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1. INTRODUCTION 

1.1 Purpose 

This Facility Closure Plan (Plan) has been prepared by Geosyntec Consultants, Inc. (Geosyntec) 
on behalf of Talen Montana, LLC (Talen) pursuant to Article IX of the “Administrative Order on 
Consent Regarding Impacts Related to Wastewater Facilities Comprising the Closed-Loop System 
at Colstrip Steam Electric Station, Colstrip Montana” (AOC) [MDEQ 2012]. The AOC was 
entered between Talen, the successor of PPL Montana, LLC, and the Montana Department of 
Environmental Quality (MDEQ or the Department) in August 2012.  

The AOC for Colstrip Steam Electric Station (CSES or the Station) applies to three areas: 

i. Areas at and downgradient of Units 1&2 Stage I and Stage II evaporation ponds northwest 
of the main plant site (SOEP/STEP Site); 

ii. Areas at and downgradient of the main plant site (Plant Site); and 

iii. Areas at and downgradient of Units 3&4 effluent holding ponds southeast of the main 
plant site (EHP Site). 

Article IX of the AOC requires a Facility Closure Plan be developed for each of the three areas (or 
sites). Figure 1 depicts the locations of the three sites. All wastewater facilities identified in 
Attachment A of the AOC will be addressed in one of the three plans. Table 1 replicates the 
facilities listed in Attachment A of the AOC and notes which plan addresses each facility. This 
Facility Closure Plan is for the SOEP/STEP Site. The Plant Site and the EHP Site will be addressed 
in separate facility closure plans.  

1.2 Scope 

This Plan specifically addresses the AOC Article IX requirements for the SOEP/STEP Site 
including: (1) provisions for control, minimization, or elimination, to the extent necessary to 
protect human health and the environment, of post-closure escape of Constituents of Interest 
(COIs) to the environment; (2) proposed actions to inform and obtain input from the community 
consistent with AOC Article V – Public Participation; and (3) cost estimates for closure and post-
closure care. Closure of all CCR units will occur in compliance with the criteria for closure set 
forth in 40 CFR 257.102. 

The requirements of the written closure plan (Appendix A) and post-closure plan (Appendix B) 
for existing impoundments prepared by Geosyntec [2016a, 2016b], serve as the baseline for this 
Plan for the SOEP/STEP Site. 
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It is noted that detailed design plans for each impoundment will be developed and submitted to 
MDEQ prior to initiating closure of the respective impoundment.  

1.3 Plan Updates 

This Plan will be updated either every five years or when a major change or modification is made 
to the facility, per the requirement of AOC Article IX.E. 

2. BACKGROUND 

2.1 Facility Location 

The CSES is a coal-fired steam electric generating facility partially owned and operated by Talen. 
The Station is located near the City of Colstrip, which lies within Rosebud County in south central 
Montana, approximately 90 miles east of Billings, Montana. An aerial location map of the CSES 
is shown in Figure 1. Figure 2 presents the location of the SOEP/STEP Site on United States 
Geologic Survey (USGS) 7 ½ minute topographic quadrangle maps [USGS 2014]. 

2.2 SOEP/STEP Site Description 

The SOEP/STEP Site contains several impoundments (or ponds) used for disposal of flyash 
scrubber slurry from Units 1 and 2. The SOEP/STEP impoundments can also be used to store 
captured groundwater and stormwater runoff for reuse. The SOEP/STEP Site is located 
approximately 2 miles northwest of the Plant Site. The impoundments within the STEP Site are 
identified on Figure 3. The SOEP is located southwest of STEP A Cell, as shown on Figure 2. 
Table 2 summarizes the historic and current process wastewater impoundments at the SOEP/STEP 
Site. Details of the construction history of the individual impoundments can be found in the 
“Colstrip Steam Electric Station History of Construction” prepared by Geosyntec [Geosyntec 
2016c]. 

When CSES Units 1 and 2 were constructed in 1975, the SOEP was constructed to manage CCR 
wastes and wastewater associated with plant processes. The STEP was constructed later in 1992 
directly down drainage from the SOEP and started receiving slurry in 1994. Through the 3-mile 
scrubber pipeline, scrubber slurry generated from Units 1 and 2 is transported hydraulically to the 
STEP, and decant water is pumped back to the plant for reuse or evaporation. The scrubber slurry 
is currently received at the paste plant building at the STEP Site, where approximately 90 percent 
of the available free water in the flyash scrubber slurry is removed prior to disposal in ponds. 
Decant water is routed to the STEP New Clearwell (B Cell) and then returned to the scrubbers for 
reuse [Hydrometrics 2016]. 
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2.3 CCR Rule 

Since 2014, Talen has undertaken a significant effort to implement operational changes to the 
means and methods for managing water and waste at CSES. These actions are largely due to the 
promulgation of the United States Environmental Protection Agency’s (USEPA’s) Final Rule for 
regulation of CCR under Subtitle D of the Resource Conservation and Recovery Act (RCRA), 
hereafter referred to as “the CCR Rule” or “the Rule” [USEPA 2015], and the requirements of the 
AOC. These operational changes also reflect the shutdown of Units 1 and 2 no later than 1 July 
2022, the Units 3 and 4 bottom ash dewatering system in service no later than 31 December 2018, 
and non-liquid disposal of CCR at the EHP by 1 July 2022.  The CCR Rule requirements for 
closure and post-closure are summarized in Tables 3 and 4, respectively and the Written Closure 
Plan and Written Post-Closure Plan that were prepared to comply with the CCR Rule are included 
as Appendices A and B, respectively. 

3. HEALTH AND ENVIRONMENTAL PROTECTION 

3.1 SOEP/STEP Site Closure Plan 

To provide for control, minimization, or elimination, to the extent necessary to protect human 
health and the environment, of post-closure impact of COIs to the environment, this Plan identifies 
the closure process for each of the wastewater facilities at the SOEP/STEP Site including each 
impoundment regulated by the CCR Rule (previously prepared [2016b, 2016c]). Many factors, 
including the current use of the impoundment and potential future uses of the space above the 
closed impoundment (e.g., for a new impoundment or stormwater storage), were considered when 
developing the closure plan and post-closure plan for each impoundment. The CCR Rule and AOC 
do not differentiate between closure requirements for impoundments storing wastewater or solids.  
Impoundments not regulated by the CCR Rule will be similarly closed by: (i) application of a final 
cap system; (ii) removal of water prior to use as stormwater containment structures; or (iii) 
decommissioning, liner removal, and re-grading the impoundment area prior to reclamation with 
vegetation.  Prior to closure activities, surface water will be removed from the impoundments 
through evaporation or re-use in the plant operations. 

Some pore water will typically remain in lower levels of the impounded ash and will be capped 
along with the CCR.  Dewatering impounded ash, if necessary, will be conducted as part of the 
approved remedy and is not included in this Plan.  In the event that the approved remedy includes 
dewatering the ash in an impoundment, this work will be performed in a manner that will not 
impact the integrity of the closure design.  The water that is removed from the ash will be 
evaporated or returned to the plants for re-use.  For impoundments that are closed after the plants 
are no longer operational, water removed from the impoundments may be evaporated through the 
forced evaporation system or treated and discharged under a discharge permit, as required.  The 
CSES is expected to remain a zero-discharge facility at least until plant closure.  



 
 
 

 

 
 
ME1431/MD17152.SOEP_STEP Site Facility AOC Closure Plan  4 February 2019 
 

Additionally, pipelines will be drained and closed in place, and the associated drain pond will be 
decommissioned, removed, and the disturbed area will be reclaimed with vegetation.  CCR 
removed from the pipelines will be disposed in the final disposal impoundment at the STEP Site, 
which is anticipated to be D Cell. 

3.1.1 SOEP/STEP Wastewater Facility Closure 

Closure plans for the individual impoundments within the SOEP/STEP Site, the pipelines and the 
drain pit along the pipeline are described below. Table 2 summarizes these plans. 

SOEP 

The impoundment system at the SOEP/STEP Site began operating in 1975 [Hydrometrics 2016]. 
The SOEP, also referred to as Stage One Evaporation Pond in the AOC Attachment A, received 
scrubber slurry from the Plant Site Units 1&2 A/B Ponds between 1975 and 1997. The SOEP was 
constructed with the approximately 70-foot high Stage I Main Dam and a partial liner consisting 
of natural clay. The Stage I Main Dam was constructed with chimney drains, a blanket drain, and 
a toe drain. Water from those drains was routed to a sump that returned seepage water to the SOEP 
[Hydrometrics 2016]. Being full in 1997, the SOEP was closed with an MDEQ approved soil cap. 
The reclamation program for this impoundment was completed in 2002 with an engineered 
evapotranspiration cover to reduce infiltration.  

STEP 

The STEP was constructed in 1992 directly down drainage (east) from the SOEP (Figure 3) and 
started receiving slurry in 1994. The STEP was constructed via the Stage II Main Dam that is 
approximately 88 feet high. The Stage II Main Dam was constructed with a central core grout 
curtain that extends horizontally along the entire length of the dam, and vertically through the 
alluvium where it is keyed into the underlying siltstone. The Stage II Main Dam was constructed 
with chimney drains and toe drains that are routed to a sump that conveys seepage water to E Cell 
[Hydrometrics, 2016]. The STEP currently consists of five impoundments, including A Cell, B 
Cell (New Clearwell), D Cell, E Cell, and Old Clearwell. STEP C Cell was designed to be north 
of E Cell, but will not be constructed. 

STEP A Cell 

STEP A Cell is full and no longer receives scrubber slurry, captured groundwater or process water. 
A Cell was constructed in 1992 and was lined with 60-100 -mil HDPE geomembrane over the 
compacted liner subgrade. The footprint of A Cell is 42.1 acres.  In 2020, A Cell is planned to be 
closed by capping CCR in place.  A Type IV final alternative cover system shown in Figure 4 will be 
constructed over the entire area of the cell.  A geocomposite drainage layer and/or a geotextile cushion 
may be added to the cover system during the design phase if deemed necessary.  The criteria for 
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evaluating whether a geocomposite drainage layer and/or a geotextile cushion will be needed are 
provided in Section 3.1.2 of this Plan. 

STEP B Cell 

STEP B Cell (16.8 acres) was designed to store clearwater from the paste process and serve as 
pond return water for the scrubbers.  To provide for future double-lined clearwell operation and 
additional volume to store process water, B Cell was constructed using a double-liner system with a 
liquid collection system placed in between and under the liners in 2006. In 2011, after the paste plant 
was in operation, B Cell was converted to the STEP New Clearwell where the decant water was 
returned to the scrubbers for re-use. When there is no longer the need for decant water reuse, B Cell 
will be dewatered by using it at the Units 3&4 scrubbers, by forced evaporation at the 3&4 EHP, or 
through a treatment system; the geomembrane liner will then be cleaned, and then used for 
stormwater management at the SOEP/STEP Site. Seepage analysis was performed to evaluate the 
infiltration through B Cell during the post-closure period. The pond is assumed to be dewatered and 
left dry when closed. The city of Billings, Montana was selected for weather data inputs, including 
evapotranspiration, precipitation, temperature and solar radiation data. Using these data inputs, the 
30-year average annual percolation through B Cell is approximately 7.9×10-4 gallons per minute 
over the entire area of the impoundment (assuming some flaws in the geomembrane liner).  The 
stormwater stored in the pond will evaporate quickly under the site conditions and the estimated 
average water head in the pond is 0.016 inches.  The seepage analysis is included as Appendix C. 

STEP D Cell 

In 2011, STEP D Cell (25.7 acres) was constructed to provide additional volume for paste disposal 
and water as needed. D Cell was constructed using a RPP double-liner system with a liquid 
collection system placed in between and under the liners. D Cell has not received CCR material, but 
if it does prior to Units 1&2 shutdown, D Cell is planned to be closed in accordance with the 
requirements of the CCR Rule by capping CCR in place in 2023.   A Type IV final alternative cover 
system shown in Figure 4 will be constructed over the entire area of the cell.  A geocomposite drainage 
layer and/or a geotextile cushion may be added to the cover system during the design phase if deemed 
necessary.  The criteria for evaluating whether a geocomposite drainage layer and/or a geotextile 
cushion will be needed are provided in Section 3.1.2 of this Plan. 

STEP E Cell 

STEP E Cell (46.8 acres) was constructed in 1992 and was lined with 100-mil HDPE 
geomembrane over the compacted liner subgrade. E Cell is currently the only STEP cell receiving 
paste from the paste plant. E Cell also receives water from the STEP Main Dam Sump. In 2022, E 
Cell is planned to be closed in accordance with the requirements of the CCR Rule by capping CCR 
in place.   A Type IV final alternative cover system shown in Figure 4 will be constructed over the 
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entire area of the cell.  A geocomposite drainage layer and/or a geotextile cushion may be added to 
the cover system during the design phase if deemed necessary.  The criteria for evaluating whether a 
geocomposite drainage layer and/or a geotextile cushion will be needed are provided in Section 3.1.2 
of this Plan. 

STEP Old Clearwell 

STEP Old Clearwell (10.9 acres), commissioned in 1992, was lined with 100-mil HDPE 
geomembrane over the compacted liner subgrade. The unit stores water and scrubber slurry. The 
Old Clearwell is planned to be filled with paste before its closure in 2022. Old Clearwell will be 
closed in accordance with the requirements of the CCR Rule by capping CCR in place.   A Type IV 
final alternative cover system shown in Figure 4 will be constructed over the entire area of the cell.  
A geocomposite drainage layer and/or a geotextile cushion may be added to the cover system during 
the design phase if deemed necessary.  The criteria for evaluating whether a geocomposite drainage 
layer and/or a geotextile cushion will be needed are provided in Section 3.1.2 of this Plan. 

Units 1&2 Scrubber Pipeline and North 1AD Drain Pond 

A three-mile pipeline was constructed to transport scrubber slurry from the scrubbers to the 
SOEP/STEP Site and return decant water to the scrubbers in 1975. The pipeline was originally 
lined-steel, and was changed out to two HDPE pipelines in 2001, one for scrubber slurry and one 
for return decant water. Along the pipelines, North 1AD Drain Pond is geosynthetic lined and 
periodically used to facilitate draining the pipelines during maintenance (see Appendix D for 
available plans).  The pipelines and the drain pit will be decommissioned once the SOEP/STEP 
Site is no longer in service. CCR material and water in the pipelines and the drain pit will be 
drained and transported to the final disposal ponds at the STEP Site. The pipelines will be closed 
in place. The geosynthetic liner in the drain pit will be removed and disposed in the disposal ponds 
at the STEP Site after removing the water. The drain pit will then be pushed in with soils to achieve 
the natural-appearing grade that blends the area into the surrounding landscape. The disturbed area 
will be reclaimed with vegetation.  After the liner is removed, soil samples will be collected from 
below the pond liner to determine if any soils that could act as sources of COIs to groundwater 
should be removed before the pond is reclaimed. 

3.1.2 Description of Final Cover System  

As discussed above, STEP A Cell, D Cell, E Cell and Old Clearwell closures will be designed in 
accordance with the requirements of the CCR Rule §257.102(d)(3)(ii) for an alternative final cover 
system (see Figure 4). A low-permeability final cover will be used to close all CCR Rule-regulated 
impoundments to control and reduce, to the extent feasible, post-closure infiltration of stormwater 
into the waste. The infiltration layer of the alternative final cover system will achieve an equivalent 
reduction in infiltration as the prescriptive final cover system such that the permeability of the final 
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cover system is less than or equal to the permeability of the bottom liner or natural subsoils present 
(or 1 × 10-5 cm/sec, whichever is less). The design of the final cover system will include an erosion 
layer that provides equivalent protection from wind or water erosion as an erosion layer that 
contains a minimum of six inches of earthen material capable of sustaining native plant growth.  

The final cover will be constructed of earthen and geosynthetic components that are sufficiently 
flexible to accommodate expected local differential settlements and subsidence. The design of the 
final cover system, lateral drainage layer, liquids collection system, and stormwater collection 
system are such that there will be no further impounding of water, sediment, or slurry in the closed 
impoundment. 

Quality control and quality assurance measures will be implemented at the time of final cover 
system construction to document that the final cover was constructed as designed to achieve and 
maintain slope stability and integrity throughout the closure and post-closure periods.  The specific 
closure design varies depending on the future use of the unit. For more details of the final cover 
system design for each pond, please see the written closure plan for existing impoundments 
[Geosyntec 2016a]. 

The future use of each pond will be considered when designing the final alternative cover system 
for construction at each pond. Figure 4 is a general schematic showing the components that may 
be included in the final cover system.  Engineering criteria will be used to determine if a 
geocomposite drainage layer and/or geotextile cushion are needed for each pond.  A geocomposite 
drainage layer will be used if the cap drainage model (e.g., HELP model) and cap veneer stability 
analysis shows that liquid buildup above the cap geomembrane is sufficient to lead to veneer 
instability of the cap.  Use of a geotextile will depend on the grain size distribution and angularity 
of the prepared subgrade material (CCR, primarily bottom ash) and the infiltration layer (clean fill).  
Analyses to evaluate the potential need for a geocomposite or geotextile will be performed as part of 
the detailed design process prior to impoundment closure.   

Final Alternative Cover System 

STEP A, D and E Cells, as well as Old Clearwell, will be closed with a Type IV final alternative 
cover design that includes (from top to bottom): 

 6-inch thick erosion layer capable of sustaining native plant growth;  
 12-inch thick layer of earthen material serving as an infiltration layer;  
 geocomposite drainage layer (where needed); 
 40-mil textured HDPE geomembrane; and 
 8-oz non-woven geotextile cushion (where needed). 

The geotextile cushion, when used, will be installed above a prepared subgrade of CCR material.  
A typical HDPE geomembrane specification is included as Appendix E. 
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As designed, the final alternative cover system will provide sufficient lateral drainage of liquids 
off the cap, which will reduce the head on the geomembrane and thus, the infiltration through the 
final cover. The geomembrane infiltration layer will be overlain by an 18-inch protective cover 
soil layer, which will protect the geomembrane infiltration layer and provide vegetative support to 
limit erosion of the final cover. The drainage layer will be graded at a sufficient slope to allow free 
flow of liquid through the geocomposite (above the geomembrane cap). Liquids collected within 
the drainage layer will be conveyed off the cover and collected in stormwater management features 
such as channels, culverts, and storage ponds. The liquids stored in these ponds will be evaporated 
or re-used in the plant.  After plant closure, this stormwater is expected to be discharged under a 
discharge permit if needed or evaporated through the forced evaporation system. 

As discussed in Section 3.1.1, STEP B Cell was double-RPP lined and an underdrain collection 
system was installed between and under the liners in 2008.   Moreover, after the cells are no longer 
in service, STEP B Cell will be left empty and used for stormwater storage.  Appendix C considers 
the infiltration through the aforementioned double-liner system after the cell closure used for 
stormwater storage. As can be seen, the stormwater stored in the pond will be evaporated quickly 
under the site conditions and little water will remain in the ponds. The pond is assumed to be 
dewatered and left dry when closed. 

3.1.3 Performance Standard 

The CCR impoundments covered by this Plan will be closed in a manner to control and minimize, 
to the extent feasible, post-closure infiltration of liquid into the waste per §257.102(d)(1)(i) by 
incorporating a low-permeability final cover that meets the requirements of §257.102(d)(3)(ii)(A) 
through (C).  This performance standard does not apply to STEP B Cell. 

§257.102(d)(3)(ii)(A) – Reduction in Infiltration 

The infiltration layer of the alternate final cover must achieve an equivalent reduction in infiltration 
as the infiltration layer specified in §257.102(d)(3)(i)(A), which requires that the permeability of 
the final cover system be less than or equal to the permeability of the bottom liner or natural 
subsoils present (or 1 x 10-5 cm/sec, whichever is less), and §257.102(d)(3)(i) (B), which requires 
the use of an infiltration layer that contains a minimum of 18 inches of earthen material.  
Compliance with this requirement is discussed below for the cover system. 

A Type IV final alternative cover system will be used for all impoundments at STEP.  For the lined 
impoundments, none of the liner systems incorporate the use of a composite liner system.  
Therefore, use of a single geomembrane in the cap will be sufficient for the cover system 
permeability to be less than or equal to that of any of the CSES liner systems.  Thus, the Type IV 
final alternative cover system meets the performance standard under §257.102(d)(3)(i)(A).   
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The low permeability of the final cover is aided through the use of a geocomposite drainage layer 
(as needed) and an 18-inch thick layer of earthen material.  The Final Cover Drainage Layer 
Analysis performed by Geosyntec (Appendix A.1 of CCR Rule Written Closure Plan) shows that 
the drainage layer is sufficient to allow liquids to flow freely through the geocomposite and off the 
cap, which will prevent buildup of liquid head on the geomembrane, thereby minimizing 
infiltration. 

§257.102(d)(3)(ii)(B) – Erosion Protection 

The design of the final cover system must include an erosion layer that provides equivalent 
protection from wind or water erosion as the erosion layer specified in §257.102(d)(3)(i)(C), that 
is an erosion layer that contains a minimum of six inches of earthen material that is capable of 
sustaining native plant growth.   

The final alternative cover system includes an erosion layer that meets the prescriptive 
requirements of §257.102(d)(3)(i)(C) and, therefore, the Final Alternative Cover System meets 
this performance standard. 

§257.102(d)(3)(ii)(C) – Integrity of the Final Cover 

For the Final Alternative Cover System, the final cover will be constructed of earthen and 
geosynthetic components that are sufficiently flexible to accommodate expected local differential 
settlements and subsidence, as demonstrated by the Final Cover Settlement Analysis performed 
by Geosyntec (Appendix A.2 of CCR Rule Written Closure Plan).  The design of the final cover 
system and lateral drainage layer and dewatering system are such that there will be no further 
impounding of water, sediment, or slurry in the closed impoundment, as required by 
§257.102(d)(1)(ii).  The calculations in Appendix A.2 also demonstrate that the final cover system 
grades will not be reversed and the lateral drainage layer and dewatering system will continue to 
perform as designed even after settlement of the underlying waste under the maximum overburden 
loading from the overfill impoundment, stormwater pond, or final cover system has occurred.  The 
final cover design thus meets the performance standard in §257.102(d)(3)(ii)(C). 

At the time of final cover system construction, quality control and quality assurance measures will 
be implemented such that the final cover will be constructed as designed and the cover system will 
maintain major slope stability and integrity throughout the closure and post-closure periods, as 
required under §257.102(d)(1)(iii).  The stability of the final cover system under design conditions 
is demonstrated by the Veneer Slope Stability Analysis performed by Geosyntec (Appendix A.3 
of CCR Rule Written Closure Plan). The final cover design thus meets this performance standard. 

3.2 Post-Closure Care 

Post-closure care activities considered in this Plan include: (i) maintenance of final cover systems 
as needed to maintain integrity and effectiveness and to addresses settlement and erosion; (ii) 
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operation and management of final cover liquid collection systems; and (iii) operation and 
management of underdrain collection systems. Groundwater activities, such as operation and 
maintenance of groundwater monitoring and groundwater capture systems, will be addressed by 
the Remedy Evaluation under the AOC.  

3.2.1 Property Uses During Post-Closure Period 

Currently cattle graze on the SOEP site at the recommendation of Talen’s reclamation consultant, 
KC Harvey Environmental, LLC (2017), to facilitate good vegetative cover.  The executive 
summary states, in part, the following: 

“At all study sites, grazing management may improve species richness by opening the 
canopy for desired species to establish. Grazing to a 50% utilization level can provide 
an intermediate disturbance that maintains species richness and promotes soil health 
through nutrient cycling resulting from decay or plant residues. Boron levels in 
vegetation do not pose a health risk to grazing animals based on levels measured during 
2017 monitoring. Continuation of low intensity grazing by livestock is recommended 
at the sites after observing the plant production condition in spring 2017. In addition, 
early spring or late fall grazing could be considered in the future for management of 
annual grasses.” 

This practice may continue after facility closure in addition to stormwater storage at the 
SOEP/STEP Site.  Disturbance to the integrity of the closure/containment system is not 
anticipated. To provide for control, minimization, or elimination, to the extent necessary to protect 
human health and the environment, of post-closure escape of COIs, an appropriate institutional 
control may be imposed on the real property, without conveying the property or creating a 
dominant and servient estate.  Section 257.102(i) of the CCR Rule outlines the requirements for 
deed notations to be placed on the property that contains a closed surface impoundment that is 
regulated by the CCR Rule, which include notification of the presence of a CCR unit and that the 
use of the property is restricted.  If identified in the AOC Remedy Evaluation Report, similar 
procedures could be followed for surface impoundments not regulated by the CCR Rule. 

3.2.2 Final Cover System Maintenance 

Construction of the final cover as described above uses passive management systems to the extent 
possible to reduce the need for long-term maintenance of cells after closure. If the closed unit is 
not used for storage of stormwater, the final cover will be vegetated with native, non-woody 
vegetation requiring little maintenance such as mowing. 

Following the closure of the CCR surface impoundments where no stormwater storage is planned 
(i.e., A, D, E Cells, and Old Clearwell), erosion and sediment control measures will be maintained 
until vegetated surfaces of the final cover system are fully stabilized. After vegetation is fully 
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established, routine site inspections will be performed as part of post-closure care to monitor the 
condition of the access roads, stormwater channels, and final cover, and evaluate if repair 
maintenance is needed. 

When identified during routine site inspections, eroded, non-vegetated, or otherwise damaged 
areas of the final cover will be repaired by the addition of soil, regrading, and revegetation, as 
necessary.  Inspections of all closed impoundments will be performed at least on an annual basis 
throughout the 30-year post-closure period for the CCR impoundments.  At the end of the 30-year 
post-closure care period, the cover systems will be evaluated to verify that they have met the 
requirements and determine if any additional activities are needed. 

During detailed design of impoundment closure, a run-on and run-off control and stormwater 
management system will be developed. The run-on and run-off control system will be designed 
and constructed to limit erosion and other damage to the final cover. The run-on and run-off control 
system will also be designed and constructed to maintain its effectiveness following closure of the 
surface impoundment. The specific details of the run-on and run-off control system will be 
developed during the detailed design for the closure of each impoundment.  In general, these 
systems may consist of, but are not limited to, swales, benches, berms, and downchutes. 

The drainage systems will be operated and monitored as needed to remove liquids from above the 
cover system. If routine inspections and/or monitoring, or performance of the drainage system, 
indicate that the drainage system is not operating as designed, maintenance will be performed to 
correct the deficiency.  The need for operation of the underdrain collection systems beyond the 30-
year post-closure care period will be evaluated as part of the post-closure activities and monitoring 
for each impoundment.  

As discussed in Section 3.1, the CSES will remain a zero-discharge facility at least until plant 
closure. 

3.2.3 Underdrain Collection System Maintenance 

As discussed above, STEP B and D Cells were constructed with underdrain collection systems 
placed between and under the double-liner system. The underdrain collection systems for the B and 
D Cells consist of: (i) one underdrain collection system situated between the primary and 
secondary liners (between liner collection), and (ii) a second underdrain collection system situated 
beneath the secondary liner (under liner). The double liner and underdrain collection systems 
consist of the following components (from top to bottom) [Hydrometrics, 2016]: 

 45-mil RPP primary geomembrane liner; 
 350-mil geocomposite drainage layer consisting of a geonet between two geosynthetic 

cushions (between liner or primary collection system); 
 36-mil RPP secondary geomembrane liner; 
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 geosynthetic cushion layer; and 
 compacted native clay soil (under liner or secondary collection system). 

Liquids collected in the underdrain collection systems will be conveyed to a sump fitted with riser 
pipes in which a pump will be operated to remove liquids to the decant water pond for use by the 
plant.  Following Units 1&2 shutdown, these liquids will be evaporated through the forced 
evaporation system, or treated and used at Units 3&4 or discharged under a discharge permit.  The 
liquid collection between the geosynthetic liners will reduce the liquid head on the bottom liner 
and limit seepage from the overlying cells. The liquid collection installed below the geosynthetic 
liners will be operated to capture any liquid seeping through both liners. 

The underdrain collection systems will be operated and maintained throughout the post-closure 
period capturing liquid from the waste placed in the impoundments as needed. If monitoring or 
performance of the LCRS indicates that the system is not operating as designed, maintenance will 
be performed to correct the deficiency. 

As discussed in Section 3.1, the CSES will remain a zero discharge facility at least until plant 
closure. 

4. PROPOSED ACTIONS FOR PUBLIC PARTICIPATION 

Per Article IX.C of the AOC, this Plan “shall include proposed actions to inform and obtain input 
from the community consistent with Article V.” The proposed actions that Talen will conduct for 
public participations and that the Department shall perform as part of its action on this submission 
are in accordance with Article V.F of the AOC (Amendment entered effective 1 March 2017). The 
following bullet points are a summary of those requirements: 

 Talen will submit this Plan to the Department per the requirements of the AOC;  
 The Department shall post this Plan on its website upon receipt of this report. If the 

Department disapproves the plan, it shall also post its written disapproval; 
 The Department shall post any revised plans submitted by Talen addressing concerns 

identified by the Department in its disapproval; 
 The Department shall post a preliminary approval or preliminary conditional approval of 

the plan or revised plan on its website and a notice to the public of a 60-day period within 
which to comment on the report; 

 Upon receipt of a written request within 10 days of posting by 10 or more persons or by a 
group having 10 or more members, the Department will conduct a public meeting on the 
plan; 

 If a request for a public meeting has been received, the Department will set a public meeting 
and publish a public notice of the meeting on its website and in the local newspaper and 
the Billings Gazette; 



 
 
 

 

 
 
ME1431/MD17152.SOEP_STEP Site Facility AOC Closure Plan  13 February 2019 
 

 The public meeting must be held at least 10 days prior to the close of the public comment 
period. The Department shall conduct the public meeting; 

 The Department will respond to substantive public comment as part of its final action on 
the submission; and 

 The Department shall conduct a public meeting annually to inform the public of progress 
made by the Department and Talen under the AOC and to accept any input the public may 
have on implementation of the AOC. 

5. COST ESTIMATE FOR CLOSURE AND POST-CLOSURE CARE 

Cost estimates are based on recent cost experience at CSES for similar construction work and 
Geosyntec’s experience with similar projects. To estimate costs for future development activities, 
costs for typical construction activities anticipated to be performed at the Station were developed 
(e.g., capping, liner system) and these costs were then normalized on a per unit basis (e.g., acre, 
foot, square foot). This per unit cost was then used to estimate construction costs for each of the 
anticipated impoundment construction activities based on the size of the existing or proposed 
impoundment and the type of construction activity being performed. Costs for closure and post-
closure care activities are presented in 2018 dollars. 

Table 5 presents the cost estimate for closure and post-closure care of wastewater facilities at the 
SOEP/STEP Site. It is notable that the future construction costs are heavily dependent on a few 
construction components (primarily geosynthetics but also, for some units, excavation), for which 
the costs are reasonably well known, and on several ancillary construction items (e.g., liquid or 
cover drainage systems), which are affected by specific design details and, therefore, are less 
certain. More detailed cost estimates will be developed during the design phase for each 
construction activity.  

  



 
 
 

 

 
 
ME1431/MD17152.SOEP_STEP Site Facility AOC Closure Plan  14 February 2019 
 

6. REFERENCES 

MDEQ (2012). Administrative Order on Consent Regarding Impacts Related to Wastewater 
Facilities Comprising the Closed-Loop System at Colstrip Steam Electric Station, Colstrip 
Montana. Montana Department of Environmental Quality, July 2012. 

Geosyntec (2016a). “Written Closure Plan Per Requirements of 40 CFR §257.102 for Existing 
Impoundments at Colstrip Steam Electric Station Colstrip, Montana.” prepared for Talen 
Montana, LLC, Project Number ME1272. Columbia Maryland. October 2016. 

Geosyntec (2016b). “Post-Closure Plan Per Requirements of 40 CFR §257.104 for Existing 
Impoundments at Colstrip Steam Electric Station Colstrip, Montana” prepared for Talen 
Montana, LLC, Project Number ME1272. Columbia Maryland. October 2016. 

Geosyntec (2016c). “History of Construction Per Requirements of 40 CFR §257.73 Colstrip Steam 
Electric Station Colstrip, Montana” Geosyntec Consultants. September 2016. 

Hydrometrics (2016). “Units 1 & 2 Stage I and II Evaporation Ponds Site Report.” Prepared for 
PPL Montana, LLC. Hydrometrics Inc., Billings, Montana. March 2016. 

KC Harvey Environmental, LLC (2012). “Water Balance Activities, Stage I Ash Holding Pond 
Cap.  An Update of On-Going Monitoring. Colstrip, Montana.”  KC Harvey.  Bozeman, 
Montana.  December 2012. 

KC Harvey Environmental, LLC (2017). “Plant Community Studies, Stage 1 and 2 Ash Disposal 
Ponds Reference Sites and Areas near Units 3 & 4 Effluent Holding Ponds, Colstrip, Montana.” 
Prepared for Talen Energy.  Prepared by B. Teson, L. Franklin, and S. Jennings. December 
2017. 

USEPA (2015). “Hazardous and Solid Waste Management System; Disposal of Coal Combustion 
Residuals from Electric Utilities; Final Rule.” Title 40 Code of Federal Regulations, Parts 257 
and 261. United States Environmental Protection Agency. 

USGS (2014). “Colstrip SE Quadrangle Montana-Rosebud Co. 7.5-Minute Series.” United States 
Geological Survey. Accessed 17 March 2016. 
http://store.usgs.gov/b2c_usgs/usgs/maplocator/(ctype=areadetails&xcm=r3standardpitrex_p
rd&carea=%24root&layout=6_1_61_48&uiarea=2)/.do  



 
 

 

 

 

 

 

 

 

 

 

TABLES  



 
 

Page 1 of 2 
 

 

Table 1. AOC Attachment A Facilities with Plan Reference 

Wastewater Facility (1) Facility Closure Plan 
Units 1&2 A/B Flyash Pond 

Plant Site 
Clearwell 

A Pond 
B Pond 

1&2 Scrubber Pipeline SOEP/STEP Site 

Units 1&2 Wash Tray Pond 
Plant Site 

(currently Units 1&2 Bottom Ash Clearwell) 
Units 1&2 Bottom Ash Pond w/ Clearwell Plant Site  
Units 1&2 Brine Waste Disposal Ponds 

(previously closed per MDEQ approval) D1-D3 ponds 
D4 pond 

Units 1&2 Cooling Tower Blowdown (Pond C) 
Plant Site Pond C North 

Pond C South 
Units 1&2 Groundwater Capture Storage Pond Plant Site 
Units 1&2 Stage I Evaporation Pond (previously closed per MDEQ approval) 
Units 1&2 Stage II Evaporation Pond 

SOEP/STEP Site 
Cells A-E 

Cell B 
Old Clearwell 

Cell D 

Units 3&4 Auxiliary Scrubber Drain Pond  
 (concrete structure being addressed as part 

of plant demolition work) 
Units 3&4 North Plant Area Drain Plant Site 
Units 3&4 Wash Tray Pond (Storm Water 
Pond – 1) 

Plant Site 

Units 3&4 Scrubber Drain Collection  
(Storm Water Pond - 2) 

Plant Site 

Units 3&4 Bottom Ash Pond w/ Clearwell Plant Site 
Brine Concentrator Solids Disposal Area Plant Site 
Units 3&4 Effluent Holding Pond w/ Clearwell 
(EHP) 

EHP Site 

Units 3&4 Scrubber-EHP Pipeline EHP Site 
Units 1-4 Sediment Retention Pond  Plant Site 
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Table 1. AOC Attachment A Facilities with Plan Reference (cont.) 

Wastewater Facility (1) Facility Closure Plan 
Units 1-4 North Plant Sediment Retention 
Pond 

Plant Site 

Units 1-4 Surge Pond (Castle Rock Lake) 
 (Fresh water supply pond, not a wastewater 

facility) 

Unit 4 Cooling Tower Canal 
 (concrete structure being addressed as part 

of plant demolition work) 
Drain Pit #3 (2) EHP Site 
Drain Pit #5 (2) EHP Site 
Drain 1AD Drain Pond (2) SOEP/STEP Site 

Notes:  (1) Wastewater facilities from AOC Attachment A unless otherwise specified. 

(2) Drain pits along the pipelines were not listed in AOC Attachment A. 
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Table 2. Description of Wastewater Facility Construction and Service History at the SOEP/STEP Site 

 

 

 

Wastewater 
Facility 

CCR Rule 
Regulated 

Surface 
Area  

(acre) (1) 

Years in 
Service 

Contents Stored Construction Upgrades/Operational Changes 

STEP A Cell No 42.1 1992-2015 
CCR water and solids, 
currently just contains 

CCR solids only 
HDPE lined, close by capping the unit in 2020. 

STEP B Cell No 16.8 

2006-2011 Decant water 
Lined in 2008 using double-liners with 45-mil RPP and 
liquid collection systems installed in between and under 
the liners. 

2011-2022 Decant water 
Changed to the New Clearwell receiving decant water 
from the paste plant. 

After 2022 Stormwater 
To store stormwater as post-closure stormwater 
management pond. 

STEP C Cell N/A 17.0 
Not 

Applicable 
Not Applicable Permitted, but will not be constructed. 

STEP D Cell Yes 25.7 

2011-
present 

Decant water 
Double-lined RPP with liquid collection systems 
installed in between and under the liners. Close by 
capping the unit in 2023. 

Future if 
needed 

CCR water and solids 
May be used for paste storage if needed prior to plant 
shutdown. 
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Table 2. Description of Wastewater Facility Construction and Service History at the SOEP/STEP Site (cont.) 

Notes: (1) This is the footprint of the cell. 
(2) The Units 1&2 scrubber pipeline and North 1AD Drain Pond along the pipeline are an accessory to the SOEP/STEP Site and are considered in the Report. 
 

Wastewater 
Facility 

CCR Rule 
Regulated 

Surface 
Area  

(acre) (1) 

Years in 
Service 

Contents Stored Construction Upgrades/Operational Changes 

STEP E Cell Yes 46.8 1992-2022 CCR water and solids HDPE-Lined, close by capping the unit in 2022. 

STEP Old 
Clearwell 

Yes 10.9 1992-2022 CCR water and solids HDPE Lined; close by capping the unit in 2022. 

SOEP No 114 1975-1997 CCR water and solids 
Closed per MDEQ approved evapotranspiration soil cap 
with reclamation program completed in 2002. 

Units 1&2 
Scrubber 

Pipeline and 
North 1AD 

Drain Pond (2) 

No 
Not 

Applicable 
1975-2022 

Scrubber slurry 
transported from the 

scrubbers to the 
SOEP/STEP Site and 

decant water returned to 
the scrubbers 

The 3-mile pipeline was originally lined-steel, changed 
out to HDPE in 2001. North 1AD Drain Pond along the 
pipeline supports maintenance of the pipeline as needed. 
To be decommissioned and removed in 2023. 
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Table 3. CCR Rule Requirements for Closure of Surface Impoundments 

Rule Section Rule Requirement 
Location Where Addressed in 

CCR Rule Written Closure Plan 
(Appendix A) 

§257.102(b)(1)(i) 
Narrative description of how unit will be closed with 

CCR in place  
Section 3.1 

§257.102(b)(1)(iii) 

Description of final cover system design Section 3.2.1 

Discussion of how final cover system will meet 
performance standard of §257.102(d)(1) 

Section 3.1, 3.2.2, and 3.2.4 

Discussion of drainage and stabilization 
requirements of §257.102(d)(2) 

Section 3.2.3 

Description of methods and procedures used to 
install the final cover system 

Section 3.2.4 

§257.102(b)(1)(iv) Estimate of the maximum on-site CCR inventory Section 3.3 

§257.102(b)(1)(v) 
Estimate of the largest area of the CCR unit  

requiring closure 
Section 3.4 

§257.102(b)(1)(vi) Closure schedule Section 3.5 

§257.102(g)  
and  

§257.102(h) 
Closure notifications 

CERTIFICATION STATEMENT 
and 

Section 3.6 

§257.102(i) Notification of deed notations Section 3.6 

§257.102(j) Recordkeeping requirements Section 3.6 
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Table 4. CCR Rule Requirements for Post-Closure of Surface Impoundments 

Rule Section Rule Requirement 

Location Where 
Addressed in CCR Rule 

Written Closure Plan 
(Appendix B) 

§257.104(d)(1)(i) 
Description and frequency of monitoring and 

maintenance activities required by §257.104(b) 
Section 3.1 

§257.104(d)(1)(ii) Post-closure period contact information Section 3.2 

§257.104(d)(1)(iii) Property uses during post-closure period Section 3.3 

§257.104(d)(2) Deadline to prepare the initial written post-closure plan 
CERTIFICATION 

STATEMENT 

§257.104(d)(4) 
Written certification from a qualified professional 

engineer that the initial/amended written post-closure 
plan meets the requirements of §257.104(d) 

CERTIFICATION 
STATEMENT 

§257.104(e) 
Notification of completion of post-closure 

care period 
Section 3.4 

§257.104(f) Recordkeeping and notification requirements Section 3.4 
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Table 5. Cost Estimates for Wastewater Facility Closure and Post-Closure Care at the SOEP/STEP Site 

Wastewater Facility 
Facility 
Area, ac 

Design and Construction Costs (1) 

Closure (2, 3) 
Post-Closure Care (3, 

4, 5) 
Subtotal 

Activity Year Planned Item Cost NPV Item Cost (2, 3) 

STEP A Cell 42.4 
Design STEP A Cell closure 2019 $300,000 $291,262 

$8,398,000 $738,000 $9,136,000 
Close STEP A Cell 2020 $8,600,000 $8,106,325 

STEP B Cell 16.8 
Prepare STEP B Cell for use as post-
closure stormwater management 
pond 

2023 $500,000 $431,304 $431,000 $0 $431,000 

STEP D Cell 25.9 

Design STEP D Cell closure 2022 $300,000 $266,546 

$4,838,000 $451,000 $5,289,000 
Close STEP D Cell 2023 $5,300,000 $4,571,827 

STEP E Cell 46.8 
Design STEP E Cell closure 2021 $300,000 $274,542 

$8,715,000 $815,000 $9,530,000 
Close STEP E Cell 2022 $9,500,000 $8,440,627 

STEP Old Clearwell 11 
Design STEP Old Clearwell closure 2021 $300,000 $274,542 

$2,318,000 $192,000 $2,510,000 
Close STEP Old Clearwell 2022 $2,300,000 $2,043,520 

Units 1&2 Scrubber 
Pipeline and drain pits 

along the pipeline 
0.35 Decommissioning in 2023 2023 $100,000 $86,261 $86,000 $0 $86,000 

SOEP/STEP SITE TOTAL $26,982,000  

 

Notes:  (1) Construction cost is obtained from the per acre cost estimated in Table 6 and the facility's area. Note that construction quality assurance (CQA) is assumed to be five (5) percent of the total construction cost and is included here. 

(2) NPV = net present value. A discount rate of three (3) percent was used, as agreed upon between MDEQ and Talen. 

(3) Costs for closure and post-closure care activities are presented in 2018 dollars. 

(4) A post-closure care period of 30 years is considered after the SOEP/STEP Site is closed after plant shutdown. Under the CCR Rule, the owner or operator of a CCR unit should conduct post-closure care for 30 years. 

(5) Post-Closure Care includes maintenance of final cover as needed to maintain integrity and effectiveness and addresses settlement and erosion, operation and management of underdrain collection system. Operation and maintenance of groundwater monitoring 
system and groundwater capture system will be addressed by the remediation report under the AOC. 
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Table 6. Typical Construction Costs 

Construction 
Type (1) 

Item Units Quantity  Unit Price   Total Price  Price per Acre Unit Price Notes 

Type IV Cover 
System (assume 

50 acres) 

Mobilization/Demobilization LS 1 $455,472 $455,472  Five percent of other construction items (per PPL) 

Surveying AC 50 $4,000.00 $200,000  Estimated price of $4,000 per acre for surveying for geosynthetic 
liner/cap construction 

Attic Fill (to 3% slopes) - on-site source/CCRs CY 900,000 $5.00 $4,500,000  Cost based on the actual cost of onsite projects, rounded to nearest 
dollar, plus $1/cy for compaction 

Geomembrane (40-mil HDPE) SF 2,178,000 $0.49 $1,067,220  Cost estimated based on other onsite projects 

Cap Drainage System LS 1 $500,000.00 $500,000  Estimate 

Cap Soil (two feet) - on-site source CY 161,333 $4.00 $645,333  Borrow soil cost rounded to nearest dollar from other onsite 
projects 

Permanent Stabilization AC 50 $7,500.00 $375,000  Assumes amending top six inches of soil ($5k) and applying seed 
and mulch ($2.5k) 

Miscellaneous (25% of construction costs) LS -- -- $1,821,888  Assumed to be 25 percent of unit price items 

       $9,564,914 $191,298   

Type II Cover 
System (assume 

50 acres) 

Mobilization/Demobilization LS 1 $220,000.00 $220,000  Cost estimated based on other onsite projects 

Surveying AC 50 $2,970.00 $148,500  Cost estimated based on other onsite projects 

Subgrade Fill CY 80,667 $3.24 $261,360  Cost estimated based on other onsite projects, assumes an average 
of one foot of fill over the entire cell 

Subgrade Preparation SF 2,178,000 $0.05 $103,278  Cost estimated based on other onsite projects, assumes that 
subgrade is ready and only requires fine grading 

GCL SF 2,178,000 $1.24 $2,700,720  Cost estimated based on other onsite projects 

Geomembrane (60-mil HDPE) SF 2,178,000 $0.47 $1,023,660  Cost estimated based on other onsite projects 

Geotextile SF 2,178,000 $0.19 $413,820  Cost estimated based on other onsite projects 

Liner Protective Cover (1.5 feet bottom ash) CY 121,000 $7.40 $895,400  Cost estimated based on other onsite projects, including screening 
and placement 

Leachate Collection and Removal System LS 1 $699,596.70 $699,597  Cost estimated based on other onsite projects 

Miscellaneous (25% of construction costs) LS -- -- $1,561,584  Examples include: access ramps, connection to paste plant. 
Assumed to be 25 percent of unit price items 

       $8,027,919 $160,558   
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Table 6. Typical Construction Costs (cont.) 

Construction 
Type (1) 

Item Units Quantity  Unit Price   Total Price  Price per Acre Unit Price Notes 

Type III Cover 
System (EHP 

New Clearwell 
only, 22.5 acres) 

Mobilization/Demobilization LS 1 $390,158.51 $390,159  Five percent of other construction items (per PPL) 

Surveying AC 22.5 $4,000.00 $90,000  Estimated price of $4,000 per acre for surveying for geosynthetic 
liner/cap construction 

Excavation CY 500,000 $4.00 $2,000,000  Cost estimated based on other onsite projects, rounded to nearest 
dollar 

Subgrade Preparation SF 980,100 $0.05 $46,475  Cost estimated based on other onsite projects, assumes that 
subgrade is ready and only requires fine grading 

GCL SF 980,100 $1.24 $1,215,324  Cost estimated based on other onsite projects 

Geomembrane (60-mil HDPE) SF 980,100 $0.47 $460,647  Cost estimated based on other onsite projects 

Geocomposite SF 980,100 $1.11 $1,087,911  Cost estimated based on other onsite projects, plus 5% per year 
increase and plus 10% locale cost 

Geomembrane (60-mil HDPE) SF 980,100 $0.47 $460,647  Cost estimated based on other onsite projects 

Secondary Liquids Collection System LS 1 $381,532.00 $381,532  Cost estimated based on other onsite projects 

Water Piping LS 1 $500,000.00 $500,000  Estimate 

Miscellaneous (25% of construction costs) LS -- -- $1,560,634  Assumed to be 25 percent of unit price items 

       $8,193,329 $364,148   

Impoundments 
Lined with Clay 
to Be Pushed In 

(Assume 5 acres) 

Mobilization/Demobilization LS 1 $17,290.00 $17,290  Five percent of other construction items (per PPL) 

Erosion Control Matting SY 24,000 $2.10 $50,400  Estimated price based on recent similar projects 

Subgrade Preparation SF 217,500 $0.20 $43,500  Assumes that subgrade is ready and only requires fine grading 

Cap Soil (0.5 feet) - on-site source CY 4,000 $4.00 $16,000  Borrow soil cost rounded to nearest dollar from other onsite 
projects 

Permanent Stabilization AC 5.0 $7,500.00 $37,500  Assumes amending top six inches of soil ($5k) and applying seed 
and mulch ($2.5k) 

Waste (CCR) excavation and relocation CY 800 $8.00 $6,400  Unit price from recent similar projects, assume 0.1 ft thick CCR 
settling in the pond   

Clay liner excavation and relocation CY 24,000 $8.00 $192,000  Unit price from recent similar projects, assume 3 ft thick clay liner  

Miscellaneous (15% of construction costs) LS - - $51,870  Assumed to be 15 percent of unit price items 

       $414,960 $82,992   
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Table 6. Typical Construction Costs (cont.) 

Construction 
Type (1) 

Item Units Quantity  Unit Price   Total Price  Price per Acre Unit Price Notes 

Impoundments 
Lined with 

Geosynthetic to 
Be Pushed In 
(Assume 0.25 

acre) 

Mobilization/Demobilization LS 1 $15,000.00 $15,000  Estimate for small construction jobs 

Erosion Control Matting SY 2,000 $2.20 $4,400  Estimated price based on recent similar projects 

Subgrade Preparation SF 17,500 $0.20 $3,500  Assumes that subgrade is ready and only requires fine grading 

Cap Soil (0.5 feet) - on-site source CY 350 $4.00 $1,400  Borrow soil cost rounded to nearest dollar from other onsite projects 

Permanent Stabilization AC 0.40 $7,500.00 $3,000  Assumes amending top six inches of soil ($5k) and applying seed and 
mulch ($2.5k), additional disturbed area of 0.15 acre 

Waste (CCR) excavation and relocation CY 450 $8.00 $3,600  Unit price from recent similar projects, assume average 1 ft thick 
CCR settling in the pond   

Clay liner/soil excavation and relocation CY 1,250 $8.00 $10,000  Unit price from recent similar projects, assume 3 ft thick layer  

Removal and Disposal of Existing Liner AC 0.25 $9,800.00 $2,450  Unit price from recent similar projects 

Miscellaneous (30% of construction costs) LS - - $8,505  Assumed to be 30 percent of unit price items 

       $51,855 $207,420   

Impoundments 
Lined with 

Geosynthetic to 
Be Pushed In 
(Assume 10 

acres) 

Mobilization/Demobilization LS 1 $25,000.00 25,000   Estimate for small construction jobs 

Erosion Control Matting SY 25,000 $2.20 $55,000   Estimated price based on recent similar projects 

Subgrade Preparation SF 17,500 $0.20 $3,500   Assumes that subgrade is ready and only requires fine grading 

Cap Soil (0.5 feet) - on-site source CY 14,600 $4.00 $58,400   Borrow soil cost rounded to nearest dollar from other onsite projects 

Permanent Stabilization AC 10.15 $7,500.00 $76,125   
Assumes amending top six inches of soil ($5k) and applying seed and 
mulch ($2.5k), additional disturbed area of 0.15 acre 

Waste (CCR) excavation and relocation CY 16,500 $8.00 $132,000   
Unit price from recent similar projects, assume average 1 ft thick 
CCR settling in the pond   

Clay liner/soil excavation and relocation CY 24,500 $8.00 $196,000   Unit price from recent similar projects, assume 3 ft thick layer  

Removal and Disposal of Existing Liner AC 10.00 $9,800.00 $98,000   Unit price from recent similar projects 

Miscellaneous (30% of construction costs) LS - - $185,708   Assumed to be 30 percent of unit price items 

    $829,733  $82,973   

Pipeline 
Removal only 

(Assume 3 miles) 
Removal and disposal of 3-mile pipelines LS - - $15,100 $15,100 

Assumes being part of drain pond/pit removal construction, 
Mobilization/Demobilization not double-counted  

Post-closure Care 
(2) 

Post-closure Care (per acre) AC 1 $1,000.00 $1,000 $1,000 Estimate 

Notes:  (1) For construction activities, construction quality assurance (CQA) is assumed to be five percent of the total construction cost, which is included in the total closure cost in Table 5. 

(2) Based on actual cost on other similar facility, Post-closure Care is assumed to be $1,000 per acre of closed impoundment, including maintenance of final cover as needed. 
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Figure 4.   Final Alternative Cover Systems and Evapotranspiration Cap. 

 

 

 

 

 

(a) Type II Cover System 

 

 

 

 

(b) Type III Cover System 

 

 

 

 

 

(c) Type IV Cover System 
 
 
 
 
 
 
 
 

(d) SOEP Evapotranspiration Cap 
 

 
N/A(1) – Not applicable, not subject to CCR Rule.  Pond will eventually be used to manage stormwater. 
N/A(2) – Not applicable, not subject to CCR Rule.  Liner will be removed, and pond area will be regraded and reclaimed with vegetation. 
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1. INTRODUCTION 


1.1 Organization and Terms of Reference 


On 17 April 2015, the United States Environmental Protection Agency (USEPA) published the 
final rule for disposal of coal combustion residuals (CCR) from electric power utilities under 
Subtitle D of the Resource Conservation and Recovery Act (RCRA), contained in Part 257 of Title 
40 of the Code of Federal Regulations (40 CFR 257 Subpart D), referred to herein as the CCR 
Rule.  Geosyntec Consultants (Geosyntec) has prepared this Written Closure Plan (Plan) for Talen 
Montana, LLC (Talen) to demonstrate the manner in which existing CCR impoundments at the 
Colstrip Steam Electric Station (CSES) will be closed in compliance with the CCR Rule.  Closure 
requirements for CCR units are specified under §257.102. 


This Plan was prepared by Ms. Beth Pittaway, and reviewed in accordance with Geosyntec’s 
internal review policy by Mr. Zichang Li, Ph.D., Mr. David Espinoza, Ph.D., P.E., and Ms. Carrie 
Pendleton, P.E., all of Geosyntec.  Ms. Pendleton is a registered Professional Engineer in the State 
of Montana. 


1.2 Site Location 


CSES is a coal-fired steam electric generating facility partially owned and operated by Talen.  The 
facility is located in Colstrip, Rosebud County, Montana, approximately 90 miles east of Billings, 
Montana.  CSES is located at 580 Willow Avenue, Colstrip, Montana 59323.  An aerial location 
map for CSES is shown in Figure 1.   


1.3 Site Description 


CSES has four coal-fired generating units capable of producing up to 2,094 megawatts (MW) of 
electricity.  Units 1 and 2 began commercial operation in 1975 and 1976, respectively, and Units 
3 and 4 started in 1984 and 1986, respectively.  Units 1 and 2 have about 307 MW of generating 
capacity each and Units 3 and 4 have about 740 MW of generating capacity each.   


CCR generated at CSES are managed at three primary areas: the Plant Area, the Units 1 & 2 Stage-
Two Evaporative Pond (STEP) area, and the Units 3 & 4 Effluent Holding Pond (EHP) area.  
Figures 2, 3 and 4 present the locations of the Plant Area, the Units 1 & 2 STEP area, and the Units 
3 & 4 EHP area on United States Geologic Survey (USGS) 7 ½ minute topographic quadrangle 
maps.  Individual cells within each of these areas are identified in their respective figure.  Cells at 
CSES covered by the CCR Rule and the closure requirements of §257.102 are shown below with 
their primary location area. 
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Units 3 & 4 EHP J Cell is not included in this Plan.  A separate closure plan and post-closure plan 
for J Cell have been developed, certified by a professional engineer, and posted to the CSES 
Facility Operating Record. 


 


  


Plant Area Units – Figure 2 


Units 1 & 2 B Flyash Pond 


Units 1 & 2 Bottom Ash Pond 


Units 3 & 4 Bottom Ash Pond 


Units 1 & 2 Stage II Evaporation Ponds (STEP) – Figure 3 


Old Clearwell 


D Cell 


E Cell 


Units 3 & 4 Effluent Holding Ponds (EHP) – Figure 4 


A Cell 


B Cell (Clearwater Cell) 


C Cell 


D/E Cell 


G Cell 


J Cell 
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2. CCR RULE REQUIREMENTS FOR CLOSURE PLAN  


2.1 Written Closure Plan Requirements per §257.102(b) 


As specified under §257.102(b), the Plan prepared for CSES must describe the steps necessary to 
close the CCR units at any point during the active life of the unit consistent with recognized and 
generally accepted good engineering practices.  The Plan must include, at a minimum: 


(i) A narrative description of how CCR units will be closed in accordance with §257.102. 
(ii) If closure of a CCR unit will be accomplished through removal of CCR, a description of 


the procedures to remove the CCR and decontaminate the CCR unit in accordance with 
paragraph §257.102(c).   


(iii) If closure of the CCR unit will be accomplished by leaving CCR in place, a description 
of the final cover, designed in accordance with paragraph §257.102(d), and the methods 
and procedures to be used to install the final cover.  The closure plan must also discuss 
how the final cover will achieve the performance standards specified in paragraph 
§257.102(d).   


(iv) An estimate of the maximum inventory of CCR ever on-site over the active life of the 
CCR unit.   


(v) An estimate of the largest area of the CCR unit ever requiring a final cover as required 
by paragraph §257.102(d) at any time during the CCR unit’s active life.  


(vi) A schedule for completing all activities necessary to satisfy the closure criteria, including 
an estimate of the year in which all closure activities will be completed as well as duration 
of such activities.  The schedule should provide sufficient information to describe the 
sequential steps that will be taken to close the CCR unit, including identification of major 
milestones such as coordinating with and obtaining necessary approvals and permits from 
other agencies, construction of the final cover, and the estimated timeframes to complete 
each step or phase of CCR unit closure.  If the owner or operator of a CCR unit estimates 
that the time required to complete closure will exceed the timeframes specified in 
paragraph §257.102(f)(1)(ii), that is within five years of commencement of closure 
activities, an extension may be available provided certain standards are met.  The 
schedules should consider the requirements of §257.102(e) (Initiation of Closure 
Activities) and §257.102(f) (Completion of Closure Activities).   


In addition, the owner or operator of the CCR unit must comply with the requirements of 
§257.102(g), (h), (i), and (j), which pertain to notification of intent to close, notification of closure, 
deed notations, and recordkeeping requirements, respectively. 
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2.2 Compliance with Closure Requirements  


The table below summarizes where applicable CCR Rule requirements are addressed in this Plan. 


Rule Section Rule Requirement 
Location Where Addressed in 


Document 


§257.102(b)(1)(i) 
Narrative description of how unit will be closed with 


CCR in place  
Section 3.1 


§257.102(b)(1)(ii) 
Narrative of how unit will be closed  


by removal of CCR 
Not Applicable: all units will be 
closed by leaving CCR in place 


§257.102(b)(1)(iii) 


Description of final cover system design Section 3.2.1 


Discussion of how final cover system will meet 
performance standard of §257.102(d)(1) 


Section 3.1, 3.2.2, and 3.2.4 


Discussion of drainage and stabilization 
requirements of §257.102(d)(2) 


Section 3.2.3 


Description of methods and procedures used to 
install the final cover system 


Section 3.2.4 


§257.102(b)(1)(iv) Estimate of the maximum on-site CCR inventory Section 3.3 


§257.102(b)(1)(v) 
Estimate of the largest area of the CCR unit  


requiring closure 
Section 3.4 


§257.102(b)(1)(vi) Closure schedule Section 3.5 


§257.102(g)  
and  


§257.102(h) 
Closure notifications 


CERTIFICATION STATEMENT 
and 


Section 3.6 


§257.102(i) Notification of deed notations Section 3.6 


§257.102(j) Recordkeeping requirements Section 3.6 
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3. CLOSURE PLAN 


3.1 Description of Closure 


Per §257.102(b)(1)(i), this section provides a narrative description of closure of the CCR units.  
The proposed closure method for the individual units in the Plant Area, Units 1 & 2 STEP area, 
and Units 3 & 4 EHP area are shown below along with the waste currently managed and future 
use.  Each of the units will be closed by leaving CCR in place, constructing a final alternative 
cover system over the entire area of the unit, and complying with applicable requirements of the 
CCR Rule.  The cover system types as shown in the table below are described in detail in Section 
3.2.1 of this Plan. 


Unit ID Waste Currently Managed 
Cover System 


Type 
Future Use 


Plant Area Ponds 


Units 1 & 2 B Flyash 
Pond 


CCR water and solids Type IV N/A 


Units 1 & 2 Bottom Ash 
Pond 


Bottom ash & bottom ash 
process water 


Type IV N/A 


Units 3 & 4 Bottom Ash 
Pond 


Bottom ash and bottom ash 
process water 


Type IV N/A 


Units 1 & 2 Stage II Evaporation Ponds 


Old Clearwell CCR water and solids Type IV N/A 


D Cell CCR water and solids (future) Type IV N/A 


E Cell CCR water and solids Type IV N/A 


Units 3 & 4 Effluent Holding Ponds 


A Cell CCR solids Type III, IV 
Partial overfill with 


CCR and water 


B Cell (Clearwater Cell) CCR water and solids Type IV N/A 


C Cell CCR water and solids Type II, IV 
Partial overfill with 


CCR and water 


D/E Cell CCR solids Type IV N/A 


G Cell CCR solids Type II Overfill with CCR 


 


Construction of the final cover as described in the remainder of this Plan emphasizes passive 
management systems (e.g., gravity drainage of liquids in the dewatering system), which will serve 
to minimize the need for long-term maintenance of cells after closure or after construction of an 
overfill cell.  If the closed unit is not used as overfill or for storage of stormwater, the final cover 
will be vegetated with native, non-woody vegetation requiring minimal maintenance such as 
mowing.  The final cover designs thus meet the requirement under §257.102(d)(1)(iv). 
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3.2 Final Cover System Design 


Section 257.102(b)(1)(iii) requires a description of the final cover system designed in accordance 
with §257.102(d)(3) and a demonstration of compliance with the performance standards specified 
in 257.102(d)(1). 


3.2.1 Description of Final Cover System 


All CCR impoundment closures will be designed in accordance with the requirements of 
§257.102(d)(3)(ii) for an alternative final cover system.  The specific design varies depending on 
the future use of the cell as follows. 


Type II Cover System 


A portion of EHP C Cell and all of EHP G Cell will be closed followed by the construction of a 
new CCR Rule-compliant impoundment directly above the closed impoundment (EHP C-1 Cell 
and EHP G-1 Cell, respectively).  The composite cover system design includes (from top to 
bottom): 


 18-inch bottom ash protective drainage layer; 


 8-oz non-woven geotextile cushion; 


 60-mil textured high density polyethylene (HDPE) geomembrane; and  


 geosynthetic clay liner (GCL). 


The GCL will be installed above a prepared subgrade of CCR paste and bottom ash. 


As designed, the Type II Cover System includes a composite infiltration layer comprising an upper 
geomembrane component and lower GCL component overlain by bottom ash protective drainage 
layer.  The protective drainage layer provides lateral drainage, which will minimize the head on 
the geomembrane and limit infiltration through the final cover.  The drainage layer will be graded 
at a 2% slope to drain to a dewatering system, which comprises perforated HDPE liquid collection 
pipes embedded in protective gravel mounds at maximum 375 feet spacing on the final cover as 
well as in toe drains at the boundary between cell side slopes and the final cover.  Liquids collected 
in the pipes and toe drains will be conveyed to sumps fitted with riser pipes in which pumps will 
be operated to remove liquids. 


Type III Cover System 


A portion of EHP A Cell will be closed followed by the construction of a new CCR Rule-compliant 
impoundment directly above the closed impoundment (EHP New Clearwell).  The cover system 
design includes (from top to bottom): 


 60-mil textured high density polyethylene (HDPE) geomembrane; 
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 geocomposite drainage layer; 


 60-mil textured high density polyethylene (HDPE) geomembrane; and 


 geosynthetic clay liner (GCL). 


Where used, the GCL will be installed above a prepared subgrade of CCR paste and bottom ash. 


As designed, the Type III Cover System, includes a composite infiltration layer comprising an 
upper geomembrane component and a lower GCL component overlain by a geocomposite drainage 
layer and an additional geomembrane to protect the geocomposite.  The geocomposite drainage 
layer provides lateral drainage, which will minimize the head on the geomembrane and limit 
infiltration through the final cover.  The drainage layer will be graded at a sufficient slope to allow 
free flow of liquid through the geocomposite.  Liquids collected within the drainage layer will be 
conveyed to sumps fitted with riser pipes in which pumps will be operated to remove liquids. 


Type IV Cover System 


All remaining CCR impoundments listed in the table in Section 1.3 will be closed with a cover 
design that includes (from top to bottom): 


 6-inch thick erosion layer capable of sustaining native plant growth;  


 12-inch thick layer of earthen material serving as an infiltration layer;  


 geocomposite drainage layer; 


 40-mil textured high density polyethylene (HDPE) geomembrane; and 


 8 oz/sy geotextile cushion (where needed). 


The geomembrane will be installed above a prepared subgrade of CCR paste and bottom ash. 


As designed, the Type IV Cover System will provide sufficient lateral drainage of liquids off the 
cap, which will minimize the head on the geomembrane and thus, the infiltration through the final 
cover.  The geomembrane infiltration layer will be overlain by a 18-inch protective cover soil 
layer, which will protect the geomembrane infiltration layer and provide vegetative support to 
minimize erosion of the final cover.  The drainage layer will be graded at a sufficient slope to allow 
free flow of liquid through the geocomposite.  Liquids collected within the drainage layer will be 
conveyed off the cap and collected in stormwater management features such as channels, culverts, 
and storage ponds. 


3.2.2 Performance Standard 


The CCR impoundments covered by this Plan will be closed in a manner to control and minimize, 
to the extent feasible, post-closure infiltration of liquid into the waste per §257.102(d)(1)(i) by 
incorporating a low-permeability final cover that meets the requirements of §257.102(d)(3)(ii)(A) 
through (C). 







Compliance Demonstration 
Written Closure Plan 
Colstrip SES Existing Impoundments 


ME1272/MD16143.Colstrip Written Closure Plan Final.rev_Feb2019 8 February 2019 


§257.102(d)(3)(ii)(A) – Reduction in Infiltration 


The infiltration layer of the alternate final cover must achieve an equivalent reduction in infiltration 
as the infiltration layer specified in §257.102(d)(3)(i)(A), which requires that the permeability of 
the final cover system be less than or equal to the permeability of the bottom liner or natural 
subsoils present (or 1 x 10-5 cm/sec, whichever is less), and §257.102(d)(3)(i) (B), which requires 
the use of an infiltration layer that contains a minimum of 18 inches of earthen material.  
Compliance with this requirement is discussed below for each cover system type. 


Type II Cover System 


As EHP C Cell and EHP G Cell are unlined, the permeability of the final cover must be less than 
or equal to that of the natural subsoils or 1 x 10-5 cm/sec, whichever is less.  However, the 
permeability of natural subsoils was not established as part of this design because the permeability 
of the geomembrane and GCL used in the final cover are 2 x 10-13 cm/sec and 1 x 10-8 cm/sec, 
respectively, far lower than the permeability of natural soils.  The final cover design thus meets 
the performance standard under §257.102(d)(3)(i)(A).   


The low permeability of the final cover is achieved through the use of a composite infiltration layer 
comprising an upper geomembrane component and a lower GCL component overlain by an 18-
inch earthen (bottom ash) protective drainage layer.  The Final Cover Drainage Layer Analysis 
performed by Geosyntec (Appendix A.1) shows that the drainage layer is sufficient to allow liquids 
to flow freely to the dewatering system collection pipes, which will prevent buildup of liquid head 
on the geomembrane, thereby minimizing infiltration. 


Type III Cover System 


As EHP A Cell is unlined, the permeability of the final cover must be less than or equal to that of 
the natural subsoils or 1 x 10-5 cm/sec, whichever is less.  However, the permeability of natural 
subsoils was not established as part of this design because the permeability of the geomembrane 
and GCL used in the final cover are 2 x 10-13 cm/sec and 1 x 10-8 cm/sec, respectively, far lower 
than the permeability of natural soils.  The final cover design thus meets the performance standard 
under §257.102(d)(3)(i)(A).   


The low permeability of the final cover is achieved through the use of a composite infiltration layer 
comprising an upper geomembrane component and a lower GCL component overlain by a 
geocomposite drainage layer.  The Final Cover Drainage Layer Analysis performed by Geosyntec 
(Appendix A.1) shows that the drainage layer is sufficient to allow liquids to flow freely to the 
dewatering system sump, which will prevent buildup of liquid head on the geomembrane, thereby 
minimizing infiltration. 
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Type IV Cover System 


A Type IV Cover System will be used for both lined and unlined impoundments.  For the lined 
impoundments, none of the liner systems incorporate the use of a composite liner system.  
Therefore, use of a single geomembrane in the cap will be sufficient for the cover system 
permeability to be less than or equal to that of any of the CSES liner systems.  For the unlined 
impoundments, the permeability of the final cover must be less than or equal to that of the natural 
subsoils or 1 x 10-5 cm/sec, whichever is less.  However, the permeability of natural subsoils was 
not established as part of this design because the permeability of the geomembrane used in the 
final cover is 2 x 10-13 cm/sec, far lower than the permeability of natural soils.  The final cover 
designs that make use of the Type IV Cover System thus meet the performance standard under 
§257.102(d)(3)(i)(A).   


The low permeability of the final cover is achieved through the use of a composite infiltration layer 
comprising a geomembrane component overlain by a geocomposite drainage layer and an 18-inch 
thick layer of earthen material.  The Final Cover Drainage Layer Analysis performed by Geosyntec 
(Appendix A.1) shows that the drainage layer is sufficient to allow liquids to flow freely through 
the geocomposite and off the cap, which will prevent buildup of liquid head on the geomembrane, 
thereby minimizing infiltration. 


§257.102(d)(3)(ii)(B) – Erosion Protection 


The design of the final cover system must include an erosion layer that provides equivalent 
protection from wind or water erosion as the erosion layer specified in §257.102(d)(3)(i)(C), that 
is an erosion layer that contains a minimum of six inches of earthen material that is capable of 
sustaining native plant growth.   
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Type I, II, and III Cover System 


As designed, impoundment closures that use a Type I, Type II, or Type III Cover System will be 
followed by construction of an overfill impoundment or stormwater pond.  The placement of the 
overfill impoundment or stormwater pond above the infiltration layer for the underlying 
impoundment will protect the cover system from erosion.  As such, the overlying impoundment 
or stormwater pond serves the function of the erosion layer such that the final cover design for a 
Type I, Type II, and Type III Cover System meets this performance standard. 


