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1. Introduction 

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

has prepared a Part B permit modification for the closure of Cells 14 and 15 at the USEI facility 

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

that an alternative evapotranspiration (ET) cover design will provide performance that meets or 

exceeds the Resource Conservation and Recovery Act (RCRA) prescriptive standards as set 

forth in the Idaho Administrative 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 the permit, as required by IDAPA 58.01.05.008 [40 CFR §264 Subpart G] and 

40 CFR §264.310(a). 

Based on the specific climatological conditions at USEI Site B, the ET cover design provides a 

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

 Minimizing surface infiltration of precipitation through the cover efficiently enough to 

meet or exceed prescriptive standards, 

 Providing a highly effective cover designed for site-specific climate, soils, and 

vegetation, 

 Sustaining vegetation and minimizing erosion, 

 Using materials that flexibly respond to minor settlements or movements, and 

 Providing superior long-term performance and stability. 

The cover design for Cells 14 and 15 in the current permit includes the implementation of a 

standard Subtitle C RCRA cover.  The alternative cover design for Cells 14 and 15 is for an ET 

cover similar to the covers approved for Trenches 10 and 11 at USEI.  The basis for the ET 

cover design is presented in this permit modification. 
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2. ET Cover Design and Performance  

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

through surface evaporation and/or transpiration (evapotranspiration).  ET covers function well 

in dry climates, where they have been shown to exceed conventional regulatory designs in 

terms of moisture percolation reduction and erosion protection.  ET covers consist of a 

monolithic soil layer designed with an acceptable thickness, based on soil texture, to adequately 

store soil water until it can be removed by ET.  Establishment of sustainable vegetation is 

necessary 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 has been 

demonstrated to provide effective final cover performance in many projects throughout the arid 

western U.S.   

2.1 Performance Standards 

The primary regulatory consideration for ET cover approval is to demonstrate that the 

alternative cover will meet performance standards equivalent to the conventional design 

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

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

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

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

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

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

of ET covers.   

Both the U.S. Environmental Protection Agency (EPA) and U.S. Department 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, 

and 2001).  ACAP has evaluated alternative covers at 19 sites across the U.S., focusing 
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primarily on ET cover performance in the arid western states.  The ALCD is a large-scale field 

test at Sandia National Laboratories, located on Kirtland Air Force Base in Albuquerque, New 

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

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

are addressed in detail in Section 3. 

2.2 Design Approach 

The ET covers proposed for Cells 14 and 15 at USEI Site B are consistent with the conventional 

designs currently approved.  The ET covers reach the same maximum height as the current 

designs and provide similar side slopes.  Slopes range from a minimum of 5 percent to a 

maximum of 3:1 (3 horizontal to 1 vertical or 33 percent).  ET covers are more stable than 

conventional covers because slippage planes that can result from prescribed geosynthetic 

layers are eliminated.  Stormwater runoff is reduced by the ET cover’s permeable surface and 

vegetation; therefore, the site’s stormwater control system is not affected by the design change 

for the Cell 14 and 15 covers.     

2.2.1 Climate Conditions 

The climate at USEI Site B is well suited to an ET cover design.  The climate is arid, with 

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

compared to average monthly potential ET (ET0) at nearby Grand View, Idaho (WRCC, 2009).  

ET0 was calculated using the Hargreaves and Samani (1982) method and average daily 

maximum and minimum temperature values.  Throughout the year, ET0 greatly exceeds 

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

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

cover will include species adapted to the local climate conditions, which will sustain the ET rates 

on a permanent basis. 
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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 

UNSAT-H (Fayer and Jones, 1990) models were used to evaluate and compare the 

performance of the alternative earthen cover.  A geotechnical soil testing program was 

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

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

within established ranges provides percolation reduction equivalent to prescriptive standards.   

Modeling was performed to evaluate cover performance for high-precipitation conditions.  An 

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

from a steady and extended precipitation as opposed to a short-duration, high-volume storm 

event.  The saturated hydraulic conductivity of the cover soil, in conjunction with the pressure 

head from ponded water (infiltration rate), is the constraining factor for infiltration flux.  The soil 

will not accept water beyond this rate and additional precipitation will run off of the sloped cover.   

As such, DBS&A used the precipitation dataset from 1988 through 1992 (due to completeness 

of climatic records), doubled the precipitation of each storm event, and applied this extreme 

5-year record consecutively over a 30-year period.  Over the period of record from 1933 to 

1998, 1985 had the greatest average annual precipitation, at slightly over 12 inches.  By 

doubling the 1988 to 1992 records, DBS&A generated a maximum precipitation for 1990 of 

slightly over 12 inches, matching the wettest year on record.  This 5-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 30-year period.  The performance was 

therefore conservatively modeled as a series of repeated critical events. 

2.2.3 Test Pad Performance 

ET covers were constructed in 2000 over Trenches 10 and 11 at USEI Site 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 
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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.  

2.2.4 Soil Testing 

The ET cover design for Cells 14 and 15 is based on site-specific soil testing that has been 

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

results are discussed in Section 4 of this report.  The soil testing program showed that selected 

silt loam soil available on-site falls within the range of properties shown by modeling to provide 

satisfactory performance.  The silt loam soils available on-site provide sufficient soil moisture 

storage capacity for an ET cover.  The ET covers for Cells 14 and 15 require a minimum 

thickness of 5 feet, with thicker cover soil over many areas.  Soil containing a high percentage 

of gravel and rock is also available on-site, providing material for the upper erosion protection 

layer of the ET cover.  The erosion protection layer will minimize both wind and water erosion 

and maximize cover longevity.    

2.2.5 Cover Soil Freeze-Thaw 

Freeze-thaw does not adversely affect loosely packed soil used for ET covers in semiarid 

regions.  The frost depth at USEI is approximately 2 feet (USACE, 1992), while the minimum 

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

thaw action of the top portion of the ET cover is not a detriment to the design or performance.  

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

benefits root penetration and storage capacity of water.   

2.2.6 Burrowing Animal Control 

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

and repair to correct animal burrows and macropores.  Inspections will look for evidence of 

animal intrusion, burrows, cracks, or other macropores.  Inspections will be performed initially 
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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.  Soil testing is discussed Section 4.  Section 5 provides information on 

cover slopes and thickness.  Slope stability is discussed in Section 6, and erosion protection is 

discussed in Section 7.  Section 8 provides information on the vegetation plan.  Engineering 

design drawings of the final covers are provided as Appendix A.  A construction quality 

assurance (CQA) plan is provided in Appendix B.  The CQA plan ensures the selection of 

proper soils for cover construction and the soil placement methods required for ET cover 

construction.  Construction specifications are provided as Appendix C.  Engineering calculations 

of slope stability, wind and water erosion, and critical density of soils are included in 

Appendix D.  Complete soil laboratory test results for the soil samples tested in 2008 are 

provided in Appendix E (Volume 2). 
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3. Regulatory Basis for Cover Equivalency  

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

existing Cells 14 and 15 at USEI Site B.  Documentation is provided to demonstrate ET cover 

compliance with RCRA as it pertains to performance standards and equivalency to the standard 

RCRA design.  The proposed ET cover limits infiltration of precipitation to levels equivalent to 

prescriptive standards that use low-permeability geomembrane and clay components to limit 

infiltration.  The USEI Site B permit currently includes a high-density polyethylene (HDPE) 

geomembrane overlying a geosynthetic clay liner (GCL).  The following sections provide the 

RCRA citations that are pertinent to this determination. 

3.1 40 CFR §264.111 

Section 264.111 of Title 40 of the Code of Federal Regulations (40 CFR §264.111) describes 

the closure performance standard.  The following general closure performance standard applies 

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 human health and the 

environment, post-closure escape of hazardous waste, hazardous constituents, leachate, 

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

waters or to the atmosphere; and  

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

requirements of §§264.178, 264.197, 264.228, 264.258, 264.280, 264.310, 264.351, 264.601 

through 264.603, and 264.1102. 

The performance of an ET cover at the USEI site 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 
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cap repairs can be easily made without the need for specialized expertise or materials.  Existing 

ET covers at USEI Site B (Trenches 10 and 11) have been evaluated for long-term stability and 

found to be stable. 

An ET cover effectively protects human health and the environment by forming a barrier that 

bars direct contact with waste materials or hazardous constituents and that isolates disposed 

wastes beneath the cover.  This prevents release of waste and constituents beyond the 

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 atmosphere.  The nature 

of the waste within the USEI landfill is consistent with the performance of the ET cover.  These 

wastes were all disposed of following the adoption of EPA’s land ban regulations (1984 

Hazardous and Solid Waste Amendments).  Wastes are treated prior to disposal to meet land 

ban standards (40 CFR §268 Subpart D Treatment Standards).  They are treated to remove 

free liquids and to ensure limited leachability.  Organic waste constituents are minimized 

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

the possibility of gas formation and release to the atmosphere.   

The landfill closure standards of 40 CFR §264.310 are the only standards cited above that are 

relevant to a discussion of an ET cover.  Compliance with this standard is discussed in detail in 

the next section.   

3.2 40 CFR §264.310 

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

§264.310 states that: 

(a) . . . the owner or operator must cover the landfill or cell with a final 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; 
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(4) Accommodate settling and subsidence so that the cover’s integrity is maintained; and 

(5) Have a permeability less than or equal to the permeability of any bottom liner system or 

natural subsoils present. 

The ET cover is constructed primarily of lightly compacted silts and fine sands that have a 

hydraulic conductivity (K) on the order of 1 x 10–4 to 1 x 10–5 centimeters per second (cm/s).  

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

barriers, the ET cover system promotes evaporation and transpiration of any water that 

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

pad constructed at the site show that no changes in moisture were noted at a depth of 5 feet 

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

percolation to the base of the cover is not occurring, and thus demonstrates performance 

equivalency.  The absence of percolation indicates that the ET cover effectively returns all 

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

testing completed at USEI Site B demonstrates that the ET cover provides performance 

equivalent to a conventional cover system with low-permeability components.  As such, DBS&A 

believes that the ET cover meets the requirements set forth in 40 CFR §264.310(a)(1). 

ET covers offer performance that exceeds conventional cover performance with regard to the 

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

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

 ET covers are constructed of natural soil materials that are not subject to degradation as 

are the materials used under prescriptive standards.  The geosynthetic materials in the 

prescriptive standards are subject to degradation and have limited longevity.  Even the 

compacted clay layer in a prescriptive cover is subject to desiccation, cracking, root 

penetration, and loss of compaction.  Such desiccation and cracking are of particular 

concern in an extremely dry climate like 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 

P:\_ES07-130\CvrPrmtMod-Rev3.O-10\PrmtMod_O25_TF.doc 10  



 

 

 

 
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 .  

improved erosion resistance and accommodation of settlement.  Reduced maintenance 

increases long-term performance of the ET cover.  

 As designed, the USEI Site B ET cover includes a 6-inch-thick gravel amended (25 to 

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

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

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

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

helps to minimize erosion by stormwater.  Two factors aid in cover vegetation on ET 

covers, thereby minimizing erosion: (1) the soil profile and rooting depth is greater than 

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

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

 Because the soils within the ET cover are lightly compacted granular material, the ET 

cover can tolerate significant subsidence that could potentially damage geosynthetic 

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

subsidence that would affect positive surface drainage, ET cover repairs can be 

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

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

subsidence issues to be easily addressed, as required under 40 CFR §264.310(a)(4) 

pertaining to the overall maintenance of the cover.   

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

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

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

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 performance using site-

specific conditions for the USEI site and conservative assumptions for the water balance 

modeling (DBS&A, 1998).  Most importantly, the ET cover performance has been field verified 

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

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

to levels equivalent to conventional cover designs that use low hydraulic conductivity barriers.  

The guidance states:   

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

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

hazardous waste landfills when equivalent performance to conventional final cover systems can 

be demonstrated. Unlike conventional cover system designs that use materials with low hydraulic 

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

waste (percolation), ET cover systems use water balance components to minimize percolation. 

EPA is currently tracking more than 60 ET cover projects, including demonstrations and full-

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

Experience gained from research sponsored by EPA and others, along with the USEI test pad 

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 Cells 14 

and 15 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.   

P:\_ES07-130\CvrPrmtMod-Rev3.O-10\PrmtMod_O25_TF.doc 12  



 

 

 

 
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 .  

4. Soil Testing and Analysis 

4.1 Introduction 

In 2008, DBS&A tested soils from the USEI Site B Facility to determine their adequacy as a 

borrow source for construction of an ET cover over USEI Cells 14 and 15.  Adequacy was 

determined by comparing the results of the recent soils testing to the results of earlier testing 

and numerical modeling of soils from the same site in 1998.  In 1998, DBS&A tested borrow 

source soils and performed numerical modeling using the programs HELP and UNSAT-H to 

determine the adequacy of the soils as an infiltration barrier over Trenches 10 and 11 (DBS&A, 

1998).  The 1998 modeling showed that soils typical of those on-site would be adequate.  The 

2008 soil testing was conducted to identify acceptable borrow sources for construction of the 

Cell 14 and 15 ET covers, and determined which soils have characteristics indicative of 

performing as well or better than those modeled in 1998.   

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

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

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

thickness of the cover.  The variables of interest for performance of an ET cover are the storage 

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

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

release for the required ET cover performance.  Other ET cover soil components such as the 

upper erosion protection layer will require other properties.  

4.2 Soil Sampling and Testing 

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

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

for future Cell 16 to the west, an existing soil stockpile located adjacent to Cell 15, and the USEI 

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

property indicated that these soils are predominantly fine-grained silty soils, which were 

expected to provide favorable characteristics for an ET cover.  Soil from the Cell 15 stockpile 
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and Cell 16 contains less 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 consideration as a component of the ET cover.  As a result, the dike soils were 

combined into a smaller number of composite samples for the additional hydraulic testing.  The 

soil testing results are summarized in Table 1.  Complete laboratory results are provided as 

Volume 2. 

