionally, the site is not in a “seismic impact zone”
based on RCRA Subtitle D regulations for municipal solid waste landfills (40 CFR 258.14). The peak
ground acceleration with a 2% probability of exceedance in 50 years is estimated between 0.02 g and
0.03 g (USGS 2008, see Attachments).

Underlying CCP Materials

The Bottom Ash Surface Impoundment is constructed over the former “A” ash pond which received coal
combustion products (CCPs) from Stanton Station until 1992. From 1992 to 1995, ash was removed from
this area and hauled to the Glenharold Mine disposal area and the “BC” ash pile. Following removal of
ash, berms were constructed and/or extended and a composite liner was installed for the Bottom Ash
Surface Impoundment. Based on our review of this site history, the Bottom Ash Surface Impoundment is

not built over wet ash or other unsuitable materials.

J:\12J0BS\123-81645 GRE SS\Seismic Evaluation\SeismicStabilityAddendum.docx
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A Gold Evaluation of Bottom Ash 3/16/2012
» Aporcb e Surface Impoundment CCS
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. . . Approved by Sheet No.

Seismic Stability Evaluation TIS 20f5

Geometry
The cross sections through the Bottom Ash Surface Impoundment remain unchanged from the initial

Stability Evaluation. The description of each cross section is provided subsequently for completeness.

The cross sections that were evaluated for stability are the north/south, west, and east downstream
(outside) slopes, and the upstream (interior) slope (Figure 1). Two scenarios for each cross section were
evaluated. The first scenario examined the stability for an intact geomembrane and the second analysis
examined the stability if no geomembrane is present and seepage progresses through the berm. A total

of eight stability scenarios were analyzed. The geometries of each cross section are as follows:

North and South Berms

The geometry of the north and south downstream slopes are the same; therefore, one stability analysis
was performed to examine both downstream slopes. The stability of the downstream slopes was
examined according to design grades. The design indicates a 20-foot wide crest at an elevation of
1720 feet with 3:1 side slopes to approximately 1700 feet. Grades from a 2001 aerial survey were used
to confirm the design slope geometry. The cross section for the north and south downstream slope is

shown on Figures 2 and 3.

West Berm

The west downstream slope has a design crest width of 20 feet at an elevation of 1720 feet and extends
at an approximate 3:1 slope down to an elevation of approximately 1700 feet. This section geometry was
also verified with grades from the 2001 aerial survey. The cross section for the west downstream slope is

shown on Figures 4 and 5.

East Berm

The east downstream slope has a design crest width of 20 feet at an elevation of 1720 feet and extends
at an approximate 3:1 slope down to an elevation of 1715 feet. The original design includes a 4-foot wide
bench at elevation 1715 then a 3:1 slope down to an elevation of approximately 1700 feet. Site
observations, as-built drawings and sections developed using the 2001 aerial survey do not match the
design geometry. The bench at elevation 1715 is substantially wider than the design and was modeled

as 20 feet. The cross section for the east downstream slope is shown on Figures 6 and 7.

J:\12J0BS\123-81645 GRE SS\Seismic Evaluation\SeismicStabilityAddendum.docx
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Seismic Stability Evaluation TIS 30f5

Upstream (Interior) Berm

The upstream slope has an approximate 3:1 slope from elevation 1720 feet down to elevation 1702 feet.
This section geometry was verified with the as-built drawings and grades from the 2001 aerial survey.
The cross section for the upstream slope is shown on Figures 8 and 9. Analysis of the upstream slope
did not evaluate bottom ash on the smooth geomembrane, but focused on the underlying clay liner and

berm.

Groundwater Information

Groundwater generally flows north under the Bottom Ash Surface Water Impoundment toward the
Missouri River. Groundwater is typically less than 10 feet below the final construction grades of the
Impoundment and is at an approximate elevation of 1700 feet amsl near the South Cell and 1690 near
the North Cell (Barr 2011). Water elevations observed in piezometers P-1 and P-2 directly after well
construction were: 1,698.3 feet above mean sea level (ft amsl) at P-1 and 1,695.9 ft amsl at P-2. The
flux of water from the impoundment to the groundwater is expected to be minimal since the impoundment
is lined. For the analyses, the groundwater is conservatively modeled at the base of the constructed

embankments.

Seismic Load Coefficient

The peak (bedrock) ground acceleration with a 2% probability of exceedance in 50 years was
conservatively chosen as 0.03 g (USGS 2008, see Attachments). A peak ground surface acceleration of
0.05 g was determined from recommendations presented by the EPA (EPA 1995). Per the seismic
stability method (EPA 1995), a seismic load coefficient equal to one-half the peak ground surface

acceleration (0.05 g/ 2 = 0.025 g) was chosen.