Type IV Cover System 


The Type IV Cover System includes an erosion layer that meets the prescriptive requirements of 
§257.102(d)(3)(i)(C) and, therefore, the Type IV Cover System meets this performance standard. 


§257.102(d)(3)(ii)(C) – Integrity of the Final Cover 


For all four cover system types, the final cover will be constructed of earthen and geosynthetic 
components that are sufficiently flexible to accommodate expected local differential settlements 
and subsidence, as demonstrated by the Final Cover Settlement Analysis performed by Geosyntec 
(Appendix A.2).  The design of the final cover system and lateral drainage layer and dewatering 
system are such that there will be no further impounding of water, sediment, or slurry in the closed 
impoundment, as required by §257.102(d)(1)(ii).  The calculations in Appendix A.2 also 
demonstrate that the final cover system grades will not be reversed and the lateral drainage layer 
and dewatering system will continue to perform as designed even after settlement of the underlying 
waste under the maximum overburden loading from the overfill impoundment, stormwater pond, 
or final cover system has occurred.  The final cover design thus meets the performance standard 
in §257.102(d)(3)(ii)(C). 


At the time of final cover system construction, quality control and quality assurance measures will 
be implemented such that the final cover will be constructed as designed and the cover system will 
maintain major slope stability and integrity throughout the closure and post-closure periods, as 
required under §257.102(d)(1)(iii).  The stability of the final cover system under design conditions 
is demonstrated by the Veneer Slope Stability Analysis performed by Geosyntec (Appendix A.3). 
The final cover design thus meets this performance standard. 


3.2.3 Drainage and Stabilization of CCR Surface Impoundments 


Requirements for draining and stabilizing waste in CCR surface impoundments prior to the 
construction of the final cover are specified in §257.102(d)(2). 


Prior to construction of the final cover, free liquids will be pumped from the impoundment to be 
closed in accordance with §257.102(d)(2)(i).  The Global Slope Stability Analysis for selected 
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critical cross sections for the different units (Appendix A.4) demonstrates that the remaining solid 
wastes will be sufficiently stable to support the final cover system, as required under 
§257.102(d)(2)(ii). 


3.2.4 Methods and Procedures for Final Cover System Installation 


Section 257.102(b)(1)(iii) requires this Plan to include a description of the methods and procedures 
to be used to install the final cover system. 


A Construction Quality Assurance (CQA) will be performed to verify compliance with this Plan 
and the CCR Rule.  Construction oversight will include the following: 


1. Observation of the subgrade surface following removal of vegetation and debris and 
completion of final grading to verify that surface debris is removed prior to subgrade 
preparation; 


2. Observation of subgrade preparation, including rolling of the surface to provide a smooth 
surface for geomembrane installation; 


3. Observation and documentation of geosynthetics installation including verification of 
material conformance with project requirements prior to installation, verification of proper 
installation techniques, and verification of geomembrane seam strength using non-
destructive and destructive testing;  


4. Observation and documentation of protective drainage layer placement including 
verification of material conformance with project requirements prior to and during 
installation, verification of proper installation techniques, and verification of proper layer 
thickness; and 


5. Obtaining necessary documentation of construction, including material conformance 
information, field forms, laboratory testing of soils and geosynthetics, and as-built 
surveying. 


 


The methods and materials of construction discussed above are specified such that the final cover 
meets the performance standard of §257.102(d)(1)(v).  As such, the final cover design and 
proposed methods and procedures for final cover installation are intended to allow completion of 
closure construction in the shortest amount of time consistent with good engineering practices. 
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3.3 Maximum Inventory of CCR 


The CCR Rule per §257.102(b)(1)(iv) requires that the written closure plan provides an estimate 
of the maximum inventory of CCR on site over the active life of the CCR unit.  This information 
is reported in the table below for each of the units covered by this Plan. 


Unit ID Maximum Inventory of CCR (acre-ft) 


Plant Area Units 


Units 1 & 2  B Flyash Pond 196 


Units 1 & 2 Bottom Ash Pond 24 


Units 3 & 4 Bottom Ash Pond 38 


Units 1 & 2 Stage II Evaporation Ponds 


Old Clearwell 193 


D Cell 621 


E Cell 976 


Units 3 & 4 Effluent Holding Ponds 


A Cell 1530 


B Cell 1360 


C Cell 4420 


D/E Cell 1530 


G Cell 1870 
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3.4 Maximum Area Requiring a Final Cover 


The CCR Rule per §257.102(b)(1)(v) requires that the written closure plan provides an estimate 
of the largest area of the CCR unit requiring final cover at any one time in the CCR unit’s active 
life.  This information is reported in the table below for each of the units covered by this Plan. 


Unit ID 
Maximum Area Requiring a  


Final Cover (acres) 


Plant Area Units  


Units 1 & 2 B Flyash Pond 10.0 


Units 1 & 2 Bottom Ash Pond 5.3 


Units 3 & 4 Bottom Ash Pond 12.1 


Units 1 & 2 Stage II Evaporation Ponds  


Old Clearwell 10.9 


D Cell 25.7 


E Cell 46.8 


Units 3 & 4 Effluent Holding Ponds 


A Cell 45.6 


B Cell 39.0 


C Cell 74.9 


D/E Cell 39.2 


G Cell 51.8 
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3.5 Closure Schedule 


The CCR Rule per §257.102(b)(1)(vi) requires the written closure plan to include a schedule for 
completing all activities necessary to satisfy the closure criteria, including an estimate of the year 
in which all closure activities will be completed as well as the duration of such activities. 


Final closure system design will be completed prior to commencing closure.  It is expected that 
the final receipt of CCR in any unit will be immediately prior to commencement of closure 
construction.  Closure activities will commence within 30 days of the known final receipt of waste 
in accordance with §257.102(e)(1)(i).  Closure activities are expected to be completed within five 
years of commencing closure as required by §257.102(f)(1)(ii).  If this timeframe should increase, 
supporting information per §257.102(f)(2)(i) will be provided to request an extension. 


The conceptual schedule shown in the two tables below lists major milestones expected during 
closure activities.  The estimated times to reach each milestone, starting from the commencement 
of closure activities, are included. 


Milestone Maximum Allowable Time for Completion 


Final Closure System Design Prior to Commencing Closure 


Commencement of Closure System Construction 
Activities 


Within 30 days of final receipt of CCR  


Complete Construction of Closure System Within 5 years of commencing closure 
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3.6 Notifications, Deed Notations, and Recordkeeping 


The owner or operator of the CCR impoundment must comply with the requirements of 
§257.102(g) through (j), which pertain to notification of intent to close, notification of closure, 
deed notations, and recordkeeping requirements, respectively.  Key dates and milestones that will 
be observed in order to comply with these requirements include the following: 


1. Notification of Intent to Close:  This notification must be placed in the operating record no 
later than the date the owner or operator initiates closure of a CCR unit.  The notification 
must include written certification required in §257.102(d)(3)(iii), which is provided at the 
front of this Plan.  


2. Notification of Closure:  The notification must be placed in the operating record within 30 
days of completion of closure of the CCR unit.  As required in §257.102(f)(3), the 
notification must include certification from a qualified professional engineer verifying that 
closure has been completed in accordance with this Plan. 


3. Deed Notation:  No timing is specified for recording notations on the deed to the property 
(or similar instrument) following closure.  Within 30 days of recording a notation on the 
deed to the property, however, the owner or operator must prepare a notification stating 
that the notation has been recorded.  The owner or operator has completed the notification 
when it has been placed in the facility’s operating record. 


4. Closure Recordkeeping Requirements:  The owner or operator of the CCR unit must 
comply with the closure recordkeeping requirements specified in §257.105(i), the closure 
notification requirements specified in §257.106(i), and the closure Internet requirements 
specified in §257.107(i).  The timing for compliance with §257.105(i) is specified only in 
terms of placing required information in the facility’s operating record (as required in 
§257.102).  The timing for compliance with §257.106(i) and §257.107(i) is triggered by 
fulfilment of §257.105(i). 
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DRAINAGE LAYER DESIGN ANALYSIS 
COLSTRIP EHP  


PURPOSE 


The purpose of this calculation package is to develop specifications for the drainage layer 
component of the Type IV Cover System and Type II Cover System for the Colstrip Steam 
Electric Station (SES) Effluent Holding Pond (EHP) located in Colstrip, Montana. 


Specifically, the objective of this calculation is to evaluate the geocomposite transmissivity 
required to drain infiltrating water for the Type IV Cover System and to evaluate the capacity of 
the bottom ash protective drainage layer for the Type II Cover System. The analysis was 
performed using the Hydrogeologic Evaluation of Landfill Performance (HELP) model. The 
remainder of this calculation package presents the following: 


 Description of the proposed Type IV Cover System; 


 Description of the proposed Type II Cover System; 


 Method of analysis; 


 Input data for analysis; and 


 Analysis results and conclusions. 


This analysis was performed to evaluate the general capacity of the drainage layer of the 
proposed systems and is only meant to serve as general guidelines for the design. Further 
analyses are needed to provide more for specific designs that will comply with the requirements 
of §§257.102 and 257.72 of the Federal Coal Combustion Residuals (CCR) Rule for alternative 
final covers and alternative liners, respectively. 


DESCRIPTION OF THE PROPOSED TYPE IV COVER SYSTEM 


Type IV Cover System will be used as a final cover for cells that currently impound CCR. The 
final cover comprises the following components, from top to bottom: 


 6 inches of topsoil; 


 12 inches of protective cover soil; 


 250-mil geocomposite drainage layer; 


 40-mil HDPE geomembrane; and 


 8-oz non-woven geotextile cushion (where needed). 


The geotextile cushion will be placed directly above the in-place CCR. 
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DESCRIPTION OF THE PROPOSED TYPE II COVER SYSTEM 


A portion of EHP C Cell and all of EHP G Cell will be closed followed by the construction of a 
new CCR Rule-compliant impoundment directly above the closed impoundment (EHP C-1 Cell 
and EHP G-1 Cell, respectively).  The composite cover system design includes (from top to 
bottom): 


 18-inch protective drainage layer (Bottom Ash); 


 8-oz non-woven geotextile cushion;  


 60-mil HDPE geomembrane; and  


 Geosynthetic Clay Liner (GCL).  


The GCL will be placed directly on the compacted ash paste.  


METHOD OF ANALYSES 


Overview 


The Hydrogeologic Evaluation of Landfill Performance (HELP) model, Version 3.07 
(Schroeder, et. al., 1994a and 1994b), is a quasi two-dimensional hydrologic model of water 
movement across, into, through, and out of landfills. Three HELP models were created to 
simulate the proposed systems in the previous sections. The models were used to estimate the 
head on the lower geomembrane barrier caused by infiltration through the overlaying layers. 


Analyses 


The proposed systems were analyzed using the HELP models for the critical geometry of the 
systems. The respective critical geometries were selected by maximizing the drainage length, 
while maintaining the head above the geomembrane layer below the thickness of the drainage 
layer (i.e. keeping the head on top of the lower geomembrane barrier below 0.25 inches for Type 
IV Cover System, and below 18 inches for Type II Cover System).  


The analysis was performed to evaluate the minimum saturated hydraulic conductivity, and, 
therefore, transmissivity, of the geocomposite required to minimize, to the extent feasible, the 
average head on the geomembrane barrier to the thickness of the geocomposite drainage layer. 
This transmissivity is referred to herein as the design transmissivity. 


The specified geocomposite transmissivity (Tspec) was estimated based on the design 
transmissivity (Tdes) calculated using the HELP model. The specified transmissivity was 
estimated using the method described by Koerner and Koerner (2007) to account for flow 
capacity reduction by intrusion by overlying materials (e.g., geotextile component), overburden 
forces (creep), and chemical and biological clogging. In addition to the recommended reduction 
factors, an overall factor of safety (FS) was applied to the design transmissivity when estimating 
the specified transmissivity. 







 


Written by: M. Al-Quraan Date: 10/13/2016 


Reviewed by: D. Espinoza Date: 10/17/2016 


Client: Talen Montana Project: Colstrip EHP Drainage Calc Project No.: ME1343 Phase No.: 04 
 


ME1343/Colstrip Drainage Layer_Ver20190214 3  


The specified transmissivity, Tspec, of the geocomposite was estimated using the following 
equation (after Koerner and Koerner 2007): 


𝑇 𝑇 𝐹𝑆 𝑅𝐹 𝑅𝐹 𝑅𝐹 𝑅𝐹  Equation 1 


Where: 


 Tspec = Specified Transmissivity (m2/sec) (value to be specified for construction), 


Tdes = Design Transmissivity (m2/sec) (value estimated using HELP model), 


RFIN = Reduction factor for intrusion of geotextiles or geomembranes into the 
core of drainage product, 


RFCR = Reduction factor for creep of the drainage core or covering geosynthetics, 


RFCC = Reduction factor for chemical clogging of the drainage core, and 


RFBC = Reduction factor for biological clogging of the drainage core. 


The following flow capacity reduction factors were assumed based on guidance provided by 
Koerner and Koerner (2007), Geosynthetics Research Institutes (GRI) Standard – GC8, and 
Giroud et al. (2000): 


REDUCTION FACTOR TYPE IV COVER SYSTEM TYPE II COVER SYSTEM 


Intrusion, RFIN 1.1 N/A 


Creep, RFCR 1.2 N/A 


Chemical clogging, RFCC 1.1 N/A 


Biological Clogging, RFBC 1.3 N/A 


 


Reduction factors were selected in consideration of the expected permeant and loading 
conditions and the testing conditions. The overall factor of safety for each system assumed to be 
2.0 based on recommendations by Giroud et al. (2000).  


The recommendations by Giroud et al. (2000) are applicable to the geocomposite drainage layer 
used in Type IV Cover System, but are not applicable to the bottom ash drainage layer used in 
Type II Cover System.  


INPUT DATA 


Overview 


The HELP model requires numerous input data to be entered for each analysis. This includes 
design-specific inputs such as the layering configuration and material properties as well as 
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location-specific input such as weather data, including precipitation. Location-specific input is 
the same for all proposed cover systems, while the design-specific input is different. 


The HELP model input parameters are described for the proposed cover systems in the following 
sub-sections. 


Location-Specific Input 


Weather Data Description 


The HELP model is generally used to estimate the hydraulic performance of the liner or cover 
system under the local weather. For such applications, a hydraulic head above liner is calculated 
based on the local climate (e.g., rainfall, evapotranspiration, solar radiation). The HELP model 
provides default and synthetically generated data for specific cities in the United States. Weather 
data were synthetically generated using HELP for a period of 30 years based on historical data 
for Billings, Montana. Billings is the closest city to the Site for which historical precipitation 
data is available in HELP. 


For an impoundment with a designed storage volume, such as B Cell and G Cell, the head above 
the liner system is not strictly dependent on the local weather.  As such, the approach described 
in the section below was used to model the fixed head boundary condition of the impoundment. 
Nevertheless, local weather data was used as input of the proposed cover systems in the analysis 
as required by the HELP model. 


As a traditional vegetated final cover system, the loading and performance of Type IV Cover 
System drainage layer is directly influenced by rainfall, evapotranspiration, and solar radiation. 
As such, the weather data described above for Billing, Montana was necessary part of the 
analysis. 


Design-Specific Input  


Type IV Cover System 


Top Soil and Protective Cover Soil Layers 


Borrow soils from the site are assumed to be used as the protective cover soil and the top soil. 
The soil to be used classifies as a Lean Clay (CL). The HELP default properties for a lean clay 
(i.e., soil texture number 13) were selected for use in this analysis.  


Surface Vegetation 


The surface vegetation assumed in the analysis corresponds to a fair stand of grass (vegetation 
type number 3 in the HELP model). 


Initial Moisture Content  


Default values for initial moisture content were calculated by the HELP model for approximate 
steady-state conditions and used for all soil layers. 
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Geocomposite Drainage Layer 


Transmissivity, the commonly specified flow parameter for geocomposites, is the product of 
geocomposite thickness and hydraulic conductivity. The HELP analysis was performed by 
assuming an initial saturated hydraulic conductivity and varying the value for each iteration 
assuming a geocomposite thickness of 250 mils (0.250 inches). The saturated hydraulic 
conductivity, and therefore transmissivity, was varied until the average head on the 
geomembrane was considered acceptable (e.g., equal to or less than the 250-mil geocomposite 
thickness). 


Geomembrane Layer 


A 40 mil-HDPE is used as the geomembrane barrier. The upper and lower geomembrane layers 
were modeled with manufacturing defects (pinholes) and installation defects. Pinhole density 
corresponds to the number of assumed defects in a given area with a hole diameter equal to or 
smaller than the geomembrane thickness. Two pinholes per acre were assumed in the analyses, 
corresponding to a manufacturer with a “good” quality control program (Schroeder et al. 1994a 
and 1994b). 


Installation defects correspond to the assumed number of defects in a given area with a hole 
diameter larger than the geomembrane thickness. Installation defects are the result of seaming 
faults and punctures during installation. Schroeder et al. (1994b) and Giroud and Bonaparte 
(1989) recommend using a flaw density of 1 flaw/acre for intensively monitored projects. Two 
defects per acre were conservatively assumed in the analyses, corresponding to installation with 
a “good” quality assurance program (Schroeder et al. 1994a). 


Geotextile Cushion 


Geotextile is used to provide a cushion for the geomembrane layer, and therefore was not 
included in the HELP model. 


Drainage Path Lengths 


A 3 percent slope was used for the final cover system. The drainage path length was varied until 
the average head on top of the geomembrane barrier layer was deemed acceptable. A maximum 
drainage length of 435 ft was used. 


Type II Cover System 


Bottom Ash Protective/Drainage Layer 


The 18 in bottom ash protective/drainage layer is designed to protect the liner and to provide 
drainage for infiltration water above the HDPE geomembrane. It is modeled as a drainage layer, 
using material texture number 31 (coal-burning electric plant bottom ash).  
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Geomembrane Layer 


The geomembrane used for the base liner is 60-mil HDPE geomembrane. The geosynthetic 
material number chosen for the HELP simulation is 35. Note that Type II Cover System will be 
used as a liner for future CCR placement (G-1 Cell and C-1 Cell). The geomembrane layer is 
modeled having a pinhole density of five pinholes per acre, and are conservatively assumed to 
have a poor placement quality with one installation defect. 


Geotextile Cushion 


Geotextiles are not modeled as layers, unless they perform a specific hydraulic function 
(Schroeder et al. 1994b). The purpose for using geotextile in this design is to provide a cushion 
for the geomembrane layer, and therefore was not included in the HELP models. 


Drainage Path Lengths 


A 2 percent slope was used for the final cover system with a maximum drainage length of 375 ft. 


ANALYSIS RESULTS 


The design transmissivity of Type IV Cover System was calculated from the HELP model to be 
1.6 × 10-3 m2/s, which corresponds to a design saturated hydraulic conductivity of 25 cm/s and a 
geocomposite thickness of 250 mils. The specified transmissivity was computed as 6.0 × 10-3 
m2/s. According to the detailed daily HELP output, the proposed thickness of geocomposite will 
be exceeded one day every fifteen years. Such exceedance does not pose a threat to the stability 
of the cover system.  


The peak average head on top of the geomembrane barrier for Type II Cover System was found 
to be 8.1 inches, well below the proposed 18-inch thick drainage layer. 


HELP model output is included as Appendix A. The specified transmissivity calculation is 
presented in the table in Appendix B.  


RECOMMENDATIONS 


Based on the analyses and calculations presented herein, the minimum required specified 
transmissivity of the geocomposite is 6.0 × 10-3 m2/s for the Type IV Cover System. Based on 
Geosyntec’s experience and a review of product literature for geocomposite with a thickness of 
250-mils or greater, the calculated minimum required transmissivities can be met by 
commercially available geocomposite products. 


Based on the design considerations described in this calculation package and the results of these 
analyses, the following recommendations are made with respect to the selection, testing, and use 
of a geocomposite for the final cover system: 


 Geocomposite selected for Type IV Cover System shall achieve a transmissivity 
equal to or greater than 6.0 × 10-3 m2/s when conforming to material and testing 
requirements described below; 
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 The final design for Type IV Cover System shall conform to a drainage slope of 3 
percent, and a maximum drainage length of 435 ft.  


 The final design for Type II system shall conform to a drainage slope 2 percent, and a 
maximum drainage length of 375 ft.  


 Geocomposite may be either biplanar, triplanar, or triaxial; 


 non-woven geotextile shall be heat-bonded to both sides of the geonet component of 
the geocomposite; and 


 Transmissivity of the Type IV Cover System geocomposite shall be measured using 
water at 68 degrees F with a gradient of 0.03 under a compressive stress of 250 
pounds per square foot (psf) between 60-mil textured HDPE geomembrane (below) 
and the proposed protective cover soil (above). The transmissivity test shall 
commence after a minimum seating time of 15 minutes has been reached under a 
compressive stress of 250 psf. 


If field conditions are different than those assumed herein, then the Engineer shall be notified 
and the calculations evaluated.  
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 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\cols\DATA4.D4                            
 TEMPERATURE DATA FILE:      C:\HELP3\cols\DATA7.D7                            
 SOLAR RADIATION DATA FILE:  C:\HELP3\cols\DATA13.D13                          
 EVAPOTRANSPIRATION DATA:    C:\HELP3\cols\DATA11.D11                          
 SOIL AND DESIGN DATA FILE:  C:\HELP3\cols\TYPEII.D10                          
 OUTPUT DATA FILE:           C:\HELP3\cols\TYPEII.OUT                          


 TIME:  12: 4     DATE:  10/16/2016


 
 ******************************************************************************


      TITLE:  Colstrip New Clearwell - TYPE II Drainage Layer Analysis             
    


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.


 
                                    LAYER  1
                                    --------
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                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  31
            THICKNESS                   =     18.00   INCHES
            POROSITY                    =      0.5780 VOL/VOL
            FIELD CAPACITY              =      0.0760 VOL/VOL
            WILTING POINT               =      0.0250 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0695 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.410000002000E-02 CM/SEC
            SLOPE                       =      2.00   PERCENT
            DRAINAGE LENGTH             =    375.0    FEET
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.


 
                                    LAYER  2
                                    --------


                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      5.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  4 - POOR     


 
                                    LAYER  3
                                    --------


                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.24   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC
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                                    LAYER  4
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    840.00   INCHES
            POROSITY                    =      0.5010 VOL/VOL
            FIELD CAPACITY              =      0.2840 VOL/VOL
            WILTING POINT               =      0.1350 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2840 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.188999998000E-03 CM/SEC


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #31 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF  2.% AND
                   A SLOPE LENGTH OF  375. FEET.


         SCS RUNOFF CURVE NUMBER             =     96.80
         FRACTION OF AREA ALLOWING RUNOFF    =      0.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     18.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      1.252  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     10.404  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.450  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    239.989  INCHES
         TOTAL INITIAL WATER                 =    239.989  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
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              START OF GROWING SEASON (JULIAN DATE)  =    130
              END OF GROWING SEASON (JULIAN DATE)    =    278
              EVAPORATIVE ZONE DEPTH                 =  18.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10


          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
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                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 0.96     0.78     0.95     1.81     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     1.07     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ------
     TOTALS                 0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
     STD. DEVIATIONS        0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 0.694    0.495    0.746    1.673    2.081    2.812
                            2.218    0.991    0.894    0.831    0.773    0.617
 
     STD. DEVIATIONS        0.241    0.270    0.372    0.652    0.674    0.536
                            1.209    0.643    0.658    0.532    0.410    0.252
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  1
   ----------------------------------------
     TOTALS                 0.0030   0.0026   0.0040   0.0296   0.0654   0.0628
                            0.0164   0.0000   0.0000   0.0002   0.0011   0.0028
 
     STD. DEVIATIONS        0.0070   0.0059   0.0095   0.0334   0.0724   0.0667
                            0.0235   0.0000   0.0000   0.0008   0.0029   0.0070
 
   PERCOLATION/LEAKAGE THROUGH LAYER  3
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0001   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0001   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0001   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
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     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0006   0.0006
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 


 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------


 
   DAILY AVERAGE HEAD ON TOP OF LAYER  2
   -------------------------------------
     AVERAGES               0.0790   0.0734   0.1036   0.7950   1.7024   1.6905
                            0.4271   0.0000   0.0000   0.0044   0.0293   0.0730
 
     STD. DEVIATIONS        0.1823   0.1694   0.2461   0.8992   1.8848   1.7952
                            0.6122   0.0000   0.0000   0.0201   0.0782   0.1809
 
 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  15.01    (   2.647)      54497.2     100.00
 
  RUNOFF                          0.000   (  0.0000)          0.00      0.000
 
  EVAPOTRANSPIRATION             14.826   (  2.3129)      53818.92     98.755
 
  LATERAL DRAINAGE COLLECTED      0.18785 (  0.19140)       681.881    1.25122
    FROM LAYER  1
 
  PERCOLATION/LEAKAGE THROUGH     0.00026 (  0.00031)         0.938     0.00172
    LAYER  3
 
  AVERAGE HEAD ON TOP             0.415 (    0.422)
    OF LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00021 (  0.00080)         0.761     0.00140
    LAYER  4
 
  CHANGE IN WATER STORAGE        -0.001   (  0.9795)         -4.37     -0.008
 
 *******************************************************************************
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 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              3.00         10890.000
 
       RUNOFF                                     0.000            0.0000
 
       DRAINAGE COLLECTED FROM LAYER  1           0.01004         36.42905
 
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.000020         0.07311
 
       AVERAGE HEAD ON TOP OF LAYER  2            8.099
 
       MAXIMUM HEAD ON TOP OF LAYER  2           12.544


       LOCATION OF MAXIMUM HEAD IN LAYER  1
             (DISTANCE FROM DRAIN)               84.5 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.003145        11.41510
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3536
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0250
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.


 
 ******************************************************************************
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 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            0.9624         0.0535


                       2            0.0000         0.0000


                       3            0.1800         0.7500


                       4          238.5583         0.2840


                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\cols\DATA4.D4                            
 TEMPERATURE DATA FILE:      C:\HELP3\cols\DATA7.D7                            
 SOLAR RADIATION DATA FILE:  C:\HELP3\cols\DATA13.D13                          
 EVAPOTRANSPIRATION DATA:    C:\HELP3\cols\DATA11.D11                          
 SOIL AND DESIGN DATA FILE:  C:\HELP3\cols\TYPEIV.D10                          
 OUTPUT DATA FILE:           C:\HELP3\cols\TYPEIV.OUT                          


 TIME:  12: 4     DATE:  10/16/2016


 
 ******************************************************************************


      TITLE:  Colstrip New Clearwell - Type IV Drainage Layer Analysis


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.


 
                                    LAYER  1
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER  13
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4300 VOL/VOL
            FIELD CAPACITY              =      0.3210 VOL/VOL
            WILTING POINT               =      0.2210 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2842 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.330000003000E-04 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.


 
                                    LAYER  2
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  13
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4300 VOL/VOL
            FIELD CAPACITY              =      0.3210 VOL/VOL
            WILTING POINT               =      0.2210 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2169 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.330000003000E-04 CM/SEC


 
                                    LAYER  3
                                    --------


                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2032 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   25.0000000000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    435.0    FEET


 
                                    LAYER  4
                                    --------
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                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.04   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      2.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      2.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #13 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  3.%
                   AND A SLOPE LENGTH OF  435. FEET.


         SCS RUNOFF CURVE NUMBER             =     88.10
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     18.2    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      4.359  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      7.952  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      3.979  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =      4.359  INCHES
         TOTAL INITIAL WATER                 =      4.359  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    130
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              END OF GROWING SEASON (JULIAN DATE)    =    278
              EVAPORATIVE ZONE DEPTH                 =  18.2  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10


          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
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                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 0.96     0.78     0.95     1.81     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     1.07     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ------
     TOTALS                 0.045    0.147    0.232    0.259    0.045    0.013
                            0.001    0.002    0.010    0.002    0.007    0.018
 
     STD. DEVIATIONS        0.097    0.158    0.243    0.383    0.120    0.029
                            0.003    0.012    0.025    0.007    0.023    0.050
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 0.691    0.502    0.741    1.842    2.213    2.481
                            1.278    1.001    0.992    0.928    0.769    0.620
 
     STD. DEVIATIONS        0.244    0.267    0.344    0.665    0.643    0.819
                            0.680    0.644    0.657    0.553    0.317    0.263
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  3
   ----------------------------------------
     TOTALS                 0.0000   0.0000   0.0107   0.0528   0.0499   0.0018
                            0.0000   0.0000   0.0000   0.0000   0.0025   0.0010
 
     STD. DEVIATIONS        0.0000   0.0000   0.0456   0.1714   0.1450   0.0076
                            0.0000   0.0000   0.0000   0.0000   0.0138   0.0057
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0067   0.0174   0.0198   0.0029
                            0.0000   0.0000   0.0000   0.0000   0.0020   0.0016
 
     STD. DEVIATIONS        0.0000   0.0000   0.0279   0.0461   0.0518   0.0100
                            0.0000   0.0000   0.0000   0.0000   0.0107   0.0090
 


 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------
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   DAILY AVERAGE HEAD ON TOP OF LAYER  4
   -------------------------------------
     AVERAGES               0.0000   0.0000   0.0004   0.0022   0.0020   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0001   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0018   0.0071   0.0058   0.0003
                            0.0000   0.0000   0.0000   0.0000   0.0006   0.0002
 
 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  15.01    (   2.647)      54497.2     100.00
 
  RUNOFF                          0.781   (  0.6330)       2835.93      5.204
 
  EVAPOTRANSPIRATION             14.058   (  2.0113)      51031.40     93.640
 
  LATERAL DRAINAGE COLLECTED      0.11877 (  0.29591)       431.131    0.79111
    FROM LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.05035 (  0.10747)       182.767     0.33537
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.000 (    0.001)
    OF LAYER  4
 
  CHANGE IN WATER STORAGE         0.004   (  1.1458)         15.95      0.029
 
 *******************************************************************************


� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              3.00         10890.000
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       RUNOFF                                     1.133         4113.8550
 
       DRAINAGE COLLECTED FROM LAYER  3           0.38458       1396.04236
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.052773       191.56589
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.479
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.934


       LOCATION OF MAXIMUM HEAD IN LAYER  3
             (DISTANCE FROM DRAIN)               10.6 FEET
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3857
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.2180
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.


 
 ******************************************************************************


� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            1.5842         0.2640


                       2            2.6035         0.2170


                       3            0.0508         0.2032


                       4            0.0000         0.0000
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                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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APPENDIX B 


SPECIFIED TRANSMISSIVITY CALCULATION 
  







 


 


 
Specified Transmissivity Calculation – Type IV Cover System 


Geocomposite Thickness  t  0.250  inches 
Design Hydraulic 
Conductivity  kdes  25  cm/s 


Design Transmissivity  Tdes  1.59E‐03  m2/s 


Specified Transmissivity  Tspec  5.99E‐03  m2/s 


      
Selected reduction factors and factor of safety (Giroud, et al. 
(2000)): 


FS  2  = overall factor of safety 
RFIN  1.10  = reduction factor for intrusion 


RFCR   1.20 
= reduction factor for creep of 
geocomposite 


RFCC   1.10 
= reduction factor for chemical 
clogging 


RFBC   1.30 
= reduction factor for biological 
clogging 
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GEOCOMPOSITE DRAINAGE LAYER DESIGN ANALYSIS 
COLSTRIP EHP NEW CLEARWELL 


PURPOSE 


The purpose of this calculation package is to develop specifications for the geocomposite 
drainage layer component of the A Cell final cover system of the Colstrip Steam Electric Station 
(SES) Effluent Holding Pond (EHP) located in Colstrip, Montana. A portion of the A Cell final 
cover will serve as the liner for the New Clearwell, a new surface impoundment to be 
constructed above a portion of A Cell. 


Specifically, the objective of this calculation is to evaluate the geocomposite transmissivity 
required to drain water that has infiltrated the overlying final cover components. The analysis 
was performed using the Hydrogeologic Evaluation of Landfill Performance (HELP) model. The 
remainder of this calculation package presents the following: 


• Description of the proposed liner systems; 


• Method of analysis; 


• Input data for analysis; and 


• Analysis results and conclusions. 


This analysis was performed to support the closure of A Cell and the construction of the New 
Clearwell in accordance with the requirements of §§257.102 and 257.72 of the Federal Coal 
Combustion Residuals (CCR) Rule for alternative final covers and alternative liners, 
respectively. 


DESCRIPTION OF THE PROPOSED FINAL COVER SYSTEMS 


As mentioned above, a portion of the A Cell final cover system will serve as the liner of the New 
Clearwell. The portion of the final cover serving as the liner of the New Clearwell is referred in 
the Contract Documents as the Type III Cover System, whereas the Type IV Cover System will 
be a vegetated cover for the remaining portion of A Cell. The limits of the Type III and Type IV 
Cover Systems are shown on the grading plan presented in Figure 1. 


Two design conditions were selected for analysis. The first design condition analyzed the Type 
III Cover System at along the critical drainage path and is comprised of the following 
components, from top to bottom: 


• 60-mil high-density polyethylene (HDPE) upper geomembrane; 


• geocomposite drainage layer; 


• 60-mil HDPE geomembrane liner; and 


• geosynthetic clay liner (GCL). 
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The GCL is to be placed directly on the prepared bottom ash subgrade. 


The second design condition analyzed drainage layer of the proposed Type IV Cover System 
system along the critical drainage path. The Type IV Cover System comprises the following 
components, from top to bottom: 


• 6 inches of topsoil; 


• 12 inches of protective cover soil 


• Geocomposite drainage layer; 


• 60-mil HDPE geomembrane liner; and 


• non-woven geotextile cushion. 


The geotextile cushion will be placed directly above the existing bottom ash.  


The Type III and Type IV Cover Systems are shown in detail in Figure 2. 


METHOD OF ANALYSES 


Overview 


The Hydrogeologic Evaluation of Landfill Performance (HELP) model, Version 3.07 
(Schroeder, et. al., 1994a and 1994b), is a quasi two-dimensional hydrologic model of water 
movement across, into, through, and out of landfills. Two HELP models were created to simulate 
Type III and Type IV Cover Systems for the New Clearwell and A Cell, respectively. The 
models were used to estimate the head on the lower geomembrane barrier caused by infiltration 
through the overlying geomembrane and into the geocomposite drainage layer for Type III Cover 
System and top soil and protective cover soil into the geocomposite drainage layer for Type IV 
Cover System. 


Analyses 


The proposed systems were analyzed using the HELP models for the critical geometry of the 
systems. The respective cover geometries analyzed were selected as the most critical due to their 
long drainage paths and shallow slopes. The analysis was performed to evaluate the minimum 
saturated hydraulic conductivity, and, therefore, transmissivity, of the geocomposite required to 
minimize, to the extent feasible, the average head on the geomembrane barrier to the thickness of 
the geocomposite drainage layer. This transmissivity is referred to herein as the design 
transmissivity. 


The specified geocomposite transmissivity (Tspec) was estimated based on the design 
transmissivity (Tdes) calculated using the HELP model. The specified transmissivity was 
estimated using the method described by Koerner and Koerner (2007) to account for flow 
capacity reduction by intrusion by overlying materials (e.g., geotextile component), overburden 
forces (creep), and chemical and biological clogging. In addition to the recommended reduction 







 


Written by: M. Al-Quraan Date: 10/10/2016 


Reviewed by: D. Espinoza Date: 10/14/2016 
Client: Talen Montana Project: Colstrip EHP New Clearwell Project No.: ME1343 Phase No.: 04 


 


ME1343/Colstrip NC Drainage Layer 3  


factors, an overall factor of safety (FS) was applied to the design transmissivity when estimating 
the specified transmissivity. 


The specified transmissivity, Tspec, of the geocomposite was estimated using the following 
equation (after Koerner and Koerner 2007): 


𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑇𝑇𝑑𝑑𝑠𝑠𝑠𝑠 × 𝐹𝐹𝐹𝐹 × 𝑅𝑅𝐹𝐹𝐼𝐼𝐼𝐼 × 𝑅𝑅𝐹𝐹𝐶𝐶𝐶𝐶 × 𝑅𝑅𝐹𝐹𝐶𝐶𝐶𝐶 × 𝑅𝑅𝐹𝐹𝐵𝐵𝐶𝐶 Equation 1 


Where: 


 Tspec = Specified Transmissivity (m2/sec) (value to be specified for construction), 


Tdes = Design Transmissivity (m2/sec) (value estimated using HELP model), 


RFIN = Reduction factor for intrusion of geotextiles or geomembranes into the 
core of drainage product, 


RFCR = Reduction factor for creep of the drainage core or covering geosynthetics, 


RFCC = Reduction factor for chemical clogging of the drainage core, and 


RFBC = Reduction factor for biological clogging of the drainage core. 


The following flow capacity reduction factors were assumed based on guidance provided by 
Koerner and Koerner (2007), Geosynthetics Research Institutes (GRI) Standard – GC8, and 
Giroud et al. (2000): 


REDUCTION FACTOR TYPE III 
COVER SYSTEM 


TYPE IV 
COVER SYSTEM 


Intrusion, RFIN 1.1 1.1 


Creep, RFCR 1.7 1.2 


Chemical clogging, RFCC 1.2 1.1 


Biological Clogging, RFBC 1.2 1.3 
 


Reduction factors were selected in consideration of the expected permeant and loading 
conditions and the testing conditions. The overall factor of safety for each system assumed to be 
2.0 based on recommendations by Giroud et al. (2000). 


INPUT DATA 


Overview 


The HELP model requires numerous input data to be entered for each analysis. This includes 
design-specific inputs such as the layering configuration and material properties as well as 
location-specific input such as weather data, including precipitation. Location-specific input is 
the same for both final cover systems, while the design-specific input is different. 
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The HELP model input parameters are described for Type III and Type IV Cover Systems in the 
following sub-sections. 


Location-Specific Input 


Weather Data Description 


The HELP model is generally used to estimate the hydraulic performance of the liner or cover 
system under the local weather. For such applications, a hydraulic head above liner is calculated 
based on the local climate (e.g., rainfall, evapotranspiration, solar radiation). The HELP model 
provides default and synthetically generated data for specific cities in the United States. Weather 
data were synthetically generated using HELP for a period of 30 years based on historical data 
for Billings, Montana. Billings is the closest city to the Site for which historical precipitation 
data is available in HELP. 


For an impoundment with a designed storage volume, such as the New Clearwell, the head above 
the liner system (in this case, the Type III Cover System) is not strictly dependent on the local 
weather.  As such, the approach described in the section below was used to model the fixed head 
boundary condition of the impoundment. Nevertheless, local weather data was used as input of 
the Type III Cover System analysis as required by the HELP model. 


As a traditional vegetated final cover system, the loading and performance of the Type IV Cover 
System drainage layer is directly influenced by rainfall, evapotranspiration, and solar radiation. 
As such, the weather data described above for Billing, Montana was necessary part of the 
analysis. 


Design-Specific Input  


Type III Cover System  


Impounded Water Layer 


The New Clearwell will impound water under normal operations. Therefore, the analysis 
considered the hydraulic head created by the impounded water. The impounded water was 
modeled using a high-permeability soil layer and an assumed groundwater infiltration rate. The 
impounded water layer was assumed to be equal to the expected average depth of water, 264 
inches (22 feet). The permeability of this layer was assumed to be equal to the hydraulic 
permeability of the geocomposite drainage layer (i.e., 10 cm/s) and was assigned a subsurface 
infiltration rate of 2400 inches per year, a value assumed to be sufficiently high to maintain 
saturation such that the hydraulic head above the liner is equal to the desired value (i.e., 22 feet). 


Geocomposite Drainage Layer 


Transmissivity, the commonly specified flow parameter for geocomposites, is the product of 
geocomposite thickness and hydraulic conductivity. The HELP analysis was performed by 
assuming an initial saturated hydraulic conductivity and varying the value for each iteration 
assuming a geocomposite thickness of 250 mils (0.250 inches). The saturated hydraulic 
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conductivity, and therefore transmissivity, was varied until the average head on the 
geomembrane was equal to or less than the 250-mil geocomposite thickness.  


Geomembrane Layer 


The upper and lower geomembrane layers were modeled with manufacturing defects (pinholes) 
and installation defects. 


Pinhole density corresponds to the number of assumed defects in a given area with a hole 
diameter equal to or smaller than the geomembrane thickness. Two pinholes per acre were 
assumed in the analyses, corresponding to a manufacturer with a “good” quality control program 
(Schroeder et al. 1994a and 1994b). 


Installation defects correspond to the assumed number of defects in a given area with a hole 
diameter larger than the geomembrane thickness. Installation defects are the result of seaming 
faults and punctures during installation. Schroeder et al. (1994b) and Giroud and Bonaparte 
(1989) recommend using a flaw density of 1 flaw/acre for intensively monitored projects. Two 
defects per acre were conservatively assumed in the analyses, corresponding to installation with 
a “good” quality assurance program (Schroeder et al. 1994a). 


Hydraulic Barrier Layer 


The properties of the hydraulic barrier system used in the analyses includes a 60-mil 
geomembrane underlain by a GCL with a saturated hydraulic conductivity equal to 2 × 10-13 
cm/s and 3 × 10-9 cm/s, respectively. 


Drainage Path Lengths 


Drainage path length and slope were selected based on the geometry of the base of the New 
Clearwell as 950 ft and 1.5 percent, respectively (Figure 1). 


Type II Cover System  


Top Soil and Protective Cover Soil Layers 


Borrow soils from the site are to be used as the protective cover soil and the top soil. The soil to 
be used classifies as a lean clay (CL). The HELP default properties for a lean clay (i.e., soil 
texture number 13) were selected for use in this analysis.  


Surface Vegetation 


The surface vegetation assumed in the analysis corresponds to a fair stand of grass (vegetation 
type number 3 in the HELP model). 


Initial Moisture Content  


Default values for initial moisture content were calculated by the HELP model for approximate 
steady-state conditions and used for all soil layers 
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Geocomposite Drainage Layer 


The saturated hydraulic conductivity, and therefore transmissivity, was initially assumed equal to 
the Type III Cover System varied until the peak average head on the geomembrane was 
considered acceptable. 


Geomembrane Layer 


The geomembrane layer was modeled using the same properties described for the Type III Cover 
System. 


Geotextile Cushion 


Geotextiles are not modeled as layers, unless they perform a specific hydraulic function 
(Schroeder et al. 1994b). The purpose for using geotextile in this design is to provide a cushion 
for the geomembrane layer, and therefore was not included in the HELP models. 


Drainage Path Lengths 


Drainage path length and slope were selected based on the geometry of the cover of the Type IV 
Cover System as 825 ft and 3 percent, respectively (Figure 1). 


ANALYSIS RESULTS 


The design transmissivity of the Type III Cover System was calculated from the HELP model to 
be 6.4 × 10-4 m2/s, which corresponds to a design saturated hydraulic conductivity of 10 cm/s and 
a geocomposite thickness of 250 mils. The specified transmissivity was computed as 3.5 × 10-3 
m2/s. 


The design transmissivity of the Type IV Cover System was calculated from the HELP model to 
be 1.6 × 10-3 m2/s, which corresponds to a design saturated hydraulic conductivity of 25 cm/s and 
a geocomposite thickness of 250 mils. The specified transmissivity was computed as 6.0 × 10-3 
m2/s. According to the detailed daily HELP output, the proposed thickness of geocomposite will 
be exceeded one day every three years. Such exceedance does not pose a threat to the stability of 
the cover system.  


HELP model output is included as Appendix A. The specified transmissivity calculation is 
presented in the table in Appendix B.  


RECOMMENDATIONS 


Based on the analyses and calculations presented herein, the minimum required specified 
transmissivity of the geocomposite is 3.5 × 10-3 m2/s for the Type III Cover System and 6.0 × 10-


3 m2/s for the Type IV Cover System. Based on Geosyntec’s experience and a review of product 
literature for geocomposite with a thickness of 250-mils or greater, the calculated minimum 
required transmissivities can be met by commercially available geocomposite products. 
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Based on the design considerations described in this calculation package and the results of these 
analyses, the following recommendations are made with respect to the selection, testing, and use 
of a geocomposite for the final cover system: 


• geocomposite selected for use in the New Clearwell liner system (Type III Cover 
System) shall achieve a transmissivity equal to or greater than 3.5 × 10-3 m2/s when 
conforming to material and testing requirements described below; 


• geocomposite selected for A Cell cover system (Type IV Cover System) shall achieve 
a transmissivity equal to or greater than 6.0 × 10-3 m2/s when conforming to material 
and testing requirements described below; 


• geocomposite may be either biplanar, triplanar, or triaxial; 


• non-woven geotextile shall be heat-bonded to both sides of the geonet component of 
the geocomposite; 


• transmissivity of the Type III Cover System geocomposite shall be measured using 
water at 68 degrees F with a gradient of 0.02 under a compressive stress of 1400 
pounds per square foot (psf) between two 60-mil textured HDPE geomembranes. The 
transmissivity test shall commence after a minimum seating time of 15 minutes has 
been reached under a compressive stress of 1400 psf; and 


• transmissivity of the Type IV Cover System geocomposite shall be measured using 
water at 68 degrees F with a gradient of 0.03 under a compressive stress of 250 
pounds per square foot (psf) between 60-mil textured HDPE geomembrane (below) 
and the proposed protective cover soil (above). The transmissivity test shall 
commence after a minimum seating time of 15 minutes has been reached under a 
compressive stress of 250 psf. 


If field conditions are different than those assumed herein, then the Engineer shall be notified 
and the calculations evaluated.  
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APPENDIX A 
HELP MODEL OUTPUT 


  







NCTYPE1.OUT
� 


 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\cols\DATA4.D4                            
 TEMPERATURE DATA FILE:      C:\HELP3\cols\DATA7.D7                            
 SOLAR RADIATION DATA FILE:  C:\HELP3\cols\DATA13.D13                          
 EVAPOTRANSPIRATION DATA:    C:\HELP3\cols\DATA11.D11                          
 SOIL AND DESIGN DATA FILE:  C:\HELP3\cols\NCTYPE1.D10                         
 OUTPUT DATA FILE:           c:\help3\cols\NCTYPE1.OUT                         


 TIME:  14:10     DATE:  10/ 5/2016


 
 ******************************************************************************


      TITLE:  Colstrip New Clearwell - Geocompsite Drainage Layer Analysis


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.


 
                                    LAYER  1
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    264.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3970 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SUBSURFACE INFLOW           =   2400.00   INCHES/YR


 
                                    LAYER  2
                                    --------


                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      2.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      2.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     


 
                                    LAYER  3
                                    --------


                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.8500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =      1.50   PERCENT
            DRAINAGE LENGTH             =    950.0    FEET


 
                                    LAYER  4
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                                    --------


                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      2.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      2.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 2 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  1.%
                   AND A SLOPE LENGTH OF  950. FEET.


         SCS RUNOFF CURVE NUMBER             =     51.30
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     26.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =     10.322  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     10.322  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.338  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    105.020  INCHES
         TOTAL INITIAL WATER                 =    105.020  INCHES
         TOTAL SUBSURFACE INFLOW             =   2400.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
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              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    130
              END OF GROWING SEASON (JULIAN DATE)    =    278
              EVAPORATIVE ZONE DEPTH                 =  26.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10


          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
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 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 0.96     0.78     0.95     1.81     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     1.07     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ------
     TOTALS               119.875  109.417  120.253  117.424  121.769  116.742
                          115.254  115.459  116.010  120.497  116.480  119.920
 
     STD. DEVIATIONS        0.226    1.708    0.396    1.094    0.969    0.911
                            0.832    0.783    0.943    0.569    0.531    0.222
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 0.691    0.493    0.461    0.225    0.175    1.132
                            5.526    5.247    1.043    0.256    0.271    0.495
 
     STD. DEVIATIONS        0.244    0.271    0.193    0.122    0.058    0.276
                            0.511    0.577    0.612    0.116    0.142    0.246
 
   SUBSURFACE INFLOW INTO LAYER  1
   -------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  2
   ------------------------------------
     TOTALS                84.1493  76.6392  84.1493  81.4348  84.1493  81.4348
                           84.1493  84.1493  81.4348  84.1493  81.4348  84.1493
 
     STD. DEVIATIONS        0.0000   1.1674   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  3
   ----------------------------------------
     TOTALS                 6.9357   6.3168   6.9357   6.7120   6.9357   6.7120
                            6.9357   6.9357   6.7120   6.9357   6.7120   6.9357
 
     STD. DEVIATIONS        0.0034   0.0964   0.0034   0.0000   0.0034   0.0000
                            0.0034   0.0034   0.0000   0.0034   0.0000   0.0034
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   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ------------------------------------
     TOTALS                 1.1493   1.0468   1.1493   1.1123   1.1493   1.1123
                            1.1493   1.1493   1.1123   1.1493   1.1123   1.1493
 
     STD. DEVIATIONS        0.0000   0.0159   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 


 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------


 
   DAILY AVERAGE HEAD ON TOP OF LAYER  2
   -------------------------------------
     AVERAGES             264.0000 264.0000 264.0000 264.0000 264.0000 264.0000
                          264.0000 264.0000 264.0000 264.0000 264.0000 264.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   DAILY AVERAGE HEAD ON TOP OF LAYER  4
   -------------------------------------
     AVERAGES               0.2500   0.2500   0.2500   0.2500   0.2500   0.2500
                            0.2500   0.2500   0.2500   0.2500   0.2500   0.2500
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  15.01    (   2.647)      54497.2     100.00
 
  RUNOFF                       1409.100   (  2.6634)    5115032.00   9385.861
 
  EVAPOTRANSPIRATION             16.014   (  0.9966)      58131.31    106.668
 
  SUBSURFACE INFLOW INTO          0.00000                     0.000    0.00000
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    LAYER  1
 
  PERCOLATION/LEAKAGE THROUGH   991.41895 (  1.20697)   3598850.750  6603.73486
    LAYER  2
 
  AVERAGE HEAD ON TOP           264.000 (    0.000)
    OF LAYER  2
 
  LATERAL DRAINAGE COLLECTED     81.71465 (  0.08872)    296624.187  544.29254
    FROM LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH    13.54104 (  0.01793)     49153.961    90.19539
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.250 (    0.000)
    OF LAYER  4
 
  CHANGE IN WATER STORAGE       896.142   (  0.9630)    3252996.00   5969.106
 
 *******************************************************************************


� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              3.00         10890.000
 
       RUNOFF                                     6.853        24876.0742
 
       PERCOLATION/LEAKAGE THROUGH LAYER  2       2.714491      9853.60352
 
       AVERAGE HEAD ON TOP OF LAYER  2          264.000
 
       DRAINAGE COLLECTED FROM LAYER  3           0.22373        812.15393
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.037075       134.58235
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.250
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.493


       LOCATION OF MAXIMUM HEAD IN LAYER  3
             (DISTANCE FROM DRAIN)               13.1 FEET


Page 7


NCTYPE1.OUT
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3970
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.3970
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.


 
 ******************************************************************************


� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1          104.8079         0.3970


                       2            0.0000         0.0000


                       3        26884.2227      *********


                       4            0.0000         0.0000


                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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� 


 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\cols\DATA4.D4                            
 TEMPERATURE DATA FILE:      C:\HELP3\cols\DATA7.D7                            
 SOLAR RADIATION DATA FILE:  C:\HELP3\cols\DATA13.D13                          
 EVAPOTRANSPIRATION DATA:    C:\HELP3\cols\DATA11.D11                          
 SOIL AND DESIGN DATA FILE:  C:\HELP3\cols\NCTYPE2.D10                         
 OUTPUT DATA FILE:           c:\help3\cols\NCTYPE2.OUT                         


 TIME:  15:15     DATE:  10/12/2016


 
 ******************************************************************************


      TITLE:  Colstrip New Clearwell - Geocompsite Drainage Layer Analysis


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.


 
                                    LAYER  1
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER  13
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4300 VOL/VOL
            FIELD CAPACITY              =      0.3210 VOL/VOL
            WILTING POINT               =      0.2210 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2842 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.330000003000E-04 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.


 
                                    LAYER  2
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  13
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4300 VOL/VOL
            FIELD CAPACITY              =      0.3210 VOL/VOL
            WILTING POINT               =      0.2210 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2169 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.330000003000E-04 CM/SEC


 
                                    LAYER  3
                                    --------


                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2032 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   25.0000000000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    825.0    FEET


 
                                    LAYER  4
                                    --------
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                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      2.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      2.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #13 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  3.%
                   AND A SLOPE LENGTH OF  825. FEET.


         SCS RUNOFF CURVE NUMBER             =     87.70
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     18.2    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      4.359  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      7.952  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      3.979  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =      4.359  INCHES
         TOTAL INITIAL WATER                 =      4.359  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    130
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              END OF GROWING SEASON (JULIAN DATE)    =    278
              EVAPORATIVE ZONE DEPTH                 =  18.2  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10


          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
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                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 0.96     0.78     0.95     1.81     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     1.07     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ------
     TOTALS                 0.045    0.146    0.230    0.254    0.039    0.010
                            0.001    0.002    0.008    0.002    0.006    0.018
 
     STD. DEVIATIONS        0.096    0.158    0.242    0.375    0.108    0.024
                            0.002    0.011    0.022    0.006    0.019    0.050
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 0.691    0.501    0.743    1.847    2.202    2.489
                            1.270    1.004    0.997    0.929    0.774    0.620
 
     STD. DEVIATIONS        0.244    0.267    0.347    0.663    0.659    0.837
                            0.685    0.643    0.663    0.554    0.315    0.268
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  3
   ----------------------------------------
     TOTALS                 0.0000   0.0000   0.0119   0.0504   0.0475   0.0018
                            0.0000   0.0000   0.0000   0.0000   0.0023   0.0007
 
     STD. DEVIATIONS        0.0000   0.0000   0.0519   0.1674   0.1429   0.0083
                            0.0000   0.0000   0.0000   0.0000   0.0124   0.0041
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0096   0.0232   0.0252   0.0038
                            0.0000   0.0000   0.0000   0.0000   0.0026   0.0018
 
     STD. DEVIATIONS        0.0000   0.0000   0.0400   0.0611   0.0686   0.0145
                            0.0000   0.0000   0.0000   0.0000   0.0144   0.0101
 


 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------
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   DAILY AVERAGE HEAD ON TOP OF LAYER  4
   -------------------------------------
     AVERAGES               0.0000   0.0000   0.0009   0.0040   0.0036   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0002   0.0001
 
     STD. DEVIATIONS        0.0000   0.0000   0.0040   0.0132   0.0109   0.0007
                            0.0000   0.0000   0.0000   0.0000   0.0010   0.0003
 
 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  15.01    (   2.647)      54497.2     100.00
 
  RUNOFF                          0.760   (  0.6218)       2758.99      5.063
 
  EVAPOTRANSPIRATION             14.068   (  2.0074)      51065.55     93.703
 
  LATERAL DRAINAGE COLLECTED      0.11458 (  0.28759)       415.916    0.76319
    FROM LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.06621 (  0.14197)       240.341     0.44101
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.001 (    0.002)
    OF LAYER  4
 
  CHANGE IN WATER STORAGE         0.005   (  1.1463)         16.40      0.030
 
 *******************************************************************************


� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              3.00         10890.000
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       RUNOFF                                     1.120         4066.5918
 
       DRAINAGE COLLECTED FROM LAYER  3           0.29239       1061.37378
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.062880       228.25267
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.691
 
       MAXIMUM HEAD ON TOP OF LAYER  4            1.353


       LOCATION OF MAXIMUM HEAD IN LAYER  3
             (DISTANCE FROM DRAIN)               16.3 FEET
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3830
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.2180
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.


 
 ******************************************************************************


� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            1.5879         0.2646


                       2            2.6036         0.2170


                       3            0.0508         0.2032


                       4            0.0000         0.0000
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                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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APPENDIX B 
SPECIFIED TRANSMISSIVITY CALCULATION 


  







 


 


Specified Transmissivity Calculation – Type III Cover System 
Geocomposite Thickness t 0.250 inches 


Design Hydraulic Conductivity kdes 10 cm/s 


Design Transmissivity Tdes 6.4E-04 m2/s 


Specified Transmissivity Tspec 3.5E-03 m2/s 


 
Selected reduction factors and factor of safety: 


FS 2 = overall factor of safety 


RFIN 1.10 = reduction factor for intrusion 


RFCR  1.70 = reduction factor for creep of geocomposite 


RFCC  1.20 = reduction factor for chemical clogging 


RFBC  1.20 = reduction factor for biological clogging 
 
 
 
 


Specified Transmissivity Calculation – Type IV Cover System 
Geocomposite Thickness t 0.250 inches 


Design Hydraulic 
Conductivity kdes 25 cm/s 


Design Transmissivity Tdes 1.59E-03 m2/s 


Specified Transmissivity Tspec 5.99E-03 m2/s 


     Selected reduction factors and factor of safety (Giroud, et al. 
(2000)): 


FS 2 = overall factor of safety 
 RFIN 1.10 = reduction factor for intrusion 


RFCR  1.20 
= reduction factor for creep of 
geocomposite 


RFCC  1.10 = reduction factor for chemical clogging 
RFBC  1.30 = reduction factor for biological clogging 
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Written by: Zichang Li Date: 09/09/2016 Reviewed by: David Espinoza Date: 09/16/2016 


 
Client: Talen  Project: Colstrip SES Project No.: ME1272 Phase No.: 02 
        


 


ME1272/02/…/1.doc  


FINAL COVER SETTLEMENT ANALYSIS 
 


PURPOSE 
 
On 17 April 2015, the United States Environmental Protection Agency (USEPA) published the 
final rule for disposal of coal combustion residuals (CCR) from electric power utilities under 
Subtitle D of the Resource Conservation and Recovery Act (RCRA), contained in Part 257 of Title 
40 of the Code of Federal Regulations (40 CFR 257 Subpart D), referred to herein as the CCR 
Rule.  Per the requirements of the CCR Rule, the CCR impoundments of the Colstrip Steam 
Electric Station (Colstrip SES), located in Colstrip, Montana, will be redesigned and/or upgraded. 
Table 1 presents the proposed closure method for the individual units in the plant area, Units 1 & 
2 Stage Two Evaporation Pond (U12 STEP) and Units 3 & 4 Effluent Holding Pond (U34 EHP). 
 
The purpose of this calculation package is to evaluate the settlement of the final cover and 
determine the minimum slope of the final cover systems to maintain a positive drainage for the 
proposed closure designs of the CCR impoundments at the Colstrip SES. The settlements of the 
CCR and foundation material under the weight of the final cover system are used to estimate the 
minimum slope necessary for the final cover system design.  Also, strains due to differential 
settlement are estimated and compared to the allowable strains for the cover system. 
 
FINAL COVER SYSTEM DESIGN 
 
A final cover system will be designed and used for closing all units. Section 257.102(b)(1)(iii) of 
the CCR Rule requires a description of the final cover system designed in accordance with Section 
257.102(d)(3) and a demonstration of compliance with the performance standards specified in 
Section 257.102(d)(1). 
 
Final Cover System Design 
 
Closure Method 1: Closure Leaving CCR in Place 
 
The final cover design for this closure method includes (Design Type IV, from top to bottom): 


 6-inch thick erosion layer capable of sustaining native plant growth;  
 12-inch thick layer of earthen material serving as an infiltration layer;  
 geocomposite drainage layer; 
 40-mil textured high density polyethylene (HDPE) geomembrane; and 
 8 oz/sy geotextile cushion (where needed). 
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A portion of EHP A Cell will be closed followed by the construction of a new CCR Rule-compliant 
impoundment directly above the closed impoundment (EHP New Clearwell).  The cover system 
design includes (Design Type III, from top to bottom): 


 60-mil textured high density polyethylene (HDPE) geomembrane; 
 geocomposite drainage layer; 
 60-mil textured high density polyethylene (HDPE) geomembrane; and 
 geosynthetic clay liner (GCL). 


 
Closure Method 2: Closure Leaving CCR in Place with Overfill Construction 
 
The final cover for this closure method will be an alternate cover system designed according to the 
requirements of Section 257.102(d)(3)(ii). The composite cover system design includes (Design 
Type II, from top to bottom): 


 18-inch bottom ash protective drainage layer; 
 8-oz non-woven geotextile cushion; 
 60-mil textured high density polyethylene (HDPE) geomembrane; and  
 geosynthetic clay liner (GCL). 


 
This composite cover system will serve as the liner for the overfill cell. 
 
Final Cover Slope Design 
 
As shown in Table 1, for the units to be closed with Closure Method 1, the units typically will be 
wet impounded to the pond crest and then be closed with a final surface slope of 3 percent. It may 
be dry impounded up to a 3H:1V slope before the final closure for some units.  
 
Settlement of EHP New Clearwell final cover system is less critical compared to the final cover of 
EHP G Cell under the pressure of overfill cell.  When ponded with water, EHP New Clearwell 
final cover will be subjected to pressure from up to 25 ft of water, while EHP G cell will be 
subjected to pressure from at least 56-ft thick paste.  Moreover, the clearwater pressure applied on 
the subsurface material is less than the pressure from the removed CCR before construction. The 
settlement at EHP New Clearwell due to reconsolidation is not significant. Therefore, EHP G Cell 
presents a more critical condition for the final cover settlement and the strains in the geomembrane.  
As discussed below, EHP G Cell will be analyzed. If the closure of EHP G Cell satisfies the 
requirements of foundation settlement and geomembrane strain, EHP New Clearwell will do.  
Therefore, only Design Type IV was considered for Closure Method 1. 
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For the unit (e.g. EHP G Cell) to be closed with Closure Method 2, the unit will be redesigned as 
a CCR surface impoundment. The final cover system of EHP G Cell will serve as the liner system 
for the new overfill cell and will be constructed with a floor slope of 2 percent for the drainage 
system at the bottom of the overfill cell. After the existing EHP G cell is closed, the overfill unit 
will be wet impounded to the pond crest and then be closed with a final surface slope of 3 percent 
or dry impounded up to a 3H:1V slope before the final closure. 
 
The settlement for Closure Methods 1 and 2 are calculated in the following sections. 
 
ASSUMPTIONS 
 
Closure Method 1 
 
For settlement calculations, the depth of influence is considered to take place typically to a depth 
where the surcharge load at a depth is less than 20% of effective vertical stress at that depth.  The 
stress reduction influence factors are estimated by the procedure presented in Attachment 1 and the 
depth of 20 ft below ground surface is selected for the analysis.   
 
The settlement analysis is performed using a combination of two theories based on the type of 
subsurface material: (i) the theory of elasticity, which is applicable to subsurface materials that 
experience immediate settlements after surcharge (e.g., sands and low plasticity silts); and (ii) one-
dimensional consolidation theory, which is applicable to subsurface materials that experience 
time-dependent settlements after surcharge (e.g., saturated clays or elastic silts).  According to the 
theory of elasticity, the subsurface material is expected to elastically compress immediately upon 
loading; therefore, the elastic settlement is zero. According to the one-dimensional consolidation 
theory, the subsurface material is expected to exhibit increased pore water pressure upon loading, 
and compress over an extended period of time while dissipating pore water pressure.  Settlement 
within the CCR due to self-weight and overburden is expected to occur as the filling progresses; 
therefore, most of the settlement under the self-weight of the CCR is expected to have been 
completed before the final cover system is constructed.   
 
Compared to a 3H:1V slope, the significantly flatter surface slope, 3 percent, presents a more 
critical condition for drainage. Therefore, a final cover system with a 3 percent slope is selected to 
check the satisfaction of the minimum surface slope requirement (2 percent). 
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Closure Method 2 
 
EHP G Cell is to be closed with Method 2. After that, the pond will be redesigned and the cover 
system will be converted into the liner system for the overfill above it. Therefore, the overburden 
pressure will be generated by the paste waste above the cover system. Instead of 3 percent design 
slope, the overfill waste with a 3H:1V slope is used in the analysis to consider the most critical 
condition.  A cover system with a 2 percent slope is selected to check the satisfaction of the 
minimum drainage slope requirement (1 percent). 
 
CRITICAL CROSS SECTION 
 
Closure Method 1 
 
In order to evaluate the settlement resulting from the load of the final cover, a critical cross-section 
is first selected. As the slope of impoundment in this analysis is assumed relatively flat (3 percent), 
the cross section of maximum settlement is located along the leachate collection system corridor, 
where the thickness of waste is the maximum. The liner system design is conservatively assumed 
with a 2 percent of drainage slope. The influence depth induced by the final cover system is 
conservatively assumed 20 (15 ft determined in Attachment 1). The idealized profile for settlement 
analysis is presented in Figure 1a.  Several points along the cross section are selected for evaluation 
of settlement.  The elevations of the selected points along the cross section, in addition to the 
corresponding elevations of the overburden materials and subsurface layer boundaries, are used as 
input to the settlement analysis. 
 
Closure Method 2 
 
Geotechnical investigation and historical data indicate the McKay bedrock presents approximately 
75 ft-bgs at the plant site and 200 ft-bgs at the EHP and STEP pond area. As discussed above, the 
liner system for the overfill is designed with a 2 percent of drainage slope. EHP G Cell with a 
3H:1V overfill slope presents a most critical condition for Closure Method 2 and is selected for 
the analysis. Based on the J/J-1 Cell Geotechnical Investigation [Geosyntec 2015], an idealized 
profile for settlement analysis is presented in Figure 1b. 
 
MATERIAL PROPERTIES 
 
Closure Method 1 
 
The total settlement of the final cover system due to placement of final cover system on top of the 
waste is evaluated by estimating the settlement of fly ash paste. The paste material is 
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conservatively assumed as normally consolidated with preconsolidation stress equal to self-weight 
stress. The consolidation properties used for the analysis were based on the results summarized by 
WAI [2011] in Attachment 2. Input values were summarized below:  
 


 ash paste = 106 pcf (dry) 
 Cc (primary virgin compression index) = 0.401  
 Cr (primary recompression index) = 0.038 
 Cα = 0.0005 
 e0 = 1.600 
 cover soil = 124 pcf (conservatively use saturated unit weight) 


 
The paste will develop pore water pressures upon the weight of final cover system placement. The 
gradual dissipation of pore water pressure over time will result in settlement due to primary 
consolidation. Maximum ground water levels measured indicated that the water table is as least 25 
ft below the crest of the units. It is not expected that groundwater table will raise, if not dropping.  
 
Closure Method 2 
 
The material properties used in the analysis are summarized below. Details for the selection and 
determination of properties can be found in the Evaluation of Settlement below Liner System at J 
Cell of EHP prepared by Geosyntec [2015]. The properties were obtained from the laboratory 
testing and/or typical values based on the observed soil appearance when performing the 
geotechnical investigation.  
 


Coal ash paste:  
 ash paste = 116 pcf (conservatively use saturated unit weight) 
 Cc (primary virgin compression index) = 0.401  
 Cr (primary recompression index) = 0.038 
 Cα = 0.0005 
 e0 = 1.600 
 
Bottom ash: 
 bottom ash = 128 pcf 
 Cc (primary virgin compression index) = 0.12  
 Cr (primary recompression index) = 0.02 
 Cα = 0.0008 
 e0 = 0.547 
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Silt and silty clay: 
 silt and silty clay = 135 pcf 
 Constrained modulus of layer = 445,000 psf 


 
Condensed clay: 
 bottom ash = 135 pcf 
 Cc (primary virgin compression index) = 0.11  
 Cr (primary recompression index) = 0.04 
 Cα = 0.0044 
 e0 = 0.42 


 
CALCULATION OF SETTLEMENT 
 
Settlement due to Primary Consolidation 
 
Assuming that the entire CCR layer is fully saturated, the ultimate settlement of a fine grained, 
cohesive subsurface material due to primary consolidation is estimated based on the current stress 
in the layer, the expected load to be applied, and the compressibility of the subsurface material, 
according to the following set of equations described by Terzaghi et al. [1996]: 
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where,  Sp = ultimate settlement due to primary consolidation; 
  Cc = primary virgin compression index; 
  Cr = primary recompression index; 
  e0 = initial void ratio; 
  H = initial thickness of compressible layer; 
  σ’v0 = initial vertical effective stress at mid-depth of compressible layer; 
  Δσv = increment of vertical stress due to applied load; and 
  Pp = preconsolidation pressure. 
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Settlement due to Secondary Compression 
 
The settlement of a fine grained, cohesive subsurface material due to secondary compression is 
estimated based on the thickness of the material, the secondary compression index, and the time 
elapsed after primary consolidation, according to the following equation described by Terzaghi et 
al. [1996]: 
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where,   Ss = settlement due to secondary compression; 
   Cα = secondary compression index; 
   Cc = primary compression index; 
   e0 = initial void ratio; 
   H = initial thickness of compressible layer; 
   t1 = time at which secondary compression begins, i.e., end of primary 


consolidation; and 
   t2 = time at which secondary compression is calculated. 
 
The secondary compression index is defined as the reduction in void ratio during one logarithmic 
cycle of the ratio t2/t1.  The ratio of the secondary compression index to primary compression index 
is constant for a geotechnical material, independent of vertical effective stress and time elapsed 
after primary consolidation.  For purposes of these calculations, the time at which primary 
consolidation ends and secondary compression begins is assumed to be 1 year while t2 is assumed 
to be 30 years. 
 
Total Settlement 
 
The total settlement of the foundation materials in the long term is estimated as the sum of 
settlement due to primary consolidation, and settlement due to secondary compression. 
 SPT SSS    (5) 


 
where,  ST = total settlement of foundation soils; 
   SP = settlement due to primary consolidation; and 
   SS = settlement due to secondary compression. 
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Differential Settlement of Final Cover System 
 
Using the total settlement calculated at each point, the differential settlement, grade change, and 
tensile strain between two given points along the geomembrane are determined by the following 
equations. 
 