Cover soil properties must provide sufficient moisture retention capacity to minimize infiltration 

and support vegetative growth.  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) 

 Porosity (percent by volume) 

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

 Moisture content (ASTM D2216) 

 Standard Proctor compaction (ASTM D698) 

 Saturated hydraulic conductivity (Ksat, cm/s) (ASTM D5084) 

 Moisture retention characteristic curve and van Genuchten parameters (ASTM D6836; 

Klute, 1986; ASTM D2325; Karathanasis and Hajek, 1982): 

 alpha (α) 

 N 

 residual moisture content (θr)  

 saturated moisture content (θs) 
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Table 1.  Soils and Selected Testing Results from 2008 

Sample 
USCS 

Classification

Water 
Holding 
Capacity 
(cm3/cm3) 

Saturated 
Hydraulic 

Conductivity 
(Ksat) 

(cm/s) 

USE1- DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 (Composite) (80%) (GP-GM)s 0.08 1.6 x 10–3 

USE1- DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 (Composite) (92%)  0.04 1.6 x 10–3 

USE1- DBSA Cell 14 Dike TP-3, 4, 8 (Composite) (80%) (GM)s 0.10 3.8 x 10–3 

USE1- DBSA Cell 14 Dike TP-3, 4, 8 (Composite) (92%)  0.09 5.0 x 10–4 

USE1- DBSA Cell 14 Dike TP-9 (80%) SM 0.01 3.0 x 10–3 

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

USE1- DBSA Cell 15 Stockpile TP-12 (80%) s(ML) 0.05 1.2 x 10–3 

USE1- DBSA Cell 15 Stockpile TP-12 (92%)  0.18 3.3 x 10–4 

USE1- DBSA Cell 16 TP-10, 11 (Composite) (80%) (SM)g 0.14 1.6 x 10–3 

USE1- DBSA Cell 16 TP-10, 11 (Composite) (92%)  0.14 5.0 x 10–5 

USE1- DBSA Steiner TP-13 (80%) SM 0.15 2.2 x 10–4 

USE1- DBSA Steiner TP-13 (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 
cm

3
/cm

3 
= Cubic centimeters per cubic centimeter 

cm/s = Centimeters per second 

 

Soil density is a key parameter that affects a soil’s hydrologic characteristics and the ability for 

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

classification, grain size, and compaction.  After these results were available, 16 soil samples 

were selected for additional soil testing of saturated hydraulic conductivity and moisture 

retention characteristics.  These samples were compacted in the laboratory to 80 percent and 

92 percent of the maximum dry density as determined according to ASTM D698 (standard 

Proctor compaction).  This range represents the target minimum and maximum compaction 

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

without any additional compaction effort.   
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For the Steiner soils tested, relative compaction values of 80 to 92 percent of the standard 

maximum dry density equate to the following ranges: 

 Steiner TP-13:  87.4 to 100.5 pounds of force per cubic foot (lbf/ft3) 

 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) 

(see Appendix D3).  Plotting the Steiner soils on the GLBD textural triangle allowed a GLBD to 

be determined for Steiner TP-13, Steiner TP-14, and Steiner TP-15.  Data used to plot the soils 

were obtained from the DBS&A laboratory report particle size analysis plots (Appendix E). 

The soils yielded the following values of GLBD: 

 Steiner TP-13:  104.3 lbf/ft3 

 Steiner TP-14:  93.6 lbf/ft3 

 Steiner TP-15:  95.5 lbf/ft3 

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

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

not limit root growth. 

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

conductivity for soils compacted to 80 and 92 percent of maximum dry density, to provide the 

range or results for the allowable densities.   

During a previous soil sampling program in November 1998, soil samples were collected for 

laboratory testing from 14 test pits dug on-site with a backhoe.  Table 2 lists the sample ID, the 

soil type, the water holding capacity, and the saturated hydraulic conductivity value for each soil 

sample.   
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Table 2.  Soils and Selected Testing Results from 1998 

Sample 
USCS 

Classification 

Water Holding 
Capacity 
(cm3/cm3) 

Saturated Hydraulic 
Conductivity (Ksat)  

(cm/s) 

T10-1 GP-GM 0.12 3.5 x 10–3 

T10-2 GM 0.11 1.7 x 10–3 

TP4 0-18 ML 0.16 6.2 x 10–5 

TP4 3-6 ML 0.12 1.9 x 10–4 

TP4 18-60 GM 0.08 4.2 x 10–2 

TP9 0-30 ML 0.08 1.2 x 10–5 

TP9 3-6 ML 0.12 5.6 x 10–4 

Ketterling Top ML 0.18 5.2 x 10–5 

Ketterling Bottom CL 0.28 7.4 x 10–7 

EW SP-SM 0.12 4.2 x 10–3 

Modeled  0.11 2.06 x 10–4 
 

USCS = Unified Soil Classification System 
cm

3
/cm

3
 = Cubic centimeters per cubic centimeter 

cm/s = Centimeters per second 

 

Water holding capacity represents the water that is readily available to uptake 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 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.   

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

(MCCs) were developed for all samples (Figure 2).  In Figure 2, the solid colored lines represent 

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

(“Modeling”) is the MCC used for numerical modeling of the cover for Trenches 10 and 11.  

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

blue bars represent samples from 2008 and the orange bars represent samples from 1998. 
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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. 

The hydraulic conductivity values of the soils (Figure 5) were determined from the van 

Genuchten parameters.  The “Modeling” curve represents the idealized soil used in the 1998 

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

construct the ET cover for Trenches 10 and 11.  That is, the hydraulic conductivity of the soil 

cover after an infiltration event was small enough that the water could not penetrate a depth 

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

conductivity values of the recently tested soils in the near saturation range (~100 cm of water 

matric suction or smaller), less than or equal to the “modeling” hydraulic conductivity curve in 

Figure 5, were considered acceptable.  Figure 6 provides hydraulic conductivity curves for the 

soils that pass this criterion.   

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

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

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

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

Sample 

Acceptable 
Water 

Holding 
Capacity? 

Acceptable 
Hydraulic 

Conductivity? Acceptable?

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

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

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 Yes No 

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%) No Yes No 

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

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

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

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

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 

The cover thickness and slopes are variable on Cells 14 and 15 due to several design 

constraints.  The covers must meet minimum thicknesses for ET cover performance and 

additional regulatory and performance-based criteria.  The cover layouts must also address 

differences in the waste placement configuration in Cells 14 and 15.  This section describes the 

design basis for the final cover thickness and slopes.  Citations in this section are from the 

permit documents and engineering drawings for the USEI Site B facility.  

Engineering design drawings for the Cell 14 and 15 covers are provided in Appendix A.  The 

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

sections.  The cover grading plans meet the minimum cover thickness requirements at key 

points that control the cover design.  The covers are thicker than the minimum over many areas, 

in order to meet the thickness requirement at the control points and provide a relatively uniform 

and constructible configuration.    

5.1 Cell 14 Final Cover Configuration 

Drawing Sheet 8 (Appendix A, Cell 14) provides a typical final cover cross section for Cell 14.  

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

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

performance.  Cover slopes on benches and the top deck are a minimum of 5 percent.  Cover 

slopes are a maximum of 33 percent (3:1).   

Soil dikes constructed on the side slopes of Cell 14 were considered as the lower component of 

the ET final cover.  However, the laboratory testing of soil from the dikes for hydrologic and 

geotechnical properties showed that the dike soil is poorly graded sand and gravel with few 

fines, which does not provide the moisture retention characteristics to provide adequate soil 

moisture storage and support vegetative growth on the cover.  Based on the dike soil testing, 

the dikes are not included as a component of the ET cover, but will provide the foundation layer 

underlying a soil cover constructed above.  The ET cover will be a minimum of 5 feet thick over 

all soil dikes. 
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In two limited areas on the north slope of Cell 14, the final cover grading plan provides less than 

the minimum thickness of 5 feet above the existing surveyed grades.  These areas are along 

access ramps consisting of soil that extends above the side slope soil dikes.  To ensure that the 

cover meets the minimum thickness of 5 feet in all areas, soil will be removed from the access 

ramps where needed prior to cover construction in order to provide for placement of a sufficient 

thickness of suitable soil for the ET cover.  Regrading the ramp will not disturb the underlying 

dikes or waste. 

The cover must be of a minimum thickness to serve as a radon barrier over waste from the 

Formerly Utilized Sites Remedial Action Program (FUSRAP waste).  The thickness of cover or 

select non-FUSRAP waste over the FUSRAP waste has been established at 3.6 meters 

(11.81 feet) (Exempt Radiological Procedure Manual [ERPM], USEI, April 2005, Permit 

Attachment 23).  Dike as-built drawings for Dikes C through I show that the dikes and/or non-

FUSRAP waste are always maintained at a minimum thickness of 8.31 feet.  Therefore, a 

minimum cover thickness of 3.5 feet must be added to provide the radon barrier on the side 

slopes where dikes are constructed.  The 5-foot minimum cover thickness included in the design 

satisfies this criterion. 

The cover thickness is also a minimum of 5 feet on the top deck.  The cover design for the top 

deck of Cell 14 will meet the ERPM requirement by placement of only select RCRA non-

FUSRAP waste in the upper 11.81 feet or more.  The minimum thickness of non-FUSRAP 

waste needed on the top deck is 7 feet, providing a total thickness of 12 feet including the 5-foot 

ET cover.  Placement of FUSRAP waste has already ceased within Cell 14, while filling is 

occurring behind Dike I (Bailey, 2008a and 2008b).  Three additional dikes will be constructed 

before waste reaches final height (Thurgood, 2008).     

The top deck of the final cover will be graded to drain at a slope of 5 percent.  The final lift of 

waste will also be placed on a slope of 5 percent, serving as the subgrade for the final cover.  

The final waste placement elevation will be 2,657 feet above mean sea level (msl), 17 feet 

higher than the current elevation of 2,640 feet msl at the top of Dike I.  The final cover elevation 

will be 2,662 feet msl, matching the permitted design.  
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On the top deck of Cell 14, Drawing PRMI-L28 Detail 8 shows a 1-foot-thick intermediate soil 

cover.  This intermediate cover provides a protective layer over the waste until final cover 

construction commences and provides a working surface for construction equipment.  The 

intermediate cover is included as the upper component of the non-FUSRAP waste, with the 

intermediate cover soil included in the designed top-of-waste elevations.  

Dike drawings C2 (July 2002) and D2 (January 2003) state in notes that the dike toe is to match 

or go beyond the primary anchor trench.  Drawing PRMI-L28 Detail 9, which was used at the 

time of Cell 14 liner and dike construction, shows the dike matching the secondary anchor 

trench.  The ET cover toe in the current design (as shown on Sheet 8 [Appendix A, Cell 14]) is 

drawn based on the dike matching the primary anchor trench.  With a 5-foot cover thickness on 

a 3:1 slope, this design places the cover toe at 15 feet outside the primary anchor trench.  This 

approach is conservative in placing a thicker soil cover if the dike toe is closer to the secondary 

anchor trench.   

The cover is designed to extend beyond the primary liner anchor trench, which has been 

constructed at variable distances beyond the limit of the Cell 14 liner during various construction 

phases.  Drawing PRMI-L25 shows the limit of the lined disposal cell at the upper slope break of 

the liner.  Drawing PRMI-L22 and details on PRMI-L24 and PRMI-L25 show variable 

dimensions for the width of anchor trench outside the cell limit.  Eastern cells that are part of 

Phase 1 show the primary anchor trench 4.5 feet from the cell limit (PRMI-L24 B-B and C-C).  

The anchor trench extension shown in Drawing PRMI-L24 C-C is not considered to change the 

dike location over the primary anchor trench.  Western cells that are part of Phase 2 show the 

primary anchor trench 7.5 feet from cell limit, except for 25 feet before and after the north 

radius, where the primary anchor trench increases to 8.5 feet from the cell limit (L25 D-D).  

5.2 Cell 15 Final Cover Configuration 

Drawing Sheet 7 (Appendix A, Cell 15) provides a typical final cover cross section for Cell 15.  

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

(Drawing PRMI-L04), a final cover thickness of 5 feet of soil is needed to provide ET cover 
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performance.  As described below, the 5-foot minimum thickness will be met on the top deck of 

the landfill and will be exceeded on the side slopes.   

The top deck of the final cover will be graded to drain at a slope of 5 percent.  The final lift of 

waste will also be placed on a slope of 5 percent, serving as the subgrade for the final cover.  

Cover side slopes are a maximum of 31 percent (3.2:1). 

The cover must be of a minimum thickness to serve as a radon barrier over FUSRAP waste.  

The thickness of cover or select non-FUSRAP waste over the FUSRAP waste has been 

established at 3.6 meters (11.81 feet) (ERPM, USEI, April 2005, Permit Attachment 23).  To 

meet the minimum thickness on side slopes, the cover is designed to be 12 feet thick, 

exceeding the 11.81-foot minimum.  The cover design for the top deck of Cell 15 will meet the 

ERPM requirement by placement of only select non-FUSRAP waste in the upper 11.81 feet or 

more.  At the final stage of filling Cell 15, all FUSRAP waste will be disposed of in Cell 16, which 

is planned to be open at the time Cell 15 is nearing completion of fill operations (Bailey, 2008a 

and 2008b).  The cover thickness will be a minimum of 5 feet on the top deck and 9 feet on the 

upper part of the eastern side slope.  Along with the 5-foot ET cover soil, a minimum of 7 feet of 

non-FUSRAP waste is necessary on the top deck and 3 feet on the eastern side slope to meet 

the ERPM 11.81-foot standard.  The design drawings show the 7-foot thickness on the top deck 

for consistency with requirements.   

Drawings 52-01-03 and 15-08-02 show that the waste limit, projected to the geomembrane liner, 

is set back 9 feet from the liner crest.  These two drawings reference Drawings 52-01-01 

and 15-08-01, respectively, which provide the coordinates of the liner crest.  The liner crest 

serves as the reference point for the location of the cover toe. 

Based on the 12-foot minimum cover thickness overlying the waste limit on the side slope, 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.  This thickness has been verified where the 

cover slope extends over the perimeter channel, which is 9 feet inside the liner crest as shown 

on Drawing 52-01-03 Sections B and E.  The perimeter bench around Cell 15 is 67 feet wide 

P:\_ES07-130\CvrPrmtMod-Rev3.O-10\PrmtMod_O25_TF.doc 28  



 

 

 

 
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 .  

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

bench is 31 feet, maintaining a 36-foot-wide perimeter access road.    
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6. Cover Slope Stability 

Slope stability analysis (Appendix D1) was performed on profiles of Cells 14 and 15 at locations 

representing the maximum height of the closed units.  Slope stability analyses were performed 

using SLOPE/W 2007©, GeoStudio Version 7.13 (Geoslope International, Ltd., Calgary, Alberta, 

Canada).   

Based on review comments from the DEQ, DBS&A performed additional analyses to include 

block failure (Appendix D1-4).  The seismic analyses used a conservative horizontal 

acceleration value of 0.20 g, which represented the worst-case surface acceleration at the site.  