Material Properties

Static material properties (and material testing results) are provided in Golder's Stability Evaluation of
Bottom Ash Surface Impoundment Report (dated May 16, 2011) and Addendum (dated December 22,
2011). Per the seismic stability method (EPA 1995), fine grained soils (natural soil, historic embankment
fill, and new embankment fill), were assigned strength parameters corresponding to 80 percent of the

total stress strength parameters:

B The Historic Embankment Fill was assigned strength parameters based on laboratory
testing of the silty sand (SM) predominantly found in the fill. The results (with the 80
percent reduction) were cohesion of 630 psf and a friction angle of 14 degrees.

J:\12J0BS\123-81645 GRE SS\Seismic Evaluation\SeismicStabilityAddendum.docx
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B The Natural Soil was observed to contain clay, silt, and sand. Strength parameters for
this material were based on laboratory testing of clay (CH) material collected from the site
with the strength envelope intercepting at zero with zero confining pressure to
conservatively model the effects of sand layers. A shear/normal function (with the 80
percent reduction) was used to describe the shear strength of the material and is shown
below:

ASSUMED DYNAMIC
STRENGTH ENVELOPE

Normal Stress | Sheer Strength
(psf) (psf)
0 0
2,188 1,094
14,400 2,879

B The New Embankment Fill and Compacted Fill were assumed to be the same material,
and this clay was assigned strength parameters based on laboratory testing of a fat clay
(CH) sample collected from the site. The results (with the 80 percent reduction) were
cohesion of 470 psf and a friction angle of 15.5 degrees.

The geomembrane interface strength parameters were not modified for pseudo-static stability conditions

based on recommendations in documentation provided by the EPA (1995).

B Geomembrane interface inputs are based on previous experience by Golder and
published values. The interfaces of interest are a smooth HDPE against Compacted Fill
(Glenharold Mine clay) and smooth HDPE against bottom ash. The geomembrane/clay
interface is more critical than the geomembrane/bottom ash interface; therefore, the
geomembrane/bottom ash interface will not be included in analyses. A residual friction
angle of 7.5 degrees and a residual adhesion intercept of approximately 190 psf are used
for the smooth HDPE/compacted fill interface in stability analyses. These values are
considered conservative and are appropriate for use in the Stanton Station stability
analyses.

A summary of the static and pseudo-static material properties is provided in Table 1.

RESULTS:
Golder performed seismic stability analyses using SLIDE. Factors of safety were computed for circular
slip surfaces using Spencer’s method for force and moment equilibrium. Results of stability analyses are

presented in Figures 2-9.
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A summary of factors of safety calculated for each scenario are provided in the following table:

J:\12J0BS\123-81645 GRE SS\Seismic Evaluation\SeismicStabilityAddendum.docx
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Static Factor Dynamic
Description Geomembrane Water Level Factor of
of Safety
Safety
Intact 1720 ft. 2.4 2.2
North/South .
None Phreatic Surface through Berm 2.3 2.2
Intact 1720 ft. 2.4 2.1
West -
None Phreatic Surface through Berm 2.4 2.1
Intact 1720 ft. 2.4 25
East -
None Phreatic Surface through Berm 2.4 2.5
Intact No Water 3.0 25
Upstream
None No Water, Saturated Berm 19 2.5

For civil engineering structures subjected to seismic loads, a factor of safety greater than or equal to 1.0
is desired in accordance with EPA recommendations (EPA 1995). All of the scenarios evaluated have a
factor of safety greater than or equal to 1.0 and are expected to remain stable under the anticipated
seismic loading conditions. Based on the maximum ground acceleration expected at this site and stability

analysis results, significant deformations are not expected.

REFERENCES

Earthquake Information Bulletin, Volume 7, Number 6, November - December 1975 (USGS 1975).
Accessed 2/23/12: http://earthquake.usgs.qgov/earthquakes/states/north _dakota/history.php.

Resource-Conservation and Recovery Act (RCRA) Subtitle D (258) Seismic Design Guidance for
Municipal Solid Waste Landfill Facilities, published by Environmental Protection Agency, (EPA 1995).

Electronic Code of Federal Regulations, 40 CFR 258.14. Accessed 2/24/12: http://ecfr.gpoaccess.gov.

National Seismic Hazard Maps — 2008 (USGS 2008).
Accessed 2/23/12: http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/
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March 2012 123-81645

Table 1: Material Properties

CoH:glrJ?:ltjil\l/(i:ty Moisture / Density : Shear Strength :
Static Dynamic

Ksat Ydry o Ywet o (sat) Vsat $'/8 c'/a /8 cla

cm/sec pcf % pcf % pcf degrees psf degrees psf

Historic Embankment Fill - Silt 3.0E-06 112.0 11.0 124 19.0 133 30.0 100 14.0 630
Natural Soil - Silt/Clay 3.0E-06 104.0 - - 19.0 124 30.0 100 Sheer/Normal Fx
New Embankment Fill - Clay from Glenharold Mine 2.0E-08 100.0 23.0 123 28.0 128 30.0 200 15.5 470
Compacted Fill — Clay from Glenharold Mine 2.0E-08 100.0 23.0 123 28.0 128 30.0 200 15.5 470
Smooth HDPE / Clay 2.0E-13 NA NA NA NA NA 7.5 190 7.5 190
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