Differential Settlement, s 
 s = h1 - h2 (6) 
 
where,  h1 = total settlement at Point 1 
      h2 = total settlement at Point 2 
 
Grade Change 
 Grade change % = (s/L) 100 (7) 
 
where,  L  = horizontal distance between points of concern 
 
Tensile Strain [Giroud, 1977]: 


   







8


3
100


2 s


L
 (8) 


 
RESULTS AND CONCLUSIONS 
 
The analysis was conducted using the spreadsheet as shown in Table 2. For surface final cover 
system (Closure Method 1), the settlement increased from the edge near the dike to the center of 
the pond, ranging from 0.0 feet to 0.30 ft.  Figure 2 shows the settlements and the surface slope 
along the critical section before and after settlement.  The minimum post-settlement final cover 
system grade calculated is 2.12%. Therefore, a design grading of 3.0 % for final cover system will 
result in a satisfied surface slope for drainage (≥ 2%) after settlement.   Also, the maximum 
calculated strain is 2.06%, less than the long-term allowable strain of HDPE geomembrane (i.e., 
4% to 5%, according to Berg and Bonaparte [1993]).  
 
For cover system in Closure Method 2, the settlement increased from the edge near the dike to the 
center of the pond, ranging from 1.0 feet to 8.9 ft.  Figure 3 shows the settlements and the surface 
slope along the critical section before and after settlement.  The minimum post-settlement final 
cover system grade calculated is 1.09%. Therefore, a design grading of 2.0 % for final cover system 
will result in a satisfied slope for liner drainage system (≥ 1%) after settlement.   Also, the 
maximum calculated strain is 1.23%, less than the long-term allowable strain of HDPE 
geomembrane (i.e., 4% to 5%, according to Berg and Bonaparte [1993]). 
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If field conditions are different than those assumed above, the Engineer shall be notified and the 
calculations re-evaluated. 
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Table 1. Narrative Description of the Unit Closures. 


 


Unit ID Waste Currently Managed 
Closure Method 


(proposed cover slope) 
Plant Area Ponds 


Units 1&2 B Fly Ash Pond CCR water and solids 
Close leaving CCR in place 


(3 percent) 


Units 1 & 2 Bottom Ash Pond 
Bottom ash & bottom ash 


process water 
Close leaving CCR in place 


(3 percent) 


Units 3 & 4 Bottom Ash Pond 
Bottom ash and bottom ash 


process water 
Close leaving CCR in place 


(3H:1V or 3 percent) 
Units 1 & 2 Stage II Evaporation Ponds 


Old Clearwell CCR water and solids 
Close leaving CCR in place 


(3 percent) 


D Cell CCR water and solids (future) 
Close leaving CCR in place 


(3 percent or 3H:1V) 


E Cell CCR water and solids 
Close leaving CCR in place 


(3 percent) 
Units 3 & 4 Effluent Holding Ponds 


A Cell CCR solids 
Close leaving CCR in place 


(3 percent) 


B Cell (Clearwater Cell) CCR water and solids 
Close leaving CCR in place 


(3 percent) 


C Cell CCR water and solids 
Close leaving CCR in place 


(3H:1V) 


D/E Cell CCR solids 
Close leaving CCR in place 


(3 percent) 


G Cell CCR solids 
Close leaving CCR in place 


and overfill construction 
(3H:1V) 
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TABLE 2.  Settlement Calculation for Units Closed with Method 1.  
 


Distance 
from Point  


"A" 


Point # A B C D E 
Coordinate along critical section 
(ft) 


0 30 60 160 260 
           


Unit 
weights 


Cover soil (γcover, pcf) 124 124 124 124 124 
Fly ash fill (pcf) 106 106 106 106 106 
Groundwater (pcf) 62.4 62.4 62.4 62.4 62.4 


      


Elevation 
referring to 


ground 
surface 


Final cover (ft)* 2.0 2.9 3.8 6.8 9.8 
Interface of cover and paste (ft) 0.0 0.9 1.8 4.8 7.8 
Base grade elevation (ft) 0.0 -10.0 -20.0 -22.0 -24.0 
Groundwater table (ft)** -24.0 -24.0 -24.0 -24.0 -24.0 


      


Layer 
thickness 


Final cover (ft)* 2 2 2 2 2 
Fly ash paste 0.0 10.9 21.8 26.8 31.8 


      


Fly ash 
paste 


Elevation of midpoint of 
sublayer (ft) 


0.0 -4.5 -9.1 -8.6 -8.1 


Groundwater depth at midpoint 
of sublayer (ft) 


0.0 0.0 0.0 0.0 0.0 


Initial effective stress (psf) - 577.7 1155.4 1420.4 1685.4 
Final effective stress (psf) - 825.7 1403.4 1668.4 1933.4 
Preconsolidation pressure 
(psf)*** 


- 577.7 1155.4 1420.4 1685.4 


Initial Void Ratio - 1.600 1.600 1.600 1.600 
Compression Index - 0.401 0.401 0.401 0.401 
Recompression Index - 0.038 0.038 0.038 0.038 
Secondary Compression Index - 0.0005 0.0005 0.0005 0.0005 
Ultimate settlement due to 
primary consolidation (ft) 


- 0.261 0.284 0.289 0.292 


Secondary compression (ft) - 0.003 0.006 0.008 0.009 
Total settlement(ft) - 0.264 0.290 0.296 0.301 


      


Total 
settlement 


Total settlement (ft) 0.00 0.26 0.29 0.30 0.30 
Total settlement (in) 0.00 3.17 3.48 3.56 3.62 
Cover system elevation after 
settlement (ft, MSL) 


2.0 2.6 3.5 6.5 9.5 


Initial liner segment length, Lo 


(ft) 
- 30.013 30.013 100.045 100.045 


Post settlement liner segment 
length, Lf (ft) 


- 30.007 30.013 100.045 100.045 


Post settlement cover strain - 2.06% 0.02% 0.00% 0.00% 
        


Final cover 
system 
grade 


Initial grade of cover system (%) - 3.00 3.00 3.00 3.00 
Grade changes due to settlement 
(%) 


- -0.880 -0.088 -0.006 -0.005 


Post settlement grade (%) - 2.120 2.912 2.994 2.995 
Note: * As a 2-ft uniform cover soil is used, no settlement of cover soil is analyzed. 
 ** Ground water drains lower than liner system or maintains current elevation if no liner system exists. 


*** The paste is assumed normally consolidated with preconsolidation stress equal to self-weight stress. 
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TABLE 3.  Settlement Calculation for Units Closed with Method 2.  
 


Distance 
from Point 


"A'" 


Point # A' B' C' D' E' F' G' H' I' 
Coordinate along critical section 
(ft) 


0 72 144 323 501 680 818 930 1002 
   


         


Unit 
weights 


Cover Soil (γcover, pcf) 120 120 120 120 120 120 120 120 120 
Sublayer 1: Bottom ash (pcf) 128 128 128 128 128 128 128 128 128 
Sublayer 2: Coal ash paste (pcf) 112 112 112 112 112 112 112 112 112 
Sublayer 3: Silt and silty clay (pcf) 135 135 135 135 135 135 135 135 135 
Sublayer 4: Condensed paste (pcf) 135 135 135 135 135 135 135 135 135 
Groundwater (pcf) 62.4 62.4 62.4 62.4 62.4 62.4 62.4 62.4 62.4 


   
         


Elevation 


Final cover elevation (ft, MSL) 3290.0 3314.0 3338.0 3397.5 3457.0 3397.5 3351.5 3314.0 3290.0 
Base grade elevation (ft, MSL) 3290.0 3266.0 3242.0 3238.4 3234.9 3231.3 3228.5 3266.0 3290.0 
Bottom ash to coal ash paste 
interface (ft, MSL) 


3290.0 3266.0 3242.0 3238.4 3234.9 3231.3 3228.5 3266.0 3290.0 


Coal ash paste to silt/silty clay 
interface (ft, MSL) 


3158.0 3158.0 3158.0 3158.0 3158.0 3158.0 3158.0 3158.0 3158.0 


Silt/silty clay to stiff paste 
interface (ft, MSL) 


3144.8 3144.8 3144.8 3144.8 3144.8 3144.8 3144.8 3144.8 3144.8 


Stiff paste to "Bedrock" interface 
(ft, MSL) 


3104.8 3104.8 3104.8 3104.8 3104.8 3104.8 3104.8 3104.8 3104.8 


Groundwater table (ft, MSL) 3240.0 3240.0 3240.0 3240.0 3240.0 3240.0 3240.0 3240.0 3240.0 
   


         


Layer 
thickness 


Thickness of final cover (ft) 2 2 2 2 2 2 2 2 2 
Thickness of additional coal ash 
paste (ft) 


0.0 44.5 92.5 155.6 218.6 162.7 119.4 44.5 0.0 


Thickness of additional bottom ash 
(ft) 


1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 


Sublayer 1: Bottom ash 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sublayer 2: Coal ash paste 132.0 108.0 84.0 80.4 76.9 73.3 70.5 108.0 132.0 
Sublayer 3: Silt and silty clay 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 
Sublayer 4: Stiff paste 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 


   
         


Sublayer 1: 
Bottom ash 


Elevation of midpoint of sublayer 
(ft msl) 


3290.0 3266.0 3242.0 3238.4 3234.9 3231.3 3228.5 3266.0 3290.0 
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Groundwater depth at midpoint of 
sublayer (ft) 


0.0 0.0 0.0 1.6 5.1 8.7 11.5 0.0 0.0 


Initial effective stress (psf) 0 0 0 -98 -321 -544 -715 0 0 
Final effective stress (psf) 432 5416 10792 17758 24599 18112 13093 5416 433 
Preconsolidation pressure (if 
overconsolidated, psf) 


5028 5028 5028 5028 5028 5028 5028 5028 5028 


Initial Void Ratio 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547 
Compression Index 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 
Recompression Index 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
Secondary Compression Index 0.0008 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0008 
Ultimate settlement due to primary 
consolidation (ft) 


0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


Secondary compression (ft) 0 0 0 0 0 0 0 0 0 
Total Settlement of sublayer (ft) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


   
         


Sublayer 2: 
Coal ash 


paste 


Elevation of midpoint of sublayer 
(ft msl) 


3224.0 3212.0 3200.0 3198.2 3196.4 3194.6 3193.3 3212.0 3224.0 


Groundwater depth at midpoint of 
sublayer (ft) 


16.0 28.0 40.0 41.8 43.6 45.4 46.7 28.0 16.0 


Initial effective stress (psf) 6393.6 4300.8 2208.0 1896.7 1585.4 1274.1 1034.0 4300.7 6393.3 
Final effective stress (psf) 6825.6 9716.8 13000.0 19752.5 26505.1 19929.6 14842.2 9717.0 6826.1 
Preconsolidation pressure (if 
overconsolidated, psf) 


1965 1965 1965 1965 1965 1965 1965 1965 1965 


Initial Void Ratio 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 
Compression Index 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
Recompression Index 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Secondary Compression Index 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 
Ultimate settlement due to primary 
consolidation (ft) 


0.3 2.7 4.5 5.6 6.1 5.2 4.4 2.7 0.3 


Secondary compression (ft) 0.7 0.5 0.4 0.4 0.4 0.4 0.3 0.5 0.7 
Total Settlement of sublayer (ft) 0.9 3.2 4.9 6.0 6.4 5.5 4.7 3.2 0.9 


   
         


Sublayer 3: 
Silt and silty 


clay 


Elevation of midpoint of sublayer 
(ft msl) 


3151.4 3151.4 3151.4 3151.4 3151.4 3151.4 3151.4 3151.4 3151.4 


Groundwater depth at midpoint of 
sublayer (ft) 


88.6 88.6 88.6 88.6 88.6 88.6 88.6 88.6 88.6 







 


ME1272/02/…/1.doc  


Initial effective stress (psf) 10,146 7,458 4,770 4,371 3,971 3,571 3,262 7,458 10,146 
Final effective stress (psf) 10,578 12,874 15,562 22,226 28,890 22,226 17,071 12,875 10,579 
Constrained modulus of layer (psf) 445,000 445,000 445,000 445,000 445,000 445,000 445,000 445,000 445,000 
Estimated settlement by elastic 
method (ft) 


0.0 0.2 0.3 0.5 0.7 0.6 0.4 0.2 0.0 
   


         


Sublayer 4: 
Condensed 


clay 


Elevation of midpoint of sublayer 
(ft msl) 


3124.8 3124.8 3124.8 3124.8 3124.8 3124.8 3124.8 3124.8 3124.8 


Groundwater depth at midpoint of 
sublayer (ft) 


115.2 115.2 115.2 115.2 115.2 115.2 115.2 115.2 115.2 


Initial effective stress (psf) 12077.5 9389.5 6701.5 6301.7 5901.8 5502.0 5193.6 9389.3 12077.1 
Final effective stress (psf) 12509.5 14805.5 17493.5 24157.5 30821.5 24157.5 19001.8 14805.7 12509.9 
Preconsolidation pressure (if 
overconsolidated, psf) 


14103 14103 14103 14103 14103 14103 14103 14103 14103 


Initial Void Ratio 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 
Compression Index 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 
Recompression Index 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
Secondary Compression Index 0.0016 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0016 
Ultimate settlement due to primary 
consolidation (ft) 


0.0 0.3 0.7 1.1 1.5 1.2 0.9 0.3 0.0 


Secondary compression (ft) 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 
Total settlement of sublayer (ft) 0.1 0.5 0.9 1.3 1.7 1.4 1.1 0.5 0.1 


   
         


Total 
settlement 
and strains 


Total settlement (ft) 1.0 3.8 6.1 7.9 8.9 7.5 6.3 3.8 1.0 
Base grade elevation (ft, MSL) 3289.0 3262.2 3235.9 3230.6 3226.0 3223.8 3222.3 3262.2 3289.0 
Initial liner segment length, Lo (ft)  75.895 75.895 178.536 178.536 178.536 138.127 118.478 75.894 
Post settlement liner segment 
length, Lf (ft) 


 76.829 76.641 178.580 178.559 178.513 138.108 119.268 76.829 


Post settlement liner strain (- 
comp, + tension) 


 1.232% 0.984% 0.025% 0.013% 
-


0.012% 
-


0.014% 
0.666% 1.231% 


Differential settlement (%)  3.70% 2.99% 0.99% 0.57% -0.77% -0.90% -2.05% -3.70% 
   


         


Leachate 
collection 
pipe grade 
for overfill  


Initial grade (%) - 33.3% 33.3% 2.0% 2.0% 2.0% 2.0% 33.3% 33.3% 


Post settlement grade (%) 
- 37.24% 36.48% 2.99% 2.57% 1.23% 1.09% 35.49% 37.23% 
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(a) Closure Method 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


(b) Closure Method 2 
 


Figure 1.  Analyzed Critical Cross Sections.   
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Figure 2.  Profiles of the Critical Cross Section before and after Settlement (Closure 
Method 1). 
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Figure 3.  Profiles of the Critical Cross Section before and after Settlement (Closure 
Method 2). 
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ATTACHMENT 1 


DEPTH OF INFLUENCE 
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Estimation of Depth of Influence for Settlement Calculation 
 
Closure Method 1 
 
For settlement calculations of units closed with Method 1, the depth of influence is considered to 


take place to a depth where the surcharge load at a depth, ))(( PI f  is less than 20% of effective 


vertical stress at that depth.   
 


vf PI   2.0           (1) 


 
It is conservatively assumed that the stress reduction influence factor If equals to 1.0, so that the 
external stress is not reduced at the depth of the load.  
 
To check the fulfillment of Equation (1), the influence depth of 15 ft below the cover system is 
chosen: 


psfftpcfv 590,1)15(*)106(   


 
From Equation (1), 


2.016.0
590,1


)124*2(0.1








 pcfftPI


v


vf



    OK 
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ATTACHMENT 2 


SUMMARY OF MATERIAL PROPERTIES [WAI 
2011] 


 







USCS
Coef of Hydraulic Preconsolidation In-Situ Effective Effective Normalized Strength Undrained


Soil Borehole/Test Pit Sample Water Total Unit Dry Unit Degree of Liquid Plasticity Plasticity Liquidity % Passing Initial Void Compression Recompression Recompression Compression Consol Conductivity Stress Stress Overconsolidation Strength Cohesion Ratio Shear Strength
Name Source No. Depth Content Weight Weight Saturation Limit Index Limit Index No. 200 Ratio Index Index Ratio Ratio Cv k s'p s'vo Ratio φ' c' Cu/s'vo Su OMC Max Dry OMC Max Dry Classification


(ft) (%) (pcf) (pcf) (%) LL PI PL LI eo Cc Cr C'r C'c (ft2/day) (ft/day) (psf) (psf) OCR (degree) (psf) S (psf) (%) Density(pcf) (%) Density(pcf)
Clinker Ash SD-10-P36 U1 10 - 13  114.5       CL-ML


U1a 11.35 - 11.55 23.3 120.1 97.4 25 6 19 0.72 50.4
U1c 12.65 - 12.80 26.5 121.3 95.9 26.6 950 0.25
U1b 12.80 - 13.00 24.4 121.9 96.1 96.4 25 7 18 1.26 0.751 0.301 0.009 0.005 0.172 15,000 800 18.8 2087


U1b (INC) 13 26.8 121.9 96.1 25 7 18 1.26 0.751
U1d (INC) 10.96 24.4 124.1 99.8 0.686 1.12 1.71E-04


Clinker Ash SD-10-P38 U1 11.5 - 14.5  105.6  CL
11.78-11.98 23.5 126.1 102.1 29 10 19 0.45 52.4


Clinker Ash SD-10-P38 U2 15 - 18  114.6  CL
U2a 16.18 - 16.36 26.0 125.9 100.0 29 10 19 0.70 55.2
U2b 17.85 - 18.00 25.0 127.9 102.3 103.7 29 10 19 0.6 0.656 23,500 1,200 19.6 3241


Clinker Ash Ave 25.0 120.4 98.7 100.1 27.0 8.3 18.7 0.8 52.7 0.711 0.301 0.009 0.005 0.172 1.120 1.71E-04 19,250 1000.0 19.2 26.6 950 2664 CL


Paste MD-10-P7 U1 10.0 - 12.8  100.9  ML
U1a 10.50 - 10.66 45.2 109.5 75.4 43 8 35 1.28 95.4
U1b 10.66 - 10.81 52.4 99.5 65.3 89.3 40 5 35 3.48 1.596 0.390 0.013 0.005 0.150 14,000 400 35.0  0.25 1719


U1c (INC) 10.81 47.2 90.3 61.3 73.1 1.744 0.335 0.091 0.0332 0.122 0.78 2.80E-05 16,000


Paste MD-10-P8 U1 5.0 - 8.0 ML
U1a 6.0-7.5 54.3 101.4 65.7 93.5 48 11 37 1.57 1.578 0.405 0.031 0.0121 0.157 28,000 300 93.3 0.25 2825


Paste MD-10-P9 U1 10.0 - 13.0  103.3  ML
U1a 11.65 - 11.90 43.9 109.1 75.8 42 6 36 1.32 95.9
U1b 12.60 - 12.75 52.1 103.8 68.3 95.6 44 6 38 2.35 1.483 0.474 0.015 0.006 0.191 26,600 500 53.2 3004
U1c 12.75 - 12.90 50.8 102.9 68.2 35 0 0.25


Paste Ave 49.4 102.3 68.6 87.9 43.4 7.2 36.2 2.0 95.7 1.600 0.401 0.038 0.014 0.155 0.780 2.80E-05 21,150 400.0 60.5 35 0 2664 ML


Alluvium SD-09-25P U1/U2 28.5 - 31.0 15.4 128.5 111.3 27 12 15 0.03 76.8 CL


Fly Ash Borrow TP-10-4 3 49.7 74.2 29.3 84.5
TP-10-4 8 43.6 78.0 1.243 1.974 0.063 0.028 0.88 23.6 1.31E+00 3800 840 4.5 36.6 79.4
TP-10-5 3.5 55.5 82.3 1.102 0.801 0.059 0.028 0.381 23.51 7.94E-02 3950 367.5 10.7 37.8 0
TP-10-5 7 44.8 33.6 81.1


Fly Ash Borrow Ave 48.4 116.0 78.2 1.173 1.387 0.061 0.028 0.631 23.555 6.95E-01 3875.0 603.8 7.6 37.8 0 35.1 80.3 29.3 84.5


Table 7.2-1 Laboratory Test Results


Proctor


Standard Modified


Soil Sample Origin Static DSS Test ResultsIndex PropertiesPhysical Properties CRS Consolidation & Permeability Test Results







Undrained Undrained Effective Effective Hydraulic
Soil Report / Test Dry Unit Moist Unit Sat Unit Strength Cohesion Strength Cohesion Compression Recompression Recompression Compression Conductivity


Name Source Weight Weight Weight OMC φ c φ' c' Index Index Ratio Ratio k OMC Max Dry OMC Max Dry


(pcf) (pcf) (pcf) (%) (degree) (psf) (degree) (psf) Cc Cr C'r C'c (ft/s) (%) Density(pcf) (%) Density(pcf)
Core Bechtel, 1982 113 125 130 15 27 120 28.5 0 0.1 0.01


WAI, 2010 1.50E-07


Shell Bechtel, 1982 130 15 22.5 750 33 0 0.1 0.01
WAI, 2010 107.5 123.6 2.00E-07


Drain Bechtel, 1982 105 130 135 15 35 0 35 0 0.0317


Claystone/Siltstone Bechtel, 1982 112 124 21 0 28 0 3.20E-08


Clinker/Baked Shale Bechtel, 1982 130 140 16 40 0 40 0 0.17


Clinker Ash This Report 99 120.4 125 0 2000 26.6 950 0.301 0.009 0.005 0.0172 1.98E-09


Alluvium Bechtel, 1982 97 112 124 21 0 28 0 0.1 0.01 4.80E-06


Sandstone WAI, 2010 99.8 121 124 22.2 40.1 0 2.40E-05


Paste This Report 68.6 102 112 0 1700 35 0 0.401 0.038 0.014 0.155 3.24E-10


Fly Ash Slurry WAI, C-CW, 09 100 103.4 * * 28 700
Golder, 2001 74 3.28E-07


Fly Ash Borrow This Report 78.2 105.6 116 35.1  37.8 0 1.387 0.061 0.028 0.631 8.04E-06 35.1 80.3 29.3 84.5
WAI, 2001 22 0


Bottom Ash Fill Golder, 2001 86 93.7 112.2 29.3 20.5 3295 40.3 675 0.04 0.23 5.00E-04 29.3 86


* Undrained strength of fly ash slurry
C top layer = 100-psf
C rate of change = 9-psf/ft
C maximum = 3000-psf


Proctor


Standard Modified


Table 8.2.3-1 Soil Design Parameters


Soil Sample Data Physical Properties Engineering Properties
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COVER SYSTEM SETTLEMENT ANALYSIS 
 COLSTRIP EHP A CELL & NEW CLEARWELL 


PURPOSE 
The purpose of this calculation package is to estimate the settlement of and strain in the A Cell 
cover system of the Colstrip Steam Electric Station (SES) Effluent Holding Pond (EHP) located 
in Colstrip, Montana. A portion of the A Cell cover system will serve as the liner for the New 
Clearwell, a new surface impoundment to be constructed above a portion of A Cell. 


The A Cell cover system comprises two types of covers: Type III Cover System and Type IV 
Cover System. The Type III Cover System, a composite geosynthetic cover system, will serve as 
both cover system for the northern portion of A Cell and the liner for the New Clearwell, a new 
surface overfill impoundment planned to be constructed above the northern portion of A Cell. 
The Type IV Cover System will be a vegetated soil-geosynthetic cover system constructed over 
the remaining southern portion of A Cell. The Type III and Type IV Cover Systems are referred 
to collectedly as the A Cell cover system in the remainder of this calculation, except where a 
distinction is necessary. The Type III and Type IV Cover Systems are presented in detail in 
Figure 1. 


EXISTING CONDITIONS 
Subsurface Stratigraphy 
The subsurface stratigraphy beneath the proposed A Cell cover system is estimated based on the 
results of a subsurface investigation presented in the Geotechnical Report for EHP New 
Clearwell (New Clearwell Geotechnical Report) (Appendix A) prepared by Geosyntec.  The 
subsurface strata can be divided into the following general layers, from top to bottom: 


• Layer I consists of bottom ash material, which is a Coal Combustion Residual (CCR) 
material; 


• Layer II consists of silt, both coal ash paste, a CCR material, and red natural silty soil; 


• Layer III consists of gravel with silt and sand; 


• Layer IV consists of lean condensed clay. 


The total settlement of the cover system due to placement of CCR in the landfill is evaluated by 
estimating the settlement of all four layers, and adding the values obtained. 


Groundwater Table 


Although groundwater was only encountered in one boring (GB-22) during the geotechnical 
investigation, groundwater elevations at the EHP area have been measured consistently with 
piezometer readings.  As of September 2016, the highest observed groundwater condition at the 
A Cell site was 3246 ft-msl (consistent with boring GB-22). This elevation was assumed 
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constant across the A Cell site for the purposes of this analysis. It is expected that Layer I, Layer 
II, and Layer IV will develop pore water pressures upon placement of water in the New 
Clearwell. It is also assumed that these layers will develop pore water pressures upon placement 
of fill in the southern portion of A Cell. The gradual dissipation of pore water pressure over time 
in these layers will result in settlement due to primary consolidation. 


METHODS OF ANALYSIS 
Overview 


The settlement analysis is performed using a combination of two theories based on the type of 
subsurface material: the theory of elasticity, which is applicable to subsurface materials that 
behave similarly to sands or low plasticity silts; and one-dimensional consolidation theory, 
which is applicable to subsurface materials that behave similarly to clays or elastic silts. 
According to the theory of elasticity, the subsurface material is expected to elastically compress 
immediately upon loading; whereas according to the one-dimensional consolidation theory, the 
subsurface material is expected to exhibit increased pore water pressure upon loading, and 
compress over an extended period of time while dissipating pore water pressure. 


Because the A Cell cover system comprises two types of cover systems, settlement is evaluated 
at two corresponding critical locations. For the Type III Cover System, settlement is evaluated 
along a cross-section parallel to the drainage direction (1.5% slope). For the Type IV Cover 
System, settlement is evaluated beneath the longest slope, as it is considered to be the critical 
cross-section for drainage. 


In both cases, the critical cross-section should maintain positive drainage towards the point of 
discharge or collection after settlements have occurred. Also, calculated strains due to 
differential settlement beneath the A Cell cover system should not exceed tolerable strains of the 
geosynthetics. 


Subsurface materials beneath the Type III Cover System are expected to compress as water is 
impounded in the New Clearwell (i.e., as load is applied). Similarly, foundation materials are 
expected to compress beneath the A Cell Type IV Cover System landfill as CCR is placed and 
the cover system constructed above the existing grades. The resulting foundation settlements 
may not be uniform across the site because: (i) the subsurface materials vary in thickness across 
the site; and (ii) the loading of the foundation by the overlying materials varies across the length 
of the cross section considered (i.e. greater load where pond depth or CCR thickness is greater). 


Elastic Settlement 


The elastic settlement of a granular subsurface material is estimated based on the constrained 
elastic modulus, the layer thickness, and the corresponding change in vertical effective stress due 
to loading, per the following equation by Qian et al. (2001): 
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ds


v
E M


HΔσS ×
=  Equation 1 


where:    SE = immediate settlement of subsurface layer; 


     Δσv = increment of vertical stress due to applied load; 


     H = initial thickness of subsurface layer; and 


     Mds = drained secant constrained elastic modulus of subsurface layer. 


The constrained modulus is defined as the ratio of vertical stress to vertical strain under uniaxial 
strain conditions, i.e., strain in the horizontal direction is zero. The foundation materials are 
expected to exhibit one-dimensional compression due to placement of waste, and horizontal 
strain of the foundation materials is not anticipated. 


The thickness of the layer and the increment of vertical stress due to the applied load are 
determined from the critical cross section and evaluated CCR and soil properties. The 
constrained elastic modulus of the layer is evaluated using the empirical correlation described in 
Section 3.3. 


Settlement due to Primary Consolidation 


The ultimate settlement of a fine grained, cohesive subsurface material due to primary 
consolidation is estimated based on the current stress in the layer, the expected load to be 
applied, and the compressibility of the subsurface material, according to the following set of 
equations described by Terzaghi et al. (1996): 
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where:  Sp = ultimate settlement due to primary consolidation; 


  Cc = primary virgin compression index; 


  Cr = primary recompression index; 


  e0 = initial void ratio; 


  H = initial thickness of compressible layer; 


  σ’v0 = initial vertical effective stress at mid-depth of compressible layer; 


  Δσv = increment of vertical stress due to applied load; and 


  Pp = preconsolidation pressure. 


Settlement due to Secondary Compression 


The settlement of a fine grained, cohesive subsurface material due to secondary compression is 
estimated based on the thickness of the material, the secondary compression index, and the time 
elapsed after primary consolidation, according to the following equation described by Terzaghi 
et al. (1996): 
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S   Equation 5 


where:   Ss = settlement due to secondary compression; 


   Cα /Cc= ratio of secondary compression index to primary compression 
index; 


   Cc = primary compression index; 


   e0 = initial void ratio; 


   H = initial thickness of compressible layer; 


   t1 = time at which secondary compression begins, i.e., end of primary 
consolidation; and 


   t2 = time at which secondary compression is calculated. 


The secondary compression index is defined as the reduction in void ratio during one logarithmic 
cycle of the ratio t2/t1. The ratio of the secondary compression index to primary compression 
index is constant for a geotechnical material, independent of vertical effective stress and time 
elapsed after primary consolidation. For purposes of these calculations, the time at which 
primary consolidation ends and secondary compression begins is assumed to be 1 year while t2 is 
assumed to be 60 years. 
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Total Settlement 


The total settlement of the foundation materials in the long term is estimated as the sum of the 
immediate settlement, settlement due to primary consolidation, and settlement due to secondary 
compression. 


 SPET SSSS ++=   Equation 6 


where:  ST = total settlement of foundation soils; 


   SE = immediate (elastic) settlement of Layer III; 


   SP = settlement due to primary consolidation of Layers I, II, and IV; and 


   SS = settlement due to secondary compression of Layers I, II, and IV. 


Differential Settlement and Strain in the Cover System 


Differential settlement refers to the settlement of a point relative to the settlement of adjacent 
points, and is evaluated in order to determine the change in slope of the respective cover systems 
due to settlement. The strain in the cover system geosynthetics refers to the change in length of 
segments of the cover system due to settlement, relative to the initial length of the segment 
considered. 


CROSS SECTIONS ANALYZED 
In order to evaluate the settlement of the A Cell cover system resulting from the load of 
impounded water at the New Clearwell site and CCR placed in the southern portion of A Cell, 
critical cross-sections were first selected. The first cross section considered (Section A-A’) 
includes a section parallel to the expected drainage path of the Type III Cover System secondary 
liquids drainage layer. The purpose of evaluating settlement along the secondary liquids drainage 
path is to evaluate the post-settlement grades, and to determine if positive drainage to the 
secondary liquids collection sump is likely to be maintained during the impoundment of water in 
the New Clearwell. Section A-A’ also incorporates a broad variation in existing topography, 
which affects the preconsolidation pressures of compressible soils beneath the site. Thus, the 
resulting analysis may be considered to be a reasonable representation of the Type III Cover 
System’s performance at the New Clearwell. 


The second cross section (Section B-B’) considered includes a section parallel to the longest 
drainage path of the Type IV Cover System. Section B-B’ was selected to evaluate the total and 
differential settlements induced through the addition of bottom ash fill and cover system 
construction in A Cell.  


Sections A-A’ and B-B’ are shown in plan view with proposed cover system grades in Figure 2 
and in profile in Figures 3 and 4, respectively. 
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Several points along the cover system are selected for evaluation of settlement at each cross 
section. The elevations of the selected points along the cross section, in addition to the 
corresponding elevations of the overburden materials and subsurface layer boundaries, are used 
as input to the settlement analysis. 


The elevations of the proposed final conditions for both cross sections are obtained from the 
proposed cover system grading plans. The elevations of the subsurface layer boundaries are 
determined from nearby boring logs included in the New Clearwell Geotechnical Report. The 
existing surface elevations are taken from maps of the existing topography. Settlement is 
estimated based on the expected compressibility of subsurface materials from about 3294 feet 
above mean sea level (ft-msl) down to about 3200 ft-msl. 


For settlement calculations, the depth of influence is considered as the depth where surcharge 
load at depth is less than 20% of the effective vertical stress at that depth. The stress reduction 
influence factors to an elevation of 3,200 ft-msl are estimated by the procedure presented in 
Appendix B in order to ensure that the surcharge load is less than the effective stress at this 
depth.  


MATERIAL PROPERTIES 
The material properties for this analysis are selected based on those presented in the New 
Clearwell Geotechnical Report and the Geotechnical Report for EHP J Cell (J Cell Geotechnical 
Report) (Appendix C). While the New Clearwell Geotechnical Report presents soil index 
properties useful for soil characterization, such as grain size, moisture content, and specific 
gravity, the J Cell Geotechnical Report presents engineering properties such as maximum dry 
density and compressibility.  As the New Clearwell and J Cell sites are in close proximity and 
are underlain by similar soil strata, it is assumed that the properties of J Cell foundation and CCR 
materials are applicable to those at the A Cell and New Clearwell site. So, a combination of 
results from relevant laboratory and field tests presented in the New Clearwell and J Cell 
Geotechnical Reports are used to develop the material properties used in this analysis. 


Unit Weights 
Foundation Materials 
The average unit weight of Layer I is estimated from laboratory test results of specific gravity 
and moisture content, and an assumed degree of saturation of 90% (same as that calculated for 
bottom ash from J Cell Geotechnical Report). The average unit weight for Layer II was estimated 
using dry density values for CCR paste taken from the J Cell Geotechnical Report and water 
contents for the soil taken from the New Clearwell Geotechnical Report.  The average unit 
weights of Layers III and IV were calculated using calculated moisture contents and assumed 
specific gravities.  The degree of saturation for Layers III and IV was assumed to be 100% as 
these layers were predominantly located below the groundwater table. The assumed unit weight 
values are shown in Table 1. 
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A Cell Fill Material 
It was assumed that the fill material placed over A Cell would be composed predominantly of 
bottom ash excavated from the New Clearwell. So, this material was assigned the same 
properties as Layer I. 


A Cell Type IV Protective Cover Soil 


Testing of the borrow soil to be used as the protective cover and topsoil on the A Cell Type IV 
Cover System indicate that the soil can be classified as a CL or a low plasticity clay.  Laboratory 
compaction tests indicated that the compacted dry unit weight varied from roughly 106 to 113 
pcf depending on moisture content and compaction energy.  Results of grain size distribution and 
compaction tests are shown in Appendix D.  As the protective cover soil will be loosely placed, a 
dry density of 95 pcf was chosen for the soil.  The specific gravity was assumed as 2.7, a typical 
value for clays, and the moisture content was chosen as 14% in order to estimate bulk unit 
weight for the soil.  The geotechnical properties of the protective cover soil are shown in Table 
1. 


Consolidation Properties of Bottom Ash, Coal Ash Paste, and Condensed Clay 
All of the foundation materials were assumed to be normally consolidated. So, the 
preconsolidation pressure for each soil was assumed to be equal to the existing overburden 
stress. The initial void ratios for each material were calculated using the same procedure as 
detailed above for calculating unit weights. The primary compression index and recompression 
index of Layers I, II, and IV was determined based on results of consolidation tests performed on 
samples from similar soils found at the nearby J-Cell site, as shown in Table 1.  


The ratio of the secondary compression index to primary compression index is constant for 
several soils, independent of effective vertical stress and time elapsed after primary 
consolidation; for inorganic clays and silts, this ratio is 0.04±0.01 (Terzaghi et al. 1996). The 
secondary compression index is evaluated by multiplying the constant ratio with the primary 
virgin compression index in the case of normally consolidated soils, and with the primary 
recompression index in the case of over-consolidated soils. The bottom ash and coal ash paste 
layers are expected to behave similar to silts; therefore, the secondary compression index of 
these materials is estimated using this procedure. 


The protective cover soil was assigned the same properties as the condensed clay.  The 
geotechnical properties of Layers I, II, and IV as well as those for the protective soil cover are 
shown in Table 1. 


Primary consolidation of the bottom ash fill material and the protective cover soil placed in the 
southern portion of A Cell is expected to occur as filling progresses. Therefore, only secondary 
consolidation is considered for these materials. 
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Elastic Properties of Layer III 
Layer III is gravel with silt and sand and is assumed to behave elastically for this settlement 
analysis. The constrained elastic modulus, the thickness, and the net increase in effective stress 
are used to estimate the settlement due to placement of waste. The constrained elastic modulus is 
estimated using the following empirical correlation with effective vertical stress and porosity, per 
Kulhawy and Mayne (1990): 
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=  Equation 7 


where:      Mds = drained secant constrained elastic modulus; 


       σ’v = effective vertical stress; 


       m = modulus number, correlated with porosity; and 


       pa = atmospheric pressure. 


Assuming the porosity of Layer III as 0.38, the modulus number is estimated as 300, as shown in 
Figure 5. The constrained modulus for Layer III is estimated as 1050 ksf.  The elastic properties 
of Layer III are summarized in Table 1. 


RESULTS 


The calculated total settlement of the Type III Cover System ranges from 0 feet to 0.38 feet for 
Section A-A’. The maximum strain calculated in the cover system is 0.35% for Section A-A’. 
The minimum post-settlement cover grade calculated is 1.09% for Section A-A’. 


The calculated total settlement of the Type IV Cover System ranges from 0 feet to 1.29 feet for 
Section B-B’. The cover system at Section B-B’ was found to experience negligible tension, and 
hence negligible tensile strains. The minimum post-settlement cover grade calculated is 2.71% 
for Section B-B’. 


The results of the cover system settlement analysis are presented in Appendix E.  


 RECOMMENDATIONS 


The settlements and grade changes described above are not expected to affect the operation or 
the function of the cover system drainage layers or A Cell and the New Clearwell in general. 
Furthermore, the maximum strain calculated in the geomembrane is significantly less than the 
long-term allowable strain of HDPE geomembrane (i.e., 4% to 5%) as reported by Berg and 
Bonaparte (1993). 
Based on the design considerations described in this calculation package and the results of these 
analyses, the A Cell Type III and Type IV Cover Systems shall be graded with minimum grades 
of 1.5% and 3%, respectively. 
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If field conditions are different than those assumed herein, then the Engineer shall be notified 
and the calculations evaluated. 
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Table 1 Summary of geotechnical properties of Layers I, II, III, and IV. 


Layer 
OCR Compression 


Index 
Recompression 


Index 


Constrained 
Modulus 


Moisture 
Content 


(%) 


Specific 
Gravity 


Bulk 
Unit 


Weight 


Initial 
Void 
Ratio 


 Cc Cr Mds w (%)  γb e0 


   
ksf 


  pcf  
I 1.0 0.12 0.02 - 33.9 2.51 108 0.95 
II 1.0 0.14 0.01 - 47.2 2.65 110 1.14 
III 1.0 - - 1050 21.6 2.65* 127 0.57 
IV 1.0 0.11 0.04  28.3 2.7* 123 0.76 


Protective Cover 1.0 0.11 0.04 -     
 


Notes: 1) All soils assumed to be normally consolidated under existing conditions 
 2) Compression index and recompression index values taken from similar soils encountered at nearby J-Cell 
 3) Constrained Modulus value for Layer III taken from empirical correlation using effective vertical stress and 


porosity from Kulhawy and Mayne (1991) 
 4) *Assumed specific gravity values 
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1. INTRODUCTION 


This report presents the results of the geotechnical field and laboratory investigation conducted for 
supporting design and construction activities associated with the New Clearwell at the Effluent 
Holding Pond (EHP) area of the Colstrip Steam Electric Station (SES) in Colstrip, Rosebud 
County, Montana.  The proposed EHP New Clearwell will be constructed by capping a portion of 
EHP A Cell and construction of a CCR surface impoundment overfill in A Cell for long-term water 
storage. Geosyntec Consultants, Inc. (Geosyntec) was retained by Talen Energy (Talen) to perform 
the investigation described herein.  This report was prepared by Zichang Li, Ph.D., EIT., and 
Ranjiv Gupta, Ph.D., P.E., and was reviewed in accordance with Geosyntec’s review policies by 
Chunling Li, Ph.D., P.E., and David Espinoza, Ph.D., P.E., all of Geosyntec. 


The purpose of this investigation was to develop geotechnical parameters for the EHP New 
Clearwell using field borehole investigation and subsequent laboratory testing.  The remainder of 
this report is organized as follows: 


• a summary of the geotechnical field investigation conducted at the site is provided in 
Section 2;  


• a summary of the geotechnical laboratory testing program is presented in Section 3; and 


• an overview of the site stratigraphy and geotechnical properties is provided in Section 4. 


2. GEOTECHNICAL SITE INVESTIGATION  


The EHP New Clearwell will be constructed in the current EHP A Cell area, as shown in Figure 
1.  On 20-24 April 2016, five boreholes (GB-20, GB-21, GB-22, GB-23 and GB-24) were 
advanced at the location for the proposed New Clearwell in order to obtain geotechnical data for 
the New Clearwell design.  As shown in Figure 1, GB-21, GB-23 and GB-24 were distributed 
within the pond, approximately 400 feet (ft) apart.  Boreholes GB-20 and GB-22 were drilled on 
the dikes, where the slope stability of cross-sections was considered to be critical.  Borehole GB-
22 was drilled on the divider dike between EHP A and B Cells (A/B divider dike), whereas GB-
20 was drilled on the main dam to the north of EHP A Cell (main dam).  Boreholes GB-20 through 
GB-23 were drilled to 61 feet below ground surface (ft-bgs).  Borehole GB-24 was drilled to 151 
ft-bgs to investigate the stratigraphy of deeper subsurface to the west of EHP A Cell.  Boring logs 
from the site investigation are included in Appendix A of this report. 


Geosyntec directed the geotechnical field investigation and supervised the subsequent laboratory 
testing program.  The soil samples collected during the field investigation were sent to Texas 
Research International (TRI) laboratory located in Austin, Texas.  The laboratory testing results 
are included in Appendix B of this report. 


3. LABORATORY TESTING PROGRAM 


During the geotechnical site investigation, standard penetration test (SPT) samples were collected.  
The SPT samples were stored in sealed plastic bags prior to transportation to the testing laboratory 
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in order to preserve the natural moisture content.  Soil samples were selected for laboratory testing 
in order to characterize each stratum and provide a spatial distribution of material data at the site.  
The laboratory tests performed are listed below. Table 1 summarizes the laboratory test results. 


• Soil classification (ASTM D 2487).  The purpose of this test was to classify the soil per the 
Unified Soil Classification System (USCS). 


o Grain size distribution (ASTM D 422).  The purpose of this test was to determine 
the percentage of various sizes particles present in the soil collected from the site.  
A total of 13 tests were conducted on the samples collected during field 
investigation. 


o Atterberg limits (ASTM D 4318).  The purpose of this test was to determine the 
consistency limits of the soil (liquid limit and plastic limit).  A total of 10 tests were 
conducted on the samples collected during field investigation. 


• Moisture content (ASTM D 2216).  The purpose of this test was to estimate the water 
content of a soil sample and understand the variation of moisture content with depth at the 
site.  A total of 20 tests were conducted. 


• Specific gravity (ASTM D 854A).  The purpose of this test was to estimate the specific 
gravity of coal ash material and compare it with that of soil solids in a given sample of soil.  
A total of 1 test was conducted. 


4. SITE STRATIGRAPHY AND SOIL PROPERTIES 


As shown in Table 1, six soil layers were identified below the main dam (GB-20), four below the 
divider dike (GB-22), and five in the pond area (GB-21, -23 and -24).  


4.1 Main Dam to North of EHP A Cell (GB-20) 


GB-20 was drilled on the main dam to the north of EHP A Cell to investigate the subsurface 
materials of the dike. Ground water table was not encountered at borehole GB-20.   From ground 
surface to 61 ft-bgs (the bottom of the borehole), six soil layers were encountered: 


• Layer Idam consists of bottom ash.  The surface of the main dam to the north of EHP A Cell 
is covered with approximately 1 to 2 ft thick bottom ash material, a coal combustion 
residual (CCR) material, with geotechnical characteristics similar to medium-fine sand 
with silt (classified as silty sand with gravel (SM) per the USCS in accordance with ASTM 
D 2487). The bottom ash serves as structural fill to pave the crest for traffic.  Below the 
bottom ash are natural soil materials.  


• Layer IIdam consists of natural silty sand. From 2 ft-bgs to 15 ft-bgs is yellowish-brown 
sandy silt with red shale debris.  Layer IIdam is classified as silty sand with gravel (SM) per 
the USCS in accordance with ASTM D 2487.  According to the historical construction 
drawings [Bechtel 1982], Layer IIdam referred to as “shell” or “structural fill” was used to 
construct the main dam from local borrow areas.   
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• Layer IIIdam consists of yellowish-red sandy silt with gravel located from 15 ft-bgs to 45 
ft-bgs.  According to the historical construction drawings [Bechtel 1982], this soil referred 
to as “dam core” was used to construct the 0.3H:1V core.  The grain size distribution 
analysis shows that Layer IIIdam consists of fine grained material with 85.8% fines and was 
classified as silt (ML) per the USCS in accordance with ASTM D 2487.   


• Layer IVdam consists of yellow clay mixed with sand and gravel located from 45 ft-bgs to 
51 ft-bgs.  The grain size distribution analysis shows that Layer IV consisted of coarse 
grained gravel (56.9%) mixed with clayey soil (25.3%) and therefore was classified as 
clayey gravel with sand (GC) per the USCS in accordance with ASTM D 2487.  According 
to the historical construction drawings [Bechtel 1982], Layer IV is the alluvium and was 
the undisturbed natural ground surface, upon which the main dam was constructed. 


• Layer Vdam consists of coal seam material. The coal seam encountered at GB-20 is 
approximately 6 ft thick and extends from 51 ft-bgs to 57 ft-bgs.  Layer V appears black, 
brittle, and very stiff. The same material was found at 51 ft-bgs at MD-16-02-SP (250 ft 
toward west along the dike). Coal seams belong to the McKay formation and are classified 
as silty sand (SM) per the USCS in accordance with ASTM D 2487.  Field investigations 
performed by Geosyntec during June 2015 and April 2016 indicated that coal seams are 
typically heavily consolidated and are not expected to be continuous, with is consistent 
with the description/statements in the historical data. 


• Layer VI consists of condensed lean clay. The soil from 57 ft-bgs to 61 ft-bgs (the bottom 
of the borehole) is gray clay with moderate cementation.  The historical construction 
drawings refer to Layer VI as “stiff non-organic clay” or “bedrock”.  Field investigation 
indicated that Layer VI is heavily consolidated and the SPT blow counts are greater than 
100 blows per foot (bpf).   


 


4.2 Divider Dike at South of EHP A Cell (GB-22) 


GB-22 was drilled on the A/B divider dike to the south of EHP A Cell to investigate the materials 
in the divider dike.  Ground water table was encountered at 40 ft-bgs.  From ground surface to 61 
ft-bgs (the bottom of the borehole), four soil layers were encountered: 


• Layer Idike consists of 20-ft thick bottom ash and locates from ground surface to 15 ft-bgs.  
The divider dike was constructed using the bottom ash fill.  According to the historical 
construction drawings [Bechtel 1982], bottom ash was used to build the dike upon the 
original natural ground surface, at approximately 3,265 ft-msl, which was verified by the 
geotechnical investigation.  Layer Idike is classified as silty sand with gravel (SM).   


• Layer IIdike consists of a mix of yellowish-red silt, sand and sandstone derbies.  Layer II is 
a natural soil and extends from 15 ft-bgs to 39 ft-bgs.  Layer IIdike is classified as silty sand 
with gravel (SM). According to the historical construction drawings [Bechtel 1982], Layer 
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IIdike is the alluvium and was the original ground surface, upon which the divider dike was 
constructed. 


• Layer IIIdike consists of saturated sandy gravel.  This layer appears to be typical aquifer 
material. The soil from 39 ft-bgs to 55 ft-bgs is red and gray gravel mixed with coarse sand. 
The content of the gravel increases with depth and appears to be the debris of weathered 
claystone.  Layer IIIdike is classified as poorly-graded gravel with sand (GP). 


• Layer IVdike consists of condensed lean clay (CL). The soil from 55 ft-bgs to 61 ft-bg (the 
bottom of the borehole) is saturated gray clay. 


 


4.3 EHP A Pond (GB-21, -23 and -24) 


For the EHP A pond, a site stratigraphic model is presented in Figure 2.  Ground water table was 
not encountered. Five main soil layers were encountered during the field investigation, and are 
described below. 


• Layer I consists of bottom ash.  EHP A Cell was used for bottom ash storage. Field 
investigation as shown in Appendix A indicates that the existing surface of EHP A pond is 
cover by a layer of 3 to 16 ft thick dark-gray bottom ash. The bottom ash was used to pave 
the pond surface for traffic.  The bottom ash is classified as silty sand with gravel (SM) per 
the USCS in accordance with ASTM D 2487. 


• Layer II consists of fly ash and red natural silt.  The material is light-gray to gray coal fly 
ash, which was transferred as fly ash slurry through pipes to the EHP area. The layer 
thickness is 5 ft at GB-24 and 40 ft at GB-21.  At GB-23, the soil from 3 ft-bgs to 36 ft-
bgs is gray fly ash and from 36 ft-bgs to 45 ft-bgs is red natural silt.  As the appearances of 
the red silt is similar to the fly ash encountered, it is included in Layer II. Layer II is 
classified as silt (ML) per the USCS in accordance with ASTM D 2487.   


• Layer III consists of gravel with silt and sand.  Silty gravel with sand was encountered from 
56 ft-bgs to 70 ft-bgs at GB-21 and poorly-graded gravel with sand was encountered from 
45 ft-bgs to 60 ft-bgs at GB-23.  No gravelly soil was encountered at GB-24. 


• Layer IV consists of condensed lean clay.   Gray lean clay was encountered at GB-21 from 
70 ft-bgs to 86 ft-bgs (the bottom of the borehole), and at GB-23 from 60 ft-bgs to 61 ft-
bgs (the bottom of the borehole).  At GB-24, yellowish-brown lean clay was encountered 
from 10 ft-bgs to 36 ft-bgs and condensed gray lean clay was encountered from 85 ft-bgs 
to 151 ft-bgs (the bottom of the borehole).  Layer IV is classified as lean clay (CL) per the 
USCS in accordance with ASTM D 2487. 


• Layer V consists of coal seam material.  The coal seam was encountered at GB-24, from 
36 ft-bgs to 85 ft-bgs. Coal seams belong to the McKay formation and is classified as silty 
sand (SM) per the USCS in accordance with ASTM D 2487.  Field investigation as 
presented in Appendix A indicated that coal seams are heavily consolidated with SPT blow 
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counts greater than 100 bpf, with is consistent with the description/statements in the 
historical data. 


5. SUMMARY 


This report summarizes the geotechnical site investigation conducted at the site for the design of 
the proposed EHP New Clearwell. Boring logs from the site investigation are presented in 
Appendix A. The laboratory testing results of soil samples are included in Appendix B. The 
geotechnical site investigation verifies the historical construction data [Bechtel 1982]. An 
overview of the site stratigraphy is provided in Section 4. 


 


REFERENCES 


Bechtel (1982). “Effluent Holding Pond Design Report.” Bechtel Power Corporation. October 
1982. 







 


 


FIGURES 
  







 


 


 


 


 


 


 


 


 


FIGURE 1: Boring Locations 
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FIGURE 2: Stratigraphic Model 
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TABLE 1 


SUMMARY OF GEOTECHNICAL MATERIAL PROPERTY TESTS 


 


Boring 
Number 


Sample Depth 
Layer USCS 


Classification 


Water 
Content 


Atterberg Limits Fines Specific 
Gravity Start End LL PL PI 


ft, BGS ft, BGS % % % % % - 


GB-20 
(Main 
dam) 


4 6 Idam * SM - - - - - - 
9 11 IIdam SM - - - - - - 
19 21 IIIdam ML - - - - - - 
24 26 IIIdam ML 13.9 29 NP -- 85.8 - 
39 41 IIIdam ML - - - - - - 
49 51 IVdam GC 18.9 34 26 8 25.3 - 
54 56 Vdam SM - - - - - - 
59 61 VIdam CL 13.0 49 28 21 99.5 - 


GB-22 
(Divider 


dike) 


9 11 Idike * SM - - - - - - 
19 21 Idike * SM 8.2 19 NP -- 29.5 - 
29 31 IIdike SM 4.2 - - - - - 
39 41 IIdike SM - - - - - - 
44 46 IIIdike SM 15.9 32 NP -- 17.9 - 
49 51 IIIdike GP - - - - - - 
54 56 IIIdike GP - - - - - - 
59 61 IVdike CL 22.3 - - - 81.6 - 


GB-21 
(Pond) 


4 6 I * SM - - - - - - 
14 16 I * SM 33.9 40 NP -- 40.7 2.51 
24 26 II * ML - - - - - - 
34 36 II * ML 47.2 - - - - - 
44 46 II * ML - - - - - - 
54 56 II * ML - - - - - - 
64 66 III GM 22.3 33 NP -- 22.3 - 
74 76 IV  CL - - - - - - 
84 86 IV  CL 84.0 - - - - - 


GB-23 
(Pond) 


4 6 II * ML - - - - - - 
14 16 II * ML - - - - - - 
24 26 II * ML - - - - - - 
34 36 II * ML - - - - - - 
44 46 III GP - - - - - - 
54 56 III GP 23.5 38 NP -- 2.9 - 
59 61 III GP - - - - - - 


Note: * CCR material, not natural soils. 


  







 


 


TABLE 1 (Continued) 


SUMMARY OF GEOTECHNICAL MATERIAL PROPERTY TESTS 


 


Boring 
Number 


Sample Depth 
Layer USCS 


Classification 


Water 
Content 


Atterberg Limits Fines Specific 
Gravity Start End LL PL PI 


ft, BGS ft, BGS % % % % % - 


GB-24 
(Pond) 


9 11 II * ML - - - - - - 
19 21 IV CL 16.2 34 17 17 88.4 - 
24 26 IV CL - - - - - - 
29 31 IV CL - - - - - - 
34 36 IV CL 14.2 - - - - - 
39 41 V SM - - - - - - 
44 46 V SM 30.5 - - - 30.6 - 
49 51 V SM - - - - - - 
54 56 V SM - - - - - - 
59 61 V SM 47.2 - - - 38.4 - 
69 71 V SM - - - - - - 
74 76 V SM - - - - - - 
79 81 V SM - - - - - - 
84 86 IV CL 8.4 38 19 19 95.8 - 
89 91 IV CL - - - - - - 
94 96 IV CL - - - - - - 
99 101 IV CL 13.1 - - - - - 
104 106 IV CL - - - - - - 
109 111 IV CL - - - - - - 
114 116 IV CL 12.6 - - - - - 
119 121 IV CL - - - - - - 
124 126 IV CL - - - - - - 
134 136 IV CL - - - - - - 
144 146 IV CL 10.6 - - - - - 
149 151 IV CL - - - - - - 


Note: * CCR material, not natural soils. 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-20


Date(s)
Drilled 4/23/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Cement grout and bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604660.78, Easting 2719174.62)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3292.3 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, trace red shale debris, 
slightly moist, loose  to medium-dense


Silty SAND, natural soil, yellow silty sand, trace red shale debris, moist, dense


Gravelly lean CLAY, brown clay, with red subrounded gravel, moist, low 
plasticity, firm


Gravelly lean CLAY, brown clay, with red subrounded gravel, moist, low 
plasticity, firm


SILT, natural soil, yellowish-red, trace red fine sand and yellow subrounded 
gravel, moist, hard


SILT, predominantly 85.8% silty fines, 7.2% sand and 6.8% fine gravel. Silt, 
natural soil, yellowish-red, trace red fine sand and gravel, moist, firm


SILT, natural soil, yellowish-red, trace red fine sand, moist, very hard


Clayey GRAVEL with sand, 56.9% fine gravel, 17.8% sand and 25.3% clayey 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-20
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MATERIAL DESCRIPTION


Clayey GRAVEL with sand, 56.9% fine gravel, 17.8% sand and 25.3% clayey 
fines. Red subrounded shale debris, with yellow lean clay, mosit, hard


Silty SAND, coal material, black, reflective, slightly moist, very stiff


Lean CLAY, predominatly 99.6% clayey fines. Paste: condensed coal ash 
paste, gray, mosit, very hard


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-21


Date(s)
Drilled 4/24/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604519.69, Easting 2719255.00)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3286.6 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, slightly moist, loose to 
medium-dense


Paste: Silty SAND, gray, moist, firm


Silty SAND with gravel, 39.9% sand, 40.7% silty fines, 19.4% fine gravel. 
Paste: silty sand, gray, with dark-gray layers, moist, very stiff


Paste: Silty SAND, gray, condensed, moist, very hard  


Paste: Silty SAND, condensed, gray, moist, hard


Paste: Silty SAND, condensed, gray, moist, hard
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-21
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MATERIAL DESCRIPTION


Paste: Silty SAND, condensed, gray, moist, hard


Paste: Silty SAND, condensed, gray, wet, hard


Silty GRAVEL with sand, predominantly 58.1% fine gravel, 19.6% sand and 
22.3% silty fines. Sandy silty gravel, reddish-brown, moist, firm


Sandy silty GRAVEL, reddish-brown, with yellow silty sand, moist, very hard


Sandy silty GRAVEL, reddish-brown, with yellow silty sand, moist, very hard


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-22


Date(s)
Drilled 4/23/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured 40 ft-bgs


Borehole
Backfill Cement grout and bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604000.96, Easting 2719276.63)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3285.7 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, slightly moist, loose to 
medium-dense


Bottom ash: Silty SAND, medium-fine sand, dark-gray, moist


Bottom ash: Silty SAND, medium-fine sand, gray to dark-gray, moist, very 
dense


Silty SAND, 49.1% sand, 21.4% fine gravel, 29.5% silty fines. Yellowish-gray 
fine sand with gravel, condensed, moist, very dense


Silty SAND, reddish-yellow, condensed, moist, very dense


Silty SAND, red and gray, coarse-fine sand with subangular gravel, saturated, 
dense. Water table at 40 ft-bgs 


Silty SAND with gravel, predominantly 48.8% sand,33.3% fine gravel, 17.9% 
silty fines. Gravelly silty sand, red and gray, saturated, very dense


Poorly-graded GRAVEL with sand, red and gray,  subangular gravel, with 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-22
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MATERIAL DESCRIPTION


Poorly-graded GRAVEL with sand, red and gray,  subangular gravel, with 
coarse-fine sand, saturated, very dense


Poorly-graded GRAVEL with sand, red and gray,  subangular gravel, with 
coarse-fine sand, saturated, very dense


Paste: Lean CLAY, condensed, gray, saturated, firm


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-23


Date(s)
Drilled 4/24/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604092.42, Easting 2719135.06)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3284.0 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, slightly moist, loose to 
medium-dense


Paste: Silty SAND, light-gray to gray, moist, very loose


Paste: Silty SAND, gray, moist, medium dense


Silty SAND, red, trace gravel, moist, dense to medium dense 


Silty SAND, red, moist, loose


Poorly-graded GRAVEL, red, with red fine sand, moist, medium dense
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-23
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MATERIAL DESCRIPTION


Poorly-graded GRAVEL, red, with red fine sand, moist, medium dense


Poorly-graded GRAVEL with sand, predominatly 78.5% gravel, 18.6% sand. 
Sandy gravel, yellow, mosit, hard


Poorly-graded GRAVEL with sand, yellow, mosit, hard


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24


Date(s)
Drilled 4/20-23/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Cement grout and bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604120.43, Easting 2718491.03)


Checked By Ranjiv Gupta


Total Depth
of Borehole 151 ft-bgs


Approximate
Surface Elevation 3291.8 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, dry, loose to 
medium-dense


Silty SAND with gravel, fine sand with shale debris, red, moist, hard


Lean CLAY, yellowish-gray, moist, firm


Lean CLAY, predominantly 88.4% clayey fines, 11.6% medium-fine sand. 
Yellowish-brown clay, low plasticity, moist, firm


Lean CLAY, yellowish-brown, low plasticity, moist, firm


Lean CLAY, yellow, with red shale debris, miost, soft


Lean CLAY, condensed, gray and brown, moist, hard


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, predominantly 65.1% medium-fine sand, 30.6% fines. Coal 
material, black, shell and powder, brittle, reflective, dry, very dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


D
ep


th
 (


fe
et


)


0


5


10


15


20


25


30


35


40


45


50


S
am


pl
e 


N
um


be
r


GB24(9ft)


GB24(19ft)


GB24(24ft)


GB24(29ft)


GB24(34ft)


GB24(39ft)


GB24(44ft)


GB24(49ft)


S
am


pl
e 


T
yp


e


B
lo


w
s 


P
er


 F
oo


t (
N


)


32


9


8


3


36


50(4")


50(5")


50(5")


E
le


va
tio


n 
(f


ee
t, 


M
S


L)


3291.8


3286.8


3281.8


3276.8


3271.8


3266.8


3261.8


3256.8


3251.8


3246.8


3241.8


P
:\P


R
J1


\M
D


E
N


G
\P


R
O


JE
C


T
\C


ol
st


rip
\M


E
13


43
-0


4_
E


H
P


 N
ew


 C
le


ar
w


el
l-E


H
P


 A
 C


el
l\G


eo
te


ch
ni


ca
l R


ep
or


t-
E


H
P


 A
 C


el
l\G


B
-E


H
P


 A
 C


el
l_


20
16


-0
4-


19
.b


g4
[G


eo
sy


nt
ec


T
em


pl
at


e-
fil


ed
.tp


l]


Sheet 1 of 4



 .







Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24


M
at


er
ia


l T
yp


e


SM


SM


SM


SM


CL


SM


SM


CL


CL


CL


Li
qu


id
 L


im
it 


(%
)


38


P
la


st
ic


ity
 In


de
x 


(%
)


19
%


 P
as


si
ng


 N
o.


 2
00


 S
ie


ve
38.4


M
oi


st
ur


e 
C


on
te


nt
 (


%
)


47.2


8.4


13.1


MATERIAL DESCRIPTION


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, coal material, black, shell and powder, brittle, reflective, dry, very 
dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Paste: Lean CLAY, gray, condensed, moderate cementation, moist, very hard


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Lean CLAY, predominantly 95.8% clayey fines, 4.2% fine sand. Paste: 
greenish-gray clay, condensed, moderate cementation, slightly moist, very 
hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24
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MATERIAL DESCRIPTION


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24


M
at


er
ia


l T
yp


e


CL


Li
qu


id
 L


im
it 


(%
)


P
la


st
ic


ity
 In


de
x 


(%
)


%
 P


as
si


ng
 N


o.
 2


00
 S


ie
ve


M
oi


st
ur


e 
C


on
te


nt
 (


%
)


MATERIAL DESCRIPTION


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


End of boring at 151 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Key to Log of Boring
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MATERIAL DESCRIPTIOND
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COLUMN DESCRIPTIONS


1 Depth (feet): Depth in feet below the ground surface.
2 Elevation (feet, MSL): Elevation (feet, MSL)
3 Sample Number: Sample identification number.
4 Sample Type: Type of soil sample collected at the depth interval


shown.
5 Blows Per Foot (N): Number of blows to advance driven sampler


one foot (or distance shown) beyond seating 
interval using the
hammer identified on the boring log.


6 Material Type: Type of material encountered.


7 MATERIAL DESCRIPTION: Description of material encountered. 
May include consistency, moisture, color, and 
other descriptive
text.


8 Moisture Content (%): Water content of the soil sample, expressed
as percentage of dry weight of sample.


9 Liquid Limit (%): Liquid Limit, expressed as a water content.
10 Plasticity Index (%): Plasticity Index, expressed as a water content.
11 % Passing No. 200 Sieve: The percent fines (soil passing the No.


200 Sieve) in the sample.  WA indicates a 
Wash Sieve, SA
indicates a Sieve Analysis.


FIELD AND LABORATORY TEST ABBREVIATIONS


CHEM: Chemical tests to assess corrosivity
COMP: Compaction test
CONS: One-dimensional consolidation test
LL: Liquid Limit, percent


PI: Plasticity Index, percent
SA: Sieve analysis (percent passing No. 200 Sieve)
UC: Unconfined compressive strength test, Qu, in ksf
WA: Wash sieve (percent passing No. 200 Sieve)


MATERIAL GRAPHIC SYMBOLS


TYPICAL SAMPLER GRAPHIC SYMBOLS


Auger sampler


Bulk Sample


3-inch-OD California w/
brass rings


CME Sampler


Grab Sample


2.5-inch-OD Modified
California w/ brass liners


Pitcher Sample


2-inch-OD unlined split
spoon (SPT)


Shelby Tube (Thin-walled,
fixed head)


OTHER GRAPHIC SYMBOLS


Water level (at time of drilling, ATD)


Water level (after waiting)


Minor change in material properties within a
stratum


Inferred/gradational contact between strata


? Queried contact between strata


GENERAL NOTES


1: Soil classifications are based on the Unified Soil Classification System. Descriptions and stratum lines are interpretive, and actual lithologic changes may be
gradual. Field descriptions may have been modified to reflect results of lab tests.
2: Descriptions on these logs apply only at the specific boring locations and at the time the borings were advanced. They are not warranted to be representative
of subsurface conditions at other locations or times.
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APPENDIX B 
LABORATORY TEST RESULTS 


 







Client: Geosyntec Consultants TRI Log#: 20379.20


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB20 (24 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - - - 0.01 0.02 - - - -


5/30/2016


93.2


93.2


Plastic Index 


29


93.2 NP


- -


93.0


Specific Gravity 


- -


- -


Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


13.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silt (ML)


(ASTM D2216)


Sieve Size Percent Passing


100.0


93.2


92.3


92.8


92.7


92.6


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 33.1


39.30.005 mm


91.2


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


85.8


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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                               Sieve Sizes 
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Client: Geosyntec Consultants TRI Log#: 20379.21


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB20 (49 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.69 6.99 10.75 - - - -


5/30/2016


64.2


55.4


Plastic Index 8


34


81.1


43.1


Specific Gravity 


- -


- -


26Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


18.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Clayey gravel with sand (GC)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


27.1


35.2


30.7


28.3


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 11.4


14.60.005 mm


26.2


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


25.3


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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                               Sieve Sizes 
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Client: Geosyntec Consultants TRI Log#: 20379.22


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB20 (59 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - - - 0.00 0.00 - - - -


5/30/2016


100.0


100.0


Plastic Index 21


49


100.0


100.0


Specific Gravity 


- -


- -


28Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


13.0


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


99.9


100.0


100.0


99.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 65.3


98.60.005 mm


99.8


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


99.6


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.9


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB21 (14 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.05 0.70 1.55 - - - -


5/30/2016


Tested by: KH, PC, and Mark Fountain, Ph.D.


43.6


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


40.7


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 13.9


14.00.005 mm


45.0


63.7


51.3


46.8


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


33.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty sand with gravel (SM)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


Plastic Limit


2.51(ASTM D854)


NP


- -


80.6


Specific Gravity 


92.5


88.5


Plastic Index 
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.11


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB21 (64 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.20 19.21 21.45 7874.04 319.83


5/30/2016


Tested by: KH & PC


28.5


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


22.3


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 9.2


11.00.005 mm


31.1


35.9


33.1


32.0


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


22.3


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty gravel with sand (GM)


(ASTM D2216)


Sieve Size Percent Passing


73.9


73.9


- -


- -


Plastic Limit


- -(ASTM D854)


NP


- -


41.9


Specific Gravity 


49.0


46.8


Plastic Index 


33
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.13


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB22 (19 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.08 0.13 0.20 132.14 0.76


5/30/2016


Tested by: KH & PC


53.9


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


29.5


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 11.5


14.00.005 mm


65.5


73.1


70.4


68.5


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


8.2


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty sand with gravel (SM)


(ASTM D2216)


Sieve Size Percent Passing


100.0


95.3


- -


- -


Plastic Limit


- -(ASTM D854)


NP


- -


78.6


Specific Gravity 


89.0


84.8


Plastic Index 


19


95.3
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.15


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB22 (44 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.33 1.36 2.78 667.32 72.23


5/30/2016


77.5


75.5


Plastic Index 


32


84.6 NP


- -


66.7


Specific Gravity 


- -


- -


Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


15.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty sand with gravel (SM)


(ASTM D2216)


Sieve Size Percent Passing


100.0


90.3


26.9


55.9


42.8


32.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 8.3


10.40.005 mm


22.8


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


17.9


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.16


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB22 (59 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.00 0.01 0.02 12.25 0.00


5/30/2016


*Insufficient material to perform D4318 testing. Tested by: KH & PC


94.0


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


81.6


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 14.9


30.90.005 mm


94.8


96.1


95.4


95.1


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


22.3


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


- -


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


*Plastic Limit


- -(ASTM D854)


97.4


Specific Gravity 


98.5


98.5


Plastic Index - -


*
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.19


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB23 (54 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.62 10.19 17.67 21.19 33.97 3524.60


5/30/2016


34.1


27.5


Plastic Index 


38


52.6 NP


- -


21.5


Specific Gravity 


- -


- -


Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


23.5


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Poorly-graded gravel with sand (GP)


(ASTM D2216)


Sieve Size Percent Passing


100.0


71.2


6.5


15.9


11.3


8.4


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 2.4


2.40.005 mm


4.7


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


2.9


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.1


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB24 (19 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.00 0.01 0.03 - - - -


5/30/2016


Tested by: KH & PC


94.4


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


88.4


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 34.0


41.80.005 mm


97.4


99.3


98.4


97.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


16.2


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


17Plastic Limit


- -(ASTM D854)


100.0


Specific Gravity 


100.0


100.0


Plastic Index 17
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants  TRI Log#: 20379.3


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB24 (44 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.04 0.39 0.55 - - - -


5/30/2016


*Insufficient material to perform D4318 testing.