This resulted in factor of safety values greater than 1.0, but less than 1.1.  A sensitivity analysis 

was performed on all of the slope stability analyses to better understand the effect of seismic 

acceleration coefficient on the factor of safety values.   

The analyses considered the geometry of the liner system.  Strength parameters of the various 

liner materials are presented in Table 4.  

Table 4.  Material Characteristics Used in Slope Stability Analysis 

Material 
Friction Angle 

(degrees) 
Cohesion 

(lb/ft2) 
Unit Weight 

(lb/ft3) 

ET cover 27 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 

Textured GM to GC 26 60 NA 

GM to sand 17 0 NA 

GM to CL soil 15 292.4 NA 
 

lb/ft
2
 = Pounds per square foot 

lb/ft
3
 = Pounds per cubic foot 

NA = Not applicable 

 

Cell 14 was constructed with a double liner system.  The liner was represented in the analysis 

as a weak layer with an interface friction angle of 15 degrees.  The weak liner layer was placed 
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on natural subgrade and covered with waste.  The waste is capped with ET cover soil. Cell 15 

consists of a compacted clay liner on soil subgrade, textured geomembrane, geocomposite, and 

liner protective soil layer (referred to as common fill in this analysis).  The waste is located on 

the liner system and capped with ET cover soil.   

The slopes of the ET covers were obtained from a profile from the design drawings.  The 

analyses used a Mohr-Coulomb failure criterion.   

Static and seismic (pseudo-static) analyses were performed to evaluate stability.  The peak 

ground acceleration (PGA) for the site was 0.11 g (obtained from the USGS National Seismic 

Hazard Maps [2008]), based on a 2 percent probability of exceedance in 50 years.  This value 

was amplified to 0.2 g to account for propagation from the bedrock to ground surface.  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.  An expected intermediate 

ground acceleration of 0.15 g was also analyzed. 

The slope stability analysis was used to check against deeper circular slip surfaces and cover 

veneer failure.  Three different approaches were used: 

 Circular failure planes 

 Automatic search of the failure plane, by Slope/W, with the waste treated as an 

impenetrable layer 

 Block failure analysis with optimization of the failure surface    

Automatic search is an option in Slope/W that estimates the entry and exit areas along the 

ground surface, based on the geometry of the problem.  Slope/W evaluates trial slip surfaces 

and determines an approximate solution.  The factor of safety is determined by optimizing the 

approximated critical slip surface.  Optimization in Slope/W is a technique that incrementally 

alters segments of the approximated critical slip surface to find the shape with the lowest factor 

of safety.  By treating the waste as an impenetrable layer, Slope/W forces the failure plane into 

or along the interface of the ET cover material. 
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Block failure analysis is performed in Slope/W by evaluating a failure surface with three planes: 

a bottom failure plane and two planes projecting to the ground surface.  The user proposes the 

locations for the left and right blocks of potential intersections of the bottom and projected plane 

surfaces.  The block surface was then optimized for the lowest factor of safety. 

Automatic search of the failure plane, by Slope/W, with the waste treated as an impenetrable 

layer and block failure analysis with optimization of the failure surface was evaluated for static 

and seismic (pseudo-static) conditions for USEI Cells 14 and 15.  The factors of safety 

determined from the analyses are presented in Table 5.    

Table 5.  Analytical Method Factors of Safety 

 Factors of Safety 

 Cell 14 Cell 15 

Acceleration a 0.11 g 0.15 g 0.2 g 0.11 g 0.15 g 0.2 g 

Circular Failure Plane Analysis 

Morgenstern-Price 1.888 1.702 1.56 2.116 1.937 1.76 

Ordinary 1.870 1.741 1.62 1.863 1.701 1.54 

Bishop 2.208 2.012 1.85 2.136 1.954 1.78 

Janbu 1.755 1.604 1.46 1.817 1.656 1.50 

Auto Search with Impenetrable Layers and Optimization b 

Morgenstern-Price 1.287 1.178 1.072 1.211 1.114 1.017 

Ordinary 1.292 1.185 1.079 1.211 1.114 1.017 

Bishop 1.303 1.194 1.088 1.212 1.114 1.017 

Janbu 1.287 1.179 1.073 1.211 1.114 1.017 

Block Analysis with Optimization b 

Morgenstern-Price 1.288 1.179 1.073 1.220 1.121 1.023 

Ordinary 1.294 1.188 1.083 1.231 1.131 1.036 

Bishop 1.317 1.206 1.100 1.279 1.177 1.078 

Janbu 1.287 1.179 1.073 1.216 1.188 1.021 
a
 Morgernstern-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.  Morgernstern-Price satisfies both moment and force equilibrium.  For a thorough description, see Geo-Slope 
International Ltd. (2007). 

b
 Surface raveling failure 
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The slope stability calculations determined that ET soil cover with slopes not exceeding 3:1 will 

maintain proper stability for Cells 14 and 15. 
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7. Erosion and Stormwater Protection 

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

establishment of vegetation.  Calculations are provided in Appendix D2.  By not considering 

cover 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 

erosion. 

7.1 Erosion Due to Stormwater 

The calculation of soil erosion due to stormwater runoff (Appendix D2-1) used the revised 

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

maximum post-construction soil loss due to water erosion would be 0.34 ton per acre per year 

on the top of cover and 2.56 tons per year on the side slopes with application of 4 tons per acre 

of mulch, and 0.07 ton per acre per year on the top of cover and 0.51 ton per acre per year post 

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

provided in Table 6.  

Table 6.  Values Used in Calculation of Erosion Due to Stormwater 

Variables Value 

Rainfall erosivity factor, Re 31 

Vegetative cover and management factor, native 
vegetation, undisturbed, C 

0.01 

Vegetative cover and management factor, 
4 tons/acre, tacked down, C 

0.05 

Cover subfactor 25% gravel amended soil, Cf 0.5 

Conservation support practice factor - not used, Pc 1 

Organic matter, OM 0.01 

Slope steepness and length factor, LS 1.04 

Slope steepness and length factor, LS2 7.94 

Soil erodibility factor, Ks1 0.31 

Soil erodibility factor, Ks1water 0.0142 

Soil erodibility factor, Ks15 0.47 

Mean soil erodibility factor, K 0.417 
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7.2 Critical Distance of Gully Formation 

The calculation of critical distance of gully formation (Appendix D2-2) was completed to 

determine the critical distance before gully formation begins on the slopes of the final ET cover.  

The calculation was performed for cover soil amended with gravel and for unamended soil.  In 

order to provide a substantial factor of safety in the design, a 100-year 24-hour storm event with 

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

acceptance, the gully formation calculation was compared to a slope length of 300 feet for a 

3:1 side slope, exceeding the maximum slope length for the cover design for Cells 14 and 15.  

Table 7 provides input values used in this calculation. 

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

Variables Value 

Runoff intensity (qs) 1.07 inches/hour 

Effective diameter, gravel amended soil (D75) 0.5 inch 

Shear stress, gravel amended soil (ta) 0.2 lbf/ft2 

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) 2.9° (5 percent) 

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

lbf/ft
2
 = Pounds of force per square foot 

 

The critical distance for gully formation on the side slopes of the cover system is 655 feet for the 

gravel amended soil and 19.6 feet for the unamended soil.  The critical distance for the top of 

the cover system was determined to be 5,405 feet for the gravel amended soil and 162 feet for 

the unamended soil.   

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 

P:\_ES07-130\CvrPrmtMod-Rev3.O-10\PrmtMod_O25_TF.doc 35  



 

 

 

 
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 .  

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

which increases the potential for erosion.  The gravel amended soil provides the necessary 

erosion protection to prevent rilling and gully formation, even for conditions of a large storm 

event occurring prior to the establishment of vegetation. 

7.3 Wind Erosion 

The wind erosion equation (Chepil and Woodruff, 1963) was used to determine soil loss due to 

wind erosion.  This equation is solved using tabular and graphical analysis.  Copies of the 

determined variables and resulting soil loss are provided in Appendix D2-3. 

The wind erosion equation is expressed as follows: 

E = f (IKCLV) 

where E = estimated average annual soil loss (tons per acre per year) 

 f = a function of 

 I = soil erodibility index 

 K = soil surface roughness factor 

 C = climatic factor 

 L = the unsheltered distance 

 V = the vegetative cover factor 

In determining the potential amounts of soil loss from the final cover due to wind erosion, three 

different scenarios were considered:  

1. Vegetation and crusting had not developed on the final cover.  

2. Vegetation, but not crusting, had developed. 

3. Crust and vegetation were fully developed.   

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, and 0.3 ton per acre per year, respectively.  The 
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third value is expected to be the steady-state soil loss from the final cover and is attributed to 

the establishment of vegetation and crust of non-erodible materials (desert pavement) forming 

on the crust. 
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8. Vegetation Plan 

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

the cover surface, minimizes erosion, and removes moisture from the cover soil.  Vegetation will 

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

local 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 

and 11.  

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

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

through the process of transpiration, and are thus a critical component of the ET cover system.   

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

reduction performance.  In general, cool season grasses have a more fibrous root system, while 

warm season vegetation is more deeply rooted.  The key vegetation design requirement is that 

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

season plants green up in early spring and rapidly transpire water accumulated in the soil profile 

during winter.  Warm season plants transpire more effectively during the warm summer months, 

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

cool season vegetation, and the cover revegetation will simulate these natural conditions for 

well-adapted, sustainable vegetation.   

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

be planted at the appropriate time for successful germination and growth based on soil 

temperature and precipitation, to be determined each year at the time of planting.  Mulch will be 

applied as needed to control erosion and enhance vegetation establishment.  

The seed mix to be used at USEI Cells 14 and 15 shall consist of the following: 

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

 Siberian wheatgrass:  18 lb/acre 
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 Streambed wheatgrass:  18 lb/acre 

Seed will be applied by hydroseeding as an effective method to cover all of the side slopes and 

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

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

cellulose-based tackifier that keeps the mulch adhered to the soil until the seed germinates.  

A timed-release fertilizer can also be applied with the hydromulch.  Typical application rates are 

8,000 pounds per acre mulch, 50 pounds per acre tackifier, and 400 pounds per acre fertilizer.  

The final products and application rates used will be determined in consultation with the 

hydroseeding contractor at the time that seeding occurs.   

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

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

of elongated fiber strands held together by a bonding agent.  The BFM is intended to eliminate 

direct raindrop 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. 
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1. Scope 

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

the final cover systems for Cells 14 and 15 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  

 Proper extension of well risers and leachate collection system components 

 Revegetation 

 QA/quality control (QC) testing and inspection 

The final cover design for Cells 14 and 15 provides 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 
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 Excavation, placement, and grading of the soil rooting medium 

 Excavation, placement, and grading of the upper erosion protection layer (processing 

may be needed to incorporate gravel amendment)  

 Seeding and fertilizing to establish vegetation 

 Leachate collection riser extensions and piping modification 

 Monitor well riser extensions (L-28 and L-39) 

 Ancillary installations as needed to complete the above 

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 

and specifications referenced in this document refer to engineering design drawings for 

construction of the USEI final covers.  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 

Specifications applicable to the final cover system include Section 31 32 00 - Cover System 

Components.  The USEI final covers will consist of soil installed over waste disposal Cells 14 

and 15.  The cover system profile will include the following (from the bottom up): 

 Existing subgrade consisting of the following: 

 Waste 

 Intermediate cover 

 Side slope soil dikes (Cell 14 only) 

 Other existing soil 

 Select cover subgrade soil (0 to approximately 10 feet thick) 

 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.  
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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  

 Leachate and monitor well riser extensions  

 Riser Modification Construction and Materials Plan 

 Pipe test records 

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 
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Representative shall submit daily reports to the QA Engineer on a weekly basis or more 

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.  For the leachate and monitor 

well riser components, the record drawings shall include all piping, electrical, and control details 

and dimensions.  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 and modifications to the leachate collection system and monitor wells. 

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  
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 Laboratory test results (including pre-construction testing) 

 Field testing results (including pre-construction testing)  

 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.   

 Existing vegetation on the Cell 14 sideslope soil dikes shall not be removed prior to 

cover soil placement.  This sparse, low vegetation will not cause a detriment to the 

construction or CQA. 

 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 Cells 14 and 15, 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 
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Engineer.  The project limits will be staked out by the Owner or his representative based on 

record drawings. 

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 or soil dikes 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 covers for Cells 14 and 15 will be ET covers 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 
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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. Leachate System and Monitor Well Extensions 

6.1 General 

Specifications applicable to the leachate system and monitor well extensions include 

Section 33 24 14 - Well Riser Modification, Section 40 14 49 - HDPE Pipe, specification used for 

construction of the liner and leachate collection system, US Ecology Idaho, Cell 15, 

Section 15062 - Piping and Mechanical, November 15, 2002, and specification used for 

construction of the liner and leachate collection system, US Ecology Idaho, Cell 15, 

Section 16050 - Electrical Work, September 30, 2002.  The existing leachate collection system 

components in Cells 14 and 15 will require extensions and modifications as an integral 

component of the cover construction project.  Two existing groundwater monitor wells will 

require wellhead extensions as part of Cell 14 cover construction.  The Contractor shall be 

responsible for necessary extensions and modifications in accordance with the design drawings 

and specifications, including: 

 Leachate collection riser extensions and piping modification, including the following: 

 primary leachate collection vertical manhole extensions for Phases 1, 2, and 3 of 

Cell 14 

 secondary leachate collection lateral extensions for Phases 1, 2, and 3 of Cell 14 

 both primary and secondary lateral extensions for Phases 4, 5, and 6 of Cell 14 

 both primary and secondary lateral extensions for Phases 1, 2, 3/4 of Cell 15 

 Relocation of existing leachate pump controls 

 Extension of all piping, hose, cable, and electrical components 

 Installation of buried, double-wall high-density polyethylene (HDPE) leachate 

conveyance pipe outside the Cell 15 cover 

 Extension of groundwater monitor well wellheads for wells L-28 and L-39 to extend 

above the Cell 14 final cover grades 
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6.2 Installation 

The Contractor shall prepare a written plan for the construction of the leachate riser extensions 

and monitor well risers.  The plan shall include all materials and methods to be used.  The plan 

shall be accepted in writing by the QA Engineer and the Idaho DEQ prior to commencement of 

construction.  All materials and methods used in the riser extensions shall be consistent with the 

existing materials.  Existing materials and equipment shall be modified and reused to the extent 

practicable. 

