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Response to DEQ Comments 
Class 3 Permit Modification 

Cell 16 ET Cover Design 

Responses to Comments on Attachment 9d 

1. Deficiency: 

This attachment contains a large portion of Attachment 9c, and therefore is partially redundant. 

Correction: 

Revise this attachment by referring to Attachment 9c whenever possible. and only keeping the parts that 
are specific to Cell 16, such as figures, slope stability calculations, etc..  All sections that are addressed 
within the Attachment in response to the following comments also need to be included. 

Response:  In order to avoid redundancy, the Cell 16 design in Attachment 9d makes reference 
to the soil laboratory test report in Volume 2 of Attachment 9c.  This has eliminated the largest 
area of overlap between the two attachments. 

Changes have been made between Attachments 9c and 9d throughout the components, 
including the design report, construction quality assurance plan (CQA Plan), specifications, and 
calculations.  The attached pdf file provides a comparison between Attachments 9c and 9d with 
the changes highlighted.   

The overlap between Attachments 9c and 9d will be further reduced by eliminating the 
specifications in Attachment 9d.  Instead, references have been added to Attachment 9d to refer 
to the specifications in Attachment 9c.  The differences that exist between the specifications in 
Attachment 9c (Cells 14 and 15) and Attachment 9d (Cell16) are that two specification sections 
are not needed for Cell 16 construction: 

 33 24 14 Leachate and Well Riser Modification 
 40 14 49 HDPE Pipe 

Nevertheless, the Attachment 9c specifications are otherwise the same and can be used for the 
Cell 16 cover under Attachment 9d.  Statements have been added to the Attachment 9d 
Construction Quality Assurance Plan to clarify which sections of the specifications are not 
applicable to Cell 16.  

We do not suggest further consolidation of other sections of Attachment 9d for the following 
reasons:  

 The Attachment 9d design report should be clear to a reviewer, without requiring many 
referrals between two separate documents. 

 The Attachment 9d CQA Plan includes revisions throughout the document, not discrete 
sections where differences occur like the specifications. 
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 Each calculation in Attachment 9d is new.  Some references attached to calculations are 
duplicated in both Attachments 9c and 9d.  However, our standards for engineering 
calculations call for including applicable references with each calculation. 

2. Deficiency: 

Section 6.1, page 26, 1st paragraph:  The source of the Cell 16 design information is not included. 

Correction: 

Add that the “Cell 16 Engineering Report” in presented in Attachment 18b. 

Response:  A reference to Attachment 18b has been added. 

3. Deficiency: 

Section 6.1, page 27, Table 4:  The information presented in this table does not agree with that used for 
the stability analysis as set forth on page 2/5 of Appendix D1. 

Correction: 

Revise so that the table and the appendix contain consistent information. 

Response:  The parameters in Table 4 have been checked for consistency with parameters 
used in the slope stability calculation in Appendix C1 (previously Appendix D1).  Some 
parameters used in the analysis were not clearly called out in the calculation.  The parameters 
listed in Table 4 have now been added to the calculation. 

4. Deficiency: 

Section 6.3, page 30, Table 5:  No analysis appears to have been done for the West Slope 

Correction: 

An explanation of this omission is required. 

Response:  The configuration of the west slope is identical to the east slope, which was 
analyzed.  Text has been added to Section 6.1 to clarify. 

5. Deficiency: 

Section 6.3, page 30, Table 5:  For the East and South Slopes, many of the safety factor numbers shown 
in the columns do not correspond to the numbers presented in pages 4/5 and 5/5 of Appendix D1. 

Correction: 

The numbers either need to be the same or an explanation of the discrepancies provided.  If the safety 
factor numbers in Table 5 are correct, then several of the safety factors are below acceptable limits.  If the 
Appendix D1 safety factors are correct, then they are acceptable.  Clarification as to which calculated 
values are correct is required before further comment can be made regarding acceptability. 

Response:  Corrections have been made to the factors of safety in Table 5.  The slope stability 
calculation in Appendix C1 (previously Appendix D1) has been checked to verify that the 
calculations are correct.  The table has been changed to match the calculation.  The correct 
factors of safety provide acceptable results for slope stability.   
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6. Deficiency: 

Section 7.1, page 30, Table 6:  The information presented in this table does not agree with that presented 
in Appendix D2-1. 

Correction: 

Clarification is required. 

Response:  Corrections have been made to variables in Table 6.  The table has been changed 
to match the calculation.    

7. Deficiency: 

Section 7.2, page 31, Table 7:  The information presented in this table does not agree with that 
presented.in Appendix D2-2. 

Correction: 

Clarification is required. 

Response:  Corrections have been made to variables in Table 7.  The table has been changed 
to match the calculation.    

8. Deficiency: 

Section 7.2, page 31, general comment:  Gully formation often initiates at the grade break between a mild 
slope and a steeper slope.  Once a “notch” develops at the grade break, the new gully begins to head-cut 
into the milder slope.  One method to protect against this phenomenon is to protect the edge with a berm, 
collect the up-slope water, and discharge it across the steeper slope in a culvert or lined channel.  
Another is to “harden” the grade break edge with more gravel/rock to prevent notching.  It is not clear how 
this issue is addressed. 

Correction: 

Explain how the calculations and design address this mild to steeper slope issue. 

Response:  The design calls for the entire cover to be hardened against erosion with the 
inclusion of 25 to 40 percent by weight of gravel in the upper 6-inch erosion protection soil layer.  
The cover design reduces the potential for gully formation by providing a configuration that 
evenly disperses runoff to avoid any areas of concentrated flow.    

The runoff from the top deck will be low, due to the arid climate and low maximum precipitation 
intensity of 1.07 inches per hour from the design 100-year, 1-hour storm event.  Also, the gully 
formation calculations for the gravel armored cover show that the armoring is effective at 
preventing gully formation.  The gravel armor increases the critical distance for gully formation 
from 250 to 8,300 feet for the top deck and from 20 to 660 feet for the side slopes.  The gravel 
armoring provided by the erosion protection layer will prevent gully formation over the transition 
between the slopes.  
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9. Deficiency: 

Section 7.2, page 31, second paragraph:  Does the critical distance for the top of the cover system stay 
the same as the one used for Cells 14 and 15? 

Correction: 

Verify this value and explain why it is the same (5,405 feet). 

Response:  Changes have been made to the text to include values from the Cell 16 gully 
formation calculation, replacing incorrect values that had been carried over from the original 
Cell 14 and 15 text.  The critical distance for gully formation differs between the cover designs 
due to differences in slopes.   

10. Deficiency: 

Sections 7.2 and 7.3, general comment:  For both soil loss and gully formation, the side slope analyses 
only appear to account for the precipitation falling on the side slope.  In fact, the side slope will also have 
to withstand the effects of runoff coming from the top area.  The top area runoff increases (probably 
substantially) the volume of water flowing over the side slope during a precipitation event.  How do the 
calculations take this additional water into account? 

Correction: 

Explain how the calculations take this additional water into account. 

Response:  The top deck and side slope erosion calculations are performed separately for the 
cover top deck and side slope.  The calculation methods use a single slope.  This is accounted 
for by providing substantial factors of safety for the calculated erosion rates and maximum slope 
lengths.  The erosion analysis for Cell 16 uses a conservative approach by designing for the 
highest runoff intensity from a 100-year, 1-hour storm event.    

The runoff from the top deck onto the side slope provides a relatively small additional amount of 
runoff.  The top deck of the cover amounts to 31 percent of the cover area, with 69 percent of 
the cover on side slopes. Also, the gradual 3.5 percent slope of the top deck will produce low 
runoff rates in comparison to runoff from the 3:1 side slopes.  Because the small top deck area 
will produce low runoff rates in comparison to the runoff produced on the side slopes, the factors 
of safety in the erosion calculations provide sufficient protection to account for the top deck 
runoff contribution. 

11. Deficiency: 

Section 7.3, page 32, third paragraph:  A fourth scenario needs to be evaluated:  crust only with no 
vegetation.  This would occur if the cover vegetation was removed due to fire, drought, disease or animal 
over-grazing. 

Correction: 

Add this scenario and determine the soil loss due to wind erosion. 

Response:  The wind erosion calculation in Appendix C3 (previously Appendix D3) has been 
revised to add a fourth scenario for a soil crust without vegetation.  In the event of vegetation 
loss, the condition will be temporary. 
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12. Deficiency: 

Appendix C, general comment:  The Federal Clean Water Action National Pollution Discharge Elimination 
System appears to apply to this work.  The construction documents should address the requirements of 
the US EPA Construction General Permit and Notice of Intent including compliance with an approved 
site-specific Storm Water Pollution Prevention Plan.  The Owner may already have such a plan in place. 

Correction: 

Explain how these have been addressed or if they are required. 

Response:  The construction contractor for final cover construction will be required to address 
all regulatory requirements.  This is addressed in Appendix A on Sheet 2 of the design 
drawings.  Requirements for erosion control, environmental protection, and stormwater pollution 
prevention plan are addressed.   

13. Deficiency: 

Appendix D1, page 5/5, last paragraph:  Figures 4 through 6 are referenced but not provided.  Those 
figures need to be included with the calculations.  Cell 16 needs to be included in all pertinent 
discussions, such as seismic impact zones. 

Correction: 

Add figures to this appendix and check that Cell 16 is added to all the descriptions. 

Figures 4 through 6 were omitted from Appendix C1 (previously Appendix D1), but the figures 
have been added to a revised calculation.   

Cell 16 is addressed in Appendix C1, which states that “USEI Cell 16 is located in a seismic 
impact zone.” 

14. Deficiency: 

Appendix D2-1 and D2-2, general comment:  The subject calculations need to be adjusted as required to 
address the previous comments regarding additional water contributed to the side slope from the top 
slope, notching at the grade break and contribution of snow melt. 

Correction: 

Adjust calculations as needed. 

Response:  These issues are addressed in the responses to Comments 8 and 10 above.  The 
erosion and gully formation calculations show that the planned addition of 25 percent gravel to 
the cover surface soil will provide effective armoring to prevent erosion.    
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1. Introduction 

s, Inc. (DBS&A) 

I facility in Grand 

onstrate that an 

eets or exceeds 

s set forth in the 

nistrative Procedures Act (IDAPA) 58.01.05.008 [40 CFR §264.310(a)].  The permit 

modification has been prepared in accordance with the closure plan included as Attachment 9 of 

] and 40 CFR 

conditions at USEI Site B, the ET cover design provides a 

superior landfill final cover design that achieves the best possible performance by: 

recipitation through the cover efficiently enough to 

meet or exceed prescriptive standards 

 for site-specific climate, soils, and vegetation 

r settlements or movements 

 Providing superior long-term performance and stability 

The ET cover design for Cell 16 mirrors the design and performance evaluation of the approved 

ET cover design for Cells 14 and 15 and Trenches 10 and 11 in the current permit.  The basis 

for the ET cover design is presented in this permit modification. 

On behalf of US Ecology Idaho, Inc. (USEI), Daniel B. Stephens & Associate

has prepared a Part B permit modification for the closure of Cell 16 at the USE

View, Idaho (USEI Site B).  The purpose of the permit modification is to dem

alternative evapotranspiration (ET) cover design will provide performance that m

the Resource Conservation and Recovery Act (RCRA) prescriptive standards a

Idaho Admi

the permit, as required by IDAPA 58.01.05.008 [40 CFR §264 Subpart G

§264.310(a). 

Based on the specific climatological 

 Minimizing surface infiltration of p

 Providing a highly effective cover designed

 Sustaining vegetation and minimizing erosion 

 Using materials that flexibly respond to mino
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2. ET Cover Design and Performance  

the atmosphere 

ers function well 

 of conventional 

tion.  ET covers 

 on soil texture, 

 

essary to remove moisture from the cover by transpiration and to minimize 

wind and stormwater erosion from the cover surface.  Exploiting soil moisture storage and ET 

vide effective final cover performance in many projects throughout 

the arid western U.S.   

strate that the 

entional design 

e 

ased on a demonstration of performance.  ET cover designs have been undergoing 

technical development and have been gaining widespread regulatory acceptance (U.S. EPA, 

 landfills (RCRA 

waste facilities.  

rformance 

of Energy (DOE) 

have sponsored research projects to study wider application of ET covers.  Two major projects 

funded by these agencies are the Alternative Cover Assessment Program (ACAP), which is 

evaluating alternative cover performance for EPA’s solid waste sites (Albright et al., 2004), and 

the Alternative Landfill Cover Demonstration (ALCD), which examined alternative cover 

performance in a direct, side-by-side comparison with prescriptive covers (Dwyer, 1997, 1998, 

2001).  ACAP has evaluated alternative covers at 19 sites across the U.S., focusing primarily on 

ET landfill covers store water within the soil profile that may be released to 

through surface evaporation and/or transpiration (evapotranspiration).  ET cov

in dry climates, where they have been shown to exceed the performance

regulatory designs in terms of moisture percolation reduction and erosion protec

consist of a monolithic soil layer designed with an acceptable thickness, based

to adequately store soil water until it can be removed by ET.  Establishment of sustainable

vegetation is nec

has been demonstrated to pro

2.1 Performance Standards 

The primary regulatory consideration for ET cover approval is to demon

alternative cover will meet performance standards equivalent to the conv

standards prescribed by state and federal regulations.  ET covers (alternative designs) may b

approved b

2003; ITRC, 2003).  ET cover applications have included municipal solid waste

Subtitle D), hazardous waste landfills (RCRA Subtitle C), and radioactive 

A number of ongoing, long-term field studies have provided data substantiating the pe

of ET covers.   

Both the U.S. Environmental Protection Agency (EPA) and U.S. Department 
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ET cover performance in the arid western states.  The ALCD is a large-scale fie

National Laboratories, located on Kirtland Air Force Base i

ld test at Sandia 

n Albuquerque, New Mexico.  Both 

The regulatory requirements and performance standards for approval of an alternative ET cover 

 in Section 3. 

T cover designs 

 covers because 

ed.  Stormwater 

uced by the ET cover’s permeable surface and vegetation.  The Cell 16 ET cover 

mum height and side slopes as the previously approved designs.  Slopes 

range from a minimum of 3.5 percent to a maximum of 33 percent (3:1 [3 horizontal to 

ate is arid, with 

thly precipitation 

 (WRCC, 2009).  

0 d Samani (1982) method and average daily 

temperature values.  Throughout the year, ET0 greatly exceeds 

precipitation.  Average annual ET0 is 49.2 inches per year (in/yr).  These arid conditions provide 

ategy for the ET 

ain the ET rates 

on a permanent basis. 

2.2.2 Performance Modeling 

DBS&A completed a modeling evaluation of ET cover performance for the covers designed for 

Trenches 10 and 11 at USEI Site B (DBS&A, 1998).  HELP (Schroeder et al., 1994) and  

ALCD and ACAP have shown results favorable for ET cover deployment.  

are addressed in detail

2.2 Design Approach 

The ET cover proposed for Cell 16 at USEI Site B is consistent with the E

currently approved for the site.  ET covers are more stable than conventional

slippage planes that can result from prescribed geosynthetic layers are eliminat

runoff is red

provides a similar maxi

1 vertical]).   

2.2.1 Climate Conditions 

The climate at USEI Site B is well suited to an ET cover design.  The clim

average annual precipitation of 7.2 inches.  Figure 1 shows average mon

compared to average monthly potential ET (ET0) at nearby Grand View, Idaho

ET was calculated using the Hargreaves an

maximum and minimum 

for a high degree of moisture removal from the ET cover.  The revegetation str

cover will include species adapted to the local climate conditions, which will sust
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UNSAT-H (Fayer and Jones, 1990) models were used to evaluate and

performance of the alternative earthen cover.  A geotechnical soil testin

performed to acquire site-specific data as model input.  The modeling showed that an ET cover 

 compare the 

g program was 

with a 5-foot-thick soil layer having moisture retention and hydraulic conductivity properties 

ive standards.   

nditions.  An ET 

 steady and 

ume storm event.  The saturated 

hydraulic conductivity of the cover soil, in conjunction with the pressure head from ponded water 

ot accept water 

ipitation dataset 

 precipitation of 

 30-year period.  

average annual 

ds, DBS&A 

generated a maximum precipitation for 1990 of slightly over 12 inches, matching the wettest 

-year extreme precipitation was repeated 6 times, for a 30-year total, 

meaning that the greatest annual average precipitation was applied to the cover 6 times over a 

eries of repeated 

ite B.  At that time, an 

ET cover test pad was also constructed for the purpose of monitoring performance for site-

specific conditions.  The monitoring test pad measures moisture conditions in the cover soil 

profile using heat dissipation probes installed in two profile nests at seven different depths each.  

Five years of monitoring, completed in 2005, showed that percolation of moisture was not 

reaching the lower portion of the cover soil profile (DBS&A, 2006).  The cover is effectively 

storing water that infiltrates the surface until it is released to the atmosphere through ET.  

within established ranges provides percolation reduction equivalent to prescript

Modeling was performed to evaluate cover performance for high-precipitation co

cover is more vulnerable to failure (i.e., water percolation through the cover) from a

extended precipitation as opposed to a short-duration, high-vol

(infiltration rate), is the constraining factor for infiltration flux.  The soil will n

beyond this rate, and additional precipitation will run off of the sloped cover.   

To conservatively simulate high-precipitation conditions, DBS&A used the prec

from 1988 through 1992 (due to completeness of climatic records), doubled the

each storm event, and applied this extreme 5-year record consecutively over a

Over the period of record from 1933 to 1998, 1985 had the greatest 

precipitation, at slightly over 12 inches.  By doubling the 1988 to 1992 recor

year on record.  This 5

30-year period.  The performance was therefore conservatively modeled as a s

critical events. 

2.2.3 Test Pad Performance 

ET covers were constructed in 2000 over Trenches 10 and 11 at USEI S
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2.2.4 Soil Testing 

d 

sting results are 

elected silt loam 

eling to provide 

nt soil moisture 

m thickness of 

5 feet.  Soil containing a high percentage of gravel and rock is also available on-site, providing 

ion protection layer of the ET cover.  The erosion protection layer will 

minimize both wind and water erosion and maximize cover longevity.    

ers in semiarid 

ately 2 feet (USACE, 1992), while the minimum 

cover thickness is 5 feet.  Therefore, the majority of the cover will not be affected.  The freeze-

 ET cover is not a detriment to the design or performance.  

condition, which 

The potential for burrowing animal damage to the ET covers will be addressed by inspection 

 for evidence of 

, burrows, cracks, or other macropores.  Inspections will be performed initially 

on a monthly basis; over time, inspection frequency may be adjusted to quarterly or 

semiannually based on performance of the cover.  Repairs will be made as needed to restore 

and revegetate the cover soil.   

The design basis for the ET covers is described in more detail in the following sections of this 

permit modification:   

The ET cover design for Cell 16 is based on site-specific soil testing that has been complete

for soil samples collected from potential on-site borrow sources.  Laboratory te

discussed in Section 4 of this report.  The soil testing program showed that s

soil available on-site falls within the range of properties shown by mod

satisfactory performance.  The silt loam soils available on-site provide sufficie

storage capacity for an ET cover.  The ET cover for Cell 16 requires a minimu

material for the upper eros

2.2.5 Cover Soil Freeze-Thaw 

Freeze-thaw does not adversely affect loosely packed soil used for ET cov

regions.  The frost depth at USEI is approxim

thaw action of the top portion of the

The freeze-thaw action keeps the top portion of the cover in a low-density 

benefits root penetration and storage capacity of water.   

2.2.6 Burrowing Animal Control 

and repair to correct animal burrows and macropores.  Inspections will look

animal intrusion
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 Soil testing is discussed in Section 4.   

 Information on cover slopes and thickness is provided in Section 5.   

n 6. 

 Erosion protection is discussed in Section 7.   

 

 of the final covers are provided as Appendix A.   

placement of ET 

cover soil is provided in Appendix B.   

 density of 

on for the USEI Cell 16 final cover are portions of USEI 

 and 15.  These 

tions of USEI permit attachment 9c include: 

 Construction specifications in Appendix C 

 Complete soil laboratory test results for the soil samples tested in 2008 in Appendix E 

(Volume 2) 

 Slope stability is discussed in Sectio



Information on the vegetation plan is provided in Section 8.   

 Engineering design drawings

 A construction quality assurance (CQA) plan for proper selection and 

 Engineering calculations of slope stability, wind and water erosion, and critical

soils are included in Appendix C.   