100.0


100.0


Plastic Index - -


*


100.0


100.0


Specific Gravity 


- -


- -


*Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


30.5


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


- -


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


40.2


95.7


73.5


51.7


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 24.1


25.60.005 mm


34.1


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


30.6


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.4


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample:  GB24 (59 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.02 0.32 0.61 - - - -


5/30/2016


*Insufficient material to perform D4318 testing. Tested by: KH & PC


42.1


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


38.4


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 20.6


23.70.005 mm


46.5


84.2


65.8


53.6


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


47.2


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


- -


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


*Plastic Limit


- -(ASTM D854)


97.4


Specific Gravity 


100.0


100.0


Plastic Index - -


*
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.5


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample:  GB24 (84 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - - - 0.00 0.00 - - - -


5/30/2016


Tested by: KH & PC


99.5


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


95.8


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 49.3


73.60.005 mm


99.8


100.0


99.9


99.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


8.4


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


19Plastic Limit


- -(ASTM D854)


100.0


Specific Gravity 


100.0


100.0


Plastic Index 19
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Estimation of Stress Reduction Influence Factors 
 
For settlement calculations, the depth of influence is considered to take place to a depth where 
the surcharge load at a depth, ))(( PI f  is less than 20% of effective vertical stress at that depth.  
 𝜎𝜎𝑣𝑣′ = 112 ∗ (3290 − 3278) + 117 ∗ (3278 − 3247) + 127 ∗ (3247 − 3335) + 123 ∗ (3335 − 3200) 


vf PI σ ′≤× 2.0           (1) = 10,400 𝑝𝑝𝑝𝑝𝑝𝑝 


Because the New Clearwell is more than 600 ft in width and about 25ft in depth, the stress 
reduction is insignificant. Therefore, it is conservatively assumed that the stress reduction 
influence factor If equals to 1.0, so that the external stress is not reduced at the depth of the load.  
 
To check the fulfillment of Equation (1), a maximum depth of 90 ft below the center of the 
proposed pond (3,200 ft-msl) is chosen: 
 


 
From Equation (1), 


𝐼𝐼𝑓𝑓∗𝑃𝑃𝑣𝑣
𝜎𝜎𝑣𝑣′


= 1.0∗62.4∗25
10,400


= 0.15 < 0.2   OK 


 
Also, as the load induced by the impounded water in the New Clearwell (25 ft*62.4 pcf = 1560 
psf) is greater than the overburden stress induced by landfilled bottom ash in A Cell (11 ft *112 
pcf = 1,232 psf), this depth (90 ft below grade, 3,200 ft-msl) should be sufficient when 
considering settlement beneath A Cell as well. 
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1. INTRODUCTION 


This report presents the results of the geotechnical field and laboratory investigation conducted 
for supporting design and construction activities associated with the capping and re-lining of J-
Cell at the Unit 3/4 Effluent Holding Pond (EHP) at the Colstrip Steam Electric Station (SES) in 
Colstrip, Rosebud County, Montana.  Geosyntec Consultants, Inc. (Geosyntec) was retained by 
Talen Energy (Talen) to perform the investigation described herein.  This report was prepared by 
Vinay Krishnan and Ranjiv Gupta, Ph.D., P.E., and was reviewed in accordance with 
Geosyntec’s review policies by Chunling Li, Ph.D., P.E., and David Espinoza, Ph.D., P.E, all of 
Geosyntec. 


The purpose of this investigation was to develop geotechnical parameters for coal ash paste 
deposited in the J-Cell using field borehole investigation and subsequent laboratory testing.  The 
remainder of this report is organized as follows: 


• a summary of the geotechnical field investigation that was conducted at the site and an 
overview of the site stratigraphy is provided in Section 2;  


• the results of the geotechnical laboratory testing program are presented in Section 3; and 
 


• the recommendations for geotechnical properties of coal ash paste disposed in J-Cell are 
provided in Section 4.  
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2. GEOTECHNICAL SITE INVESTIGATION AND SITE STRATIGRAPHY 


2.1 Overview of Geotechnical Site Investigation 


In June 2015, three boreholes were drilled in the J-Cell of the EHP area in order to obtain 
geotechnical data for design of the cap and liner system of the J-Cell.  The three boreholes were 
drilled approximately 700 feet apart, and are referred to as GB-1, GB-2, and GB-4 (Figure 1).  
Boreholes GB-1, GB-2, and GB-4 had a depth of 130 feet, 75 feet, and 145 feet respectively.   


Geosyntec directed the geotechnical field investigation and oversaw the subsequent laboratory 
testing program, the results of which are presented in this report.  During the investigation, 
samples were collected and subsequently sent to the testing laboratory (SK Geotechnical, Inc., 
Billings, Montana and TRI, Austin) for characterization of the geotechnical properties of the 
foundation materials at the site.  Borehole logs from the site investigation are included in 
Appendix 1 of this report, and the laboratory test results on samples are included in Appendix 2. 


2.2 Overview of Site Stratigraphy 


Four main soil layers were encountered during the field investigation (Table 1), and are 
described below. 


• Layer I consisted of bottom ash material, which is a Coal Combustion Residual (CCR) 
material disposed in J-Cell; 


• Layer II consisted of scrubber slurry paste also referred to as coal ash paste, which is a 
CCR material disposed in J-Cell; 


• Layer III consisted of silt and silty clay possibly from on-site borrow source area; and 


• Layer IV consisted of heavily consolidated coal ash paste similar to Layer II. 


A site stratigraphic model is presented in Figure 2.  The elevations corresponding to the top of 
the sampling intervals for each borehole are summarized in Table 2.  While Layer II and Layer 
III, were encountered in all three boreholes, Layer I consisting of bottom ash material was 
observed only in borehole GB-4, i.e., in the north-east corner of the cell.  Layer IV was observed 
in borehole GB-1 and GB-4. 


The coal ash paste was observed in both Layers II and IV during this investigation.  The 
thickness of coal ash paste in Layer IV could not be determined during the field investigation as 
neither native ground nor bedrock was encountered during drilling.  The boreholes were 
terminated when the field equipment reached the maximum penetration depth (GB-1 and GB-4) 
or refusal was observed and the field equipment was unable to drill through the strata (GB-2) at a 
given borehole location.  







Talen Montana, LLC 
Colstrip Steam Electric Station, Rosebud County 


EHP J-Cell Cap and Liner System Design – Geotechnical Report 


 


ME1210/Geotechnical Report                         Geosyntec Consultants 
January 2016 


Page 3 


3. LABORATORY TESTING PROGRAM 


3.1 Overview of Laboratory Testing Program 


During the geotechnical site investigation, Geosyntec assigned the locations and depths where 
samples should be taken from each stratum encountered.  Split spoon samplers were used for 
obtaining disturbed samples for testing of soil index properties.  The samples were stored in 
sealed plastic bags prior to transportation to the testing laboratory in order to preserve the natural 
moisture content.  Undisturbed samples for laboratory testing of in-situ shear strength and 
consolidation properties were collected in the thin-walled Shelby tubes that were sealed with end 
caps at both ends after retrieval to preserve the sample moisture content and prevent disturbance 
during transportation to the laboratory.  All geotechnical samples were delivered to the SK 
Geotechnical, Inc. of Billings, Montana. 


Soil samples were selected for laboratory testing in order to characterize each stratum and 
provide a spatial distribution of material data at the site.  The laboratory tests are listed below. 


• Soil classification (ASTM D 2487).  The purpose of this test was to classify the coal ash 
paste samples per the Unified Soil Classification System.  A total of 12 tests were 
conducted on the samples collected during field investigation and the results are shown in 
Table 2. 


o Grain size distribution (ASTM D 422).  The purpose of this test was to determine 
the percentage of various sizes particles present in the coal ash paste collected 
from the site.   


o Atterberg limits (ASTM D 4318).  The purpose of this test was to determine the 
consistency limits of the coal ash paste (liquid limit and plastic limit). 


• Moisture content (ASTM D 2216).  The purpose of this test was to estimate the water 
content of a soil sample and understand the variation of moisture content with depth at 
the site.  A total of 37 tests were conducted. 


• Specific gravity (ASTM D 854A).  The purpose of this test was to estimate the specific 
gravity of coal ash paste and compare it with that of soil solids in a given sample of soil.  


• Constant head hydraulic conductivity tests (ASTM D 5084).  The purpose of this test was 
to determine the hydraulic conductivity of the coal ash paste.  The results of three tests 
conducted on coal ash material are shown in Table 3. 


• One-dimensional (1-D) consolidation testing (ASTM D 2435).  The purpose of this test 
was to determine the consolidation properties of the coal ash paste to be used in the 
settlement calculations.  Four tests were conducted and the results are shown in Table 4. 
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• Consolidated undrained (CU) shear strength (ASTM D 4767).  The purpose of this test 
was to estimate the shear strength of the coal ash paste as a function of vertical effective 
stress.  The results of CU tests are summarized in Table 5. 


3.2 Test Results 


The laboratory tests were performed in accordance with industry practice and ASTM standard 
procedures.  The results of the tests are described here. 


Grain Size Distribution.  Layer I (Bottom ash) was coarse grained with significant percentage of 
fines (between 12% and 50%); Layers II and IV (Coal ash) consisted of fine grained material 
with percentage of fines greater than 50%; and Layer III consisted of fine grained soil mixed 
with sand (greater than 15%). 


Atterberg Limits.  Tests indicated Layer I was non-plastic; Layer II exhibited a plasticity range 
between 0% and 15%; Layer III exhibited a plasticity range of 5% to 7%; and Layer IV exhibited 
a plasticity range from 11% to 18%.  


Soil Classification.  After obtaining grain size distribution and Atterberg limit results, soil 
samples were classified by the Unified Soil Classification System (USCS) in accordance with 
ASTM D 2487.  As tabulated in Table 2, Layer I is classified as silty sand (SM), Layer II as 
elastic silt (MH), Layer III as silt (ML) and silty clay (CL-ML), and Layer IV as lean clay (CL). 


Moisture Content.  The moisture content decreased with depth at each borehole.  Layer I had 
moisture content range within 16.6% to 23.7%.  Layer II (coal ash paste) had moisture content 
range of 22.3% to 96.6% with highest moisture content observed at GB-1; Layer III exhibited a 
moisture content range of 15.9% to 28.5%; and Layer IV exhibited a moisture content range of 
13.8% to 25.7% with lowest moisture content at GB-4 at elevation of 3116 ft-msl (i.e. 
135 ft below ground surface).  


Specific Gravity.  The average specific gravity of Layer I (bottom ash) from two tests was 2.56 
whereas the average specific gravity of Layer IV (coal ash paste) from three tests was 2.91. 


Hydraulic Conductivity.  One hydraulic conductivity test was performed on Layer I and two tests 
were performed on Layer II.  The hydraulic conductivity of Layer I was 2.07×10-4 cm/s, and the 
average hydraulic conductivity for Layer II was 1.89×10-4 cm/s. 


1-D Consolidation.  One consolidation test was performed in Layer I, two tests in Layer II, and 
one test in Layer IV.  All the layers were mildly overconsolidated (with OCR in range of 1.02 to 
1.05).  The compression index ranged from 0.11 to 0.15, and recompression index ranged from 
0.01 to 0.04 indicating a low compressibility soil.  


Shear Strength.  Shear strength parameters of soil samples were determined using the 
consolidated undrained triaxial compression test method, ASTM D 4767, with pore-pressure 
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measurements.  Due to limited sample available from the Shelby tubes, one CU test was 
performed on Layer I at a confining pressure of 150 psi, and two CU tests were performed on 
Layer II at a confining pressure of 50 psi.  Based on the results from above testing, the effective 
stress friction angle was calculated by assuming no cohesion intercept for the material.  Based on 
the above interpretation of the test data, the effective stress friction angle for Layer I was 
calculated as 33.7°, and for Layer II as 44.7° and 40.3°.  
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4. SUMMARY 


Based on the current investigation, the coal ash material deposited at the J-cell has two layers.  
The top coal ash paste layer is similar to high plasticity silt and 50 feet thick  (Layer II) which 
transitions to lower coal ash paste layer similar to a low plasticity clay (Layer IV) with an 
intermediate layer of silty clay soil (Layer III) which is 20 feet thick.  The lower coal ash paste 
layer (Layer IV) is at least 50 feet thick.  A 40 feet thick bottom ash layer (Layer I) was placed 
over the coal ash paste layer on the northwest side of the J-Cell.  


The geotechnical parameters for coal ash paste are as follows: 


• The permeability of upper coal ash paste layer is 1.89×10-4 cm/s. 


• The upper and lower coal ash paste layers are slightly overconsolidated with compression 
index of 0.14 and recompression index of 0.01.  


• Based on the limited triaxial test data, the average effective friction angle of 42.50 


(assuming no cohesion) was calculated for the coal ash paste. 
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FIGURE 1.  BOREHOLE LOCATIONS 
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FIGURE 2.  STRATIGRAPHIC MODEL OF SITE 
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TABLE 1 
SUMMARY DESCRIPTION OF MATERIALS ENOUNTERED DURING 


GEOTECHNICAL SITE INVESTIGATION 


Layer Description General Notes 


I Bottom Ash Mostly from the bottom of coal boiler 


II Upper Coal Ash Paste Fly ash and flue gas desulfurization solids 


III Silt and Silty Clay From on-site borrow source 


IV Lower Coal Ash Paste Dry and heavily consolidated with cementation 
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TABLE 2 
SUMMARY OF GEOTECHNICAL MATERIAL PROPERTY TESTS 


Boring 
Number 


Elevation 
Sample 
Depth 


Layer USCS 
Classification 


Water 
Content 


Atterberg 
Limits Fines Specific 


Gravity Start End LL PL PI 


ft-MSL ft, 
BGS 


ft, 
BGS % % % % % Gs 


GB-1 


3235 0 1.5 II - 46.5 - - - - - 
3232 3 4.5 II - 46.8 - - - - - 
3230 5 6.5 II MH 56.2 68 53 15 99.8 - 


3226.5 9.5 11 II - 52.4 - - - - - 
3215 20 21.5 II - 52.7 - - - - - 
3205 30 31.5 II - 75.2 - - - - - 
3200 35 36.5 II - 52.4 - - NP 99.9 - 
3195 40 41.5 II - 48.4 - - - - - 
3185 50 51 II - 49.2 - - - - - 
3180 55 56.5 II MH 96.6 67 56 11 96.2 - 
3175 60 61.5 II - 74.6 - - NP 87.7 - 
3165 70 71.5 II - 47.7 - - - - - 
3155 80 81.5 III ML 23.9 27 22 5 75.4 - 
3125 110 111.5 IV CL 16.0 39 21 18 98.6 3.26 
3105 130 131.5 IV CL 16.6 39 22 17 99.4 2.21 


GB-2 


3244 0 1.5 II - 38.5 - - NP 98.9 - 
3239.5 4.5 6 II - 33.1 - - - - - 
3229 15 16.5 II - 40.4 - - - - - 
3224 20 21.5 II - 52.6 - - - - - 
3214 30 31.5 II - 63.5 - - - - - 
3199 45 46.5 III - 26.0 - - - - - 
3184 60 60.5 III - - - - - - - 


GB-4 


3251 0 9 I - - - - - - - 
3242 9 10.5 I - 17.7 - - - -   
3236 15 16.5 I SM 16.8 - - NP 49.4 2.68 
3231 20 21.5 I - 17.0 - - - - - 
3226 25 26.5 I - 19.4 - - - - - 
3221 30 31.5 I SM 23.7 - - NP 39.3 2.45 
3216 35 37 I - 22.0 - - - - - 
3211 40 41.5 II - 22.3 - - - - - 


3184.5 66.5 67.5 II - 23.5 - - - - - 
3181 70 71.5 III CL-ML 28.4 24 17 7 84.7 - 
3171 80 81.5 III - 15.9 - - - - - 
3161 90 91.5 III - 28.5 - - - - - 
3156 95 96.5 IV  25.7      
3146 105 106.5 IV CL 24.6 28 17 11 96.1 3.26 
3136 115 116.5 IV - 18.7 - - - - - 
3126 125 126.5 IV - 17.8 - - - - - 
3116 135 136.5 IV - 13.8 - - - - - 
3106 145 Plug IV - 8.2 - - - - - 


Notes: BGS = Below ground surface, USCS = Unified Soil Classification System, NP results indicate non-plastic soil. 
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TABLE 3 
SUMMARY OF HYDRAULIC CONDUCTIVITY TESTS 


Layer Boring Number 
Sample Depth Saturated Vertical Hydraulic 


Conductivity Start End 
ft, BGS ft, BGS ksat, cm/s 


I GB-4 35.0 37.5 2.07×10-4 
II GB-1 15.0 17.5 1.91×10-4 
II GB-2 10.0 12.0 1.87×10-4 


 
Notes: Hydraulic Conductivity values measured in accordance with ASTM D 5084F. 
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TABLE 4 
SUMMARY OF CONSOLIDATION TESTS 


Layer Boring 
Number 


Sample Depth Preconsolidation 
Pressure 


Compression 
Index 


Recompression 
Index 


Start End σ’p Cc Cr 
ft, BGS ft, BGS psf     


I GB-4 35 37.5 5,028 0.12 0.02 
II GB-1 15 17.5 1,965 0.15 0.01 
II GB-2 10 12 1,401 0.14 0.01 
IV GB-1 100 101 14,103 0.11 0.04 


 
Notes: Preconsolidation pressures measured per Casagrande Method (1936). 
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TABLE 5 
SUMMARY OF SHEAR STRENGTH TESTS 


Boring Number Sample Depth Layer Consolidated Undrained (CU) Shear 
Strength 


  ft, BGS   φ', degrees 
GB-1 15 II 44.7 
GB-2 10 II 40.3 
GB-4 35 I 33.7 


 
Notes: Consolidated Undrained shear strength (friction angle) based on limited data, see report for details.  
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-1


Date(s)
Drilled June 18-20, 2015


Drilling
Method Hollow Stem Auger


Drill Rig
Type CME 850


Groundwater Level
and Date Measured None Encountered


Borehole
Backfill


Bentonite chips and borehole 
cuttings


Logged By Vinay Krishnan


Drill Bit
Size/Type 4.25" ID, 7.625" OD


Drilling
Contractor Yellow Jacket Drilling Services


Sampling
Method(s) Split Spoon and Shelby Tube


Location EHP Cell J


Checked By Ranjiv Gupta


Total Depth
of Borehole 130 feet bgs


Approximate
Surface Elevation 3234.8 ft, MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Coal ash paste, light gray, very soft, wet


Coal ash paste, light gray, very soft, wet


Elastic SILT (coal ash paste), gray, moist


Coal ash paste, gray, moist


Coal ash paste, light gray, moist to wet


Coal ash paste, gray, moist


Coal ash paste, light gray, dry


Coal ash paste, light gray, dry


Coal ash paste, light gray, dry


Coal ash paste, gray, dry
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Coal ash paste, light gray, dry, non-plastic


Coal ash paste, light gray, dry


Coal ash paste, dark gray, dry, sulfur odor
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-1
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MATERIAL DESCRIPTION


Coal ash paste, dark gray, dry to moist


Coal ash paste, dark gray, moist


Coal ash paste, dark gray, moist, non-plastic


Coal ash paste, dark gray, moist


SILT with sand, trace gravel, clinker, and gray coal ash paste, orange to 
brown, wet


Coal ash paste with clay, trace gravel, brown to gray, moist


D
ep


th
 (


fe
et


)


50


55


60


65


70


75


80


85


90


95


100


S
am


pl
e 


N
um


be
r


50-51


55-56.5


60-61.5


70-71.5


80-81.5


90-91.5


S
am


pl
e 


T
yp


e


B
lo


w
s 


P
er


 F
oo


t (
N


)


10


28


50 (4")


25


50 (3")


E
le


va
tio


n 
(f


ee
t, 


M
S


L)


3184.8


3179.8


3174.8


3169.8


3164.8


3159.8


3154.8


3149.8


3144.8


3139.8


3134.8


\\c
ol


um
bi


a-
01


\d
at


a\
P


R
J1


\M
D


E
N


G
\P


R
O


JE
C


T
\C


ol
st


rip
\M


E
12


10
 -


 C
ol


st
rip


 P
la


nt
 A


re
a 


P
on


ds
 C


le
an


ou
t\P


ha
se


 4
 -


 J
 C


el
l C


ap
 a


nd
 L


in
er


\T
as


k 
7 


- 
F


ie
ld


 In
ve


st
ig


at
io


n\
B


or
in


g 
Lo


gs
\B


or
in


g 
Lo


gs
\C


O
LS


T
R


IP
 S


E
S


_B
O


R
IN


G
 L


O
G


S
_D


R
A


F
T


-C
O


P
Y


.b
g4


[G
eo


sy
nt


ec
T


em
pl


at
e.


tp
l]


Sheet 2 of 3



 .


Layer III


Layer II







Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-1
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MATERIAL DESCRIPTION


Coal ash paste, gray, dry, strong cementation


Lean CLAY (coal ash paste), gray, dry, strong cementation


Coal ash paste, gray, moist, strong cementation


Lean CLAY (coal ash paste), gray, dry, strong cementation
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-2


Date(s)
Drilled June 21 & 23, 2015


Drilling
Method Hollow Stem Auger


Drill Rig
Type CME 850


Groundwater Level
and Date Measured None Encountered


Borehole
Backfill


Bentonite chips and borehole 
cuttings


Logged By Vinay Krishnan


Drill Bit
Size/Type 4.25" ID, 7.625" OD


Drilling
Contractor Yellow Jacket Drilling Services


Sampling
Method(s) Split Spoon and Shelby Tube


Location EHP Cell J


Checked By Ranjiv Gupta


Total Depth
of Borehole 75 feet bgs


Approximate
Surface Elevation 3244.3 ft, MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Silt with clay (coal ash paste), light gray, moist to dry, soft, non-plastic


Coal ash paste, light gray, dry


Coal ash paste, light gray, wet, soft


Coal ash paste, light gray, moist


Coal ash paste, light gray, moist to dry


Coal ash paste, light gray, dry


Coal ash paste, light gray to gray, moist


Coal ash paste, light gray, dry


Coal ash paste, light gray to gray, moist to dry


Coal ash paste, gray, dry to moist


Silty CLAY (coal ash paste, bottom ash, mixed with soil); trace sand, gravel; 
variable color including gray, orange brown, and black; dry and hard;


Poorly graded sand with brown lean clay, light gray to brown, moist
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-2
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MATERIAL DESCRIPTION


Poorly graded sand with trace clay, light brown, moist


Poorly graded sand, light brown, moist


Poorly graded sand with clay, light brown, moist


Poorly graded sand with trace clay, light brown, moist
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-4


Date(s)
Drilled June 15-17, 2015


Drilling
Method Hollow Stem Auger


Drill Rig
Type CME 850


Groundwater Level
and Date Measured None Encountered


Borehole
Backfill


Bentonite chips and borehole 
cuttings


Logged By Vinay Krishnan


Drill Bit
Size/Type 4.25" ID, 7.625" OD


Drilling
Contractor Yellow Jacket Drilling Services


Sampling
Method(s) Split Spoon and Shelby Tube


Location EHP Cell J


Checked By Ranjiv Gupta


Total Depth
of Borehole 145 feet bgs


Approximate
Surface Elevation 3251.0 ft, MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash, gray, moist


Sand with silty clay (bottom ash), gray, moist, non-plastic, some gravel


Bottom ash, gray, moist


Bottom ash, gray, moist


Bottom ash, gray, moist, trace clinker and reddish clay, non-plastic


Clayey sand, reddish brown, moist


Coal ash paste, light gray, moist, trace bentonite


Coal ash paste, gray, moist
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-4
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MATERIAL DESCRIPTION


Silty clay, light gray to brown, wet


Silty clay, trace paste


Lean clay (coal ash paste), gray, moist


Lean clay (coal ash paste), light gray, moist


Lean clay (coal ash paste), light gray, moist


Silty CLAY, light brown, moist to wet


Coal ash paste with silt and sand, light gray, dry


Coal ash paste with silty sand to silt stone, gray to brown, dry


Clayey sand, trace coal ash paste, brown, wet


Clayey sand, light brown, wet


Coal ash paste, trace clayey sand, brownish gray, wet
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Log of Boring GB-4
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MATERIAL DESCRIPTION


Coal ash paste, light gray, dry, strong cementation


Lean CLAY (coal ash paste), grayish brown, dry, moderate cementation


Coal ash paste, light gray, dry, strong cementation


Coal boiler slag, black, moist


Coal ash paste, light gray, dry, strong cementation


Coal ash paste, light gray, dry, strong cementation
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Project: Colstrip SES


Project Location: Colstrip, MT


Project Number: ME1210


Key to Log of Boring
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MATERIAL DESCRIPTIOND
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COLUMN DESCRIPTIONS


1 Depth (feet): Depth in feet below the ground surface.
2 Elevation (feet, MSL): Elevation (feet, MSL)
3 Sample Number: Sample identification number.
4 Sample Type: Type of soil sample collected at the depth interval


shown.
5 Blows Per Foot (N): Number of blows to advance driven sampler


one foot (or distance shown) beyond seating 
interval using the
hammer identified on the boring log.


6 Material Type: Type of material encountered.
7 MATERIAL DESCRIPTION: Description of material encountered. 


May include consistency, moisture, color, and 
other descriptive
text.


8 Moisture Content (%): Water content of the soil sample, expressed
as percentage of dry weight of sample.


9 Liquid Limit (%): Liquid Limit, expressed as a water content.
10 Plasticity Index (%): Plasticity Index, expressed as a water content.
11 % Passing No. 200 Sieve: The percent fines (soil passing the No.


200 Sieve) in the sample.  WA indicates a 
Wash Sieve, SA
indicates a Sieve Analysis.


12 Hydraulic Conductivity (cm/s): Hydraulic conductivity of the sample
in cm/s


FIELD AND LABORATORY TEST ABBREVIATIONS


CHEM: Chemical tests to assess corrosivity
COMP: Compaction test
CONS: One-dimensional consolidation test
LL: Liquid Limit, percent


PI: Plasticity Index, percent
SA: Sieve analysis (percent passing No. 200 Sieve)
UC: Unconfined compressive strength test, Qu, in ksf
WA: Wash sieve (percent passing No. 200 Sieve)


MATERIAL GRAPHIC SYMBOLS


TYPICAL SAMPLER GRAPHIC SYMBOLS


Auger sampler


Bulk Sample


3-inch-OD California w/
brass rings


CME Sampler


Grab Sample


2.5-inch-OD Modified
California w/ brass liners


Pitcher Sample


2-inch-OD unlined split
spoon (SPT)


Shelby Tube (Thin-walled,
fixed head)


OTHER GRAPHIC SYMBOLS


Water level (at time of drilling, ATD)


Water level (after waiting)


Minor change in material properties within a
stratum


Inferred/gradational contact between strata


? Queried contact between strata


GENERAL NOTES


1: Soil classifications are based on the Unified Soil Classification System. Descriptions and stratum lines are interpretive, and actual lithologic changes may be
gradual. Field descriptions may have been modified to reflect results of lab tests.
2: Descriptions on these logs apply only at the specific boring locations and at the time the borings were advanced. They are not warranted to be representative
of subsurface conditions at other locations or times.
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APPENDIX 2  
 


GEOTECHNICAL DATA – LABORATORY TEST 
RESULTS OF SITE INVESTIGATION 


 
 







Laboratory Results Summary


Project: 15-3361L PPL J Cell Date Requested:6/23/15


Geosyntec ME1210 Colstrip, Montana Date Due: ASAP
tested by: MC bvr/cip, AL jbd/cip, Grad/Hydrom jbd/bvr, SG jbd Project Manager: JBD


Boring Depth Sa
m


pl
e 


T
yp


e


Description G
ra


ve
l %


Sa
nd


 %


Si
lt


 %


C
la


y 
%


A
tt


er
be


rg
 L


im
it


s,
 


L
L


, P
L


, P
I,


 -
#4


0 
fi


ne
 c


la
ss


SG M
C


, %


GB-1 0 zip 46.5
3 zip 46.8
5 zip Silt, some Clay 0.0 0.2 88.4 11.468,53,15,MH 56.2


9.5 zip 52.4
20 zip 52.7
30 zip 75.2
35 zip Silt w Clay 0.0 0.0 81.0 18.9 Nonplastic 52.4
40 zip 48.4
50 tube 49.2
70 zip 47.7
80 zip Silt w Sand & CL, tr GP 3.0 21.6 28.8 46.627,22,5,ML 23.9


110 zip Lean Clay w Silt, tr Sand 0.0 1.4 39.1 59.539,21,18,CL 3.260 16.0
130 zip Lean Clay w Silt, tr Sand 0.0 0.6 30.6 68.839,22,17,CL 2.205 16.6


GB-2 0 zip Silt w Clay 0.0 1.1 79.6 19.3 Nonplastic 38.5GB-2 0 zip Silt w Clay 0.0 1.1 79.6 19.3 Nonplastic 38.5
4.5 zip 33.1
15 zip 40.4
20 zip 52.6
30 zip 63.5
45 zip 26.0


GB-4 9 zip 17.7
15 zip Sand w Silty Clay, some GP 8.0 42.6 10.5 38.9Nonplastic 2.677 16.8
20 zip 17.0
25 zip 19.4
30 zip Sand w Silty Clay, some GP 11.0 49.8 8.0 31.3Nonplastic 2.447 23.7
35 tube 22.0
40 zip 22.3


66.5 tube 23.5
70 zip Silty Clay w Sand 0.0 15.3 22.5 62.224,17,7,CL-ML 28.4
80 zip 15.9
90 zip 28.5
95 zip 25.7


105 zip Lean Clay w Silt, tr Sand 0.0 4.0 42.4 53.728,17,11,CL 3.257 24.6
115 zip 18.7
125 zip 17.8
135 zip 13.8
145 plug 8.2







Laboratory Results Summary, Lab Request 2 of 2


Project: 15-3361L PPL J Cell Date Requested: 7/1/15


Geosyntec ME1210 Colstrip, Montana Date Due: ASAP
tested by:MC/AL all, Grad/Hydrom jbd/bvr/nhs, SG jbd Project Manager: JBD


Boring Depth Sa
m


pl
e 


T
yp


e


Description G
ra


ve
l %


Sa
nd


 %


Si
lt


 %


C
la


y 
%


A
tt


er
be


rg
 L


im
it


s,
 


L
L


, P
L


, P
I,


 -
#4


0 
fi


ne
 c


la
ss


SG M
C


, %


GB-2 10 tube
GB-4 35 tube 19.7
GB-2 35 tube
GB-1 55 zip Elastic Silt some Clay 0.0 3.8 86.2 10.067,56,11,MH 96.6
GB-1 60 zip Silt w Clay tr Sand 0.0 12.3 61.3 26.4 Nonplastic 74.6


GB-12 0 zip Sand w Gravel, tr Silt & Clay 17.0 68.6 8.1 6.4 Nonplastic 11.3
GB-11 0 zip 7.7
GB-12 5 tube 12.4
GB-11 3 zip Sand w Gravel, tr Silt 21.3 68.7 8.7 1.2 Nonplastic 10.7
GB-12 9 zip 29.1
GB-11 7.5 zip 10.5
GB-12 15 tube Sand w Clay, some Silt & CL 2.7 67.8 10.3 19.2 Nonplastic 19.1
GB-11 15 zip 8.5
GB-12 25 zip 14.7
GB-11 25 tube 10.3
GB-12 30 tube 17.2
GB-11 30 tube Silty Clay w Sand 0.0 25.5 38.1 36.422,16,6,CL-ML 11.8
GB-11 35 zip 11.7
GB-12 40 zip 15.0
GB-12 45 tube Silty Clay w Sand 0.2 22.5 50.8 26.623,17,6,CL-ML 19.2
GB-11 45 zip 20.9
GB-12 55 tube 27.8
GB-11 55 zip Silt w Sand 0.0 27.8 44.1 28.1 21,18,3,ML 17.0
GB-13 0 zip 13.6
GB-15 1.5 zip 14.6
GB-13 1.5 zip Silt w Sand 2.3 41.8 23.1 32.8 30,25,5,ML 16.9
GB-14 1.5 tube 16.5
GB-15 4.5 zip 58.3
GB-14 4.5 zip 48.8
GB-15 7.5 zip 63.0
GB-14 7.5 zip Sand w Gravel, tr Silt 37.7 47.9 9.6 4.8 Nonplastic 20.1
GB-13 9 zip Silt w Clay 0.0 5.3 90.5 4.2 Nonplastic 2.701 170.7
GB-13 11 tube 57.4
GB-15 15 zip 58.2
GB-13 15 zip Sand w Silt, tr Gravel & Clay 8.5 42.2 17.2 32.141,40,1,ML 34.4
GB-14 15 zip 16.3
GB-15 25 tube 26.1
GB-13 25 tube Silt w Sand 0.0 48.3 26.6 25.1 18,17,1,ML 13.0
GB-14 25 tube 49.1
GB-15 30 zip Silty Clay w Sand 0.3 18.4 41.0 40.322,15,7,CL-ML 18.7
GB-14 30 zip Sand w Silt 0.6 88.0 7.9 3.6 Nonplastic   59.4







project


Project: 15-3361L Client: Geosyntec ME1210 Project Description: PPL J Cell Project: 15-3361L
Date: 7/16/15 Colstrip, Montana Date: 7/16/15


Gradation Analysis ASTM C117, C136, D422
GB-1 GB-1 GB-12 GB-11 GB-12 GB-11 GB-12 GB-11 GB-13 GB-14


55' 60' 0' 3' 15' 30' 45' 55' 1.5' 7.5'


ziploc ziploc ziploc ziploc ziploc ziploc ziploc ziploc ziploc ziploc


3" (75) #REF! #REF! 100 100 100 100 100 100 100 100 100 100


1-1/2" (37.5) #REF! #REF! 100 100 100 100 100 100 100 100 100 100


1" (25.0) #REF! #REF! 100 100 100 100 100 100 100 100 100 100


3/4" (19.0) #REF! #REF! 100 100 100 100 100 100 100 100 100 94


1/2" (12.5) #REF! #REF! 100 100 97 91 100 100 100 100 100 82


3/8" (9.5) #REF! #REF! 100 100 93 90 100 100 100 100 100 75


#4 (4.75) #REF! #REF! 100 100 83 79 97 100 100 100 98 62


#10 (2) #REF! #REF! 100 96 67 62 90 99 100 99 91 47


#20 (.85) #REF! #REF! 100 94 53 43 77 99 99 99 85 39


#40 (.425) #REF! #REF! 100 93 43 35 63 99 99 99 80 33


#80 (.18) #REF! #REF! 99 92 30 25 48 93 95 93 72 26


#100 (.15) #REF! #REF! 99 91 26 21 43 88 93 89 69 23


#200 (.075) #REF! #REF! 96 88 14 10 29 74 77 72 56 14


#270 (.053) 94 85 9.6 4.1 24 67 64 62 49 9.0


Coarse Silt (0.05) #REF! #REF! 93 85 9.2 3.6 23 66 63 60 49 8.4


#325 (.045) 93 84 8.4 2.7 23 65 60 58 47 7.4


Med Silt (0.02) #REF! #REF! 84 71 6.9 2.0 21 54 41 43 40 5.9


Fine Silt (0.005) #REF! #REF! 10.0 26.4 6.4 1.2 19.2 36.4 26.6 28.1 32.8 4.8


Clay (0.001) #REF! #REF! 8.5 24.9 6.3 0.9 17.8 26.1 19.3 21.3 22.7 4.1


C566 Moisture Content, % 96.6 74.6 11.3 10.7 19.1 11.8 19.2 17.0 16.9 20.1


Specific Gravity


D4318 Plasticity, LL, PL, PI 67,56,11,MH Nonplastic Nonplastic Nonplastic Nonplastic 22,16,6,CL-ML 23,17,6,CL-ML21,18,3,ML 30,25,5,ML Nonplastic


Description
Elastic Silt 
some Clay


Silt w Clay 
tr Sand


Sand w 
Gravel, tr 


Silt & Clay


Sand w 
Gravel, tr 


Silt


Sand w 
Clay, some 
Silt & CL


Silty Clay w 
Sand


Silty Clay w 
Sand


Silt w Sand Silt w Sand
Sand w 


Gravel, tr 
Silt


Soil Properties


Sieve Standard 
(mm)


Average St Dev Spec







project


Project: 15-3361L Client: Geosyntec ME1210 Project Description: PPL J Cell
Date: 6/26/15 Colstrip, Montana


Gradation Analysis ASTM C117, C136, D422
GB-1 GB-1 GB-1 GB-1 GB-1 GB-2 GB-4 GB-4 GB-4 GB-4


5' 35' 80' 110' 130' 0' 15' 30' 70' 105'


ziploc ziploc ziploc ziploc ziploc ziploc ziploc ziploc ziploc ziploc


3" (75) #REF! #REF! 100 100 100 100 100 100 100 100 100 100
1-1/2" (37.5) #REF! #REF! 100 100 100 100 100 100 100 100 100 100


1" (25.0) #REF! #REF! 100 100 100 100 100 100 100 100 100 100
3/4" (19.0) #REF! #REF! 100 100 100 100 100 100 100 100 100 100
1/2" (12.5) #REF! #REF! 100 100 100 100 100 100 100 98 100 100
3/8" (9.5) #REF! #REF! 100 100 100 100 100 100 99 95 100 100
#4 (4.75) #REF! #REF! 100 100 97 100 100 100 92 89 100 100
#10 (2) #REF! #REF! 100 100 92 100 100 100 82 79 100 100


#20 (.85) #REF! #REF! 100 100 89 100 100 100 69 67 100 100
#40 (.425) #REF! #REF! 100 100 87 99 100 100 57 52 100 100
#80 (.18) #REF! #REF! 100 100 84 99 100 100 53 49 99 99
#100 (.15) #REF! #REF! 100 100 82 99 100 100 52 47 97 98


#200 (.075) #REF! #REF! 100 100 75 99 99 99 49 39 85 96
#270 (.053) 99 100 73 97 99 98 48 37 80 95


Coarse Silt (0.05) #REF! #REF! 99 100 72 97 99 98 48 37 80 95
#325 (.045) 99 100 72 97 99 97 48 37 79 94


Med Silt (0.02) #REF! #REF! 64 84 57 80 94 26 43 34 68 79
Fine Silt (0.005) #REF! #REF! 11.4 18.9 46.6 59.5 68.8 19.3 38.9 31.3 62.2 53.7


Clay (0.001) #REF! #REF! 9.3 13.7 39.8 37.6 39.9 17.5 37.0 28.9 53.2 37.4


C566 Moisture Content, % 56.2 52.4 23.9 16.0 16.6 38.5 16.8 23.7 28.4 24.6
Specific Gravity 3.260 2.205 2.677 2.447 3.257


D4318 Plasticity, LL, PL, PI 68,53,15,MH Nonplastic 27,22,5,ML 39,21,18,CL 39,22,17,CL Nonplastic Nonplastic Nonplastic 24,17,7,CL-ML 28,17,11,CL


Description
Silt, some 


Clay Silt w Clay
Silt w Sand 
& CL, tr GP


Lean Clay w 
Silt, tr Sand


Lean Clay w 
Silt, tr Sand Silt w Clay


Sand w 
Silty Clay, 
some GP


Sand w 
Silty Clay, 
some GP Silty Clay w Sand


Lean Clay w 
Silt, tr Sand


Sieve Standard 
(mm)


Average St Dev Spec


Soil Properties







0


10


20


30


40


50


60


70


80


90


100


0.0010.010.1110100


Fines
Silt Clay


PL:


56.2%


40


Cobbles Gravel


10


U.S. Sieve Sizes


7/1/15


GB-1


5" 3" 1 1/2"


P
er


ce
nt


 P
as


si
ng


200


Date Received:
Depth:
Sample No:
Boring No.:


20


Grain Size Analysis Curve


11


Project Number:  15-3361L


4


PPL J Cell


Ziploc


Particle Diameter, mm


% Clay:


3/8"


06/23/2015


68
53
15
MH


8"


5'


3/4"


% Silt:
% Sand:
% Gravel:


Sand


LL:


2511 Holman Avenue
P. O. Box 80190


Billings, MT 59108-0190
Phone:  406.652.3930


Fax:  406.652.3944


PI:


Colstrip, Montana
Class:
MC:


100


0
0
88







0


10


20


30


40


50


60


70


80


90


100


0.0010.010.1110100


Fines
Silt Clay


PL:


52.4%


40


Cobbles Gravel


10


U.S. Sieve Sizes


7/1/15


GB-1


5" 3" 1 1/2"


P
er


ce
nt


 P
as


si
ng


200


Date Received:
Depth:
Sample No:
Boring No.:


20


Grain Size Analysis Curve


19


Project Number:  15-3361L


4


PPL J Cell


Ziploc


Particle Diameter, mm


% Clay:


3/8"


06/23/2015


NP
NP
NP
ML


8"


35'


3/4"


% Silt:
% Sand:
% Gravel:


Sand


LL:


2511 Holman Avenue
P. O. Box 80190


Billings, MT 59108-0190
Phone:  406.652.3930


Fax:  406.652.3944


PI:


Colstrip, Montana
Class:
MC:


100


0
0
81







0


10


20


30


40


50


60


70


80


90


100


0.0010.010.1110100


Fines
Silt Clay


PL:


96.6%


40


Cobbles Gravel


10


U.S. Sieve Sizes


7/16/15


GB-1


5" 3" 1 1/2"


P
er


ce
nt


 P
as


si
ng


200


Date Received:
Depth:
Sample No:
Boring No.:


20


Grain Size Analysis Curve


10


Project Number:  15-3361L


4


PPL J Cell


Ziploc


Particle Diameter, mm


% Clay:


3/8"


07/01/2015


67
56
11
MH


8"


55'


3/4"


% Silt:
% Sand:
% Gravel:


Sand


LL:


2511 Holman Avenue
P. O. Box 80190


Billings, MT 59108-0190
Phone:  406.652.3930


Fax:  406.652.3944


PI:


Colstrip, Montana
Class:
MC:


100


0
4
86







0


10


20


30


40


50


60


70


80


90


100


0.0010.010.1110100


Fines
Silt Clay


PL:


74.6%


40


Cobbles Gravel


10


U.S. Sieve Sizes


7/16/15


GB-1


5" 3" 1 1/2"


P
er


ce
nt


 P
as


si
ng


200


Date Received:
Depth:
Sample No:
Boring No.:


20


Grain Size Analysis Curve


27


Project Number:  15-3361L
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2511 Holman Avenue
P. O. Box 80190


Billings, Montana 59108-0190
p: 406.652.3930; f: 406.652.3944


www.skgeotechnical.com


Constant Head Hydraulic Conductivity
ASTM D 5084


Date: SK Project: 15-3361L Laboratory Testing
Geosyntec Consultants, Inc. Proj#ME1210
Colstrip SES, J Cell, Colstrip, Montana


Client: Mr. Ranjiv Gupta, PhD, PE Copies: Vinay Krishnan, EIT, Geosyntec, Inc.
Geosyntec Consultants, Inc.
8217 Shoal Creek Blvd, Suite 200
Austin, Texas 78757


Sample no.: GB-1 15-17.5' Received: 7/1/15
Sampled by: client Tested by: DNF,JBD/SKG
Date sampled: 6/29-7/1/15 Date tested: 7/20-7/31


Description: Silt Paste, fine to medium, grey, saturated, very dense


Sample Type: Undisturbed Shelby thinwall tube
Average Diameter: 2.871 "


Average Height: 4.003 "
Moisture: 44.3 %


August 1, 2015


Moisture: 44.3 %
Moist Unit Weight: 110.4 pcf


1 5.0 1843.1 7200 1.77E-04
2 5.0 4058.6 14400 1.95E-04
3 5.0 7542.2 28800 1.82E-04
4 5.0 16518.5 57600 1.99E-04
5 5.0 24917.1 86400 2.00E-04


Average Hydraulic Conductivity (k): 1.91E-04


Remarks:


Joe B. DeBar, PE
Materials Lab Manager


Permeability and porosity in practice are sensitive to several other material properties, and conditions, in
the field and lab.  No individual lab property of a material can substitute for overall best practices in
geotechnical design, construction, and field testing by qualified professionals.


Run
#


Pressure Head
(h), psi


Flow Volume
(Q), cc


Flow Time
(t), sec


Hydraulic
Conductivity


(k), cm/s







2511 Holman Avenue
P. O. Box 80190


Billings, Montana 59108-0190
p: 406.652.3930; f: 406.652.3944


www.skgeotechnical.com


Constant Head Hydraulic Conductivity
ASTM D 5084


Date: SK Project: 15-3361L Laboratory Testing
Geosyntec Consultants, Inc. Proj#ME1210
Colstrip SES, J Cell, Colstrip, Montana


Client: Mr. Ranjiv Gupta, PhD, PE Copies: Vinay Krishnan, EIT, Geosyntec, Inc.
Geosyntec Consultants, Inc.
8217 Shoal Creek Blvd, Suite 200
Austin, Texas 78757


Sample no.: GB-2 10-12' Received: 7/1/15
Sampled by: client Tested by: DNF,JBD/SKG
Date sampled: 6/29-7/1/15 Date tested: 7/20-7/31


Description: Silt Paste, fine to medium, grey, moist, very dense


Sample Type: Undisturbed Shelby thinwall tube
Average Diameter: 2.870 "


Average Height: 4.346 "
Moisture: 43.5 %


August 1, 2015


Moisture: 43.5 %
Moist Unit Weight: 112.2 pcf


1 5.0 1661.5 7200 1.74E-04
2 5.0 3657.1 14400 1.91E-04
3 5.0 7394.1 28800 1.93E-04
4 5.0 14396.4 57600 1.88E-04
5 5.0 21394.1 86400 1.86E-04


Average Hydraulic Conductivity (k): 1.87E-04


Remarks:


Joe B. DeBar, PE
Materials Lab Manager


Permeability and porosity in practice are sensitive to several other material properties, and conditions, in
the field and lab.  No individual lab property of a material can substitute for overall best practices in
geotechnical design, construction, and field testing by qualified professionals.


Run
#


Pressure Head
(h), psi


Flow Volume
(Q), cc


Flow Time
(t), sec


Hydraulic
Conductivity


(k), cm/s







2511 Holman Avenue
P. O. Box 80190


Billings, Montana 59108-0190
p: 406.652.3930; f: 406.652.3944


www.skgeotechnical.com


Constant Head Hydraulic Conductivity
ASTM D 5084


Date: SK Project: 15-3361L Laboratory Testing
Geosyntec Consultants, Inc. Proj#ME1210
Colstrip SES, J Cell, Colstrip, Montana


Client: Mr. Ranjiv Gupta, PhD, PE Copies: Vinay Krishnan, EIT, Geosyntec, Inc.
Geosyntec Consultants, Inc.
8217 Shoal Creek Blvd, Suite 200
Austin, Texas 78757


Sample no.: GB-4 35-37.5' Received: 7/1/15
Sampled by: client Tested by: DNF,JBD/SKG
Date sampled: 6/29-7/1/15 Date tested: 7/20-7/31


Description: Poorly graded Sand, fine to coarse, trace coal to sandstone,
orangish brown to redish brown, moist, dense


Sample Type: Undisturbed Shelby thinwall tube
Average Diameter: 2.793 "


Average Height: 4.165 "
Moisture: 19.7 %


August 1, 2015


Moisture: 19.7 %
Moist Unit Weight: 128.0 pcf


1 5.0 1956.8 7200 2.07E-04
2 5.0 3809.0 14400 2.02E-04
3 5.0 7782.7 28800 2.06E-04
4 5.0 15900.6 57600 2.10E-04
5 5.0 23629.2 86400 2.08E-04


Average Hydraulic Conductivity (k): 2.07E-04


Remarks:


Joe B. DeBar, PE
Materials Lab Manager


Permeability and porosity in practice are sensitive to several other material properties, and conditions, in
the field and lab.  No individual lab property of a material can substitute for overall best practices in
geotechnical design, construction, and field testing by qualified professionals.


Run
#


Pressure Head
(h), psi


Flow Volume
(Q), cc


Flow Time
(t), sec


Hydraulic
Conductivity


(k), cm/s
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Client: Geosyntec Consultants  TRI Log #: E2391-76-01


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB1 (1517.5 ft)


Identification


Depth/Elev. (ft)


Eff. Consol. Stress (psi)


Avg. Diameter (in)


Avg. Height (in)


Avg. Water Content (%)


Bulk Density (pcf)


Dry Density (pcf) Void Ratio


Saturation (%) Area (in
2
)


Void Ratio, n


Specific Gravity (Assumed)


Total Back-Pressure (psi) Avg. Water Content (%)


B-Value, End of Saturation Rate of Strain (%/hr)


Jeffrey A. Kuhn , Ph.D., P.E.,


Minor Effective Stress (psi), s3'f


Principal Stress Difference (psi), (s1-s3)f


Pore Water Pressure, Duf (psi)


Major Effective Stress (psi), s1'f


Effective Friction Angle (degrees)


Effective Cohesion (psi)


Consolidation


-


-


-


-


-


- -


Isotropic


TrimmedSpecimen Preparation


Mounting Method Wet


At Failure


Failure Criterion: Peak Principal Stress


Axial Strain at Failure (%), ea,f


Ratio, (s1'/s3')max


3.2 - -


- -


138.2 - -


Specimen Condition Undisturbed / Intact


- -


164.2 - -


28.0 -


21.4 -


Difference, (s1'-s3')max


9.3 - -


-14.7


116.9


11/9/2015


Analysis & Quality Review/Date


Specimens Prepared By: Mark Fountain, Ph.D.


-


- -


198.8 -


34.6


132.6 -


Test Setup


0.20 - -


0.64 - -


6.14 - --


0.67


- -


Shear / Post-Shear


34.9


2.65 - -


81.8 - -


- - -


50.0 - -


-


99.1 - -


5.27 - -


33.8 - -


-


Specimens


- - -


Consolidated-Undrained Triaxial Compression


Initial Specimen Properties


2.81 - -


0.98 - -


Post-Consolidation / Pre-Shear


100.0


1 of 5







Client: Geosyntec Consultants  TRI Log #: E2391-76-01


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB1 (1517.5 ft)


Consolidated-Undrained Triaxial Compression
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Client: Geosyntec Consultants  TRI Log #: E2391-76-01


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB1 (1517.5 ft)


Consolidated-Undrained Triaxial Compression


Failure Criterion: Peak Principal Stress Difference, (s1'-s3')max Ratio, (s1'/s3')max
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Client: Geosyntec Consultants  TRI Log #: E2391-76-01


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB1 (1517.5 ft)


Consolidated-Undrained Triaxial Compression
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Client: Geosyntec Consultants  TRI Log #: E2391-76-01


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB1 (1517.5 ft)


Consolidated-Undrained Triaxial Compression
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB2 (1012 ft)


Identification


Depth/Elev. (ft)


Eff. Consol. Stress (psi)


Avg. Diameter (in)


Avg. Height (in)


Avg. Water Content (%)


Bulk Density (pcf)


Dry Density (pcf) Void Ratio


Saturation (%) Area (in
2
)


Void Ratio, n


Specific Gravity (Assumed)


Total Back-Pressure (psi) Avg. Water Content (%)


B-Value, End of Saturation Rate of Strain (%/hr)


Jeffrey A. Kuhn , Ph.D., P.E.,


Minor Effective Stress (psi), s3'f


Principal Stress Difference (psi), (s1-s3)f


Pore Water Pressure, Duf (psi)


Major Effective Stress (psi), s1'f


Effective Friction Angle (degrees)


Effective Cohesion (psi)


Consolidation


-


-


-


-


-


- -


Isotropic


TrimmedSpecimen Preparation


Mounting Method Wet


At Failure


Failure Criterion: Peak Principal Stress


Axial Strain at Failure (%), ea,f


Ratio, (s1'/s3')max


5.6 - -


- -


113.5 - -


Specimen Condition Undisturbed / Intact


- -


122.8 - -


26.6 -


23.3 -


Difference, (s1'-s3')max


15.0 - -


-16.2


90.1


11/9/2015


Analysis & Quality Review/Date


Specimens Prepared By: Mark Fountain, Ph.D.


-


- -


156.4 -


33.6


109.1 -


Test Setup


0.20 - -


0.97 - -


5.90 - --


1.02


- -


Shear / Post-Shear


31.0


2.65 - -


80.1 - -


- - -


50.0 - -


-


82.1 - -


6.28 - -


32.9 - -


-


Specimens


- - -


Consolidated-Undrained Triaxial Compression


Initial Specimen Properties


2.76 - -


0.95 - -


Post-Consolidation / Pre-Shear


85.9


1 of 5







Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB2 (1012 ft)


Consolidated-Undrained Triaxial Compression


3


Failure Criterion: Peak Principal Stress Difference, (s1'-s3')max Ratio, (s1'/s3')max
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB2 (1012 ft)


Consolidated-Undrained Triaxial Compression


Failure Criterion: Peak Principal Stress Difference, (s1'-s3')max Ratio, (s1'/s3')max
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB2 (1012 ft)


Consolidated-Undrained Triaxial Compression
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB2 (1012 ft)


Consolidated-Undrained Triaxial Compression
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Client: Geosyntec Consultants TRI Log#: E23917601.4


Project: ME1210104107 Test Method: ASTM D422


Sample: GB4 (3537.5 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm)


No. 200 (0.074 mm)


12/2/2015


Tested by: KH & PC


50.3


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


32.3


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm - -


- -0.005 mm


65.0


70.1


68.2


66.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried, 3 point Liquid Limit procedure was used. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit (3 pt)


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


- -


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Clayey sand with gravel (SC)


(ASTM D2216)


Sieve Size Percent Passing


100.0


25


Specific Gravity 


- -


- -


17Plastic Limit


- -(ASTM D854)


Organic Content (%)


100.0


94.2


Atterberg Limits 


(ASTM D4318,


Method A : Multipoint)82.1


73.4


78.7


Plastic Index 8
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB4 (3537.5 ft)


Identification


Depth/Elev. (ft)


Eff. Consol. Stress (psi)


Avg. Diameter (in)


Avg. Height (in)


Avg. Water Content (%)


Bulk Density (pcf)


Dry Density (pcf) Void Ratio


Saturation (%) Area (in
2
)


Void Ratio, n


Specific Gravity (Assumed)


Total Back-Pressure (psi) Avg. Water Content (%)


B-Value, End of Saturation Rate of Strain (%/hr)


Jeffrey A. Kuhn , Ph.D., P.E.,


Minor Effective Stress (psi), s3'f


Principal Stress Difference (psi), (s1-s3)f


Pore Water Pressure, Duf (psi)


Major Effective Stress (psi), s1'f


Effective Friction Angle (degrees)


Effective Cohesion (psi)


Consolidation


-


-


-


-


-


- -


Isotropic


TrimmedSpecimen Preparation


Mounting Method Wet


At Failure


Failure Criterion: Peak Principal Stress


Axial Strain at Failure (%), ea,f


Ratio, (s1'/s3')max


7.6 - -


- -


171.1 - -


Specimen Condition Undisturbed / Intact


- -


149.0 - -


90.5 -


46.9 -


Difference, (s1'-s3')max


15.0 - -


-77.8


124.2


11/9/2015


Analysis & Quality Review/Date


Specimens Prepared By: Mark Fountain, Ph.D.


-


- -


208.6 -


59.6


119.2 -


Test Setup


1.00 - -


0.62 - -


6.19 - --


0.67


- -


Shear / Post-Shear


15.5


2.65 - -


92.3 - -


- - -


150.0 - -


-


99.3 - -


6.17 - -


20.1 - -


-


Specimens


- - -


Consolidated-Undrained Triaxial Compression


Initial Specimen Properties


2.84 - -


0.98 - -


Post-Consolidation / Pre-Shear


79.9
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB4 (3537.5 ft)


Consolidated-Undrained Triaxial Compression


3


Failure Criterion: Peak Principal Stress Difference, (s1'-s3')max Ratio, (s1'/s3')max


Effective Friction Angle (deg) - -


Effective Cohesion (psi) - -
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Peak Principal Stress Ratio 
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB4 (3537.5 ft)


Consolidated-Undrained Triaxial Compression


Failure Criterion: Peak Principal Stress Difference, (s1'-s3')max Ratio, (s1'/s3')max


Effective Friction Angle (deg) - -


Effective Cohesion (psi) - -
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB4 (3537.5 ft)


Consolidated-Undrained Triaxial Compression
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Client: Geosyntec Consultants  TRI Log #: E23917601


Project: ME1210104107 Test Method: ASTM D4767


Sample: GB4 (3537.5 ft)


Consolidated-Undrained Triaxial Compression
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APPENDIX D 


Protective Cover Soil Laboratory Tests 


  







Client: Geosyntec Consultants TRI Log#: 19608.2


Project: Colstrip Eletric Plant Test Method: ASTM D422


Sample: PT5


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm)


No. 200 (0.074 mm)


3/10/2016


Tested by: KH & PC


92.8


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


82.1


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 36.3


44.80.005 mm


96.3


98.2


97.5


97.0


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried, 3 point Liquid Limit procedure was used. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit (3 pt)


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


7.7


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty clay with sand (CL-ML)


(ASTM D2216)


Sieve Size Percent Passing


100.0


25


Specific Gravity 


- -


- -


18Plastic Limit


- -(ASTM D854)


Organic Content (%)


100.0


100.0


Atterberg Limits 


(ASTM D4318,


Method A : Multipoint)100.0


99.0


100.0
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Client: Geosyntec Consultants TRI Log#: 19608.3


Project: Colstrip Eletric Plant Test Method: ASTM D422


Sample: PT6


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm)


No. 200 (0.074 mm)


3/10/2016


Tested by: KH & PC


94.5


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


88.6


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 33.5


43.70.005 mm


96.4


98.4


97.6


97.0


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried, 3 point Liquid Limit procedure was used. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit (3 pt)


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


8.4


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


28


Specific Gravity 


- -


- -


19Plastic Limit


- -(ASTM D854)


Organic Content (%)


100.0


100.0


Atterberg Limits 


(ASTM D4318,


Method A : Multipoint)100.0


99.5


100.0


Plastic Index 9
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                               Sieve Sizes 
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Client: TRI Log #:


Project: Test Date:


Sample ID:


Rammer Type -


Optimum Water Content


Compaction Effort


Tested by: KH


Quality Review / Date


3/11/2016


Maximum Dry Density


-


pcf


Oversize Particle / "Rock" Correction (ASTM D4718)


Jeffrey A. Kuhn, Ph.D, P.E., 


Maximum Dry Density pcf - -


Optimum Water Content %


%


Automatic


14.5


Laboratory Compaction Characteristics of Soil Using Standard Effort (ASTM D698)


Geosyntec Consultants 19608


Colstrip Eletric Plant


- -


113.1


Standard


A


Oversized Particles % - -


-


Method


PT5


3/10/2016


100 
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115 


120 


5 10 15 20 25 30 


Dry Density 


(pcf) 


Moisture Content (%) 


2.75 


2.70 


2.65 


Optimum 


Specific Gravity  Values for 


Zero Air Void Curve 
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Client: TRI Log #:


Project: Test Date:


Sample ID:


Laboratory Compaction Characteristics of Soil Using Standard Effort (ASTM D698)


Geosyntec Consultants 19608


Colstrip Eletric Plant


- -


111.1


Standard


A


Oversized Particles % - -


-


Method


PT6


3/10/2016


Tested by: KH


Quality Review / Date


3/11/2016


Maximum Dry Density


-


pcf


Oversize Particle / "Rock" Correction (ASTM D4718)


Jeffrey A. Kuhn, Ph.D, P.E., 


Maximum Dry Density pcf - -


Optimum Water Content %


%


Automatic


15.4


Rammer Type -


Optimum Water Content


Compaction Effort
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APPENDIX E 


Settlement Calculations 


 







Point # A B C D E F G H I
Coordinate along critical section (ft) (A to A') 0 30 66 108 489 539 653 686.7 721
Impoundment Water (pcf) 62 62 62 62 62 62 62 62 62
Bottom Ash 108 108 108 108 108 108 108 108 108
Silt/Paste 110 110 110 110 110 110 110 110 110
Gravel with Sand and Silt 128 128 128 128 128 128 128 128 128
Condensed Clay 123 123 123 123 123 123 123 123 123
Groundwater (pcf) 62 62 62 62 62 62 62 62 62


Pond water elevation (ft-msl)* 3284 3284 3284 3284 3284 3284 3284 3284 3284
Liner elevation (ft-msl) 3294 3284 3272 3271 3266 3265 3263 3274 3286
Existing elevation (ft-msl) 3294 3284 3296 3310 3316 3286 3286 3286 3286
Interface of Bottom Ash and Silt/Paste 3277 3278 3280 3282 3286 3286 3277 3274 3271
Interface of Silt/Paste with Sandy Silty Gravel 3247 3247 3248 3248 3247 3247 3247 3247 3247
Interface of Sandy Silty Gravel with Lean Clay/Claystone 3235 3235 3235 3235 3232 3232 3231 3231 3231
Bottom of Lean Clay 3200 3200 3200 3200 3200 3200 3200 3200 3200
Groundwater table (ft-msl) 3246 3246 3246 3246 3246 3246 3246 3246 3246
Impoundment (ft) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bottom Ash 17.00 5.68 16.10 28.25 29.62 0.00 9.00 11.81 14.70
Silt/Paste 30.00 31.08 32.38 33.89 39.00 39.00 30.00 27.19 24.30
Gravel with Sand and Silt 12.00 12.36 12.79 13.30 15.00 15.00 15.60 15.79 15.98
Condensed clay (bedrock) 35.00 34.88 34.74 34.57 32.38 32.04 31.40 31.21 31.02


Impoundment (ft) 0.00 0.00 12.00 12.63 18.35 19.10 20.81 9.81 0.00
Bottom Ash 17.00 5.68 0.00 0.00 0.00 0.00 0.00 0.00 14.70
Silt/Paste 30.00 31.08 24.47 23.51 18.28 17.86 16.19 27.19 24.30
Gravel with Sand and Silt 12.00 12.36 12.79 13.30 15.00 15.00 15.60 15.79 15.98
Condensed clay (bedrock) 35.00 34.88 34.74 34.57 32.38 32.04 31.40 31.21 31.02


Elevation of midpoint of sublayer (ft-msl) 3285.50 3281.16 - - - - - - 3278.65
Groundwater depth at midpoint of sublayer (ft) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Initial effective stress (psf) 918.00 306.72 0.00 0.00 0.00 0.00 0.00 0.00 793.87
Final effective stress (psf) 918.00 306.72 748.80 788.11 1144.73 1191.53 1298.23 612.14 793.87
Preconsolidation pressure (if overconsolidated, psf) 918.00 306.72 869.18 1525.39 1599.50 0.00 486.00 637.65 793.87
Initial Void Ratio 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Compression Index 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Recompression Index 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Secondary Compression Index 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ultimate settlement due to primary consolidation (ft) 0.00 0.00 - - - - - - 0.00
Secondary compression (ft) 0.00 0.03 - - - - - - 0.00
Total Settlement (ft) 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00


Elevation of midpoint of sublayer (ft msl) 3262.00 3262.78 3259.76 3259.62 3256.52 3255.97 3255.10 3260.60 3259.15
Groundwater depth at midpoint of sublayer (ft) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Initial effective stress (psf) 3486.00 2322.84 1345.96 1292.83 1005.14 982.54 890.72 1495.45 2924.17
Final effective stress (psf) 3486.00 2322.84 2094.76 2080.94 2149.87 2174.07 2188.96 2107.59 2924.17
Preconsolidation Pressure 3486.00 2322.84 3519.05 4914.62 5344.00 2145.00 2622.00 2770.84 2924.17
Initial Void Ratio 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Initial porosity 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Compression Index 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Recompression Index 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Secondary Compression Index 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01


Distance from Point  "A"


Bottom Ash


Final Layer Thickness


Unit Weights


Elevations


SETTLEMENT OF LINER SYSTEM DUE TO PLACEMENT OF IMPOUNDMENT - SECTION AA'


Silt/Paste


Initial Layer Thickness







Ultimate settlement due to primary consolidation (ft) 0.00 0.00 0.03 0.03 0.03 0.04 0.03 0.02 0.00
Secondary compression (ft) 0.00 0.17 0.13 0.13 0.10 0.10 0.09 0.14 0.00
Total Settlement (ft) 0.00 0.17 0.16 0.15 0.13 0.14 0.12 0.17 0.00


Elevation of midpoint of sublayer (ft msl) 3241.00 3241.06 3241.13 3241.22 3239.88 3239.54 3239.20 3239.11 3239.01
Groundwater depth at midpoint of sublayer (ft) 5.00 4.94 4.87 4.78 6.12 6.46 6.80 6.89 6.99
Initial effective stress (psf) 5592.00 4515.02 3206.84 3138.08 2588.38 2522.01 2355.53 3571.12 4847.14
Final effective stress (psf) 5592.00 4515.02 3955.64 3926.19 3733.11 3713.54 3653.76 4183.26 4847.14
Preconsolidation pressure (if overconsolidated, psf) 5592.00 4515.02 5814.65 7330.89 8067.09 4846.94 4846.08 4846.60 4847.14
Initial Void Ratio 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Initial Porosity 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
Modulus number, m 305.00 305.00 305.00 305.00 305.00 305.00 305.00 305.00 305.00
Constrainted modulus of layer (psf) 1050000.00 1050000.00 1050000.00 1050000.00 1050000.00 1050000.00 1050000.00 1050000.00 1050000.00
Estimated settlement by elastic method (ft) 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.01 0.00


Elevation of midpoint of sublayer (ft msl) 3217.50 3217.44 3217.37 3217.28 3216.19 3216.02 3215.70 3215.61 3215.51
Groundwater depth at midpoint of sublayer (ft) 28.50 28.56 28.63 28.72 29.81 29.98 30.30 30.39 30.49
Initial effective stress (psf) 7046.10 5977.30 4678.92 4621.60 4061.48 3984.85 3818.63 5034.69 6311.19
Final effective stress (psf) 7046.10 5977.30 5427.72 5409.71 5206.21 5176.37 5116.86 5646.83 6311.19
Preconsolidation pressure (if overconsolidated, psf) 7046.10 5977.30 7286.73 8814.41 9540.19 6309.77 6309.18 6310.17 6311.19
Initial Void Ratio 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Compression Index 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Recompression Index 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Secondary Compression Index 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ultimate settlement due to primary consolidation (ft) 0.00 0.00 0.05 0.05 0.08 0.08 0.09 0.04 0.00
Secondary compression (ft) 0.00 0.16 0.15 0.15 0.14 0.14 0.14 0.14 0.00
Total Settlement (ft) 0.00 0.16 0.21 0.21 0.22 0.23 0.23 0.17 0.00


Total settlement (ft) 0.00 0.35 0.37 0.37 0.37 0.38 0.37 0.35 0.00
Total settlement (in) 0.00 4.15 4.44 4.42 4.43 4.53 4.44 4.20 0.00
Liner system elevation after settlement (ft-msl) 3294.00 3283.65 3271.63 3271.00 3265.29 3264.53 3262.83 3273.84 3286.00
Intial Liner Segment Length, Lo (ft) 31.62 37.95 42.00 381.04 50.01 114.01 35.45 36.67 3364.26
Post Settlement Liner Segment Length, Lf (ft) 31.73 37.95 42.00 381.04 50.01 114.01 35.45 36.78 3364.26
Post Settlement Cover Strain (- comp, + tension) 0.35 0.02 0.00 0.00 0.00 0.00 0.02 0.31
Differential settlement (%) 1.09 0.06 0.00 0.00 0.02 -0.01 -0.06 -0.95


Initial grade of liner system (%) 33.33 33.33 1.50 1.50 1.50 1.50 32.63 34.02
Grade changes due to settlement (%) 1.15 0.07 0.00 0.00 0.02 -0.01 0.06 1.01
Post settlement grade (%) 34.49 33.40 1.50 1.50 1.52 1.49 32.69 35.03


Gravel with Sand and Silt


Final Cover System Grade


Total Settlement


Condensed Clay (Bedrock)







Point # A B C D E
Coordinate along critical section (ft) (A to A') 0 290 580 883 1233
Protective Cover Soil 109 109 109 109 109
Bottom Ash Fill 108 108 108 108 108
Silt/Paste 110 110 110 110 110
Gravel with Sand and Silt 128 128 128 128 128
Condensed Clay 123 123 123 123 123
Groundwater (pcf) 62.4 62.4 62.4 62.4 62.4


Cover elevation (ft-msl) 3284.0 3292.7 3301.4 3310.5 3300.0
Existing elevation (ft-msl) 3282.0 3289.0 3298.0 3300.0 3296.0
Interface of Protective cover and Paste 3282.5 3291.2 3299.9 3309.0 3298.5
Interface of Fill and Silt/Paste 3282.0 3289.0 3298.0 3300.0 3296.0
Interface of Silt/Paste with Sandy Silty Gravel 3248.0 3249.0 3250.0 3248.0 3248.0
Interface of Sandy Silty Gravel with Lean Clay/Claystone 3235.0 3234.0 3232.0 3235.0 3235.0
Bottom of Lean Clay 3200.0 3200.0 3200.0 3200.0 3200.0
Groundwater table (ft-msl) 3246.0 3246.0 3246.0 3246.0 3246.0


Protective Cover 0.0 1.0 2.0 0.0 0.0
Bottom Ash Fill 0.0 0.0 0.0 0.0 0.0
Silt/Paste 34.0 40.0 48.0 52.0 48.0
Gravel with Sand and Silt 13.0 15.0 18.0 13.0 13.0
Condensed clay (bedrock) 35.0 34.0 32.0 35.0 35.0


Protective Cover 2 2 2 2 2
Bottom Ash Fill 0.0 1.7 1.4 8.5 2.0
Silt/Paste 36.0 42.0 50.0 54.0 50.0
Gravel with Sand and Silt 13.0 15.0 18.0 13.0 13.0
Condensed clay (bedrock) 35.0 34.0 32.0 35.0 35.0
Elevation of midpoint of sublayer (ft-msl) 3283 3291.7 3300.4 3309.5 3299
Groundwater depth at midpoint of sublayer (ft) 0 0 0 0 0
Initial effective stress (psf) 109 109 109 109 109
Final effective stress (psf) 109 109 109 109 109
Preconsolidation pressure (if overconsolidated, psf) 0 0 0 0 0
Initial Void Ratio 0.764 0.764 0.764 0.764 0.764
Compression Index 0.11 0.11 0.11 0.11 0.11
Recompression Index 0.04 0.04 0.04 0.04 0.04
Secondary Compression Index 0.0044 0.0044 0.0044 0.0044 0.0044
Ultimate settlement due to primary consolidation (ft) 0 0 0 0 0
Secondary compression (ft) 0.009 0.009 0.009 0.009 0.009
Total Settlement (ft) 0.009 0.009 0.009 0.009 0.009
Elevation of midpoint of sublayer (ft-msl) - 3289.9 3298.7 3304.3 3297.0
Groundwater depth at midpoint of sublayer (ft) - 0.0 0.0 0.0 0.0
Initial effective stress (psf) - 310 294 677 326
Final effective stress (psf) - 310 294 677 326
Preconsolidation pressure (if overconsolidated, psf) - 0.0 0.0 0.0 0.0
Initial Void Ratio 0.90 0.90 0.90 0.90 0.90
Compression Index 0.12 0.12 0.12 0.12 0.12
Recompression Index 0.02 0.02 0.02 0.02 0.02
Secondary Compression Index 0.0048 0.0048 0.0048 0.0048 0.0048
Ultimate settlement due to primary consolidation (ft) - 0.000 0.000 0.000 0.000
Secondary compression (ft) 0.000 0.008 0.006 0.038 0.009
Total Settlement (ft) 0.000 0.008 0.006 0.038 0.009
Elevation of midpoint of sublayer (ft msl) 3265.0 3269.0 3274.0 3274.0 3272.0
Groundwater depth at midpoint of sublayer (ft) 0.0 0.0 0.0 0.0 0.0
Initial effective stress (psf) 1,870 2,309 2,858 2,860 2,640
Final effective stress (psf) 2,198 2,712 3,119 4,106 3,184
Preconsolidation Pressure 1,870 2,200 2,640 2,860 2,640
Initial Void Ratio 0.87 1.87 2.87 0.87 0.87
Initial porosity 0.47 0.65 0.74 0.47 0.47
Compression Index 0.14 0.14 0.14 0.14 0.14
Recompression Index 0.01 0.01 0.01 0.01 0.01
Secondary Compression Index 0.0056 0.0056 0.0056 0.0056 0.0056


SETTLEMENT OF LINER SYSTEM DUE TO PLACEMENT OF IMPOUNDMENT - SECTION BB'
Distance from 


Point  "A"


Final Layer 
Thickness


Bottom Ash


Protective 
Cover soil


Initial Layer 
Thickness


Silt/Paste







Ultimate settlement due to primary consolidation (ft) 0.19 0.14 0.07 0.63 0.30
Secondary compression (ft) 0.00 0.15 0.13 0.29 0.00
Total Settlement (ft) 0.19 0.29 0.20 0.92 0.30


Elevation of midpoint of sublayer (ft msl) 3241.5 3241.5 3241.0 3241.5 3241.5
Groundwater depth at midpoint of sublayer (ft) 4.5 4.5 5.0 4.5 4.5
Initial effective stress (psf) 4291 5188 6338 6271 5831
Final effective stress (psf) 4729 5701 6709 7627 6485
Preconsolidation pressure (if overconsolidated, psf) 4291 5079 6120 6271 5831
Initial Void Ratio 0.60 1.60 2.60 0.60 0.60
Initial Porosity 0.38 0.62 0.72 0.38 0.38
Modulus number, m 305.00 305.00 305.00 305.00 305.00
Constrainted modulus of layer (psf) 1050000 1050000 1050000 1050000 1050000
Estimated settlement by elastic method (ft) 0.005 0.007 0.006 0.017 0.008
Elevation of midpoint of sublayer (ft msl) 3217.5 3217.0 3216.0 3217.5 3217.5
Groundwater depth at midpoint of sublayer (ft) 28.5 29.0 30.0 28.5 28.5
Initial effective stress (psf) 5778 6710 7898 7758 7318
Final effective stress (psf) 6216 7223 8269 9114 7972
Preconsolidation pressure (if overconsolidated, psf) 5778 6601 7680 7758 7318
Initial Void Ratio 0.76 0.76 0.76 0.76 0.76
Compression Index 0.11 0.11 0.11 0.11 0.11
Recompression Index 0.04 0.04 0.04 0.04 0.04
Secondary Compression Index 0.0044 0.0044 0.0044 0.0044 0.0044
Ultimate settlement due to primary consolidation (ft) 0.069 0.068 0.040 0.153 0.081
Secondary compression (ft) 0.000 0.151 0.142 0.156 0.000
Total Settlement (ft) 0.069 0.219 0.182 0.309 0.081
Total settlement (ft) 0.27 0.53 0.40 1.29 0.41
Total settlement (in) 3.3 6.4 4.8 15.5 4.9
Cover system elevation after settlement (ft-msl) 3283.7 3292.2 3301.0 3309.2 3299.6
Intial Cover Segment Length, Lo (ft) 290.13 290.13 303.47 350.16 -
Post Settlement Cover Segment Length, Lf (ft) 290.12 290.13 303.44 350.13 -
Post Settlement Cover Strain (- comp, + tension) -0.003% 0.001% -0.008% -0.007% -
Differential settlement (%) 0.09% -0.05% 0.29% -0.25% -


Initial grade of liner system (%) 3.0 3.0 3.0 3.0 -
Grade changes due to settlement (%) -0.089 0.045 -0.295 -0.252 -
Post settlement grade (%) 2.911 3.045 2.705 2.748 -


Final Cover 
System Grade


Gravel with 
Sand and Silt


Condensed 
Clay (Bedrock)


Total 
Settlement
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VENEER SLOPE STABILITY ANALYSIS 
 
PURPOSE 
 
On 17 April 2015, the United States Environmental Protection Agency (USEPA) published the 
final rule for disposal of coal combustion residuals (CCR) from electric power utilities under 
Subtitle D of the Resource Conservation and Recovery Act (RCRA), contained in Part 257 of 
Title 40 of the Code of Federal Regulations (40 CFR 257 Subpart D), referred to herein as the 
CCR Rule.  Per the requirements of the CCR Rule, the CCR impoundments of the Colstrip 
Steam Electric Station (Colstrip SES), located in Colstrip, Montana, will be redesigned and/or 
upgraded.  Table 1 presents the proposed closure method for the individual units in the plant 
area, Units 1 & 2 Stage Two Evaporation Pond (STEP) and Units 3 & 4 Effluent Holding Pond 
(EHP). 
 