The QA Engineer shall inspect the installation of riser extensions.  After completion of any 

section of pipe, the grades, joints, and alignment shall be true to line and grade.  The pipe shall 

be completely free from any cracks and from protruding joint materials, deposits of sand, dirt, 

debris, or other materials on the inside. 

6.3 Health and Safety 

Health and safety monitoring is a critical aspect of the leachate system extensions.  Vapor 

within the leachate risers is potentially toxic, explosive, or deficient in oxygen.  The Contractor 

shall provide a site-specific health and safety plan (HASP) to the QA Engineer for approval.  

The HASP shall address monitoring methods, engineering controls (such as ventilation 

systems), and construction methods that ensure worker health and safety.   

6.4 Material Properties 

All materials used for extension of the existing structures shall conform to the specification used 

for construction of the liner and leachate collection system, US Ecology Idaho, Cell 15, 

Section 15062 - Piping and Mechanical, November 15, 2002, and the specification used for 

construction of the liner and leachate collection system, US Ecology Idaho, Cell 15, 

Section 16050 - Electrical Work, September 30, 2002.  New piping structure materials shall 

adhere to Section 40 14 49, HDPE Pipe. 
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6.4.1 HDPE Pipe 

The HDPE pipe used for the systems shall be manufactured in accordance with ASTM D714 

and have the following physical characteristics: 

 The pipe shall be as uniform as commercially practical in color, opacity, density, and 

other physical properties. 

 Apart from structural voids and hollows associated with some profile wall designs, the 

pipe fittings shall be homogeneous throughout and free from visible cracks, holes, 

foreign inclusions, or other defects. 

6.4.2 HDPE Pipe Fittings 

End caps for the clean-out risers will be of low-pressure type HDPE, or similar.  HDPE fittings 

shall be manufactured in accordance with the requirements of ASTM D3350. 

6.5 Manufacturer Quality Control Documentation 

Prior to installation of any pipe, the Contractor shall provide the following information certified by 

the manufacturer for the delivered pipe: 

 Manufacturer's certification verifying that the quality of the raw materials used to 

manufacture the pipe meets the manufacturer specifications 

 The following identification information for each pipe length delivered to the project site: 

 Manufacturer's name 

 Pipe size 

 Ring stiffness constant classification or SDR number 

 Production code designating plant location, machine, and date of manufacture 
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6.6 Delivery, Storage, and Handling 

Off-loading and storage of the HDPE pipe shall be performed by the Contractor.  Storage of the 

pipe shall not exceed 17 rows high, per manufacturer's recommendation. 

The Contractor shall be responsible for moving the pipes and fittings from the storage area to 

the area of pipe installation.  The Contractor shall be responsible for replacing any material 

damaged during transport or installation. 

6.7 Quality Assurance 

Each length of pipe produced shall be checked at the factory by production staff for the items 

listed below.  The results of all measurements shall be recorded on production sheets that 

become part of the manufacturer's permanent records. 

 Pipe in process shall be checked visually, inside and out, for cosmetic defects (grooves, 

pits, hollows, etc.). 

 Pipe outside diameter shall be measured using a suitable periphery tape to ensure 

conformance with ASTM D1785. 

 Pipe wall thickness shall be measured at 12 equally spaced locations around the 

circumference at both ends of the pipe to ensure conformance with the manufacturer's 

specifications. 

 Pipe length shall be measured. 

 Pipe marking shall be examined and checked for accuracy. 

 Pipe ends shall be checked to ensure they are cut square and clean. 
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7. 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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8. 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.  

8.1 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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8.2 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) 

8.3 Plastic Pipe 

ASTM D256: Test Methods for Determining the Impact Resistance of Notched Specimens 

of Plastics 

ASTM D638: Test Method for Tensile Properties of Plastics 

ASTM D746: Test Method for Brittleness Temperature of Plastics and Elastomers by 

Impact 

ASTM D790: Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics 

and Electrical Insulating Materials 

ASTM D1238: Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer 

ASTM D1248: Specification for Polyethylene Plastics Molding and Extrusion Materials 

ASTM D1505: Test Method for Density of Plastics by the Density-Gradient Technique 

ASTM D2774: Standard Practice for Underground Installation of Thermoplastic Pressure 

Piping 
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ASTM D2837: Test Method for Obtaining Hydrostatic Design Basis for Thermoplastic Pipe 

Materials 

ASTM D2240-05: Test Method for Rubber Property-Durometer Hardness 

ASTM D380: Methods of Testing Rubber Hose 

ASTM D1525: Test Method for Vicat Softening Temperature of Plastics 

ASTM D1603: Test Method for Carbon Black in Olefin Plastics 

ASTM D1693: Test Method for Environmental Stress-Cracking of Ethylene Plastics 

ASTM D696: Test Method for Coefficient of Linear Thermal Expansion of Plastics Between 

-30°C and 30°C 

ASTM D2513: Specification for Thermoplastic Gas Pressure Pipe, Tubing, and Fittings 

ASTM D2657: Practice for Heat Joining of Polyolefin Pipe and Fittings 

ASTM D2683: Specification for Socket-Type Polyethylene Fittings for Outside-Diameter 

Controlled Polyethylene Pipe and Tubing 

ASTM D3350: Specification for Polyethylene Plastic Pipe and Fitting Materials 
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Soil Rooting Medium Sampling and Analysis Plan 

Soil Characterization for Evapotranspiration Cover  

US Ecology Idaho Cells 14 and 15 

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 Cells 14 and 15.   

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 850,000 yd3 of soil will be required to construct covers for Cells 14 

and 15.  The soil rooting medium layer in the final covers requires approximately 450,000 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 

The soil borrow area illustrated on Figure 1-1 is approximately 318 acres.  The borrow area is 

known as the Steiner property, which is owned by US Ecology.  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 5-foot depth of excavation, soil rooting medium samples 

will need to be collected from an area of approximately 60 acres, selected within the 318-acre 

borrow area.  At a testing rate of 1 per 5,000 yd3 of soil rooting medium, approximately 90 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 

45 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 60 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 

160-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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SECTION 01 20 00 

MEASUREMENT AND PAYMENT 

PART 1 GENERAL 

1.1 Progress Payments 

A. Each progress payment shall include three (3) copies of the detailed reports (monthly 
reports).  The Contractor’s monthly reports shall contain: 
1. Description of Work accomplished since submission of previous progress 

schedule; 
2. Comparison of the actual status of the Work with Contractor’s original and 

current project schedule; 
3. Status of equipment and material deliveries. The Contractor shall enumerate all 

orders placed for major equipment or materials with date of order and, if 
possible, date of anticipated delivery; 

4. The Contractor shall state the availability of all materials, work fabrications, 
and/or equipment specified; 

5. Personnel staffing schedule; 
6. Revision of schedules (if any); 
7. Action proposed to restore schedule. 

B. Each pay application shall also include all Daily Field Reports processed by the 
Contractor during the month for the associated pay application. 

1.2 Schedule of Values 

A. Before the first Application for Payment, the Contractor shall submit to the Owner a 
Schedule of Values allocated to the various portions of the Work, and supported by such 
data to substantiate its accuracy as the Engineer and the Owner may require.  This 
schedule, unless objected to by the Owner shall be used only as a basis for the 
Contractor's Applications for Payment. 

1.3 Applications for Payment 

A. Per the Contract Documents, the Contractor shall meet with the Engineer and Owner and 
submit a completed Progress Report, in accordance with the requirements of Contract 
Documents, supported by such data substantiating the Contractor's right to payment as 
the Owner or Engineer may require. Contractor shall also certify that he has paid all due 
and payable amounts for which previous certificates for payment were issued and 
payments received from the Owner. 

B. The submission and approval of the Construction Schedule and monthly updates thereof 
as required by the Contract Documents shall be an integral part and basic element of the 
Application upon which progress payment shall be made.  The Contractor shall be 
entitled to progress payments only upon substantial compliance with all requirements for 
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the construction schedule.  Compliance with this requirement shall be a condition 
precedent to the processing of Contractor's Applications. 

C. The Contractor's Application for Payment shall show percentage of work completed for 
each application, total percentage of work completed for each application, total 
percentage complete-to-date and balance of work remaining for each bid item. 

D. The Contractor shall promptly pay each Subcontractor (including suppliers, laborers and 
material men) performing labor or furnishing material for the Work upon receipt of 
payment from the Owner.  The Contractor shall, by an appropriate agreement with each 
Subcontractor, also require each Subcontractor to make payments to Sub-subcontractors 
in similar manner. 

E. The Owner may, on request and at Owner's discretion, furnish to any Subcontractor, if 
practicable, information regarding the percentages of completion or the amounts applied 
for by the Contractor and the action taken thereon by the Engineer on account of Work 
done by such Subcontractors. 

F. Neither the Owner nor the Engineer shall have any obligation to pay or to see to the 
payment of any monies to any Subcontractor except as may otherwise be required by law. 

G. No Certificate for a progress payment, nor any progress payment, nor any partial or entire 
use or occupancy of the Project by the Owner, shall constitute an acceptance of any Work 
which is not in accordance with the Contract Documents. 

1.4 Payments Withheld 

A. The Owner and Engineer may decline to certify payment and may withhold the 
Certificate in whole or in part, to the extent necessary to protect the Owner, if in their 
opinion the Contractor is unable to make correct and accurate representations to the 
Owner.  If the Engineer is unable to make representations to the Owner and to certify 
payment in the amount of the Application, they shall notify the Contractor.  If the 
Contractor and the Engineer cannot agree on a revised amount, the Engineer shall 
promptly issue a Certificate for Payment in the amount for which they are able to make 
such representations to the Owner.  The Engineer may also decline to certify payment or 
any part thereof or, because of subsequent observations, they may nullify the whole or 
any part of any Certificate for Payment previously issued, to such extent as may be 
necessary in their opinion to protect the Owner from loss because of: 
1. Defective work not remedied; 
2. Third party claims filed or reasonable evidence indicating probable filing of such 

claims; 
3. Failure of the Contractor to make payments properly to Subcontractors or for 

labor, materials or equipment; 
4. Reasonable evidence that the Work cannot be completed for the unpaid balance 

of the Contract Sum; 
5. Damage to the Owner or another Subcontractor; 
6. Reasonable evidence that the Work will not be or has not been completed within 

the Contract Time or Specific Dates; 
7. Failure to carry out the Work in accordance with the Contract Documents; 
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8. Liens or stop notices filed or reason to believe it is probable same will be filed 
for any portion of the Work; or 

9. Failure or refusal of the Contractor to fully comply with the contract 
requirements. 

10. Not maintaining "as-built" drawings. 
11. Not submitting coordination drawings. 

1.5 Stored Materials 

A. At the time the schedule of values is developed the Contractor shall submit a listing of 
those items proposed as stored equipment and materials for which payment will be 
requested. Payment shall not be considered for items which are incorporated into the 
work on a continuing basis or for materials which are available as shelf or warehouse 
items.  Materials shall be properly stored and protected from the elements.  Receipts shall 
be provided substantiating that payment has been made for the materials and/or 
equipment. Stored materials shall be housed within 30 (thirty) miles of the project site, be 
accessible for review by the Engineer and/or Owner (should they desire), housed in a 
bonded warehouse with the Owner listed as co-insured, and separated and easily 
identified as specific to this project. All applicable papers shall be attached to the pay 
application for payment consideration. 

1.6 Lien Waivers 

A. For each progress payment application the Contractor shall include lien waivers signed 
and notarized by each Subcontractor paid for the previous month. 

END OF SECTION 
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SECTION 01 22 00 

UNIT PRICES 

PART 1 GENERAL 

1.1 Work Under This Contract 

A. See General Conditions and Supplementary Conditions, which apply to all work. All 
related work not specifically affected by the unit prices shall be accomplished according 
to the basic specifications. See drawings, specifications, or schedules for all items and 
construction covered by this section. 

B. Each bidder shall submit on the form(s) provided unit price proposals stating the price 
(additions or deletions) from the base bid for adding, deleting or substituting the materials 
and/or systems described hereunder. 

1.2 General Provisions 

A. Each Unit Price represents the aggregate lump-sum cost to the Owner, per unit of 
measure stated, including, but not limited to, materials, delivery, handling, on-site labor 
and installation, adjustments to related Work, overhead, profit and similar fees for 
administration/supervision, and proportionate shares of such general expenses as bond 
and insurance premiums, temporary construction facilities, and temporary controls. 

B. Owner and Engineer shall give prompt and reasonable notice to the Contractor of 
proposed revisions to the scope of the work, to not unreasonably delay the construction 
schedule for the affected Work or the Date of Substantial Completion.  Adjustments to 
the Contract Sum, due to the application of Unit Prices, shall be computed on a net basis 
(cost of work added less the cost of Work deleted) calculated for the entire Project. 

C. Items and quantities of Work are estimated to vary from the Contract Documents as of 
the date of the Owner-Contractor Agreement by not more than, nor less than 15 percent. 
If the ultimate quantities substantially exceed said percentage, Unit Prices are subject to 
adjustment in accordance with the General Conditions. 

D. Products and Execution requirements for the Work of all Unit Prices is indicated on the 
Drawings and specified in applicable Sections of the Specifications; either specifically 
for the Work of the Unit Prices or for similar Work which is otherwise required for the 
basic work of the contract. 

E. The Final Contract Sum shall be adjusted by Change Order to reflect final quantities or 
adjusted costs for Unit Prices. 

1.3 Payment Quantities 

A. Quantities for payment to the Contractor shall be based on in-place quantities constructed 
in accordance with the Drawings and Specifications. 
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B. Earthwork quantities shall be calculated based on surveys conducted at appropriate stages 
of construction, before and after earthwork is conducted. 

C. Earthwork quantities shall be based on in-place densities that meet the density 
requirements in the Drawings and Specifications.  Contractor costs and requests for 
payment shall reflect in-place quantities and densities.  Payment for in-place earthwork 
quantities shall be inclusive of all costs for excavation, loading, hauling, grading, 
compaction, and other associated work.  No additional payment shall be provided based 
on measurement of soil excavated or loads hauled. 

D. Payment quantities shall be based strictly on design requirements as shown in the 
Drawings and Specifications.  Payment shall be based on design dimensions, which shall 
be met as a minimum by the Contractor.  For example, payment quantities for a 6-inch 
compacted soil subgrade will be paid based on a uniform 6-inch in-place thickness, and 
although the Specifications may allow for a tolerance of greater thickness, any added 
material would be placed at the Contractor's convenience to facilitate construction and 
would not be paid in addition to the required quantity. 