Also applicable to this permit modificati

permit Attachment 9c, which addresses final cover designs for USEI Cells 14

applicable sec
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3. Regulatory Basis for Cover Equivalency  

overs for Cell 16 

e with RCRA as 

A design.  The 

riptive standards 

tion.  The USEI 

Site B permit currently includes ET covers for disposal cells that have been closed and for cells 

 constructed in the future.  The following subsections provide the RCRA 

citations that are pertinent to this determination. 

ral Regulations (40 CFR §264.111) describes 

llowing general closure performance standard applies 

n health and the 

re escape of hazardous waste, hazardous constituents, leachate, 

or surface 

limited to the 

351, 264.601 

The performance of an ET cover at USEI Site B will meet this standard.  The ET cover 

minimizes the need for further maintenance because of the materials used in its construction 

and the natural vegetative layer established on its surface.  A monolithic soil layer topped with 

selected gravels is naturally resistant to subsidence, slippage, and erosion.  The natural 

vegetative layer requires no further maintenance once it is established, and any unanticipated 

This section describes the regulatory basis for using ET covers as final landfill c

at USEI Site B.  Documentation is provided to demonstrate ET cover complianc

it pertains to performance standards and equivalency to the standard RCR

proposed ET cover limits infiltration of precipitation to levels equivalent to presc

that use low-permeability geomembrane and clay components to limit infiltra

with ET covers to be

3.1 40 CFR §264.111 

Section 264.111 of Title 40 of the Code of Fede

the closure performance standard.  The fo

to closure of RCRA units: 

The owner or operator must close the facility in a manner that:  

(a) Minimizes the need for further maintenance; and  

(b) Controls, minimizes or eliminates, to the extent necessary to protect huma

environment, post-closu

contaminated run-off, or hazardous waste decomposition products to the ground 

waters or to the atmosphere; and  

(c) Complies with the closure requirements of this subpart, including, but not 

requirements of §§264.178, 264.197, 264.228, 264.258, 264.280, 264.310, 264.

through 264.603, and 264.1102. 
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cap repairs can be easily made without the need for specialized expertise or ma

ET covers at U

terials.  Existing 

SEI Site B (Trenches 10 and 11) have been evaluated for long-term stability and 

g a barrier that 

solates disposed 

nts beyond the 

 

ere.  The nature 

T cover.  These 

gulations (1984 

sal to meet land 

y are treated to remove 

 are minimized 

actions minimize 

ility of gas formation and release to the atmosphere.   

tandards of 40 CFR §264.310 are the only standards cited above that are 

ssed in detail in 

3.2.   

As part of 40 CFR §264.111, RCRA cell closure must comply with Section 264.310, which 

states that: 

inal cover designed and 

constructed to: 

(1) Provide long-term minimization of migration of liquids through the closed landfill; 

(2) Function with minimum maintenance; 

(3) Promote drainage and minimize erosion or abrasion of the cover; 

(4) Accommodate settling and subsidence so that the cover’s integrity is maintained; and 

found to be stable. 

An ET cover effectively protects human health and the environment by formin

bars direct contact with waste materials or hazardous constituents and that i

wastes beneath the cover.  This prevents release of waste and constitue

boundaries of the cover and ensures that the surface remains uncontaminated and incapable of

releasing waste constituents to the ground, to surface water, or to the atmosph

of the waste within the USEI landfill is consistent with the performance of the E

wastes were all disposed of following the adoption of EPA’s land ban re

Hazardous and Solid Waste Amendments).  Wastes are treated prior to dispo

ban standards (40 CFR §268 Subpart D Treatment Standards).  The

free liquids and to ensure limited leachability.  Organic waste constituents

through treatment and no putrescible wastes are accepted at the site.  These 

the possib

The landfill closure s

relevant to a discussion of an ET cover.  Compliance with this standard is discu

Section 

3.2 40 CFR §264.310 

(a) . . . the owner or operator must cover the landfill or cell with a f
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(5) Have a permeability less than or equal to the permeability of any bottom liner system or 

nds that have a 

 second (cm/s).  

impermeable 

any water that 

T cover test 

 depth of 5 feet 

n indication that 

es performance 

tively returns all 

e 

es performance 

s such, DBS&A 

 40 CFR §264.310(a)(1). 

ith regard to the 

) maintenance, 

o degradation as 

osynthetic materials in the 

evity.  Even the 

n, cracking, root 

are of particular 

e that of the USEI Site B facility.  Therefore, ET 

covers will provide the best long-term stewardship and post-closure longevity. 

 The ET cover surface consists of a gravel-amended soil that is stabilized by vegetation.  

Maintenance is reduced for an ET cover as compared to prescriptive standards due to 

improved erosion resistance and accommodation of settlement.  Reduced maintenance 

increases long-term performance of the ET cover.  

natural subsoils present. 

The ET cover is constructed primarily of lightly compacted silts and fine sa

hydraulic conductivity (K) on the order of 1 x 10–4 to 1 x 10–5 centimeters per

Rather than inhibit flow into underlying materials by the standard design using 

barriers, the ET cover system promotes evaporation and transpiration of 

infiltrates the cover surface.  The results of 5 years of long-term monitoring at the E

pad constructed at the site show that no changes in moisture were noted at a

below ground surface (DBS&A, 2006).  This is not a measure of K, but is a

percolation to the base of the cover is not occurring and thus demonstrat

equivalency.  The absence of percolation indicates that the ET cover effec

moisture to the atmosphere to prevent moisture movement past the base of the cover.  Th

testing completed at USEI Site B demonstrates that the ET cover provid

equivalent to a conventional cover system with low-permeability components.  A

believes that the ET cover meets the requirements set forth in

ET covers offer performance that exceeds conventional cover performance w

items in 40 CFR §264.310(a)(1 through 4) pertaining to (1) longevity, (2

(3) erosion resistance, and (4) accommodation of subsidence, as follows:    

 ET covers are constructed of natural soil materials that are not subject t

are the materials used under prescriptive standards.  The ge

prescriptive standards are subject to degradation and have limited long

compacted clay layer in a prescriptive cover is subject to desiccatio

penetration, and loss of compaction.  Such desiccation and cracking 

concern in an extremely dry climate lik
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 As designed, the USEI Site B ET cover includes a 6-inch-thick gravel

40 percent gravel by weight) protection layer at the surface.  The erosion

effectively armors the cover surface to minimize wind and water erosion.

such as Grand View, Idaho, wind erosion is a key design conside

minimized by the coarse soil and gravel.  Well-established vegetation 

helps to minimize erosion by stormwater.  Two factors aid in cover v

covers, thereby minimizing erosion: (1) the soil profile and rooting dept

-amended (25 to 

 protection layer 

  In arid climates 

ration, which is 

on the ET cover 

egetation on ET 

h is greater than 

ation 

 the plant roots.   

aterial, the ET 

ge geosynthetic 

surface drainage, ET cover repairs can be 

addressed with limited equipment to regrade and revegetate surface soils, allowing for 

lso enabling any 

 §264.310(a)(4) 

 of moisture into 

eferred to as the 

his standard by 

ance using site-

 water balance 

een field verified 

by the test pad constructed at USEI Site B.  ET cover test pad monitoring for more than five 

years has shown zero percolation (DBS&A, 2006).   

EPA’s 2003 guidance document on ET landfill cover systems (U.S. EPA, 2003) provides a 

summary of the research that has been performed to demonstrate ET cover performance.  EPA 

recognizes that ET cover performance can be demonstrated to minimize percolation of moisture 

in a standard RCRA cover, and (2) the permeable surface soil allows surface infiltr

of precipitation, reducing runoff and making the soil moisture available at

 Because the soils within the ET cover are lightly compacted granular m

cover can tolerate significant subsidence that could potentially dama

cover components.  In the event that maintenance is needed due to unexpected 

subsidence that would affect positive 

ease in maintenance (required under 40 CFR §264.310(a)(2)) while a

subsidence issues to be easily addressed, as required under 40 CFR

pertaining to the overall maintenance of the cover.   

40 CFR §264.310(a)(1) and (5) require that the final cover minimize infiltration

the landfill in order to prevent accumulation of liquid on the liner, a condition r

“bathtub effect” (U.S. EPA, 1989).  The USEI Site B ET cover will meet t

minimizing percolation of moisture through the final cover to a level less than 1 millimeter per 

year (0.04 in/yr).  This limit was established by modeling the ET cover perform

specific conditions for USEI Site B and conservative assumptions for the

modeling (DBS&A, 1998).  Most importantly, the ET cover performance has b
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to levels equivalent to conventional cover designs that use low hydraulic conductivity barriers.  

The guidance states:   

 increasingly 

and 

over systems can 

s with low hydraulic 

 cover to the 

 water balance components to minimize percolation. 

s and full-scale 

performance data, provide confidence that the ET cover will provide the necessary performance 

to minimize moisture percolation.  In summary, the proposed ET cover design for Cell 16 at 

USEI Site B will meet the performance standards set forth in 40 CFR §264.111, as well as the 

specific requirements listed in 40 CFR §264.310.   

Alternative final cover systems, such as evapotranspiration (ET) cover systems, are

being considered for use at waste disposal sites, including municipal solid waste (MSW) 

hazardous waste landfills when equivalent performance to conventional final c

be demonstrated. Unlike conventional cover system designs that use material

permeability (barrier layers) to minimize the downward migration of water from the

waste (percolation), ET cover systems use

EPA is tracking more than 60 ET cover projects, including demonstration

applications of ET landfill covers (U.S. EPA, 2009).   

Experience gained from research sponsored by EPA and others, along with the USEI test pad 
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4. Soil Testing and Analysis 

 adequacy as a 

 comparing the 

odeling of soils 

 and performed 

adequacy of the 

11 (DBS&A, 1998).  The 1998 modeling 

showed that soils typical of those on-site would be adequate.  The 2008 soil testing was 

ics indicative of 

vaporation 

rom precipitation 

 can infiltrate the 

for performance of an ET cover are the storage 

capacity and the hydraulic conductivity for a wetted soil.  This evaluation focuses on the soil 

storage and 

nts, such as the 

 USEI property, 

rea planned 

I property to the 

rty indicated that 

rovide favorable 

characteristics for an ET cover.  Soil from the Cell 15 stockpile and Cell 16 contains a lower 

percentage of fines than the Steiner soil, but was tested to determine its suitability.  Soil was 

also sampled from the soil dikes that have been constructed to form the side slopes of Cell 14.  

These samples were tested to determine whether this existing soil could be considered as a 

component of the ET cover for Cell 14.  After initial testing, the Cell 14 dike soils were found to 

contain a low fraction of fine-grained particles, making these soils appear less favorable for 

In 2008, DBS&A tested soils from the USEI Site B facility to determine their

borrow source for construction of ET covers.  Adequacy was determined by

results of the 2008 soil testing to the results of earlier testing and numerical m

from the same site in 1998.  In 1998, DBS&A tested borrow source soils

numerical modeling using the programs HELP and UNSAT-H to determine the 

soils as an infiltration barrier over Trenches 10 and 

conducted to identify acceptable borrow sources for soils with characterist

performing as well as or better than those modeled in 1998.   

ET covers have been shown to perform well as infiltration barriers in regions where e

exceeds precipitation.  The covers are designed to accept and store infiltration f

events, which is later removed by evaporation and/or transpiration before water

thickness of the cover.  The variables of interest 

properties needed for the primary soil rooting medium layer to provide moisture 

release for the required ET cover performance.  Other ET cover soil compone

upper erosion protection layer, will require other properties.  

Soil samples were collected from potential soil borrow source areas located on

but outside of the current USEI operating area.  Samples were collected from the a

for Cell 16, from a soil stockpile located adjacent to Cell 15, and from the USE

east, known as the Steiner property.  Previous soil borings on the Steiner prope

these soils are predominantly fine-grained silty soils, which were expected to p
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consideration as a component of the ET cover.  As a result, the dike soils were

smaller number of composi

 combined into a 

te samples for the additional hydraulic testing.  The soil testing 

results are su

Table 1.  Soils and Selected Testing Results from 2008 

S 
Cla ion

r 
ing 
city 
m3) 

Ksat 
(cm/s) 

mmarized in Table 1.   

Sample (compaction) 
USC
ssificat

Wate
Hold
Capa
(cm3/c

USE1-DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 [Composite] (80%) (GP-GM)s 8 1.6 x 10–3 0.0

USE1-DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 [Composite] (92%) 4 1.6 x 10–3  0.0

USE1-DBSA Cell 14 Dike TP-3, 4, 8 [Composite] (80% )s 0 3.8 x 10–3 ) (GM 0.1

USE1-DBSA Cell 14 Dike TP-3, 4, 8 [Composite] (92%) 9 5.0 x 10–4  0.0

USE1-DBSA Cell 14 Dike TP-9 (80%) SM 1 3.0 x 10–3 0.0

USE1-DBSA Cell 14 Dike TP-9 (92%)  0.08 2.1 x 10–3 

USE1-DBSA Cell 15 Stockpile TP-12 (80%) ) 5 1.2 x 10–3 s(ML 0.0

USE1-DBSA Cell 15 Stockpile TP-12 (92%) 8 3.3 x 10–4  0.1

USE1-DBSA Cell 16 TP-10, 11 [Composite] (80%) )g 4 1.6 x 10–3 (SM 0.1

USE1-DBSA Cell 16 TP-10, 11 [Composite] (92%) 4 5.0 x 10–5  0.1

USE1-DBSA Steiner TP-13 (80%)  5 2.2 x 10–4 SM 0.1

U E1-DBSA Steiner TP-13S  (92%)  0.15 7.8 x 10–6 

USE1-DBSA Steiner TP-14 (80%) (ML)s 0.24 4.2 x 10–5 

USE1-DBSA Steiner TP-14 (92%)  0.23 1.1 x 10–5 

USE1-DBSA Steiner TP-15 (80%) (ML)s 0.21 2.5 x 10–4 

USE1-DBSA Steiner TP-15 (92%)  0.21 5.4 x 10–5 
 

USCS = Unified Soil Classification System Ksat = Saturated hydraulic conductivity 
cm

3
/cm

3 
= Cubic centimeters per cubic centimeter cm/s = Centimeters per second 

 

vide sufficient moisture retention capacity to minimize infiltration 

 Critical soil properties include particle size distribution, 

saturated hydraulic conductivity (Ksat), and moisture retention characteristics.  Laboratory testing 

was performed for the following hydrologic and geotechnical parameters: 

 Soil classification (ASTM D2488) 

 Atterberg limits (ASTM D4318) 

 Grain-size distribution (ASTM D422) 

Cover soil properties must pro

and support vegetative growth. 
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 Porosity (percent by volume) 

 Dry bulk density (grams per cubic centimeter [g/cm3]) (ASTM D4531;ASTM D6836) 

d hydraulic conductivity (cm/s) (ASTM D5084) 

sture retention characteristic curve and van Genuchten parameters (ASTM D6836): 

 N 

e ability for 

samples for soil 

16 soil samples 

y and moisture 

e samples were compacted in the laboratory to 

80 percent and 92 percent of the maximum dry density as determined according to ASTM D698 

ge represents the target minimum and maximum 

compaction rates for the ET cover soil, which are expected when the soil is placed during 

 80 to 92 percent of the standard 

maximum dry density equate to the following ranges: 

 Steiner TP-14:  78.9 to 90.7 lbf/ft3 

 Steiner TP-15:  78.4 to 90.2 lbf/ft3 

Goldsmith et al. (2001) discuss the growth limiting bulk density (GLBD) for different soil types.  

They reference a GLBD textural triangle that was modified from Daddow and Warrington (1983) 

(Appendix C3).  Plotting the Steiner soils on the GLBD textural triangle allowed a GLBD to be 

 Moisture content (ASTM D2216) 

 Standard Proctor compaction (ASTM D698) 

 Saturate

 Moi

 alpha (α) 



 residual moisture content (θr)  

 saturated moisture content (θs) 

Soil density is a key parameter that affects a soil’s hydrologic characteristics and th

vegetation to be established.  Initial laboratory testing was performed on all 

classification, grain size, and compaction.  After these results were available, 

were selected for additional soil testing of saturated hydraulic conductivit

retention characteristics (Table 1).  Thes

(standard Proctor compaction).  This ran

construction without any additional compaction effort.   

For the Steiner soils tested, relative compaction values of

 Steiner TP-13:  87.4 to 100.5 pounds of force per cubic foot (lbf/ft3) 
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determined for Steiner TP-13, Steiner TP-14, and Steiner TP-15.  Data used

GLBDs were obtained from the DBS&A laboratory repo

 to plot the soil 

rt particle size analysis plots 

it Attachment 9c for Cells 14 and 15). 

ng values of GLBD: 

f/ft3 

 Steiner TP-14:  93.6 lbf/ft3 

The maximum densities for each soil sample, representing 92 percent of the standard maximum 

cover soils will 

urated hydraulic 

ercent of maximum dry density to provide the 

 program in 

 pits dug on-site 

apacity, and the 

 by plant roots, 

which is the difference between the field capacity (defined as soil moisture content at 

-333 centimeters [cm] of water pressure head) and the permanent wilting point (defined as soil 

moisture content at –15,000 cm of water pressure head).  The “Modeled” row in Table 2 

provides the values that were used in 1998 for numerical modeling (DBS&A, 1998).  The 

modeled values represent the silty soils (ML) selected as the most appropriate soil rooting 

medium from TP4 0-18, TP4 3-6, TP9 0-30, and TP9 3-6.   

(Appendix E in Volume 2 of USEI perm

The soils yielded the followi

 Steiner TP-13:  104.3 lb

 Steiner TP-15:  95.5 lbf/ft3 

dry density, are all less than the corresponding GLBD values, indicating that the 

not limit root growth. 

The soil test results in Table 1 provide the water holding capacity and sat

conductivity for soils compacted to 80 and 92 p

range of results for the allowable densities.  During a previous soil sampling

November 1998, soil samples were collected for laboratory testing from 14 test

with a backhoe.  Table 2 lists the sample ID, the soil type, the water holding c

saturated hydraulic conductivity value for each soil sample.   

Water holding capacity represents the water that is readily available to uptake
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Table 2.  Soils and Selected Testing Results from 1998 

Sample 
USCS 

Classification

Water Ho
Capa
(cm3/

Ksat  
(cm/s)  

lding 
city 

cm3) 

T10-1 GP-GM 0.1 3.5 x 10–3 2 

T10-2 GM 0.11 1.7 x 10–3 

TP4 0-18 ML 0.1 6.2 x 10–5 6 

TP4 3-6 ML 0.1 1.9 x 10–4 2 

TP4 18-60 GM 0.0 4.2 x 10–2 8 

TP9 0-30 ML 0.0 1.2 x 10–5 8 

TP9 3-6 ML 0.1 5.6 x 10–4 2 

Ketterling Top ML 0.18 5.2 x 10–5 

Ketterling Bottom CL 7.4 x 10–7 0.28 

EW SP-SM 0.12 4.2 x 10–3 

Modeled  0.11 2.06 x 10–4 
 

USCS = Unified Soil Classification System Ksat = Saturated hydraulic conductivit
cm

3
/cm

3 
= Cubic centimeters per cubic centimeter cm/s = Centimeters per second 

 

To compare the soil samples from 2008 to those from 1998, moisture char

(MCCs) were developed for all samples (Figure 2).  In Figure 2, the solid co

y  

acteristic curves 

lored lines represent 

 black solid line 

hes 10 and 11.  

 the MCCs.  The 

 from 1998. 

DBS&A used a water holding capacity value of 0.11 for the idealized cover soil used in 

numerical modeling of Trenches 10 and 11.  The modeling showed the adequacy of the 

idealized soil as a soil rooting medium layer in the ET cover.  Therefore, current soils that were 

determined to have a water holding capacity less than 0.11 were discarded from consideration 

as acceptable cover material.  Figure 4 shows the MCCs of soils with a water holding capacity 

equal to or greater than 0.11. 

soils tested in 2008 and the dashed lines represent soils tested in 1998.  The

(“Modeling”) is the MCC used for numerical modeling of the cover for Trenc

Figure 3 provides a bar graph of the water holding capacities determined from

blue bars represent samples from 2008 and the orange bars represent samples
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The hydraulic conductivity values of the soils (Figure 5) were determine

Genuchten parameters.  The “Modeling” curve represents the idealized soil used 

numerical modeling.  The idealized soil modeled in 1998 was determined to be

construct the ET cover for Trenches 10 and 11.  That is, the hydraulic condu

cover after an infiltration event was small enough that the water could not pe

past the point where it could be removed by evaporation and/or transpiration

conductivities of the recently tested soils in the near saturation range (~100 cm

suction or smaller), less than or equ

d from the van 

in the 1998 

 acceptable to 

ctivity of the soil 

netrate a depth 

.  The hydraulic 

 of water matric 

al to the “Modeling” hydraulic conductivity curve in Figure 5, 

for the soils that 

 qualities for use 

modeling in 

 borrow sources 

ells 14 and 15 without further numerical modeling.  These 

soils are the Steiner silty sands and low plasticity silts.  The soils may be placed from 80 to 

92 percent relative compaction, as a percentage of the maximum dry density determined from 

ASTM D698 (Standard Proctor).  Other soils may be acceptable, but would require additional 

numerical modeling to confirm acceptability.    

were considered acceptable.  Figure 6 provides hydraulic conductivity curves 

pass this criterion.   