The purpose of this calculation package is to present the veneer slope stability analysis of the 
final cover system for the proposed closure designs of the CCR impoundments of the Colstrip 
SES.   
 
FINAL COVER SYSTEM DESIGN 
 
A final cover system will be designed and used for closing all units as discussed in Table 1. 
Section 257.102(b)(1)(iii) of the CCR Rule requires a description of the final cover system 
designed in accordance with §257.102(d)(3) and a demonstration of compliance with the 
performance standards specified in §257.102(d)(1). 
 
Final Cover System Design 
 
Closure Method 1: Closure Leaving CCR in Place 
 
The final cover design for this closure method includes (Design Type IV, from top to bottom): 


 6-inch thick erosion layer capable of sustaining native plant growth;  
 12-inch thick layer of earthen material serving as an infiltration layer;  
 geocomposite drainage layer; 
 40-mil textured high density polyethylene (HDPE) geomembrane; and 
 8-oz geotextile cushion (where needed). 


 


A portion of EHP A Cell will be closed followed by the construction of a new CCR Rule-
compliant impoundment directly above the closed impoundment (EHP New Clearwell).  The 
cover system design includes (Design Type III, from top to bottom): 


 60-mil textured high density polyethylene (HDPE) geomembrane; 
 geocomposite drainage layer; 
 60-mil textured high density polyethylene (HDPE) geomembrane; and 
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 geosynthetic clay liner (GCL). 
 
Because there is no soil component above the geomembrane and the stormwater and CCR water 
will only generate the normal pressure on the geomembrane, Design Type IV presents a more 
critical condition for the veneer stability than Design Types I and III. Therefore, only Design 
Type IV was considered for Closure Method 1.  
 
Closure Method 2: Closure Leaving CCR in Place with Overfill Construction 
 
The final cover for this closure method will be an alternate cover system designed according to 
the requirements of §257.102(d)(3)(ii). The composite cover system design includes (Design 
Type III, from top to bottom): 


 18-inch bottom ash protective drainage layer; 
 8-oz non-woven geotextile cushion; 
 60-mil textured high density polyethylene (HDPE) geomembrane; and  
 geosynthetic clay liner (GCL). 


 
Final Cover Slope Design 
 
As shown in Table 1, for the units to be closed with Closure Method 1, the units typically will be 
wet impounded to the pond crest and then be closed with a final surface slope of 3 percent. It 
may be dry impounded up to a 3H:1V slope before the final closure for some units. It is 
conservatively assumed that all the units will be closed with a 3H:1V slope, if not a slope of 3 
percent or less. By evaluating the geometry of all the units to be analyzed, EHP C Cell will have 
a 234-ft-high landfill with a 3H:1V final cover slope, the highest among the units evaluated in 
this calculation. The veneer slope stability is mainly determined by the properties of the cover 
system, the slope angle and distance, and the water head in the cover soil. Therefore, EHP C Cell 
with a 3H:1V final cover slope presents the most critical condition and is chose to evaluate the 
veneer slope stability. It is conservatively assumed that the landfill will be 240 ft high.  
 
For the unit (EHP G Cell) to be closed with Closure Method 2, the unit will be redesigned as a 
CCR surface impoundment for next stage CCR impoundment, the liner system for the overfill 
unit also serves as the intermediate cover system for the existing CCR unit below the liner 
system. The elevation of the floor of EHP G Cell is 3,236 ft-msl in the proposed design. The 
crest of EHP G Cell is approximately 3,291.5 ft-msl. Therefore, the drainage length along the 
3H:1V sideslope is approximately 170 ft.    
 
PROCEDURE 
 
Static Stability 
 
An analysis of veneer stability considers noncircular wedge-type potential slip surfaces that 
extend parallel to the cover system components.  The selected method of analysis is based on 
limit equilibrium and takes into account soil buttressing effect, geosynthetic tensile forces, and 
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seepage forces within drainage layers.  The finite slope factor of safety equation, as formulated 
by Giroud et al. [1995], is: 
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 FS = Factor of Safety (dimensionless) 
 FS1 = Infinite slope friction term 
 FS2 = Infinite slope adhesion term 
 FS3 = Buttress resistance friction term 
 FS4 = Buttress resistance cohesion term 
 FS5 = Geosynthetic tension term 
 t = total unit weight of soil (pcf) 
 sat = saturated unit weight of soil (pcf) 
 b = buoyant unit weight of soil (pcf) 
 t = thickness of soil layer (ft) 
 tw = thickness of water flow along slope (ft) 
 t*w = thickness of water flow in toe of slope (ft) 
  = slope angle (degrees) 
  = interface friction angle along slip surface (degrees) 
 a = interface adhesion (psf) 
  = internal friction angle of soil above critical surface (degrees) 
 h = height of slope (ft) 
 T = tension in geosynthetics (lb/ft) 
 c = cohesion of soil above critical surface (psf) 
 
According to a technical manual published by the USEPA entitled “Solid Waste Disposal 
Facility Criteria” [USEPA, 1993], when there is no imminent danger to human life or threat of 
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major environmental impact, the minimum recommended slope stability factor of safety is 1.25.  
Because a veneer stability failure of the final cover system does not pose a threat to human life or 
the environment and a failure could be easily repaired, the stability of the cover system will be 
considered acceptable if the factor of safety is greater than or equal to 1.25. 
 
Seismic Stability 
 
Seismic veneer stability of the final cover system was evaluated for the case of a two-part wedge 
sliding along a critical interface in a finite slope length. An approximate solution for sliding of 
the two-part wedge for seismic stability analysis, a pseudo-static approach [Bonaparte et al. 
2004], was used as presented below. The method assumes that there is a distinct critical slip 
surface within the cover system.  
 


𝐹𝑆  ∙ 𝑡𝑎𝑛𝛿
∙ ∙


∙


∙ ∙
 (2) 


𝑐
𝛾 ∙ ℎ


𝑠𝑖𝑛𝛽


1
𝐵
𝐴 ∙ 𝑡𝑎𝑛𝜙


1 𝑘
𝐴 ∙ 𝐵


𝑇
ℎ ∙ 𝑠𝑖𝑛𝛽


𝐵 ∙ 𝛾 ∙ 𝑡
 


where,  
𝐴 = dimensionless parameter, given by A = cosβ – khsinβ; 
𝐵 = dimensionless parameter, given by B = sinβ + khcosβ; 
𝑘  = seismic coefficient; 
𝑎  = interface adhesion (psf); 
𝜙  = internal friction angle of soil above critical surface (degrees); and 
𝑐  = cohesion of soil above critical surface (psf). 


 
Seismic veneer stability analyses were performed in general accordance with the 1984 Hynes-
Griffin and Franklin method as presented by Duncan et al. [2005].  Seismic parameters (i.e. 
peak ground acceleration [PGA]) were selected based on Site-specific data obtained from the 
United States Geological Survey (USGS) seismic hazard map for a seismic event with a 2% 
probability of exceedance in 50 years, which is consistent with the approximate return period 
(2,500 years) required by the CCR Rule preamble (p. 21384). The site-specific PGA for Colstrip, 
Montana is 0.048g as shown on the 2014 USGS hazard map in Attachment 1.  
 
The actual peak ground acceleration depends on the attenuation of seismic waves through the 
soil layer on top of the bedrock. A site coefficient, Fa accounting for the geotechnical condition 
of the site, is used to estimate the peak ground acceleration at ground surface. The International 
Building Code, IBC [2006], provides recommendation of Fa values for different sit. Considering 
the low standard penetration test (SPT) blow counts in the upper subsurface and high blow 
counts in the lower subsurface obtained from the field investigation in April 2016 [Geosyntec 
2016], the average standard penetration test (SPT) blow counts in the top 100 ft is conservatively 
estimated to be between 15 and 50 blows/ft. According to IBC [2006], the project site is 
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classified as Class D (“stiff soil” profile), and a Fa value of 1.6 is recommended (see Attachment 
1). Therefore, the peak ground acceleration (PGA) in soil at the site is expected to be: 
 


PGA = Fa × PGArock = 1.6 × 0.048g = 0.077g 
 
In accordance with the 1984 Hynes-Griffin and Franklin method [Duncan et al 2005], the 
seismic coefficient, kh, is taken as half of PGA (kh = ½ × PGA), which for the Site is kh = ½ × 
0.077 = 0.039.  
 
The minimum factor of safety for seismic loading conditions was adopted from CCR Rule 
§257.74 structural integrity criteria for new CCR surface impoundments. The target minimum 
seismic FS is 1.0. This is also the minimum factor of safety recommended by the Hybes-Grifin 
and Franklin method. A calculated factor of safety of less than 1.0 indicates permanent 
deformations may occur [Duncan et al. 2005], which is not acceptable. 
 
SOIL AND GEOSYNTHETIC PROPERTIES 
 
The interfaces in the cover system for Closure Method 1, from top to bottom, are: 


 Interface #1: cover soil / non-woven geotextile; 
 Interface #2: non-woven geotextile / textured HDPE geomembrane;  
 Interface #3: textured HDPE geomembrane / paste; and 
 Interface #4: non-woven geotextile / paste. 


 
The interfaces in the cover system for Closure Method 2, from top to bottom, are: 


 Interface #1: bottom ash / non-woven geotextile; 
 Interface #2: non-woven geotextile / textured HDPE geomembrane; 
 Interface #3: textured HDPE geomembrane / GCL; and 
 Interface #4: non-woven geotextile (GCL facing) / paste. 


 
The table below summarizes the shear strength properties considered for this analysis. Peak 
interface friction shear strengths for the cover system interfaces are determined from the 
laboratory testing as presented in Attachment 1 and/or from the historical data.  
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Closure 
Method 


Material / 
Interface 


Total Unit 
Weight, t 


(pcf) 


Saturated 
Unit Weight, 


s (pcf) 


Friction 
Angle 
(deg) 


Cohesion/ 
Adhesion 


(psf) (1) 
Source 


1 


Soil / geotextile - - 25 (2) 0 
Geosyntec’s 


experience and 
Attachment 2 


Geotextile / 
Textured HDPE 
geomembrane 


- - 21.3 (4) 10.9 (4) 
Laboratory 


results 
(Attachment 2) 


Textured HDPE 
geomembrane / 


paste 
- - 25 (2) 0 


Geosyntec’s 
experience and 
Attachment 2 


Geotextile / paste - - 35.7 (3) 0 (3) 
Laboratory 


results 
(Attachment 2) 


2 


Bottom ash / 
geotextile  


- - 29.0 (3) 148 (3) 
Laboratory 


results 
(Attachment 2) 


Geotextile / 
textured HDPE 
geomembrane  


- - 21.3 (4) 10.9 (4) 
Laboratory 


results 
(Attachment 2) 


Geomembrane / 
GCL  


- - 15.7 (3) 190 (3) 
Laboratory 


results 
(Attachment 2) 


GCL/ paste - - 35.7 (3) 0 (3) 
Laboratory 


results 
(Attachment 2) 


1 Drainage soil 110 125 32 0 
Sandy clayey 


material 
(Attachment 2) 


1 Cover soil 100 115 28 0 
Clayey 
material 


(Attachment 2) 
1, 2 Aged fly ash paste 102 102 35 0 WAI [2011] 
2 Bottom ash 94 112 40 0 Golder [2001] 


Notes: (1) Cohesion of soils and interfaces were concretively assumed to be 0 unless otherwise specified. 
(2) As shown in Attachment 2, the interface friction angles were tested to be 29.0 deg between bottom ash 


and geotextile and 35.7 deg between paste and GCL. In this analysis, the interface between geotechnical 
fabric and the soils is conservatively assumed to be 25 deg. 


(3) Friction angle and adhesion were obtained from laboratory test results, as shown in Attachment 2.  
(4) Friction angle and adhesion were determined from secant friction angle under normal stress of 10,000 


psf. The estimated overburden pressure is approximately 10,000 psf.  
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WATER DEPTH ABOVE GEOMEMBRANE  
 
For units closed with Methods 1 and 2, analyses were conducted to determine the water depth 
above the HDPE geomembranes using the HELP model [USEPA, 1993].  The HELP outputs 
are included as Attachment 3. 
 


 For units closed with Method 1, the earthen material infiltration layer is assumed to have 
a texture number of 7 (fundamental soil layer). The geomembrane was assumed to have 
poor placement quality with five pinholes and one installation defect per acre. The 
calculated average water depth (peak daily value) above the geomembrane is 0.012 in, 
and the maximum water depth is 0.022 in, which occurs at the toe of the slope. 


 
 For units closed with Method 2, the protective/drainage layer is assumed to have a texture 


number of 31 (coal-burning electric plant bottom ash).  The geotextile protection layer 
was ignored for the purposes of this analysis.  The geomembrane was assumed to have 
poor placement quality as well as five pinholes and one installation defect per acre.  The 
calculated average water depth (peak daily value) above the geomembrane is 1.847 in, 
and the maximum water depth is 3.610 in, which occurs at the toe of the slope. 


 
SUMMARY OF INPUT PARAMETERS 
 
For this analysis, the resisting force due to tension in geosynthetics (T) is neglected (i.e., the 
effect of the anchor trench is conservatively neglected and the protective layer is mainly 
supported by frictional forces).  Failure is assumed to occur between the interfaces discussed 
above.  
 
The input parameters for units closed using Method 1 are provided below.  
 
 t = 110 pcf (Table 1) 
 sat = 120 pcf (Table 1) 
 tw = 2.894 in (HELP outputs) 
 t*w = 5.739 in (HELP outputs) 
 t = 24 in (design cover soil thickness) 
  = 18.43° (3H:1V slope) 
 a = 0 psf (conservatively assumed) 
   = 32° (soil drainage layer) 
 c = 0 psf (conservatively assumed for cover soil) 
 h = 240 ft (maximum landfill height with a 3H:1V slope) 
 T = 0 lb/ft (conservatively assumed no tension in the geomembrane) 
 λ = 0.933 (failure above the geomembrane) 
 λ = 1 (failure below the geomembrane) 
 δ = 25° (Table 1) 
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 kh = 0.039 (seismic coefficient) 
 
The input parameters for units closed using Method 2 are provided below.  
 
 t = 94 pcf (Table 1) 
 sat = 112 pcf (Table 1) 
 tw = 1.847 in (HELP outputs) 
 t*w = 3.610 in (HELP outputs) 
 t = 18.0 in (design cover soil thickness) 
  = 18.4° (3H:1V slope) 
 a = 0 psf (conservatively assumed) 
   =   40° (bottom ash drainage layer) 
 h = 56 ft (maximum height of the 3H:1V sideslopes) 
 T = 0 lb/ft (conservatively assumed no tension in the geomembrane) 
 λ = 0.933 (failure above the geomembrane) 
 λ = 1 (failure below the geomembrane) 
 kh = 0.039 (seismic coefficient) 
 c = various values (See Table 1 from corresponding interfaces) 
 δ = various values (See Table 1 from corresponding interfaces) 
 
RESULTS 
 
The calculation was conducted using Excel Spreadsheet, as shown in Attachment 4. The results 
of calculation are summarized below.   
 


Closure 
Method 


Interface (Above or Below the 
geomembrane) 


Calculated FS 
Static Stability 


(≥1.25 required) 
Seismic Stability 
(≥1.00 required) 


1 


Soil / textured HDPE geomembrane 
(Above) 


1.41 1.24 


Geotextile / Textured HDPE 
geomembrane (Above) 


1.39 1.14 


Textured HDPE geomembrane / paste 
(Below) 


1.41 1.24 


Geotextile / paste (Below) 2.16 1.91 


2 


Bottom ash / geotextile (Above) 4.86 1.76 
Geotextile / textured HDPE geomembrane 


(Above) 
1.38 1.10 


Geomembrane / GCL (Below) 5.07 1.11 
GCL/ paste (Below) 2.20 1.95 


 
As can be seen, the critical interface is between textured HDPE geomembrane and non-woven 
geotextile.  The minimum factors of safety for veneer stability are 1.31 and 1.10 for static and 
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seismic stability, respectively, which are greater than the minimum recommended value (i.e., 
1.25 for static and 1.0 for seismic).   
 
Conformance test will be conducted for selected materials for construction. If the obtained 
material properties do not meet the specified value shown above, the Engineer shall be notified 
and the calculations re-evaluated. 
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Table 1. Narrative Description of the Unit Closures. 


 


Unit ID Waste Currently Managed 
Closure Method 


(proposed cover slope) 
Plant Area Ponds 


Units 1&2 B Fly Ash Pond CCR water and solids 
Close leaving CCR in place 


(3 percent) 


Units 1 & 2 Bottom Ash Pond 
Bottom ash & bottom ash 


process water 
Close leaving CCR in place 


(3 percent) 


Units 3 & 4 Bottom Ash Pond 
Bottom ash and bottom ash 


process water 
Close leaving CCR in place 


(3H:1V or 3 percent) 
Units 1 & 2 Stage II Evaporation Ponds 


Old Clearwell CCR water and solids 
Close leaving CCR in place 


(3 percent) 


D Cell CCR water and solids (future) 
Close leaving CCR in place 


(3 percent or 3H:1V) 


E Cell CCR water and solids 
Close leaving CCR in place 


(3 percent) 
Units 3 & 4 Effluent Holding Ponds 


A Cell CCR solids 
Close leaving CCR in place 


(3 percent) 


B Cell (Clearwater Cell) CCR water and solids 
Close leaving CCR in place 


(3 percent) 


C Cell CCR water and solids 
Close leaving CCR in place 


(3H:1V) 


D/E Cell CCR solids 
Close leaving CCR in place 


(3 percent) 


G Cell CCR solids 
Close leaving CCR in place 


and overfill construction 
(3H:1V) 
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Table ATT2.1. Typical Properties of Compacted Soils [after NAVFAC, 1986]. 
 


Group 
Symbol 


Soil Type 


Maximum 
Dry Unit 
Weight 


(pcf) 


Optimum 
Moisture 
Content 


(%) 


Typical Strength Characteristics 


Cohesion 
(as 


compacted) 
(psf) 


Cohesion 
(saturated) 


(psf) 


, 
Effective
-Stress 


Envelope 
(degrees) 


Tan 


SP 
Poorly graded 
clean sands, 


sand-gravel mix. 
100 - 120 12-21 0 0 37 0.74 


SM 
Silty sands, 


poorly graded 
sand-silt mix. 


110 - 125 11 - 16 1,050 420 34 0.67 


SM-SC 


Sand-silt clay 
mix. with 


slightly plastic 
fines 


110 - 130 11 - 15 1,050 300 33 0.66 


SC 
Clayey sands, 
poorly-graded 
sand-clay mix. 


105 - 125 11 - 19 1,550 230 31 0.60 


ML 
Inorganic silts 
and clayey silts 


95 - 120 12 - 24 1,400 190 32 0.62 


CL 


Inorganic clays 
of low to 
medium 
plasticity 


95 - 120 12 - 24 1,800 270 28 0.54 


CH 
Inorganic clays 


of high plasticity 
75 - 105 19 - 36 2,150 230 19 0.35 


 
Table ATT2.2. Summary of Documented Interface Friction Values. 


 
GEOSYNTHETIC / GEOSYNTHETIC p (degrees) ld (degrees) 


Smooth HDPE Geomembrane / Nonwoven Geotextile 
Smooth LLDPE Geomembrane / Nonwoven Geotextile 
Textured HDPE Geomembrane / Nonwoven Geotextile 


7 - 12 
10 - 12 
22 - 35 


6 - 11 
 


Smooth HDPE Geomembrane / Geonet 
Textured HDPE Geomembrane / Geonet 
Textured HDPE Geomembrane / Geocomposite 


7 - 15 
7 - 15 


17 - 29 


 
 


13 - 20 
Geonet / Nonwoven Geotextile 13 - 22  
Smooth HDPE Geomembrane / GCL (hydrated) 
Textured HDPE Geomembrane / GCL (hydrated) 


8 - 12 
18 - 37 


 
6 - 10 


Notes: (1) Adapted from tests by Martin et al. [1984], Williams and Houlihan [1986], Koerner et al. [1986], 
Williams and Houlihan [1987], Williams and Luna [1987], Eid and Stark [1997], Sabatini et al. [1998], 
Stark et al. [1998], manufacturer’s literature, and unpublished results from Geosyntec Consultants. 


(2)  = interface friction angle;  = soil internal friction angle; subscript p = peak and subscript ld = large 
displacement. 


  







Client: Geosyntec Consultants TRI Log#:


Project: Colstrip Steam Electric Station Test Method: ASTM D5321


Date:


Large 


Peak Displacement


(@ 3.0 in.)


29.0 24.8


148 403


 


Upper Box &


Lower Box


Test Condition: Wet


Shearing Rate: 0.04 inches/minute


4 5
103 198


10000 20000


5337 11311


5337 9300


28.1 29.5


28.1 24.9


- - - -


Friction Angle


(degrees):


Interface Friction Test Report


20132 John M. Allen, P.E., 04/22/2016


Quality Review/Date


04-22-2016 to 04-22-2016


Tested Interface: Bottom Ash (A-Cell) vs. Skaps GE180 Non-woven Geotextile (42485.4) 


Test Results


 Y-intercept or


Adhesion (psf):


Shearing occurred at the interface. The peak friction 


angle regression analysis was adjusted to fit a zero y-


intercept.


Skaps GE180 non-woven geotextile


Box Dimensions: 12"x12"x4"


Interface soaked and loading applied for 


a minimum of 1 hour prior to shear.


Test Conditions


Interface 


Conditioning:


Bottom Ash remolded to 95% of the 


maximum dry density at the optimum 


moisture content +2% or 81.0 pcf at 29.2%


Specimen No. 1 2 3


Bearing Slide Resistance (lbs) 9 11 56


Normal Stress (psf) 150 300 5000


245 3406


Corrected Large Displacement Shear Stress (psf) 100 230 3395


Test Data


Asperity (mils) - - - - - -


Peak Secant Angle (degrees) 38.3 39.2 34.3


Large Displacement Secant Angle (degrees) 33.6 37.4 34.2


Corrected Peak Shear Stress (psf) 118
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Client: Geosyntec Consultants TRI Log#:


Project: Colstrip Steam Electric Station Test Method: ASTM D5321


Date:


Large 


Peak Displacement


(@ 3.0 in.)


23.1 10.7


0 104


 


Upper Box &


Lower Box


Test Condition: Wet


Shearing Rate: 0.2 inches/minute


4 5
103 198


10000 20000


3997 8743


2023 3869


21.8 23.6


11.4 10.9


12.6 13.2


Test Data


Asperity (mils) 14.0 13.4 15.2


Peak Secant Angle (degrees) 46.5 23.1 19.7


Large Displacement Secant Angle (degrees) 45.3 20.4 12.1


Corrected Peak Shear Stress (psf) 158 128 1786


Corrected Large Displacement Shear Stress (psf) 152 111 1069


Bearing Slide Resistance (lbs) 9 11 56


Normal Stress (psf) 150 300 5000


Specimen No. 1 2 3


Shearing occurred at the interface. The peak friction 


angle regression analysis was adjusted to fit a zero y-


intercept.


Solmax 60 mil HDPE textured 


geomembrane (white side)


Box Dimensions: 12"x12"x4"


Interface soaked and loading applied for 


a minimum of 1 hour prior to shear.


Test Conditions


Skaps GE180 non-woven geotextile


Interface 


Conditioning:


 Y-intercept or


Adhesion (psf):


Friction Angle


(degrees):


Interface Friction Test Report


20132 John M. Allen, P.E., 04/19/2016


Quality Review/Date


04-19-2016 to 04-19-2016


Tested Interface: Skaps GE180 Non-woven Geotextile (42485.4) vs. Solmax 60 mil HDPE 


Textured Geomembrane (5-21029)


Test Results


0 


5000 


10000 


15000 


20000 


0 5000 10000 15000 20000 


S
h
e
a
r 


S
tr


e
s
s
 (


p
s
f)


 


Normal Stress (psf) 


Peak Shear Stress (Linear Fit) Linear (L.D. - Dotted) 


0 


1000 


2000 


3000 


4000 


5000 


6000 


7000 


8000 


9000 


10000 


0.0 1.0 2.0 3.0 4.0 


S
h
e
a
r 


S
tr


e
s
s
 (


p
s
f)


 


Displacement (inches) 


150 psf 300 psf 5000 psf 


10000 psf 20000 psf 







Client: TRI Log #:


Project:


*3.0 inches


Normal Stress


Shear Stress


Secant Angle
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Displacement 


Normal Stress


Shear Stress


Secant Angle


Normal Stress


Bearing Slide Resistance


Box Edge Dimension in


83


150


12


9


150


99


33.5


Peak


lbs


1,726 5,611


20,000


Wet - Interface soaked and loaded at 1 psi/hr to 


the target stress which was maintained for a 


minimum of 16 hours prior to shear.


Conditioning


Shearing Rate inches/minute 0.04


12


11


Test Results, Linear Regression


Test Conditions


Large 


Displacement


Degrees


psf


Peak


Friction Angle


Y-intercept


or Adhesion


15.7 10.3


190 117


Continuum DG GCL (black side)


hydrated under 150 psf for a minimum


24 hours prior to mounting (15GCL002-13G)


Solmax 60 mil HDPE textured


geomemrbrane, black side (5-21029)


300 5,000 10,000


24.3


136


300


12.8


1,138 1,969


10.5


Continuum DN GCL vs.


Solmax 60 mil HDPE Textured Geomembrane


Upper 


Box


Lower 


Box


Test Notes


Mohr-Coulomb 


Parameters


Shearing occurred at the interface at all stresses.


psf


psf


deg.


psf


psf


deg.


Interface Shear Strength of Geosynthetic Clay Liner by Direct Shear (ASTM D6243)


Geosyntec Consultants #REF!


Colstrip Steam Electric Station Jeffrey  A. Kuhn, Ph.D., P.E., 7/11/2016


Analysis & Quality Review/Date
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Client: TRI Log #:


Project:


*3.0 inches


Normal Stress


Shear Stress


Secant Angle


Large 


Displacement 


Normal Stress


Shear Stress


Secant Angle


Normal Stress


Bearing Slide Resistance


Box Edge Dimension in


141


150


12


9


150


150


45.0


Peak


lbs


3,160 19,200


25,620


Wet - Interface soaked and loaded at 1 psi/hr to 


the target stress which was maintained for a 


minimum of 16 hours prior to shear.


Conditioning


Shearing Rate inches/minute 0.04


12


11


Test Results, Linear Regression


Test Conditions


Large 


Displacement


Degrees


psf


Peak


Friction Angle


Y-intercept


or Adhesion


35.7 23.3


0 0


Continuum DG GCL (white side) hydrated under 


150 psf for a minimum 24 hours prior to 


mounting.


Paste remolded to 95% of the maximum dry 


density at the optimum moisture content +2% or 


87.4 pcf at 26.8%
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Test Notes


Mohr-Coulomb 


Parameters


Shearing occurred at the interface for specimens tested under


stresses of 130, 300, and 5000 psf. The GCL sheared


internally for specimens tested under normal stresses of


10,000 and 20,000 psf.
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deg.
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psf


deg.


Interface Shear Strength of Geosynthetic Clay Liner by Direct Shear (ASTM D6243)


Geosyntec Consultants #REF!


Colstrip Steam Electric Station Jeffrey  A. Kuhn, Ph.D., P.E., 7/11/2016


Analysis & Quality Review/Date
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Calculation of Water Depth above Geomembrane 
(HELP Outputs) 


 
 
 
  







M133D760
� 


 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\MR1149\DATA4.D4                          
 TEMPERATURE DATA FILE:      C:\HELP3\MR1149\DATA7.D7                          
 SOLAR RADIATION DATA FILE:  C:\HELP3\MR1149\DATA13.D13                        
 EVAPOTRANSPIRATION DATA:    C:\HELP3\MR1149\DATA11.D11                        
 SOIL AND DESIGN DATA FILE:  C:\HELP3\MR1149\M133D760.D10                      
 OUTPUT DATA FILE:           C:\HELP3\MR1149\m133d760.OUT                      


 TIME:  16:27     DATE:  10/17/2016


 
 ******************************************************************************


      TITLE:  Colstrip, FINAL COVER 33.0%, 760', closure method 1         


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.


 
                                    LAYER  1
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER


Page 1


M133D760
                          MATERIAL TEXTURE NUMBER  11
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4640 VOL/VOL
            FIELD CAPACITY              =      0.3100 VOL/VOL
            WILTING POINT               =      0.1870 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2441 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.639999998000E-04 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  4.81
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.


 
                                    LAYER  2
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   7
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4730 VOL/VOL
            FIELD CAPACITY              =      0.2220 VOL/VOL
            WILTING POINT               =      0.1040 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1671 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC


 
                                    LAYER  3
                                    --------


                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =     33.30   PERCENT
            DRAINAGE LENGTH             =    760.0    FEET


 
                                    LAYER  4
                                    --------
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M133D760
                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.04   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      5.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  4 - POOR     


 
                                    LAYER  5
                                    --------


                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.5780 VOL/VOL
            FIELD CAPACITY              =      0.0760 VOL/VOL
            WILTING POINT               =      0.0250 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.5780 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.970000029000E-02 CM/SEC


 
                                    LAYER  6
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  30
            THICKNESS                   =   2880.00   INCHES
            POROSITY                    =      0.5410 VOL/VOL
            FIELD CAPACITY              =      0.1870 VOL/VOL
            WILTING POINT               =      0.0470 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1870 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.499999987000E-04 CM/SEC


 
                                    LAYER  7
                                    --------
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                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     18.00   INCHES
            POROSITY                    =      0.5780 VOL/VOL
            FIELD CAPACITY              =      0.0760 VOL/VOL
            WILTING POINT               =      0.0250 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0760 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.970000029000E-02 CM/SEC
            SLOPE                       =      2.00   PERCENT
            DRAINAGE LENGTH             =    375.0    FEET


 
                                    LAYER  8
                                    --------


                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      5.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  4 - POOR     


 
                                    LAYER  9
                                    --------


                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.24   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC


 
                                    LAYER 10
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                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    600.00   INCHES
            POROSITY                    =      0.5010 VOL/VOL
            FIELD CAPACITY              =      0.2840 VOL/VOL
            WILTING POINT               =      0.1350 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2840 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.188999998000E-03 CM/SEC


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #11 WITH A
                   GOOD STAND OF GRASS, A SURFACE SLOPE OF 33.%
                   AND A SLOPE LENGTH OF  760. FEET.


         SCS RUNOFF CURVE NUMBER             =     82.20
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     15.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      2.804  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      7.041  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.058  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    720.914  INCHES
         TOTAL INITIAL WATER                 =    720.914  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
              MAXIMUM LEAF AREA INDEX                =   3.80
              START OF GROWING SEASON (JULIAN DATE)  =    130
              END OF GROWING SEASON (JULIAN DATE)    =    278
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              EVAPORATIVE ZONE DEPTH                 =  15.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10


          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
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                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 0.96     0.78     0.95     1.77     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     0.90     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ------
     TOTALS                 0.046    0.143    0.228    0.206    0.010    0.000
                            0.000    0.000    0.001    0.000    0.000    0.017
 
     STD. DEVIATIONS        0.095    0.155    0.241    0.306    0.041    0.001
                            0.000    0.000    0.002    0.000    0.001    0.050
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 0.696    0.503    0.760    1.856    2.357    2.654
                            1.181    0.992    0.882    0.773    0.741    0.617
 
     STD. DEVIATIONS        0.238    0.266    0.366    0.799    0.785    0.876
                            0.668    0.648    0.641    0.531    0.310    0.253
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  3
   ----------------------------------------
     TOTALS                 0.0000   0.0000   0.0282   0.1215   0.1022   0.0146
                            0.0002   0.0001   0.0000   0.0001   0.0246   0.0142
 
     STD. DEVIATIONS        0.0000   0.0000   0.1073   0.2421   0.2776   0.0457
                            0.0003   0.0001   0.0001   0.0002   0.0955   0.0487
 
   PERCOLATION/LEAKAGE THROUGH LAYER  5
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0001   0.0006   0.0005   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0001   0.0001
 
     STD. DEVIATIONS        0.0000   0.0000   0.0006   0.0013   0.0014   0.0003
                            0.0000   0.0000   0.0000   0.0000   0.0005   0.0003
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  7
   ----------------------------------------
     TOTALS                 0.0001   0.0001   0.0001   0.0001   0.0002   0.0002
                            0.0002   0.0002   0.0001   0.0001   0.0001   0.0001
 
     STD. DEVIATIONS        0.0001   0.0001   0.0001   0.0002   0.0003   0.0003
                            0.0003   0.0002   0.0002   0.0002   0.0002   0.0002
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   PERCOLATION/LEAKAGE THROUGH LAYER  9
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER 10
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 


 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------


 
   DAILY AVERAGE HEAD ON TOP OF LAYER  4
   -------------------------------------
     AVERAGES               0.0000   0.0000   0.0000   0.0002   0.0001   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0002   0.0004   0.0004   0.0001
                            0.0000   0.0000   0.0000   0.0000   0.0001   0.0001
 
   DAILY AVERAGE HEAD ON TOP OF LAYER  8
   -------------------------------------
     AVERAGES               0.0010   0.0008   0.0008   0.0014   0.0024   0.0025
                            0.0021   0.0018   0.0015   0.0012   0.0011   0.0012
 
     STD. DEVIATIONS        0.0016   0.0013   0.0012   0.0018   0.0034   0.0037
                            0.0032   0.0026   0.0022   0.0018   0.0019   0.0019
 
 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
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                                -------------------   -------------   ---------
  PRECIPITATION                  14.97    (   2.581)      54346.0     100.00
 
  RUNOFF                          0.651   (  0.4932)       2364.25      4.350
 
  EVAPOTRANSPIRATION             14.013   (  2.1924)      50865.78     93.596
 
  LATERAL DRAINAGE COLLECTED      0.30563 (  0.54080)      1109.450    2.04146
    FROM LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.00164 (  0.00282)         5.956     0.01096
    LAYER  5
 
  AVERAGE HEAD ON TOP             0.000 (    0.000)
    OF LAYER  4
 
  LATERAL DRAINAGE COLLECTED      0.00160 (  0.00200)         5.814    0.01070
    FROM LAYER  7
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.012     0.00002
    LAYER  9
 
  AVERAGE HEAD ON TOP             0.001 (    0.002)
    OF LAYER  8
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.000     0.00000
    LAYER 10
 
  CHANGE IN WATER STORAGE         0.000   (  1.0826)          0.63      0.001
 
 *******************************************************************************


� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              1.75          6352.500
 
       RUNOFF                                     0.602         2185.7002
 
       DRAINAGE COLLECTED FROM LAYER  3           0.27540        999.71478
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.001196         4.34011
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       AVERAGE HEAD ON TOP OF LAYER  4            0.012
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.022


       LOCATION OF MAXIMUM HEAD IN LAYER  3
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       DRAINAGE COLLECTED FROM LAYER  7           0.00005          0.16535
 
       PERCOLATION/LEAKAGE THROUGH LAYER  9       0.000000         0.00011
 
       AVERAGE HEAD ON TOP OF LAYER  8            0.016
 
       MAXIMUM HEAD ON TOP OF LAYER  8            0.032


       LOCATION OF MAXIMUM HEAD IN LAYER  7
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER 10       0.000000         0.00000
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3494
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1372
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.


 
 ******************************************************************************


� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
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                     -----        --------       ---------
                       1            1.5660         0.2610


                       2            1.6566         0.1381


                       3            0.0025         0.0100


                       4            0.0000         0.0000


                       5            6.9360         0.5780


                       6          538.5600         0.1870


                       7            1.3697         0.0761


                       8            0.0000         0.0000


                       9            0.1800         0.7500


                      10          170.3969         0.2840


                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\CSES\DATA4.D4                            
 TEMPERATURE DATA FILE:      C:\HELP3\CSES\DATA7.D7                            
 SOLAR RADIATION DATA FILE:  C:\HELP3\CSES\DATA13.D13                          
 EVAPOTRANSPIRATION DATA:    C:\HELP3\CSES\DATA11.D11                          
 SOIL AND DESIGN DATA FILE:  C:\HELP3\CSES\M233D170.D10                        
 OUTPUT DATA FILE:           C:\HELP3\CSES\M233D170.OUT                        


 TIME:  12:51     DATE:  10/ 7/2016


 
 ******************************************************************************


      TITLE:  Colstrip, FINAL COVER 33.0%,170', Closure Method 2          


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.


 
                                    LAYER  1
                                    --------


                        TYPE 2 - LATERAL DRAINAGE LAYER
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                          MATERIAL TEXTURE NUMBER  31
            THICKNESS                   =     18.00   INCHES
            POROSITY                    =      0.5780 VOL/VOL
            FIELD CAPACITY              =      0.0760 VOL/VOL
            WILTING POINT               =      0.0250 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0617 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.410000002000E-02 CM/SEC
            SLOPE                       =     33.30   PERCENT
            DRAINAGE LENGTH             =    170.0    FEET
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  4.81
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.


 
                                    LAYER  2
                                    --------


                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      5.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  4 - POOR     


 
                                    LAYER  3
                                    --------


                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.24   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC
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                                    LAYER  4
                                    --------


                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    180.00   INCHES
            POROSITY                    =      0.5010 VOL/VOL
            FIELD CAPACITY              =      0.2840 VOL/VOL
            WILTING POINT               =      0.1350 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2840 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.188999998000E-03 CM/SEC


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #31 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF 33.% AND
                   A SLOPE LENGTH OF  170. FEET.


         SCS RUNOFF CURVE NUMBER             =     97.10
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     15.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      0.878  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.670  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.375  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     52.408  INCHES
         TOTAL INITIAL WATER                 =     52.408  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
              MAXIMUM LEAF AREA INDEX                =   3.80
              START OF GROWING SEASON (JULIAN DATE)  =    130
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              END OF GROWING SEASON (JULIAN DATE)    =    278
              EVAPORATIVE ZONE DEPTH                 =  15.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10


          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
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                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 0.96     0.78     0.95     1.77     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     0.90     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ------
     TOTALS                 0.040    0.112    0.161    0.427    0.503    0.333
                            0.157    0.117    0.216    0.174    0.111    0.017
 
     STD. DEVIATIONS        0.086    0.119    0.174    0.435    0.410    0.318
                            0.158    0.157    0.277    0.171    0.172    0.049
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 0.695    0.509    0.716    1.505    1.813    2.021
                            0.967    0.832    0.724    0.594    0.524    0.568
 
     STD. DEVIATIONS        0.238    0.264    0.287    0.507    0.505    0.551
                            0.504    0.514    0.501    0.355    0.202    0.248
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  1
   ----------------------------------------
     TOTALS                 0.0106   0.0008   0.0448   0.2688   0.2527   0.1638
                            0.0725   0.0419   0.0490   0.0769   0.0829   0.0660
 
     STD. DEVIATIONS        0.0123   0.0010   0.1340   0.2568   0.1961   0.0592
                            0.0225   0.0146   0.0242   0.0636   0.0736   0.0614
 
   PERCOLATION/LEAKAGE THROUGH LAYER  3
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
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                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 


 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------


 
   DAILY AVERAGE HEAD ON TOP OF LAYER  2
   -------------------------------------
     AVERAGES               0.0084   0.0007   0.0353   0.2186   0.1989   0.1332
                            0.0570   0.0329   0.0398   0.0605   0.0674   0.0519
 
     STD. DEVIATIONS        0.0097   0.0009   0.1055   0.2089   0.1544   0.0482
                            0.0177   0.0115   0.0197   0.0500   0.0599   0.0483
 
 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  14.97    (   2.581)      54346.0     100.00
 
  RUNOFF                          2.368   (  0.9372)       8596.44     15.818
 
  EVAPOTRANSPIRATION             11.468   (  1.5578)      41627.75     76.598
 
  LATERAL DRAINAGE COLLECTED      1.13060 (  0.48310)      4104.066    7.55174
    FROM LAYER  1
 
  PERCOLATION/LEAKAGE THROUGH     0.00004 (  0.00002)         0.140     0.00026
    LAYER  3
 
  AVERAGE HEAD ON TOP             0.075 (    0.032)
    OF LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.000     0.00000
    LAYER  4
 
  CHANGE IN WATER STORAGE         0.005   (  0.9798)         17.68      0.033
 
 *******************************************************************************
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� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              1.75          6352.500
 
       RUNOFF                                     1.147         4163.9863
 
       DRAINAGE COLLECTED FROM LAYER  1           0.07569        274.74951
 
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.000003         0.00987
 
       AVERAGE HEAD ON TOP OF LAYER  2            1.847
 
       MAXIMUM HEAD ON TOP OF LAYER  2            3.610


       LOCATION OF MAXIMUM HEAD IN LAYER  1
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000000         0.00000
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.2157
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0250
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.


 
 ******************************************************************************


� 
Page 7


M233D170
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            1.0041         0.0558


                       2            0.0000         0.0000


                       3            0.1800         0.7500


                       4           51.1180         0.2840


                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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Table ATT4.1a.  Veneer Failure Between Soil and Textured HDPE Geomembrane for 


Units Closed with Method 1. 
 


Colstrip SES - Units closed using Method 1 
 
Static Stability -  Seismic Stability -


Cover System Parameter Value Cover System Parameter Value
Total unit weight of soil, gt (pcf) 110 Total unit weight of soil, gt (pcf) 110
Saturated unit weight of soil, gsat (pcf) 125 Thickness of soil layer, t (in) 18.0


Unit weight of water, gw (pcf) 62.4 
Thickness of water flow along slope, tw 


(in) 0.012 


Buoyant unit weight of soil, gb (pcf) 62.6 
Thickness of water flow in toe of slope, 


t*
w (in) 0.022 


Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


0.012
Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 
0.022


Interface friction angle, δ (degrees) 25 
Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.436 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 0 


Interface friction angle, δ (degrees) 25 Soil internal friction angle, φ s (degrees) 32 
Interface friction angle, δ (radians) 0.436 Soil internal friction angle, φ s (radians) 0.559 


Interface adhesion, a (psf) 0 Height of slope, h (ft) 240
Soil internal friction angle, φ (degrees) 32 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.559 Soil cohesion, c (psf) 0 


Height of slope, h (ft) 240.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 1.41 Factor of Safety 1.24


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 1.40 (A/B)*tanδ 1.24 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 0.00 ai/(B*γt*t) 0.000
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 1.00 t/2h 0.003


t / h 
6.25E-


03 (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.259 
sin f / [(2sin bcosb) (cos (b + f))] 1.387 ((1+Kh


2)/AB)2 9.16E+00
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.210 sinβ/(1-(B/A)*tan φ s) 0.41376128 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) 1.000 (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) - 
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Table ATT4.1b.  Veneer Failure Between Non-Woven Geotextile and Textured HDPE 
Geomembrane for Units Closed with Method 1. 


 
Colstrip SES - Units closed using Method 1 


 
Static Stability -  Seismic Stability -


Cover System Parameter Value Cover System Parameter Value
Total unit weight of soil, gt (pcf) 110 Total unit weight of soil, gt (pcf) 110
Saturated unit weight of soil, gsat (pcf) 125 Thickness of soil layer, t (in) 18.0


Unit weight of water, gw (pcf) 62.4 
Thickness of water flow along slope, tw 


(in) 0.012 


Buoyant unit weight of soil, gb (pcf) 62.6 
Thickness of water flow in toe of slope, 


t*
w (in) 0.022 


Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


0.012
Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 
0.022


Interface friction angle, δ (degrees) 21.3 
Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.372 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 10.9 


Interface friction angle, δ (degrees) 21.3 Soil internal friction angle, φ s (degrees) 32 
Interface friction angle, δ (radians) 0.372 Soil internal friction angle, φ s (radians) 0.559 


Interface adhesion, a (psf) 10.9 Height of slope, h (ft) 240
Soil internal friction angle, φ (degrees) 32 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.559 Soil cohesion, c (psf) 0 


Height of slope, h (ft) 240.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 1.39 Factor of Safety 1.14 


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 1.17 (A/B)*tanδ 1.03 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 0.21 ai/(B*γt*t) 0.016
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 1.00 t/2h 0.038


t / h 
6.25E-


03 (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.259 
sin f / [(2sin bcosb) (cos (b + f))] 1.387 ((1+Kh


2)/AB)2 9.16E+00
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.210 sinβ/(1-(B/A)*tan φ s) 0.41376128 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) 1.000 (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) - 
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Table ATT4.1c.  Veneer Failure Between Textured HDPE Geomembrane and Paste for 


Units Closed with Method 1. 
 


Colstrip SES - Units closed using Method 1 
 


Static Stability -  Seismic Stability -
Cover System Parameter Value Cover System Parameter Value


Total unit weight of soil, gt (pcf) 110 Total unit weight of soil, gt (pcf) 110
Saturated unit weight of soil, gsat (pcf) 125 Thickness of soil layer, t (in) 24.0


Unit weight of water, gw (pcf) 62.4 Thickness of water flow along slope, tw 
(in) 0.012 


Buoyant unit weight of soil, gb (pcf) 62.6 Thickness of water flow in toe of slope, 
t*


w (in) 0.022 
Thickness of soil layer, t (in) 24.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


0.012
Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 
0.022


Interface friction angle, δ (degrees) 25 


Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.436 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 0 
Interface friction angle, δ (degrees) 25 Soil internal friction angle, φ s (degrees) 32 
Interface friction angle, δ (radians) 0.436 Soil internal friction angle, φ s (radians) 0.559 
Interface adhesion, a (psf) 0 Height of slope, h (ft) 240
Soil internal friction angle, φ (degrees) 32 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.559 Soil cohesion, c (psf) 0 
Height of slope, h (ft) 240.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 1.41 Factor of Safety 1.24


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 1.40 (A/B)*tanδ 1.24 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 0.00 ai/(B*γt*t) 0.000
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 1.00 t/2h 0.003


t / h 
6.25E-


03  (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.259 
sin f / [(2sin bcosb) (cos (b + f))] 1.387 ((1+Kh


2)/AB)2 9.16
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.210 sinβ/(1-(B/A)*tan φ s) 0.41376128 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) - (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) 1.0 
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Table ATT4.1d.  Veneer Failure Between Geotextile and Paste for Units Closed with 


Method 1. 
 


Colstrip SES - Units closed using Method 1 
 


Static Stability -  Seismic Stability -
Cover System Parameter Value Cover System Parameter Value


Total unit weight of soil, gt (pcf) 110 Total unit weight of soil, gt (pcf) 110
Saturated unit weight of soil, gsat (pcf) 125 Thickness of soil layer, t (in) 18.000


Unit weight of water, gw (pcf) 
62.4 


Thickness of water flow along slope, tw 
(in) 0.012 


Buoyant unit weight of soil, gb (pcf) 
62.6 


Thickness of water flow in toe of slope, 
t*


w (in) 0.022 
Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 0.012 Slope angle, β (radians) 0.322 
Thickness of water flow in toe of slope, 
t*


w (in) 0.022 Interface friction angle, δ (degrees) 35.7 
Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.623 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 0 
Interface friction angle, δ (degrees) 35.7 Soil internal friction angle, φ s (degrees) 32 
Interface friction angle, δ (radians) 0.623 Soil internal friction angle, φ s (radians) 0.559 
Interface adhesion, a (psf) 0 Height of slope, h (ft) 240
Soil internal friction angle, φ (degrees) 32 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.559 Soil cohesion, c (psf) 0 
Height of slope, h (ft) 240.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 2.16 Factor of Safety 1.91


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 2.16 (A/B)*tanδ 1.90 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 0 ai/(B*γt*t) 0.000
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 0.999 t/2h 0.003


t / h 
6.25E-


03  (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.259 
sin f / [(2sin bcosb) (cos (b + f))] 1.387 ((1+Kh


2)/AB)2 9.16E+00
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.210 sinβ/(1-(B/A)*tan φ s) 0.41376128 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) - (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) 1.0 
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Table ATT4.2a.  Veneer Failure Between Bottom Ash and Non-Woven Geotextile for 
Units Closed with Method 2. 


 
Colstrip SES - Units closed using Method 2 


 
Static Stability -  Seismic Stability -


Cover System Parameter Value Cover System Parameter Value
Total unit weight of soil, gt (pcf) 94 Total unit weight of soil, gt (pcf) 94
Saturated unit weight of soil, gsat (pcf) 112 Thickness of soil layer, t (in) 18.0


Unit weight of water, gw (pcf) 62.4 Thickness of water flow along slope, tw 
(in) 1.847 


Buoyant unit weight of soil, gb (pcf) 49.6 Thickness of water flow in toe of slope, 
t*


w (in) 3.610 


Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


1.847 Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 3.610 Interface friction angle, δ (degrees) 29 


Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.506 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 148 
Interface friction angle, δ (degrees) 29 Soil internal friction angle, φ s (degrees) 40 
Interface friction angle, δ (radians) 0.506 Soil internal friction angle, φ s (radians) 0.698 
Interface adhesion, a (psf) 148 Height of slope, h (ft) 56
Soil internal friction angle, φ (degrees) 40 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.698 Soil cohesion, c (psf) 0 
Height of slope, h (ft) 56.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 4.86 Factor of Safety 1.76


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 1.55 (A/B)*tanδ 1.47 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 3.26 ai/(B*γt*t) 0.248
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 0.89 t/2h 0.013


t / h 0.0268 (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.388 
sin f / [(2sin bcosb) (cos (b + f))] 2.047 ((1+Kh


2)/AB)2 9.16
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.628 sinβ/(1-(B/A)*tan φ s) 0.462686439 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) 0.933 (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) - 
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Table ATT4.2b.  Veneer Failure Between Non-Woven Geotextile and Textured HDPE 
Geomembrane for Units Closed with Method 2. 


 
Colstrip SES - Units closed using Method 2 


 
Static Stability -  Seismic Stability -


Cover System Parameter Value Cover System Parameter Value
Total unit weight of soil, gt (pcf) 94 Total unit weight of soil, gt (pcf) 94
Saturated unit weight of soil, gsat (pcf) 112 Thickness of soil layer, t (in) 18.0


Unit weight of water, gw (pcf) 62.4 Thickness of water flow along slope, tw 
(in) 1.847 


Buoyant unit weight of soil, gb (pcf) 49.6 Thickness of water flow in toe of slope, 
t*


w (in) 3.610 


Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


1.847 Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 3.610 Interface friction angle, δ (degrees) 21.3 


Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.372 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 10.9 
Interface friction angle, δ (degrees) 21.3 Soil internal friction angle, φ s (degrees) 40 
Interface friction angle, δ (radians) 0.372 Soil internal friction angle, φ s (radians) 0.698 
Interface adhesion, a (psf) 10.9 Height of slope, h (ft) 56
Soil internal friction angle, φ (degrees) 40 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.698 Soil cohesion, c (psf) 0 
Height of slope, h (ft) 56.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 1.38 Factor of Safety 1.10


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 1.09 (A/B)*tanδ 1.03 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 0.24 ai/(B*γt*t) 0.018
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 0.89 t/2h 0.013


t / h 0.0268 (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.388 
sin f / [(2sin bcosb) (cos (b + f))] 2.047 ((1+Kh


2)/AB)2 9.16
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.628 sinβ/(1-(B/A)*tan φ s) 0.462686439 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) 0.933 (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) - 
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Table ATT4.2c.  Veneer Failure Between Textured HDPE Geomembrane and 
Geosynthetic Clay Liner for Units Closed with Method 2. 


 
Colstrip SES - Units closed using Method 2 


 
Static Stability -  Seismic Stability -


Cover System Parameter Value Cover System Parameter Value
Total unit weight of soil, gt (pcf) 94 Total unit weight of soil, gt (pcf) 94
Saturated unit weight of soil, gsat (pcf) 112 Thickness of soil layer, t (in) 18.0


Unit weight of water, gw (pcf) 62.4 Thickness of water flow along slope, tw 
(in) 1.847 


Buoyant unit weight of soil, gb (pcf) 49.6 Thickness of water flow in toe of slope, 
t*


w (in) 3.610 


Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


1.847 Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 3.610 Interface friction angle, δ (degrees) 15.7 


Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.274 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 190 
Interface friction angle, δ (degrees) 15.7 Soil internal friction angle, φ s (degrees) 40 
Interface friction angle, δ (radians) 0.274 Soil internal friction angle, φ s (radians) 0.698 
Interface adhesion, a (psf) 190 Height of slope, h (ft) 56
Soil internal friction angle, φ (degrees) 40 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.698 Soil cohesion, c (psf) 0 
Height of slope, h (ft) 56.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 5.07 Factor of Safety 1.11


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 0.84 (A/B)*tanδ 1.24 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 4.1791 ai/(B*γt*t) 0.000
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 0.888 t/2h 0.050


t / h 0.0268 (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.210 
sin f / [(2sin bcosb) (cos (b + f))] 2.047 ((1+Kh


2)/AB)2 9.16
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.628 sinβ/(1-(B/A)*tan φ s) 0.395571849 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) - (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) 1.0 
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Table ATT4.2d.  Veneer Failure Between Geosynthetic Clay Liner and Paste for Units 
Closed with Method 2. 


 
Colstrip SES - Units closed using Method 2 


 
Static Stability -  Seismic Stability -


Cover System Parameter Value Cover System Parameter Value
Total unit weight of soil, gt (pcf) 94 Total unit weight of soil, gt (pcf) 94
Saturated unit weight of soil, gsat (pcf) 112 Thickness of soil layer, t (in) 18.0


Unit weight of water, gw (pcf) 62.4 Thickness of water flow along slope, tw 
(in) 1.847 


Buoyant unit weight of soil, gb (pcf) 49.6 Thickness of water flow in toe of slope, 
t*


w (in) 3.610 


Thickness of soil layer, t (in) 18.0 Slope angle, β (degrees) 18.43 
Thickness of water flow along slope, tw 
(in) 


1.847 Slope angle, β (radians) 0.322 


Thickness of water flow in toe of slope, 
t*


w (in) 3.610 Interface friction angle, δ (degrees) 15.7 


Slope angle, β (degrees) 18.43 Interface friction angle, δ (radians) 0.274 
Slope angle, β (radians) 0.322 Interface adhesion, ai (psf) 190 
Interface friction angle, δ (degrees) 35.7 Soil internal friction angle, φ s (degrees) 40 
Interface friction angle, δ (radians) 0.623 Soil internal friction angle, φ s (radians) 0.698 
Interface adhesion, a (psf) 0 Height of slope, h (ft) 56
Soil internal friction angle, φ (degrees) 40 Tension in geosynthetics, T (lbs/ft) 0 
Soil internal friction angle, φ  (radians) 0.698 Soil cohesion, c (psf) 0 
Height of slope, h (ft) 56.0 Seismic Coefficient, s 0.039 
Tension in geosynthetics, T (lbs/ft) 0 A, dimensionless parameter 0.936350413
Soil cohesion, c (psf) 0 B, dimensionless parameter 0.353226419


Factor of Safety 2.20 Factor of Safety 1.95


Calculated Factors Value Calculated Factors Value
λ (tanδ/tanβ) 2.16 (A/B)*tanδ 1.90 


FS2= [a / sin b] / [gt (t-tw) + gsat tw] 0 ai/(B*γt*t) 0.000
[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 0.888 t/2h 0.013


t / h 0.0268 (sin β* tan φ s)/(1-(B/A)*tan φ s) 0.388 
sin f / [(2sin bcosb) (cos (b + f))] 2.047 ((1+Kh


2)/AB)2 9.16
[c t / h] / [gt (t - tw) + gsat tw] 0 cs/γt*h 0.000
cos f / [(sin b) (cos (b + f))] 4.628 sinβ/(1-(B/A)*tan φ s) 0.462686439 
[T / h] / [gt (t - tw) + gsat tw] 0 ((1+kh


2)/AB) 3.028
λ (Failure above geomembrane) - (T / h)*sinβ/(Β*γt*t) 0 
λ (Failure below geomembrane) 1.0 
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VENEER STABILITY ANALYSIS  


COLSTRIP SES EHP A CELL & NEW CLEARWELL 


PURPOSE 


The purpose of this calculation package is to develop interface shear strength specifications for the 
components of the A Cell final cover system of the Colstrip Steam Electric Station (SES) Effluent 
Holding Pond (EHP) located in Colstrip, Montana. A portion of the A Cell final cover will serve 
as the liner for the New Clearwell, a new surface impoundment to be constructed above a section 
of A Cell. The remainder of this calculation package presents the following: 


• Description of the proposed final cover systems; 


• Method of analysis; 


• Input data for analysis; and 


• Analysis results and conclusions. 


The veneer stability analysis was performed considering the material types proposed for both the 
New Clearwell liner system and the A Cell final cover system, and the critical slope geometry. 
The analysis was performed as a back-calculation to establish the minimum required interface 
friction angle between any two layers of the final cover system to achieve the minimum required 
factor of safety. 


This analysis was performed to support the closure of A Cell and the construction of the New 
Clearwell in accordance with the requirements of §§257.102 and 257.72 of the Federal Coal 
Combustion Residuals (CCR) Rule for alternative final covers and alternative liners, 
respectively. 


DESCRIPTION OF POPOSED FINAL COVER SYSTEMS 


As mentioned above, a portion of the A Cell final cover system will serve as the liner of the New 
Clearwell. The portion of the final cover serving as the liner of the New Clearwell is referenced 
as the Type III Cover System, whereas the Type IV Cover System will be a vegetated cover for 
the remaining portion of A Cell. The limits of the Type III and Type IV Cover Systems are 
shown on the grading plan presented as Figure 1. 


The proposed Type III Cover System, which will also serve as the New Clearwell liner, 
comprises the following components, from top to bottom: 


• 60-mil high-density polyethylene (HDPE) geomembrane; 


• geocomposite drainage layer; 


• 60-mil HDPE geomembrane liner; and 
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• geosynthetic clay liner (GCL) 


The GCL will be placed directly on a prepared bottom ash subgrade. The New Clearwell is 
designed with 1.5 percent bottom grades and 3 horizontal to 1 vertical (3:1) or 33 percent 
sideslopes (Figure 1). 


The proposed Type IV Cover System comprises the following components, from top to bottom: 


• 6 inches of topsoil; 


• 12 inches of protective cover soil; 


• geocomposite drainage layer; 


• 60-mil HDPE geomembrane liner; and 


• non-woven geotextile cushion. 


The geotextile cushion will be placed directly above the existing bottom ash. The design grade 
for the proposed Type IV Cover System is 3%. 


The details of the Type III and Type IV Cover Systems cross-sections are presented in Figure 2. 


STABILITY CRITERIA 


According to the United States Environmental Protection Agency (USEPA) technical manual 
“Solid Waste Disposal Facility Criteria” (USEPA 1993), when there is no imminent danger to 
human life or threat of major environmental impact, the minimum recommended slope stability 
factor of safety is 1.25. A veneer stability failure of either the Type III or Type IV Cover 
Systems is unlikely to pose an imminent threat to human life or the environment and a failure 
could be relatively easily repaired. So, the stability of both final cover systems will be considered 
acceptable if the factor of safety is greater than or equal to 1.25. 


METHODS OF ANALYSIS 


Veneer stability of the final cover systems was evaluated using the sliding wedge failure analysis 
method outlined by Giroud et al. (1995) for geosynthetic-soil layered systems along a critical 
interface of a finite slope length. The minimum interface friction angle (internal friction angle 
along slip surface) required to achieve a target factor of safety (FS) was calculated using the 
following equation: 


𝐹𝐹𝐹𝐹 = λ
tan 𝛿𝛿
tan𝛽𝛽


+
𝛾𝛾𝑡𝑡(𝑡𝑡−𝑡𝑡𝑤𝑤∗ )+𝛾𝛾𝑏𝑏𝑡𝑡𝑤𝑤∗


𝛾𝛾𝑡𝑡(𝑡𝑡−𝑡𝑡𝑤𝑤)+𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑤𝑤


𝑡𝑡
ℎ


sin𝜙𝜙
2 sin𝛽𝛽 cos𝛽𝛽 cos(𝛽𝛽 + 𝜙𝜙) +


𝑎𝑎
sin𝛽𝛽�


𝛾𝛾𝑡𝑡(𝑡𝑡−𝑡𝑡𝑤𝑤)+𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑤𝑤
 


+
𝑐𝑐𝑡𝑡


ℎ�
𝛾𝛾𝑡𝑡(𝑡𝑡−𝑡𝑡𝑤𝑤)+𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑤𝑤


cos𝜙𝜙
sin𝛽𝛽 cos(𝛽𝛽 + 𝜙𝜙) +


𝑇𝑇
ℎ�


𝛾𝛾𝑡𝑡(𝑡𝑡−𝑡𝑡𝑤𝑤)+𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑤𝑤
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where 


𝐹𝐹𝐹𝐹 = factor of safety; 


λ = 
𝛾𝛾𝑠𝑠(𝑠𝑠−𝑠𝑠𝑤𝑤)+𝛾𝛾𝑏𝑏𝑠𝑠𝑤𝑤
𝛾𝛾𝑠𝑠(𝑠𝑠−𝑠𝑠𝑤𝑤)+𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤


 for failure surface above the geomembrane; 


λ = 1 for failure surface below the geomembrane; 


𝛾𝛾𝑡𝑡  = total unit weight of soil (pounds per cubic foot (pcf)); 


𝛾𝛾𝑏𝑏  = buoyant unit weight of soil (pcf); 


𝛾𝛾𝑠𝑠𝑠𝑠𝑡𝑡 =  saturated unit weight of soil (pcf); 


𝛿𝛿 = internal friction angle along slip surface (degrees); 


𝛽𝛽 =  slope angle (degrees); 


𝑎𝑎 = interface adhesion (pounds per square foot (psf)); 


𝑡𝑡 = thickness of soil layer (feet (ft)); 


𝑡𝑡𝑤𝑤 = thickness of water flow along slope (ft); 


𝑡𝑡𝑤𝑤∗  = thickness of water flow in toe of slope (ft); 


ℎ = height of slope (ft); 


𝜙𝜙 = internal friction angle of soil above critical surface (degrees); 


𝑐𝑐 = cohesion of soil above critical surface (psf); and 


𝑇𝑇 =  tension in geosynthetics. 


For the analysis of both final covers, the interface adhesion (𝑎𝑎) was conservatively assumed to be 
0 psf, and the tension in the geosynthetics (𝑇𝑇) was set to 0 lbs/ft because good design practice is 
to avoid imparting tension into non-reinforcing geosynthetic components.  


The New Clearwell is to be constructed for the storage of decant water from other EHP surface 
impoundments. As such, there is no soil component of the Type III Cover System. Because there 
is no soil component of the final cover (i.e., 𝑡𝑡 = 0) and adhesion and tension in the geosynthetics 
are assumed to be equal to zero, Equation 1 reduces to Equation 2: 


𝐹𝐹𝐹𝐹 = λ tan𝛿𝛿
tan𝛽𝛽


 Equation 2 


As there is no overlying soil layer of the Type III Cover System, failure is assumed to occur 
below the geomembrane. Therefore, λ is taken to be equal to one. 
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Cases Analyzed 


The critical cross-section and slope geometry was assumed to be the Type III Cover System on 
the New Clearwell sideslope, as it is the highest and steepest slope considered. The minimum 
interface friction angle required to achieve the target FS was evaluated for the critical cross-
section. The calculated minimum interface friction angle was then used to evaluate the FS of the 
non-critical cross-section (i.e., the Type IV Cover System on a 3% slope) to verify the calculated 
interface friction angle is sufficient to maintain stability. 


MATERIAL PROPERTIES 


For the analysis of the proposed Type IV Cover System, the properties of the topsoil and 
protective cover layers were assumed based on compaction and grain size analyses on the 
proposed borrow soil.  The borrow soil was classified as a low plasticity clay, with a dry unit 
weight varying from 106 to 113 pcf depending on the compaction effort and moisture content.  
The cover soil will be placed in a very loose configuration, and so was assumed to have a dry 
unit weight of 95 pcf, a bulk unit weight of 109 pcf, and a saturated unit weight of 122 pcf.  As 
the cover soil was found to have similar properties to the EHP Main Dam foundation material 
from Bechtel (1982), an internal friction angle (𝜙𝜙) of 31° was assigned to the soil.  The 
laboratory testing results of the cover borrow soil can be found in Appendix A. 