E. All adjustments to the quantities in the Bid Form shall be documented by the Contractor.  
The Contractor shall submit all requests for quantity adjustments in writing for the 
Engineer's review.  Payment increases are subject to approval by the Owner and 
Engineer. 

END OF SECTION 
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SECTION 01 25 00 

SUBSTITUTION PROCEDURES 

PART 1 GENERAL 

1.1 Description 

A. This section describes standards used in specifying products, materials and equipment 
and options available to Bidders and the Contractor for securing approval of proposed 
substitutions.  

1.2 Product Options 

A. Products, materials and equipment furnished under the Contract shall conform to 
standards of quality, function, appearance and dimension established by the Contract 
Documents. Reference in the Specifications to a manufacturer’s name and/or model 
number is not meant to exclude alternative products, which meet the requirements of the 
Contract Documents form consideration through the Prior Approval process. 

B. For products specified by reference to national standards such as ASTM, ACI, etc., and 
where no manufacturer and/or model number is specified, use only products meeting 
such standards. Referenced standards shall be those standards currently enforced by 
public authorities or utilities having jurisdiction. Prior Approval is not required for 
products specified by reference to national standards.  

C. For products specified by listing one or more manufacturers and/or model numbers, 
select any manufacturer listed whose product conforms to the standards of quality, 
function, appearance and dimension established by the Contract Documents. 

1.3 Substitutions – Prior to Receipt of Bid (Prior Approval) 

A. During bidding the Owner shall consider written requests for substitutions, received at 
least seven (7) days prior to bid date; requests received after that time shall not be 
considered. Requests for substitutions shall be made only in writing to the Owner through 
the Engineer. The Engineer shall make recommendations on proposed substitutions; the 
Owner shall make final decisions.  

B. In connection with the use of any substitute item accepted by the Owner, it shall be the 
Contractor's responsibility to see that such items meet all space requirements, and that 
any alterations to connecting items necessitated by use of the alternate items are properly 
made, at no increase in cost to the Owner. 

C. In making request for substitution, Bidder/Contractor represents that: 
1. Bidder/Contractor has investigated the proposed product or method and 

determined that it is equal or better in all respects to that specified and that it 
fully complies with all requirements of the Contract Documents. 
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2. Bidder/Contractor shall meet all contract obligations with regards to this 
substitution. 

3. Bidder/Contractor shall coordinate installation of accepted substitutions into the 
work, making all such changes and any required schedule adjustments, at no 
additional cost to the Owner, as may be required for the work to be completed in 
all respects. 

4. Bidder/Contractor waives all claims for additional costs and additional time 
related to substitutions, which consequently become apparent. Bidder/Contractor 
also agrees to hold the Owner harmless from claims for extra costs and time 
incurred by other subcontractors and suppliers, or additional services which may 
have to be performed by the Engineer, for changes or extra work that may, at 
some time or date, be determined to be necessary in order for the Work to 
function in the manner intended in the Contract Documents. 

5. Bidder/Contractor shall provide the same warranty and guarantee, and perform 
any work required in accordance therewith, for the substitution that is applicable 
to the specified item for which the substitution is requested. 

6. Material shall be installed, handled, stored, adjusted, tested, and operated in 
accordance with the manufacturers' recommendation and as specified. 

7. In all cases new materials shall be used unless this provision is waived by notice 
from the Owner, or the Engineer, or unless otherwise specified in the Contract 
Documents. 

8. All material and workmanship shall in every respect be in accordance with that in 
the opinion of the Owner, or design Engineer is in conformity with approved 
modern practice. 

9. Contractor is to provide a statement as to the advantages to the Owner if a 
substitution is permitted. 

1.4 Substitutions After Contract Execution 

A. After the Contract has been executed, a formal request for the substitution of alternate 
products, not approved prior, shall be considered in place of those specified under the 
following conditions: 
1. Specified product cannot be delivered without project delay, or 
2. Specified product has been discontinued, or 
3. Specified product has been replaced by superior product, or 
4. Specified product cannot be guaranteed as specified, or 
5. Specified product will not fit within designated space, or 
6. Substitution otherwise determined by the Owner to be in his best interest. 

B. The request shall be accompanied by complete data on the proposed substitution 
substantiating compliance with the Contract Documents, including: product identification 
and description, performance and test data, references and samples (where applicable), 
and an itemized comparison of the proposed substitution with the products specified or 
named by addenda, with data relating to contract time schedule, design and artistic effect 
where applicable, and its relationship to separate contract. 

C. The request shall be accompanied by accurate cost data on the proposed substitution in 
comparison with the product specified, whether or not modification of the Contract Sum 
is to be a consideration. 
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D. Requests for substitution after the contract has been executed, as stated above, when 
forwarded by the Contractor to the Engineer for the Owner's review and approval, are 
understood to mean that the Contractor: 
1. Represents that Contractor has personally investigated the proposed substitute 

product and determined that it is equal or superior in all respects to that specified. 
2. Shall provide at least the same warranty for the substitution that Contractor 

would for that specified. 
3. Certifies that the cost data presented is complete and includes all related costs 

under this Contract, but excludes costs under separate contracts and the 
Engineer's redesign costs, and that Contractor waives all claims for additional 
cost related to the substitution which subsequently become apparent. 

4. Shall coordinate the installation of the accepted substitute, making such changes 
as may be required for the work to be completed in all respects. 

E. Substitutions shall not be considered if: 
1. They are indicated or implied on shop drawing submissions without the formal 

request required in subparagraph under SUBSTITUTIONS above. 
2. For their implementation they require a substantial revision of the Contract 

Documents in order to accommodate their use. 

F. Substitutions, if acceptable to the Owner, shall be incorporated into the Contract 
Documents by means of a Change Order. 

END OF SECTION 
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SECTION 01 31 00 

COORDINATION 

PART 1 GENERAL 

1.1 Division of Specifications and Drawings 

A. The Contract Specifications and Drawings are divided into sections for the convenience 
of the Contractor.  These divisions are not for the purpose of apportioning work or 
assigning responsibility among subcontractors, suppliers, and manufacturers, and shall 
not relieve the Contractor of the responsibility for fully coordinating the completion of all 
work as shown. 

1.2 Design Clarification, Errors, and Omissions 

A. Should the Contractor require clarification or interpretation of the Contract, or become 
aware of any claimed error or omission, Contractor shall immediately inform the 
Engineer in writing. The Engineer shall promptly review the circumstances and 
determine the appropriate corrective action, if any, and so advise the Contractor. 

1.3 Manufacturers' Specifications 

A. When no specification information is supplied, manufacturers' specifications and 
recommendations for installing materials, equipment and appurtenances as a part of this 
Contract shall govern the installation unless in conflict with other specified requirements 
or local conditions, in which case the approval of the Owner shall be obtained before 
proceeding. 

1.4 Examination of Preparatory Work 

A. Before starting a section of work, the Contractor or responsible Subcontractor shall 
carefully examine all preparatory work that has been executed.  Contractor shall check 
carefully, by whatever means are required, to ensure that the work shall finish to proper 
contours, planes, and levels.  The Subcontractor shall promptly notify the General 
Contractor, who shall notify the Owner in writing, of any defects or imperfections in 
preparatory work which in any way affect satisfactory completion of the final product.  
Absence of such notification shall be construed as an acceptance of preparatory work, 
and later claims of defects or delays therein shall not be recognized.  Under no condition 
shall a section of work proceed prior to preparatory work having been completed, cured, 
dried, and otherwise made satisfactory to receive such related work.  Responsibility for 
timely installation of all materials rests solely with the General Contractor, who shall 
maintain coordination control at all times. 

1.5 Field Measurement and Drawing Dimensions 

A. Before ordering any material or doing any work, the Contractor shall field-verify all 
dimensions and measurements with the Contract Documents.  Any significant differences 



US Ecology Idaho   
   
 

 
DBS&A  Coordination 
October 2010  01 31 00 - 2 

shall be promptly reported according to DESIGN CLARIFICATION, ERRORS, AND 
OMISSIONS above.  No claims for additional Contractor costs or time shall be 
recognized for any conditions not so reported. 

B. Actual dimensions or drawings or notes indicating dimensions shall be used instead of 
measurements of the drawings by scale, and shall be strictly complied with.  No scaled 
measurements shall be used as dimensions to work to.  Figures on drawings, as well as 
detail drawings themselves are subject in every case to measurements of adjacent or 
incorporated work.  All such measurements necessary shall be made before undertaking 
any work dependent upon such data. 

1.6 Description of Work 

A. These coordination requirements shall be participated in by the Contractor and each 
Subcontractor, even though certain items of work may be assigned to a specific 
contractor. 

PART 2 COORDINATION AND MEETINGS 

2.1 Administrative/Supervisory Personnel 

A. General: 
1. In addition to the General Superintendent and other administrative and 

supervisory personnel required for performance of the work, the Contractor shall 
provide specific coordinating personnel as reasonably required for interfacing 
with other work of the total project. 

2. For the purpose of his provision, "interfacing" includes: scheduling and 
sequencing, sharing of access, installations, protection of each other's work, 
cutting and patching, tolerances, cleaning, selections for compatibility, 
preparation of coordination drawings, inspections, tests, and temporary facilities 
and services. 

B. Project Coordinator: The Contractor shall provide a full-time Superintendent who is 
experienced in administration and supervision of earthwork and liner installation. 

C. Submittal of Staff Names, Duties: At the Pre-Construction Meeting the Contractor shall 
submit a listing of Contractor's principal staff assignments, naming persons and listing 
their telephone numbers as well as a listing of his subcontractors. This listing shall 
include the resume of the Contractor’s proposed Superintendent. The Owner shall have 
seven (7) days upon receipt of the resume(s) to disapprove the staff. The Owner’s 
acceptance or disapproval of the staff shall not affect the bid. The staff shall have 
experience at a minimum of two projects of similar size and scope.  

2.2 Scheduling 

A. Contractor shall be responsible for his construction schedule utilizing Microsoft Project, 
current version, or other system proposed by the Contractor and approved by Owner and 
Engineer. 
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2.3 Limitations on Use of the Site 

A. General: Limitations and requirements, the Contractor shall administer allocation of 
available space equitably among the separate Subcontractors and other entities needing 
access and space, so as to produce the best overall efficiency in performance of the total 
work of the project.  Each Subcontractor shall schedule deliveries so as to minimize 
space and time requirements for storage of materials and equipment on site. 

B. Site Access:  The Contractor shall not enter on or occupy with personnel, tools, 
equipment, or material, any ground outside the construction area without approval of the 
Owner.  Other contractors, employees, or agents of the Owner may, for business 
purposes, enter the work site and premises used by the Contractor.   

C. Coordination with Owner's Operations: The Contractor’s use of the site is primarily 
restricted to the limit of construction activity as shown in the Construction Drawings.  
The Contractor shall not impede any work being done by others unless necessary as 
determined by the Engineer.  Movement of the Contractor’s equipment will be required 
to obtain borrow soils and access the source of construction water.  The Contractor shall 
coordinate all movement of personnel and equipment with the Owner to ensure efficient 
and safe operations for both the Owner and Contractor.  The Contractor shall follow 
instructions from the Owner for designated routes of travel within the landfill to 
minimize interruption of landfill operations. 

D. Protection of Site: Except as otherwise provided herein, the Contractor shall protect all 
existing fences, structures, utilities, etc.  During progress of the work, the Contractor shall 
remove all debris and unused materials and shall, upon completion of the work, restore 
the site as nearly as possible to its original condition to the satisfaction of the Owner.  
The restoration shall include the replacement, at the Contractor's sole expense, of any 
facility that has been destroyed or damaged beyond restoration. 

E. Safety Requirements: The Contractor shall comply with all pertinent provisions of the 
site-specific Health and Safety Plan (HASP).  The Contractor shall inspect the site for the 
presence of overhead and underground utilities and shall satisfy himself in regard to their 
existence and locations prior to submitting his bid.  Contractor shall have utilities spotted 
prior to beginning any subsurface work.  A safe distance shall be maintained between 
equipment and materials and power lines.  The Contractor shall provide temporary 
fencing, caution signs, or barricades as necessary to ensure the safety of personnel at the 
site and people adjacent to or passing by the site. 

2.4 General Installation Provisions 

A. Pre-Installation Conferences: The Contractor shall coordinate with the Engineer the 
scheduling and holding of pre-installation meeting(s) at the project site well before 
installation of each unit of work which requires coordination with other units of work.  
Other Subcontractors involved in the unit of work as well as the installer and 
representatives of manufacturers and fabricators who are involved in or affected by that 
unit of work and with its coordination or integration with other work that has preceded or 
will follow shall attend this meeting.  Pre-installation meetings may coincide with 
regularly scheduled construction progress meetings or be scheduled at the request of the 



US Ecology Idaho   
   
 

 
DBS&A  Coordination 
October 2010  01 31 00 - 4 

Contractor. The Contractor shall give the Engineer seventy-two (72) hour notifications 
for all pre-installation meetings. The Engineer shall advise the Owner of scheduled 
meeting dates. 
1. At each meeting review progress of other work and preparation for the particular 

work under consideration including specific requirements for the following: 
a. Contract Documents 
b. Options 
c. Related Change Orders 
d. Purchases 
e. Deliveries 
f. Shop Drawings, Product Data and Quality Control Samples 
g. Possible Conflicts and Compatibility Problems 
h. Time Schedules 
i. Weather Limitations 
j. Manufacturers Recommendations 
k. Compatibility of Materials 
l. Acceptability of Substances 
m. Temporary Facilities 
n. Space and Access Limitations 
o. Regulations 
p. Safety 
q. Inspection and Testing Requirements 
r. Required Performance Results 
s. Recording Requirements 
t. Protection 

2. The Contractor shall record significant discussions of each conference and shall 
record agreements and disagreements along with the final plan of action. The 
Contractor shall distribute the record of the meeting promptly to everyone 
concerned, including the Owner and Engineer. 

3. Contractor shall not proceed with the unit of work where the pre-installation 
conference cannot be successfully concluded.  The Contractor shall initiate 
whatever actions are necessary to resolve impediments to performance of the 
work and shall reconvene pre-installation conference at the earliest feasible date. 

4. Installer's Inspection of Conditions: The Contractor involved shall require the 
Installer of each major unit of work to inspect the substrate to receive the work 
and the conditions under which the work is to be performed.  The Installer shall 
report all unsatisfactory conditions in writing to the Engineer and the Contractor.  
Work shall not proceed until unsatisfactory conditions have been corrected in a 
manner acceptable to the Installer. 