Table 3 indicates which 2008 soil samples were determined to have acceptable

as cover material based on comparison to the idealized soil used for numerical 

1998.  As indicated in Table 3, TP-13, TP-14, and TP-15 represent acceptable

for construction of the ET cover for C
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Table 3.  Acceptability for Cover Material Use of Soils Sampled in 2008 

Holding 
C ? 

raulic 
C uctivity? Acceptable?Sample 

Acceptable
r 

 
Acceptable Wate

apacity
Hyd
ond

USE1- DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 (Composite )  No ) (80% No No 

USE1- DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 (Composite )  No ) (92% No Yes 

USE1- DBSA Cell 14 Dike TP-3, 4, 8 (Composite) (80%  No ) No No 

USE1- DBSA Cell 14 Dike TP-3, 4, 8 (Composite) (92%  No ) No Yes 

USE1- DBSA Cell 14 Dike TP-9 (80%)  No No No 

USE1- DBSA Cell 14 Dike TP-9 (92%) No No No 

USE1- DBSA Cell 15 Stockpile TP-12 (80%)  es No No Y

USE1- DBSA Cell 15 Stockpile TP-12 (92%)  No No No 

USE1- DBSA Cell 16 TP-10, 11 (Composite) (80%)  No Yes No 

USE1- DBSA Cell 16 TP-10, 11 (Composite) (92%)  es Yes Yes Y

USE1- DBSA Steiner TP-13 (80%)  es Yes Yes Y

USE1- DBSA Steiner TP-13 (92%) Yes  Yes Yes

USE1- DBSA Steiner TP-14 (80%) Yes Yes Yes 

USE1- DBSA Steiner TP-14 (92%) Yes Yes Yes 

USE1- DBSA Steiner TP-15 (80%) Yes Yes Yes 

USE1- DBSA Steiner TP-15 (92%) Yes Yes Yes 
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5. Cover Thickness and Slopes 

ss and slopes.  

gs for the USEI 

facility.  Engineering design drawings for the Cell 16 cover are provided in Appendix A.  

The drawings include details of the cover thickness and slopes, cover grading plan, and cross 

eet 8 (Appendix A) provides a typical final cover cross section for Cell 16.  

Consistent with the ET cover design and performance modeling for Cells 10 and 11 

rovide ET cover 

t.  The final lift of 

r the final cover.  

33 percent (3:1).  Near the toe of the side slopes, the 

slope transitions to a less steep 28.57 percent (3.5:1) slope to extend the side slope over the 

the 5-foot-

nimum 3.5 percent slope to 

promote positive drainage away from the cover.  

membrane liner, 

of the liner 

he location of the cover toe. 

Based on the 5-foot minimum cover thickness overlying the waste and lined area, the cover will 

extend beyond the liner side slope crest.  A minimum thickness of 5 feet of ET cover soil must 

be maintained at the liner side slope crest.  The perimeter bench around Cell 16 is 30 feet wide 

measured from the liner crest.  As designed, the cover extension distance onto the perimeter 

bench is 21 feet, maintaining a 9-foot-wide perimeter access road.    

This section describes the design basis for the Cell 16 final cover thickne

Citations in this section are from the permit documents and engineering drawin

Site B 

sections.   

Drawing Sh

(Drawing PRMI-L04), a final cover thickness of 5 feet of soil is needed to p

performance.     

The top deck of the final cover will be graded to drain at a slope of 3.5 percen

waste will also be placed on a slope of 3.5 percent, serving as the subgrade fo

Cover side slopes are a maximum of 

liner anchor trench with a minimum 5-foot thickness.  At the south end of Cell 16, 

thick ET cover will extend to the edge of the liner, maintaining a mi

Drawings 16-09-01, -02, and -03 show that the waste limit, projected to the geo

is set back 9 feet from the liner crest.  Drawing 16-09-01 provides the coordinates 

crest.  The liner crest serves as the reference point for t
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6. Cover Slope Stability 

16.  Global 

for deep seated 

 

Engineering Report (Attachment 18b).  Extensive laboratory testing and analysis has been 

osynthetic liner 

16 at locations 

 the maximum height of the closed cell.  The analyses included cross section 

of Cell 16, where 

sent the same 

analyses.  The 

ation and block-

signated auto-search critical surfaces with optimization.  USEI Cell 16 is located in a seismic 

impact zone.  Seismic impact zones are defined as those regions having a peak bedrock 

 local bedrock 

 which also represented the ground surface acceleration at the 

site.  

The cover slope stability analyses considered the geometry and strength of the cover material 

and waste.  A liner system was considered in the section geometry for completeness, although 

the intent of the analyses was stability of the cover components.  Parameters representing 

these materials are presented in Table 4. 

6.1 Calculation Approach 

ET cover slope stability analysis (Appendix C1) was performed on profiles of Cell 

stability of the completed landfill with the cover components and consideration 

failures into the liner system and the foundation materials are addressed in the Cell 16

performed in identifying the critical shear strength envelopes for the project's ge

components. 

The cover slope stability analyses were performed on profiles of Cell 

representing

profiles through the cover, waste, and liner for the north, east, and south sides 

there are design differences.  The east and west sides of Cell 16 repre

configuration.   

Slope stability analyses were performed using Slope/W 2007, GeoStudio Version 7.17 (Geo-

Slope, 2007) for static and pseudo-static, limit equilibrium, slope stability 

analyses employed auto-search-generated circular critical surfaces with optimiz

de

acceleration exceeding 0.10 g based on a 90 percent probability of non-exceedance over a 

250-year time period (U.S. EPA, 1995).  The seismic analyses used the

acceleration coefficient of 0.11 g,
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The waste characteristics for USEI were described by Washington Group In

(2002) as stabilized and unstabilized soil-like material.  An interface slip surfa

waste and the ET cover was not introduced due to the similarity of the materials.  Th

conservative 

ternational, Inc. 

ce between the 

e 

range of strength parameters for all of the materials presented were used in this 

analysis.  Saturated conditions were not considered due to the nature of the waste and depth to 

the grou

 4.  Materia cteristic ed in Slo tability Analysis 

l 
Friction An

(degrees
Cohe  

(lb/ft
Unit Weight 

(lb/ft3) 

ndwater.  

Table l C raha s s U pe S

Materia
gle 
) 

sion
2) 

ET cover  30 101.6  a 0 

Natural subgrade b 36 800 115 

Waste b 30 125 115 

Compacted clay liner  22 60  b 94 

Common fill b 31 1,000 124.8 

Liner 15 292.4 1.0 
 

a
 ET soil strength estimated as an average of friction angles obtained from direct shear tests on borrow 

e 

ility.  The peak 

d from the U.S. 

y [USGS] National Seismic Hazard Maps [2008]), based on a 2 percent 

probability of exceedance in 50 years.  Figure 4.4(a) in U.S. EPA (1995) estimates a maximum 

acceleration of 0.11 g for a maximum acceleration in rock of 0.11 g, assuming stiff soil 

conditions and/or deep cohesionless soils.  The site contains approximately 2,250 feet of hard 

to very hard silty and gravelly sands, silty sands, sandy silts, and silts, overlying the Banbury 

Formation bedrock.      

source soils from TP-009, TP-035, and TP-143 (DBS&A, 2011).    
b
 Properties derived from Washington Group International, Inc. (2002) stability analysis at the sit

lb/ft
2
 = Pounds per square foot GM = Silty gravel 

lb/ft
3
 = Pounds per cubic foot GC = Clayey gravel  

NA = Not applicable CL = Lean clay 

 

Static and seismic (pseudo-static) analyses were performed to evaluate stab

ground acceleration (PGA) for the site was determined to be 0.11 g (obtaine

Geological Surve
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6.2 Analysis Description 

 

arch is an option 

e based on the 

 an approximate 

 range-specified 

approximated critical slip surface.  In Slope/W, 

ated critical slip 

Block failure analysis was performed in Slope/W by designating the locations for the left and 

sections of the bottoms of the sliding mass.  The critical block is 

s and Discussion 

dard solutions for limit 

equilibrium analysis are presented in Table 5.  The complete slope stability results are provided 

in Appendix C1.    

Based on these analyses, DBS&A determined that ET soil cover with a minimum friction angle 

of 30 degrees and slopes not exceeding 3:1 will maintain proper stability for Cell 16. 

For this analysis, DBS&A used the USGS PGA of 0.11 g.  The slope stability analysis used

auto-located circular slip surfaces and range-specified block masses.  Auto se

in Slope/W that estimates the entry and exit areas along the ground surfac

geometry of the problem.  Slope/W evaluates trial slip surfaces and determines

solution.  The factors of safety for the auto-located circular slip surfaces and

block masses were determined by optimizing the 

optimization is a technique that incrementally alters segments of the approxim

surface to find the shape with the lowest factor of safety.   

right blocks of potential inter

determined by the algorithm and then optimized for the lowest factor of safety. 

6.3 Result

The factors of safety determined from the analyses using various stan
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Table 5.  Slope Stability afety   Factors of S

  Factor of Safety 

Acceleration Method a (fee

Min

t) Static  

Acceleration 
Coefficient 

0.11 g 

imum 
Depth  

North Slope    

Auto Search Circular Failure Planes with Optimization  

Morgenstern-Price 4 1.73 1.29 

Ordinary 4 1.73 1.30 

Bishop 4 1.77 1.32 

Janbu 4 1.73 1.29 

Block Failure Planes with Optimization   

Morgenstern-Price 1 1.73 1.29 

Ordinary 1 1.73 1.30 

Bishop 1 1.78 1.33 

Janbu 1 1.73 1.29 

East Slope    

Auto Search Circular Failure Planes with Optimization  

Morgenstern-Price 4 1.82 1.34 

Ordinary 4 1.81 1.35 

Bishop 1.85 1.37 4 

Janbu 4 1.82 1.34 

Block Failure Planes with Optimization   

Morgenstern-Price 1 1.82 1.34 

Ordinary 1 1.82 1.35 

Bishop 1.84 1.36 1 

Janbu 1 1.81 1.34 

South Slope    

Auto Search Circular Failure Planes with Optimization  

Morgenstern-Price 4 1.73 1.29 

Ordinary 4 1.73 1.30 

Bishop 4 1.77 1.32 

Janbu 4 1.73 1.29 

Block Failure Planes with Optimization   

Morgenstern-Price 1 1.74 1.31 

Ordinary 1 1.73 1.33 

Bishop 1 1.77 1.35 

Janbu 1 1.73 1.31 
a
 Morgenstern-Price, Ordinary, Bishop, and Janbu refer to some of the standard solutions proposed for 
limit equilibrium analysis.  They differ in the equations of statics that are satisfied.  Ordinary and Bishop 
satisfy moment equilibrium.  Janbu satisfies force equilibrium.  Morgenstern-Price satisfies both moment 
and force equilibrium.  For a thorough description, see Geo-Slope International Ltd. (2007). 
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7. Erosion and Stormwater Protection 

nd after the 

 not considering 

 vegetation, the calculations are conservative.  The calculation results show that the 

gravel-amended erosion protection layer provides a high degree of resistance to wind and water 

sed the revised 

 conditions, the 

er year on 

the top of cover and 4.18 tons per year on the side slopes with application of 4 tons per acre of 

mulch, ton per acre per year post-

construction with native vegetation established.  Input values used in the calculation are 

provided i

ulation of Ero  Due to Stormwater 

Value 

Erosion rates due to wind and stormwater were calculated for conditions prior to a

establishment of vegetation.  Calculations are provided in Appendix C2.  By

cover

erosion. 

7.1 Erosion Due to Stormwater 

The calculation of soil erosion due to stormwater runoff (Appendix C2-1) u

universal soil loss equation.  It was determined that under the assumed

maximum post-construction soil loss due to water erosion would be 0.2 ton per acre p

and 0.04 ton per acre per year on the top of cover and 0.79 

n Table 6.  

Table 6.  Values Used in Calc sion

Variable 

Rainfall erosivity factor (Re) 31 

Vegetative cover and management factor, nati 0.01 ve 
vegetation, undisturbed (C) 

Vegetative cover and management factor, 
4 tons per acre, tacked down (C) 

0.05 

Cover subfactor 25% gravel amended soil (Cf ) 0.55 

Conservation support practice factor (not used) (Pc ) 1 

Organic matter (OM) 0.01 

Slope steepness and length factor (LS) 0.58 

Slope steepness and length factor (LS2) 11.96 

Mean soil erodibility factor (K) 0.41 
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7.2 Critical Distance of Gully Formation 

e final ET cover.  

ended soil.  To 

rm event with a 

 the purpose of 

compared to a slope length of 420 feet for a 

3:1 n for Cell 16.  Table 7 

provides input values used in this calculation. 

Table 7.  Values Used in Calculation of Critical Distance of Gully Formation 

Variable Value 

The calculation of critical distance of gully formation (Appendix C2-2) was completed to 

determine the critical distance before gully formation begins on the slopes of th

The calculation was performed for cover soil amended with gravel and for unam

provide a substantial factor of safety in the design, a 100-year 24-hour sto

maximum rainfall intensity of 1 hour was considered in this equation.  For

acceptance, the gully formation calculation was 

side slope, exceeding the maximum slope length for the cover desig

Runoff intensity (qs) 1.07 inches per hour 

Effective diameter, gravel-amended  inch soil (D75) 0.5

Shear stress, gravel-amended soil (t  lbf/ft2 a) 0.2

Shear stress, on-site soil (ts) 0.02 lbf/ft2 

Roughness factor, on-site soil (n) 0.018 (dimensionless) 

Roughness factor, amended soil (n) 0.025 (dimensionless) 

Slope of the top of the cover system (xt) 2.0 (3.5 percent) 

Slope of sides of cover system (xS) 18.4 (33 percent) 
 

lbf/ft
2
 = Pounds of force per square foot 

 

 660 feet for the 

for the top of the 

 250 feet for the 

The calculation results show the substantial improvement in resistance to gully formation by 

stormwater flow that is provided by amending the cover soil with gravel.  Therefore, the cover 

design uses a 6-inch-thick upper erosion protection layer that will be amended with a minimum 

of 25 percent gravel.  The cover design using gravel-amended soil allows for dispersed sheet 

flow of stormwater off of the covers.  This design approach avoids focused flow in channels, 

The critical distance for gully formation on the side slopes of the cover system is

gravel-amended soil and 20 feet for the unamended soil.  The critical distance 

cover system was determined to be 8,300 feet for the gravel-amended soil and

unamended soil.   
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which increases the potential for erosion.  The gravel-amended soil provide

erosion protection to prevent rilling and gull

s the necessary 

y formation, even for conditions of a large storm 

or to the establishment of vegetation. 

used to determine soil loss due to 

abular and graphical analysis.  Copies of the 

determined variables and resulting soil loss are provided in Appendix C2-3. 

The wind erosion equation is expressed as follows: 

E = f (IKCLV) 

rage annual soil loss (tons per acre per year) 

 

  

 L = the unsheltered distance 

oil loss from the final cover due to wind erosion, four 

2. Vegetation, but not crusting, had developed. 

3. Crust and vegetation were fully developed.   

4. Crust has developed, but vegetation is lost. 

Annual soil loss due to wind erosion for these three scenarios was determined to be 20.6 tons 

per acre per year, 1.4 tons per acre per year, 0.3 ton per acre per year, and 9.1 tons per acre 

event occurring pri

7.3 Wind Erosion 

The wind erosion equation (Chepil and Woodruff, 1963) was 

wind erosion.  This equation is solved using t

where E = estimated ave

f = a function of 

I = soil erodibility index

 K = soil surface roughness factor 

 C = climatic factor 

 V = the vegetative cover factor 

In determining the potential amounts of s

different scenarios were considered:  

1. Vegetation and crusting had not developed on the final cover.  
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per year, respectively.  The third value is expected to be the steady-state soil lo

cover and is attributed to the establishment of vegetation and crust formation

ss from the final 

 of non-erodible 

materials (desert pavement) on the cover.  The fourth value accounts for temporary vegetation 

loss due to a cause such as a brush fire, with desert pavement still intact. 
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8. Vegetation Plan 

-term stability of 

l.  Vegetation will 

are suited to the 

soils and climatic conditions.  Over a period of years, additional native plant varieties will 

spread on the ET covers, as observed on the ET covers constructed over USEI Trenches 10 

The final ET cover will be seeded with grasses, mulched, and fertilized to provide permanent 

 from the cover 

 cover system.   

cover infiltration 

ot system, while 

quirement is that 

 season.  Cool 

g and rapidly transpire water accumulated in the soil profile 

summer months, 

 both warm and 

al conditions for 

Time of planting is a critical factor in successful establishment of plants from seeds.  Seed will 

essful germination and growth based on soil 

 be determined each year at the time of planting.  Mulch will be 

on and enhance vegetation establishment.  

The seed mix to be used at USEI Cell 16 shall consist of the following: 

 Crested wheatgrass:  15 pounds per acre (lb/acre) 

 Siberian wheatgrass:  18 lb/acre 

 Streambed wheatgrass:  18 lb/acre 

Vegetation is critical to the success of an ET cover system.  It provides for long

the cover surface, minimizes erosion, and removes moisture from the cover soi

be established on the final cover by seeding with a mix of plant varieties that 

local 

and 11.  

erosion protection for the cover.  The roots of the vegetation remove water

through the process of transpiration and are thus a critical component of the ET

A mixture of warm and cool season plants will be used for effective ET 

reduction performance.  In general, cool season grasses have a more fibrous ro

warm season vegetation is more deeply rooted.  The key vegetation design re

available soil-water is fully used by the plant community during the growing

season plants green up in early sprin

during winter.  Warm season plants transpire more effectively during the warm 

when precipitation rates are highest.  Native prairies always have a mixture of

cool season vegetation, and the cover revegetation will simulate these natur

well-adapted, sustainable vegetation.   

be planted at the appropriate time for succ

temperature and precipitation, to

applied as needed to control erosi
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Seed will be applied by hydroseeding as an effective method to cover all of the

the contoured surface of the final cover with a uniform seed application.  Hydro

spraying the seed onto the soil surface with a matrix of straw or wood fiber mulch, 

cellulose-based tackifier that keeps the mulch adhered to the soil until the s

A timed-release fertilizer can also be applied with the hydromulch.  Typical app

8,000 lb/acre mulch

 side slopes and 

seeding involves 

along with a 

eed germinates.  

lication rates are 

, 50 lb/acre tackifier, and 400 lb/acre fertilizer.  The final products and 

application rates used will be determined in consultation with the hydroseeding contractor at the 

-on bonded fiber 

continuous layer 

ded to eliminate 

op impact on soil.  It adheres to the final cover surface, eliminating the potential for 

rill erosion and downcutting.  The BFM stabilizes the seed mixture to promote germination and 

plant growth.  It retains moisture and will biodegrade completely into materials beneficial to plant 

growth. 

time that seeding occurs.   

The seed and mulch will be stabilized on the cover side slopes using a spray

matrix (BFM).  The BFM is a hydroseeding erosion control product containing a 

of elongated fiber strands held together by a bonding agent.  The BFM is inten

direct raindr
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1. Scope 

This Construction Quality Assurance Plan (CQA Plan) is intended for use during construction of 

the final cover system for Cell 16 at the US Ecology Idaho (USEI) facility in Grand View, Idaho 

(USEI Site B).  Quality assurance (QA) is a planned system of activities that provides 

confidence to the owner/operator (Owner) and permitting agency that the facility was 

constructed as required under US Ecology's Resource Conservation and Recovery Act (RCRA) 

operation permit (EPA ID No. IDD073114654).  The CQA Plan is prepared to meet the minimum 

suggested standards set by the U.S. Environmental Protection Agency (EPA) (see Document 

Number EPA600R-93 182, Quality Assurance and Quality Control for Waste Containment 

Facilities). The CQA Plan will be followed for installation of all cover components.   