The maximum head on the geomembrane of the Type IV Cover System is estimated to be 1.4 
inches, as demonstrated in the A Cell & New Clearwell Geocomposite Drainage Layer Analysis. 
Since flow through the 250-mil geocomposite is ignored, the flow of water along the slope is 
taken as 1.1 inches or 0.1 feet. 


As indicated above, the interface shear strength (i.e., friction angle between geosynthetics or 
between geosynthetics and soil materials) was varied to identify the minimum interface friction 
angle that would achieve the minimum required FS for the critical cross-section. 


RESULTS 


The minimum required interface friction angle to achieve FS of at least 1.25 was calculated for 
the Type III Cover System geometry described above. The minimum required interface friction 
angle for the liner was calculated to be 22.5 degrees. The FS calculated for the non-critical cross-
section (i.e., Type IV Cover System on 3 percent slope) using the minimum required interface 
friction angle calculated for the Type III Cover System is 9.5. Tabulated calculations, which 
includes input and output data for loading conditions, is included as Appendix B. 


RECOMMENDATIONS 


For the Type III and Type IV Cover Systems, the shear strength envelopes of the geomembrane-
geocomposite, geomembrane-GCL and GCL-bottom ash interfaces are characterized by a 
minimum interface friction angle of 22.5 degrees and no adhesion (i.e., 𝑠𝑠 ≥ 𝜎𝜎 tan 22.5). 







 


Written by: S. O’Donnell Date: 9/27/2016 


Reviewed by: D. Espinoza Date: 10/17/2016 
Client: Talen Montana Project: Colstrip EHP New Clearwell Project No.: ME1343 Phase No.: 04 


 


ME1343/Colstrip NC Veneer Stability FINAL 5  


Based on the design considerations described in this calculation package and the results of these 
analyses, the following recommendations are made with respect to the selection, testing, and use 
of materials for the liner system: 


• Interface friction testing shall be performed as a “sandwich” test in accordance with the 
active version of ASTM D5321. The peak interface strength (𝑠𝑠) for the “sandwich” shall 
meet or exceed the shear strength envelope described above (i.e., 𝑠𝑠 ≥ 𝜎𝜎 tan 22.5) 


• One configuration each for Type III and Type IV Cover Systems shall be tested, 
consisting of the following geosynthetic and soil materials, from top to bottom:  


I. geomembrane; geocomposite; geomembrane; GCL; and bottom ash subgrade 
material; and 


II. protective cover soil; geocomposite; geomembrane; non-woven geotextile; and 
bottom ash subgrade material. 


• Testing shall be performed under two sets of normal pressure, one each corresponding to 
the configurations described above.  The ranges of normal pressure were selected for 
testing were based upon the range of expected normal stresses in the two cover types 
(Type III and Type IV) : 


I. 375 pounds per square foot (psf), 750, psf; and 1500 psf; and 


II. 100 psf, 200 psf, and 400 psf. 


• Geomembrane shall be a double-sided textured geomembrane; 


• Geocomposite shall consist of a geonet core with non-woven geotextile heat-bonded to 
both side as recommended in Geocomposite Design Analysis for the EHP A Cell and 
New Clearwell; and 


• Testing shall be performed using geosynthetics, cover soil materials, and bottom ash 
materials proposed to be used for construction of the final cover systems. 


If field conditions are different than those assumed herein, or material qualification tests indicate 
that the specified material properties cannot be achieved, then the Engineer shall be notified and 
the calculations evaluated. 
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Client: Geosyntec Consultants TRI Log#: 19608.2


Project: Colstrip Eletric Plant Test Method: ASTM D422
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TABLE 7-2 


ENGIYEERIXG PROPERTIES OF FOUNDATION MATERIALS 


PROPERTY MAGNITUDE 
I n t e r b e d d e t  


Al luvium Sands  t o n e /  
Main Dam S a d d l e  Dam Baked S h a l e  S i l t s t o n e  [Shale*  


D e s c r i p t i o n  o f  s o i l  CL-YL-SM CL-ML-S:: CL-ML-SM 
S i l t s  t o n e ,  
s a n d s t o n e , s h a l e  


S t a n c a r d  p e n e t r a t i o n  r e s i s t a n c e  
N ,  ( b lows / foo t )  


P e r c e n t  p a s s i n g  No. 200 s i e v e  4 2-9 7 b e f o r e  compac t i on  3-23 22-99** 
a £  ter compac t i on  3-37 


I n - s i t u  m o i s t u r e  c o n t e n t ,  % 7-26 8-25 7-10 6-19 


Dry s n i t  we igh t ,  pc f  
4 
I S p e c i f i c  g r a v i t y  
00 


A t t e r b e r g  L i m i t s  


L i j u i d  L imi t ,  % 
P l a s t i c i t y  I ndex ,  % 


Labora to ry  compact ion  


Naximum d r y  d e n s i t y ,  pcf  
O ~ t i m u m  m o i s t u r e  con t en t ,  8 


p e r m e a b i l i t y ,  f t / y r .  


S h e a r  s t r e n g t h  


T o t a l  s t r e n g t h  pa r ame te r s  0 (deg) 3-28 
f o r  s h o r t  t e rm  c o n d i t i o n  c ( k s f )  0.5-3.7 
(ba sed  o n  UU t e s t s )  


E f f e c t i v e  s t r e n g t h  0' (deg) 30-31 
p a r a m e t e r s  f o r  l o n g  ,=t ( k s f  0 
te rm c o n d i t i o n  
(ba sed  o n  5 and CD t e s t s )  


Compress ion  r a t i o  CC/ ( l+eo) 0.06-0.135 0.072-0.133 


Recompression r a t i o  Cr/ ( l +  eo) 0.005-0.018 0.009-0.014 


Abso rp t i on ,  8 


* From C o l s t r i p  "Second S t a g e  Evapo ra t i on  Pond Des ian  Repo r t "  December 1979 
**Prsdorninent ly  s i l t  s i z e s ,  o r i g i n a t i n g  from decomposed s i l t s t o n e  







TABLE 7-3 


DESIGN PARAMETERS OF FOUNDATION MATERIALS 


PROPERTY MAGNITUDE 


Alluvium Baked S h a l e * *  I n t e r b e d d e d  
S a n d s  t o n e /  


Main Dam S a d d l e  Dam S i l t s  t o n e / S h a l e *  


M o i s t u r e  c o n t e n t ,  % 


M o i s t  d e n s i t y ,  pcf  1 1 2  112  140 140  


Dry d e n s i t y ,  p c f  9 7 9 7 


S a t u r a t e d  d e n s i t y ,  p c f  124  124  


P e r m e a b i l i t y ,  f t / y r  150  150 


S h e a r  s t r e n g t h  


T o t a l  s t r e n g t h  p a r a m e t e r s  0 ( d e g )  2 5 2 1  
f o r  s h o r t  t e rm c o n d i t i o n  C ( k s f )  0.7 0 


E f f e c t i v e  s t r e n g t h  0' ( d e g )  3 1  
p a r a m e t e r s  f o r  l o n g  c '  ( k s f  0 
t e r n  c o n d i t i o n  


Compress ion  r a t i o  Cc/ ( l+eo) 0 .1  0 . 1  


Recompress ion  r a t i o  C r / ( l + e o )  0.01 0 . 0 1  


. . ---- - . 
* Assumed p a r a m e t e r s  f o r  s l o p e  s t a b i l i t y  a n a l y s i s  


** P a r a q e t e r s  assumed t o  b e  same a s  i n t e r b e d d e d  s a c d s t o n e ,  s i l t s t o n e ,  s h a l e  



MNolden

Rectangle
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Veneer Stability Factor of Safety Calculations 
Colstrip SES EHP New Clearwell 


Type III Cover System 


 Liner System Parameter Value 


Slope angle, β (degrees) 18.40 


Interface friction angle, δ (degrees) 22.5 


Interface adhesion, a (psf) 0 


Tension in geosynthetics, T (lbs/ft) 0 


  Factor of Safety 1.25 
 


  







 


 


Veneer Stability Factor of Safety Calculations 
Colstrip SES EHP New Clearwell 


Type IV Cover System 


 Liner System Paramet+5:34er Value 


Total unit weight of soil, gt (pcf) 109 


Saturated unit weight of soil, gsat (pcf) 122 


Thickness of soil layer, t (ft) 1.5 


Thickness of water flow along slope, tw (ft) 0.10 


Thickness of water flow in toe of slope, t*
w (ft) 0.10 


Slope angle, β (degrees) 2.60 


Interface friction angle, δ (degrees) 22.5 


Interface adhesion, a (psf) 0 


Soil internal friction angle, f (degrees) 31 


Height of slope, h (ft) 13 


Tension in geosynthetics, T (lbs/ft) 0 


Soil cohesion, c (psf) 0 


  Factor of Safety (Above Geomembrane) 9.53 


Factor of Safety (Below Geomembrane) 9.88 


  Calculated Factors Value 


Failure Above Geomembrane 


λ  0.962 


λ (tan δ/tan β) 8.776 


Failure Below Geomembrane 


λ 1 


λ (tanδ/tanβ) 9.12 


[a / sin b] / [gt (t-tw) + gsat tw] 0.00 


[gt (t - t*w) + gb t*w] / [gt (t - tw) + gsat tw] 0.962 


t / h 
1.15E-


01 


sin f / [(2sin bcosb) (cos (b + f))] 6.823 


[c t / h] / [gt (t - tw) + gsat tw] 0 


cos f / [(sin b) (cos (b + f))] 22.686 


[T / h] / [gt (t - tw) + gsat tw] 0 
 







 


 


APPENDIX A.4 


GLOBAL SLOPE STABILITY ANALYSIS 







 


ME1272/02/…/ME1272-CSES_Global Slope Stability_FINAL_v2 


COMPUTATION COVER SHEET 
 


Client: Talen Montana, LLC Project: Colstrip SES Project #: ME1272 Task #: 02 
     
TITLE OF COMPUTATIONS GLOBAL SLOPE STABILITY ANALYSIS 
 
COMPUTATIONS BY: Signature   09/02/2016 
    DATE 


 Printed Name Zichang Li   
 and Title Staff Engineer   


 
ASSUMPTIONS AND PROCEDURES     
CHECKED BY: Signature   09/14/2016 
(Peer Reviewer)    DATE 


 Printed Name Chunling Li    
 and Title Project Engineer    


 
COMPUTATIONS CHECKED BY: Signature   09/15/2016 
    DATE 


 Printed Name Sean O’Donnell   
 and Title Staff Engineer   


 
COMPUTATIONS  Signature   09/13/2016  
BACKCHECKED BY: (Originator)    DATE  
 Printed Name Zichang Li    
 and Title Staff Engineer    


 
APPROVED BY: Signature   09/19/2016 
(PM or Designate)    DATE  
 Printed Name David Espinoza    
 and Title Principal    
APPROVAL NOTES:   
  
 
REVISIONS (Number and initial all revisions) 
  


NO.  SHEET  DATE  BY  CHECKED BY  APPROVAL 
           
           
           







 Page 1 of 11 
        


Written by: Z. Li Date: 09/02/2016 Reviewed by: D. Espinoza Date: 09/19/2016 
 


Client: Talen Montana LLC Project: Colstrip SES Project No.: ME1272 Phase No.: 02 
        


 


ME1272/02/…/ME1272-CSES_Global Slope Stability_FINAL_v2.doc 


GLOBAL SLOPE STABILITY ANALYSIS  
 
PURPOSE 
 
On 17 April 2015, the United States Environmental Protection Agency (USEPA) published the 
final rule for disposal of coal combustion residuals (CCR) from electric power utilities under 
Subtitle D of the Resource Conservation and Recovery Act (RCRA), contained in Part 257 of Title 
40 of the Code of Federal Regulations (40 CFR 257 Subpart D), referred to herein as the CCR 
Rule.  Per the requirements of the CCR Rule, the CCR impoundments of the Colstrip Steam 
Electric Station (Colstrip SES), located in Colstrip, Montana, will be redesigned and/or upgraded.  
Table 1 presents the proposed closure method for the individual units in the plant area, Units 1 & 
2 Stage Two Evaporation Ponds (U12 STEP) and Units 3 & 4 Effluent Holding Ponds (U34 EHP).  
Figure 1 shows the locations of the impoundments that will be closed. 
 
The purpose of this analysis is to evaluate the global slope stability of the aforementioned units 
under construction, operation and/or final closure conditions.  This analysis was prepared in 
compliance with the CCR Rule Section 257.102 - Criteria for Conducting the Closure or Retrofit 
of CCR Units.  Section 257.102(d)(1) requires that the owner or operator perform global slope 
stability assessments for closure performance and document whether the calculated factors of 
safety for the unit achieve the minimum safety factors specified by the Rule. 
 
STABILITY CRITERIA 
 
The factors of safety (FS) of the critical cross-sections required in CCR Rule §257.74(e)(1) are 
used for the global slope stability evaluation.  The critical cross-sections are defined by the CCR 
Rule as the cross-sections anticipated to be the most susceptible of all cross-sections to structural 
failure based on appropriate engineering considerations, including loading conditions.  The FS was 
evaluated for the following conditions, as specified by the CCR Rule: 
 


(i) end-of-construction loading condition or other intermediate loading conditions (FS ≥ 
1.3); 


(ii) long-term, maximum storage pool loading condition (FS ≥ 1.5); 
(iii) maximum surcharge pool loading condition if applicable (FS ≥ 1.4); 
(iv) seismic condition (FS ≥ 1.0); and 
(v) post-liquefaction (FS ≥ 1.2). 


 
METHODS OF ANALYSIS 
 
Overview 
 
The FS of the selected cross-sections were evaluated using limit equilibrium theory and methods 
of slices.  The stability analysis was performed using the computer program SLIDE®, Version 6.0 
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[Rocscience 2012].  SLIDE® is a 2D slope stability program for evaluating the factor of safety of 
circular and non-circular failure surfaces in soils.  The procedure consists of analyzing numerous 
potential failure surfaces to find the critical failure surface that results in the minimum FS for the 
slope.  The specific method of slices used in this analysis was the Spencer method [Spencer 1967].  
In the Spencer method both force and moment equilibrium are satisfied in each slice and the slope 
of the inter slice forces is assumed constant and parallel to each other. 
 
Numerous potential failure surfaces, both circular and non-circular, were considered as part of this 
analysis.  During the analysis, the search boundaries were varied in an attempt to identify the most 
critical failure surface.  For the circular slip surface search, a search grid with 50 horizontal 
increments and 50 vertical increments was used.  For non-circular block failure, the search for 
critical failure surface was conducted using two search blocks to search for critical slip surface in 
the potentially weak layers. 
 
SLIDE provides both the minimum FS and a FS contour map for the computation.  When the 
contour lines that contain the minimum FS were not fully enclosed, the search grid was expanded 
horizontally or vertically and the analysis performed again.  This iterative process allowed the 
global minimum FS to be calculated, not a local minimum factor of safety. 
 
Seismicity 
 
Seismic parameters were selected based on site-specific data obtained from the United States 
Geological Survey (USGS) website for a seismic event with a 2% probability of exceedance in 50 
years (as required by the CCR Rule).  The site-specific PGA in rock (PGArock) is equal to 0.048g 
(g = gravitational acceleration) as shown on the United States Geological Survey (USGS) seismic 
hazard deaggregation for Colstrip, Montana in Appendix A. 
 
The actual PGA depends on the attenuation of seismic waves through the soil layer on top of the 
bedrock.  A site coefficient, Fa, accounting for the geotechnical condition of the site, is used to 
estimate the peak ground acceleration at ground surface.  The International Building Code [IBC 
2006] provides recommendations of Fa values for different site conditions.  Considering the low 
Standard Penetration Test (SPT) blow counts in the upper subsurface and high SPT blow counts 
in the lower subsurface obtained during site investigations performed by Geosyntec from June 
2015 through April 2016 in the EHP area, the average SPT blow count in the top 100 ft is 
conservatively estimated to be between 15 and 50 blows per foot.  Details of the boring logs can 
be found in the Geotechnical Reports for EHP J Cell, EHP A Cell and EHP Drift Fence [Geosyntec 
2016].  According to the IBC [2006], the project site is classified as Class D (“stiff soil” profile), 
and a Fa value of 1.6 is recommended (see Appendix A).  Therefore, the peak ground acceleration 
(PGA) in soil at the site is estimated to be: 
 


PGA = Fa × PGArock = 1.6 × 0.048 g = 0.077 g 
 







 Page 3 of 11 
        


Written by: Z. Li Date: 09/02/2016 Reviewed by: D. Espinoza Date: 09/19/2016 
 


Client: Talen Montana LLC Project: Colstrip SES Project No.: ME1272 Phase No.: 02 
        


 


ME1272/02/…/ME1272-CSES_Global Slope Stability_FINAL_v2.doc 


The PGA only appears for very short duration in an earthquake.  There are different 
recommendations on selection of seismic coefficient ( ) in pseudo-static analysis.  Richardson et 
al. [1995] recommends that using  equal to 0.5·PGA/g will be a safe approach, based on 
deformation analyses performed by Hynes and Franklin [1984] and their past experience.  Using 
this recommendation,  of 0.039 is used in the pseudo-static seismic slope stability analysis. 
 
Liquefaction Potential 
 
Geotechnical investigation was conducted at the EHP pond area and the plantsite by Geosyntec 
during June 2015 and April 2016.  The boring logs were used to perform the liquefaction potential 
analysis.  Details can be found in the Liquefaction Potential Analysis for Proposed EHP New 
Clearwell [Geosyntec 2016] and the Liquefaction Potential Analysis for Proposed Scrubber 
Makeup Pond [Geosyntec 2016].  The conclusion from the analyses is that liquefaction is not 
expected to occur at the plant site and EHP area for the designed seismic event (i.e., an event with 
a return period of about 2,400 years).  Similar soil materials and geographic strategy were found 
at the STEP area from the historical data (similar to those in the EHP and plant site area).  It is 
reasonable to assume that liquefaction is not expected to occur at the STEP pond area for the 
designed seismic event prescribed by the CCR Rule for the aforementioned units at/near the 
Colstrip SES.  Therefore, the requirements of CCR Rule §257.74(e)(1)(v) are not applicable and 
the post-liquefaction loading condition was not analyzed. 
 
Cases Considered for Critical Cross-Sections 
 
The following cases are considered for the critical cross-sections if they are applicable to the 
analyzed units. 
 


• Case 1: End of Construction.  For this case, it is assumed that the unit is dry and empty or 
the fly ash is placed to the design elevation.  Adjacent ponds remain at the pre-construction 
level or the final impoundment condition, whichever is the most critical.  It is 
conservatively assumed that the fine-grained material will act as undrained.  This case 
presented the intermediate loading condition and addresses requirement of the CCR Rule 
§257.74(e)(1) (i). 


• Case 2: Final Condition with Static Loading Condition.  For this case, it is assumed that 
the analyzed unit is filled up to its final design grade for CCR landfills or the storage water 
2 ft below the crest of the embankment (the normal storage pool level).  Adjacent ponds 
are at the final condition based on the closure schedule as shown in Appendix A.  The Fine-
grained material is assumed to act as drained.  This case addresses requirement CCR Rule 
§257.74(e)(1)(ii). 


• Case 3: Intermediate loading condition.  For units with the paste impoundment, it is 
assumed that the groundwater drops and the pore pressure has not yet dissipated.  Adjacent 
ponds remain at the pre-construction level or the final impoundment condition, whichever 
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is the most critical.  It is conservatively assumed that the fine-grained material will act as 
undrained.  This case presented the intermediate loading condition and addresses 
requirement of the CCR Rule §257.74(e)(1)(i).  


• Case 4: Final Condition with Seismic Loading.  For this case, a seismic coefficient of 0.039 
is applied in the pseudo-static analysis.  Undrained shear strength is used to account for 
excess pore water pressure induced in fine-grained material during earthquake.  Other 
assumptions are the same as Case 2.  This case addresses requirement of the CCR Rule 
§257.74(e)(1)(iv). 


 
Maximum Surcharge Condition is only applied to the Clearwell Pond (EHP B Cell) and the 
adjacent ponds for the intermediate loading conditions.  It is notable that a 3 horizontal: 1 vertical 
(3H:1V) slope is conservatively considered in Case 3, which presents a more critical condition 
than that of the maximum surcharge condition for the water ponds.  Therefore, the requirement 
CCR Rule §257.74(e)(1)(iii) will be met if Case 3 satisfies the requirement CCR Rule 
§257.74(e)(1)(i). 
 
OVERVIEW OF STRATIGRAPHY AND SITE STRATIGRAPHY 
 
Figure 1 shows the location of the units at the Colstrip facility.  Figures 2 through 4 show the 
locations of the selected critical cross sections.  As can be seen from Figure 1, the STEP, plant site 
and EHP pond areas are located approximately 3 miles apart one to another.  The stratigraphy was 
first evaluated based on the available information.  The construction drawings and the geologic 
cross-sections from the historical data are presented in Appendices B and C, respectively.  
 
EHP Pond Area (Figure 2) 
 
Appendix B.3 presents the historical construction drawings for the EHP pond area.  As shown in 
the construction drawings [Becthel 1982], the EHP was constructed by enclosing the lowlands 
with clay-cored main dams.  The main dams were constructed upon 3,200 ft-msl on the hills and 
3,110 ft-msl at the ravines.  The crest of the main dams is approximately 3,290 ft-msl.  The main 
dams have bottom ash in the upper 2 to 5 ft and structural fill comprised of yellow silty clay, red 
silt and red baked shale in the lower portion.  The structural fill in the lower dam portion was 
mainly classified as silty clay with gravel.  The appearance of this structural fill in the lower dam 
portion is similar to the dam shell according to the boring logs.  Accordingly, the shear strength 
and unit weight for the main dam structural fill is assumed to be similar to dam shell.  The slope 
of the main dams is 3H:1V. 
 
Within the EHP area, several ponds were formed by divider dikes with a 2H:1V slope constructed 
upon the existing ground surface.  The divider dikes were or will be redesigned with a slope of 
3H:1V slope.  The material used for the divider dikes was bottom ash.  The bottom ash material 
primarily contains dark-gray sand greater than 80% (silty sand per USCS Soil Classification).  
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The geotechnical investigation conducted by Geosyntec shows that the natural ground elevation 
to the southwest is higher than the northeast.  The greenish-gray condensed clay (claystone) was 
found at EHP A and J Cells.  The reddish-orange shale and sandstone were found to the southwest.  
As shown in the EHP cross-sections A-A’, B-B’ and C-C’ (Appendix C), the stratigraphic model 
(from top to bottom) is layered by clayey silt with sand and gravel, shale, and condensed clay with 
coal seam interlayers. 
 
EHP A and D/E Cells are currently filled with bottom ash, EHP C Cell with ash paste, and EHP B 
Cell with CCR water and to be closed by converting it into a stormwater stage, and EHP G Cell 
contains some paste at the bottom.  EHP Cells A and D/E will be closed with a 3% slope.  EHP C 
and G Cells will be wet impounded and then dry impounded up to a 3H:1V final slope.  Based on 
the unit geometry, the EHP stratigraphy and the development schedule (Closure Plan) as discussed 
above, the most critical cross-sections, Cross-Sections 1-1’, 2-2’ and 3-3’ shown in Figure 2, were 
selected for the analysis.    
 
Plant Site (Figure 3) 
 
Appendix B.1 presents the historical construction drawings for the plan site.  As shown in the 
construction drawings [Bechtel 1979], Unit 1/2 B Fly Ash Pond (U12 B Pond), Unit 1/2 Bottom 
Ash with Clearwell Pond (U12 BA Pond) and Unit 3/4 Bottom Ash with Clearwell Pond (U34 BA 
Pond) were formed by clay-cored dikes.  Sub-cells were divided by dikes compacted using the 
structural fill.  The ponds were excavated to the “stiff non-organic clay”.  The sideslopes of the 
dikes were 2H:1V covered with a “minimum 3-ft clay blanket”.  
 
The current crest of U12 B Pond and U12 BA Pond is approximately 3,280 ft-msl.  The current 
crest of U34 BA Pond is approximately 3,290 ft-msl.  Geotechnical investigation performed by 
Geosyntec in June 2015 confirmed the plantsite cross-section A-A’ as presented in Appendix C.  
The geographic model (from top to bottom) is layered by grayish-yellow clayey silt with sand and 
gravel, and condensed clay with coal seam interlayers. 
 
U12 B Pond is currently filled with CCR water and ash paste, and will be closed with a 3% or 
3H:1V slope.  The proposed U12 Well Capture Storage Pond (WCSP) is to be constructed to the 
east of U12 B Pond and will share the east dike with U12 B Pond.  U34 BA Pond is currently filled 
with bottom ash and is to be closed with a 3H:1V or 3% slope.  A dewatering concrete structure 
to the southwest of U34 BA Pond is under construction and will be completed before closing U34 
BA Pond.  Based on the pond geometry and the plantsite stratigraphy as discussed above, the most 
critical cross-section, Cross-section 4-4’ as shown in Figure 3, was identified for the analysis. 
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STEP Pond Area (Figure 4) 
 
Appendix B.2 presents the historical construction drawings for the STEP pond area.  As shown in 
the construction drawings [Bechtel 1979], the STEP was constructed by enclosing the lowlands 
with a clay-cored main dam upon the ravine in the northeast (lowest at 3,170 ft-msl) and another 
clay-cored dam in the southwest.  The crest of the dams is approximately 3,280 ft-msl.  The main 
dam was constructed with clay core (0.3H:1V) and structural fill with a sideslope of 3H:1V slope.  
Within the STEP area, several ponds were formed by divider dikes with a 2H:1V slope constructed 
upon the existing ground surface.  The material used for the divider dikes was structural fill.  
 
As shown in the STEP cross-sections A-A’, B-B’ and C-C’ in Appendix C, the natural ground 
elevation to the southwest is higher than to the northeast.  The geographic model (from top to 
bottom) is layered by clayey silt with sand and gravel (colluvium/alluvium), bedrock (claystone, 
siltstone and sandstone) with coal seam and interlayers. 
 
STEP E Cell is currently filled with CCR water and paste and will be closed with a 3% slope, 
STEP Old Clearwell with CCR water and ash paste and to be closed with a 3% slope, and STEP 
D Cell with CCR water and to be closed with a 3% or 3H:1V slope.  Based on the unit geometry 
and the STEP stratigraphy as discussed above, the most critical cross-section, Cross-section 5-5’ 
shown in Figure 4, was identified for the analysis.   
 
CROSS-SECTIONS ANALYZED 
 
The critical cross-sections analyzed are summarized in Table 2. 
 
EHP Main Dam 
 
Based on the GB-20 boring log presented in the New Clearwell Geotechnical Report [Geosyntec 
2016b], the main dam has bottom ash in the upper 5 ft and structural fill that is comprised of yellow 
silty clay, red silt and red baked shale in the lower portion.  The structural fill in the lower dam 
portion was mainly classified as silty clay with gravel.  The appearance of this structural fill in the 
lower dam portion is similar to the dam shell according to the boring logs.  Accordingly, the shear 
strength and unit weight for the main dam structural fill is assumed to be similar to dam shell.  
 
EHP B/C and C/G Dikes 
 
The boring logs for GB-25 and GB-28 presented in the Drift Fence Geotechnical Report for 
[Geosyntec 2016a], indicates that EHP B/C and C/G dikes were constructed with compacted 
bottom ash built upon the natural soil surface.  The appearance of this soil below bottom ash is 
similar to the main dam shell according to the boring logs.  Accordingly, the shear strength and 
unit weight of the soil for the B/C and C/G dikes is assumed to be similar to dam shell.  Below, 
the soil is the condensed clay (bedrock).  The current crest of the B/C and C/G dikes is 







 Page 7 of 11 
        


Written by: Z. Li Date: 09/02/2016 Reviewed by: D. Espinoza Date: 09/19/2016 
 


Client: Talen Montana LLC Project: Colstrip SES Project No.: ME1272 Phase No.: 02 
        


 


ME1272/02/…/ME1272-CSES_Global Slope Stability_FINAL_v2.doc 


approximately 3,290 ft-msl.  Compacted bottom ash is assumed to be placed on top of the existing 
soil at 3,200 ft-msl for both B/C and C/G dikes (EHP Location of Explorations).  The elevation of 
condensed clay is estimated below 3,180 ft-msl based on the boring logs at EHP J Cell, the boring 
log for GB-22 and Geographic Cross-Sections [Hydrometrics 2015].  
 
Plant Site Divider Dike of U12 BA Pond 
 
Construction design drawing by Bechtel [1979] shows that this dike is a “Type I” dike, which has 
a clay core and a dam shell.  Subsurface investigation and laboratory testing conducted by WAI 
[2010] indicated that materials used for the clay core and dam shell materials are similar.  The dike 
was originally designed to have a crest width of 20 ft, and a 2H:1V side slope.  The current crest 
width is 60 ft.  It is assumed that the width was extended using bottom ash fill.  Boring investigation 
by WAI [2010] shows that the dike foundation is comprised of shale and claystone.  The 2015 site 
investigation by Geosyntec indicated that the condensed clay, which was referred to claystone, 
exists at approximately 3,235 ft-msl.   
 
STEP Dam 
 
As shown in the construction drawings (Appendix B.2), the STEP dam was constructed upon the 
ravine in the northeast of STEP.  The dam has a clay-core (0.3H:1V) and filled with structural fill 
(3H:1V sideslope).  The crest of the dam is approximately 3,280 ft-msl.  The clay core was installed 
to 3,170 ft-msl and the ground surface was approximately 3,195 ft-msl.  Construction drawings 
indicate that the bedrock is approximately at 3,180 ft-msl. 
 
MATERIAL PROPERTIES 
 
Material properties for the slope stability analysis were selected based on the results of site-specific 
geotechnical investigations, historical documentation, and technical references, as described 
below.  
 
Bedrock/Alluvium/Colluvium 
 
Previous slope stability analyses indicate that the bedrock presented at the site consisted of 
sandstone, claystone, siltstone or baked shale [Bechtel 1982; Womack 2011].  Geotechnical 
investigations conducted by Geosyntec during June 2015 and April 2016 show that the claystone 
and siltstone actually are greenish-gray condensed lean clay.  The condensed clay belongs to the 
Fort Union strata and the SPT blow counts within the layer were greater than 100 blows per foot 
(bpf).  Reddish-orange sandstone and siltstone were encountered in the southwest of the EHP area.  
Thin coal seam interlayers were encountered during the field investigation.  The coal seams were 
found heavily consolidated and the SPT blow counts were greater than 100 bpf.  Therefore, it is 
conservatively assumed that the properties of condensed clay (bedrock) are applied to where the 
coal seams are.  The subsurface alluvium presents cemented properties and the historical data 







 Page 8 of 11 
        


Written by: Z. Li Date: 09/02/2016 Reviewed by: D. Espinoza Date: 09/19/2016 
 


Client: Talen Montana LLC Project: Colstrip SES Project No.: ME1272 Phase No.: 02 
        


 


ME1272/02/…/ME1272-CSES_Global Slope Stability_FINAL_v2.doc 


refers as claystone or stiff non-organic clay.  For this analysis, the bedrock is conservatively 
assumed to have the lowest shear strength of all bedrock types from previous investigation.  
Accordingly, the shear strength and unit weight for the cemented alluvium is assumed to have the 
lowest shear strength of all bedrock types from previous investigation.  The soil covering the 
natural ground surface is brownish-yellow clayey silt with sand and gravel.  The appearance of 
natural soil is similar to the dam structural fill according to the boring logs.  Therefore, the shear 
strength and unit weight for the natural soil is assumed to be similar to dam structural fill. 
 
Aged Fly Ash Paste 
 
Data presented in the Drift Fence Geotechnical Report [Geosyntec 2016a] indicate that the existing 
aged fly ash paste deposits at 20 ft below the current grades (paste) in EHP C Cell typically has 
high SPT blow counts (SPT-N, 30 to above 50 blows/ft) and present cemented properties.  The 
shear strength for the existing fly ash paste is selected based on laboratory test results conducted 
by Womack [2011] as shown in Appendix D.  
 
New Fly Ash Paste (Fly Ash Slurry) 
 
EHP C and G Cells, STEP Old Clearwell and E and Cells are to be filled with ash paste to the 
proposed design final grade of 3% or 3H:1V.  For the long-term conditions, it is assumed that the 
proposed final grade is achieved.  Future fly ash paste placed is expected to have less cementation.  
It is assumed to have the same material properties used by Golder [2001].  
 
Material properties used in the analysis, as described above, are summarized in Table 3. 
 
Groundwater Condition 
 
EHP Pond Area: Highest groundwater levels historically observed were 3,285 ft-msl at EHP C 
Cell and 3,270 ft-msl at EHP G Cell, when the two units were filled with ash paste.  The current 
floor elevation at EHP G Cell is approximately 3,240 ft-msl and no water impoundment was 
observed.  It is notable that the observed highest levels may result from seepage of water from the 
pond and are not part of the shallow aquifer.  The piezometer readings installed at EHP J/J-1 Cell 
indicated that the aquifer locates at approximately 3,225 ft-msl.  The geotechnical investigation 
inside EHP C Cell indicated that the water might stay at 3,260 ft-msl, where the paste is aged and 
consolidated.  Therefore, it is conservatively assumed that the water table is 3,260 ft-msl at EHP 
C Cell and at 3,240 ft-msl at EHP G Cell when EHP C Cell is closed.  After closing EHP C and G 
Cells, the infiltration water will be reduced.  The ground water table observed at JC-15-06SP and 
JC-15-07SP were observed at approximately 3,225 ft-msl.  Therefore, the final groundwater at 
EHP G Cell is assumed to be 3,225 ft-msl.  
 
Plant Site: Observed groundwater elevation at U12 BA Pond is approximately 3,250 ft-msl.  As a 
liner system will be installed in the proposed U12 WCSP, future water impoundment is not 
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expected to raise the phreatic surfaces within the unit embankments or foundation.  Therefore, this 
analysis assumes that the groundwater table at U12 BA Pond will remain at the current level of 
3,250 ft-msl, while at the proposed WCSP, the water table will drop below the liner system. 
 
STEP Pond Area: Water was observed in the STEP ponds.  The clay-cored dam will hold the water 
in the pond.  It is conservatively assumed that the water table in the pond is 3,280 ft-msl, which is 
the elevation of the crest of the dam for the intermediate loading conditions.  As discussed for EHP 
C Cell, the paste at approximately 20 ft below ground surface may be aged and consolidated; 
therefore, it is assumed that the water table drops to 3,260 ft-msl, 20 ft below the ground surface 
of the paste in the pond.   
 
ANALYSIS RESULTS 
 
The output of slope stability analyses is included in Appendix E.  The minimum factors of safety 
for global slope stability are calculated and summarized in the table below.  As shown, all the FS 
calculated for the various loading condition exceeds the minimum requirements. 
 


CALCULATED FACTORS OF SAFETY 
Cross-


Sections Case Analyzed FS (Calculated) FS  
(required) Circular Non-Circular 


1-1’  


1 (end of construction) 1.532 1.800 1.3 
2 (long-term) 1.975 2.052 1.5 


3 (intermediate) 1.559 1.623 1.3 
4 (seismic) 1.365 1.429 1.0 


2-2’ 


1 (end of construction) 1.483 1.668 1.3 
2 (long-term) 2.393 2.409 1.5 


3 (intermediate) 1.516 1.687 1.3 
4 (seismic) 1.563 1.594 1.0 


3-3’ 


1 (end of construction) 1.569 1.717 1.3 
2 (long-term) 2.239 2.385 1.5 


3 (intermediate) 1.387 1.617 1.3 
4 (seismic) 1.285 1.363 1.0 


4-4’ 


1 (end of construction) 1.345 1.370 1.3 
2 (long-term) 1.766 1.785 1.5 


3 (intermediate) 1.411 1.410 1.3 
4 (seismic) 1.241 1.226 1.0 


5-5’ 


1 (end of construction) 1.385 1.742 1.3 
2 (long-term) 1.718 1.843 1.5 


3 (intermediate) 1.401 1.500 1.3 
4 (seismic) 1.206 1.292 1.0 


 
The stability analyses presented herein are based on the material properties summarized in Table 
3, Material Properties, and the proposed development schedule as stated in the closure plan.  If 
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further investigation or design activities necessitate changing the material properties or if 
significant deviation from the conditions presented is found during construction, additional 
stability analyses may need to be performed.  
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Table 1. Narrative Description of Unit Closures. 
 


Unit ID Waste Currently Managed Closure Method 
(proposed cover slope) 


Plant Area Ponds 


Units 1&2 B Fly Ash Pond CCR water and solids Close leaving CCR in place 
(3 percent) 


Units 1 & 2 Bottom Ash Pond Bottom ash & bottom ash 
process water 


Close leaving CCR in place 
(3 percent) 


Units 3 & 4 Bottom Ash Pond Bottom ash and bottom ash 
process water 


Close leaving CCR in place 
(3H:1V or 3 percent) 


Units 1 & 2 Stage II Evaporation Ponds 


Old Clearwell CCR water and solids Close leaving CCR in place 
(3 percent) 


Cell D CCR water and solids (future) Close leaving CCR in place 
(3 percent or 3H:1V) 


Cell E CCR water and solids Close leaving CCR in place 
(3 percent) 


Units 3 & 4 Effluent Holding Ponds 


Cell A CCR solids Close leaving CCR in place 
(3 percent) 


Cell B (Clearwater Cell) CCR water and solids Close leaving CCR in place 
(3 percent) 


Cell C CCR water and solids Close leaving CCR in place 
(3H:1V) 


Cell D/E CCR solids Close leaving CCR in place 
(3 percent) 


Cell G CCR solids 
Close leaving CCR in place 


and overfill construction 
(3H:1V) 


 
  







 


 


Table 2. Selected Critical Cross-Sections. 
 


Cross-
sections 


Representative 
Area References 


EHP:  
1-1’ 


Main Dam, 
3H:1V instead of 


a 3% slope 


1. Main dam cross-section is based on boring logs at EHP A Cell, 
Womack [Womack 2011], and the EHP Location of Explorations 
(Appendix B.3) [Bechtel 1982]. 


2. Foundation stratigraphy is the EHP Location of Explorations and 
Geologic Cross-Sections (Appendix C) [Hydrometrics 2015]. 


EHP:  
2-2’ 


Divider dikes 
constructed with 


compacted 
bottom ash, 


3H:1V instead of 
a 3% slope  


1. Cell C/G divider dike cross-section is based on Boring logs for GB-
27 and GB-28 in the Geotechnical Report for the EHP Drift Fence 
[Geosyntec 2016] and EHP Location of Explorations (Appendix B.3) 
[Bechtel 1982]. 


2. Foundation stratigraphy is EHP Location of Explorations and 
Geologic Cross-Sections (Appendix C) [Hydrometrics 2015]. 


EHP:  
3-3’ 


Divider dikes 
constructed with 


compacted 
bottom ash, 


2H:1V 
sideslopes; water 


storage pond 


1. Cell B/C divider dike cross-section is based on Boring logs for GB-25 
and GB-26 in the Geotechnical Report for the EHP Drift Fence 
[Geosyntec 2016] and EHP Location of Explorations (Appendix B.3) 
[Bechtel 1982]. 


2. Foundation stratigraphy is EHP Location of Explorations and 
Geologic Cross-Sections (Appendix C) [Hydrometrics 2015]. 


Plant 
Site:  
4-4’ 


Clay-cored dike, 
3H:1V dike 


sideslope, low 
operation water 


level  


1. Dike cross-section is based on the Plantsite Location of Explorations 
(Appendix B.1) [Bechtel 1979]. 


2. Foundation stratigraphy is based on Boring logs for GB-13, GB-14 
and GB-15 in the Geotechnical Report for the U12 BA Settling Basin 
[Geosyntec 2016], the Plantsite Location of Explorations (Appendix 
B.1) [Bechtel 1979] and Geologic Cross-Sections (Appendix D) 
[Hydrometrics 2015]. 


STEP:  
5-5’ 


Clay-cored dam, 
3H:1V instead of 


a 3% slope 


1. Main dam cross-section is based on the STEP Location of 
Explorations (Appendix B.2 [Bechtel 1979]. 


2. Foundation stratigraphy is from the STEP Location of Explorations 
and Geologic Cross-Sections (Appendix C) [Hydrometrics 2015]. 


 
  







 


 


Table 3. Material Properties. 
 


  


Material 


Effective Shear 
Strength(1) 


Total Shear 
Strength(2) 


Moist 
Unit 


Weight, 
pcf 


Saturated 
Unit 


Weight, 
pcf 


Source Cohesion, 
psf 


Friction 
Angle, 


deg 
Cohesion, 


psf 
Friction 
Angle, 


deg 
Water - - - - 62.4 62.4 - 


Dam Core 0 28.5 120 27 125 130 Bechtel 
[1989] 


Dam Shell/Fill 0 33 750 22.5 125 130 
Bechtel 
[1982] 
WAI 


[2010] 


Bottom Ash Fill 0 33 - - 94 112 Golder 
[2001] 


Bedrock 0 32 700 17.5 124 130 Bechtel 
[1979] 


Clay/Silt with Sand 
and Gravel 


(Alluvium/Colluvium) 
0 28 0 21 112 124 Bechtel 


[1982] 


Liner Interface 0 13 - - 94 112 


Assumed 
from 


literature 
and 


experience 


Aged Fly Ash Paste 0 35 
0.25*Eff. 


overburden 
stress 


0 102 102 WAI 
[2011] 


Fly Ash Fill 0 37.8 - - 106 116 WAI 
[2011] 


Notes: (1) Used for static loading condition. 
(2) For end of construction/seismic loading condition. 
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APPENDIX A 
USGS Seismic Hazard Deaggregation [USGS, 2009] 


and Site Coefficients [IBC 2006] 
  







 


 







 


 


 
 


 
  







 


 


APPENDIX B 
Locations of Exploration 


  







APPENDIX B.1 


DIMENSIONAL DRAWINGS 
PLANT AREA



























































APPENDIX B.2 


DIMENSIONAL DRAWINGS 
UNITS 1 & 2 STEP AREA 
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APPENDIX B.3 


DIMENSIONAL DRAWINGS 
UNITS 3 & 4 EHP AREA















































 


 


APPENDIX C 
Stratigraphic Cross-Sections 


  







SCALE
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FIGURE
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APPENDIX D 
Summary of Material Properties [WAI, 2011] 


  







USCS
Coef of Hydraulic Preconsolidation In-Situ Effective Effective Normalized Strength Undrained


Soil Borehole/Test Pit Sample Water Total Unit Dry Unit Degree of Liquid Plasticity Plasticity Liquidity % Passing Initial Void Compression Recompression Recompression Compression Consol Conductivity Stress Stress Overconsolidation Strength Cohesion Ratio Shear Strength
Name Source No. Depth Content Weight Weight Saturation Limit Index Limit Index No. 200 Ratio Index Index Ratio Ratio Cv k s'p s'vo Ratio φ' c' Cu/s'vo Su OMC Max Dry OMC Max Dry Classification


(ft) (%) (pcf) (pcf) (%) LL PI PL LI eo Cc Cr C'r C'c (ft2/day) (ft/day) (psf) (psf) OCR (degree) (psf) S (psf) (%) Density(pcf) (%) Density(pcf)
Clinker Ash SD-10-P36 U1 10 - 13  114.5       CL-ML


U1a 11.35 - 11.55 23.3 120.1 97.4 25 6 19 0.72 50.4
U1c 12.65 - 12.80 26.5 121.3 95.9 26.6 950 0.25
U1b 12.80 - 13.00 24.4 121.9 96.1 96.4 25 7 18 1.26 0.751 0.301 0.009 0.005 0.172 15,000 800 18.8 2087


U1b (INC) 13 26.8 121.9 96.1 25 7 18 1.26 0.751
U1d (INC) 10.96 24.4 124.1 99.8 0.686 1.12 1.71E-04


Clinker Ash SD-10-P38 U1 11.5 - 14.5  105.6  CL
11.78-11.98 23.5 126.1 102.1 29 10 19 0.45 52.4


Clinker Ash SD-10-P38 U2 15 - 18  114.6  CL
U2a 16.18 - 16.36 26.0 125.9 100.0 29 10 19 0.70 55.2
U2b 17.85 - 18.00 25.0 127.9 102.3 103.7 29 10 19 0.6 0.656 23,500 1,200 19.6 3241


Clinker Ash Ave 25.0 120.4 98.7 100.1 27.0 8.3 18.7 0.8 52.7 0.711 0.301 0.009 0.005 0.172 1.120 1.71E-04 19,250 1000.0 19.2 26.6 950 2664 CL


Paste MD-10-P7 U1 10.0 - 12.8  100.9  ML
U1a 10.50 - 10.66 45.2 109.5 75.4 43 8 35 1.28 95.4
U1b 10.66 - 10.81 52.4 99.5 65.3 89.3 40 5 35 3.48 1.596 0.390 0.013 0.005 0.150 14,000 400 35.0  0.25 1719


U1c (INC) 10.81 47.2 90.3 61.3 73.1 1.744 0.335 0.091 0.0332 0.122 0.78 2.80E-05 16,000


Paste MD-10-P8 U1 5.0 - 8.0 ML
U1a 6.0-7.5 54.3 101.4 65.7 93.5 48 11 37 1.57 1.578 0.405 0.031 0.0121 0.157 28,000 300 93.3 0.25 2825


Paste MD-10-P9 U1 10.0 - 13.0  103.3  ML
U1a 11.65 - 11.90 43.9 109.1 75.8 42 6 36 1.32 95.9
U1b 12.60 - 12.75 52.1 103.8 68.3 95.6 44 6 38 2.35 1.483 0.474 0.015 0.006 0.191 26,600 500 53.2 3004
U1c 12.75 - 12.90 50.8 102.9 68.2 35 0 0.25


Paste Ave 49.4 102.3 68.6 87.9 43.4 7.2 36.2 2.0 95.7 1.600 0.401 0.038 0.014 0.155 0.780 2.80E-05 21,150 400.0 60.5 35 0 2664 ML


Alluvium SD-09-25P U1/U2 28.5 - 31.0 15.4 128.5 111.3 27 12 15 0.03 76.8 CL


Fly Ash Borrow TP-10-4 3 49.7 74.2 29.3 84.5
TP-10-4 8 43.6 78.0 1.243 1.974 0.063 0.028 0.88 23.6 1.31E+00 3800 840 4.5 36.6 79.4
TP-10-5 3.5 55.5 82.3 1.102 0.801 0.059 0.028 0.381 23.51 7.94E-02 3950 367.5 10.7 37.8 0
TP-10-5 7 44.8 33.6 81.1


Fly Ash Borrow Ave 48.4 116.0 78.2 1.173 1.387 0.061 0.028 0.631 23.555 6.95E-01 3875.0 603.8 7.6 37.8 0 35.1 80.3 29.3 84.5


Table 7.2-1 Laboratory Test Results


Proctor


Standard Modified


Soil Sample Origin Static DSS Test ResultsIndex PropertiesPhysical Properties CRS Consolidation & Permeability Test Results







Undrained Undrained Effective Effective Hydraulic
Soil Report / Test Dry Unit Moist Unit Sat Unit Strength Cohesion Strength Cohesion Compression Recompression Recompression Compression Conductivity


Name Source Weight Weight Weight OMC φ c φ' c' Index Index Ratio Ratio k OMC Max Dry OMC Max Dry


(pcf) (pcf) (pcf) (%) (degree) (psf) (degree) (psf) Cc Cr C'r C'c (ft/s) (%) Density(pcf) (%) Density(pcf)
Core Bechtel, 1982 113 125 130 15 27 120 28.5 0 0.1 0.01


WAI, 2010 1.50E-07


Shell Bechtel, 1982 130 15 22.5 750 33 0 0.1 0.01
WAI, 2010 107.5 123.6 2.00E-07


Drain Bechtel, 1982 105 130 135 15 35 0 35 0 0.0317


Claystone/Siltstone Bechtel, 1982 112 124 21 0 28 0 3.20E-08


Clinker/Baked Shale Bechtel, 1982 130 140 16 40 0 40 0 0.17


Clinker Ash This Report 99 120.4 125 0 2000 26.6 950 0.301 0.009 0.005 0.0172 1.98E-09


Alluvium Bechtel, 1982 97 112 124 21 0 28 0 0.1 0.01 4.80E-06


Sandstone WAI, 2010 99.8 121 124 22.2 40.1 0 2.40E-05


Paste This Report 68.6 102 112 0 1700 35 0 0.401 0.038 0.014 0.155 3.24E-10


Fly Ash Slurry WAI, C-CW, 09 100 103.4 * * 28 700
Golder, 2001 74 3.28E-07


Fly Ash Borrow This Report 78.2 105.6 116 35.1  37.8 0 1.387 0.061 0.028 0.631 8.04E-06 35.1 80.3 29.3 84.5
WAI, 2001 22 0


Bottom Ash Fill Golder, 2001 86 93.7 112.2 29.3 20.5 3295 40.3 675 0.04 0.23 5.00E-04 29.3 86


* Undrained strength of fly ash slurry
C top layer = 100-psf
C rate of change = 9-psf/ft
C maximum = 3000-psf


Proctor


Standard Modified


Table 8.2.3-1 Soil Design Parameters


Soil Sample Data Physical Properties Engineering Properties







 


 


APPENDIX E 
Slope Stability Analysis Output 







1.5321.532


W


W


1.5321.532


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface? 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant
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SLIDE - An Interactive Slope Stability Program
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1.8001.800


W


W


1.8001.800


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Safety Factor
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1.9751.975


1
W


W


1.9751.975


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 0 32 None 0


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Piezometric Line 1 Constant


Aged ash paste above liner 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
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SLIDE - An Interactive Slope Stability Program


SLIDEINTERPRET 6.018







2.0522.052


1
W


W


2.0522.052


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 0 32 None 0


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Piezometric Line 1 Constant


Aged ash paste above liner 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Safety Factor
0.000
0.250
0.500
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1.000
1.250
1.500
1.750
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1.5591.559
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1.5591.559


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Piezometric Line 1 Constant


Aged ash paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Safety Factor
0.000
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1.6231.623


1
W


W


1.6231.623


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Piezometric Line 1 Constant


Aged ash paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Safety Factor
0.000
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1.3651.365


1
W


W


1.3651.365


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Piezometric Line 1 Constant


Aged ash paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


  0.039


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


45
00


42
50


40
00


37
50


35
00


32
50


30
00


-1500 -1250 -1000 -750 -500 -250 0 250 500 750 1000 1250


Analysis Description


CompanyScale 1:3553Drawn By


File Name Sec1_seismic_circular.sliDate 9/29/2015, 4:16:54 PM
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1.4291.429


1
W


W


1.4291.429


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Piezometric Line 1 Constant


Aged ash paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


  0.039
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1.4831.483


W
W


1.4831.483


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant
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1.6681.668


W
W


1.6681.668


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


36
00
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00


32
00


-600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600


Analysis Description


CompanyScale 1:1484Drawn By


File Name Sec2_end of construction_Ncircular.sliDate


Project


SLIDEINTERPRET 6.018







2.3932.393


1W
W


2.3932.393


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Liner Interface? 112 112 Mohr-Coulomb 0 13 None 0


Fly ash fill 116 Mohr-Coulomb 0 37.8 None 0


Aged ash paste above liner? 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


45
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42
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Analysis Description


CompanyScale 1:2923Drawn By


File Name Sec2_final_long term_circular.sliDate 9/25/2015, 12:07:38 PM


Project


SLIDE - An Interactive Slope Stability Program


SLIDEINTERPRET 6.018







2.4092.409


1
W


W


2.4092.409


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Liner Interface? 112 112 Mohr-Coulomb 0 13 None 0


Fly ash fill 116 Mohr-Coulomb 0 37.8 None 0


Aged ash paste above liner? 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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34
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-600 -400 -200 0 200 400 600


Analysis Description


CompanyScale 1:1729Drawn By


File Name Sec2_final_long term_Ncircular1.sliDate 9/25/2015, 12:07:38 PM


Project


SLIDE - An Interactive Slope Stability Program


SLIDEINTERPRET 6.018







1.5161.516


W


W


1.5161.516


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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-400 -300 -200 -100 0 100 200 300 400 500 600


Analysis Description


CompanyScale 1:1310Drawn By


File Name Sec2_intermediate_circular.sliDate


Project


SLIDEINTERPRET 6.018







1.6871.687


W


W


1.6871.687


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


37
00


36
00


35
00


34
00


33
00


32
00


31
00


-600 -500 -400 -300 -200 -100 0 100 200 300 400 500


Analysis Description


CompanyScale 1:1339Drawn By


File Name Sec2_intermediate_Ncircular.sliDate


Project


SLIDEINTERPRET 6.018







1.5631.563


1
W


W


1.5631.563


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface? 112 112 Mohr-Coulomb 0 13 None 0


Fly ash fill 116 Mohr-Coulomb 0 37.8 None 0


Aged ash paste above liner? 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


  0.039


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:1660Drawn By


File Name Sec2_final_seismic_circular1.sliDate


Project


SLIDEINTERPRET 6.018







1.5941.594


1
W


W


1.5941.594


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface? 112 112 Mohr-Coulomb 0 13 None 0


Fly ash fill 116 Mohr-Coulomb 0 37.8 None 0


Aged ash paste above liner? 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


  0.039


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:1556Drawn By


File Name Sec2_final_seismic_Ncircular1.sliDate


Project


SLIDEINTERPRET 6.018







1.5691.569


W
W


1.5691.569


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


37
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00
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00


34
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33
00


32
00


31
00


-500 -400 -300 -200 -100 0 100 200 300 400 500 600


Analysis Description


CompanyScale 1:1439Drawn By


File Name Sec3_end of construction_circular.sliDate


Project


SLIDEINTERPRET 6.018







1.7171.717


W


W


1.7171.717


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:1228Drawn By


File Name Sec3_end of construction_Ncircular.sliDate


Project


SLIDEINTERPRET 6.018







2.2392.239


W
W


2.2392.239


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:2154Drawn By


File Name Sec3_final_long term_circular.sliDate


Project


SLIDEINTERPRET 6.018







2.3852.385


W
W


2.3852.385


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:2979Drawn By


File Name Sec3_final_long term_Ncircular1.sliDate


Project


SLIDEINTERPRET 6.018







1.3871.387


W
W


1.3871.387


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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40
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36
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32
00


-1000 -800 -600 -400 -200 0 200 400 600 800


Analysis Description


CompanyScale 1:2393Drawn By


File Name Sec3_intermediate_circular.sliDate


Project


SLIDEINTERPRET 6.018







1.6171.617


W
W


1.6171.617


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:2570Drawn By


File Name Sec3_intermediate_Ncircular.sliDate


Project


SLIDEINTERPRET 6.018







1.2851.285


W
W


1.2851.285


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


  0.039


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


42
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32
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Analysis Description


CompanyScale 1:2393Drawn By


File Name Sec3_seismic_circular.sliDate


Project


SLIDEINTERPRET 6.018







1.3631.363


W
W


1.3631.363


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash fill 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/grave; 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


  0.039


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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-1200 -1000 -800 -600 -400 -200 0 200 400 600 800 1000


Analysis Description


CompanyScale 1:2681Drawn By


File Name Sec3_seismic_Ncircular.sliDate


Project


SLIDEINTERPRET 6.018







1.3451.345


1


W


W


1.3451.345


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 None 0


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Old clay liner 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


35
00


34
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33
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32
00


-200 -100 0 100 200 300


Analysis Description


CompanyScale 1:784Drawn By


File Name Sec4_end of construction_Exterior.slimDate 8/2/2016, 3:21:08 PM


Project


SLIDE - An Interactive Slope Stability Program


SLIDEINTERPRET 6.018







1.3701.370


1


W


W


1.3701.370


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Old clay liner 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


35
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00


33
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32
00


-200 -100 0 100 200 300


Analysis Description


CompanyScale 1:784Drawn By


File Name Sec4_end of construction_Exterior - NC.slimDate 8/2/2016, 3:21:08 PM


Project


SLIDE - An Interactive Slope Stability Program


SLIDEINTERPRET 6.018







1.7661.766


1 1


W


W


1.7661.766
Material Name Color Unit Weight


(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Old clay liner 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description


CompanyScale 1:664Drawn By


File Name Sec4_Long term_Exterior.sliDate


Project


SLIDEINTERPRET 6.018







1.7851.785


1 1


W


W


1.7851.785


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Old clay liner 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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1.4111.411


1


W


W


1.4111.411


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Paste above liner 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Old clay liner 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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1.4101.410


1


W


W


1.4101.410


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Old clay liner 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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1.2411.241


1


W


W


1.2411.241


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Old clay liner 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


  0.039
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1.2261.226


1


W


W


1.2261.226


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Water Surface Constant


Fly ash fill 106 116 Mohr-Coulomb 0 37.8 Water Surface Constant


Old clay liner 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Sandy silt/clay 112 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


  0.039
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1.3851.385


1


W
W


1.3851.385


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant
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1.7421.742


1


W
W


1.7421.742


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant
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1.7181.718


1


W


W


1.7181.718


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 28 Water Surface Constant
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1.8431.843


1


W
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1.8431.843


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 0 32 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 28 Water Surface Constant
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1.4011.401


1
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1.4011.401


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant
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1.5001.500


1


W
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1.5001.500


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant
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1.2061.206


1
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1.2061.206


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


  0.039
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1.2921.292


1


W
W


1.2921.292


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 124 130 Mohr-Coulomb 700 17.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Piezometric Line 1 Constant


Liner Interface 112 112 Mohr-Coulomb 0 13 Piezometric Line 1 Constant


Fly ash fill 106 106 Mohr-Coulomb 0 37.8 Water Surface Constant


Silt/clay w/ sand/gravel 112 124 Mohr-Coulomb 0 21 Water Surface Constant


  0.039
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SLOPE STABILITY ANALYSIS 


COLSTRIP EHP A CELL & NEW CLEARWELL 


PURPOSE 


The purpose of this analysis is to evaluate the global slope stability of the proposed New 
Clearwell of the Colstrip Steam Electric Station (SES) Effluent Holding Pond (EHP) located 
near Colstrip, Montana. The New Clearwell is to be constructed by excavating bottom ash from a 
portion of the existing A Cell surface impoundment and the installation of a Coal Combustion 
Residual (CCR) Rule-compliant geosynthetic liner. The New Clearwell will be used for the long-
term storage of process water decanted from other EHP surface impoundments. A final cover is 
to be installed over the remaining portion of A Cell. 


This analysis was prepared in compliance with the Federal CCR Rule (Rule) structural integrity 
criteria for new CCR surface impoundments. Section 257.74(e)(1) requires that the owner or 
operator perform initial and periodic safety factor assessments and document whether the 
calculated factors of safety for the unit achieve the minimum safety factors specified by the Rule. 


STABILITY CRITERIA 


As required by CCR Rule §257.74(e)(1), the factors of safety (FS) of the critical cross-sections 
were evaluated.  The critical cross-section is defined by the CCR Rule as the cross-section 
anticipated to be the most susceptible of all cross-sections to structural failure based on 
appropriate engineering considerations, including loading conditions. The FS was evaluated for 
the following conditions, as specified by the CCR Rule: 


(i) end-of-construction loading condition (FSCONS ≥ 1.3); 
(ii) long-term, maximum storage pool loading condition (FSSTORAGE≥ 1.5); 


(iii) maximum surcharge pool loading condition (FSSURCHARGE ≥ 1.4); 
(iv) seismic condition (FSSEISMIC ≥ 1.0); and 
(v) post-liquefaction (FSLIQ ≥ 1.2). 


As shown in the EHP A Cell & New Clearwell Liquefaction Potential Analysis (Appendix A), 
liquefaction is not expected to occur for the design seismic event prescribed by the CCR Rule. 
Therefore, the requirements of CCR Rule §257.74(e)(1)(v) are not applicable and the loading 
condition was not analyzed. 


METHODS OF ANALYSIS 


Overview 


The factors of safety (FS) of the selected cross-sections were evaluated using limit equilibrium 
theory and methods of slices.  The stability analysis was performed using the computer program 
SLIDE®, Version 6.0 (Rocscience 2012). SLIDE® is a 2D slope stability program for evaluating 
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the factor of safety of circular and non-circular failure surfaces in soils.  The procedure consists 
of analyzing numerous potential failure surfaces to find the critical failure surface that results in 
the minimum FS for the slope.  The specific method of slices used in this analysis was the 
Spencer method (Spencer 1967).  In the Spencer method both force and moment equilibrium are 
satisfied in each slice and the slope of the inter slice forces is assumed constant and parallel to 
each other. 


Numerous potential failure surfaces, both circular and non-circular, were considered as part of 
this for the analysis. During the analysis, the search boundaries were varied in an attempt to 
identify the most critical failure surface.  For the circular slip surface search, a search grid with 
50 horizontal increments and 50 vertical increments was used.  For non-circular block failure, the 
search for critical failure surface was conducted using two search blocks to search for critical slip 
surface in the potentially weak layers. 


SLIDE provides both the minimum FS and a FS contour map for the computation.  When the 
contour lines that contain the minimum FS were not fully closed, the search grid was expanded 
horizontally or vertically and the analysis performed again.  This iterative process allowed the 
global FS to be calculated, not a local minimum factor of safety. 


Seismicity 


Seismic parameters were selected based on site-specific data obtained from the United States 
Geological Survey (USGS) website for a seismic event with a 2% probability of exceedance in 
50 years (as required by the CCR Rule). The Site-specific PGA in rock (PGArock) is equal to 
0.048g (g = gravitational acceleration) as shown on the United States Geological Survey (USGS) 
seismic hazard deaggregation for the New Clearwell site in Appendix B. 


The actual PGA depends on the attenuation of seismic waves through the soil layer on top of the 
bedrock. A site coefficient, Fa, accounting for the geotechnical condition of the site, is used to 
estimate the peak ground acceleration at ground surface. The International Building Code (IBC 
2006) provides recommendations of Fa values for different site conditions. Considering the low 
Standard Penetration Test (SPT) blow counts in the upper subsurface and high blow counts in the 
lower subsurface obtained during the 2016 site investigation, the average SPT blow count in the 
top 100 ft is estimated to be between 15 and 50 blows per foot. According to IBC (2006), the 
project site is classified as Class D (“stiff soil” profile), and a Fa value of 1.6 is recommended 
(see Appendix C). Therefore, the peak ground acceleration (PGA) in soil at the site is estimated 
to be: 


𝐏𝐏𝐏𝐏𝐏𝐏 = 𝐅𝐅𝐚𝐚 × 𝐏𝐏𝐏𝐏𝐏𝐏𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫 = 𝟏𝟏.𝟔𝟔 × 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 


The PGA only appears for very short duration in an earthquake. There are different 
recommendations on selection of seismic coefficient (𝑘𝑘ℎ) in pseudo-static analysis. Richardson 
et al. (1995) recommends that using 𝑘𝑘ℎ equal to 0.5·PGA/g will be a safe approach, based on 
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deformation analyses performed by Hynes and Franklin (1984) and their past experience. Using 
this recommendation, 𝑘𝑘ℎ of 0.039 is used in the pseudo-static seismic slope stability analysis. 


Cases Analyzed 


The following cases are analyzed for each of the cross-sections in this analysis. 


• Case 1: End of Construction. For this case, it is assumed that the New Clearwell is dry.  
B Cell remains at the pre-construction level, as an effluent impoundment full of water. It 
is conservatively assumed that the fine-grained material will act as undrained. This case 
addresses requirement (i) of the CCR Rule §257.74(e)(1). 


• Case 2: Final Condition with Static Loading Condition. For this case, it is assumed that 
the New Clearwell is filled with storage water up to 2 ft below the crest of the 
embankment (the anticipated maximum storage pool elevation). B Cell is converted to a 
CRR impoundment. Fine-grained material is assumed to act as drained. This case 
addresses requirement (ii) of the CCR Rule §257.74(e)(1). 


• Case 3: Maximum Surcharge Condition with Static Loading Condition. For this case, it is 
assumed that the New Clearwell is impounding water to its crest elevation (the 
anticipated maximum surcharge pool elevation). Other assumptions are the same as Case 
2 This case addresses requirement (iii) of the CCR Rule §257.74(e)(1). 


• Case 4: Final Condition with Seismic Loading. For this case, a seismic coefficient of 
0.039 is applied in the pseudo-static analysis. Undrained shear strength is used to account 
for excess pore water pressure induced in fine-grained material during earthquake. Other 
assumptions are the same as Case 2. This case addresses requirement (iv) of the CCR 
Rule §257.74(e)(1). 


CROSS-SECTIONS ANALYZED 


The proposed location of the New Clearwell is currently known as A Cell, an existing CCR 
surface impoundment filled with bottom ash and fly ash paste. The New Clearwell is to be 
formed by the EHP Main Dam to the north, divider dikes to the east and south, an at-grade 
abutment to the west.  


The CCR Rule requires that the safety factor assessment be performed for the critical cross-
section of the unit embankment. As the New Clearwell is formed by two distinct embankment 
types, two cross-sections, shown in the plan view on Figure 1, were identified and selected for 
analysis. The geometry and subsurface stratigraphy for the selected cross-sections were 
determined from historical documents (Bechtel 1982; Womack 2011) and the Geotechnical 
Report for EHP New Clearwell (New Clearwell Geotechnical Report), which summarizes the 
results of a 2016 site investigation conducted by Geosyntec (Appendix D). The selected cross-
sections and references are summarized in the table below.  
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Cross Sections Representative Area References 


A-A’ Main Dam 


1. New Clearwell foundation stratigraphy is based on Boring 
GB-21 of the New Clearwell Geotechnical Report. 


2. Main dam cross section is based on GB-20 of the New 
Clearwell Geotechnical Report, Womack (2011), and the EHP 
Location of Explorations (Bechtel 1982) (Appendix E). 


B-B’ Cell A/B Dike 


1. New Clearwell foundation stratigraphy is based on Borings 
GB-23 and GB-24 of the New Clearwell Geotechnical Report. 


2. A/B divider dike cross-section is based on Boring logs for 
piezometer NC-16-09-SP and GB-22 of the New Clearwell 
Geotechnical Report and EHP Location of Explorations. 


 


MATERIAL PROPERTIES 


Material properties for the static analysis were selected based on the results of a site-specific 
geotechnical investigation, historical documentation, and technical references, as described 
below.  


Main Dam 


Based on the GB-20 boring log presented in the New Clearwell Geotechnical Report, the Main 
Dam has bottom ash in the upper 5 ft and structural fill that is comprised of yellow silty clay, red 
silt and red baked shale in the lower portion. The structural fill in the lower dam portion was 
mainly classified as silty clay with gravel. The appearance of this structural fill in the lower dam 
portion is similar to the dam shell according to the boring logs.  Accordingly, the shear strength 
and unit weight for the main dam structural fill is assumed to be similar to dam shell.  


A/B Dike 


The boring log for piezometer NC-16-09-SP indicates that the A/B Dike was constructed upon 
the natural soil surface with bottom ash and natural soil structural fill. This was verified by the 
boring log for GB-22. The appearance of this structural fill in the lower dam portion is similar to 
the dam shell according to the boring logs.  Accordingly, the shear strength and unit weight for 
the A/B Dike Fill is assumed to be similar to dam shell. The current elevation of the A/B Dike 
crest is 3,286.2 feet above mean sea level (ft-msl). Compacted bottom ash is assumed to be 
placed on top of the existing structural fill up to the design elevation of 3,291.5 ft-msl. The 
elevation of soil layers is estimated using the boring log of GB-22 and the EHP Location of 
Explorations.  


Bedrock/Alluvium 


Previous slope stability analyses indicate that the bedrock presented at the site consisted of 
sandstone, claystone, siltstone or baked shale (Bechtel 1982; Womack 2011). Data presented in 
the New Clearwell Geotechnical Report indicated condensed lean clay present at 3,230 ft-msl 
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and no bedrock was encountered at elevation as low as 3,140 ft-msl (GB-24).  The condensed 
clay belongs to the Fort Union strata and the SPT blow counts within the layer were greater than 
100 blows per foot (bpf). The subsurface alluvium presents cemented properties and the 
historical data refers as claystone. For this analysis, the bedrock is conservatively assumed to 
have the lowest shear strength of all bedrock types from previous investigation. Accordingly, the 
shear strength and unit weight for the cemented alluvium is assumed to have the lowest shear 
strength of all bedrock types from previous investigation. 


Aged Fly Ash Paste 


Data presented in the New Clearwell Geotechnical Report indicate that the existing aged fly ash 
paste deposits at 5 ft below the current grades (bottom ash) in A Cell typically has high SPT 
blow counts (SPT-N, 30 to above 50 blows/ft) and present cemented properties. The shear 
strength for the existing fly ash paste is selected based on laboratory test results conducted by 
Womack (2011) as shown in Appendix F.  


New Fly Ash Paste (Fly Ash Slurry) 


EHP B Cell is proposed to be a CCR impoundment with a proposed final grade of 3 percent. For 
the long-term conditions, it is assumed that the proposed final grade in B Cell is achieved. Future 
fly ash paste placed in B Cell is expected to have less cementation.  It is assumed to have the 
same material properties used by Golder (2001).  


Material properties used in the analysis, as described above, are summarized in the table below. 
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GROUNDWATER CONDITION 


Observed groundwater elevations indicate that the ground water table in the New Clearwell area 
ranges from 3,235 to 3,245 ft-msl (Figure 2). As a liner system will be installed at the New 
Clearwell, future water impoundment is not expected to raise the phreatic surfaces within the 
unit embankments or foundation.  Therefore, this analysis assumes that the groundwater table in 
the New Clearwell will remain at the current level of 3,245 ft-msl. 


ANALYSIS RESULTS 


The output of slope stability analyses is included in Appendix G. The minimum factors of safety 
for global slope stability are calculated and summarized in the table below. As shown, all the FS 
calculated for the various loading condition exceeds the minimum requirements. 