B. Manufacturer's Instructions: Where installations include manufactured products, 
Contractor shall comply with the manufacturer's applicable instructions and 
recommendations for installation, to the extent that these instructions and 
recommendations are more explicit or more stringent than requirements indicated in the 
Contract Documents. 
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C. Inspection Prior to Installation: The Contractor shall, as applicable to his work, inspect 
each item of materials or equipment immediately prior to installation and reject damaged 
and defective items. 

D. Weather: The Contractor shall install each unit of work during weather conditions and 
project status, which ensures the best possible results in coordination with the entire 
work.  Isolate each unit of work from incompatible work necessary to prevent 
deterioration. 

E. Enclosure of the Work: The Contractor shall coordinate the closing-in of the work with 
required inspections and tests, so as to minimize the necessity of uncovering work for 
that purpose. 

2.5 Cleaning and Protection 

A. General: During handling and installation of work at the project site, the Contractor shall 
clean and protect work in progress and adjoining work on the basis of continuous 
maintenance; and shall apply protective covering on installed work where it is required to 
endure freedom from damage or deterioration at the time of substantial completion. 
1. The Contractor shall clean and perform maintenance on installed work as 

frequently as necessary through the remainder of the construction period. 
2. The Contractor shall remove rubbish and waste material resulting from his work 

on a daily basis and as directed by the Owner and Engineer. 

B. Limiting Exposure of Work: To the extent possible through reasonable control and 
protection methods, the Contractor shall supervise performance of the work in such a 
manner and by such means which ensures that none of the work, whether completed or in 
progress, is subjected to harmful, dangerous, damaging or otherwise deleterious exposure 
during the construction period.  Such exposure includes, where applicable, but not by 
way of limitation, the following: 
1. Excessive static or dynamic loading 
2. Excessive internal or external pressures 
3. Excessively high or low temperatures 
4. Water or ice 
5. Solvents 
6. Chemicals 
7. Puncture 
8. Abrasion 
9. Heavy traffic 
10. Soiling 
11. Bacteria 
12. Insect infestation 
13. Combustion 
14. Electrical current 
15. Incompatible interface 
16. Destructive testing 
17. Misalignment 
18. Excessive weathering 
19. Unprotected storage 
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20. Improper shipping or handling 
21. Theft 
22. Vandalism 

2.6 Conservation and Salvage 

A. It is a requirement for Contractor's supervision and administration of the work that 
construction operations be carried out with the maximum possible consideration given to 
conservation of energy, water and materials.  In addition, maximum consideration shall 
be given to salvaging materials and equipment involved in performance of the work, but 
not incorporated therein. 

END OF SECTION 
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SECTION 01 33 00 

SUBMITTALS 

PART 1 GENERAL 

1.1 Description of Work   

A. This section includes administrative and procedural requirements for submittals required 
for performance of the work, including: 
1. Type A - Shop Drawings 
2. Type B - Catalog Data 
3. Type C - Installation Instructions 
4. Type D - Operating Manual, Maintenance Instructions and Parts List 
5. Type E - Internal Wiring Diagrams 
6. Type S - Special 

1.2 Purpose of Submittal Review 

A. Contractor Responsibility:  The Contractor's responsibility with respect to submittals 
shall be to review, stamp, and submit all submittals in the proper format and in a timely 
manner.  The General Contractor shall be responsible for the following items and shall 
not submit a request for approval of said items but shall be ultimately and solely 
responsible for them: 
1. Field verification and confirmation of all dimensions for proper fit of all 

materials.  Sub-contractors' requests for field verification of dimensions shall be 
addressed by the General Contractor prior to submitting shop drawings to the 
Engineer. 

2. Field verification and confirmation of quantities of materials. 
3. Fabrication processes and techniques of construction. 

B. Engineer:  Submittals shall be reviewed by the Engineer for the sole purpose of checking 
general conformance with the design concepts of the project and general compliance with 
the contract documents.  Any action shown is subject to the requirements of the contract 
documents including plans and specifications and does not relieve the Contractor from 
compliance with all provisions and requirements therein.  Approval of a submittal does 
not relieve the Contractor of his responsibility for correcting any errors which may exist 
in the submittal or for meeting the requirements of the contract documents. 

1.3 When Submittals are Required and Not Required 

A. General: The submittals required by the Specifications are those which the Engineer shall 
review.  The Contractor may, at the Contractor's discretion, require additional submittals 
from Subcontractors and suppliers as may be necessary to construct the project. 

B. Product Data Not Required: If the Contractor is furnishing the specified item, unless 
specifically requested. 

C. Product Data Required: If specifically requested by the Contract Documents, or if the 
product being furnished is: 
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1. By another "Acceptable Manufacturer" listed in the Specification; or 
2. A Prior Approval Substitution; or 
3. Other approved substitution. 

D. Shop Drawings Not Required: If the Contractor is furnishing the specified item, which is 
of "standard manufacture" and not "custom fabricated" for the particular project, unless 
specifically requested. 

E. Shop Drawings Required: If specifically requested by the Contract Documents, or if the 
product being furnished is: 
1. "Custom fabricated" for the Project; or 
2. By another "Acceptable Manufacturer" listed in the Specification; or 
3. A Prior Approval Substitution; or 
4. Other approved substitution. 

F. Samples Not Required: If the Contractor is furnishing the specified item which is of 
"standard manufacture" for which color, texture, or other aesthetic required is included in 
the specification.  If current product color samples are on file in Engineer's office, 
submittals for color selection are not required.  Contractor shall verify that these samples 
are on file and that they are current samples. 

G. Samples Required: If specifically requested by the Contract Documents, or if the product 
being furnished is: 
1. "Custom fabricated" for the project; or 
2. Field finished; or 
3. By another "Acceptable Manufacturer" listed in the specification; or 
4. A prior approval substitution; or 
5. Other approved substitution; or 
6. Pattern, color or texture selection is to be made and current sample is not on file 

in Engineer's office. 

1.4 Manufacturers' Detailed Instructions 

A. For various materials specified by reference to standard or reference to type 
specifications, prepare and submit a list of such materials stating manufacturers' names 
and identifications to the extent requested by the Engineer or the Owner. 

1.5 Certificates 

A. Each certificate required by the Contract Documents shall be signed by an officer, agent, 
or individual lawfully authorized to execute the certificate, and such authority shall be 
cited in the certificate by description, title, or other acceptable evidence.  Certificates 
shall be sworn and notarized as to correctness and validity of the contents, and copies 
shall be notarized to be true copies. 

PART 2 MATERIALS 

2.1 Descriptive Submittal Lists 

A. Reference Numbers: Reference numbers are to be assigned to each submittal. 
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B. Submittal Types: The descriptive submittal types are used to identify the type of 
information being requested.  They are defined below and are marked on the "Descriptive 
Submittals" review form.   
1. Type A - Shop Drawings: Detailed drawings prepared specifically for the project 

and used for fabrication and/or assembly of material or equipment. 
a. Prepare each complete submittal including dimensions, design criteria, 

materials, connections, anchors, and the like, and further including such 
technical and performance data as are necessary to confirm the 
information in the Shop Drawings.  

b. Shop drawings shall be prepared accurately and to scale.  Encircle 
deviations from the contract documents. 

c. Shop drawings shall include dimensions, identification of products and 
materials, notation of special coordination requirements, notation of 
dimensions established by field measurements and shall indicate 
compliance with specified standards. 

d. Shop drawings shall be submitted on sheets at least 8.5 x 11 inches but 
no larger than 24 x 36 inches. 

e. Each Shop Drawing shall have an adequate title block giving: (1) Name 
and address of work; (2) Name and address of each Subcontractor, 
manufacturer, or supplier, as applicable; (3) Name and address of the 
Engineer; (4) Date, scale of drawings, and identification number; and 
(5) Contractor's review and approval stamp, dated and signed. 

f. Copies of the Contract Drawings marked to show Shop Drawing 
information are not acceptable.  

g. Initial and Re-submittals: Submit Shop Drawings as necessary for 
submittal approval. 

h. Review of Shop Drawings: Engineer shall mark notations, corrections, 
and exceptions, on submitted reproducible for return to the Contractor. 
Contractor shall resubmit in the same manner if Shop Drawings are not 
accepted as submitted. 

i. Final Distribution: Contractor shall furnish and distribute prints of the 
approved Shop Drawings as required for performance of the work. 

2. Type B - Catalog Data:  Manufacturer's published literature describing the salient 
features of the product (e.g. size, weight, performance, code conformance, 
capacity, physical size, pictures, ratings, and construction features).  Clearly 
highlight specified items and optional features such that there is no 
misunderstanding as to what precisely is being proposed. 

3. Type C - Installation Instructions: Manufacturer's information explaining the 
preparation and installation of material and equipment, including: 
a. Outline drawings showing major components and dimensional service 

connection points. 
b. Service connection requirements such as electrical fuse or circuit breaker 

size and type, pipe size and type, and special precautions. 
c. Adjustment requirements that must precede operation, including initial 

alignment procedures, leveling, purging, charging, and lubrication. 
4. Type D - Operating Manual, Maintenance Instructions, and Parts List:  Complete 

calibration procedures and operating instructions including all necessary pre-start 
up checks and safety precautions. 
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a. Provide instructions for step-by-step preventive maintenance and minor 
field repairs that will ensure optimum dependable performance, 
longevity, and life cycle cost. 

b. Provide manufacturer's compiled parts list for maintenance and repair. 
c. Provide a symptom, diagnostic, and corrective action schedule. 

5. Type E - Internal Wiring Diagrams:  Internal wiring and elementary (ladder) 
diagram for factory pre-wired equipment. 
a. Include control diagrams that show the relative position of each 

component as a system diagram. 
b. Include any additional information requested in the Mechanical and 

Electrical specifications for a particular product.  
6. Type S - Special:  Special information, tests, samples, and others as indicated. 

a. Include laboratory test results for materials proposed from the Owners 
property and other purchased materials. 

b. Include actual color, texture, and pattern when submitting samples. 
c. Indicate product sources and availability as well as manufacturer's name. 

C. List of Submittal Items: 

Table 1.  Items to be Submitted 
 

Item A B C D E S 
Cover soil  
(including density correlation) 

     Soil properties, maximum dry density, 
optimum moisture content; placement 
technique to be employed 

Soil compaction techniques      Describe methods and equipment to be 
used with applicable ASTM Standards 

Soil/gravel mixing method      Describe methods and equipment to be 
used with applicable ASTM Standards 

Soil nutrient amendments      Chemical composition, certification that it 
is free of weeds, source of material 

Soil nutrient amendment 
mixing/application method 

     Application rate and method 

Seed      Purity and germination, prohibited weed 
seed percentage, restricted noxious weed 
seed count, restricted weed seed count, 
weed seed percentage 

Rock for amended topsoil layer      Durability requirements (i.e., unit weight , 
absorption, sulfate soundness,  abrasion), 
maximum and minimum particle size, and 
source 

Leachate riser extensions      Describe methods and equipment to be 
used with applicable ASTM Standards 

Leachate conveyance HDPE piping      Meeting specifications 
Topographical Surveys      Surveys required for acceptance of cover 

soil layers 
Health and safety plan      Required for all construction 
Borrow soil sampling and analysis 
plan 

     Required for borrow approval 

Dust control plan      Required prior to construction 
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2.2 Samples 

A. Provide the following sample sizes unless otherwise specified: 
1. Flat or sheet products: Minimum 6" square, maximum 12"x12". 
2. Linear products: Minimum 6" maximum, 12" long. 
3. Bulk products: Minimum one pint, maximum one gallon. 

PART 3 EXECUTION 

3.1 Submittal Procedures 

A. Coordination: Coordinate preparation and processing of submittals with performance of 
construction activities.  Transmit each submittal in advance of performance of related 
construction activities. 
1. Coordinate each submittal with fabrications, purchasing, testing, delivery, other 

submittals and related activities that require sequential activity. 
2. Coordinate transmittal of different types of submittals for related materials so 

processing will not be delayed by the need to review related submittals 
concurrently.  The Engineer reserves the right to withhold action on a submittal 
requiring review of related submittals until the related submittal information is 
received. 

B. Review Time: The Engineer may take two weeks for initial review.  The Engineer may 
also take additional time if processing must be delayed to permit review of related 
subsequent submittals.  Allow additional time for processing of re-submittals. 

C. These submittals shall include complete lists of materials, catalog data and brochures, 
performance and technical data including characteristics, service history, and similar 
information to fully describe the products covered by the submittal. 

D. Submittal Preparation: Bind each submittal copy with sturdy labeled cover and include 
typed index listing the contents.  Loose unbound submittals shall be returned unreviewed.  
For each item listed, include the manufacturer's name and address, trade or brand name, 
all conditions of the manufacturer's guarantee and warranty, information to fully describe 
each item, and supplementary information as may be required for approval.  Mark cuts, 
brochures, and data to indicate the items proposed and intended use as required for 
transmittal. 

E. Submittal Packaging:  Bindable submittals for each discipline shall be three-hole punched 
and bound into a cardstock binder with flexible metal clips:  
1. The submittal binder shall be stamped on the lower right hand corner of the cover 

with an approximately 4 inches x 4 inches identification stamp as described 
below: 
a. Contract Number 
b. Descriptive Submittal Reference Number  
c. General Contractor Information 
d. Company Name 
e. Company Phone Number 
f. General Contractor Reviewer Signature 
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g. General Contractor Reviewer Printed Name 
2. The Contractor shall submit descriptive submittals to the Engineer only after 

Contractor review.  The Contractor's Reviewer shall sign his name on the 
identification stamp on the cover of the binder indicating Contractor's approval of 
the submittal and acknowledgment as to the appropriateness of the material or 
information submitted for use in construction.  Unstamped, unsigned, or 
otherwise incomplete submittals shall not be accepted by the Engineer. 

3. Submittals shall be grouped together with related products of the same discipline 
when possible.  The requested submittal types for a particular item should always 
be complete and submitted together.  Do not submit one type of submittal apart 
from other types of submittals for the same product.  Each submittal shall be 
legible and grouped together in the following order for each product requested: 
a. Submittal Type A - Shop Drawings.  Fold shop drawings down to 

8.5 x 11 inches and insert into submittal package. 
b. Submittal Type B - Catalog Data 
c. Submittal Type C - Installation Instructions 
d. Submittal Type D - Operating Manual, Maintenance Instructions and 

Parts List 
e. Submittal Type E - Internal Wiring Diagrams 
f. Submittal Type S - Special:  (Only bindable special submittals including 

laboratory reports and manufacturer data) Unbindable special submittals 
shall be submitted under separate cover and per product specification. 