The CQA Plan outlines the responsibilities for the technical documentation showing that 

environmental control systems have been installed in accordance with approved design, 

drawings, and specifications.  Following cover installation, construction must be certified by a 

professional engineer registered in the state of Idaho.  A certification report consisting of specific 

technical information will be submitted to USEI and the Idaho Department of Environmental 

Quality (DEQ).  The report will include the following: 

 Installation of the cover soil layer, including gravel amended topsoil 

 Verification of properly constructed material depths and slopes  

 Revegetation 

 QA/quality control (QC) testing and inspection 

The final cover design for Cell 16 includes an evapotranspiration (ET) alternative cover 

consisting of a select soil subgrade, a thick soil rooting medium layer, and an upper topsoil 

erosion protection layer.  Specific construction elements that are addressed in this plan include 

the following:   

 Excavation, placement, and grading of cover subgrade soil 

 Excavation, placement, and grading of the soil rooting medium 
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 Excavation, placement, and grading of the upper erosion protection layer (processing 

may be needed to incorporate gravel amendment)  

 Seeding and fertilizing to establish vegetation 

In this plan, QC testing/certification is provided by the manufacturers, suppliers, contractors, and 

installers of the various design components.  "Owner" refers to USEI.  QA refers to means and 

actions employed by the Owner to ensure conformance of the various components, production, 

and installation to the contractual and regulatory requirements.  The Owner will retain an 

Engineer to perform QA activities on the Owner's behalf.  In this CQA Plan, QA Engineer refers 

to the Certifying Engineer or their designated representative.  QC testing and documentation are 

the responsibility of the Contractor.  QA testing and documentation are the responsibility of the 

QA Engineer on behalf of the Owner.  QA testing is required at a minimum frequency of 

5 percent of the QC testing, unless otherwise designated by the QA Engineer.  Project drawings  

referenced in this document refer to engineering design drawings for construction of the USEI 

Cell 16 final cover.  Project specifications referenced in this document refer to the specifications 

in Attachment 9c of USEI’s permit, which are applicable to final cover construction for USEI 

Cells 14, 15, and 16.  For all CQA issues, this plan takes precedence over previous documents. 

The following sections describe the cover system design and CQA Plan to be used by the QA 

Engineer and Contractor for construction and certification.  As appropriate during various 

construction activities, the QA Engineer will determine whether continuous or periodic inspection 

will occur to provide complete inspection and testing of all cover materials.  
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2. Cover System Description 

The USEI final covers will consist of soil installed over waste disposal Cell 16.  The cover 

system profile will include the following (from the bottom up): 

 Existing subgrade consisting of the following: 

 Waste 

 Intermediate cover 

 Other existing soil 

 Select cover subgrade soil (in limited areas at the toe of side slopes) 

 ET cover soil rooting medium 4.5 feet thick 

 Topsoil layer amended with 25 to 40 percent gravel (by weight) 0.5 foot thick 

The term “cover soil” refers collectively to the selected cover subgrade soil, soil rooting medium, 

and gravel amended top soil layers.  The term “final cover” refers to the upper 5-foot-thick layer 

consisting of the soil rooting medium and gravel amended topsoil.  

Specifications in USEI permit Attachment 9c applicable to the final cover system for USEI 

Cell 16 include: 

 Section 31 00 00 - Earthwork 

 Section 31 10 00 - Site Clearing 

 Section 31 32 00 - Cover System Components 

 Section 31 38 01 - Surface Rock Durability Requirements 

 Section 32 92 19 - Vegetation and Seeding 

Specifications in permit Attachment 9c not applicable to the final cover system for USEI Cell 16 

include: 

 Section 33 24 14 - Leachate and Well Riser Modification 

 Section 40 14 49 - HDPE Pipe 
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3. CQA Plan 

Specifications applicable to CQA include Section 01 40 00 - Quality Requirements and 

Section 01 33 00 - Submittals.  CQA is the planned system of activities that provides assurance 

that the cover system was constructed and the materials used were manufactured as specified 

in the accepted documents and control drawings.  A copy of the site-specific drawings and 

specifications, CQA Plan, and QA/QC documentation reports shall be retained at the facility by 

the QC Representative.  The drawings, specifications, and QA/QC documents are the primary 

means for the Owner to demonstrate to the regulatory agency that QA/QC objectives for the 

project have been met. 

The CQA Plan shall include a detailed description of all QA/QC activities to be used during 

materials inspection and construction to manage the installed quality of the covers and 

associated facilities.   

At a minimum, documentation will include the following: 

 Laboratory testing results  

 All laboratory testing performed 

 Origin of all test samples 

 Certification by a professional engineer for all laboratory test results  

 Documentation showing that specified test types and frequencies were performed 

 Documentation showing that test results were within specified ranges 

 Soil cover placement 

 Soil suitability per specifications 

 Thickness of placed soil  

 Compaction density 

 Line and grade control 
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 Vegetation  

 Seeding 

 Nutrients/amendments   

3.1 Personnel Qualifications 

An important factor in assessing the quality of a cover system installation is the degree to which 

key personnel involved in the process are qualified to perform their required tasks.  QA/QC 

personnel must be familiar with:  

 Engineering design, drawings, and specifications 

 Project layout 

 Materials to be used 

 Drainage control features 

 Soil and rock borrow materials 

 Construction procedures, schedule, and necessary equipment 

 Material placement techniques and requirements 

Specifically, the key individuals involved in QA/QC during the construction of the final cover 

systems at the USEI Site B facility and their minimum recommended qualifications are listed in 

Table 1. 

3.2 Documentation 

In addition to ensuring correct installation of the cover system, QA provides documentation of 

the construction process.   
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Table 1.  Minimum Personnel Qualifications 

Personnel Qualifications 

Design Engineer(s) Professional Engineer registered in the state of Idaho 
with job-specific experience. 

QA Personnel/Inspector(s) – US Ecology or 
QA Engineer designated representative(s) 

The individual(s) designated by the Owner, the QA 
Engineer, or the QA Certifying Engineer, with 
adequate training and experience in testing 
procedures and knowledge of the project and its 
drawings, specifications, and QA documents. The QA 
Personnel/Inspector(s) shall be an independent, third-
party employee of an independent firm, hired by the 
Owner.  

QA Engineer – US Ecology or QA Certifying 
Engineer designated representative 

The individual designated by the Owner or the QA 
Certifying Engineer, in charge of the daily QA process.  
Must show a minimum of two years experience and 
technical knowledge of cover/liner system design and 
earthwork construction process and requirements.  
The QA Engineer shall be a qualified, independent, 
third-party employee of an independent firm, hired by 
the Owner. 

QA Certifying Engineer – An independent, third 
party US Ecology representative.  Responsible 
for all QA activities.  May assume the role of 
the other QA personnel. 

An independent, third party, individual designated by 
Owner with intimate knowledge of the project, 
drawings, specifications, and QA documents. Must 
show a minimum of two years experience and 
technical knowledge of cover/liner system design and 
earthwork construction process and requirements.  
Responsible for all QA activities, including the actions 
of the QA Engineer and QA Personnel.  Responsible 
to stamp the Final Certification Report as a 
Professional Engineer registered with the state of 
Idaho.  

QC Personnel – Contractor or subcontractor Employed by the general Contractor’s QC 
Representative, installation Contractor, or earthwork 
Contractor involved in the cover construction; 
appropriately trained. 

QC Representative – Contractor or 
subcontractor representative.  Responsible for 
all QC activities.  May assume the role of the 
other QC personnel. 

The individual specifically designated by the general 
Contractor, manufacturer, or fabricator in charge of 
quality control activities.  The QC Representative shall 
not report to the Construction Site Superintendent. 

 

3.2.1 Daily Reports 

Daily reporting and documentation are required.  The QC Representative shall prepare daily 

written reports that are to be included in the final QA/QC documentation.  The QC 

Representative shall submit daily reports to the QA Engineer on a weekly basis or more 
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frequently as required by the QA Engineer.  These reports provide a chronological framework 

for identifying and recording all activities/tasks that were completed.  At a minimum, the daily 

reports shall include the following: 

 Date, project name, location, waste containment unit under construction, on-site 

personnel and equipment, and other relevant identification information 

 Description of weather conditions, including temperature, cloud cover, wind speeds, and 

precipitation 

 Summaries of meetings and actions recommended or taken 

 Specific work and locations of construction 

 Equipment and personnel working on each task, including subcontractors 

 Identification of areas or units of work being inspected 

 Description of off-site materials received, including QC data provided by the supplier 

 Calibrations or recalibrations of test equipment 

 Methods used to backfill testing holes 

 Decisions made regarding approval or disapproval of units of material and/or work; 

corrective actions to be taken in instances of substandard or suspect quality (including 

data and/or reporting used to substantiate substandard QC decisions) 

 Signature of the QC Representative  

 Any other pertinent information 

3.2.2 Inspection and Testing Reports 

All observations, field tests, and laboratory tests performed on- or off-site shall be recorded on a 

data sheet.  Recorded observations and test results can take the form of notes, charts, 

sketches, photographs, or a combination of these.  At a minimum, the inspection data sheets 

shall include the following information: 
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 Description or title of the inspection activity 

 Location of the inspection or obtained sample 

 Type of inspection and procedure used (reference to standard method when appropriate 

or specific method described in the CQA Plan) 

 Recorded observation or test data 

 Results of inspections (pass/fail); comparison with specification requirements 

 In addition to the individual preparing the data sheet, identification of all personnel 

involved in the inspection 

 Signature of the QA inspector and review signature by the QA Engineer 

3.2.3 Problem Identification and Corrective Measure Reports 

A problem is defined as material or workmanship that does not meet the requirements of the 

drawings, specifications, or CQA Plan, or any obvious defect (even if there is conformance with 

drawings, specifications, and the CQA Plan).  At a minimum, problem identification and 

corrective measure reports shall contain the following information: 

 Location of the problem 

 Description in sufficient detail (with supporting sketches or photographic information 

where appropriate) to adequately describe the problem 

 Probable cause for the problem 

 How and when the problem was identified (reference to inspection data sheet or daily 

summary report by inspector) 

 Where relevant, estimation of how long the problem existed 

 Any disagreement between the Inspector and Contractor about the problem 

 Suggested corrective measure(s) 
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 Documentation of corrective action, if taken and completed prior to finalization of the 

problem, and completed corrective measures report (reference to inspection data sheet, 

where applicable) 

 Where applicable, outline of suggested methods to prevent similar problems in the future 

 Signature of the QC Representative and review signature of QA Engineer 

3.2.4 Drawings of Record 

Drawings of record (“as-built” drawings) shall be prepared to document the actual lines, grades, 

and conditions of each completed component of the construction.  For the cover soil 

components, the record drawings shall include survey data that identifies lower and upper 

elevations of a particular component (layer), the plan dimensions of the component, and 

locations of all destructive and nondestructive test sampling sites.  The as-built drawings shall 

note all changes to the original set of construction drawings.  The as-built drawings shall 

include, but are not limited to, each layer/component of the cover soil layer. 

3.2.5 Final Documentation and Certification 

Upon completion of the project, the QA Certifying Engineer shall prepare a final documentation 

and certification report.  The report shall certify that the hazardous waste unit has been closed 

in accordance with the specifications and design of the approved closure plan, and shall meet 

the standards set by the EPA for RCRA closure certification in 40 CFR 264.115.  This report 

shall include the following: 

 Inspection reports  

 QA/QC summary reports  

 Inspection data sheets  

 Problem identification and corrective measures reports  

 QC data provided by manufacturers or fabricators  

 Laboratory test results (including pre-construction testing) 

 Field testing results (including pre-construction testing)  
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 Photographs  

 As-built drawings  

 Internal QA/QC memoranda 

 Minutes of pre-construction and weekly meetings  

 Data interpretation and analyses 

 Submittals and QA Engineer’s authorization of change orders and equivalent substitutes 

 Design changes made by the Design Engineer during construction   

The document shall be certified to be correct by the QA Certifying Engineer.  The final 

documentation and certification prepared by the QA Certifying Engineer shall be submitted by 

the Owner to DEQ for approval. 

3.2.6 Document Control 

The QA/QC documents shall be maintained under a document control procedure.  Any 

modifications to the documents shall be reported to and agreed upon by all parties involved.  An 

indexing procedure shall be developed for conveniently replacing pages in the CQA Plan when 

modifications become necessary; the replacement pages will detail the revision status. 

3.2.7 Storage of Records 

During construction, the QC Representative shall be responsible for all QC documents, 

including copies of the design criteria, specifications, plan revisions, and originals of all data 

sheets and reports.  Duplicate records shall be kept at a separate location. 

3.3 Meetings 

A pre-bid meeting shall be held prior to bidding of the contract.  A pre-construction meeting shall 

be held prior to the start of construction activities. 
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3.3.1 Pre-Bid Meeting 

The intent of this meeting is to discuss the design drawings, specifications, bid requirements, 

contract terms, and CQA Plan to clarify requirements and resolve differences of opinion among 

the concerned parties before the project is let for bidding.  Holding the pre-bid meeting before 

formal construction bids are prepared can allow the companies bidding on the construction to 

better understand the level of QC required on the project.  Also, if the bidders identify problems 

with the CQA Plan, USEI has the opportunity to correct those problems early in the process.  

3.3.2 Pre-Construction Meeting 

The objectives of the pre-construction meeting are to establish lines of communication, review 

construction drawings and specifications, emphasize the critical aspects of the project planning 

and coordination of tasks, and identify potential factors that could cause difficulties or delays in 

construction.  At the pre-construction meeting, details of the CQA Plan shall be reviewed to 

ensure that the responsibility and authority of each individual is clearly understood, to reach 

agreement on the established procedures to resolve construction problems, and to establish a 

foundation of cooperation in quality management.  The pre-construction meeting shall be 

scheduled after the general construction contracts have been awarded and the major 

subcontractors and material suppliers have been established.   

The meeting shall be attended by appropriate USEI personnel, the project’s Design Engineer, 

Contractor’s representatives, the QC Representative, major subcontractors, the QA Engineer, 

and the QA Certifying Engineer. 

The pre-construction meeting shall cover the following activities: 

 An individual shall be assigned to take minutes.  

 Individuals shall be introduced to one another.  

 Each organization’s responsibility, authority, and lines of communication shall be 

discussed. 
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 Copies of the project drawings and specifications shall be made available for group 

discussion. 

 The drawings and specifications shall be described, along with unique design features, 

potential construction problems, and answers to questions from any of the parties 

concerning the construction.  

 Reporting procedures, distribution of documents, the schedule for routine project 

meetings, and resolution of construction problems shall be discussed. 

 Site requirements and logistics, including safety procedures, shall be reviewed. 

 The project design shall be reviewed, and the most critical construction aspects will be 

discussed, as will scheduling and sequencing issues.  

 The CQA Plan shall be reviewed and discussed, with the QA Engineer and QA 

Certifying Engineer outlining their expectations and identifying the most critical 

components of their project participation.  

 QC procedures for materials to be employed by the suppliers contracted to the 

Contractor shall be discussed.  

 Construction QC procedures to be employed by the Installer or Contractor shall be 

discussed.  

 A list of action items requiring resolution shall be compiled and responsibilities for these 

items shall be assigned. 

 Corrective actions to resolve potential construction problems shall be discussed. 

 Procedures for documentation and distribution of documents shall be discussed. 

 Suggested modifications to the CQA Plan that would improve quality management on 

the project shall be solicited. 

 Climatic variables (e.g., precipitation, wind, temperature) that might affect the 

construction schedule shall be discussed. 

Familiarizing all project participants with inspection and testing procedures and the criteria for 

pass/fail decisions (including the resolution of test data outliers) is a key objective of this 
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meeting.  Additionally, it is imperative that all parties understand any key problems QA 

personnel have identified and that each party fully understands their roles and responsibilities 

and the procedures regarding problem resolution.   

3.3.3 Progress Meetings 

Weekly progress meetings shall be held at the job site or at the discretion of the Design 

Engineer, QA Engineer, or Contractor.  The QC Representative and QA Engineer or his/her 

designated representative shall be present at all meetings. 

3.4 Sample Custody 

All samples shall be documented with origin, date, and intent.  Whenever a sample is 

transferred to another individual or laboratory, records of the transfer shall be established with a 

chain of custody. 

3.5 Weather 

Specifications shall make clear restrictions for certain construction activities due to weather.  

The Contractor is responsible for ensuring that these weather restrictions are observed during 

construction. 

3.6 Work Stoppages 

Unexpected work stoppages can result from a variety of causes.  The QC Representative shall 

be careful during any work stoppages to determine (1) whether in-place materials were covered 

and protected from damage, (2) whether partially covered materials were adequately protected, 

and (3) whether manufactured materials were properly stored and properly or adequately 

protected from the elements.  The cessation of construction during work stoppages does not 

mean that QA inspection and documentation cease. 
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4. Site Preparation  

4.1 General 

Specifications applicable to site preparation include Section 31 10 00 - Site Clearing and 

Section 01 71 23 - Field Engineering.  The following work will be included in site preparation and 

grading:  

 Field check existing landfill infrastructure and utility locations, as appropriate. 

 Mark all survey hub markers, permanent benchmarks, monitor wells, etc. 

 Strip or remove all brush, vegetation, surface debris, and similar materials from the soil 

borrow source surface by grading the soil to a depth of approximately 1 to 2 inches.  

Relocate soil and vegetation to a designated area on the site.   

 The existing surfaces shall be checked and improved as needed to provide stable 

conditions of the existing surface and provide a trafficable, reasonably smooth working 

surface for construction equipment. 

4.2 Survey Coordinate System 

All areas to be affected by cover construction, including Cell 16, shall be surveyed and 

integrated into a grid system so that locations of sample and testing points determined during 

construction can be readily discernible by the QA/QC personnel.  This grid system should 

consist of equidistant parallel lines, 100 feet on center, projecting north to south and east to 

west within the limits of the landfill.  This grid system shall be coincident with the existing site 

coordinate system for future reference.  Other areas that are part of the construction project, 

such as soil borrow sources, shall be surveyed in a manner that is approved by the QA 

Engineer.  The project limits will be staked out by the Owner or his representative based on 

record drawings. 
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4.3 Existing Subgrade 

Specifications applicable to the subgrade include Section 31 00 00 - Earthwork.  Cover soil 

placement will be directly on the existing subgrade.  Excavation of waste is not allowed unless 

approved by the QA Engineer.  The subgrade will be protected and approved in accordance 

with the following procedures: 

 The existing subgrade shall be protected from erosion and damage of any kind. 

 The subgrade shall be kept free of all trash and debris. 

 The condition of the subgrade shall be approved by the QA Engineer prior to cover soil 

placement. 
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5. Cover Soil 

QA of the cover soil shall accomplish these objectives: 

 Ensure that material quality meets specifications 

 Ensure that materials were properly placed 

 Ensure that minimum thicknesses of material layers have been achieved 

The cover for Cell 16 will be an ET cover with an adequate depth of quality cover soil.  The 

objective of the cover soil is to install a uniform layer that provides for water storage capacity 

while encouraging the establishment of an adequate rooting medium to allow for successful 

plant establishment. 

5.1 Cover Soil Layer 

Specifications applicable to the cover soil include Section 31 00 00 - Earthwork, 

Section 31 38 01 - Surface Rock Durability Requirements, and Section 31 32 00, Cover System 

Components.  Cover thickness shall be measured perpendicular to the final cover slope.  Select 

cover subgrade soil shall be placed on the existing subgrade to meet the lines and grades 

needed for placement of the final cover soil.  

5.1.1 Contractor Requirements 

The Contractor shall be responsible for locating, testing, excavating, hauling, preparing (mixing), 

spreading, compacting, and grading the cover soil.  The Owner has completed limited testing of 

soil from two prospective borrow sources on the Owner’s property.  Testing shows that limited 

soil quantities with suitable properties are available.  The Owner will provide the available soil 

testing data to the Contractor.  The Contractor shall be responsible for all soil selection and 

testing necessary to complete construction.   

Borrow source soils shall be tested and determined satisfactory prior to construction of the 

covers (see Attachment 1).  Depths and lateral extents of borrow sources will be determined 
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from borehole drilling or test pit excavation, soil sample extraction, and laboratory testing.  Soils 

used in the cover soil shall be only those from borrow source(s) approved by the QA Engineer.   

Areas of the cover that may become overcompacted, such as haul roads, shall be tested for soil 

density and as needed, shall be ripped to loosen the soil and retested to verify soil 

conformance.    

The Contractor shall be responsible for testing in-place (field) density and moisture content of 

representative cover soil samples.  Soil density testing shall be used by the Contractor as a QC 

measure to verify acceptable soil density.     

The Contractor shall prepare survey documentation that shows that the ET cover soil conforms 

to the design grades.   

5.1.2 Engineer Requirements 

The QA Engineer shall approve suitable soils and placement with respect to construction 

criteria.  The QA Engineer shall inspect the select cover subgrade soil, soil rooting medium, and 

topsoil, and grant approval prior to the Contractor proceeding with construction of the next 

component.    