 


MATERIAL PROPERTIES FOR ANALYSIS 


Material 
Effective Shear 


Strength(1) 
Total Shear 
Strength(2) γ (pcf) γsat 


(pcf) Source 
c’ (psf) φ’ (deg) c (psf) φ (deg) 


A/B Dike Fill 0 33 750 22.5 125 130 Note (4) 
Bottom Ash Fill 0 33 - - 94 112 Golder (2001) 


Dam Core 0 28.5 120 27 125 130 Bechtel (1982) 
Womack (2010) 


Dam Shell 0 33 750 22.5 125 130 Bechtel (1982) 
Womack (2010) 


Dam Fill 0 33 - - 125 130 Bechtel (1982) 


Aged Fly Ash Paste 0 35 0.25×σ
v’ 


0 102 102 Womack (2011) 


New Fly Ash Paste 
(fly ash slurry) 700 28 Note 


(5) - 103 103 Golder (2001) 


Alluvium/Bedrock 0 28 0 21 124 124 Bechtel (1982) 
Notes: (1) Used for static loading condition. 


(2) For end of construction/seismic loading condition. 
(3) c’ = cohesion;  φ = friction angle; c’ = effective cohesion;  φ’ = effective friction angle; 


γ = unit weight; γsat = saturated unit weight 
(4) Assumed similar to dam shell material. 
(5) Total Shear strength of New Fly Ash Paste is taken as 100 psf at the surface, 


increasing by 9 psf per foot of depth up to a maximum strength of 3,000 psf. 
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CALCULATED FACTORS OF SAFETY 
Cross-


Sections Case Analyzed FS (Calculated) FS (required) Circular Non-Circular 


A-A’ 


1 (end of construction) 3.43 2.02 1.3 
2 (long-term) 3.43 2.93 1.5 


3 (max surcharge) 3.43 2.93 1.4 
4 (seismic) 2.94 2.47 1.0 


B-B’ 


1 (end of construction) 4.08 1.99 1.3 
2 (long-term) 9.15 8.54 1.5 


3 (max surcharge) 11.08 11.24 1.4 
4 (seismic) 4.38 5.44 1.0 


 


RECOMMENDATIONS 


Based on the analyses and calculations presented herein, the proposed New Clearwell achieves 
the minimum required factors of safety for all loading conditions prescribed by the CCR Rule 
and is, therefore, expected to remain stable in all of the loading conditions analyzed. 


Based on the design considerations described in this calculation package and the results of these 
analyses, it is recommended that the New Clearwell be constructed to the lines and grades shown 
in the Drawings. 


If field conditions are different than those assumed herein or vary from the recommendations 
presented above, then the Engineer shall be notified and the calculations reevaluated.  
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APPENDIX A 
Liquefaction Potential Analysis for Colstrip EHP New Clearwell 
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LIQUEFACTION POTENTIAL ANALYSIS 


COLSTRIP EHP A CELL & NEW CLEARWELL 


PURPOSE 


The purpose of this calculation package is to evaluate the liquefaction potential for foundation 
material of the proposed New Clearwell surface impoundment of the Colstrip Steam Electric 
Station (SES) Effluent Holding Pond (EHP) located in Colstrip, Montana. The New Clearwell is 
to be constructed over a portion of the existing EHP A Cell surface impoundment by the 
excavation of bottom ash and fly ash and the installation of a Coal Combustion Residual (CCR) 
Rule-compliant geosynthetic liner. The New Clearwell will be used for the long-term storage of 
process water decanted from other EHP surface impoundments. A final cover is to be installed 
over the remaining portion of A Cell. 


This analysis was prepared in compliance with the §257.74(e)(1) of the Federal CCR Rule (Rule) 
structural integrity criteria for new CCR surface impoundments. Section 257.74(e)(1) requires 
that the owner or operator perform initial and periodic safety factor assessments and document 
whether the calculated factors of safety for the unit achieve the minimum safety factors specified 
by the Rule. Specifically, §257.74(e)(1)(v) requires that, for units constructed of soils susceptible 
to liquefaction, a post-liquefaction loading condition be analyzed as part of the initial and 
periodic safety factor assessments. In order to evaluate the susceptibility of the New Clearwell 
foundation material to liquefaction, a liquefaction potential analysis was performed. 


METHODS OF ANALYSIS 


Five borings (GB-20, GB-21, GB-22, GB-23 and GB-24), completed by Geosyntec during an 
April 2016 geotechnical site investigation of the proposed New Clearwell location were selected 
for liquefaction potential evaluation. The locations of these five borings are shown in Figure 1. 
The methods and results of the investigation, including boring logs and laboratory test results, 
are presented in the Geotechnical Report for EHP New Clearwell (New Clearwell Geotechnical 
Report) (Appendix A). 


In general, materials that are subject to liquefaction comprise loose materials below the 
groundwater table. The potentially liquefiable material strata at the site include gray fly ash paste 
and red silt, lean clay, and silty sand encountered within the existing A Cell fill material (GB-21, 
GB-23 and GB-24) and bottom ash, silt, sandy silty gravel, and lean clay encountered in the A 
Cell embankment material (GB-20 and GB-22). 


The procedures summarized in the following section were followed to evaluate the liquefaction 
potential of each soil type. The calculations for each respective borehole were conducted using 
an Excel® spreadsheet. 
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1. Estimate the peak ground acceleration 


Seismic parameters were selected based on site-specific data obtained from the United States 
Geological Survey (USGS) website for a seismic event with a 2% probability of exceedance in 
50 years (as required by the CCR Rule). The Site-specific PGA in rock (PGArock) is equal to 
0.048g (g = gravitational acceleration) as shown on the United States Geological Survey (USGS) 
probabilistic seismic hazard deaggregation for the New Clearwell site in Appendix B. 


The actual PGA depends on the attenuation of seismic waves through the soil layer on top of the 
bedrock. A site coefficient, Fa, accounting for the geotechnical condition of the site, is used to 
estimate the peak ground acceleration at ground surface. The International Building Code (IBC 
2006) provides recommendation of Fa values for different site conditions. Considering the low 
standard penetration test (SPT) blow counts in the upper subsurface and high blow counts in the 
lower subsurface obtained during the 2016 site investigation, the average SPT blowcount in the 
top 100 ft is estimated to be between 15 and 50 blows/ft. According to IBC (2006), the project 
site is classified as Class D (“stiff soil” profile), and a Fa value of 1.6 is recommended 
(Appendix C). Therefore, the peak ground acceleration (PGA) in soil at the site is estimated to 
be: 


PGA = Fa × PGArock = 1.6 × 0.048g = 0.077g 


2. Evaluate the cyclic stress ratio (CSR) 


The seismic demand on a soil layer is expressed in terms of the cyclic stress ratio (CSR), which 
can be calculated by the following equation (Seed and Idriss 1971): 


d
v


v r
g


a
CSR ××= '


0


0max65.0
σ
σ


 


where 


amax  = peak horizontal acceleration at the ground surface in soil, equivalent to PGA; 


σvo  = total vertical overburden stress; 


σ’vo = effective vertical overburden stress; 


rd   = stress reduction coefficient 


 


The Stress reduction coefficient rd can be estimated by the following equations (Liao and 
Whitman 1986): 


 zrd 00765.00.1 −=   for  z ≤ 9.15 m 
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 zrd 0267.0174.1 −=   for  9.15m < z ≤ 23 m 


where 


z = depth below ground surface, in meters. 


3. Evaluate the cyclic resistance ratio (CRR) 


The capacity of the soil to resist liquefaction is expressed in terms of the cyclic resistance ratio 
(CRR). In general, CRR of the site is estimated using field test results, including the Standard 
Penetration Test and the Cone Penetration Test (CPT). As SPT results are the only available type 
during the preparation of this calculation, the analyses presented in this calculation use SPT 
results presented in the New Clearwell Geotechnical Report. Tables 1 to 5 summarize the 
borings used to assess the potential for liquefaction at the project site. 


The criteria for evaluation of liquefaction potential based on SPT blow counts are based on 
recommendations by Youd et al. (2001).  Appendix C presents a curve of CRR values as a 
function of corrected and normalized blow counts, defined as (N1)60. The curve separates 
conditions under which liquefaction occurs (above curve) or does not occur (below curve). The 
curve was developed for a reference Mw 7.5 earthquake. The procedure is carried out by 
calculating the (N1)60 values at the various boring locations and depths that are potentially 
liquefiable. Once the (N1)60 values are calculated, CRR values are then obtained from the above 
curve. In addition, other corrections are applied. Therefore, for each of these locations the 
following steps are performed: 


a) Normalization of SPT N values and Energy Correction of SPT N values; 
b) Correction for Fines Contents; 
c) Correction for operating earthquake magnitude (after basic CRR computation); 
d) Correction for non-linear effect of the overburden; 
e) Correction for effect of the existing static shear stresses; and 
f) Calculation of safety factor against liquefaction. 


 


The following paragraphs contain the step-by-step procedures described above. 


a) Normalization of SPT N values and Energy Correction of SPT N values 


In general, the SPT blow count increases with increasing overburden stress and soil density. 
However, by increasing the overburden in a homogeneously dense material, the resistance to 
liquefaction, which is directly related to the material density, is masked by the effect of the 
increasing overburden. Therefore, the measured SPT value, Nm, must be corrected to a reference 
overburden stress, which is adopted as 1 atmosphere or about 1 ton per square feet (tsf). The 
correction is performed by affecting the measured Nm value by the factor CN. Additionally, to the 
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measured SPT values, Nm must be normalized for a 60 percent energy efficiency to account for 
differences in SPT equipment and sampling method. The (N1)60 value, corrected for overburden 
pressure of 1 atmosphere, and for 60 percent energy efficiency, is calculated by the following 
equation: 


 sRBENm CCCCCNN =601 )(  


where 


 Nm = measured SPT blow counts; and 


CN, CE, CB, CR and CS = correction factors (see Appendix C). 


b) Correction for fines content 


The original method for evaluating liquefaction potential is based on SPT blow counts obtained 
in clean cohesionless soils with no fines. However, when the soil contains increasing fines 
content (FC), the liquefaction resistance also increases, all other things being equal; therefore, 
this effect has to be taken into account. In the procedure, the (N1)60 values obtained in the 
previous step for soils with fines are corrected to an equivalent value for clean sand, (N1)60,cs, 
using the following equation (Youd and Idriss 1997): 


601,601 )()( NN cs βα +=  


where 


α  and β  = correction coefficients, depending on the fines contents, FC, as defined in 
Appendix C. 


c) Correction for Magnitude 


After the basic value CRR for a given location of potentially liquefiable soil is estimated from 
the figure presented in Appendix C using the (N1)60,cs value, this CRR value must be corrected 
for a magnitude other than 7.5 earthquakes. In general, for earthquakes having a magnitude less 
than 7.5, the duration of the earthquake is shorter and the soil has a higher liquefaction resistance 
and a higher CRR. As shown in the seismic hazard deaggregation, more than 50% of the seismic 
hazard for the site is from earthquakes with magnitude less than 6.0. The design earthquake 
magnitude for this site is selected as 6.0. A magnitude scaling factor (MSF) is used to correct the 
CRR value for earthquakes having different magnitude. The following equation is used to 
calculate MSF (Youd et al. 2001).  


MSF = 56.224.2 /10 wM  
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d) Correction for non-linear effect of overburden 


Laboratory data indicate that CRR increases with increasing confining stress at a non-linear rate 
of increase (Youd et al. 2001). The correction factor Kσ accounts for the nonlinearity between 
CRR and effective overburden pressure. A recommended curve for estimating Kσ is presented in 
in Appendix C. 


e) Correction for static shear stress 


The cyclic resistance described so far corresponds to soil under static shear stresses equal to zero. 
However, when the ground is sloping or in areas near a slope, shear stresses can occur prior to 
the seismic event in the soil. Coefficient, Kα was introduced by Seed (1983) to account for the 
static shear stresses on the liquefaction resistance. Kα is assumed to be 1.0 in this calculation 
because there is no consensus among researchers about the values to choose for this correction 
(Youd et al. 2001). 


f) Calculation of the factor of safety against liquefaction 


The resulting equation to calculate CRR is given by: 


CRR = CRR7.5 × MSF × Kσ × Kα 


The factor of safety (FS) against liquefaction is given by: 


FS = CRR/CSR 


As mentioned earlier, the method described above has been used at the locations where 
site-specific information from borings and soils laboratory tests was available. 


RESULTS 


The results of the liquefaction analysis show that liquefaction is unlikely to occur, as the factor 
of safety against liquefaction was calculated to be greater than 1.5 for all soil layers encountered 
at all five borings for the design scenario of a 6.0 magnitude earthquake. The minimum FS 
against liquefaction was 3.06 in the sandy silty gravel layer found at GB-21. The results are 
presented in Tables 1 through 5. 


RECOMMENDATIONS 


This analysis evaluates the factors of safety against liquefaction for the normal storage pool 
loading condition. The results of the analysis indicate that liquefaction is not expected to occur 
for the designed seismic event (i.e., an event with a return period of about 2,500 years). 


Because liquefaction is not expected to occur, the initial safety factor assessment (i.e., slope 
stability analysis) associated with the design and CCR Rule compliance demonstration of the 
New Clearwell will not be subject to the requirements of CCR Rule §257.74(e)(1)(v). 
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Soil 
Type γm σo u σ'o rd CSR Nm CN CE CB CR CS (N 1)60


Fines 
Content (N 1)60,cs CRR7.5 MSF Kσ Kα CRR FS Liquefy?


ft m ft m pcf psf psf psf - - - - - - - - - % FC< 5% - - - - - - Y/N
SM 5 1.52 5 1.52 125 625 0 625 0.988 0.049 18 1.70 1.05 1.15 0.75 1.00 27.71 29.5 36.5 1.050 1.77 1.00 1.00 1.86 37.67 N
SM 10 3.05 10 3.05 125 1250 0 1250 0.977 0.049 6 1.30 1.05 1.15 0.80 1.00 7.54 29.5 13.3 0.144 1.77 1.00 1.00 0.26 5.24 N
ML 20 6.10 20 6.10 107 2320 0 2320 0.953 0.048 33 0.96 1.05 1.15 0.95 1.00 36.16 85.8 48.4 1.050 1.77 0.98 1.00 1.82 38.33 N
ML 25 7.62 25 7.62 107 2855 0 2855 0.942 0.047 7 0.86 1.05 1.15 0.95 1.00 6.91 85.8 13.3 0.144 1.77 0.94 1.00 0.24 5.10 N
ML 40 12.19 40 12.19 107 4460 0 4460 0.848 0.042 50 0.69 1.05 1.15 1.00 1.00 41.59 85.8 54.9 1.050 1.77 0.86 1.00 1.60 37.80 N
GC 50 15.24 50 15.24 125 5710 0 5710 0.767 0.038 27 0.61 1.05 1.15 1.00 1.00 19.85 25.3 26.5 0.309 1.77 0.74 1.00 0.41 10.61 N
SM 55 16.76 55 16.76 125 6335 218 6117 0.726 0.038 29 0.59 1.05 1.15 1.00 1.00 20.60 40.7 29.7 0.418 1.77 0.73 1.00 0.54 14.32 N
CL 60 18.29 60 18.29 120 6935 530 6405 0.686 0.037 50 0.57 1.05 1.15 1.00 1.00 34.71 99.5 46.7 1.050 1.77 0.80 1.00 1.49 40.18 N


Note: (1) GW water table determined by the piezometer well, at 3,240 ft-msl.


Soil 
Type γm σo u σ'o rd CSR Nm CN CE CB CR CS (N 1)60


Fines 
Content (N 1)60,cs CRR7.5 MSF Kσ Kα CRR FS Liquefy?


ft m ft m pcf psf psf psf % FC< 5% Y/N
SM 5 1.52 -20 -6.04 - - - - - - - - - - - - - - - - - - - - - -
SM 15 4.57 -10 -2.99 - - - - - - - - - - - - - - - - - - - - - -
ML 25 7.62 0 0.06 107 1070 0 1070 1.000 0.050 50 1.41 1.05 1.15 0.95 1.00 80.67 85.8 101.8 1.050 1.77 1.00 1.00 1.86 37.24 N
ML 35 10.67 10 3.11 107 2140 0 2140 0.976 0.049 34 0.99 1.05 1.15 1.00 1.00 40.83 85.8 54.0 1.050 1.77 1.00 1.00 1.85 38.05 N
ML 45 13.72 20 6.16 107 3210 0 3210 0.953 0.048 40 0.81 1.05 1.15 1.00 1.00 39.22 85.8 52.1 1.050 1.77 0.92 1.00 1.71 35.94 N
ML 55 16.76 30 9.20 107 4280 237 4043 0.928 0.049 48 0.72 1.05 1.15 1.00 1.00 41.94 85.8 55.3 1.050 1.77 0.88 1.00 1.63 33.28 N
GM 65 19.81 40 12.25 125 5530 861 4669 0.847 0.050 6 0.67 1.05 1.15 1.00 1.00 4.88 22.3 9.3 0.101 1.77 0.85 1.00 0.15 3.06 N
CL 75 22.86 50 15.30 120 6730 1485 5245 0.765 0.049 50 0.64 1.05 1.15 1.00 1.00 38.36 99.5 51.0 1.050 1.77 0.83 1.00 1.55 31.61 N
CL 85 25.91 60 18.35 120 7930 2109 5821 0.684 0.047 50 0.60 1.05 1.15 1.00 1.00 36.41 99.5 48.7 1.050 1.77 0.82 1.00 1.52 32.63 N


Note: (1) The most critical condition, the empty pond right after construction, was considered in the analysis. (2) GW water table determined by the piezometer well, at 3,245.6 ft-msl.


Soil 
Type γm σo u σ'o rd CSR Nm CN CE CB CR CS (N 1)60


Fines 
Content (N 1)60,cs CRR7.5 MSF Kσ Kα CRR FS Liquefy?


ft m ft m pcf psf psf psf % FC< 5% Y/N
SM 10 3.05 17 5.06 125 2075 0 2075 0.961 0.048 50 1.01 1.05 1.15 0.80 1.00 48.78 29.5 60.8 1.050 1.77 1.00 1.00 1.86 38.73 N
SM 20 6.10 27 8.11 125 3325 0 3325 0.938 0.047 54 0.80 1.05 1.15 0.95 1.00 49.43 29.5 61.5 1.050 1.77 0.91 1.00 1.70 36.26 N
SM 30 9.14 37 11.16 125 4575 0 4575 0.876 0.044 50 0.68 1.05 1.15 0.95 1.00 39.01 29.5 49.5 1.050 1.77 0.86 1.00 1.59 36.42 N
SM 40 12.19 47 14.20 125 5825 25 5800 0.795 0.040 31 0.60 1.05 1.15 1.00 1.00 22.61 29.5 30.7 1.050 1.77 0.82 1.00 1.52 38.12 N
SM 45 13.72 52 15.73 125 6450 337 6113 0.754 0.040 50 0.59 1.05 1.15 1.00 1.00 35.53 17.9 41.1 1.050 1.77 0.81 1.00 1.50 37.84 N
GP 50 15.24 57 17.25 125 7075 649 6426 0.713 0.039 50 0.57 1.05 1.15 1.00 1.00 34.65 22.3 41.9 1.050 1.77 0.80 1.00 1.49 37.95 N
GP 55 16.76 62 18.78 125 7700 961 6739 0.673 0.038 50 0.56 1.05 1.15 1.00 1.00 33.84 22.3 41.0 1.050 1.77 0.79 1.00 1.47 38.42 N
CL 60 18.29 67 20.30 120 8300 1273 7027 0.632 0.037 8 0.55 1.05 1.15 1.00 1.00 5.30 81.6 11.4 0.123 1.77 0.79 1.00 0.17 4.60 N


Note: (1) The most critical condition, the empty pond right after construction, was considered in the analysis. (2) GW water table determined by the piezometer well, at 3,245.3 ft-msl.


TABLE 3.  Safety of Factor against Liquefaction at GB-22.


Depth Depth below final 
ground surface


Depth Depth below final 
ground surface


TABLE 1.  Safety of Factor against Liquefaction at GB-20.


Depth Depth below final 
ground surface


TABLE 2.  Safety of Factor against Liquefaction at GB-21.







Soil 
Type γm σo u σ'o rd CSR Nm CN CE CB CR CS (N 1)60


Fines 
Content (N 1)60,cs CRR7.5 MSF Kσ Kα CRR FS Liquefy?


ft m ft m pcf psf psf psf % FC< 5% Y/N
ML 5 1.52 -8 -2.41 - - - - - - - - - - - - - - - - - - - - - -
ML 15 4.57 2 0.64 107 1070 0 1070 0.995 0.050 16 1.41 1.05 1.15 0.85 1.00 23.10 85.8 32.7 1.050 1.77 1.00 1.00 1.86 37.41 N
ML 25 7.62 12 3.69 107 2140 0 2140 0.972 0.049 11 0.99 1.05 1.15 0.95 1.00 12.55 85.8 20.1 0.217 1.77 1.00 1.00 0.38 7.89 N
ML 35 10.67 22 6.74 107 3210 0 3210 0.948 0.047 10 0.81 1.05 1.15 1.00 1.00 9.81 85.8 16.8 0.181 1.77 0.88 1.00 0.28 5.97 N
GP 45 13.72 32 9.78 125 4460 337 4123 0.913 0.049 20 0.72 1.05 1.15 1.00 1.00 17.30 2.9 17.3 0.187 1.77 0.82 1.00 0.27 5.49 N
GP 55 16.76 42 12.83 125 5710 961 4749 0.831 0.050 34 0.67 1.05 1.15 1.00 1.00 27.41 2.9 27.4 0.329 1.77 0.85 1.00 0.49 9.91 N
GP 60 18.29 47 14.36 125 6335 1273 5062 0.791 0.049 21 0.65 1.05 1.15 1.00 1.00 16.40 2.9 16.4 0.177 1.77 0.77 1.00 0.24 4.88 N


Note: (1) The most critical condition, the empty pond right after construction, was considered in the analysis. (2) GW water table determined by the piezometer well, at 3,245.3 ft-msl.


Soil 
Type γm σo u σ'o rd CSR Nm CN CE CB CR CS (N 1)60


Fines 
Content (N 1)60,cs CRR7.5 MSF Kσ Kα CRR FS Liquefy?


ft m ft m pcf psf psf psf % FC< 5% Y/N
ML 10 3.05 -11 -3.47 - - - - - - - - - - - - - - - - - - - - - -
CL 20 6.10 -1 -0.43 - - - - - - - - - - - - - - - - - - - - - -
CL 25 7.62 4 1.10 120 600 0 600 0.992 0.050 8 1.70 1.05 1.15 0.95 1.00 15.60 88.4 23.7 0.263 1.77 1.00 1.00 0.47 9.41 N
CL 30 9.14 9 2.62 120 1200 0 1200 0.980 0.049 3 1.33 1.05 1.15 0.95 1.00 4.57 88.4 10.5 0.114 1.77 1.00 1.00 0.20 4.11 N
CL 35 10.67 14 4.15 120 1800 0 1800 0.968 0.048 36 1.08 1.05 1.15 1.00 1.00 47.14 88.4 61.6 1.050 1.77 1.00 1.00 1.86 38.45 N
SM 40 12.19 19 5.67 100 2300 0 2300 0.957 0.048 50 0.96 1.05 1.15 1.00 1.00 57.92 30.6 71.9 1.050 1.77 0.98 1.00 1.83 38.27 N
SM 45 13.72 24 7.19 100 2800 0 2800 0.945 0.047 50 0.87 1.05 1.15 1.00 1.00 52.50 30.6 65.6 1.050 1.77 0.95 1.00 1.76 37.25 N
SM 50 15.24 29 8.72 100 3300 125 3175 0.933 0.048 50 0.82 1.05 1.15 1.00 1.00 49.30 30.6 61.9 1.050 1.77 0.92 1.00 1.71 35.39 N
SM 55 16.76 34 10.24 100 3800 437 3363 0.901 0.051 50 0.79 1.05 1.15 1.00 1.00 47.90 38.4 62.5 1.050 1.77 0.91 1.00 1.69 33.35 N
SM 60 18.29 39 11.77 100 4300 749 3551 0.860 0.052 50 0.77 1.05 1.15 1.00 1.00 46.61 38.4 60.9 1.050 1.77 0.90 1.00 1.68 32.24 N
SM 70 21.34 49 14.81 100 5300 1373 3927 0.778 0.052 50 0.73 1.05 1.15 1.00 1.00 44.33 38.4 58.2 1.050 1.77 0.88 1.00 1.64 31.31 N
SM 75 22.86 54 16.34 100 5800 1685 4115 0.738 0.052 50 0.72 1.05 1.15 1.00 1.00 43.30 38.4 57.0 1.050 1.77 0.88 1.00 1.63 31.34 N
SM 80 24.38 59 17.86 100 6300 1997 4303 0.697 0.051 50 0.70 1.05 1.15 1.00 1.00 42.34 38.4 55.8 1.050 1.77 0.87 1.00 1.61 31.65 N
CL 85 25.91 64 19.39 120 6900 2309 4591 0.656 0.049 50 0.68 1.05 1.15 1.00 1.00 41.00 95.8 54.2 1.050 1.77 0.86 1.00 1.59 32.32 N
CL 90 27.43 69 20.91 120 7500 2621 4879 0.616 0.047 50 0.66 1.05 1.15 1.00 1.00 39.77 95.8 52.7 1.050 1.77 0.85 1.00 1.57 33.28 N
CL 95 28.96 74 22.43 120 8100 2933 5167 0.575 0.045 50 0.64 1.05 1.15 1.00 1.00 38.64 95.8 51.4 1.050 1.77 0.84 1.00 1.55 34.54 N
CL 100 30.48 79 23.96 120 8700 3245 5455 0.552 0.044 50 0.62 1.05 1.15 1.00 1.00 37.61 95.8 50.1 1.050 1.77 0.83 1.00 1.54 34.97 N


Note: (1) The most critical condition, the empty pond right after construction, was considered in the analysis.  (2) GW water table determined by the piezometer well, at 3,245.4 ft-msl.


TABLE 5.  Safety of Factor against Liquefaction at GB-24.


Depth Depth below final 
ground surface


TABLE 4.  Safety of Factor against Liquefaction at GB-23.


Depth Depth below final 
ground surface
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Correction Coefficients to SPT Blow Count to Account for Fines Content (From Youd et. 
al. 2001). 
 


 
Correction Coefficients to SPT Blow Count to Account for Fines Content (From Youd, et. 
al. 2001). 







 


 


 
Various corrections to SPT Blow Count to Account for Fines Content (From Youd et. al. 
2001). 


 
Correction Factor Kσ to Accounts for the Nonlinear Effect of Overburden (From Youd et. 
al. 2001). 
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1. INTRODUCTION 


This report presents the results of the geotechnical field and laboratory investigation conducted for 
supporting design and construction activities associated with the New Clearwell at the Effluent 
Holding Pond (EHP) area of the Colstrip Steam Electric Station (SES) in Colstrip, Rosebud 
County, Montana.  The proposed EHP New Clearwell will be constructed by capping a portion of 
EHP A Cell and construction of a CCR surface impoundment overfill in A Cell for long-term water 
storage. Geosyntec Consultants, Inc. (Geosyntec) was retained by Talen Energy (Talen) to perform 
the investigation described herein.  This report was prepared by Zichang Li, Ph.D., EIT., and 
Ranjiv Gupta, Ph.D., P.E., and was reviewed in accordance with Geosyntec’s review policies by 
Chunling Li, Ph.D., P.E., and David Espinoza, Ph.D., P.E., all of Geosyntec. 


The purpose of this investigation was to develop geotechnical parameters for the EHP New 
Clearwell using field borehole investigation and subsequent laboratory testing.  The remainder of 
this report is organized as follows: 


• a summary of the geotechnical field investigation conducted at the site is provided in 
Section 2;  


• a summary of the geotechnical laboratory testing program is presented in Section 3; and 


• an overview of the site stratigraphy and geotechnical properties is provided in Section 4. 


2. GEOTECHNICAL SITE INVESTIGATION  


The EHP New Clearwell will be constructed in the current EHP A Cell area, as shown in Figure 
1.  On 20-24 April 2016, five boreholes (GB-20, GB-21, GB-22, GB-23 and GB-24) were 
advanced at the location for the proposed New Clearwell in order to obtain geotechnical data for 
the New Clearwell design.  As shown in Figure 1, GB-21, GB-23 and GB-24 were distributed 
within the pond, approximately 400 feet (ft) apart.  Boreholes GB-20 and GB-22 were drilled on 
the dikes, where the slope stability of cross-sections was considered to be critical.  Borehole GB-
22 was drilled on the divider dike between EHP A and B Cells (A/B divider dike), whereas GB-
20 was drilled on the main dam to the north of EHP A Cell (main dam).  Boreholes GB-20 through 
GB-23 were drilled to 61 feet below ground surface (ft-bgs).  Borehole GB-24 was drilled to 151 
ft-bgs to investigate the stratigraphy of deeper subsurface to the west of EHP A Cell.  Boring logs 
from the site investigation are included in Appendix A of this report. 


Geosyntec directed the geotechnical field investigation and supervised the subsequent laboratory 
testing program.  The soil samples collected during the field investigation were sent to Texas 
Research International (TRI) laboratory located in Austin, Texas.  The laboratory testing results 
are included in Appendix B of this report. 


3. LABORATORY TESTING PROGRAM 


During the geotechnical site investigation, standard penetration test (SPT) samples were collected.  
The SPT samples were stored in sealed plastic bags prior to transportation to the testing laboratory 
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in order to preserve the natural moisture content.  Soil samples were selected for laboratory testing 
in order to characterize each stratum and provide a spatial distribution of material data at the site.  
The laboratory tests performed are listed below. Table 1 summarizes the laboratory test results. 


• Soil classification (ASTM D 2487).  The purpose of this test was to classify the soil per the 
Unified Soil Classification System (USCS). 


o Grain size distribution (ASTM D 422).  The purpose of this test was to determine 
the percentage of various sizes particles present in the soil collected from the site.  
A total of 13 tests were conducted on the samples collected during field 
investigation. 


o Atterberg limits (ASTM D 4318).  The purpose of this test was to determine the 
consistency limits of the soil (liquid limit and plastic limit).  A total of 10 tests were 
conducted on the samples collected during field investigation. 


• Moisture content (ASTM D 2216).  The purpose of this test was to estimate the water 
content of a soil sample and understand the variation of moisture content with depth at the 
site.  A total of 20 tests were conducted. 


• Specific gravity (ASTM D 854A).  The purpose of this test was to estimate the specific 
gravity of coal ash material and compare it with that of soil solids in a given sample of soil.  
A total of 1 test was conducted. 


4. SITE STRATIGRAPHY AND SOIL PROPERTIES 


As shown in Table 1, six soil layers were identified below the main dam (GB-20), four below the 
divider dike (GB-22), and five in the pond area (GB-21, -23 and -24).  


4.1 Main Dam to North of EHP A Cell (GB-20) 


GB-20 was drilled on the main dam to the north of EHP A Cell to investigate the subsurface 
materials of the dike. Ground water table was not encountered at borehole GB-20.   From ground 
surface to 61 ft-bgs (the bottom of the borehole), six soil layers were encountered: 


• Layer Idam consists of bottom ash.  The surface of the main dam to the north of EHP A Cell 
is covered with approximately 1 to 2 ft thick bottom ash material, a coal combustion 
residual (CCR) material, with geotechnical characteristics similar to medium-fine sand 
with silt (classified as silty sand with gravel (SM) per the USCS in accordance with ASTM 
D 2487). The bottom ash serves as structural fill to pave the crest for traffic.  Below the 
bottom ash are natural soil materials.  


• Layer IIdam consists of natural silty sand. From 2 ft-bgs to 15 ft-bgs is yellowish-brown 
sandy silt with red shale debris.  Layer IIdam is classified as silty sand with gravel (SM) per 
the USCS in accordance with ASTM D 2487.  According to the historical construction 
drawings [Bechtel 1982], Layer IIdam referred to as “shell” or “structural fill” was used to 
construct the main dam from local borrow areas.   
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• Layer IIIdam consists of yellowish-red sandy silt with gravel located from 15 ft-bgs to 45 
ft-bgs.  According to the historical construction drawings [Bechtel 1982], this soil referred 
to as “dam core” was used to construct the 0.3H:1V core.  The grain size distribution 
analysis shows that Layer IIIdam consists of fine grained material with 85.8% fines and was 
classified as silt (ML) per the USCS in accordance with ASTM D 2487.   


• Layer IVdam consists of yellow clay mixed with sand and gravel located from 45 ft-bgs to 
51 ft-bgs.  The grain size distribution analysis shows that Layer IV consisted of coarse 
grained gravel (56.9%) mixed with clayey soil (25.3%) and therefore was classified as 
clayey gravel with sand (GC) per the USCS in accordance with ASTM D 2487.  According 
to the historical construction drawings [Bechtel 1982], Layer IV is the alluvium and was 
the undisturbed natural ground surface, upon which the main dam was constructed. 


• Layer Vdam consists of coal seam material. The coal seam encountered at GB-20 is 
approximately 6 ft thick and extends from 51 ft-bgs to 57 ft-bgs.  Layer V appears black, 
brittle, and very stiff. The same material was found at 51 ft-bgs at MD-16-02-SP (250 ft 
toward west along the dike). Coal seams belong to the McKay formation and are classified 
as silty sand (SM) per the USCS in accordance with ASTM D 2487.  Field investigations 
performed by Geosyntec during June 2015 and April 2016 indicated that coal seams are 
typically heavily consolidated and are not expected to be continuous, with is consistent 
with the description/statements in the historical data. 


• Layer VI consists of condensed lean clay. The soil from 57 ft-bgs to 61 ft-bgs (the bottom 
of the borehole) is gray clay with moderate cementation.  The historical construction 
drawings refer to Layer VI as “stiff non-organic clay” or “bedrock”.  Field investigation 
indicated that Layer VI is heavily consolidated and the SPT blow counts are greater than 
100 blows per foot (bpf).   


 


4.2 Divider Dike at South of EHP A Cell (GB-22) 


GB-22 was drilled on the A/B divider dike to the south of EHP A Cell to investigate the materials 
in the divider dike.  Ground water table was encountered at 40 ft-bgs.  From ground surface to 61 
ft-bgs (the bottom of the borehole), four soil layers were encountered: 


• Layer Idike consists of 20-ft thick bottom ash and locates from ground surface to 15 ft-bgs.  
The divider dike was constructed using the bottom ash fill.  According to the historical 
construction drawings [Bechtel 1982], bottom ash was used to build the dike upon the 
original natural ground surface, at approximately 3,265 ft-msl, which was verified by the 
geotechnical investigation.  Layer Idike is classified as silty sand with gravel (SM).   


• Layer IIdike consists of a mix of yellowish-red silt, sand and sandstone derbies.  Layer II is 
a natural soil and extends from 15 ft-bgs to 39 ft-bgs.  Layer IIdike is classified as silty sand 
with gravel (SM). According to the historical construction drawings [Bechtel 1982], Layer 
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IIdike is the alluvium and was the original ground surface, upon which the divider dike was 
constructed. 


• Layer IIIdike consists of saturated sandy gravel.  This layer appears to be typical aquifer 
material. The soil from 39 ft-bgs to 55 ft-bgs is red and gray gravel mixed with coarse sand. 
The content of the gravel increases with depth and appears to be the debris of weathered 
claystone.  Layer IIIdike is classified as poorly-graded gravel with sand (GP). 


• Layer IVdike consists of condensed lean clay (CL). The soil from 55 ft-bgs to 61 ft-bg (the 
bottom of the borehole) is saturated gray clay. 


 


4.3 EHP A Pond (GB-21, -23 and -24) 


For the EHP A pond, a site stratigraphic model is presented in Figure 2.  Ground water table was 
not encountered. Five main soil layers were encountered during the field investigation, and are 
described below. 


• Layer I consists of bottom ash.  EHP A Cell was used for bottom ash storage. Field 
investigation as shown in Appendix A indicates that the existing surface of EHP A pond is 
cover by a layer of 3 to 16 ft thick dark-gray bottom ash. The bottom ash was used to pave 
the pond surface for traffic.  The bottom ash is classified as silty sand with gravel (SM) per 
the USCS in accordance with ASTM D 2487. 


• Layer II consists of fly ash and red natural silt.  The material is light-gray to gray coal fly 
ash, which was transferred as fly ash slurry through pipes to the EHP area. The layer 
thickness is 5 ft at GB-24 and 40 ft at GB-21.  At GB-23, the soil from 3 ft-bgs to 36 ft-
bgs is gray fly ash and from 36 ft-bgs to 45 ft-bgs is red natural silt.  As the appearances of 
the red silt is similar to the fly ash encountered, it is included in Layer II. Layer II is 
classified as silt (ML) per the USCS in accordance with ASTM D 2487.   


• Layer III consists of gravel with silt and sand.  Silty gravel with sand was encountered from 
56 ft-bgs to 70 ft-bgs at GB-21 and poorly-graded gravel with sand was encountered from 
45 ft-bgs to 60 ft-bgs at GB-23.  No gravelly soil was encountered at GB-24. 


• Layer IV consists of condensed lean clay.   Gray lean clay was encountered at GB-21 from 
70 ft-bgs to 86 ft-bgs (the bottom of the borehole), and at GB-23 from 60 ft-bgs to 61 ft-
bgs (the bottom of the borehole).  At GB-24, yellowish-brown lean clay was encountered 
from 10 ft-bgs to 36 ft-bgs and condensed gray lean clay was encountered from 85 ft-bgs 
to 151 ft-bgs (the bottom of the borehole).  Layer IV is classified as lean clay (CL) per the 
USCS in accordance with ASTM D 2487. 


• Layer V consists of coal seam material.  The coal seam was encountered at GB-24, from 
36 ft-bgs to 85 ft-bgs. Coal seams belong to the McKay formation and is classified as silty 
sand (SM) per the USCS in accordance with ASTM D 2487.  Field investigation as 
presented in Appendix A indicated that coal seams are heavily consolidated with SPT blow 
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counts greater than 100 bpf, with is consistent with the description/statements in the 
historical data. 


5. SUMMARY 


This report summarizes the geotechnical site investigation conducted at the site for the design of 
the proposed EHP New Clearwell. Boring logs from the site investigation are presented in 
Appendix A. The laboratory testing results of soil samples are included in Appendix B. The 
geotechnical site investigation verifies the historical construction data [Bechtel 1982]. An 
overview of the site stratigraphy is provided in Section 4. 
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FIGURE 1: Boring Locations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







BORING SCHEDULE


BORING ID


GB-20


GB-21


GB-22


GB-23


GB-25


NORTHING


604664.15


604390.71


603984.05


604120.17


604110.45


EASTING


2719180.31


2719080.39


2719227.25


2719086.86


2718483.29


CELL B


CELL A


GB-20


GB-21


GB-22


GB-23


GB-25


 BORING LOCATIONS AT EHP A CELL
(NEW CLEARWELL WATER STORAGE)


N


LEGEND


300'0


SCALE IN FEET


COLUMBIA, MARYLAND


EXISTING GRADE CONTOUR (FEET-MSL)


EXISTING ROAD / DRIVE


EXISTING TREELINE


EXISTING STRUCTURE


3210


EXISTING WATERLINE


GEOTECHNICAL BORING LOCATION
GB-22



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3300



AutoCAD SHX Text

3300



AutoCAD SHX Text

3290



AutoCAD SHX Text

3300



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

3290



AutoCAD SHX Text

3300



AutoCAD SHX Text

3310



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

3310



AutoCAD SHX Text

3300



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3270



AutoCAD SHX Text

3280



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3270



AutoCAD SHX Text

3270



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

3240



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

3270



AutoCAD SHX Text

3260



AutoCAD SHX Text

3250



AutoCAD SHX Text

3240



AutoCAD SHX Text

3240



AutoCAD SHX Text

3270



AutoCAD SHX Text

3280



AutoCAD SHX Text

3290



AutoCAD SHX Text

3290



AutoCAD SHX Text

3280



AutoCAD SHX Text

UNITS 3 & 4 EFFLUENT HOLDING POND AREA  COLSTRIP STEAM ELECTRIC STATION COLSTRIP, MONTANA



AutoCAD SHX Text

APRIL 2016



AutoCAD SHX Text

ME1210



AutoCAD SHX Text

1210f204



AutoCAD SHX Text

1



AutoCAD SHX Text

FILE NO.



AutoCAD SHX Text

FIGURE NO.



AutoCAD SHX Text

PROJECT NO.



AutoCAD SHX Text

DOCUMENT NO.



AutoCAD SHX Text

DATE:







 
 
 
 
 
 
 
 
 
 
 
 
 
 


FIGURE 2: Stratigraphic Model 
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TABLE 1 


SUMMARY OF GEOTECHNICAL MATERIAL PROPERTY TESTS 


 


Boring 
Number 


Sample Depth 
Layer USCS 


Classification 


Water 
Content 


Atterberg Limits Fines Specific 
Gravity Start End LL PL PI 


ft, BGS ft, BGS % % % % % - 


GB-20 
(Main 
dam) 


4 6 Idam * SM - - - - - - 
9 11 IIdam SM - - - - - - 
19 21 IIIdam ML - - - - - - 
24 26 IIIdam ML 13.9 29 NP -- 85.8 - 
39 41 IIIdam ML - - - - - - 
49 51 IVdam GC 18.9 34 26 8 25.3 - 
54 56 Vdam SM - - - - - - 
59 61 VIdam CL 13.0 49 28 21 99.5 - 


GB-22 
(Divider 


dike) 


9 11 Idike * SM - - - - - - 
19 21 Idike * SM 8.2 19 NP -- 29.5 - 
29 31 IIdike SM 4.2 - - - - - 
39 41 IIdike SM - - - - - - 
44 46 IIIdike SM 15.9 32 NP -- 17.9 - 
49 51 IIIdike GP - - - - - - 
54 56 IIIdike GP - - - - - - 
59 61 IVdike CL 22.3 - - - 81.6 - 


GB-21 
(Pond) 


4 6 I * SM - - - - - - 
14 16 I * SM 33.9 40 NP -- 40.7 2.51 
24 26 II * ML - - - - - - 
34 36 II * ML 47.2 - - - - - 
44 46 II * ML - - - - - - 
54 56 II * ML - - - - - - 
64 66 III GM 22.3 33 NP -- 22.3 - 
74 76 IV  CL - - - - - - 
84 86 IV  CL 84.0 - - - - - 


GB-23 
(Pond) 


4 6 II * ML - - - - - - 
14 16 II * ML - - - - - - 
24 26 II * ML - - - - - - 
34 36 II * ML - - - - - - 
44 46 III GP - - - - - - 
54 56 III GP 23.5 38 NP -- 2.9 - 
59 61 III GP - - - - - - 


Note: * CCR material, not natural soils. 


  







 


 


TABLE 1 (Continued) 


SUMMARY OF GEOTECHNICAL MATERIAL PROPERTY TESTS 


 


Boring 
Number 


Sample Depth 
Layer USCS 


Classification 


Water 
Content 


Atterberg Limits Fines Specific 
Gravity Start End LL PL PI 


ft, BGS ft, BGS % % % % % - 


GB-24 
(Pond) 


9 11 II * ML - - - - - - 
19 21 IV CL 16.2 34 17 17 88.4 - 
24 26 IV CL - - - - - - 
29 31 IV CL - - - - - - 
34 36 IV CL 14.2 - - - - - 
39 41 V SM - - - - - - 
44 46 V SM 30.5 - - - 30.6 - 
49 51 V SM - - - - - - 
54 56 V SM - - - - - - 
59 61 V SM 47.2 - - - 38.4 - 
69 71 V SM - - - - - - 
74 76 V SM - - - - - - 
79 81 V SM - - - - - - 
84 86 IV CL 8.4 38 19 19 95.8 - 
89 91 IV CL - - - - - - 
94 96 IV CL - - - - - - 
99 101 IV CL 13.1 - - - - - 
104 106 IV CL - - - - - - 
109 111 IV CL - - - - - - 
114 116 IV CL 12.6 - - - - - 
119 121 IV CL - - - - - - 
124 126 IV CL - - - - - - 
134 136 IV CL - - - - - - 
144 146 IV CL 10.6 - - - - - 
149 151 IV CL - - - - - - 


Note: * CCR material, not natural soils. 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-20


Date(s)
Drilled 4/23/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Cement grout and bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604660.78, Easting 2719174.62)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3292.3 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, trace red shale debris, 
slightly moist, loose  to medium-dense


Silty SAND, natural soil, yellow silty sand, trace red shale debris, moist, dense


Gravelly lean CLAY, brown clay, with red subrounded gravel, moist, low 
plasticity, firm


Gravelly lean CLAY, brown clay, with red subrounded gravel, moist, low 
plasticity, firm


SILT, natural soil, yellowish-red, trace red fine sand and yellow subrounded 
gravel, moist, hard


SILT, predominantly 85.8% silty fines, 7.2% sand and 6.8% fine gravel. Silt, 
natural soil, yellowish-red, trace red fine sand and gravel, moist, firm


SILT, natural soil, yellowish-red, trace red fine sand, moist, very hard


Clayey GRAVEL with sand, 56.9% fine gravel, 17.8% sand and 25.3% clayey 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-20
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MATERIAL DESCRIPTION


Clayey GRAVEL with sand, 56.9% fine gravel, 17.8% sand and 25.3% clayey 
fines. Red subrounded shale debris, with yellow lean clay, mosit, hard


Silty SAND, coal material, black, reflective, slightly moist, very stiff


Lean CLAY, predominatly 99.6% clayey fines. Paste: condensed coal ash 
paste, gray, mosit, very hard


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-21


Date(s)
Drilled 4/24/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604519.69, Easting 2719255.00)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3286.6 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, slightly moist, loose to 
medium-dense


Paste: Silty SAND, gray, moist, firm


Silty SAND with gravel, 39.9% sand, 40.7% silty fines, 19.4% fine gravel. 
Paste: silty sand, gray, with dark-gray layers, moist, very stiff


Paste: Silty SAND, gray, condensed, moist, very hard  


Paste: Silty SAND, condensed, gray, moist, hard


Paste: Silty SAND, condensed, gray, moist, hard
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-21
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MATERIAL DESCRIPTION


Paste: Silty SAND, condensed, gray, moist, hard


Paste: Silty SAND, condensed, gray, wet, hard


Silty GRAVEL with sand, predominantly 58.1% fine gravel, 19.6% sand and 
22.3% silty fines. Sandy silty gravel, reddish-brown, moist, firm


Sandy silty GRAVEL, reddish-brown, with yellow silty sand, moist, very hard


Sandy silty GRAVEL, reddish-brown, with yellow silty sand, moist, very hard


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-22


Date(s)
Drilled 4/23/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured 40 ft-bgs


Borehole
Backfill Cement grout and bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604000.96, Easting 2719276.63)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3285.7 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, slightly moist, loose to 
medium-dense


Bottom ash: Silty SAND, medium-fine sand, dark-gray, moist


Bottom ash: Silty SAND, medium-fine sand, gray to dark-gray, moist, very 
dense


Silty SAND, 49.1% sand, 21.4% fine gravel, 29.5% silty fines. Yellowish-gray 
fine sand with gravel, condensed, moist, very dense


Silty SAND, reddish-yellow, condensed, moist, very dense


Silty SAND, red and gray, coarse-fine sand with subangular gravel, saturated, 
dense. Water table at 40 ft-bgs 


Silty SAND with gravel, predominantly 48.8% sand,33.3% fine gravel, 17.9% 
silty fines. Gravelly silty sand, red and gray, saturated, very dense


Poorly-graded GRAVEL with sand, red and gray,  subangular gravel, with 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-22
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MATERIAL DESCRIPTION


Poorly-graded GRAVEL with sand, red and gray,  subangular gravel, with 
coarse-fine sand, saturated, very dense


Poorly-graded GRAVEL with sand, red and gray,  subangular gravel, with 
coarse-fine sand, saturated, very dense


Paste: Lean CLAY, condensed, gray, saturated, firm


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-23


Date(s)
Drilled 4/24/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604092.42, Easting 2719135.06)


Checked By Ranjiv Gupta


Total Depth
of Borehole 61 ft-bgs


Approximate
Surface Elevation 3284.0 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, slightly moist, loose to 
medium-dense


Paste: Silty SAND, light-gray to gray, moist, very loose


Paste: Silty SAND, gray, moist, medium dense


Silty SAND, red, trace gravel, moist, dense to medium dense 


Silty SAND, red, moist, loose


Poorly-graded GRAVEL, red, with red fine sand, moist, medium dense
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-23
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MATERIAL DESCRIPTION


Poorly-graded GRAVEL, red, with red fine sand, moist, medium dense


Poorly-graded GRAVEL with sand, predominatly 78.5% gravel, 18.6% sand. 
Sandy gravel, yellow, mosit, hard


Poorly-graded GRAVEL with sand, yellow, mosit, hard


End of boring at 61 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24


Date(s)
Drilled 4/20-23/2016


Drilling
Method Hollow Stem Auger


Drill Rig
Type B-61 Truck-rig


Groundwater Level
and Date Measured Not Encountered


Borehole
Backfill Cement grout and bentonite chips


Logged By Zichang Li


Drill Bit
Size/Type 4.5" ID, 8.0" OD


Drilling
Contractor O'Keefe Drilling


Sampling
Method(s) Split Spoon


Location EHP A Cell (Northing 604120.43, Easting 2718491.03)


Checked By Ranjiv Gupta


Total Depth
of Borehole 151 ft-bgs


Approximate
Surface Elevation 3291.8 ft-MSL


Hammer
Data Automatic Trip Hammer
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MATERIAL DESCRIPTION


Bottom ash: Silty SAND, medium-fine sand, dark-gray, dry, loose to 
medium-dense


Silty SAND with gravel, fine sand with shale debris, red, moist, hard


Lean CLAY, yellowish-gray, moist, firm


Lean CLAY, predominantly 88.4% clayey fines, 11.6% medium-fine sand. 
Yellowish-brown clay, low plasticity, moist, firm


Lean CLAY, yellowish-brown, low plasticity, moist, firm


Lean CLAY, yellow, with red shale debris, miost, soft


Lean CLAY, condensed, gray and brown, moist, hard


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, predominantly 65.1% medium-fine sand, 30.6% fines. Coal 
material, black, shell and powder, brittle, reflective, dry, very dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24
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MATERIAL DESCRIPTION


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, coal material, black, shell and powder, brittle, reflective, dry, very 
dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Paste: Lean CLAY, gray, condensed, moderate cementation, moist, very hard


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Silty SAND, coal material, brittle, black, reflective, dry, very dense


Lean CLAY, predominantly 95.8% clayey fines, 4.2% fine sand. Paste: 
greenish-gray clay, condensed, moderate cementation, slightly moist, very 
hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24
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MATERIAL DESCRIPTION


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Log of Boring GB-24
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MATERIAL DESCRIPTION


Paste: Lean CLAY, greenish-gray, condensed, moderate cementation, slightly 
moist, very hard


End of boring at 151 ft-bgs
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Project: Colstrip SES - EHP A Cell


Project Location: Colstrip, MT


Project Number: ME1343/04


Key to Log of Boring
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1 2 3 4 5 6 7 8 9 10 11


COLUMN DESCRIPTIONS


1 Depth (feet): Depth in feet below the ground surface.
2 Elevation (feet, MSL): Elevation (feet, MSL)
3 Sample Number: Sample identification number.
4 Sample Type: Type of soil sample collected at the depth interval


shown.
5 Blows Per Foot (N): Number of blows to advance driven sampler


one foot (or distance shown) beyond seating 
interval using the
hammer identified on the boring log.


6 Material Type: Type of material encountered.


7 MATERIAL DESCRIPTION: Description of material encountered. 
May include consistency, moisture, color, and 
other descriptive
text.


8 Moisture Content (%): Water content of the soil sample, expressed
as percentage of dry weight of sample.


9 Liquid Limit (%): Liquid Limit, expressed as a water content.
10 Plasticity Index (%): Plasticity Index, expressed as a water content.
11 % Passing No. 200 Sieve: The percent fines (soil passing the No.


200 Sieve) in the sample.  WA indicates a 
Wash Sieve, SA
indicates a Sieve Analysis.


FIELD AND LABORATORY TEST ABBREVIATIONS


CHEM: Chemical tests to assess corrosivity
COMP: Compaction test
CONS: One-dimensional consolidation test
LL: Liquid Limit, percent


PI: Plasticity Index, percent
SA: Sieve analysis (percent passing No. 200 Sieve)
UC: Unconfined compressive strength test, Qu, in ksf
WA: Wash sieve (percent passing No. 200 Sieve)


MATERIAL GRAPHIC SYMBOLS


TYPICAL SAMPLER GRAPHIC SYMBOLS


Auger sampler


Bulk Sample


3-inch-OD California w/
brass rings


CME Sampler


Grab Sample


2.5-inch-OD Modified
California w/ brass liners


Pitcher Sample


2-inch-OD unlined split
spoon (SPT)


Shelby Tube (Thin-walled,
fixed head)


OTHER GRAPHIC SYMBOLS


Water level (at time of drilling, ATD)


Water level (after waiting)


Minor change in material properties within a
stratum


Inferred/gradational contact between strata


? Queried contact between strata


GENERAL NOTES


1: Soil classifications are based on the Unified Soil Classification System. Descriptions and stratum lines are interpretive, and actual lithologic changes may be
gradual. Field descriptions may have been modified to reflect results of lab tests.
2: Descriptions on these logs apply only at the specific boring locations and at the time the borings were advanced. They are not warranted to be representative
of subsurface conditions at other locations or times.
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APPENDIX B 
LABORATORY TEST RESULTS 


 







Client: Geosyntec Consultants TRI Log#: 20379.20


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB20 (24 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - - - 0.01 0.02 - - - -


5/30/2016


93.2


93.2


Plastic Index 


29


93.2 NP


- -


93.0


Specific Gravity 


- -


- -


Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


13.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silt (ML)


(ASTM D2216)


Sieve Size Percent Passing


100.0


93.2


92.3


92.8


92.7


92.6


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 33.1


39.30.005 mm


91.2


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


85.8


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Client: Geosyntec Consultants TRI Log#: 20379.21


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB20 (49 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.69 6.99 10.75 - - - -


5/30/2016


64.2


55.4


Plastic Index 8


34


81.1


43.1


Specific Gravity 


- -


- -


26Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


18.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Clayey gravel with sand (GC)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


27.1


35.2


30.7


28.3


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 11.4


14.60.005 mm


26.2


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


25.3


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Client: Geosyntec Consultants TRI Log#: 20379.22


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB20 (59 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - - - 0.00 0.00 - - - -


5/30/2016


100.0


100.0


Plastic Index 21


49


100.0


100.0


Specific Gravity 


- -


- -


28Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


13.0


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


99.9


100.0


100.0


99.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 65.3


98.60.005 mm


99.8


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


99.6


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Client: Geosyntec Consultants TRI Log#: 20379.9


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB21 (14 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.05 0.70 1.55 - - - -


5/30/2016


Tested by: KH, PC, and Mark Fountain, Ph.D.


43.6


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


40.7


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 13.9


14.00.005 mm


45.0


63.7


51.3


46.8


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


33.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty sand with gravel (SM)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


Plastic Limit


2.51(ASTM D854)


NP


- -


80.6


Specific Gravity 


92.5


88.5


Plastic Index 


40


100.0


0 


25 


50 


75 


100 


0.001 0.01 0.1 1 10 100 


P
er


ce
n


t 
F


in
er


 


Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.11


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB21 (64 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.20 19.21 21.45 7874.04 319.83


5/30/2016


Tested by: KH & PC


28.5


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


22.3


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 9.2


11.00.005 mm


31.1


35.9


33.1


32.0


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


22.3


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty gravel with sand (GM)


(ASTM D2216)


Sieve Size Percent Passing


73.9


73.9


- -


- -


Plastic Limit


- -(ASTM D854)


NP


- -


41.9


Specific Gravity 


49.0


46.8


Plastic Index 


33
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Client: Geosyntec Consultants TRI Log#: 20379.13


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB22 (19 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.08 0.13 0.20 132.14 0.76


5/30/2016


Tested by: KH & PC


53.9


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


29.5


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 11.5


14.00.005 mm


65.5


73.1


70.4


68.5


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


8.2


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty sand with gravel (SM)


(ASTM D2216)


Sieve Size Percent Passing


100.0


95.3


- -


- -


Plastic Limit


- -(ASTM D854)


NP


- -


78.6


Specific Gravity 


89.0


84.8


Plastic Index 
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Client: Geosyntec Consultants TRI Log#: 20379.15


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB22 (44 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.33 1.36 2.78 667.32 72.23


5/30/2016


77.5


75.5


Plastic Index 


32


84.6 NP


- -


66.7


Specific Gravity 


- -


- -


Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


15.9


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Silty sand with gravel (SM)


(ASTM D2216)


Sieve Size Percent Passing


100.0


90.3


26.9


55.9


42.8


32.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 8.3


10.40.005 mm


22.8


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


17.9


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.16


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB22 (59 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.00 0.00 0.01 0.02 12.25 0.00


5/30/2016


*Insufficient material to perform D4318 testing. Tested by: KH & PC


94.0


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


81.6


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 14.9


30.90.005 mm


94.8


96.1


95.4


95.1


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


22.3


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


- -


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


*Plastic Limit


- -(ASTM D854)


97.4


Specific Gravity 


98.5


98.5


Plastic Index - -


*
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.19


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB23 (54 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) 0.62 10.19 17.67 21.19 33.97 3524.60


5/30/2016


34.1


27.5


Plastic Index 


38


52.6 NP


- -


21.5


Specific Gravity 


- -


- -


Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


23.5


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Poorly-graded gravel with sand (GP)


(ASTM D2216)


Sieve Size Percent Passing


100.0


71.2


6.5


15.9


11.3


8.4


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 2.4


2.40.005 mm


4.7


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


2.9


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.1


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB24 (19 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.00 0.01 0.03 - - - -


5/30/2016


Tested by: KH & PC


94.4


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


88.4


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 34.0


41.80.005 mm


97.4


99.3


98.4


97.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


16.2


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


17Plastic Limit


- -(ASTM D854)


100.0


Specific Gravity 


100.0


100.0


Plastic Index 17
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants  TRI Log#: 20379.3


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample: GB24 (44 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.04 0.39 0.55 - - - -


5/30/2016


*Insufficient material to perform D4318 testing.


100.0


100.0


Plastic Index - -


*


100.0


100.0


Specific Gravity 


- -


- -


*Plastic Limit


- -(ASTM D854)


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


30.5


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


- -


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


40.2


95.7


73.5


51.7


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Quality Review/Date0.002 mm 24.1


25.60.005 mm


34.1


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


30.6


Hydrometer Analysis


Particle Size


Tested by: KH & PC
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.4


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample:  GB24 (59 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - 0.02 0.32 0.61 - - - -


5/30/2016


*Insufficient material to perform D4318 testing. Tested by: KH & PC


42.1


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


38.4


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 20.6


23.70.005 mm


46.5


84.2


65.8


53.6


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


47.2


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


- -


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


*Plastic Limit


- -(ASTM D854)


97.4


Specific Gravity 


100.0


100.0


Plastic Index - -


*
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Particle Size (mm) 


                               Sieve Sizes 


   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log#: 20379.5


Project: Talen  Colstrip  EHP A Cell Test Method: ASTM D422


Sample:  GB24 (84 ft)


3 in.  (76.2 mm) 


2 in.  (50.8 mm)


1.5 in. (38.1 mm)


1 in. (25.4 mm)


3/4 in.  (19.0 mm)


1/2 in. (12.7 mm)


3/8 in. (9.51 mm)


No. 4 (4.76 mm)


No. 10 (2.00 mm)


No. 20 (0.841 mm)


No. 40 (0.420 mm)


No. 60  (0.250 mm)


No. 100 (0.149 mm) D10 (mm) D30 (mm) D50 (mm) D60 (mm) Cu Cc


No. 200 (0.074 mm) - - - - 0.00 0.00 - - - -


5/30/2016


Tested by: KH & PC


99.5


Jeffrey A. Kuhn, Ph.D., P.E., 
Percent Passing


95.8


Hydrometer Analysis


Particle Size


Quality Review/Date0.002 mm 49.3


73.60.005 mm


99.8


100.0


99.9


99.9


(ASTM D2974)


(ASTM D4373)


Notes: Specimen was air dried.. 


(NL = No Liquid Limit, NP = No Plastic Limit)


Carbonate Content (%)


Liquid Limit


Organic Content (%)


(ASTM D4318,


Method A : Multipoint)


Atterberg Limits 


Particle Size Analysis for Soils


100.0


Sieve Analysis


100.0


8.4


USCS Classification


(ASTM D2487)


As-Received 


Moisture Content (%)


Lean clay (CL)


(ASTM D2216)


Sieve Size Percent Passing


100.0


100.0


- -


- -


19Plastic Limit


- -(ASTM D854)


100.0


Specific Gravity 


100.0


100.0


Plastic Index 19
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   3"  2"        3/4"    3/8"    4         10        20      40   60  100    200   







Client: Geosyntec Consultants TRI Log No: 20379


Project: Talen  Colstrip  EHP A Cell


Jeffrey A. Kuhn, Ph.D., P.E., 5/30/2016


D2216 D1140


C
O


C
 


L
in


e 
# w 


(%)


g total 


(pcf) 


g dry 


(pcf) 


Percent 


Fines


Liquid 


Limit


Plastic 


Limit


Plastic 


Index


2 14.2 - - - - - -


6 13.1 - - - - - -


7 12.6 - - - - - -


8 10.6 - - - - - -


10 47.2 - - - - - -


12 23.0 - - - - - -


14 4.2 - - - - - -


NL = No Liquid Limit, NP = No Plastic Limit


ASTM Standard


D4318


Tested by: KH


Quality Review/Date


D7263


USCSSample Identification


GB24(34) -


GB24(99) -


GB24(114) -


GB24(144) -


-


GB21(34) -


GB21(84) -


GB22(29)







APPENDIX E 
EHP - Locations of Explorations (Bechtel 1982) 







A'


A


B


B'



ZLi
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ZLi

Line











APPENDIX F 
Summary of Material Properties (Womack 2011) 







USCS
Coef of Hydraulic Preconsolidation In-Situ Effective Effective Normalized Strength Undrained


Soil Borehole/Test Pit Sample Water Total Unit Dry Unit Degree of Liquid Plasticity Plasticity Liquidity % Passing Initial Void Compression Recompression Recompression Compression Consol Conductivity Stress Stress Overconsolidation Strength Cohesion Ratio Shear Strength
Name Source No. Depth Content Weight Weight Saturation Limit Index Limit Index No. 200 Ratio Index Index Ratio Ratio Cv k s'p s'vo Ratio φ' c' Cu/s'vo Su OMC Max Dry OMC Max Dry Classification


(ft) (%) (pcf) (pcf) (%) LL PI PL LI eo Cc Cr C'r C'c (ft2/day) (ft/day) (psf) (psf) OCR (degree) (psf) S (psf) (%) Density(pcf) (%) Density(pcf)
Clinker Ash SD-10-P36 U1 10 - 13  114.5       CL-ML


U1a 11.35 - 11.55 23.3 120.1 97.4 25 6 19 0.72 50.4
U1c 12.65 - 12.80 26.5 121.3 95.9 26.6 950 0.25
U1b 12.80 - 13.00 24.4 121.9 96.1 96.4 25 7 18 1.26 0.751 0.301 0.009 0.005 0.172 15,000 800 18.8 2087


U1b (INC) 13 26.8 121.9 96.1 25 7 18 1.26 0.751
U1d (INC) 10.96 24.4 124.1 99.8 0.686 1.12 1.71E-04


Clinker Ash SD-10-P38 U1 11.5 - 14.5  105.6  CL
11.78-11.98 23.5 126.1 102.1 29 10 19 0.45 52.4


Clinker Ash SD-10-P38 U2 15 - 18  114.6  CL
U2a 16.18 - 16.36 26.0 125.9 100.0 29 10 19 0.70 55.2
U2b 17.85 - 18.00 25.0 127.9 102.3 103.7 29 10 19 0.6 0.656 23,500 1,200 19.6 3241


Clinker Ash Ave 25.0 120.4 98.7 100.1 27.0 8.3 18.7 0.8 52.7 0.711 0.301 0.009 0.005 0.172 1.120 1.71E-04 19,250 1000.0 19.2 26.6 950 2664 CL


Paste MD-10-P7 U1 10.0 - 12.8  100.9  ML
U1a 10.50 - 10.66 45.2 109.5 75.4 43 8 35 1.28 95.4
U1b 10.66 - 10.81 52.4 99.5 65.3 89.3 40 5 35 3.48 1.596 0.390 0.013 0.005 0.150 14,000 400 35.0  0.25 1719


U1c (INC) 10.81 47.2 90.3 61.3 73.1 1.744 0.335 0.091 0.0332 0.122 0.78 2.80E-05 16,000


Paste MD-10-P8 U1 5.0 - 8.0 ML
U1a 6.0-7.5 54.3 101.4 65.7 93.5 48 11 37 1.57 1.578 0.405 0.031 0.0121 0.157 28,000 300 93.3 0.25 2825


Paste MD-10-P9 U1 10.0 - 13.0  103.3  ML
U1a 11.65 - 11.90 43.9 109.1 75.8 42 6 36 1.32 95.9
U1b 12.60 - 12.75 52.1 103.8 68.3 95.6 44 6 38 2.35 1.483 0.474 0.015 0.006 0.191 26,600 500 53.2 3004
U1c 12.75 - 12.90 50.8 102.9 68.2 35 0 0.25


Paste Ave 49.4 102.3 68.6 87.9 43.4 7.2 36.2 2.0 95.7 1.600 0.401 0.038 0.014 0.155 0.780 2.80E-05 21,150 400.0 60.5 35 0 2664 ML


Alluvium SD-09-25P U1/U2 28.5 - 31.0 15.4 128.5 111.3 27 12 15 0.03 76.8 CL


Fly Ash Borrow TP-10-4 3 49.7 74.2 29.3 84.5
TP-10-4 8 43.6 78.0 1.243 1.974 0.063 0.028 0.88 23.6 1.31E+00 3800 840 4.5 36.6 79.4
TP-10-5 3.5 55.5 82.3 1.102 0.801 0.059 0.028 0.381 23.51 7.94E-02 3950 367.5 10.7 37.8 0
TP-10-5 7 44.8 33.6 81.1


Fly Ash Borrow Ave 48.4 116.0 78.2 1.173 1.387 0.061 0.028 0.631 23.555 6.95E-01 3875.0 603.8 7.6 37.8 0 35.1 80.3 29.3 84.5


Table 7.2-1 Laboratory Test Results


Proctor


Standard Modified


Soil Sample Origin Static DSS Test ResultsIndex PropertiesPhysical Properties CRS Consolidation & Permeability Test Results







Undrained Undrained Effective Effective Hydraulic
Soil Report / Test Dry Unit Moist Unit Sat Unit Strength Cohesion Strength Cohesion Compression Recompression Recompression Compression Conductivity


Name Source Weight Weight Weight OMC φ c φ' c' Index Index Ratio Ratio k OMC Max Dry OMC Max Dry


(pcf) (pcf) (pcf) (%) (degree) (psf) (degree) (psf) Cc Cr C'r C'c (ft/s) (%) Density(pcf) (%) Density(pcf)
Core Bechtel, 1982 113 125 130 15 27 120 28.5 0 0.1 0.01


WAI, 2010 1.50E-07


Shell Bechtel, 1982 130 15 22.5 750 33 0 0.1 0.01
WAI, 2010 107.5 123.6 2.00E-07


Drain Bechtel, 1982 105 130 135 15 35 0 35 0 0.0317


Claystone/Siltstone Bechtel, 1982 112 124 21 0 28 0 3.20E-08


Clinker/Baked Shale Bechtel, 1982 130 140 16 40 0 40 0 0.17


Clinker Ash This Report 99 120.4 125 0 2000 26.6 950 0.301 0.009 0.005 0.0172 1.98E-09


Alluvium Bechtel, 1982 97 112 124 21 0 28 0 0.1 0.01 4.80E-06


Sandstone WAI, 2010 99.8 121 124 22.2 40.1 0 2.40E-05


Paste This Report 68.6 102 112 0 1700 35 0 0.401 0.038 0.014 0.155 3.24E-10


Fly Ash Slurry WAI, C-CW, 09 100 103.4 * * 28 700
Golder, 2001 74 3.28E-07


Fly Ash Borrow This Report 78.2 105.6 116 35.1  37.8 0 1.387 0.061 0.028 0.631 8.04E-06 35.1 80.3 29.3 84.5
WAI, 2001 22 0


Bottom Ash Fill Golder, 2001 86 93.7 112.2 29.3 20.5 3295 40.3 675 0.04 0.23 5.00E-04 29.3 86


* Undrained strength of fly ash slurry
C top layer = 100-psf
C rate of change = 9-psf/ft
C maximum = 3000-psf


Proctor


Standard Modified


Table 8.2.3-1 Soil Design Parameters


Soil Sample Data Physical Properties Engineering Properties







APPENDIX G 
Slope Stability Analysis Output 







3.4333.433


W


W


3.4333.433


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 21 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


36
00


34
00


32
00


30
00


-600 -400 -200 0 200 400 600


Analysis Description


CompanyScale 1:1541Drawn By


File Name A-A'_end of construction_circular.sliDate 9/29/2015, 4:16:54 PM


Project


SLIDE - An Interactive Slope Stability Program


SLIDEINTERPRET 6.018







3.6383.638


W


W


3.6383.638


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 21 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+


38
00


36
00


34
00


32
00
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2.9332.933


W


W


2.9332.933


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 21 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 21 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 28 None 0


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 28 None 0


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 28 None 0


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Core 125 130 Mohr-Coulomb 0 28.5 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 28 None 0


Aged ash paste deposits 102 102 Mohr-Coulomb 0 35 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 21 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Shell 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Core 125 130 Mohr-Coulomb 120 27 Water Surface Constant


Bedrock 130 Mohr-Coulomb 0 21 None 0


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Dam fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Cohesion
Type


Cohesion
Change
(psf/ )


Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Aged ash paste deposits 102 102 Undrained 0.25 FDepth 0 None 0


Alluvium 124 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Cohesion
Type


Cohesion
Change
(psf/ )


Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Aged ash paste deposits 102 102 Undrained 0.25 FDepth 0 None 0


Alluvium 124 124 Mohr-Coulomb 0 21 Water Surface Constant


Water 62.4 No strength None 0


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Cohesion
Type


Cohesion
Change
(psf/ )


Cutoff
(psf)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash slurry 103 103 Undrained 100 FDepth 9 3000 None 0


Alluvium 124 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg)


Cohesion
Type


Cohesion
Change
(psf/ )


Cutoff
(psf)


Ver cal
Stress
Ra o


Minimum
Shear Strength


(psf)
Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 750 22.5 Water Surface Constant


Aged ash paste deposits 102 102 Strength=F(overburden) 0.25 0 Water Surface Constant


Fly ash slurry 103 103 Undrained 100 FDepth 9 3000 None 0


Alluvium 124 124 Mohr-Coulomb 0 21 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0


  0.039
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9.1549.154
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9.1549.154


Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 1 35 Water Surface Constant


Fly ash slurry 103 103 Mohr-Coulomb 700 28 None 0


Alluvium 124 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 1 35 Water Surface Constant


Fly ash slurry 103 103 Mohr-Coulomb 700 28 None 0


Alluvium 124 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant
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11.07611.076
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 1 35 Water Surface Constant


Fly ash slurry 103 103 Mohr-Coulomb 700 28 None 0


Alluvium 124 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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Material Name Color Unit Weight
(lbs/ 3)


Sat. Unit
Weight
(lbs/ 3)


Strength Type Cohesion
(psf)


Phi
(deg) Water Surface Hu Type Ru


Dike Fill 125 130 Mohr-Coulomb 0 33 Water Surface Constant


Aged ash paste deposits 102 102 Mohr-Coulomb 1 35 Water Surface Constant


Fly ash slurry 103 103 Mohr-Coulomb 700 28 None 0


Alluvium 124 124 Mohr-Coulomb 0 28 Water Surface Constant


Bo om ash fill 94 112 Mohr-Coulomb 0 33 Water Surface Constant


Water 62.4 No strength None 0
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1. INTRODUCTION 


1.1 Organization and Terms of Reference 


On 17 April 2015, the United States Environmental Protection Agency (USEPA) published the 
final rule for disposal of coal combustion residuals (CCR) from electric power utilities under 
Subtitle D of the Resource Conservation and Recovery Act (RCRA), contained in Part 257 of Title 
40 of the Code of Federal Regulations (40 CFR 257 Subpart D), referred to herein as the CCR 
Rule.  Geosyntec Consultants (Geosyntec) has prepared this Written Post-Closure Plan (Plan) for 
Talen Montana, LLC (Talen) to describe the manner in which post-closure care (PCC) will be 
provided in compliance with the CCR Rule following closure of existing CCR impoundments at 
the Colstrip Steam Electric Station (CSES).  PCC requirements for CCR units are specified under 
§257.104. 