F. Submittal Delivery: For all types of submittals except samples, transmit the number of 
submittals needed for the Contractor's purposes plus two (2) copies to be retained by the 
Engineer.  Submittals received from sources other than the Contractor shall not be 
accepted.  Incomplete, improperly packaged and/or submittals which have not been 
stamped by the Contractor shall be returned without action.  When submitting samples, 
submit two (2) sets of samples for review unless otherwise requested. 
1. Deliver descriptive submittals to the Engineer within 15 calendar days after the 

Notice to Proceed, except:  
a. as may be stipulated elsewhere in this Contract; 
b. "original drawing(s)" prepared by the General Contractor for specialty 

systems, which shall be delivered within 30 calendar days after the 
Notice to Proceed. 

2. Material and/or equipment shall not be installed until requested submittals 
pertaining to said material and/or equipment have been approved. 

G. Unless otherwise specified, each Sample submittal shall include not less than three (3) 
complete sets of Samples.  One set of approved Samples and all disapproved Samples 
will be available for return to the Contractor.  Any Samples of value retained by the 
Engineer will be available for return to Contractor at completion of the work if 
Contractor's first transmittal for the Sample requests its return. Approval Samples 
returned to the Contractor may be installed in the work if location is recorded and 
samples bear temporary identification as such. 

H. Unless otherwise specified, Shop Drawings shall consist of four bound copies; one copy 
shall be returned to the Contractor marked to show required corrections or other actions.  
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If corrections or changes are required, final submittal shall include four bound corrected 
or revised copies. 

I. The Contractor shall submit shop drawings and details sufficiently in advance of the 
work, and in accordance with a prearranged schedule, to afford ample time for checking, 
correcting and rechecking, if necessary. The Engineer shall review the Submittal 
Schedule prepared by the Contractor for review/modification/approval within 15 calendar 
days of the notice to proceed date. Submittals and the review/approval process shall be in 
accordance with the approved Submittals Schedule. Items not included on the submittal 
log but included in the contract in no way relieve the contractor from fulfilling his 
obligations. 

J. Submittal Review: Submittals will be reviewed and stamped with a self-explanatory 
action stamp.  The stamp will be appropriately marked, as follows, to indicate the action 
taken: 
1. Final Unrestricted Release: When submittals are marked "Approved," that part of 

the work covered by the submittal may proceed provided it complies with 
requirements of the contract documents; final acceptance will depend upon that 
compliance.  The term "Approved" shall only indicate that there are no 
exceptions taken to the submittal. 

2. Final But Restricted Release: When submittals are marked "Approved Except as 
Noted," that part of the work covered by the submittal may proceed provided it 
complies with notations or corrections on the submittal and requirements of the 
contract documents; final acceptance will depend upon that compliance. 

3. Returned for Resubmittal: When submittal is marked "Not Approved, Revise and 
Resubmit," do not proceed with that part of the work covered by the submittal or 
prepare a new submittal in accordance with the notations and resubmit without 
delay.  Repeat as necessary to obtain a different action mark. 

END OF SECTION 
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SECTION 01 33 23 

SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES 

PART 1 GENERAL 

1.1 Submittal Schedule 

A. The Contractor shall submit shop drawings and details sufficiently in advance of the 
Work, and in accordance with a prearranged schedule, to afford ample time for checking, 
correcting and rechecking, if necessary.  The Engineer shall review the Submittal 
Schedule prepared by the Contractor for review/modification/approval within 10 calendar 
days of the notice to proceed date. Submittals and the review/approval process shall be in 
accordance with the approved Submittals Schedule.  Items not included on the submittal 
log but included in the contract in no way relieve the Contractor from fulfilling his 
obligations. 

1.2 Shop Drawings 

A. Preparation: Prepare each submittal complete including dimensions, design criteria, 
materials, connections, anchors, and the like, and further including such technical and 
performance data as is necessary to confirm the information in the Shop Drawings.  
Prepare Shop Drawings of same size as the Drawings or an 8½" by 11”, 3-hole punched 
sheets suitable for photocopy reproduction.  Copies of the Contract Drawings marked to 
show Shop Drawing information are not acceptable.  Each Shop Drawing shall have an 
adequate title block giving: (1) Name and address of work; (2) Name and address of each 
Subcontractor, manufacturer, or supplier, as applicable; (3) Name and address of the 
Engineer; (4) Date, scale of drawings, and identification number; and (5) Contractor's 
review and approval stamp, dated and signed. 

B. Initial and Resubmittals: Submit Shop Drawings as necessary for submittal approval. 

C. Review of Shop Drawings: Engineer shall mark notations, corrections, and exceptions, on 
submitted reproducibles for return to the Contractor. Contractor shall resubmit in the 
same manner if Shop Drawings are not accepted as submitted. 

D. Final Distribution: Contractor shall furnish and distribute prints of the approved Shop 
Drawings as required for performance of the work. 

1.3 Samples 

A. Unless otherwise specified, each Sample submittal shall include not less than three (3) 
complete sets of Samples.  One set of approved Samples and all disapproved Samples 
will be available for return to the contractor.  Any Samples of value retained by the 
Engineer will be available for return to Contractor at completion of the work if 
Contractor's first transmittal for the Sample requests its return.  Approval Samples 
returned to the Contractor may be installed in the work if location is recorded and 
Samples bear temporary identification as such. 
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1.4 Sizes 

A. Provide the following sample sizes unless otherwise specified: 
1. Flat or sheet products: Minimum 6" square, maximum 12"x12". 
2. Linear products: Minimum 6" maximum, 12" long. 
3. Bulk products: Minimum one pint, maximum one gallon. 

1.5 Product Data Submittals 

A. These submittals shall include complete lists of materials, catalog data and brochures, 
performance and technical data including characteristics, service history, and similar 
information to fully describe the products covered by the submittal. 

B. Submittal Preparation: Bind each submittal copy with sturdy labeled cover and include 
typed index listing the contents.  Loose unbound submittals shall be returned unreviewed.  
For each item listed, include the manufacturer's name and address, trade or brand name, 
all conditions of the manufacturer's guarantee and warranty, information to fully describe 
each item, and supplementary information as may be required for approval.  Mark cuts, 
brochures, and data to indicate the items proposed and intended use as required for 
transmittal. 

C. Submittal Procedure: Unless otherwise specified, submittals shall consist of four bound 
copies; one copy shall be returned to the Contractor marked to show required corrections 
or other actions.  If corrections or changes are required, final submittal shall include four 
bound corrected or revised copies. 

END OF SECTION 
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SECTION 01 40 00 

QUALITY REQUIREMENTS 

PART 1 GENERAL 

1.1 Section Includes 

A. Quality control and control of installation. 

B. Tolerances. 

C. References. 

D. Labeling. 

E. Mock-up requirements. 

F. Testing and inspection services. 

G. Manufacturers' field services. 

H. Examination. 

I. Preparation. 

1.2 Quality Control of Installation 

A. References: 
1. See the approved Construction Quality Assurance Plan. 

B. Monitor quality control over suppliers, manufacturers, products, services, site conditions, 
and workmanship, to produce Work of specified quality. 

C. Where applicable, comply with manufacturers' instructions, including each step in 
sequence. 

D. When manufacturers' instructions conflict with Contract Documents, request clarification 
from Engineer before proceeding. 

E. Comply with specified standards as minimum quality for the Work except where more 
stringent tolerances, codes, or specified requirements indicate higher standards or more 
precise workmanship. 

F. Perform Work by persons qualified to produce required and specified quality. 

G. Verify field measurements. 
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1.3 Tolerances 

A. Monitor installation tolerance to produce acceptable Work.  Do not permit tolerances to 
accumulate. 

1.4 References 

A. For products or workmanship specified by association, trade, or other consensus 
standards, comply with requirements of standard, except when more rigid requirements 
are specified or are required by applicable codes. 

B. Conform to reference standard by date of issue current on date of Contract Documents, 
except where specific date is established by code. 

C. Obtain copies of standards where required by specification sections. 

D. When specified reference standards conflict with Contract Documents, request 
clarification from Engineer before proceeding. 

E. Neither contractual relationships, duties, nor responsibilities of parties in Contract nor 
those of Engineer shall be altered from Contract Documents by mention or inference 
otherwise in reference documents. 

1.5 Testing and Inspection Services 

A. Employ and pay for services of an independent testing agency or laboratory acceptable to 
Owner to perform specified testing. 

B. Prior to start of Work, submit testing laboratory name, address, and telephone number, 
and names of full time specialist and responsible officer. 

C. Submit copy of report of laboratory facilities inspection made by Materials Reference 
Laboratory of National Bureau of Standards during most recent inspection, with 
memorandum of remedies of deficiencies reported by inspection. 

D. The independent firm will perform tests, inspections and other services specified in 
individual specification sections and as required by Engineer. 
1. Laboratory: Authorized to operate at Project location. 
2. Laboratory Staff: Maintain full time specialist on staff to review services. 
3. Testing Equipment: Calibrated at reasonable intervals with devices of accuracy 

traceable to National Bureau of Standards or accepted values of natural physical 
constants. 

E. Testing, inspections and source quality control may occur on or off project site.  Perform 
off-site testing as required by Engineer or Owner. 

F. Reports will be submitted by independent firm to Engineer, Contractor, and authority 
having jurisdiction, in duplicate, indicating observations and results of tests and 
indicating compliance or non-compliance with Contract Documents. 
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1. Submit final report indicating correction of Work previously reported as non-
compliant. 

G. Cooperate with independent firm; furnish samples of materials, design mix, equipment, 
tools, storage, safe access, and assistance by incidental labor as requested. 
1. Notify Engineer and independent firm 24 hours prior to expected time for 

operations requiring services. 
2. Make arrangements with independent firm and pay for additional samples and 

tests required for Contractor's use. 

H. Testing and employment of testing agency or laboratory shall not relieve Contractor of 
obligation to perform Work in accordance with requirements of Contract Documents. 

I. Retesting or reinspection required because of non-conformance to specified requirements 
shall be performed by same independent firm on instructions by Engineer.  Payment for 
re-testing or re-inspection will be charged to Contractor by deducting testing charges 
from Contract Sum/Price. 

J. Agency/Laboratory Responsibilities: 
1. Test samples of mixes submitted by Contractor. 
2. Provide qualified personnel at site. Cooperate with Engineer and Contractor in 

performance of services. 
3. Perform specified sampling and testing of products in accordance with specified 

standards. 
4. Ascertain compliance of materials and mixes with requirements of Contract 

Documents. 
5. Promptly notify Engineer and Contractor of observed irregularities or non-

conformance of Work or products. 
6. Perform additional tests required by Engineer. 
7. Attend preconstruction meetings and progress meetings. 

K. Agency/Laboratory Reports: After each test, promptly submit two copies of report to 
Engineer, Contractor, and authority having jurisdiction.  When requested by Engineer, 
provide interpretation of test results. Include the following: 
1. Date issued. 
2. Project title and number. 
3. Name of inspector. 
4. Date and time of sampling or inspection. 
5. Identification of product and specifications section. 
6. Location in Project. 
7. Type of inspection or test. 
8. Date of test. 
9. Results of tests. 
10. Conformance with Contract Documents. 

L. Limits On Testing Authority: 
1. Agency or laboratory may not release, revoke, alter, or enlarge on requirements 

of Contract Documents. 
2. Agency or laboratory may not approve or accept any portion of the Work. 
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3. Agency or laboratory may not assume duties of Contractor. 
4. Agency or laboratory has no authority to stop the Work. 

1.6 Manufacturers' Field Services 

A. When specified in individual specification sections, require material or product suppliers 
or manufacturers to provide qualified staff personnel to observe site conditions, 
conditions of surfaces and installation, quality of workmanship, as applicable, and to 
initiate instructions when necessary. 

B. Submit qualifications of observer to Engineer 30 days in advance of required 
observations.  The observer is subject to the approval of the Engineer. 

C. Report observations and site decisions or instructions given to applicators or installers 
that are supplemental or contrary to manufacturers' written instructions. 

D. Refer to Section 01 33 00 - Submittals. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 Examination 

A. Verify existing site conditions and substrate surfaces are acceptable for subsequent Work. 
Beginning new Work means acceptance of existing conditions. 

B. Verify existing substrate is capable of structural support or attachment of new Work. 

C. Examine and verify specific conditions described in individual specification sections. 

D. Verify utility services are available, of correct characteristics, and in correct locations. 

END OF SECTION 
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SECTION 01 42 13 

ABBREVIATIONS, SYMBOLS, AND ACRONYMS 

PART 1 GENERAL 

1.1 Specification Language 

A. Abbreviated Language: These Specifications are of abbreviated, simplified, and 
streamlined type and include incomplete sentences. 
1. Omissions of words or phrases such as "the Contractor shall", "in conformity 

therewith", "shall be", "as noted on the Drawings", "a", "the", are intentional. 
2. Supply omitted words or phrases by inference in same manner as they are. 
3. Supply words "shall be" or "shall" by inference when colon is used within 

sentences or phrases. 
4. Supply words "on the drawings" by inference when "as indicated" is used with 

sentences or phrases. 

B. Definitions: Following words shall have following meanings: 
1. Furnish or Supply: Supply complete with all parts and accessories; does not 

include installation. 
2. Install: Establish in place, condition, or status, complete and ready for use or 

service; does not include furnishing. 
3. Provide: Furnish and install. 
4. Concealed and Concealed Space: Embedded within construction, in trenches, in 

crawl space. 
5. Unfinished Space: Space not indicated or scheduled to be finished and spaces 

ordinarily only accessible to maintenance personnel. 
6. Finished Space: Space indicated or scheduled to be finished. 
7. Exposed: Not installed underground or "concealed" as above. 