5.2 Test Pads 

Test pads are not required for cover soil that will be placed in lifts of 12 inches or less in 

thickness.  For soil lifts greater than 12-inch loose lifts, the Contractor shall construct test pads 

prior to cover construction to demonstrate that the soil lift placement and compaction methods 

provide acceptable compaction throughout the soil lift thickness.  A test pad shall be constructed 

for each soil type used in the cover.  Significant changes in soil type that require a separate test 

pad shall be determined by the QA Engineer.     

Soil to be used in test pad construction shall be sampled from the borrow source and tested.  

Testing shall be in accordance with all requirements of the soil type being tested. 
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Test pads shall be constructed at locations within the project area selected by the Contractor.  

The test pads shall have minimum dimensions of 50 feet by 100 feet.  The lift thickness shall 

match the lifts to be used during cover construction.  Test pad construction methods must be 

consistent with procedures to be used for cover construction in the field during construction, 

including soil type, lift thickness, equipment, and equipment operating speeds. 

The Contractor shall be responsible for testing in-place (field) density and moisture content of 

representative test pad soil samples.  Density shall be tested at a minimum of 10 locations 

representative of equal areas on the test pad.  At each of the 10 testing locations, in-place 

density shall be measured at 6-inch depth intervals in a profile through the full test pad 

thickness.  The Contractor shall place the test pad soil in a manner that meets the acceptable 

range specified.  Acceptable soil density must be between 80 and 92 percent of maximum dry 

density determined from the Standard Proctor test (ASTM D698). 

Density testing shall use cone penetrometer testing (ASTM D6951), nuclear densiometer tests 

(ASTM D6938), and sand cone tests (ASTM D1556).  Cone penetrometer testing provides a 

method of testing soil density in a profile through the entire lift thickness up to 3 feet.  Nuclear 

densiometer testing provides a method to check the cone penetrometer tests for the test pad 

soils.  As a check on the nuclear densiometer results, one sand cone test (ASTM D1556) and 

one oven-dried moisture determination (ASTM D2216) test shall be performed for every 10 field 

nuclear density tests.  Holes caused by any of the density test methods shall be backfilled with 

the same constructed materials and tamped to a similar density as the adjacent material.     

The Contractor shall submit all test pad methods and results to the QA Engineer for approval.  

Cover construction shall proceed only when approval has been granted by the QA Engineer. 

5.3 Development of a Density Correlation for Thick Lifts 

The Contractor may place soils in lifts greater than 12 inches and verify density with a 

mechanical cone penetrometer (ASTM D6951) if an acceptable correlation between in-place 

density measured by nuclear densiometer testing (ASTM D6938) and penetrometer resistance 

is developed.  The Contractor shall develop this correlation during test pad construction.  The 
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Contractor shall construct a soil lift using the same thickness (3-foot maximum), procedures, 

equipment, and equipment speeds as will be used in the field during construction.  At a 

minimum of 10 locations, the Contractor will develop a profile of cone penetrometer resistance 

versus depth for the entire thickness of the lift. 

The 10 locations chosen on the test pad shall be tested using the cone penetrometer 

(ASTM D6951).  Following the cone penetrometer testing, each of the 10 locations shall be 

carefully excavated in 6-inch lifts and tested in accordance with ASTM D6938, direct 

transmission method, for the full depth of the excavated lift.  The ASTM D6938 density tests 

shall be performed in close proximity to where the cone penetrometer testing (ASTM D6951) 

was performed, but it shall be separated by enough distance to ensure that independent and 

accurate density test results are obtained for both tests at each of the 10 locations on the test 

pad.  The cone penetrometer will provide a number of blows per lift.  The number of blows per 

lift will correspond to an average wet density for the lift as determined by ASTM D6938, direct 

transmission method.  Thus, a correlation of number of blows will be equivalent to a wet density.  

The final data set will show that x number of blows corresponds to a density y on one lift, 

density y+i on another lift, density y+j on a third lift, etc.  The final data reduction should show 

that y, y+i, y+j,...,n are within ±2 lbf/ft3 of the average density for that number of samples 

corresponding to that number of blows.  The moisture contents obtained from ASTM D6938 will 

allow the wet densities to be converted to dry density values.  The dry densities may be 

compared to the specifications for acceptance.   

The test pad correlation must be performed in the presence of the QA Engineer.  The density 

correlation method must be accepted by the QA Engineer and the Idaho DEQ.  If the Contractor 

can prove this correlation to the QA Engineer, the Contractor shall be allowed to place soil in 

lifts not to exceed 3 feet and shall verify the density of full thickness of placed material using 

cone penetrometer testing.  

5.4 Select Cover Subgrade Soil 

Select cover subgrade soil shall be placed over the existing subgrade to the thickness 

necessary to meet the grades that will provide suitable subgrade for placement of the 5-foot-
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thick final cover layer.  The select cover subgrade soil requires placement of soil that is suitable 

for plant roots and compatible with the overlying final cover soil.   

The select cover subgrade soil shall meet the following criteria:  

 All select cover subgrade soil shall be sampled from the borrow source and tested. 

 The soil must satisfy the requirements for select cover subgrade soil as defined in 

Section 31 00 00 - Earthwork.   

 Soil tests shall include Classification (ASTM D2487), Grain-Size Distribution 

(ASTM D422), Atterberg Limits (ASTM D4318), Standard Proctor (ASTM D698), and 

salinity testing. 

 All cover subgrade soil material shall be approved by the QA Engineer. 

The Contractor shall provide a survey to the QA Engineer to certify that the completed cover 

subgrade soil layer meets the grades needed for completion of the final cover soil layer.  The 

final cover soil layer must meet minimum thickness requirements, but may be thicker, as long as 

the final cover grades are met when construction is completed.  Thickness of the cover soil layer 

shall be measured perpendicular to the final cover surface grades.  The Contractor shall obtain 

approval of the survey of the select cover subgrade soil layer from the QA Engineer prior to 

placing final cover soil.  The thickness of the cover subgrade soil layer shall be determined by 

the difference between the cover subgrade soil topography and the pre-construction existing 

subgrade topography.   

5.5 Soil Rooting Medium and Gravel Amended Topsoil Layers 

Specifications applicable to the soil rooting medium and gravel amended topsoil layers include 

Section 31 00 00 - Earthwork, Section 31 38 01 - Surface Rock Durability Requirements, and 

Section 31 32 00 Cover System Components.  Testing of soil rooting medium borrow source  

material shall comply with the soil rooting medium sampling and analysis plan provided in 
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Attachment 1, and shall be approved by the QA Engineer prior to excavation for cover 

construction.  

5.5.1 Soil Rooting Medium 

The soil rooting medium shall meet the following criteria:  

 Shall be sampled from the borrow source and tested at frequencies specified in 

Section 31 00 00 - Earthwork (see Attachment 1). 

 Soil rooting medium shall meet specifications designated in Section 31 00 00 - 

Earthwork.  Additional soil classifications may be approved by the QA Engineer if soil 

test results show that all other criteria are met and approval is granted by Idaho DEQ.   

 Percent relative compaction, saturated hydraulic conductivity, and water holding capacity 

shall meet specifications designated in Section 31 00 00 - Earthwork. 

 Uniform density is critical for this entire cover soil layer.  Any higher-density areas 

caused by truck traffic or other activity are to be loosened to meet the compaction 

standard.   

 Laboratory soil testing shall include USCS Classification (ASTM D2487), Grain-Size 

Distribution (ASTM D422), Atterberg Limits (ASTM D4318), Standard Proctor 

(ASTM D698), Saturated Hydraulic Conductivity (ASTM D2434 or ASTM D5084), and 

Retention Curve Determination at Two Points (ASTM D6836).  Moisture retention tests 

shall determine the moisture content at -333 cm water pressure head (⅓ bar) and 

-15,000 cm water pressure head (15 bar).  Testing for saturated hydraulic conductivity 

(ASTM D2434 or ASTM D5084) and moisture retention (ASTM D6836) shall be 

performed on laboratory-prepared remolded samples at a relative compaction of 

85 ± 2 percent of the maximum standard dry density, with a final measured density 

meeting the required 80 to 92 percent of standard maximum dry density.  The saturated 

hydraulic conductivity and moisture retention samples shall be remolded using the same 

P:\_ES11-086\Cell 16 Cvr-Rev.2-12\Appx B_CQA\CQA_224.doc 21  



 

 

 

 
D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

criterion as the Standard Proctor (ASTM D698) method used for compaction.  The 

largest particle size shall be determined by grain size distribution of the sample.   

 Field testing shall include in-place density and moisture content by nuclear methods 

(ASTM D6938), sand cone density testing (ASTM 1556), and mechanical cone 

penetrometer testing (ASTM D6951).  Agronomic properties testing shall meet 

specifications designated in Section 31 00 00 - Earthwork.  These tests are to ensure 

that the select cover subgrade soil will support native vegetation.   

 Salinity Limits:  Soil rooting medium shall meet salinity specifications designated in 

Section 31 00 00 - Earthwork.  Soils that do not meet the salinity limits shall not be 

used in the cover. 

 Nutrient Limits:  Soil rooting medium shall meet the nutrient requirements designated 

in Section 31 00 00 - Earthwork.  Should the soil not meet these nutrient 

requirements, amendments will be required as appropriate.  Any amendment is to be 

approved by the QA Engineer prior to application. 

5.5.2 Gravel Amended Topsoil 

The gravel amended topsoil shall meet the following criteria:  

 The material must satisfy the same agronomic properties as the soil rooting medium 

layer (see Section 31 00 00 - Earthwork). 

 The fine portion must be productive topsoil satisfying the definition for topsoil in 

Section 31 00 00 - Earthwork.  

 Gravel in the top soil layer must be uniformly mixed within the profile to the extent that 

pockets of soil will not have significant disparities in water holding capacity.  

 The gravel amended topsoil layer shall be placed in one uncompacted lift.  
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 All topsoil material shall be approved by the QA Engineer. 

The Contractor shall provide a survey to the QA Engineer to certify that the completed cover soil 

layer has, at any point, the minimum thickness designated on the final design cover soil surface.  

The thickness of the cover soil layer construction shall be determined by the difference of the 

final cover topography and cover subgrade soil topography. 

5.6 Delivery, Storage, and Handling 

If cover soil/gravel admixture materials are delivered to the site prior to placement approval, 

materials shall be stockpiled on-site in areas as dictated by the Owner.  Provision shall be 

implemented to minimize surface water impact on the stockpile.  Removal and placement of the 

materials shall be done in a manner to minimize intrusion of soils adjacent to and beneath the 

stockpile. 

5.7 Cover Soil Placement 

No cover soil shall be placed, spread, or compacted during unfavorable weather conditions.  At 

such times, work shall be suspended by the Contractor.  The QA Engineer shall have authority 

to halt the work when material is overly wet or during unfavorable weather conditions.  The 

cover soil layer surface must be made smooth and free from ruts or indentations at the end of 

any working day when significant precipitation is forecast and/or at the completion of the 

placement operations in an area in order to prevent saturation of the soil.  
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6. Seeding Quality Control 

Specifications applicable to seeding include Section 32 92 19 - Vegetation and Seeding.  

Vegetation is critical to the success of an ET cover system; it provides for long-term stability of 

the cover surface, minimizes erosion, and reduces infiltration flux.   

Seeds shall be applied through hydromulching with a bonded fiber matrix (BFM).  The 

hydromulch shall be applied at a rate designated in Section 32 92 19 - Vegetation and Seeding. 

Ensuring an adequate stand of vegetation begins with ensuring the quality of seed used.  A 

variety of mechanisms can be used to control and ensure high-quality seeding operations.  The 

seeding Contractor shall be required to develop and submit a seeding plan, detailing all seeding 

equipment to be used, fertilizer types, and mulch sources for inspection prior to initiation of 

work.  Seed and fertilizer formulation certifications from the suppliers shall be submitted prior to 

material use.  Daily quality control logs shall be maintained. 

Qualified seeding Contractors and operators shall be employed.  Seeding requires experience 

and familiarity with the various seed types to ensure proper planting.  The proper equipment for 

seeding the specified seed mix must be used.   

Seed and seed mixtures shall be delivered in sealed containers.  Wet, moldy, or otherwise 

damaged seed or packages shall be rejected and unacceptable materials removed from the job 

site.  All labeling required by law shall be intact and legible.  After delivery to the job site, seeds 

shall be stored in a cool, dry, weatherproof, and rodent-proof place or container in a manner that 

protects the seed from deterioration and permits easy access for inspection.  

All seed shall be subject to inspection and concurrence by the Contractor before the 

subcontractor is authorized to proceed with the seeding operation.  Seed shall be tested 

according to the Association of Official Seed Analysts, International Seed Testing Association, 

and the Federal Seed Act standards.  A certificate of analysis from a certified testing laboratory 

shall accompany seed, certifying the following individual seed tests: 
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 Purity and germination:  Before seed is used, retest for germination all seed stored over 

six months from the date of the original acceptance test, and resubmit the results for 

inspection. 

 Prohibited noxious weed seed: Seed shall not contain any federal- or state-listed 

prohibited noxious weed seed (an amount within the tolerance of 0 percent) as 

determined by a standard purity test. 

 Restricted noxious weed seed: Seed shall contain no more than 40 seeds per pound of 

any single species, or 150 seeds per pound of all species combined, of restricted 

noxious weed seed. 

 Weed seed: Seed shall contain no more than 1 percent by weight of weed seed of other 

crops and plant species as determined by standard purity tests. 

Laboratory certification seed testing within six months of date of delivery includes the following: 

 Name and address of laboratory 

 Date of test 

 Lot number of each seed type 

 Results of tests, including name, percentage of purity and germination, percentages of 

weed content for each kind of seed furnished, hard seed content, and in case of seed 

mixtures, pure live seed (PLS) proportions of each kind of seed as specified 

The seed vendor on each standard sealed container label can provide information regarding the 

seed mixture.  The labels shall include the following information: 

 Seed mixture name 

 Lot number 

 Total net weight and PLS weight of each seed type 

 Percentages of purity and germination 
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 Seed coverage (in acres) on a PLS basis 

 Percentage of maximum weed seed content clearly marked for each seed type 

The vendor shall package seed such that the acre coverage of each container is equal for 

convenience of inventory.  Prior to planting any seed, the seed labels and certification 

documentation shall be inspected by the QC Representative to ensure that the seed provided 

meets the requirements specified. 

Equipment proposed for use and the methods of seeding shall be inspected for concurrence 

prior to the commencement of seeding operations.  The equipment shall be checked for 

compliance to safety requirements (in the Contractor’s HASP) prior to the commencement of 

seeding operations.  Equipment calibration tests shall be conducted immediately prior to 

commencement of seeding operations and when the seed mix changes or different equipment 

is used. 

Consider environmental conditions and perform seeding operations only during periods when 

successful results can be obtained.  When drought, excessive moisture, or other unsatisfactory 

conditions prevail, seeding operation shall be discontinued. 
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7. ASTM Standards for Cover Installation 

The following standards from ASTM are applicable to the installation and testing of soil and 

cover materials.  Construction specifications prepared for the USEI cover construction will 

include the final testing requirements and standards.  

7.1 Cover Soil 

ASTM D422: Standard Test Method for Particle-Size Analysis of Soils 

ASTM D698: Test Method for Laboratory Compaction Characteristics of Soil Using Standard 

Effort 

ASTM D1556: Standard Test Method for Determining Soil Density, Sand Cone Method 

ASTM D2216: Standard Test Method for Determining Water Content of Soil Aggregate 

Mixtures 

ASTM D2434: Standard Test Method for Permeability of Granular Soils (Constant Head) 

ASTM D2487: Classification of Soils for Engineering Purposes (Unified Soil Classification 

System) 

ASTM D4318: Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of 

Soils 

ASTM D6836: Standard Test Methods for Determination of the Soil Water Characteristic Curve 

for Desorption Using a Hanging Column, Pressure Extractor, Chilled Mirror 

Hygrometer, and/or Centrifuge 

ASTM D6938: Standard Test Method for In-Place Density and Water Content of Soil and Soil-

Aggregate by Nuclear Methods (Shallow Depth) 

ASTM D6951 - Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow 

Pavement Applications 
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7.2 Cover Subgrade Preparation 

ASTM D698: Standard Test Method for Laboratory Compaction Characteristics of Soil Using 

Standard Effort  

ASTM D1556: Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-

Cone Method 

ASTM D2216: Standard Test Method for Laboratory Determination of Water (Moisture) Content 

of Soil and Rock by Mass 

ASTM D6938: Standard Test Method for In-Place Density and Water Content of Soil and Soil-

Aggregate by Nuclear Methods (Shallow Depth) 
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Soil Rooting Medium Sampling and Analysis Plan 

Soil Characterization for Evapotranspiration Cover  

US Ecology Idaho Cell 16 

This soil rooting medium sampling and analysis plan addresses characterization of borrow soils 

at the US Ecology Idaho (USEI) site.  All of the administrative and substantive requirements 

found in the main construction quality assurance (CQA) plan shall apply to this document.  The 

purpose of this program is to collect the necessary data to delineate and approve the borrow 

source soils for the soil rooting medium prior to the construction of the evapotranspiration (ET) 

cover at Cell 16.   

Section 4 of the design report identifies the soil properties necessary for acceptable cover soil 

material.  Section 4 of the design report also identifies on-site soils that were tested to 

demonstrate meeting the necessary criteria.  The soil rooting medium layer of the ET cover has 

the most stringent characterization specifications; therefore, it is proposed that soil sources 

meeting those criteria be identified and approved in advance of cover construction.  Data 

obtained from the soil characterization investigation will be used to identify soil locations for the 

soil rooting medium and other soil materials needed for cover construction.  Note that any soil 

that satisfies the requirements for soil rooting medium also satisfies the requirements for select 

soil subgrade and topsoil used in the ET cover.      

1. Source Soil Testing Frequency 

The soil rooting medium testing requirements are presented in Table 1.  Index testing of the soil 

rooting medium shall be performed every 5,000 cubic yards (yd3); therefore, test pits will be 

excavated to obtain soil samples meeting this frequency.  Materials acceptable for soil rooting 

medium are classified as silty sand (SM) and/or silt (ML).  Testing for saturated hydraulic 

conductivity, water retention capacity, salinity, and nutrients of the soil rooting medium will be 

performed every 10,000 yd3.  Testing must satisfy the specification criteria listed in Table 1. 
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Table 1.  Summary of Soil Rooting Medium Testing Frequency 

Test Method Frequency Requirement(s) 

Index Tests    

Liquid limit, plastic limit and 
plasticity index 

ASTM D4318 1 per 5,000 yd3 Used for classification 

Particle size analysis ASTM D422 1 per 5,000 yd3 Used for classification 

Soil classification ASTM D2487 1 per 5,000 yd3 Silty sand (SM) or silt (ML) 

Laboratory moisture-density 
relations 

ASTM D698 1 per 5,000 yd3 Reference for percent compaction 

Moisture Characteristics    

Saturated hydraulic 
conductivity 

ASTM D2434 or 
D5084 

1 per 10,000 yd3  

(may be increased 
to 1 per 5,000 yd3) a 

Less than or equal to 2.0 x 10–4 cm/s 
tested at a relative compaction of 
85% ± 2% of the standard maximum 
dry density.  Minimal confinement 
pressure shall be used in accordance 
with the ASTM standard.  

Retention curve 
determination at two points 

ASTM D6836 1 per 10,000 yd3 

(may be increased 
to 1 per 5,000 yd3) a 

Water holding capacity greater than or 
equal to 0.11 tested at a relative 
compaction of 85% ± 2% of the 
standard maximum dry density 

Salinity    

Electrical conductivity (EC) Bureau of Soils 
Method; USDA 
Handbook 60 

1 per 10,000 yd3 Less than 8 mmhos/cm 

Sodium adsorption ratio 
(SAR) 

EPA 6010B 1 per 10,000 yd3 Less than 6 

Exchangeable sodium 
percentage (ESP) 

EPA 6010B, ASA 9 1 per 10,000 yd3 Less than 15% (g/g) 

Calcium carbonate (CaCO3) ASA 10-3 1 per 10,000 yd3 Less than 15% (g/g) 

pH SM4500-H+B: PH 1 per 10,000 yd3 Between 6 and 8.4 

Cation exchange capacity 
(CEC) 

EPA 6010B, USDA 
Handbook 60 

1 per 10,000 yd3 Greater than 15 (meq/100 g) 

Nutrients    

Percent organic matter ASTM D2974 1 per 10,000 yd3 Greater than 2% (g/g) 

Nitrogen (N) SM 4500NorgC and 
EPA 300.0 

1 per 10,000 yd3 Greater than 6 parts per million (ppm) 

Phosphorous (P) EPA 6010B 1 per 10,000 yd3 Greater than 5 ppm 

Potassium (K) EPA 6010B 1 per 10,000 yd3 Greater than 50 ppm 
 

a 
Testing frequencies for saturated hydraulic conductivity and water holding capacity designated at 1 per 10,000 yd

3
 are dependent on the variability 

of the borrow source material.  If the borrow source soil shows significant variability, then the testing frequency will be increased to 1 per 5,000 yd
3
.  