This Plan was prepared by Ms. Beth Pittaway, and reviewed in accordance with Geosyntec’s 
internal review policy by Mr. David Espinoza, Ph.D., P.E., and Ms. Carrie Pendleton, P.E., all of 
Geosyntec.  Ms. Pendleton is a registered Professional Engineer in the State of Montana. 


1.2 Site Location 


CSES is a coal-fired steam electric generating facility partially owned and operated by Talen 
Montana, LLC (Talen).  The Site is located in Colstrip, Rosebud County, Montana, approximately 
90 miles east of Billings, Montana.  CSES is located at 580 Willow Avenue, Colstrip, Montana 
59323.   An aerial location map for CSES is shown in Figure 1.   


1.3 Site Description 


CSES has four coal-fired generating units capable of producing up to 2,094 megawatts (MW) of 
electricity. Units 1 and 2 began commercial operation in 1975 and 1976, and Units 3 and 4 started 
in 1984 and 1986. Units 1 and 2 have about 307 MW of generating capacity each and Units 3 and 
4 have about 740 MW of generating capacity each. 


CCR generated at CSES are managed in the Site’s three primary areas: the Plant area, the Units 1 
& 2 Stage-Two Evaporative Pond (STEP) area, and the Units 3 & 4 Effluent Holding Pond (EHP) 
area.  Figures 2, 3, and 4 present the locations of the Plant area, the Units 1 & 2 STEP area, and 
the Units 3 & 4 EHP area on United States Geologic Survey (USGS) 7 ½ minute topographic 
quadrangle maps.  Individual cells within each of these areas are identified in their respective 
figure.  Cells at CSES covered by the CCR Rule and the PCC requirements of §257.104 are shown 
below with their primary location area. 


 


 


 







Compliance Demonstration 
Written Post-Closure Plan 
Colstrip Steam Electric Station 


ME1272/MD16193/ Colstrip Post Closure Plan 2 February 2019 


Plant Area Units - (Figure 2) 


Units 1 & 2 B Flyash Pond 


Units 1 & 2 Bottom Ash Pond 


Units 3 & 4 Bottom Ash Pond 


Units 1 & 2 Stage II Evaporation Ponds (STEP) - (Figure 3) 


Old Clearwell 


D Cell  


E Cell  


Units 3 & 4 Effluent Holding Ponds (EHP) – (Figure 4) 


A Cell  


B Cell (Clearwater Cell) 


C Cell  


D/E Cell  


G Cell  


J Cell 


 


Construction of the individual cells is described in the Colstrip Steam Electric Station History of 
Construction (Geosyntec 2016a).  A description of the cell closure activities and final cover 
systems are presented in the Written Closure Plan Existing Impoundments Colstrip Steam Electric 
Station (Geosyntec 2016b).  Units 3 & 4 EHP J Cell is not included in this Plan.  A separate closure 
plan and post-closure plan for J Cell have been developed, certified by a professional engineer, 
and posted to the CSES Facility Operating Record. 
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2. CCR RULE REQUIREMENTS FOR POST-CLOSURE PLAN 


2.1 Written Post-Closure Plan Requirements per §257.104(d) 


As described in §257.104(d)(1) of the CCR Rule, a post-closure plan describing the activities to 
be performed as part of the post-closure care of the CCR unit must be prepared. The post-closure 
plan must include, at a minimum, the information specified in §257.104 (d)(1)(i) through (iii), 
including: 


(i) A description of the monitoring and maintenance activities required in §257.104(b) for 
the CCR unit, and the frequency at which these activities will be performed; 


(ii) The name, address, telephone number, and email address of the person or office to 
contact about the facility during the post-closure care period; and  


(iii) A description of the planned uses of the property during the post-closure period.  Post-
closure uses of the property shall not disturb the integrity of the final cover, liner(s), or 
any other component of the containment system, or the function of the monitoring 
systems unless necessary to comply with the requirements in this subpart.  Any other 
disturbance is allowed if the owner or operator of the CCR unit demonstrates that the 
disturbance of the final cover, liner, or other component of the containment system, 
including any removal of CCR, will not increase the potential threat to human health or 
the environment.  The demonstration must be certified by a qualified professional 
engineer, and notification shall be provided to the State Director that the demonstration 
has bene placed in the operating record and on the owners or operator’s publicly 
accessible Internet site. 


The owner or operator of the CCR unit must comply with the additional requirements of 
§257.104(d)(2) through (4), which pertain to the deadline for Plan preparation/amendment and 
certification, as well as §257.104(e) and (f), which pertain to notification of the conclusion of the 
post-closure period and recordkeeping requirements, respectively.  
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2.2 Compliance with Post-Closure Care Requirements  


The table below summarizes where the CCR Rule requirements are addressed in this document. 


 


RULE SECTION RULE REQUIREMENT 
LOCATION WHERE 


ADDRESSED IN 
DOCUMENT 


§257.104(d)(1)(i) 
Description and frequency of monitoring and 


maintenance activities required by §257.104(b) 
Section 3.1 


§257.104(d)(1)(ii) Post-closure period contact information Section 3.2 


§257.104(d)(1)(iii) Property uses during post-closure period Section 3.3 


§257.104(d)(2) Deadline to prepare the initial written post-closure plan 
CERTIFICATION 


STATEMENT 


§257.104(d)(3) Amendment of a written post-closure plan Not Applicable 


§257.104(d)(4) 
Written certification from a qualified professional 


engineer that the initial/amended written post-closure 
plan meets the requirements of §257.104(d) 


CERTIFICATION 
STATEMENT 


§257.104(e) 
Notification of completion of post-closure 


care period 
Section 3.4 


§257.104(f) Recordkeeping and notification requirements Section 3.4 
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3. POST-CLOSURE PLAN DETAILS 


3.1 Description and Frequency of Monitoring and Maintenance Activities 


Per §257.104(d)(1)(i), this section provides a description of the monitoring and maintenance 
activities required in §257.104(b) and the frequency at which these activities are performed.   


3.1.1 Final Cover System Maintenance 


Section 257.104(b)(1) requires the owner or operator to maintain the integrity and effectiveness of 
the final cover system, including making repairs to the final cover as necessary to correct the 
effects of settlement, subsidence, erosion, or other events, and preventing run-on and run-off from 
eroding or otherwise damaging the final cover. 


As described in Geosyntec (2016b), the existing impoundments will be closed by leaving CCR in 
place. Closure of EHP G Cell, a portion of EHP C Cell, and a portion of EHP A Cell will be 
followed by the construction of a new CCR Rule-compliant impoundment directly above the 
closed unit.  Closure methods are in accordance with §257.102(d). 
 
Following the closure of a CCR surface impoundment where no overfill construction is planned, 
erosion and sedimentation control measures will be maintained in accordance with the approved 
erosion and sedimentation control plan until vegetated surfaces of the final cover system are fully 
stabilized.  After vegetation is fully established, routine site inspections will be performed to 
monitor the condition of the access roads, stormwater channels, and final cover.  Routine 
inspections will be performed monthly for the first year following closure and quarterly thereafter.  
Routine inspections will also be performed following major storm events. 


When identified during routine site inspections, eroded, non-vegetated, or otherwise damaged 
areas of the final cover will be repaired by the addition of soil, regrading, and revegetation, as 
necessary. Plans and a schedule for repair will be prepared for necessary corrective action. 


During detailed design of impoundment closure, a run-on and run-off control and stormwater 
management system will be developed.  The run-on and run-off control system will be designed 
and constructed to minimize erosion and other damage to the final cover.  The run-on and run-off 
control system will also be designed and constructed to maintain its effectiveness following closure 
and settlement of the surface impoundment. 


For existing impoundments where a new CCR Rule-compliant surface impoundment overfill will 
be constructed directly above the closed CCR surface impoundment (i.e., a portion of EHP A Cell, 
a portion of EHP C Cell, and all of EHP G Cell), the cover system for the underlying impoundment 
will be protected from erosion damage by the placement of CCR and/or water in the overfill 
impoundment, thus negating the need for installation of an erosion layer as part of the cover system 
and eliminating the need for future maintenance and repair of erosion layer soils and vegetation.  
Each of the overfill impoundments will be constructed with a drainage system consisting of one 
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or more components that may include a geocomposite, bottom ash or soil protective drainage layer, 
piping, and/or gravel.  Liquids collected in the drainage system will be conveyed to a sump fitted 
with riser pipes in which a pump will be operated to remove liquids. 


The drainage systems will be operated and monitored as needed to remove liquids from above the 
underlying impoundments’ cover system, including by managing leachate produced by the waste 
placed in the overfill impoundment and/or by managing water that drains from the overlying 
impoundment into the drainage system.  The operability of the drainage system will also be 
inspected as part of the weekly inspections performed in accordance with the requirements of 
§257.83.  If routine inspections and/or monitoring or performance of the drainage system indicate 
that the drainage system is not operating as designed, maintenance will be performed to correct 
the deficiency. 


3.1.2 Leachate Collection and Removal System Maintenance 


Section 257.104(b)(2) requires the owner or operator to maintain the integrity and effectiveness of 
the leachate collection and removal system (LCRS) and operate the LCRS in accordance with the 
requirements of §257.70. 


None of the cells detailed in Section 1.3 were constructed with a LCRS.  As such, the requirements 
of §257.104(b)(2) are not applicable.  


3.1.3 Groundwater Monitoring System Maintenance and Groundwater Monitoring 


Section 257.104(b)(3) requires the owner or operator to maintain the groundwater monitoring 
system and monitor the groundwater in accordance with the requirements of §§257.90 through 
257.98. 


Following closure of each of the impoundments listed in Section 1.3, the groundwater will be 
monitored by a monitoring well network that was designed to meet the requirements of §§257.90 
through 257.98.  The groundwater monitoring system will be maintained as part of the continued 
operation of the active impoundments in the Plant area, Unit 1 & 2 STEP and Unit 3 & 4 EHP 
areas, as appropriate.  Each of these areas is monitored via a multi-unit groundwater monitoring 
system as described in §257.91(d).  The locations, procedures, and frequency of groundwater 
monitoring for each of the multi-unit groundwater monitoring systems are described separately 
from this document in the Coal Combustion Residuals Rule Comprehensive Groundwater 
Monitoring Plan for the Colstrip Steam Electric Station (Hydrometrics 2018). 


The groundwater monitoring system will be operated and maintained so that it performs to the 
design specifications throughout the life of the monitoring program.  Routine inspections will be 
performed at least once per year to evaluate the integrity of each monitoring point such that it 
provides representative samples of groundwater from the upper aquifer.  Inspection items include 
an overall visual examination of surface components to evaluating the integrity of the locking 
protective surface casing and surface seal for potential damage, periodically painting the surface 
casing and any associated traffic bollards with high-visibility paint, checking that grading 
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promotes storm water runoff away from the surface seal, removal of vegetation and insect nests 
(if any), and checking the total depth to evaluate whether redevelopment to remove accumulated 
sediment is necessary.  Periodic repair maintenance items are anticipated to include repainting of 
the surface casing and traffic bollards, redevelopment, and potentially replacement of sampling 
pump components and repairs to cracks in the surface seal. 


3.2 Post-Closure Period Contact Information 


Per §257.104(d)(1)(ii), this section provides the name, address, telephone number, and email 
address of the person or office to contact about the facility during the post-closure care period. 
 
Day-to-day access to each of the impoundment areas is controlled by CSES facility personnel.  
Facility personnel can be reached using the contact information below. 
 


Gordon Criswell 
Director, Environmental & Compliance 
580 Willow Avenue 
Colstrip, Montana 59323-0038 
(406) 748-5002 
Gordon.Criswell@TalenEnergy.com 


3.3 Property Uses during Post-Closure Period 


Per §257.104(d)(1)(iii), this section describes the planned uses of the property during the post-
closure period. 


Following completion of EHP A Cell, EHP C Cell, and EHP G Cell closure, Talen proposes to 
construct a new CCR Rule-compliant surface impoundment, designated as EHP New Clearwell, 
EHP C-1 Cell, and EHP G-1 Cell, respectively, as surface impoundments overfills directly above 
the existing surface impoundments or a portion of the existing surface impoundments.  The new 
CCR Rule-compliant surface impoundments and the other CCR units within the EHP area will 
continue to be operated for the dewatering and storage of CCR.  EHP New Clearwell, EHP C-1 
Cell, and EHP G-1 Cell will be designed, constructed, operated, and maintained in accordance 
with the requirements of the CCR Rule.  Operation of these three overfill impoundments will 
include placement of additional CCR and/or water above the final cover system for the underlying 
impoundments.  CCR placement will be performed so as to not disturb the integrity of the final 
cover or other portions of the containment system for the underlying impoundments, or the 
functionality of the monitoring system for the EHP. 


No planned use is scheduled for the remaining CCR impoundments or portions of CCR 
impoundments detailed in Section 1.3 and, therefore, no disturbance to the integrity of any portion 
of the containment system is anticipated. 
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3.4 Notifications and Recordkeeping 


The owner or operator of a closed CCR surface impoundment must comply with the requirements 
of §257.104(e) and (f), which pertain to notification of completion of post-closure care period and 
recordkeeping requirements, respectively.  Key dates and milestones that will be observed in order 
to comply with these requirements include: 


1. Notification of Completion of Post-Closure Care Period:  This notification is required no 
later than 60 days following completion of the PCC period.  The notification must include 
a certification by a qualified professional engineer verifying that PCC has been completed 
in accordance with the Written Closure Plan and Written Post-Closure Plan. 


2. Recordkeeping Requirements:  The owner or operator of the CCR unit must comply with 
the recordkeeping requirements specified in §257.105(i), the notification requirements 
specified in §257.106(i), and the Internet requirements specified in §257.107(i).  The 
timing for compliance with §257.105(i) is specified only in terms of placing required 
information in the facility’s operating record as it becomes available.  The timing for 
compliance with §257.106(i) and §257.107(i) is triggered by fulfilment of §257.105(i). 


  







Compliance Demonstration 
Written Post-Closure Plan 
Colstrip Steam Electric Station 


ME1272/MD16193/ Colstrip Post Closure Plan 9 February 2019 
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PERCOLATION RATE THROUGH LINER SYSTEMS FROM POST-CLOSURE 
STEP B CELL 


 
 


OBJECTIVE 
 
“Administrative Order on Consent Regarding Impacts Related to Wastewater Facilities 
Comprising the Closed-Loop System at Colstrip Steam Electric Station, Colstrip Montana” 
(AOC) [MDEQ 2012] was entered between Talen, the successor of PPL Montana, LLC, and 
the Montana Department of Environmental Quality (MDEQ) in August 2012.  According to 
Talen’s facility closure plan per AOC, STEP B Cell of the Units 1 & 2 Stage Two Evaporation 
Ponds (STEP) will be left empty/dry when the corresponding site is closed.  The layout of the 
STEP area is shown in Figure 1. 
 
The purpose of this calculation package is to estimate the liquid percolation rate through the 
liner systems of STEP B Cell during the post-closure period. It is assumed that the existing 
underdrain and leakage collection systems at STEP B Cell will be operated during post-closure 
care.   
 
ANALYSIS METHOD 
 
Liquid migration through a composite liner system occurs essentially through defects in the 
geomembrane [Giroud and Bonaparte, 1989]. The Hydrologic Evaluation of Landfill 
Performance (HELP) Version 3.07 [USEPA 1994] computer program was used to aid the 
analysis.  The HELP model can be used to estimate the percolation through the liner system of 
a landfill under the local climate condition.  The HELP model calculates a per-acre-based rate 
of liquid infiltration through the liner system.  Because the amount of infiltration percolating 
through the liner system is directly proportional to the area, the values calculated by the HELP 
model is multiplied by the actual area to estimate water percolation rate for the entire cell. The 
area of STEP B Cell used in the analysis is discussed in the section below. 
 
INPUT DATA 
 
Historical data, including construction drawings and geotechnical reports, were reviewed to 
identify the cell configuration, soil materials and existing liner systems of STEP B Cell. Tables 1 
and 2 summarize the findings on the cell’s foundation properties and existing liner systems. 
Material properties are presented in Table 3. 
 
  







 


 


Written by: Zichang Li Date: 01/25/2018 


Reviewed by: D. Espinoza  Date: 01/26/2018 


Client: Talen Project: 
Percolation Rate from Post-Closure 


STEP B Cell Project No.: ME1343A Task No.: 08 
 


 
 


ME1343A/08/…/ Percolation Rate from Post-Closure STEP B Cell_FINAL.doc                                                   Page 2 of 4 


STEP B Cell 
 
STEP B Cell (16.8 acres) was designed to store clearwater from the paste process and serve as 
pond return water for the scrubbers.  B Cell occasionally receives a de minimis amount of CCR 
as a result of an infrequent paste process upset. B Cell was constructed in 2006 using a double-
liner system with a liquid collection system placed in between the liners. In 2011, after the paste 
plant was in operation, B Cell was converted to STEP New Clearwell where decant water was 
returned to the scrubbers for re-use. When there is no longer the need for decant water reuse, B 
Cell will be dewatered by using it at the Units 3&4 scrubbers, by forced evaporation at the 3&4 
EHP, or through a treatment system; the geomembrane liner will then be cleaned (any small 
amounts of CCR removed), and then used for stormwater management at the STEP site. 
 
For STEP B Cell, the following assumptions were used for the HELP analysis: 
 


 Weather data. The city of Billings, Montana was selected for weather data inputs, 
including evapotranspiration, precipitation, temperature and solar radiation data. 


 
 Initial volumetric moisture.  For material below the liner systems, the initial moisture 


content is assumed to be equal to field capacity by default.  
 


 Geomembrane placement quality.  Construction quality assurance (CQA) typically 
fosters good placement quality, which leads to geomembranes placement on smooth soil 
surfaces (i.e., minimizes wrinkles) and, in turn, ensures good contact between 
geomembranes and subgrades. The site report prepared by Hydrometrics, Inc. 
(Hydrometrics) assumed good placement quality when estimating the seepage through 
liner systems of the existing STEP surface impoundments [Hydrometrics, 2016].  Based 
on the discussion above, this analysis assumes “good” placement quality. 
 


 Total area of defects in geomembrane.  (1) “Pinhole density” corresponds to the number 
of assumed manufacturer defects in a given area with a hole diameter equal to or smaller 
than the geomembrane thickness (approximate 0.01 cm2).  Two pinholes per acre, which 
is assumed in the analysis, corresponds to a manufacturer with a “good” quality control 
program [Schroeder et al. 1994].  (2) “Installation defects” are the assumed number of 
defects during installation in a given area with a hole diameter larger than the 
geomembrane thickness.  “Installation defects are the result of seaming faults and 
punctures during installation.  Higher defect densities have been reported for older 
landfills with poor installation operations and materials; however, these high densities 
are not characteristic of modern practice” [USEPA, 1994].  Giroud and Bonaparte 
[1989] and Schroeder et al. [1994] recommended using a geomembrane defect area of 
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1 cm2 with density of one defect per acre for high predictions of liner percolation on 
projects with intensive quality assurance and quality control monitoring during liner 
construction. Based on the discussion above and the year when the construction was 
performed, two pinholes and ten installation defects are assumed for the liner systems 
of STEP B Cell. 
 


 Drainage Distance and Slope. The drainage distance, obtained from the pond design 
drawings, is 560 ft for STEP B Cell. Typical slope of liner design ranges from 1% to 
2.5%. A slope of 1%, the minimum accepted in HELP model, is assumed to account for 
foundation settlement, etc.  
 


 Runoff Consideration. It is assumed that all precipitation will remain in the pond and no 
runoff will be allowed. The HELP model does not allow for direct input of water depth 
above the geomembrane. To account for the rainfall/snowfall stored in the ponds shortly 
after the events, a sufficiently thick (assumed 20 ft in the analysis) gravel was assumed 
to be placed above the liner and the Evaporative Zone Depth of 240 inches was assigned 
in the model. To make sure that the water head above liner system is correctly accounted 
for in the analysis, the Porosity, the Field Capacity and the Wiltng Point of the gravel 
were assumed to be 0.999, 0.002 and 0.001. Using this approach, it was possible to 
model the accumulated precipitation and evaporation in the analyses. The Initial 
Moisture of the gravel is assigned to be 0.002 (Field Capacity) as the ponds will be left 
empty. 
 


 Sump Operation. During post-closure period, the liquid collection and/or underdrain 
systems will be operated for post-closure care. As the liquid collection system between 
the liner will be run, the liquid percolating through the liner systems will be 
insignificant; therefore, the seepage through the liner system is analyzed as the 
percolation rate through the bottom of STEP B Cell. 


 
RESULTS 
 
The HELP output for STEP B Cell is included in Appendix A. A summary of result is presented 
in Table 4.  Based on these data inputs, the 30-year average annual percolation through STEP 
B Cell during post-closure period is approximately 7.9×10-4 gallons per minute. The stormwater 
stored in B Cell will evaporate quickly under the site conditions and little water will remain in 
the pond.  
 
The HELP analyses are based on the available information presented herein. If further 
investigation or design activities necessitate changing the material properties or if significant 
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deviation from the properties presented is found, additional stability analyses may need to be 
performed.  
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Table 1. Narrative Description of the EHP Unit Closure/Upgrade. 
 


Unit 
Site Area  
(acre) (1) 


Years in 
Service (2) 


Contents Stored 
Upgrades/Operation 


Changes 


STEP B Cell 
(STEP New 
Clearwell) 


16.8 
2006-2022 


Bottom ash and 
bottom ash process 


water (decant water) 


Liner system constructed in 
2006 


After 
2022 


Stormwater 
Close by upgrading for water 


storage after 2022 
 
Notes:  (1) This is the footprint of the cell (cell area as shown in Figure 1). 


(2) STEP B Cell are intended to be left empty/dry for extra stormwater storage when the corresponding 
site is closed (in year 2022). It is assumed that the initial water head is zero during post-closure care.  
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Table 2. Design Parameters of the EHP Units. 
 


Unit Configuration Liner and Cover Systems 


STEP B 
Cell 


(Water 
Storage) 


 Original ground = 3,240 to 3,250 
ft-msl 


 Liner system = 3,240 to 3,250 ft-
msl (1) 


 Water surface (normal operation 
level) = 3,265.5 ft-msl (2) 


Liner system (Lined during 2006 initial 
construction): 
 45-mil Reinforced Polypropylene (RPP) 


primary liner 
 Geonet 
 36-mil RPP secondary liner 
 8-oz geotextile, and 
 Compacted liner subgrade 


 
The existing liner system will be 
decontaminated and serve as the liner system 
for water storage, or as the final cover for B 
Cell. 


 
Note: (1) STEP B Cell is intended to be left empty/dry for extra stormwater storage when the corresponding site is 


closed (in year 2022). It is assumed that the initial water head is zero for the post-closure care. 
(2) Water head under normal operation condition after B Cell is converted for water storage [DOWL 2016]. 
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Table 3. Soil and Geomembrane Properties. 
 


Material,  
HELP Classification Number (1) 


Thickness 
Permeability 


(cm/s) 
Remarks 


Gravel, 21 20 ft 0.3 
Evaporative Zone 


Depth = 240 inches 


RPP primary liner, 35 45 mil 2.0×10-13 


STEP B Cell 
Geonet, 20 250 mil 10.0 


RPP secondary liner, 35 36 mil 2.0×10-13 


Compacted liner subgrade, 13 10 ft 1.0×10-5 (2) 


 
Note:  (1) Default parameters in HELP are used unless otherwise specified.  


(2) The permeability was determined in DOWL [2016] and/or Geosyntec experience. 
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Table 4. Result Summary. 
 


Unit 
Surface Area 


(ac)  
Initial Water 


Head (ft) 
Unit rate 
(ft3/yr/ac) 


Percolation 
Rate (gpm) 


STEP B Cell 16.8 0.0 3.296 7.9×10-4 
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Figure 1. Layout of STEP Units. 
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APPENDIX A 


HELP MODEL OUTPUT FOR STEP B CELL 


 
 
 







STEPBCE9
� 


 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************


 PRECIPITATION DATA FILE:    C:\HELP3\me1431\DATA4.D4                          
 TEMPERATURE DATA FILE:      C:\HELP3\me1431\DATA7.D7                          
 SOLAR RADIATION DATA FILE:  C:\HELP3\me1431\DATA13.D13                        
 EVAPOTRANSPIRATION DATA:    C:\HELP3\me1431\DATA11.D11                        
 SOIL AND DESIGN DATA FILE:  C:\HELP3\me1431\STEPBCE9.D10                      
 OUTPUT DATA FILE:           C:\HELP3\me1431\stepbce9.OUT                      


 TIME:  14: 5     DATE:   1/25/2018


 
 ******************************************************************************


      TITLE:  step b cell,post closure,2023 and yr after,initial0ft       


 ******************************************************************************


      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
               WERE SPECIFIED BY THE USER.


 
                                    LAYER  1
                                    ‐‐‐‐‐‐‐‐


                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER


Page 1


STEPBCE9
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    240.00   INCHES
            POROSITY                    =      0.9990 VOL/VOL
            FIELD CAPACITY              =      0.0020 VOL/VOL
            WILTING POINT               =      0.0010 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0020 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC


 
                                    LAYER  2
                                    ‐‐‐‐‐‐‐‐


                        TYPE 4 ‐ FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.05   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E‐12 CM/SEC
            FML PINHOLE DENSITY         =      2.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =     10.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 ‐ GOOD     


 
                                    LAYER  3
                                    ‐‐‐‐‐‐‐‐


                        TYPE 2 ‐ LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.8500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =      1.00   PERCENT
            DRAINAGE LENGTH             =    560.0    FEET


 
                                    LAYER  4
                                    ‐‐‐‐‐‐‐‐
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                        TYPE 4 ‐ FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.04   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E‐12 CM/SEC
            FML PINHOLE DENSITY         =      2.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =     10.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 ‐ GOOD     


 
                                    LAYER  5
                                    ‐‐‐‐‐‐‐‐


                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.4300 VOL/VOL
            FIELD CAPACITY              =      0.3210 VOL/VOL
            WILTING POINT               =      0.2210 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4300 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.499999987000E‐05 CM/SEC


 


                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐


          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 1 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF  1.% AND
                   A SLOPE LENGTH OF  560. FEET.


         SCS RUNOFF CURVE NUMBER             =     71.30
         FRACTION OF AREA ALLOWING RUNOFF    =      0.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =    240.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      0.480  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =    239.760  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.240  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
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         INITIAL WATER IN LAYER MATERIALS    =     52.292  INCHES
         TOTAL INITIAL WATER                 =     52.292  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR


                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐


          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   BILLINGS              MONTANA           


              STATION LATITUDE                       =  45.80 DEGREES
              MAXIMUM LEAF AREA INDEX                =   0.00
              START OF GROWING SEASON (JULIAN DATE)  =    130
              END OF GROWING SEASON (JULIAN DATE)    =    278
              EVAPORATIVE ZONE DEPTH                 = 240.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  11.30 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  59.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  54.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  47.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  58.00 %


          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
        0.97        0.71        1.05        1.93        2.39        2.07
        0.85        1.05        1.26        1.16        0.85        0.80


          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             


              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)


      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
       20.90       28.40       33.80       44.60       54.90       64.00
       72.30       70.30       59.40       49.30       35.00       27.10
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          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    BILLINGS            MONTANA             
                     AND STATION LATITUDE  =  45.80 DEGREES


 


 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐
   PRECIPITATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.96     0.78     0.95     1.77     2.26     2.05
                            1.09     1.02     1.23     1.13     0.92     0.82
 
     STD. DEVIATIONS        0.49     0.41     0.48     0.90     0.98     0.81
                            0.59     0.66     0.86     0.69     0.59     0.43
 
   RUNOFF
   ‐‐‐‐‐‐
     TOTALS                 0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
     STD. DEVIATIONS        0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
   EVAPOTRANSPIRATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.689    0.487    0.615    1.101    1.220    1.344
                            0.740    0.685    0.646    0.435    0.394    0.498
 
     STD. DEVIATIONS        0.246    0.274    0.235    0.508    0.446    0.456
                            0.341    0.373    0.400    0.267    0.241    0.263
 
   PERCOLATION/LEAKAGE THROUGH LAYER  2
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0053   0.0031   0.2476   1.3722   1.1650   0.7394
                            0.3803   0.3346   0.5013   0.6505   0.5458   0.1673
 
     STD. DEVIATIONS        0.0290   0.0171   0.3307   0.7269   0.6213   0.3903
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                            0.3384   0.3234   0.4492   0.4846   0.3736   0.1788
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0139   0.0017   0.2295   1.3506   1.1714   0.7632
                            0.3774   0.3337   0.4971   0.6424   0.5614   0.1762
 
     STD. DEVIATIONS        0.0530   0.0096   0.3189   0.7211   0.6042   0.4096
                            0.3392   0.3194   0.4508   0.4750   0.3730   0.1855
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0000   0.0000   0.0000   0.0002   0.0002   0.0001
                            0.0001   0.0001   0.0001   0.0001   0.0001   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0001   0.0001   0.0001
                            0.0000   0.0000   0.0001   0.0001   0.0001   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  5
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.1523   0.0565   0.0418   0.0316   0.0273   0.0229
                            0.0212   0.0192   0.0176   0.0169   0.0153   0.0147
 
     STD. DEVIATIONS        0.7543   0.2415   0.1615   0.1106   0.0887   0.0703
                            0.0617   0.0537   0.0462   0.0430   0.0380   0.0359
 


 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐


 
   DAILY AVERAGE HEAD ON TOP OF LAYER  2
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     AVERAGES               0.0001   0.0000   0.0067   0.0557   0.0401   0.0220
                            0.0124   0.0096   0.0148   0.0192   0.0140   0.0026
 
     STD. DEVIATIONS        0.0004   0.0002   0.0091   0.0448   0.0289   0.0144
                            0.0126   0.0106   0.0154   0.0187   0.0132   0.0036
 
   DAILY AVERAGE HEAD ON TOP OF LAYER  4
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     AVERAGES               0.0004   0.0001   0.0073   0.0445   0.0373   0.0251
                            0.0120   0.0106   0.0164   0.0205   0.0185   0.0056
 
     STD. DEVIATIONS        0.0017   0.0003   0.0102   0.0237   0.0193   0.0135
                            0.0108   0.0102   0.0148   0.0151   0.0123   0.0059
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 *******************************************************************************


 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                      INCHES            CU. FEET       PERCENT
                                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐
  PRECIPITATION                  14.97    (   2.581)      54346.0     100.00
 
  RUNOFF                          0.000   (  0.0000)          0.00      0.000
 
  EVAPOTRANSPIRATION              8.854   (  1.3038)      32140.40     59.140
 
  PERCOLATION/LEAKAGE THROUGH     6.11251 (  1.41785)     22188.418    40.82809
    LAYER  2
 
  AVERAGE HEAD ON TOP             0.016 (    0.006)
    OF LAYER  2
 
  LATERAL DRAINAGE COLLECTED      6.11860 (  1.41037)     22210.531   40.86879
    FROM LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.00091 (  0.00020)         3.296     0.00607
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.017 (    0.004)
    OF LAYER  4
 
  PERCOLATION/LEAKAGE THROUGH     0.43712 (  1.68337)      1586.731     2.91969
    LAYER  5
 
  CHANGE IN WATER STORAGE        ‐0.438   (  1.7821)      ‐1591.72     ‐2.929
 
 *******************************************************************************


� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                                 (INCHES)      (CU. FT.)
                                                ‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐
       PRECIPITATION                              1.75          6352.500


Page 7


STEPBCE9
 
       RUNOFF                                     0.000            0.0000
 
       PERCOLATION/LEAKAGE THROUGH LAYER  2       0.373694      1356.51038
 
       AVERAGE HEAD ON TOP OF LAYER  2            1.059
 
       DRAINAGE COLLECTED FROM LAYER  3           0.25306        918.62225
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000033         0.12135
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.250
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.485


       LOCATION OF MAXIMUM HEAD IN LAYER  3
             (DISTANCE FROM DRAIN)               16.3 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.297830      1081.12329
 
       SNOW WATER                                 1.43          5192.0435
 


       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.0146
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0012
 


        ***  Maximum heads are computed using McEnroe's equations.  ***


             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262‐270.


 
 ******************************************************************************


� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                     LAYER        (INCHES)       (VOL/VOL)
                     ‐‐‐‐‐        ‐‐‐‐‐‐‐‐       ‐‐‐‐‐‐‐‐‐
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                       1            0.3698         0.0015


                       2            0.0000         0.0000


                       3            0.0025         0.0100


                       4            0.0000         0.0000


                       5           38.5138         0.3209


                   SNOW WATER       0.252
 
 ******************************************************************************
 ******************************************************************************
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SECTION 02075 
GEOMEMBRANE 


PART 1 GENERAL 


1.01 SCOPE OF WORK 


A. CONTRACTOR shall furnish all labor, tools, supervision, transportation, and 
installation equipment necessary for the installation of geomembrane in accordance with 
the Contract Documents. 


B. Textured high-density polyethylene (HDPE) geomembrane shall be used as the 
geomembrane for this Work.  The approved geomembrane will have properties that 
comply with the requirements specified in Table 02075-1. 


C. OWNER shall supply the specified geomembrane to CONTRACTOR for its use 
pursuant to this Section. 


D. CONTRACTOR shall retain the services of a Geosynthetics Installer to install the 
approved geomembrane in conjunction with the other components of the Work.  The 
Geosynthetics Installer shall be approved by the OWNER and Geomembrane 
Manufacturer and have the demonstrated experience with installation of geomembrane 
as stated in Part 1.02 of this Section. 


1.02 1.02 QUALIFICATIONS 


A. Geosynthetics Installer: 


1. The Geosynthetics Installer shall be responsible for field handling, storing, 
deploying, seaming, temporarily restraining (against wind), and other aspects of 
installation of the geomembrane and shall provide qualified installation personnel, 
as outlined in this Section.  The Geosynthetics Installer may also be responsible for 
anchoring systems. 


2. As a firm, the Geosynthetics Installer shall have successfully installed a minimum 
of 10,000,000 ft2 of HDPE geomembrane for at least ten landfill or similar 
containment projects in the past five years. 


3. The superintendent assigned to this Work shall have supervised the installation of 
a minimum of 2,000,000 ft2 of either HDPE geomembrane on at least ten similar 
containment projects. 


4. All personnel performing seaming operations shall be qualified by experience or 
by successfully passing seaming tests. 


a. At least one seamer shall have experience seaming a minimum of 1,000,000 
lineal ft. of HDPE geomembrane seams using the same type of seaming 
apparatus to be used for this Work.  Seamers with such experience will be 
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designated “master seamers” and shall provide direct supervision over less 
experienced seamers. 


b. Seaming personnel shall have seamed at least 100,000 lineal ft. of HDPE 
geomembrane seams using the same type of seaming apparatus to be used at for 
this Work. 


1.03 1.03 SUBMITTALS 


A. At least 14 days prior to the scheduled date of geomembrane installation, the 
Geosynthetics Installer shall submit to ENGINEER or CQA Consultant the following: 


1. Copy of Geomembrane Installer’s letter of approval or license by the Geomembrane 
Manufacturer. 


2. Installation capabilities, including: 


a. information on equipment and personnel; 
b. average daily production anticipated for this Work; and 
c. quality control procedures; 


3. A list of at least ten landfill or similar containment projects within the last five years 
that the Geomembrane Installer has installed a minimum of 10,000,000 ft2 of HDPE 
geomembrane.  The following information shall be provided for each facility: 


a. the name and purpose of the facility, its location, and dates of installation; 
b. the names of OWNER, ENGINEER, and CONTRACTOR; 
c. thickness and surface area of installed geomembrane; 
d. type of seaming and type of seaming apparatus used; and 
e. duration of installation. 


4. Resumes of all personnel who will perform seaming operations for this Work, 
including dates and duration of employment. 


5. A drawing showing the installation layout identifying field seams, as well as any 
variance or additional details that deviate from the Drawings.  The layout shall be 
adequate for use as a construction plan and shall include dimensions, details, etc. 


6. Installation schedule. 
7. A Certificate of Calibration less than 12 months old for the field tensiometer 


referenced in Parts 3.05.I and K of this Section. 


B. At least 14 days prior to transporting welding rod to the Site, the Geosynthetics Installer 
shall submit the following documentation on welding rod to ENGINEER: 


1. quality control documentation, including lot number, welding rod spool number, 
and results of quality control tests on the welding rod; and 


2. certification that the welding rod is compatible with the geomembrane and this 
Section. 
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C. During the installation, the Geosynthetics Installer shall be responsible for the timely 
submission to ENGINEER the following: 


1. quality control documentation; and 
2. subgrade acceptance certificates, signed by the Geosynthetics Installer, for each area 


to be covered by geomembrane. 


E. Upon completion of the installation, CONTRACTOR or the Geosynthetics Installer shall 
submit to ENGINEER or CQA Consultant record drawings of the installation as 
specified in Section 01721. 


1.04 1.05 CONSTRUCTION QUALITY ASSURANCE 


A. The installation of geomembrane shall be monitored by the ENGINEER or CQA 
Consultant as outlined in the CQA Plan. 


B. CONTRACTOR and the Geosynthetics Installer shall be aware of the activities in the 
CQA Plan and shall account for these CQA activities in the installation schedule. 


C. OWNER shall provide the CQA Consultant the opportunity to obtain conformance 
samples at the geomembrane manufacturing facility in order to expedite the conformance 
testing and approval process. 


PART 2 PRODUCTS 


2.01 GEOMEMBRANE SUPPLY 


A. OWNER will provide CONTRACTOR with geomembrane for the Work.  The 
geomembrane will be supplied to the Site in rolls.  CONTRACTOR shall confirm the 
maximum height of rolls in a stockpile to avoid crushing of the center core. 


2.02 2.02 LABELING 


A. Geomembrane and fabricated panels will be labeled with the following information: 


1. thickness of the material; 
2. length and width of the roll or factory panel; 
3. names of manufacturer; 
4. product identification; 
5. lot number; and 
6. roll or factory panel number. 


2.03 2.03 HANDLING AND STORAGE 


A. CONTRACTOR or the Geosynthetics Installer shall be responsible for handling, 
storing, and caring for the geomembrane at the Site.  CONTRACTOR or the 
Geosynthetics Installer shall be liable for all damages to the materials incurred prior to 
final acceptance by OWNER and ENGINEER. 
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B. CONTRACTOR or the Geosynthetics Installer shall be responsible for storage of the 
geomembrane at the Site.  During storage, the geomembrane shall be protected from 
excessive heat or cold, puncture, cutting, or other damaging or deleterious conditions.  
The geomembrane shall be stored in accordance with any additional requirements of the 
Geomembrane Manufacturer. 


PART 3 EXECUTION 


3.01 FAMILIARIZATION 


A. Prior to implementing any Work described in this Section, the Geosynthetics Installer 
shall become thoroughly familiar with all portions of the Work required by Section. 


B. The Geosynthetics Installer shall carefully inspect the installed Work of all other 
Sections and verify that all Work is complete to the point where the Work of this Section 
may properly commence without adverse impact to the project. 


C. If the Geosynthetics Installer has any concerns regarding the installed Work of other 
Sections, then he should notify ENGINEER or CQA Consultant in writing prior to the 
start of the Work of this Section.  Failure to inform ENGINEER or CQA Consultant in 
writing or commencing geomembrane installation will be construed as the 
Geosynthetics Installer’s acceptance of the related Work of other Sections. 


3.02 SURFACE PREPARATION 


A. If not already covered by previously installed geosynthetics, Geosynthetics Installer 
shall provide certification in writing that the surface on which the geomembrane will be 
installed is acceptable.  The surface shall be free of stones, litter, organic matter, 
irregularities, protrusion, loose soil, and any abrupt changes in grade that could damage 
the geomembrane.  The certification of acceptance shall be given to and accepted by the 
ENGINEER or CQA Consultant prior to commencement of geomembrane installation 
in the area under consideration. 


B. Special care shall be taken to maintain the prepared subgrade. 


C. No geomembrane shall be placed onto an area which has been softened by precipitation 
or which has cracked due to desiccation.  The subgrade shall be observed daily to 
evaluate the effects of desiccation cracking and/or softening on the integrity of the 
subgrade. 


D. Any damage to the subgrade caused by installation of the geosynthetics shall be repaired 
at CONTRACTOR’s expense. 
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E. CONTRACTOR shall be responsible for dewatering areas that have been accepted for 
geomembrane deployment, including anchor trenches. 


F. CONTRACTOR shall make efforts to grade the area to direct surface water away from 
the installation area and pump any accumulation of water immediately from the 
installation area. 


3.03 ANCHORAGE 


A. The anchor trench shall be excavated prior to geomembrane placement to the lines, 
grades, and configuration indicated by the Contract Documents. 


B. Slightly rounded corners shall be provided in the anchor trench where the geomembrane 
adjoins the trench to avoid sharp bends in the geomembrane. 


C. Loose soil shall be compacted or removed from the anchor trench prior to installation of 
the geomembrane. 


D. The anchor trench shall be backfilled and compacted after the geosynthetics has been 
installed in the trench.  Care shall be taken when backfilling the trenches to prevent any 
damage to the geosynthetics. 


E. Soils used in the anchor trench shall conform to the requirements for structural fill as 
specified in Section 02055.  Soils shall be placed and compacted as specified in Section 
02055.   


3.04 GEOMEMBRANE DEPLOYMENT 


A. The Geosynthetics Installer shall prepare geomembrane installation layout drawings 
prior to geomembrane deployment.  These drawings shall indicate the geomembrane 
configuration, dimensions, details, locations of seams, etc.  ENGINEER or CQA 
Consultant must approve the layout drawings prior to the installation of any 
geomembrane.  The layout drawings, as modified and/or approved by ENGINEER or 
CQA Consultants, shall become part of the Contract Documents. 


B. Field Panel Identification 


1. A geomembrane field panel is a roll or a portion of roll cut in the field.  The 
Geosynthetics Installer shall be responsible to identify and track all partially used 
rolls by marking the roll number clearly on the roll after cutting a field panel. 


2. Each field panel must be given an identification code (number or letter-number).  
This identification code shall be agreed upon by the ENGINEER or CQA Consultant 
and the Geosynthetics Installer.  The field panel identification code shall be related, 
through a table or chart, to the original resin, and the constituent rolls and factory 
panels. 
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A. Field Panel Placement 


1. Field panels shall be installed as approved or modified at the location and positions 
indicated in the layout drawings.  


2. Field panels shall be placed one at a time, and each field panel shall be seamed to 
adjacent panels the same day that it is placed. 


3. Geomembrane may only be deployed during daylight hours between one hour after 
sunrise and one hour before sunset, unless otherwise approved by OWNER and 
ENGINEER or CQA Consultant. 


4. Geomembrane shall not be placed when the ambient temperature is below 32F or 
above 104F, unless otherwise authorized by ENGINEER or CQA Consultant. 


5. Geomembrane shall not be placed during any precipitation, in the presence of 
excessive moisture (e.g., frost, ice, fog, dew), in an area of ponded water, or in the 
presence of winds exceeding 20 miles per hour. 


6. The overlaps shall be shingled to aid in shedding water. 


7. The Geosynthetics Installer shall employ placement methods consistent with the 
following: 


a. no vehicular traffic shall be allowed on the geomembrane. 
b. equipment used shall not damage the geomembrane by handling, trafficking, 


leakage of hydrocarbons, or other means. 
c. personnel working on the geomembrane shall not smoke, wear damaging shoes, 


or engage in other activities that could damage the geomembrane. 
d. the method used to unroll the panels shall not scratch or crimp the geomembrane 


and shall not damage the subgrade. 
e. the prepared subgrade shall not be allowed to deteriorate after acceptance of the 


surface, and shall remain acceptable up to the time of geomembrane placement. 
f. the method used to place the panels shall minimize wrinkles (especially 


differential wrinkles between adjacent panels). 
g. temporary loads and/or anchors (e.g., sand bags, tires), not likely to damage the 


geomembrane, may be placed on the geomembrane to prevent uplift by wind. 
In high winds, continuous loading is recommended along panel edges to 
minimize the risk of wind flow under the panels. 


8. Any field panel or portion thereof that becomes seriously damaged (e.g., torn, 
twisted, or crimped) shall be replaced with new material at no cost to OWNER.  Less 
serious damage may be repaired at the ENGINEER’s or CQA Consultant’s sole 
discretion and at no cost to OWNER.  Damaged panels or portions of damaged 
panels that have been rejected shall be removed from the work area. 


9. Placement of geomembrane shall not damage the underlying geosynthetics. 
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3.05 FIELD SEAMING 


A. In general, seams shall be oriented parallel to the line of maximum slope, (i.e., oriented 
down, not across, the slope).  In corners and at odd-shaped geometric locations, the 
number of field seams shall be minimized.  No horizontal seam shall be made within 10 
ft. of any toe of the slope, except where approved by ENGINEER or CQA Consultant.  
Horizontal seams shall be considered as any seam having an alignment exceeding 20 
degrees from being perpendicular to the slope contour lines, unless otherwise approved 
by ENGINEER.  No seams shall be located in an area of potential stress concentration, 
as defined by ENGINEER. 


B. All personnel performing seaming operations shall be qualified as indicated in this 
Section.  No seaming shall be performed unless a “master seamer” (as defined in this 
Section) is present. 


C. The geomembrane shall have field seams that equal or exceed the strength requirements 
presented in Table 02075-2. 


D. Weather Conditions for Seaming 


1. Seaming shall not be attempted at ambient temperatures below 32F or above 104F 
or when wind velocity exceeds 20 miles per hour.  At ambient temperatures between 
32F and 50F, seaming shall be allowed if the geomembrane is preheated either by 
the sun or a hot air device, and if there is no excessive cooling from wind.  At 
ambient temperatures above 50F, no preheating will be required.  In all cases, the 
geomembrane shall be dry and protected from excessive wind. 


2. If the Geosynthetics Installer wishes to use methods that allow seaming at ambient 
temperatures below 32F or above 104F, then he shall demonstrate that the seam 
so produced is equivalent to those produced under normally approved conditions, 
and that the overall quality of the geomembrane is not adversely affected.  In 
addition, an addendum to the Contract between OWNER and the Geosynthetics 
Installer shall be required that specifically states that the seaming procedure does 
not cause any physical or chemical modification to the geomembrane that will 
generate any short or long term damage to the geomembrane. 


3. To minimize geomembrane contraction stresses, seaming should ideally be carried 
out in the morning and late evening when the geomembrane is relatively contracted, 
and during the middle of the day if overcast conditions prevail.  If the geomembrane 
must be seamed in the middle of a sunny day, then the Geosynthetics Installer shall 
ensure that the panels to be seamed are at the same temperature and that there is 
sufficient slack in the geomembrane to prevent the generation of excessive stresses 
or trampolining when the geomembrane contracts as cooler temperatures prevail.  
The Geosynthetics Installer shall determine the required amount of slack and it 
should not be so much so as to cause significant wrinkling of the geomembrane.  If 
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trampolining of the geomembrane is observed, then the Geosynthetics Installer will 
be required to make repairs so that the problem is eliminated. 


4. Ambient temperatures shall be measured 6 in. above the geomembrane surface. 


E. Overlapping and Temporary Bonding 


1. Geomembrane panels shall be overlapped a minimum of 3 in. for extrusion welding 
and 5 in. for fusion welding, but in any event, sufficient overlap shall be provided 
to allow peel tests to be performed on the seam. 


2. The procedure used to temporarily bond adjacent panels together shall not damage 
the geomembrane.  The temperature of the air at the nozzle of the spot welding 
apparatus shall be controlled such that the geomembrane is not damaged. 


3. No solvent or adhesive shall be used unless OWNER has approved the product in 
writing.  Samples of any proposed solvent or adhesive shall be submitted to 
CONTRACTOR for testing and evaluation at the Geosynthetics Installer’s expense. 


F. Seam Preparation 


1. Prior to seaming, the seam area shall be cleaned and made free of moisture, dust, 
dirt, debris of any kind, and foreign material. 


2. If seam overlap grinding is required, then the process shall be completed according 
to the Geomembrane Manufacturer’s instructions within 20 minutes of the seaming 
operation and in a manner that does not damage the geomembrane.  The grind depth 
shall not exceed ten percent of the geomembrane thickness.  Grinding marks shall 
not appear beyond 0.25 in. of the extrudate after it is placed. 


3. Seams shall be aligned with the fewest possible number of wrinkles and 
“fishmouths”. 


G. General Seaming Requirements 


1. Seaming shall extend to the outside edge of panels, including those panels placed in 
the anchor trench. 


2. If required to provide a firm substrate, then a board, or similar hard surface, placed 
directly under the seam overlap may be used to achieve proper support. 


3. Fishmouths or wrinkles at the seam overlaps shall be removed by cutting the 
geomembrane along the ridge of the wrinkle.  At the end(s) of the cut, cut a circle 
in the geomembrane to achieve a flat overlap.  The cut shall be seamed as described 
in this Section.  Any portion where the overlap is inadequate shall then be patched 
with an oval or round patch of the same geomembrane that extends a minimum of 6 
in. beyond the cut in all directions. 


H. Seaming Process 


1. Approved processes for field seaming are extrusion welding and fusion welding.  
Seaming equipment shall be operated in a manner that does not cause damage to the 
geomembrane.  Only apparatus that ENGINEER or CQA Consultant has 
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specifically approved by make and model shall be used.  Proposed alternate seaming 
processes shall be documented and submitted to ENGINEER or CQA Consultant. 


2. Extrusion Equipment and Procedures: 


a. The Geosynthetics Installer shall maintain at least one spare operable extrusion 
seaming apparatus on Site at all times. 


b. Extrusion welding apparatus shall be equipped with gauges giving the 
temperature in the apparatus. 


c. Prior to beginning a seam, the extruder shall be purged until all heat-degraded 
extrudate has been removed from the barrel. 


d. The electric generator used for power supply to the welding machines shall be 
placed outside the area to be lined or mounted on soft tires such that no damage 
occurs to the geomembrane.  The electric generator shall be equipped with a 
grounding rod that is driven into the ground outside the lined area.  A smooth 
insulating plate or fabric shall be placed beneath the hot welding apparatus after 
use. 


3. Fusion Equipment and Procedures: 


a. The Geosynthetics Installer shall maintain at least one spare operable seaming 
apparatus on Site at all times. 


b. Fusion-welding apparatus shall be automated vehicular-mounted devices 
equipped with gauges giving the instantaneous temperatures and pressures of 
the machine. 


c. The edges of cross seams shall be abraded to a smooth incline (top and bottom) 
prior to welding. 


d. A movable protective layer may be used directly below each geomembrane 
overlap to be seamed to prevent the buildup of moisture between the sheets. 


e. The electric generator used for power supply to the welding machines shall be 
placed outside the area to be lined or mounted on soft tires such that no damage 
occurs to the geomembrane.  A smooth insulating plate or fabric shall be placed 
beneath the hot welding apparatus after use. 


I. Trial Seams 


1. Trial seams shall be made prior to production seaming by all seamers and by all 
equipment to be used during production seaming.  The trial seams shall be made on 
fragment pieces of geomembrane to verify that seaming conditions are adequate.  
Such trial seams shall be made at the beginning of each seaming period, and at least 
once each five hours, for each seaming apparatus used that day.  Trial seams shall 
be made under the same conditions as actual production field seams.  The trial seam 
sample shall be at least 5-ft. long by 1-ft. wide (after seaming) with the seam 
centered lengthwise.  Seam overlap shall be as specified in Part 3.05.E of this 
Section. 
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2. Four specimens, each 1.0-in. wide, shall be cut from the trial seam sample by the 
Geosynthetics Installer.  The specimens shall be tested in peel (both tracks for 
fusion welds) using an electronic readout field tensiometer, and the specimen shall 
fail by film tear bond (FTB) (i.e., failure in the parent material) rather than in the 
seam.  The Geosynthetics Installer shall test the specimens in the presence of the 
ENGINEER or CQA Consultant.  Testing using the field tensiometer shall be 
performed in accordance with ASTM D6392, at a strain rate of 2 in./minute.  
Ideally, the samples shall be conditioned at 73°F at a relative humidity of 50 percent 
for two hours prior to testing.  If test conditions vary from this requirement, then a 
1-in. wide specimen of the parent geomembrane (no weld) shall be tested in the 
same manner as the seam specimens to determine the break strength at this 
condition.  At no time shall the specimens be soaked in water. 


3. If a specimen fails to comply with the properties stated in Table 02075-2, then the 
entire operation shall be repeated.  If the additional specimen fails to meet these 
requirements, then the seaming apparatus or seamer shall not be accepted and shall 
not be used for seaming until the deficiencies are corrected and two consecutive 
successful trial seams are achieved. 


4. After completion of the above-described tests, the remaining portion of the trial 
seam sample can be discarded.  If a trial seam sample fails a test, then a destructive 
test seam sample may be taken from the seams completed by the seamer during the 
shift related to the considered trial seam at the discretion of ENGINEER or CQA 
Consultant.  These samples shall be forwarded to CQA geosynthetics laboratory 
and, if they fail the tests, the procedure indicated in Part 3.05.K.5 of this Section 
shall apply.  The results of all testing shall be reported to ENGINEER or CQA 
Consultant.  The conditions of this paragraph shall be considered as met for a given 
seam if a destructive seam test sample has already been taken from the considered 
seam. 


J. Nondestructive Seam Continuity Testing 


1. The Geosynthetics Installer shall nondestructively test all field seams over their full 
length using a vacuum test, air pressure test (for double fusion seams only), or other 
approved method.  Continuity testing shall be carried out as the seaming work 
progresses, not at the completion of all field seaming.  The installer shall complete 
any required repairs in accordance with Part 3.05.L of this Section.  The following 
procedures shall apply to locations where seams cannot be nondestructively tested: 


a. If the seam is accessible to testing equipment prior to final installation, then the 
seam shall be nondestructively tested prior to final installation. 


b. If the seam cannot be tested prior to final installation, then the seaming 
operations must be observed in their entirety by the CQA Consultant for 
uniformity and completeness. 







 Geosyntec Consultants 
 Section 02075: Geomembrane 
  


Appendix C - Typical HDPE Geomembrane Specification 11 January 2018 


2. Vacuum testing of extrusion field seams and repairs shall be performed in 
accordance with ASTM D 5641. 


3. Air pressure testing shall be performed on double fusion seams only, and shall be 
performed in accordance with ASTM D 5820 and the following: 


a. Energize the air pump to a pressure between 25 and 30 psi, close valve, allow 
two minutes for pressure to stabilize, and sustain the pressure for not less than 
5 minutes. 


b. If loss of pressure exceeds 4 psi, or if the pressure does not stabilize, then locate 
faulty area and repair in accordance with Part 3.05.L of this Section. 


c. Cut opposite end of air channel from pressure gauge and observe release of 
pressure to ensure that the entire channel is not blocked. 


d. Remove needle, or other approved pressure feed device, and seal repair in 
accordance with Part 3.05.L of this Section. 


4. ENGINEER or CQA Consultant may allow spark testing in accordance with ASTM 
D6365 if the seam cannot be tested using other nondestructive methods. 


K. Destructive Testing 


1. Destructive testing of field seams shall be performed on samples collected from 
selected locations to evaluate seam strength and integrity according to the 
requirements for seam strength presented in Table 02075-2.  Destructive testing 
shall be carried out as the geomembrane installation progresses, not at the 
completion of all field seaming. 


2. Sampling 


a. Field seam samples shall be collected for destructive testing at a minimum 
average frequency of one test location per 1,000 ft. of seam length per seamer.  
Test locations shall be determined during seaming, and may be prompted by 
suspicion of excess crystallinity, contamination, offset seams, or any other 
potential cause of imperfect seaming.  ENGINEER or CQA Consultant will be 
responsible for choosing the locations.  The Geosynthetics Installer shall not be 
informed in advance of the locations where the seam samples will be taken.  
ENGINEER or CQA Consultant reserves the right to increase the sampling 
frequency. 


b. Samples of the field seams shall be cut with rounded corners by the 
Geosynthetics Installer at the locations designated by ENGINEER or CQA 
Consultant as the seaming progresses.  Passing laboratory test results must be 
obtained before the field seams are covered by another material.  All holes in 
the geomembrane resulting from the field seam sampling shall be immediately 
repaired in accordance with the repair procedures described in Part 3.05.L of 
this Section.  The continuity of the new seams in the repaired areas shall be 
tested according to Part 3.05.J of this Section. 
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c. Two strips, 1-in. wide and 12-in. long with the seam centered parallel to the 
width, shall be taken.  The strips shall be spaced a clear distance of 42-in. apart.  
These samples shall be tested using the field tensiometer in accordance with 
Part 3.05.I.2 of this Section.  If these samples pass the field test, then a 
laboratory sample shall be taken.  The laboratory sample shall be at least 12-in. 
wide by 42-in. long with the seam centered lengthwise.  The sample shall be 
cut into three parts and distributed as follows: 


i. one 12-in. long portion to the Geosynthetics Installer. 
ii. one 12-in. long portion to OWNER for its archives; and 


iii. one 18-in. long portion to ENGINEER or CQA Consultant for 
laboratory testing. 


3. If any field test sample fails to meet the required seam strength properties presented 
in Table 02075-2, then the procedures outlined in Part 3.05.K.5 of this Section shall 
be followed. 


4. Samples shall be tested in the laboratory in accordance with the requirements of this 
Section and the CQA Plan. 


5. Destructive Test Failure 


a. The following procedures shall apply whenever a sample fails a destructive test, 
whether the test is conducted by the CQA geosynthetics laboratory, the 
Geosynthetics Installer’s laboratory, or by a field tensiometer.  The 
Geosynthetics Installer shall have two options, as described in b and c below. 


b. The Geosynthetics Installer can reconstruct the seam (e.g., remove the old seam 
and reseam) between two passing destructive test locations.  The welding path 
of the seaming apparatus shall be tracked (in each direction). 


c. The Geosynthetics Installer can trace the welding path to an intermediate 
location, a minimum of 10 ft. from the location of the failed test (in each 
direction) and take a small sample for an additional field test at each location.  
If these additional samples pass the tests, then full laboratory samples shall be 
taken.  If these laboratory samples pass the tests, then the seam shall be 
reconstructed between these locations.  If either sample fails, then the process 
shall be repeated to establish the zone in which the seam should be 
reconstructed.  In any case, all acceptable seams must be bounded by two 
locations from which samples passing laboratory destructive tests have been 
taken.  In cases where the length of reconstructed seam exceeds 150 ft., a 
destructive sample taken from within the reconstructed zone must pass 
destructive testing.  Whenever a sample fails, ENGINEER or CQA Consultant 
may require additional tests for seams that were formed by the same seamer 
and/or seaming apparatus or seamed during the same time shift. 


L. Defects and Repairs 
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1. All seams and non-seam areas of the geomembrane will be examined by 
ENGINEER or CQA Consultant and the Geosynthetics Installer for evidence of 
defects, holes, blisters, undispersed raw materials and any sign of contamination by 
foreign matter.  The surface of the geomembrane shall be clean at the time of 
examination.  The geomembrane surface shall be swept or washed by the 
Geosynthetics Installer if surface contamination inhibits examination.  The 
Geosynthetics Installer shall ensure that this examination of the geomembrane 
precedes any seaming of that section. 


2. Each suspect location, both in seam and non-seam areas, shall be nondestructively 
tested using the methods described Part 3.05.J of this Section, as appropriate.  Each 
location that fails nondestructive testing shall be marked by ENGINEER or CQA 
Consultant and repaired by the Geosynthetics Installer.  Work shall not proceed with 
any materials that will cover the defective area until the suspect location is repaired 
and passing nondestructive test are obtained.  In addition, passing destructive test 
results shall be achieved prior to placing any material over geomembrane. 


3. When seaming of a geomembrane is completed (or when seaming of a large area of 
a geomembrane is completed) and prior to placing overlying materials, ENGINEER 
or CQA Consultant shall identify excessive geomembrane wrinkles.  The 
Geosynthetics Installer shall cut and reseam the wrinkle areas so identified.  The 
seams thus produced shall be tested like any other seams. 


4. Repair Procedures. 


a. Any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
nondestructive test, shall be repaired by the Geosynthetics Installer.  Several 
repair procedures are specified below.  The final decision as to the appropriate 
repair procedure shall be agreed upon between ENGINEER or CQA 
Consultant and the Geosynthetics Installer.  The procedures available include: 


i. patching, used to repair large holes, small tears, undispersed raw 
materials, and contamination by foreign matter; 


ii. abrading and reseaming, used to repair small sections of extruded 
seams; 


iii. spot seaming, used to repair minor, localized flaws; 
iv. capping, used to repair lengths of failed seams; 
v. removing failed seam and replacing with a strip of new material seamed 


into place (used with long lengths of fusion seams) and/or extrusion 
seams. 


b. In addition, the following shall be satisfied: 


i. surfaces of the geomembrane that are to be repaired shall be abraded no 
more than 20 minutes prior to the repair; 


ii. all surfaces must be clean and dry at the time of repair; 
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iii. all seaming equipment used in repair procedures must be approved by 
ENGINEER or CQA Consultant; 


iv. the repair procedures, materials, and techniques shall be approved in 
advance, for the specific repair, by ENGINEER or CQA Consultant and 
Geosynthetics Installer; 


v. patches or caps shall extend at least 6 in. beyond the edge of the defect, 
and all corners of holes and patches shall be rounded with a radius of at 
least 3 in.; and 


vi. the geomembrane below large caps shall be appropriately cut to avoid 
water or gas collection between the two sheets. 


5. Each repair shall be numbered and logged and shall be nondestructively tested using 
the methods described in this Section.  Repairs that pass the nondestructive test shall 
be taken as an indication of an adequate repair.  Failed tests will require the repair 
to be redone and retested until a passing test result is achieved.  At the discretion of 
ENGINEER or CQA Consultant, destructive testing may be required on large caps. 


3.06 MATERIALS IN CONTACT WITH THE GEOMEMBRANE 


A. The Geosynthetics Installer shall take all necessary precautions to ensure that the 
geomembrane is not damaged during its installation or during the installation of other 
components of the liner system or by other construction activities.  Installation on rough 
surfaces, such as concrete, shall be performed carefully. 


B. Equipment shall not be driven directly on the geomembrane.  Unless otherwise specified 
by ENGINEER, all equipment operating on earthen materials overlying the 
geomembrane shall comply with the following. 


Allowable Equipment 
Ground Pressure (psi) 


Thickness of Overlying 
Compacted Soil (ft.) 


<5 1.0 
<10 1.5 
<20 2.0 
>20 3.0 


C. In heavily trafficked areas such as access ramps, and in areas trafficked by rubber tire 
vehicles, the thickness of overlying compacted soil shall be at least 3 ft. 


D. Installation of the geomembrane in sump areas, and connection of the geomembrane to 
appurtenances shall be made according to these Specifications and as shown on the 
Drawings.  Extreme care shall be taken while seaming around sumps and appurtenances 
since neither nondestructive nor destructive testing may be feasible in these areas.  The 
Geosynthetics Installer shall ensure that the geomembrane has not been visibly damaged 
while making connections to sumps and appurtenances.  Because of the difficulty of 
vacuum testing seams in the sump area, fusion seams should be made at all possible 
locations in the sump. 
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E. Placement of soils above the geomembrane will not proceed at an ambient temperature 
below 32F nor above 104F unless otherwise specified, or approved by ENGINEER. 


3.07 GEOMEMBRANE ACCEPTANCE 


A. The Geosynthetics Installer shall retain all ownership and responsibility for the 
geomembrane until accepted by OWNER and ENGINEER or CQA Consultant. 


B. The geomembrane will not be accepted by OWNER and ENGINEER or CQA 
Consultant until all of the following conditions are met: 


1. the installation is finished; 
2. all documentation of installation is completed; 
3. verification of the adequacy of all field seams and repairs, including associated 


testing, is complete; and 
4. written certification documents, including record drawings, sealed by a 


professional land surveyor licensed in the State of Maryland, have been received 
by OWNER and ENGINEER, in accordance with Section 01721. 


3.08 PRODUCT PROTECTION 


A. CONTRACTOR shall use all means necessary to protect all prior Work and all materials 
and completed Work of other Sections. 


B. In the event of damage, CONTRACTOR shall immediately make all repairs and 
replacements necessary, to the approval of ENGINEER or CQA Consultant and at no 
additional cost to OWNER. 
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TABLE 02075-1 


TEXTURED GEOMEMBRANE PROPERTY VALUES(1) 


PROPERTIES 
QUALIFIE


RS 
UNITS 


SPECIFIED 
VALUE 


TEST METHOD 
TEST 


FREQUENCY 


Thickness 


nominal mils 40/60 ASTM D5994 


1 per roll 


minimum 
average 


mils 38/57 ASTM D5994 


lowest for 8 
of 10 values 


mils 36/54 ASTM D5994 


lowest for 
any of 


10 values 
mils 34/51 ASTM D5994 


Asperity Height 
minimum 
average 


mils 16 ASTM D7466 1 per 2 rolls 


Density minimum g/cc 0.940 
ASTM D792 or 


D1505 
1 per 100,000 ft2 


Tensile Properties     


1 per 100,000 ft2 
1. Yield Strength minimum lb/in. 84/126 ASTM D6693 
2. Break Strength minimum lb/in. 60/90 ASTM D6693 
3. Yield Elongation minimum % 12 ASTM D6693 
4. Break Elongation minimum % 100 ASTM D6693 


Puncture Resistance minimum lb. 60/90 ASTM D4833 1 per 100,000 ft2 


Carbon Black Content  % 2.0-3.0 
ASTM D1603 or 


D4218 
1 per 100,000 ft2 


Carbon Black Dispersion - - See Note 2 ASTM D5596 1 per 100,000 ft2 
Stress Crack Resistance minimum hours 500 ASTM D5397 1 per production run 
Interface Friction minimum  lb/ft2 See Note 4. ASTM D5321 See Note 4. 


Notes: 


 


1. All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed these values). 
2. Carbon black dispersion (only near spherical agglomerates) for 10 different views: 


 minimum 9 in Categories 1 or 2; and 
 maximum 1 in Category 3. 


3. These are the properties of the material that the OWNER will procure for CONTRACTOR’s use. 
4. Interface friction testing shall result in a peak interface that meets or exceeds a strength envelope characterized by 


an interface friction angle of 22.7 degrees with no adhesion when tested at a shear displacement rate of 0.04 in/min. 
Interface friction tests shall be performed at a minimum of one test per interface of liner components at normal 
stresses of 750 psf, 1,500 psf, and 2,000 psf. GCL shall be fully hydrated for tests under these normal pressures. 
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TABLE 02075-2 


REQUIRED TEXTURED GEOMEMBRANE SEAM PROPERTIES 


PROPERTIES QUALIFIERS UNITS 
SPECIFIED 


VALUES 
TEST METHOD 


Gauge nominal mils 60 ASTM D5994 
Shear Strength(1) 


at yield point 
minimum lb/in 108 ASTM D6392 


Peel Adhesion 
FTB(2) Fusion 


minimum lb/in 90 ASTM D6392 


Peel Adhesion 
FTB(2) Extrusion 


minimum lb/in- 78 ASTM D6392 


Notes: 1. Also called “Bonded Seam Strength.” 
2. In addition to the minimum passing values, passing seams shall not separate more that 10 percent 


of the width into the weld and shall exhibit the following location of breaks: 
 Fusion Welded Seams – BRK, SE1, SE2, and AD-BRK 
 Extrusion Welded Seams – SE1, SE2, SE3, BRK1, and BRK2 


END OF SECTION 