DEQ concurrence will be required to establish the final test frequency for saturated hydraulic conductivity and water holding capacity. 
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A total of approximately 700,000 yd3 of soil will be required to construct covers for Cell 16.  The 

soil rooting medium layer in the final covers requires approximately 630,000 yd3 of the total 

amount of soil.  Testing requirements are specific for each of the three cover soil components: 

 Gravel amended topsoil 

 Soil rooting medium  

 Select cover subgrade soil 

A soil borrow area for the Cell 16 cover will be identified to obtain suitable on-site soil from 

within US Ecology property.  The borrow area will be the Steiner property where suitable soil 

has been identified or another area at US Ecology.  The Steiner property soil borrow area 

illustrated on Figure 1-1 is approximately 318 acres.  Based on lithologic logs from test pits 

completed within the soil borrow area, the silt and silty sand material needed for the soil rooting 

medium is generally found within the upper 10 feet of soil.  The lithologic logs are shown on 

Figure 1-1.  Assuming an average 10-foot depth of excavation, soil rooting medium samples will 

need to be collected from an area of approximately 40 acres, selected within the proposed 

borrow area.  At a testing rate of 1 per 5,000 yd3 of soil rooting medium, approximately 

126 index tests will be required.  Testing for saturated hydraulic conductivity, water holding 

capacity, salinity, and nutrients at a frequency of 1 per 10,000 yd3 will initially require 

approximately 63 tests.     

Following completion of the soil rooting medium sampling and initial testing, the QA Certifying 

Engineer shall submit a preliminary report on the soil testing to the DEQ for review and 

approval.  The report shall include all test results and a recommendation on whether the testing 

frequency of 1 per 10,000 yd3 for saturated hydraulic conductivity and water holding capacity is 

sufficient, or whether additional testing is justified.  The report shall also include calculations 

demonstrating that the borrow source sampling locations, including vertical and horizontal 

spacing, satisfy the sampling frequencies specified in Table 1 of this sampling plan.  The need 

for additional testing will be based on the degree of soil variability.  DEQ concurrence, prior to 

soil rooting medium final placement, will be required to establish the final test frequency for 

saturated hydraulic conductivity and water holding capacity. 
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2. Soil Sampling Methods 

Soil samples will be collected by excavation of test pits.  Test pits will be excavated using a 

backhoe or excavator.  Based on previous test pit excavations within the soil borrow area, a 

distinct transition is visually evident at the depth where the desired silty soil for the soil rooting 

medium transitions to a deeper clay horizon.  Test pit excavations should extend at least 2 feet 

beyond the desired SM/ML stratum to clearly identify the contact.     

Soil samples will be collected as composite samples from each test pit location.  Composite 

samples should be representative of the entire stratum thickness proposed for use in cover 

construction.  The sampling interval depths should be recorded and referenced to a known 

survey elevation for each test pit.  When samples are collected, a total of approximately 

15 gallons of soil (three 5-gallon buckets) will be needed for each sample.     

3. Inspection of Sample Collection 

Inspection of soil sample collection shall be performed under the direction of the QA Certifying 

Engineer.  During collection of the soil rooting medium samples, full-time inspection of the test 

pit excavation and soil sample collection shall be performed.  The QA Certifying Engineer may 

designate a QA Inspector who is a qualified engineer, geologist, or soil scientist with at least two 

years of relevant experience.  The QA Inspector shall direct test pit excavation and perform 

inspection of soil sampling.  The QA Inspector shall record soil descriptions and make note of 

the largest particle size evident at each testing location.  The QA Inspector shall determine 

whether soil samples will be collected at a given location, or whether soil should not be collected 

when the soil does not appear to meet the characteristics required for the soil rooting medium.   

4. Limits of Qualifying Area 

Figure 1-1 shows the entire soil borrow area available and the location of three Steiner property 

soil samples that were tested to show conformance with the soil rooting medium requirements.  

Within the soil borrow area, the QA Inspector will direct where test pits are excavated.  

Contiguous areas located within the limits of test pits yielding acceptable results for soil rooting 
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medium are qualified for use in construction.  Soil rooting medium shall not be obtained outside 

of the qualified areas. The depth of excavation shall be limited to the depth of soils that were 

previously tested to show acceptable characteristics.   

The goal of soil testing will be to qualify a single, contiguous area of approximately 40 acres for 

excavation of the soil rooting medium.  More than one area may also be selected if necessary to 

obtain qualifying soil.  Within the area being tested, test pits will be spaced at approximately 

115-foot on-center intervals, depending upon the thickness of the desired stratum.  The test pits 

shall be spaced at representative intervals as the testing for source evaluation proceeds.   

The location of each test pit shall be staked and labeled during excavation.  The locations and 

test pit labels shall be recorded by a licensed surveyor.  Accurate recording of the test pit 

locations is essential to establishing the limits of the qualifying area.  The test pit locations shall 

be recorded on a map by the QA Inspector.  The origins of each sample must be distinctly and 

uniquely identified on sample containers and laboratory chain of custody forms.  

During construction, the limits of the qualifying area for the soil rooting medium shall be clearly 

staked and identified to the Contractor.   
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 Daniel B. Stephens and Associates - Calculation Sheet

Project Name: USEI Cell 16
Project Number: ES11.0086.00
Calculation Number: 1
Number of Sheets:

Calculation Performed By: REP Date: February 19, 2012

Calculation Checked By: Date:

Status (Draft or Final):

Objective of Calculation:

This calculation is performed to determine the stability of the final geometry of USEI cell 16
using the proposed cover design.

Assumptions:

1) Stability of the landfill may analyzed by representative, two-dimensional, cross sections.
Stability is predictable by methods of limit equilibrium analysis.  Seismic stability may be
predicted by pseudo-static analysis. 

2) Saturated conditions were not considered in the analysis, due to the nature of the waste
and depth to the groundwater.

3) The peak bedrock acceleration was obtained from the USGS National Seismic Hazard
Maps, 2008, 2% probability of exceedance in 50 years (reference 1). 

4) The peak ground acceleration represents the value for bedrock in the area.  The subsurface
materials on top of the bedrock were considered to amplify the bedrock acceleration.  The
combination of waste and subgrade soils were treated as soft soil; a conservative estimate due
to the lack of subgrade shear wave velocities from the site. 

References:

1) USGS National Seismic Hazard Map, 2008.

2) Gundle/SLT Environmental, Inc. (GSE). 2006.  GSE Technical Note 17.  Direct Shear & Friction
Angle Testing for GSE Membranes.

3) Koerner, R. M.  1990.  Designing with Geosynthetics.  Second Edition.  Prentice Hall, New Jersey.

4) USEPA, 1995.  RCRA Subtitle  D (258) Seismic design Guidance for Municipa l Sol id  Waste
Landfill Facilities.  EPA/600/R-95/051.  Washington D.C.

5) Washington Group International, Inc.  2002.  Engineering Report for Landfill Cell 15 - Grand View
Facility. Boise, Idaho.

6) GeoStudio 2007 (Version 7.12 Build 4250). Geoslope International, Ltd., Calgary, Alberta, Canada.
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Variables:

δ1 26 deg friction angle between textured geomembrane and geocomposite
peak value reference 2

c1 60
lbf

ft
2

 cohesion between textured geomembrane and geocomposite

δ2 17 deg angle of shearing resistance between HDPE geomembrane and mica
schist sand

c2 0
lbf

ft
2

 reference 3 - Table 5.5 (a), Pg. 382

δ3 15 deg angle of shearing resistance between HDPE and CL soil

c3 14
kN

m
2

 c3 292.396
lbf

ft
2

 reference 3 - Table 5.6, Soil No. 3, Pg.
384

δmin min δ1 δ2 δ3  δmin 15 deg weakest liner strength parameters

RCRA Subtitle C (40 CFR 264, 265) does not provide direction for seismic design.  At a
minimum, the landfill should satisfy the criteria for municipal waste landfills, RCRA Subtitle
D, 40 CFR 258.14. 

USEI cell 16 is located in a seismic impact zone.  Seismic impact zones are defined as
those regions having a peak bedrock acceleration exceeding 0.1 g based on a 90%
probability of non-exceedance over a 250 year time period (reference 4).

amax 0.11 g amax 3.539
ft

s
2

 Peak Ground Acceleration (PGA) value from the USGS
National Seismic Hazard Maps, 2008
2% probability of exceedance in 50 years (reference 1)

note: This value represents the maximum bedrock (lithified earth) acceleration in the
area.  Reference 5 (3.4.2) indicates that the surface of USEI is approximately 2,250 ft. to
the Banbury formation, representing bedrock at the site.  Soils at the site are described
as (Reference 5, 3.2.3) silty and gravelly sands, silty sands, sandy silts, and silts.  There
are interspersed layers of clay.  Soils are decribed as very hard to hard, but shear wave
velocities are not available for the site.
   Reference 4, Figure 4.4 and Figure 4.5 were used to relate the maximum bedrock
acceleration to the landfill cover acceleration.  Both figures consistently predict a surface
acceleration of approximately 0.2g from a bedrock acceleration of 0.11g, for soft soils
and/or municipal waste.  The seismic, horizontal acceleration of 0.11g and 0.2g were used
in this analysis.

amax 0.2 g amax 6.435
ft

s
2



Other material properties used in the analysis are listed in the following table (see Reference 5). 
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Material Friction Angle
(degrees)

Cohesion

(lb/ft2)

Unit Weight

(lb/ft3)

ET cover 30 0 101.6
Natural subgrade 36 800 115
Waste 30 125 115
Compacted clay liner 22 60 94
Common fill 31 1,000 124.8
Liner 15 292.4 1.0

Slope Stability Calculations Using Slope/W (reference 6)

Static and seismic slope stability calculations were performed for the cross-sections
presented in Figures 1, 2, and 3.

Figure 1. Profile of Cell 16 north slope used for stability analysis.
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Figure 2. Profile of Cell 16 east slope used for stability analysis.

Figure 3. Profile of Cell 16 south slope used for stability analysis.
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Summary of Minimum Factors of Safety for North Slope

 Method  Static FS Seismic
 (0.11g) FS

Seismic
 (0.20g) FS

 Analysis

Morgenstern-Price 1.73 1.29 1.09 Circular/Auto Search

Ordinary 1.73 1.30 1.10 Circular/Auto Search

Bishop 1.77 1.32 1.12 Circular/Auto Search

Janbu 1.73 1.29 1.09 Circular/Auto Search

Morgenstern-Price 1.73 1.29 1.09 Block

Ordinary 1.73 1.30 1.10 Block

Bishop 1.78 1.33 1.13 Block

Janbu 1.73 1.29 1.09 Block

Summary of Minimum Factors of Safety for East Slope

 Method  Static FS Seismic
 (0.11g) FS

Seismic
 (0.20g) FS

 Analysis

Morgenstern-Price 1.82 1.34 1.13 Circular/Auto Search

Ordinary 1.81 1.35 1.14 Circular/Auto Search

Bishop 1.85 1.37 1.16 Circular/Auto Search

Janbu 1.82 1.34 1.13 Circular/Auto Search

Morgenstern-Price 1.82 1.34 1.13 Block

Ordinary 1.82 1.35 1.13 Block

Bishop 1.84 1.36 1.14 Block

Janbu 1.81 1.34 1.13 Block

C:\Users\repease\Documents\DBS&A
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Summary of Minimum Factors of Safety for South Slope

 Method  Static FS Seismic
 (0.11g) FS

Seismic
 (0.20g) FS

 Analysis

Morgenstern-Price 1.73 1.29 1.09 Circular/Auto Search

Ordinary 1.73 1.30 1.10 Circular/Auto Search

Bishop 1.77 1.32 1.12 Circular/Auto Search

Janbu 1.73 1.29 1.09 Circular/Auto Search

Morgenstern-Price 1.74 1.31 1.13 Block

Ordinary 1.73 1.33 1.15 Block

Bishop 1.77 1.35 1.16 Block

Janbu 1.73 1.31 1.15 Block

Conclusion

A 3:1 (horizontal:vertical) sloped ET soil cover will be adequately stable against typical
seismic events expected at this site.  Selected failure surfaces are displayed in Figures 4
through 6.  Specific report analyses are attached to this calculation. An additional
discussion is provided in the permit report.

1.128

Figure 4. Failure surface and factor of safety for circular seismic (0.20g) analysis of east slope.
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1.092

Figure 5. Failure surface and factor of safety for circular seismic (0.20g) analysis of east slope.

1.128

Figure 6. Failure surface and factor of safety for circular seismic (0.20g) analysis of east slope.
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Technical Nole 

Direct Shear & Friction Angle Testing For GSE Geomembranes 

Potential sources of failure of geosynthetic lined slopes 
are the interfaces of geosynthetic components, geosynthet­
ic and the subgrade or a geosynthetic with the cover soiL 
Direct shear testing is often performed to determine this crit­
ical combination of loading and angle. The most common 
test performed ro make this determination is ASTM D 
5321 , In order to make this test and the ensuing results 
meaningful, it is important that the testing be performed 
with site-specific interfaces (geosynthetics and soils) and 
site specific loading conditions. Furthermore, the soil must 

be conditioned such that it is not only the same basic type 
but also that the compaction and the moisture content are 
the same as actual field conditions . The last component 
that must be selected is the shear rate. ASTM D 5321 stiP"' 
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The first graph shows a plot of shear stress versus dis­
placemenL The lines begin to flatten out after the initial rise 
and Fall. This areo where the line becomes flat, that is, fhe 
stress required to shear the interface is constant, is the large 
displacement strength (residual) , The peak stress corre­
sponds to the peak friction angle. 

T~e second graph shows a plot of peak shear stress ver­
sus normal stress. The friction angle is derived from the 
slope of this line. In the previous example, the slope is 
0.3 L The friction angle is thus tan-1 (0.31) = 17°. A sim­
ilar graph could be plotted showing large displacement 
stress versus normal stress. Determination of the slope of 

ulates default rate of 0.2 in/min for geosynthetic/geosyn­
thetic interfaces and 0.04 in/min for geosynthetic/soil 
interfaces. However, slower rates will give a better picture 
of the peak curve and will better simulate actual field con­
ditions. Conversely, the slower rates take longer to com­
piete and are thus more costly to run , The designer must 
weigh the importance of slope stability with the costs asso­
ciated with a slower and potentially more accurate test. By 
specifying these site-specific conditions, the test becomes a 
more meaningful performance test rather than a standard 
index test I • 

A typical direct shear test consists of a minimum of three 
tests run at three different normal pressures as shown in the 
sample below: 
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this line would give the large displacement friction angle. 

Again, Friction testing can be performed for a variety of 
interfaces, normal pressures and seat times. The materials 
can be run dry or, for worst case scenarios, can be run with 
sarurated conditions. No manufacturer can guarantee a 
specific friction angle for a given set of site-specific condi­
tions. Testing must be performed to ensure that the partic­
ular interFaces will meet the needs for the particular appli­
cation. That being said, the tables on the bock of this page 
list representative results from tests that have been per­
formed on various materials. These values are intended as 
a guide only, not a guaranteeQ 

~ Continued 



Table 1. Geosynthetic vs. Geosynthetic Normal stress 50, 400, 800 psf 
Interface Pea,k : La~ge' DlspJacement 

Angle (degrees) Adhesion (PSt) Angle (degrees) AdhesionCpsf) 

Smooth geomembranelgeocomposite 12 10 10 10 

Co-extruded textured geomembranelgeocomposite 26 60 21 40 

Woven GCUgeocomposite 25 15 22 5 

Table 2. Geosynthetic vs. Geosynthetic Normal stress 4000, 8000, 15000 psf 
Interface- -- Peak' , .' .,Large Displacement ' 

Angle (degrees) Adhesion (psI) Anste (degrees) AdlresionCpsf) 

Smooth geomembranelgeocomposite 12 80 10 25 

Co-extruded textured geomembrane/geocomposite 24 520 19 20 

Woven GCUgeocomposite 21 365 19 50 

References: 

I GSE Technical Note TNOl7 ~ Index Testing Vii. Perforn'lcnee lesling. 

TN0180irectShearFriclion R03I17106 

This inforn1alion Is provided for referen<:e purposes only and is nat tnlsnded Os (I waITonfy or ~uarcmme. GSE cmumas 110 liability in C6I1ne.::lion with the \l5e of.lhis Information. Please c:heck with 
GSe for c:urrent, sftlndard minimum q~a[jly ci5Sur~~ proc:eduras end specilieatiolls. 
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A recommendation to use 
peak shear strengths for 
geosynthetic interface design 

Since many geosynthetic designers are also 
geotechnical engineers, it is only natural to 

consider shear stress versus shear strain 

curves beyond peak strength into Iarge-de­

foonation, or even residual, strength con­

ditions. A. Casagrande in the 1930s de­
fined residual shear strength from triaxial 

soil testing as the strength achieved when 

the corresponding strain lndiC(ued a hOri­

zontal response plotted on a logarithmic 

scale. This is very difficult to achieve with 
conventional direct shear testing (the mov­

lng portion of most shear boxes have in­
sufficient space to travel) , and the concept 

of large-displacement shear strel1gth is often 

the desired value. Note, however. that it 

is achievable using a torsional shear box but 

both ASTM and ISO Standards use a con­

ventional direct shear setup (square shear 

box) and the industry is based accordingly. 
Whether residual or large-displacement. 

the corresponding strength value is con­

siderably less than peak strength for many 

geosynthetic-lo-geosynthetic and geosyn­

thetic-to-soll interfaces. In likely order from 

greatest difference to least difference be­
tween peak and residual are the follOWing: 

• inremalshear strmgth ofstitch bonded GeL-; 

• internal shear strength of needle­
punched GCLs 
• external shear strength of hydrated GCLs 
with woven geotexti.les on one or bOth surfaces 
• shear strength of textured geomembranes 
made by particle impingement 

• internal shear strength of thick needle 
punched geotextiles 

• shear strength of textured geomembranes 
made by blown film and calendering 

• shear strength of geomembrane-to-com­

pacted clay liners under expelled pore water 

conditions from the day 
• other geosynthetlc-«rgeosynthetIc inted"aces 
• other geosynthetic-to-soil interfaces. 

The literature is rich with hundreds of di­
rect shear laboratory test results consisting of 

many of the above geosynthetic-related in­

terfaces shOwing the general behavior. The 
most important interfaces in this regard have 

recently been summarized by Marr (2001. 
2002) and Allen (200 1): see Figure 1 for the 
generalized behavior. In obtaining such a re­

sponse the selection of specific producrsand 

subsequent testing conditions is ex.tremely 
important. For example, if one selects parti­
cle impinged texrured geomembranes at high 

nOlmal stresses such behavior will indeed Ie-

Figure 1. Typical shear stress versus displacement relationship for geosyn­
thetic interface (after Filz, et aI., 2001 and many others). 

.. ,. ...... N.~ 
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sult. However, such materials are no longer 

produced (aU texturing is either by co-extn1-

sion or calendered structuring and thus can­

not rub-off) and the normal stresses should 

replicate the field conditions and not be high 
for the sake of obtainJng a desired result. 

Options for design 
In viewing the appropriate direct shear test 

response for the interface of concern, the 
designer's dilemma has to do with what 

value to select in light of the site-specific 

situation under consideration. Invariably. 
the site-specific situation is some type of 

slope, characterized by its slope angle and 

slope length. Furthermore. the situation 

can consist of several distinct slopes at dif­
ferent angles. A common situation in this 

regard is a solid waste landfill with steep 
side slopes and a relatively flat base slope. 

The fonowing choices for this decision of 
using peak, resIdual, or in-between (some of 

which have appeared in the open literature) 

are as rollows. They are listed from the most 

conservative to the least conselVative. 

(i) Use of residual strength for all condi­

tions (Stark and Peoppel. 1994) , 
(ii) Use of residual strength of the inter­

face having the lowest peak strength 
(Gilbert, 200 1) ~ This concept applies to 

multiple geosynthetic interfaces. 
(ill) Use of peak strength on the base and 

residual strength throughout the steeper 

side slope Oones, et al., 2000). 
(iv) Use of peak strength at the top of 

the slope and residual at the base or the 

slope, with peak strength along the base 

slope (Heerten, 1995). 

(v) Use of peak strengths £OraD nonseismic 

conditions (Koerner, via this communication). 

The case for peak 
strength design 
The writer has always believed in full scale 

(i.e .• actual field feedback) behavior insofar 

as illustrating satisfactory versus nonsatis­

factory performance. By direct association, 

the field perrormance reflects on the de-



signer and (in particular) on the designer's 

assumptions. In this regard. we present nu­

merous field failures involving geosynthetk 

lined slopes in solid waste landfills, hydraulic 

applications and geotechnical stn.lctures. 
Group 1: Solid Waste Landfill Failures­

Koerner and Soong (2000) have analyzed 10 
massive landfill failures. In all of them. ex­

cessive liquids were involved. There were 

three different groupings: (i) ex~ive1y wet 
foundation soils (poor foundation explo­

ration), (li) high intexface moisture condi­

tions (poor field installation). and (iii) hy­

drostatic pressures within the Wa5te mass (poor 
operations practices). Clearly. the designs of 

these landfills were simply inadequate or the 

designers did not properly anticipate instal­

lation or operations conditions. In some cases 

there was simply no design whatsoever. 

Group 2: Veneer Landfill Slope Failures 

- Koemerand Soong (1998) have analyzed 

eJght veneer slope failures; four were 

leachate collection soil and four were fma1 
covers in landfiUs. AU eight failed during or 

immediately after ralnstonns. Obviously. 

all eight had inadequate drainage systems 

above their geomembrane interfaces. which 

were Jocated 0.3 to 1.0 m beneath the 
ground surface. As with the previous fail­
ures, the designs were all inadequate and 

either underestimated the seepage pressures 
or ignored them altogether. 

Group 3: Veneer Cana1lReservoir Slope 

Failures - The incidence of relatively thin 

coversoiIssUding (or sloughing) ongeomem­

brane lined canals and reselVoirs is so com­

mon that it is becoming a routine mainte­

nance item for many instaUations. In all cases, 

the designs never considered sudden draw­
down which was the triggering mechanism 

for the five cases we have analyzed. As with 

the previous failures, design was inadequate 
insofar as omission of this well-known and 

usually critical hydraulic condition. 

Group 4: Segmental Retaining Wall Fail­
ures - Koerner and Soong (200 1) have an­

alyzed 26 sliding failures of segmental re­

taining walls. All but one were lateral 

sliding within the reinforced soil mass. thus 

involving geogrid to backfill soil interfaces. 

Of the entire group. 20 (77%) were back­

filled with silts, clays or their mixtures. As 
such, there was insufficient permeability to 

transmit seepage from behind the reinforced 

soil mass. This resulted in hydrostatic pres­
sure which deformed the walls. or resulted 

in total collapse. In none of the cases was 
hydrostatic pressure buildup even consid­

ered, nor was there any attempt at provid­

ing back and/or base drainage. These were 
all cases of design over..ight and/or neglect 

of realistic conditions. 
Thus, one can rapidly come to the con­

clusion that failw-es of the more than 40 case 

histories just presented were all caused by no 

design, poor design andlor design oversights. 

To remedy this situation one could have 

designed on residual strength (in whole or 
part) of the failing interface, but that seems 

to the writer to be simply accepting bad 
technology. Designers should (even must) 

know their loading conditions and should 

(even must) anticipate aggressive installa­
tion andlor operations activities. This is 
why we teach. write, transmit and hope­
fully assimilate design-related information. 

Peak strength design. with an adequate fac­

tor-or-safety for the Site-specific conditions, 
would have prevented every one of the pre­

viously mentioned failures! Even further. 

proper design such that peak strength is 
never exceeded will greatly lessen defor­

mations and the subsequent serviceability 

concerns as described by Jones (2002) . 

Brittle materials 
considerations 
The above recommendation on the use of 
peak strength with an adequate factor-of-safel¥ 
should come as no surprise. All engineering 

materials characterized by an elasticlbrittle 

stress vs. strain response are designed in this 

manner. This includes cast iron. fiberglass. 

graphite. carbon fiber epoxy systems. etc. All 
are designed on peak strength (Since there is 
"zero n residual strength) with an adequate fac­

tor-or-safety. Even within geosynthetic ma­

terials design. geogri& and geotextiles for steep­
ening slopes and retaining walJs use peak 

strength with suitable reduction factors for 

(hopefully conservative) FS-values. This is 

strictly a designers decision which depends 
on hislher knowledge of the matedals and 

site-specific conditions. It is precisely what 

we should be doing with systems involving 

geosynthetic interfaces. 

Conclusion 
In reflecting upon the currently active dis­

cussions over peak, residual or in-between 

strategies for geosynthetic interface design. 

it appears to the writer that we are essen­

tially defending bad or inadequate design by 
using anything other than peak strength. 

(The asswnption here is that the products 

are properly manufactured and win not de­
laminate in and of themselves). Of course, 

these are difficult design issues (particuJarly 

on the 10ad side of the factor-of-safety equa­

tion) , but that is the duty of the system's de­

Signer. The amount of factor-of-safety over 

unity must reflect the uncertainty in the 

variables used in the design. To add safety by 

arbitrarily reducing peak shear strengths is 

simply defending poor design. Our design 

procedures for materials with strain soften­
ing behavior Uke geosynthetics should follow 

that required with elastidbrittle materials. 

as well as materials which show a pro­

nounced yield (e.g .. steel and high density 
polyethylene) where yield is the design tar­

get. The only caveats that I can see to this 
generalized conclusion are design in seismi­

cally active areas and perhaps some unusual 

and atypical installation considerations like 

backfilling down slopes. etc. where post­

peak behavior should be considered. 

Lastly. if one desires to consider the prob­

ability of failure. there are procedures avail­

able for such calculation (Duncan. 
2000) . Probability (or reliability) theory 

design is clearly based on peak strength and 
the resulting factor-or-safety. When using 

residual strength in design there is no like­

lihood of failure and while extremely con­
servative it is unneceSSarily so and in the 
author's opinion is not needed at all , GHt 
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TABLE 5.5 FRICTION VALUES AND EFFICIENCIES (IN PARENTHESES) FOR (al 
SOIL-TO-GEOMEMBRANE, (b) GEOMEMBRANE-TO-GEOTEXTILE, AND 
(e) SOIL-TO-GEOTEXTILE COMBINATIONS* 

(al SOil-to·geomembrane friction angles 

Concrete sand 
Geomembrane (4) = 30~ 

EPDM 24° (0.77) 
PVC 

rough 27<> (0.88) 
smooth 25° (0.81) 

CSPE 25° (0.81) 
HDPE 18° (0.56) 

(b) Geomembrane-to-geotextile friction angle 

Geotextile EPDM Rough 

nonwoven, needle-punched 23° 
nonwoven, melt-bonded 18° 
woven, monofilament 17" 
woven, slit film 21° 

(e) Soil-to-geotextile friction angle . 

Geotextile 

nonwoven, needle-punched 
nonwoven, melt·bonded 
woven, monofilament 
woven, slit film 

Source: Arter Martin, et al. (8) 

Concrete sand 
(~ = 30°) 

30° (1.00) 
26° (0.84) 
26<> (0.84) 
24° (0.77) 

23° 
20<> 

11° 
28° 

Soil types 

Ottawa sand 
(cP = 2SQ) 

20° (0.68) 

21 D (0.72) 
IS" (0.61) 

Geomembrane 

PVC 

Smooth 

21 0 

18° 
100 
24° 

Soil types 

Ottawa sand 
(4) = 28<» 

26<> (0.92) 

24° (0.84) 

*Efficiency values in parentheses are based on the relationship E = (tan 8)/(tan $) 

Mica schist sand 
(t1J = 26°) 

24° (0.91) 

25° (0.96) 
21° (0.79) 
23° (0.87) 
]70 (0.63) 

CSPE HOPE 

15° 
21<> 

9" 
13° 

8° 
11° 
6° 

10° 

Mica schist sand 
(~= 26°) 

25" (0.96) 

23" (0.87) 

on smooth geotextiles giving the lowest friction values. For reference purposes, Part c of 
Table 5,5 gives the soil-to-geotextile friction values that are necessary for slope design of 
lined slopes with geotextiles under or over the liner. 

The frictional behavior of geomembranes placed on clay soils is of considerable 
importance in the composite liners of waste landfills. Current requirements are for the 
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TABLE 5.6 FRICTION VALUES AND EFFICIENCIES (IN PARENTHESES) FOR VARIOUS 
CLAY SOILS TO VARIOUS GEOMEMBRANES [91 

Soil no. I Soil no. 2 
ML-CL CL-ML 

Description c E .. (%} 4> Eel> (%) c E .. (%) 4> E4> (%) 

Soil-lO-soil 9.0 100 38 100 12.0 100 34 100 

CO E,(%) 8 £4> (%) C" E,. (%) 8 E4> (%) 

Geomembrane-to-soil 
pvc 8.5 94 39 100 3.7 31 23 69 
CPE 8.0 89 40 100 3.2 27 24 71 
EPDM 5.0 55 33 87 5.0 42 23 67 
HOPE 5.0 88 26 68 2.0 17 23 67 
Embossed HDPE 9.0 100 35 92 11.0 ~2 29 58 

Soil no. 3 Soil no. 4 
CL SP-CH 

Description C E, (%) 4> Elf> (%) c E. (%) <I> Eq (%) 

SOil-lo-soil 20 100 30 100 25 100 24 100 

CO E, (%) 0 Erf> (%) CU E, (%) 0 E~ (%) 

Geomembrane-te-soil 
PVC 14.0 70 16 53 7.0 28 24 100 
CPE 13.0 65 17 57 8.0 32 23 96 
EPDM 8.0 40 23 77 1.5 30 20 83 
HDPE 14.0 70 15 SO 3.0 12 21 88 
Embossed HDPE 18.0 90 27 90 15.0 60 26 100 

Soil no. 5 
CL-SP 

Description c E~ (0/0) ~ E4> (%) 

Soil-to-soH 28 100 22 100 

CO E( (%) 8 E4>(%) 

Geomembrane-lo-soil 
PVC 12.0 43 17 77 
CPE lO.O 36 19 86 
EPDM 9.0 32 18 82 
HDPE 14.0 50 15 68 
Embossed HDPE 16.0 57 25 100 

Note: c and Co are in uni1s of kNfm2
, $ and 8 are in degrees. 
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" Washington 
Engineering Report 

Landfill Cell ~5 

compties with appricable state, RCRA, and TSCA regulations. The siting and layout of 
the proposed landfill, incfuding geotechnical design parameters, slope stability, and frost 
depth, ar~ discussed in S~ction 5. The liner and leachate collection and removal system 
composition and desIgn are detailed in Section 6. Section]. addresses the operational 
requirements for each element of the landfilf, and Set;:tion 8 describes the landfill cap· 
design. The documents referenced within the text of this report are listed in Section 9. 
The figures referenced throughout this report foHow Section 9. 

The final design and construction specifications, as well as the ~s-built disposal cell, 
may require minor modifications to accommodate specific types of construq:ion 
equipment (other than eel liner placement), specific operational procedu~es, conflicts" 
between drawings and specifications, clarification of design if)tent, and other issues that 
may affect drawings and speCifications, but not compromise the design. Minor changes 
must not after the performance of the disposal cell, must be equal or superior to the 
approved design, and must meet Minimum· Technology Requirements (MTR). Such . 
changes are normal and acceptable, and will not constitute a change to the permitted 
Djsposal Cell. Other changes require the review and approvaf of IDEQ. 

3.0 SITE CONDITIONS 

The site is located in Ovvyhee· Counly on the crest of a broad ridge between the Snake 
~iver on the east side and a creek on the west. Owyhee County is a ranching and 
agricultural area of approximately 7,000 square miles. The county is sparsely populated,. 
with an average populC?tion of 1.33 persons per square mile. The cJosest town is" 
Grand View, which is 10.5 mHes to the southeast. Grand View has a popljlation of about 
500, and approximately 170 people Jive within 4 miJes of the site. Hazardous Waste 
Facility Siting License Application, Section J9(Envirosafe and CH2M Hill, 2000) contains 
a detailed description of the site conditions,. which are summarized below. 

3.1 Suriace 

Landfill Cerl 15 is located immediately south of the existing site fence and adjacent to 
Landfill CeJl 14 (Figure 1.1). The area has been partially disturbed by excavation of 
surface soils to construct capping layers within the existing facility. The ground surface 
slopes down at approximately 2 percent to the east. Immediately west of the landfill is 
·a soil stockpile created with the material excavated from Landfill Cell .14~ 

Vegetation in the site area consists of desert grasses, sage and other desert brush. 

3.2 Subsurface 

The hydrogeofogy of the site has been well characterized using information obtained 
from over 100 borings and wells that have been instatJed in and around the existing 
facil1ty. Based on the information from these test borings and published literature, the 
geology and subsurface conditions are described below. 
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3.2.1 General Geology 

The site l"ies within Owyhee County in southwestern Idaho and geographicaUy 
comprises a portion' of the Snake River VaJley. Plutonic and volcanic rockst which form 
the flanks of the valley, are buried deep beneath younger materials in the center of this 
structural depression. These rocks are of Mesozoic ,and Tertiary age. Withi!) the trough 
of older rocks, thick sequences of younger sediments and igneous .ffow rocks mask the 
structure of the underlying crystaiii nes., 

The olde'st rocks of the mountainous area to the north and to the southwest of the 
region investigated ~re of Jurassic and Cretaceous age and are of granitic and 
granodiorite comp'.9~ition. These rocks ~e'pre5ent tfle ,edge outlines of the Idaho , 
batholith, forming the extreme western limi,ts, of the Rocky Mountains: Metamorphic 
rocks are found lotally associated with the plutonic rocks in the uplift. 

Within the Snake River Valley are younger (Tertlary and Quaternary) depos1ts tha~ were 
laid down as pedim'ent sands, gravels, and silts of freshwater lakes or in the fo'rm of 
piedmont plains with intermingled and superimposed silicic and basaltic extrusive 
volcanic and pyroclastic flow rocks that range in age from Miocene to' early Recent. The 
floors of the presently active watercourses and the~r overflow areas are bfanketed with 
the most recent materials. These recent materials were derived from deposits of wind­
blown sjJts~ fine sands, and bench or terrace deposits of pre-existing gravelly materials. 

3.2.2 General Stratigraphy 
> 

The stratigraphy and approximate thicknes~ of each layer can be characterized as 
follows, in ascending order (deepest and oldest first): 

• Poison Creek Formation - 600 plus feet 
• Banbury Basalts - 200 plus feet 
• Chalk HiUs Formation - 600 plus feet 
• Glenns Ferry Formation - 1500 plus feet 
• Bruneau Formation - 0 to 100 plus feet 

Poison Creek and Chalk Hills Formations 
The Poison Creek and Chalk Hills formations are lacustrine (lake) depOSits of the Snake 
River PJain. ,The Poison Creek Formation separates the general groundwater systems 
from the local groundwater systems. 

'Banbury Basalts 
Approximately 200 feet of basalt, known as the BanbUlY Basalts, separate the Poison 
Creek Formation and the Chalk Hills Formation. These basalts are the first fractured 
rock system beneath the site. 
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Glenns Ferry Formation 
The Grenns Ferry Formation represents lacustrine, truvfar (river), and flood plain 
deposits. The firs~ encountered groundwater at the proposed siting area is fn this 
'formation. The first water-bearing zones beneath the site consist of two groups of thin 
sand beds that are interbedded in the fine-grained la~ustrine sediments of the Glenns 
Ferry Formation. 

Bruneau Formation 

The.Bru'neau Formation c6nsists of unconsolidated .lake deposits to high-energy river 
gravels. Thes.e are coarse-grained deposits that are Jocated ·at the ground surface near 
the site. 

3.2.3 Subsurface Conditions 

Subsurface conditions at the proposed site have been determined preliminarily based on 
a review of the subsurface conditions encountered in the excavation of landfill Cell, 14. 
(Landfill Cell 14 represents a large test pit excavated to a depth equal to the planned 
Landfill CeillS and provides information related to expected excavation conditions.) In 
addition, the detailed logging. of monitoring well D-40, which is near the south. edge of 

I Landfill Ce!115"has provided additional geologiC and geotechnicar information. 
, ' 

Before construction of the landfill eel.l js begun, site subsurface conditions. will be ' 
confirmed by drilling, sampling, and logging several additional geotechnical exploration 
bo'rings within the Landfill Cell, is area. Laboratory tests will be conducted on seleq:ed 
disturbed and undisturbed samples to correlate the existing site soils data with the soils 
encountered. ' 

The site soils are composed primarify of layers of silty sands and sandy silts, with some 
silt and clay layers. The t9P 30 to 40 feet are t;:omp~sed primarily qf silty and gravelly 
sands, whieh are underlain by silty sands. and sandy silts to a depth of approximately 
150 feet. Below 150 feet, thick beds of inorganic silt are encountered. These materials 
were deposited as f1uvia] lake deposits. Borings data show that relatively conSistent, 
uniform soil conditions exist throughout the site. The site soUs may generally be 
classified as_.aver-consolidated, cohesionless soils consisting of very dense silty sands 
and sandy sUts. The soils are generally classified as SP, SM, SP-SM, and ML according to 
the Unified Soil Classification System (USeS). The Standard Penetration Resistance N­
values generally range from 50 to more than 100 blows per foot, indicating that these 
soils are very dense. . 

Fine-grained soil strata were also encountered at the site. These soils consist of low­
plastiCity silts that are classified as Ml according to the uses. The Standard'Penetration 
Resistance values in these soils generally exceed 30 blows per foot, indicating that 
these soils are hard. 
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The general subsoil prof He is given berow: 

• 0 - 50 ft 
.• 50 - 150 ft 
• 150 - 200 ft 

dense unsaturated sil.ty and gravelly sands 
silty sands, sandy silts," few .layers of clay anq sift 
stratified silts, few layers of sand 

3.3 Borrow Sources 

Earthen m?iterials used in the construction of Landfill Cell 15 wiIJ be obtajned primarily 
from local borrow sources 'on property owned by US Ecology. A small amount of 
aggregate . material may be purchased ftom commercial sources. 

3.3.1 Ketteriing Ciay 

The Ketterfjng Clay, a p~ltt of the Glenns Ferry Formation, consists of silty clay to clay 
material. The clay material used in the construction of the compacteQ: clay liner (Cel) 
for landfill Cerr 14 wHl also be used to construct Landfill CeU 1"5 ecL. The Kettering Cray 
is a relatively thick, discontinuous sedimentary deposit capped by a thin veneer of sand 
and gravel. The gravel has pr~vented erosion of the underly~ng cray, leaving the deposit 
in the form of ridges and knolls near the fandfiU site. The location of the borrow area 

,will be serected during the final design geotechnical engineering program. Preliminary 
reconnaissance 'indicates that sufficient quantities of material are available for the 
randfill construction. 

3.3.2 Sand and Gravel 

. Deposit.s of sand and gravel that are suitable for use as construction material are 
available near the siteUS. The material, part of the Glenns Ferry Formation, has been · 
used as an aggregate source ·in the past. Preliminary reconnaissance indicates that " 
screening of the material may be necessary to meet the required gradation fpr 
aggregate used around pipes in the leachate collection systems. Depending on the cost 
'of tbmmerc;al aggregates at the time of construction, draInage aggregate may be 
screened locally or obtained from a c0n:Imercial source. 

In addition, lenses of sand and gravel containing material suitable for use as granular 
construction'"material may be encountered during excavation of the disposal cell or 
other excavations performed in the area of the site. 

Reconnaissance indicates that the local aggregate may be suitable for stabilizing ditches 
in the final cover. Screening of the material may not be necessary. A borrow 
investigation ·will be conducted during the final deSign geotechnical program' to 
determine the need for screening. . 
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3.4 Hydrologic 

The following paragraphs descrjbe the existing surface and groundwater conditions at 
the proposeq site for Landfill Cell 15. 

, , 

3.4.1 Surface Water 

After the confluence of Castle and Catherine Creeks, the nearest surface water body is 
the ephemeral Castfe Creek, which approaches from the northwest and is more than 
2,500 feet from the site perimeter. 

3.4.2 Groundwater 

The first encountered water at the site" known as .the lower aqujfer, will be greater than 
100 feet from the bottom of CeU 15. Beneath the lower aquifer are clay units of the 
Glenns Ferry Formation for approximately 600 feet. The first 'fractured rock is the 
Banbury Basaft, approximately 2,250 feet from the surface. Well L-40 lies within the 
footprint of Landfill Cell 15, and is considered representative of the groundwater 
conditions at Celf 15 focation. 

Detailed discussion of groundwater conditions are contained in Hydrogeologic 
Characterization and Groundwater Monitoring Considerations for Proposed Cel/14 
Expansion Area at EiJvirosafe Services of IdahO, Inc./ Site B (CH2M Hill, 1993). 
Additional details are also provided jn the original RCRA Part 8 Application (Weston, 
1987). . 
Groundwater considerations reJated to construction of Cell 15 are discussed in detail in 
Cel/1S Groundwat~r Monitoring 'Program (CH2M HiIJ, 2002). 

3.5 Seismic 

OwYhee County is not listed in Appendix VI of 40 CFR 2641 so no further information ,is 
required to demonstrate compliance with Section 264.1B(a). However, to further 
demonstrate that the facility is safe agajnst expected seismic condjtions, the site was 
treated as if it fies within an impact zone with the folfowing described seismicity. ' 

A review of published geological studies and aerial reconnaissance show that no faults 
or fineations are present within 3,000 feet of the facility. The nearest. potentially active 
fault is the Water Tank Faultl located approximately 20 miles south-southeast of the 
site. The seismic potential of ~he' Water Tank Fault is not known. ' 

The historicaf seismicity of Idaho was aJso reviewed. Historical earthquakes of 
magnitude 6.0 or greater and occurring in Idaho or near its borders are listed below. 
The locations of earthquakes' prior to 1934 are approximate and were therefore not 
included . 
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Date Latitude Longitude 
(yy/mm/dd) (deg) (deg) Magnjtude Comments 

1959/08/18 44.83N 111.01W 7.5 Hebgen Lake earthquake 

1959/08/18 45.00N 110.70W 6.5 He~,gen Lake aftershotk 

1959/08/18 45.06N lll.BOW 6.0 Hebgen lake aftershock 

1959/08/18 44.86N 110.71W 6.3 Hebgen Lake aftersho~k 
1959/08/19 44.7~N 111.61W 6.0 Hebgen lake aftershock 

1975/03128 42.9SN 112.S1W 6.0 56 mifes from Pocatello, ID 

1983/10/28 43.96N 113.88W 7.3 Borah Peak earthquake 

, All of these ,earthquakes caused property damage. The Hebgen Lake and -Borah Peak 
earthquakes ca,used foss of human life. 

The effec;:t of these historical earthquakes is accounted for in the horizontal 
accelerations depicted in USGS Map MF-2120, and a bedrock acceleration of 0.15 9 was 
conservatively assumed as the design acceleration for Site B. ' 

3'.6 Climatologic 

Climate data are a~~HabJe from the us Weather Service (University of Idaho, 2002). 
'The average annual temperature of Grand View is 52°F. The temperature ranges from 
a mpnthlv average maximum of about 94.1°F to a monthly average minimum of 20~2°F. 

The average annual precipitation is 6.97 inches. The average monthly precipitat[on is a 
minimum of 0.18 inch in July to a maximum of 0.91 inch in May. Snow may fall as early 

,as October and may end as late as May, with an average annual snowfaU of 5.9 inches., 

The hlstoric data of earliest frost is October'29. 

4.0 REGULATIONS 

4.1 IDEQ (ReRA) 

The Landfill Cell 15 design was conducted and produced In compliance with 40 CFR 
264, Subpart N~ In particular, the requirements in 40 CFR 264.301, 'design and 
operating requirements, and 40 CFR 264.302, action leakage rate, were used as 
controlHng principles. Bements of the design for leachate contro' and coHection, for 
liner design, and. for construction quality assurance planning received close attention to 
minimize issues during construction. 

4.2 TSCA 

The deSign was conducted in compliance with 40 CFR 761'. In particular, the design 
lncorporates the chemical waste landfHi design requirements from 40 CFR 761.75, 
which includes technical, deSign, and location requirements.' These requirements did not 
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conflict with the prev~ously stated ReRA regulationsr which are generally more 
restrictive than TSCA requirements. 

5.0 LANDFILL SlTING AND LAYOUT 

This section describes' the layout-of the proposed landfill site and discusses design 
considerations. 

5.1 Exfstir,g Site 

US Ecology of Idaho's Grand View Facility is located approximately 10 miles northwest 
of the community of Grand ·V!ew, Idaho. The exis~ing site occupies approximately 
120 atres in the north-central portion o(Section 19. US Ecorogy owns' aU of Section 19 
(640 acres), as shown in Figure 1.1. 

5.2 Landfill Cell 15 

The LandfiJi Cell 15 site is rocated directly south of the existing facility (Site 8) and 
Landfill' CeU 14.(Figure 1.1). The approximate location ·was identified In the siting license 
application (Envirosafe and CH2M Hill, 2000): 

During design, the location of Landfill Cell 15 was adjusted to the east to avoid a soli 
stockpile area. The southern limit of the cell area shown ·in the· application was'arso 
adjusted southward to aUow a more robust configuration for the disposal ceU cover. The 
landfill cen (referret1,to ·as disposal cell in the siting application) area Ues within the 400 
acres of Section 19 proposed for siting in the .siting application. These changes resu'ted 
in the SO a-foot buffer area being adjusted, but it is still well within aU siting restrictions 
or setbacks. 

The location meets site exclUSionary criteria that no hazardous waste disposal cell sharr 
be sited where: . 

• The seasonal high depth of the groundwater, beneath the proposed site, is less than 
100 feet beJow the Jowest point of the disposal cell. Perched saturated zones may be 
exempt from exdusionary criterion if it can .be demonstrated that the saturated zone 
has no economic or consumptive usable purpose. 

• The fine-grained unconsofidated sediments above the wa.ter tabre are less than 
25 feet thick. 

• The depth to fractured rock is less than 100 feet b~/ow the lowest point of disposal. 

The cell location also meets the Siting application criteria that no new hazardous waste 
disposal facility shall be sited within:· 

II 2,500 feet (from the expanded site perimeter) of surface water bodies. 
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• 1/000 feet (from the expanded site perimeter) of existing pubJic/private and 
frrigation water weBs, unless it can be demonstrated that natural hydrologic barriers 
isolate the site loc,ation from the aquifer being pumped. 

. . 

• A floodplain of a SOD-year flood .. 

• Areas that are near active fa.ult zones or other tectonicalJy active or unstable area. 

• Areas overlying any subsurfac~ mrning. 

• 5,000 -feet of any off-site residential structure that is routinely occupied ·at least 
8 hour~ per day. 

• 3 miles of schools/· airports, hospitals, churches. 

• 3 miles of a population center greate~ than 150 people. 

The relocated buffer zone location still meets the criteria presented above. 

The proposed LandfiU Ce[J 15 design layout is shown on Drawing 52-01-01, Appendix A. 
The cell extends approximately 1,768 feet in the east-west direction and is , 

I approximately 768 feet wide, measured around the outer limit of the bottom Jiner at the· 
. berm crest". This location is defined as the "waste limit" for the Landfill CeJl 15 design. 

5.3 Slope Stability 

. Landfill Cell 15 has been analyzed for slope stability including the maximum anQwable . 
excavation slope, the interim waste slope between Cell 15 construction phases, the final· 
waste slope prior to cover placement, and the final exterior cover slope. 

The landfill plan, sections, and details depicting the design conditions are shown on 
.Drawing 52-01-01 and Drawings 52-01-03 through 52-01-05, Appendix A. The 
simplified model geometries used in the slope stability program are shown on 
Figures 5.1 through 5.4. 

Stability analyses were performed usingthe commercial slope stability program 
SLOPE/W, Version 4, by GEO-SLOPE Internationall Ltd. The Spencer method of total 
equilibrium analyses was used to carculate. the factors of safety. Circular. and/or wedge . 
failure surfaces were analyzed, depending on which was appropriate for the slope 
geometry b~ing considered. -

The SLOPE/W program allows the user to model the geometry and material properties 
and specify the regjons to search for the critical failure surface. The program calculates 
the minimum factor of safety for the given geometry and materials on a trrar-and-error 
basis. Thousands of potential faiJure surfaces are generated and ~ssocjated safety 
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factors are computed through" a systematic process of analysis until the lowest safety 
Jactor is identified fo"r the conditjon~ assigned. " 

A comprehensive stability analysis typically addresses both short-term Ommediately 
following construction) and long-term conditions under static and earthquake . 
conditions. The SLOPE/W program allows the application of vertical and horizontal 
acceleration coeffici~nts to simurate earthquake, or seismic, loading of ~he slopes. This 
type of analysis is referred to as a "pseudo-static" analysi.s. For this sitel a.horizontal 
pseudo-static coefficient of 0 .. 08 9 was a'pplied~ based on approximC;ltely one-half of the 
design peak bedro'ck acceleration. The vertical component of seismic acceleration is 
typicaUy very smarJ and can b.e jgnored~ . 

Slope stability was also analyzed ;n certain cases using the infinite srope method. This 
method was used to calculate the factor of safety agaInst shallow sliding or surface 
raveling of cohesionless soils and sliding of a. thin soH layer overlying a stronger soil 
along a pfane parallel to"the slope. 

The calculated 'stability factors of safety are ~ompar~d to the minimulT! acceptable 
factors of safetY presented In Table 5-1. The yalues are typical industry-accepted 
minimums. In each easel the caJculated factOr of safety equals or exceeds the minimum 
acceptable factor of safety. 

Sfope Stability Minimum Acceptable Factors of Safety 

5.3.1 Geotechnical Design Parameters 

Geotechnical properties, including strength data, were selected for the various soils and 
materials that will be used to construct LandfiH Ceif1S. The data were selected from 
previous~y published repqrts and data provided by US Ecofogy of Idaho. These sources 
included the original ReRA permit appficption (Weston, 1987) and GeoSystems 
Technicai Report (GeoSystemsl 2001). The geotechnical properties and strength data 
::Ire summarized in Tabre 5-2. . 

Table 5 .. 2 Geotechnical Design Parameters 

In Situ Soifs 
Sand and silty sand 
{SP} SM, SP-SM) 

Vt = 115 pcf (Assumed) 
In situ w== 5 to 26%, ave = 10.5, 5=7,9, a =7.6 
Percent paSSing No. 200 = less than 10% 
Strength (based on CID [Consolidated Isotropic Drained] test) 

0' = 36° to 39° 
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Table 5-2 Geotechnical Design Parameters 

~!i:::}TM:ateH~Jf:tvpEfilij'C'atlp.n~~&~% ~i~ic.r.~~~f~!Wl~~~ Mate·rra~·prop.i!ffV;I;~t:trf~~:%iJ.~~~~~~~ 

Clay and slit 
(ML with some CL and Ct:l) 

Compacted Comm.on Fill 
Sand and silty sand 
(SP, SM, SP-SM) 

Cover soil (ML) 

Compacted Clay Uner 
Ketterling Clay (el, CH) 

Weakest Geosynthetic: 
Gel (saturated and complete 

degradation of ~ensile 
reinforcement) 

Gel (reinforced and hydrated) 
Waste 

Stabilized soil-like waste 

Unstabilized soil-like waste 

r= =: 800 to 2000 psf 
Yt = 125 po (Assumed) 

clay w~"3 to 9%, avg. ;:::: 7.7% . 
silt W= 21 to 39%, avg. == 26.4%, 5=6.6, (J =6.1· 

. Percent passing No. 200 = 60 to' 100% 
Strength (based on UU tests) 

f2'j:::::: 2° to 13° 
c = 4,.200 to 8,400 pst 

Max. Vd per ASTM D698 = 124.8 pcf . 
OMC;::::9.0% 
c = 1000 to 1300 psf (direct shear) 
0;:::: 31.70 to 34.7(1 

Max. Vd per ASTM D69B = 127 po (assumed) 
OMC = 15.0% (assumed) . 
Drained strength: . 
c == 0 (assumed) 

.' 0 = 27° (assumedl 
Lab. K = 1 x 10-7 to 2 x lO'8 em/s 
% CL= 17 to 37 
PI';:::: 14.6 to 26.5 
lL = 37.4 to 51.7 
Max. Yd per ASTM D698 = 97.9 to 104.5 pd 
OMC = 20.0 to 22.8% 
II1-situ yd = 93.9 to 103.4 pcf 
% Std. Proctor achieved;:::: 95 to 105 
Drained strength: 

o -= 22° (assumed) 
c· ;:::: 60 psf (assumed) 

Undrained Strength: 
0='" 0° 
c = 3000 psf (assumed) 

In situ w = 2.8 to 3.4 % 

Strength: 0 == BO (published mfg. test data) 

Strength: 0::: lBO U>.ubJished mfg. test data) 

Vt =140 pcf 
Total stress (CU) 

0=28° 
c;:::: 4,900 psf 

Effective Stress (CU/pp) 
0'= 32° 
c' = 3,600 psf 

Yt =115 pet (assumed) 
Total stress (CU) 

0=00 

C =: 500 psf (This is the consistency of soft clay; it is 
not reasonable so will be ignored.) . . 
Effective stress (CU/pp) 

0 1 = 30° 
c' = 125Q.sf 
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Groundwater conditions and pore pressures are ~Iso accounted for in the stability 
models. The groundwater table is greater than 100 feet below the bottom of Landfill 
Cell 15 and does not affect or impact the slope stability. The soils ~nd materials 
modeled in the stability analysis are unspturated. 

5.3~2 Summary Results 

Table 5-3 presents a summ.ary of the cHtical, or lowest, factors of safety against slope 
failure calculated for each Qf the condi~ions analyzed. All conditions and geometries 
analyzed- meet acceptable minimum factors of safety. The associated c;:ritical failure 
surface~ for the v~rious ca~~s are descrjbe~ in the following subsections. 

I -

Table 5~3 Summary of Slope StabilitY Anaryses 

Short~ter~ , static 

Long-term, seismic 

Long-term, pseudo-static 

* -surface raveling 

5.3.3 Maximum Excavation SloDe 

Excavation for the bottom liner system and below-grade portion of Landfill Cell 15 . 
consists of a 3 horizontar to 1 vertical (3H;lV) slope up to 60 feet below existing grade. 
A berm will be constructed around the excavation to control run-on and to form a 
platform for staging and an'choring the bottom liner system. The berm will be 
constructed of soils removed from the excayation and compacted as engineered fill. The 
exterior sJope of the berm will remain unchanged through construction of the final cover 
for the cell. . 
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 Daniel B. Stephens & Associates, Inc. - Calculation Sheet

Project Name: USEI Cell 16
Project Number: ES11.0086
Calculation Number: 1
Number of Sheets:

Calculation Performed By: S Brady Date: 2/23/2012

Calculation Checked By: Date:

Status (Draft or Final): Final

Objective of Calculation:

This calculation is performed to determine the critical distance along a slope before gully
formation begins.  The calculation will be used to determine portions of the cover that will remain
bare soil and/or vegetation; and portions of the cover that will require designed erosion protection.

Assumptions:

1) On-site, loamy sand soil will be amended with 25% by weight gravel (10 mm - 50 mm)
and organics to form the top layer of the final cover.  This soil will be referred to as
"amended,' has a D75 of 0.5 inches, the minimum size of gravel used, and a roughness

factor of 0.025, reference 5.

2) Onsite, loamy sand soil has an allowable shear stress of 0.02, typical of soils with

D75<0.05 inches, reference 4, and a manning roughness factor of 0.018, reference 5.

2) The top deck of the cover will have a slope of 3.5%.  The sides of the cover will have a
slope of 33%.

3) The 100 year - 1 hour storm intensity was used for calculation, reference 3. 100 year - 1
hour storm event at the site is not available, the method of estimation provided in reference
3 is used.

References:

1) U.S. Nuclear Regulatory Commission (NRC), 2002.  Design of Erosion Protection for
Long-Term Stabilization, NUREG-1623.  Washington, DC.

2) Sturm, T. W. 2001.  Open Channel Hydraulics.  McGraw Hill.  New York.

3) NOAA Atlas 2, Precipitation-Frequency Atlas of the Western United States, Volume
V-Idaho, 1973.

4) U.S. Department of Agriculture (USDA). 1987. Stability Design of Grass-Lined Open
Channels.  Agriculture Handbook Number 667. Stillwater, OK. 
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Variables:

qs 1.07 runoff intensity (inches/hour), reference 3

D
75

0.5 effective diameter of gravel amended soil (inches)

equation used to determine allowable shear stress for soils with
D75 > 0.05 inches, reference 4ta 0.4 D

75


ta 0.2 allowable shear stress for amended soil (lbf/ft2)

ts 0.02 allowable shear stress for on-site soil (lbf/ft2), D75 < 0.05 inches (ref 4)

n1 0.018 roughness factor for onsite soil, reference  5

n2 0.025 roughness factor for amended soil, reference 5

xt 2.0 deg xs 18.4 deg

Calculation:

This calculation was performed using the Horton/NRC Method; reference 1.

fSt

sin xt 
tan xt 0.3

 slope function value recommended by reference 2, Pg. A-4, Step 3

fSt 0.095

fSs

sin xs 
tan xs 0.3

 slope function fSs 0.439

xc1

65 ta

5

3


qs n2 fSs

5

3


 xc1 655.083 critical distance (ft) for amended soil on
side slopes

xc2

65 ts

5

3


qs n1 fSs

5

3


 xc2 19.602 critical distance (ft) for on-site soil on side
slopes

xc3

65 ta

5

3


qs n2 fSt

5

3


 xc3 8.333 10
3

 critical distance (ft) for amended soil on top
deck
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xc4

65 ts

5

3


qs n1 fSt

5

3


 xc4 249.354 critical distance (ft) for on-site soil on top
deck

xs

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20























































deg

xc xs 
65 ta

5

3


qs n2
sin xs 

tan xs 0.3











5

3




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Appendix C2-3 
Wind Erosion 



 
 

 Daniel B. Stephens & Associates, Inc. - Calculation Sheet

Project Name: USEI Cell 16
Project Number: ES11.0086
Calculation Number: 1
Number of Sheets:

Calculation Performed By: SB Date: 02/17/2012

Calculation Checked By: Date:

Status (Draft or Final): Final

Objective of Calculation:

The Wind Erosion Soil Loss Equation is a function of multiple charts, graphs and tables.  This
sheet demonstrates the steps needed in order to determine soil loss due to wind, and provides
the values for the required variables, but does not perform the actual calculation.  The equation is
performed for scenarios of no crusting, and crusting with vegetation on the cover system.

Assumptions:

1) The top 6 inches of the cover soil will be ammended with 25% by weight gravel.  For the
purpose of this equation, the more conservative value of 20% has been used to determine values
of the Soil Erodibility Index (I).

2) From the design drawings, the maximum slope of 3.5% along the top deck of the cover used.

3) The maximum unsheltered distance is assumed to be the the greatest value (10,000 ft)
provided on the reference tables.

4) In determining the vegetative cover factor, the values provided in Reference 2 are converted
into "small grain" equivalents in Reference 4.  

References:

1.  National Agronomy Manual, 190-V-NAM, 3rd Ed., October 2002.

2.  Journal of Soil and Water Conservation, March-April 1983, Vol. 38, Number 2, Soil
Conservation Society of America.

3.  Rangeland Productivity and Plant Composition-Elmore Area, Idaho, Parts of Elmore, Owyhee
and Ada Counties, Web Soil Survey 2.2, National Cooperative Soil Survey, USDA Conservation
Service.

4.  Argronomy Technical Note 69 - Wind Erosion Equation (Annual Method) on Rangeland,
NM-NRCS,  May, 2004.
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Variables:

I 86= soil erodibility index, Reference 1 - Exhibit 502-2, page  502-22

Icr_adj 38= soil erodibility index with crust adjustment factor (gravel
admixture), Reference 1, Table 502-2, page 502-8

K
rd

0.625= soil surface roughness factor, Reference 1, Fig 502-4, page 502-10

C 40= climate factor, Reference 2, Fig 3, worst case assumption used a C of 40

L 10000= unsheltered distance, worst case assumption

V 1250
lbf

acre
= vegetative cover factor, Reference 3 and 4

Calculation:

E = function(IKrdCLV) with no crust adjustment and no vegetation during the first year

E 20.6
tons

acre year
= Reference 1, Subpart G - Exhibits, I = 86, K = 0.60,

C = 40, V = 0

E = function(IKrdCLV) with vegetation and no crust adjustment

E 1.4
tons

acre year
= Reference 1, Subpart G - Exhibits, I = 86, K = 0.60, C = 40,

V = 1250

E = function(IKrdCLV) with vegetation and crust adjustment

E 0.3
tons

acre year
= Reference 1, Subpart G - Exhibits, I = 38, K = 0.60, C = 40,

V = 1250  

E = function(IKrdCLV) with no vegetation and crust adjustment

E 9.1
tons

acre year
= Reference 1, Subpart G - Exhibits, I = 38, K = 0.60, C = 40,

V = 0  
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