1.2 Association Acronyms 

A. Reference in Contract Documents to trade associations, technical societies, recognized 
authorities and other institutions include following organizations which are sometimes 
referred to only by corresponding abbreviations: 
1. AASHTO American Association of State Highway and Transportation Officials 
2. ASTM American Society for Testing and Materials 
3. AWS American Welding Society 
4. AWWA American Water Works Association 
5. CFR Code of Federal Regulations 
6. DEQ Idaho Department of Environmental Quality 
7. NSF National Sanitation Foundation 
8. OSHA Occupational Safety and Health Administration 
9. PS Product Standard (See NBS) 
10. UL Underwriters' Laboratories, Inc. 
11. USEPA United States Environmental Protection Agency 
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1.3 Abbreviations 

A. Specifications: Following abbreviations are used in specification: 
1. Alternating current AC 
2. Afternoon PM 
3. Ampere AMP 
4. Ampere (with number 30A) A 
5. Before noon AM 
6. Brake horsepower BHP 
7. British thermal unit BTU 
8. Critical path method CPM 
9. Cubic feet per day CU FT/DAY 
10. Cubic feet per hour CU FT/HR 
11. Cubic feet per minute CFM 
12. Cubic feet per second CU FT/SEC 
13. Cubic foot (feet) CU FT 
14. Cubic inch (inches) CU IN 
15. Cubic yard  CU YD 
16. Decibels DB 
17. Direct current DC 
18. Dry bulb (temperature) DB 
19. Fahrenheit F 
20. Feet per day FT/DAY 
21. Feet per hour FT/Hr 
22. Feet per minute FPM 
23. Feet per second FPS 
24. Foot FT 
25. Foot-candle FC 
26. Gallons per day GPD 
27. Gallons per minute GPM 
28. Carbon dioxide CO2 
29. Gallons per second GPS 
30. Heat transfer coefficient U 
31. Hertz HZ 
32. High density polyethylene HDPE 
33. Horsepower HP 
34. Inch IN 
35. Inches per second IN/SEC 
36. Inside diameter ID 
37. Kilovolt KV 
38. Kilovolt-ampere KVA 
39. Kilowatt KWA 
40. Kips Ki 
41. Kips per square inch KSI 
42. Lineal foot (feet) LF 
43. Miles per hour MPH 
44. Noise reduction coefficient NRC 
45. Number NO.  
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46. Numbers NOS. 
47. On center OC 
48. Ounces per square foot OZ/SQ FT 
49. Outside screw and yoke OS&Y 
50. Polyvinyl chloride PVC 
51. Post meridian (afternoon) PM 
52. Pounds per cubic foot PCF 
53. Pounds per lineal foot PLF 
54. Pounds per square foot PSF 
55. Pounds per square inch PSI 
56. Pounds per square inch (gauge) PSIG 
57. Relative humidity RH 
58. Revolutions per minute RPM 
59. Revolutions per second RPS 
60. Sound transmission class STC 
61. Square foot (feet) SQ FT 
62. Square inch (inches) SQ IN 
63. Square yard (yards) SQ 
64. Thermal conductivity K 
65. Thermal resistance R 
66. Tongue and groove T&G 
67. U factor (coefficient of heat transfer) U 
68. United States US 
69. United States Steel (gauge) USS 
70. Volts (with number 120V) V 
71. Wet bulb Wb 

1.4 Symbols 

A. Specifications: Following symbols are used in specifications: 
1. ±  for "plus or minus" (± 2 percent) 
2. x  for "by"   (2x4) 
3. /  for "per"   (6 OZ/SQ FT) 
4. $  for "dollars"   ($5.00) 
5. '  for "feet", and  
6. "  for "inches" when used in combination (6'-9") 

END OF SECTION 
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SECTION 01 42 16 

DEFINITIONS AND STANDARDS 

PART 1 GENERAL 

1.1 Definitions 

A. When the following terms are used in the plans, specifications, contract documents and 
correspondence, the intent and meaning shall be interpreted as follows: 
1. Addendum. A change in the plans of specifications issued after the advertisement 

but prior to the Bid opening. 
2. Advertisement. (Also called Invitation for Bids.) A public announcement inviting 

bids for work to be performed or materials to be furnished. 
3. Award. The written acceptance by the Owner of a Bid. 
4. Basis of payment. The terms under which "work" is paid, as a designated "pay 

item" in accordance with the quantity measured and the "pay unit." 
5. Bid. The offer of a Bidder, on the prescribed form, to perform the work and to 

furnish the labor and materials at the prices quoted. 
6. Bidder. An individual, partnership, firm, corporation, joint venture or their 

authorized representative submitting a bid. 
7. Bid form. The approved form on which the Owner requires bids to be prepared 

and submitted for the work. 
8. Bid guarantee. The security furnished with a bid to guarantee that the Bidder 

shall enter into the contract if the bid is accepted. 
9. Calendar day. Each and every day shown on the calendar, beginning and ending 

at midnight. 
10. Change order. A written order to the Contractor for extra work and for changes in 

the plans or quantities, or both, and establishing the basis of payment and time 
adjustments, if any, for the work ordered. The change order can consist of either 
a supplemental agreement or field sheet. 

11. Commercial material source. A material source that has been utilized by any 
private producer in a commercial operation from which substantial material has 
been sold within the last twenty-four (24) months prior to the date of the letting. 

12. Contract. The written agreement between the Owner and the Contractor setting 
forth the obligations of the parties there under, including, but not limited to, the 
performance of the work, the furnishing of labor and materials, and the basis of 
payment. The contract includes the advertisement, proposals, contract form and 
contract bond, contract clauses, standard specifications, supplemental 
specifications, special provisions, addenda, general and detailed plans, standard 
drawing serials and notice to proceed, also any change orders and agreements 
that are required to complete the construction of the work in an acceptable 
manner, including authorized extensions thereof, all of which constitute one 
instrument. 

13. Contract bond. The approved form of bond, executed by the Contractor and the 
Contractor's surety or sureties, guaranteeing complete execution of the contract 
and all change orders pertaining thereto and the payment of all debts pertaining 
to the construction of the project. 
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14. Contract clauses. The contract clauses contained in the solicitation package, 
including general contract requirements, addenda, construction contract 
requirements and socioeconomic program requirements. 

15. Contract item (pay item). A specifically described unit of work for which a price 
is provided in the contract. 

16. Contract time. The time specified in the invitation for bids for completion of the 
contract. This time may be defined either as a specified fixed date, a given 
number of work days or a given number of calendar days.  The contract time may 
be amended by mutual written agreement to include authorized extensions of 
time as the performance of the contract requires. 

17. Contractor. The individual, partnership, firm, corporation or joint venture 
contracting with the Owner for performance of prescribed work. 

18. Contractor furnished material source. A source of material that is acquired by the 
Contractor. 

19. Cost reduction proposals. Alternates provided by the Contractor to the work 
methods or materials specified in the contract that establish a better or approved 
equal product or result without affecting the functional purpose of the work being 
revised and that produce a net savings to the Owner. 

20. Cost savings suggestions. Revisions provided by the Contractor to the work 
methods, plans or the specifications that do not adversely affect the quality of the 
work and that provide a cost savings to the Owner. 

21. Debar. To disqualify or suspend a Bidder or Contractor from bidding or 
performing construction work pursuant to Owner regulations. 

22. Detour. A temporary route for traffic around a closed portion of a road. 
23. Engineer. The individual designated by the Owner to work on their behalf, who 

is a registered professional engineer in the State of Idaho, and shall serve as the 
quality assurance (QA) Certifying Engineer to oversee and certify the 
construction of the project.  The QA Certifying Engineer may serve as, or 
designate a representative to serve as, the QA engineer performing construction 
inspection.  Daniel B. Stephens & Associates, Inc. is the Design Engineer 
working on the Owner’s behalf.  The QA Certifying Engineer shall obtain 
direction and clarification from the Design Engineer if questions on the design 
are encountered.  Only one Engineer shall have official responsibility for the 
project at a given time.  

24. Equipment. All machinery, tools, and equipment, together with the necessary 
supplies for upkeep and maintenance, necessary for the construction and 
completion of the contract. 

25. Federal agencies. Whenever in these specifications reference is made to federal 
agency or officer, such reference shall be deemed made to any agency or officer 
succeeding in accordance with law to powers, duties, jurisdiction, and authority 
of the agency or officer mentioned. 

26. Field sheet. A document used to change the quantity of construction within the 
scope of the contract; constitutes an order to the Contractor requiring 
performance without negotiation. 

27. Inspector. The Owner's authorized representative assigned to make detailed 
inspections of contract performance. 

28. Invitation for bids. See advertisement. 
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29. Laboratory. An approved testing laboratory qualified and/or certified to perform 
specified tests. 

30. Listed material source. A local source of material that is listed and described in 
the plans and in the contract for possible use on a project. 

31. Materials. Any substances specified for use in the construction of the project and 
its appurtenances. 

32. Method of measurements. The method in which a "pay item" is measured to 
conform with the "pay unit." 

33. Noncommercial material source. A material source not meeting the definition of 
a commercial material source. 

34. Notice to proceed. (Work Order) Written notice to the Contractor to proceed with 
the contract work including, when applicable, the beginning date of contract 
time. 

35. Owner. The contracting agent, US Ecology Idaho. 
36. Plans. The approved contract drawings showing profiles, typical cross sections, 

working drawings and standard drawings serials, or exact reproductions which 
show the location, character, dimensions and details of the work to be done. 

37. Project. The site location on which construction is to be performed as described 
in the contract. 

38. Project engineer. A project manager who is registered professional engineer. 
39. Project manager. The Owner's representative who is delegated the responsibility 

for administration of the project. 
40. Roadway. A general term denoting the traveled way and the shoulders. 
41. Special provisions. Additions and revisions to the standard and supplemental 

specifications covering conditions peculiar to an individual project. 
42. Specifications. A general term applied to all provisions and requirements 

pertaining to performance of the work. 
43. Standard drawing serials. Detailed drawings for specific items of work approved 

for repetitive use and considered as part of the plans. 
44. State. The State of Idaho acting through the authorized representative. Whenever 

in these specifications reference is made to a State agency or officer, such 
reference shall be deemed made to any agency or officer succeeding in 
accordance with law to powers, duties, jurisdiction, and authority of the agency 
or officer mentioned. 

45. Structures. Bridges, culverts, catch basins, drop inlets, retaining walls, cribbing, 
manholes, endwalls, buildings, sewers, service pipes, underdrains, foundation 
drains, and other such features which may be encountered in the work. 

46. Subcontractor. An individual, partnership, firm, corporation, or joint venture to 
whom the Contractor subcontracts part of the contract. 

47. Subgrade. The portion of the project prepared as a foundation for other elements 
in the project. 

48. Substantial completion. The date as certified by engineer when the construction 
of the project or a specified part thereof is sufficiently completed, in accordance 
with contract documents, so that the project or specified part can be utilized for 
the purposes for which it was intended. 

49. Superintendent. The Contractor's representative authorized in writing to be in 
responsible charge of the project. 
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50. Supplemental agreement. A negotiated, written agreement between the 
Contractor and the Owner constituting a modification of the originally executed 
contract and covering the performance of work within the intended scope of the 
original contract or work which is beyond the scope of the original contract. 

51. Supplemental specifications. Approved additions and revisions to the Standard 
Specifications. 

52. Surety. The corporation, partnership, or individual, other than the Contractor, 
executing a bond furnished by the Contractor. 

53. Titles (or Headings). The titles or headings of the sections and subsections herein 
are intended for convenience of reference and shall not be considered as having a 
bearing on their interpretation. 

54. Town, city or district. A subdivision of the State used to designate or identify the 
location of the proposed work. 

55. Unbalanced bid. When a unit bid price for a contract item deviates by more than 
100% from (1) the average unit bid prices submitted at the contract letting for the 
same item and (2) the average unit bid price for the same item submitted during 
the previous twelve (12) months. 

56. Unlisted material source. When a possible source of material is not listed in the 
plans and the Contractor is required to furnish the material source. 

57. Work. The furnishing of all labor, materials, equipment and other incidentals 
necessary for the successful completion of the project, the successful completion 
of pay items, and the carrying out of all duties and obligations imposed by the 
contract. 

58. Work order. See Notice to Proceed. 
59. Work permit. An agreement with the property owner which allows specific work 

to be accomplished on private property which is necessary in conjunction with a 
construction project which will benefit the property owner. 

1.2 Standards 

A. The references in the contract documents to established construction industry standards, 
either by name or by abbreviation, include those by government agencies, trade 
associations, technical societies, and other recognized authorities and institutions. 

B. Each standard used in the contract document shall be referenced by basic designation. 
Abbreviations and names of agencies, associations, societies and other recognized 
authorities and instructions publishing standards are identified as follows: 
1. AASHTO American Association of State Highway and Transportation 

Officials, 341 National Press Building, Washington, DC 20004; 
(202)628-2438 

2. ANSI American National Standards Institute, Inc., 1430 Broadway, New 
York, NY 10018; (212)354-3300 

3. ASTM American Society for Testing & Materials, 1916 Race Street, 
Philadelphia, PA 19103; (215)299-5400 

4. CE Corps of Engineers (US Dept. of Army) Washington, DC 20315 
5. FS Federal Specification (General Services Administration) Building 

197, Washington Navy Yard S.E., Washington, DC 20407 
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6. MIL Military Standardization Documents (US Dept. of Defense) Naval 
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, 
PA 19120 

C. Reference within these specifications to the above publications is either by Name or 
Abbreviation. The latest standard or publication at the time of bid opening shall apply to 
this project. 

PART 2 PRODUCTS 

2.1 General 

A. Throughout these specifications, types of material may be specified by manufacturer's 
name and catalogue number in order to establish standards of quality and performance 
and not for the purpose of limiting competition.  Unless specifically stated otherwise the 
Bidder shall assume the phrase "or approved equal", except that the burden is upon the 
bidder to prove such equality. 

PART 3 EXECUTION 

Not used. 

PART 4 MEASUREMENT AND PAYMENT 

4.1 General 

A. Work covered by this section is considered incidental to the completion of the Contract.  
No separate measurement and payment for this section is provided. 

END OF SECTION 
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SECTION 01 50 00 

TEMPORARY FACILITIES 

PART 1 GENERAL 

1.1 Related Documents 

A. Drawings and contract clauses apply to work of this section. 

B. Refer to the Contractor’s Site-Specific Health and Safety Plan for temporary facilities 
necessary for worker health and safety in accordance with Occupational Safety and 
Health Administration (OSHA) requirements. 

1.2 Description of Requirements 

A. Definitions: Specific administrative and procedural minimum actions are specified in this 
section, as extensions of provisions in the Contract Documents.  These requirements have 
been included for special purposes as indicated. 

1.3 Job Conditions 

A. General: Establish and initiate use of the temporary facility at time first reasonably 
required for proper performance of the work.  Terminate use and remove facility at 
earliest reasonable time, when no longer needed. 

B. Conditions of Use: Install, operate, maintain and protect temporary facilities in a manner 
and at locations which shall be safe, nonhazardous, sanitary and protective of persons and 
property and free of deleterious effects. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 Temporary Support Facilities 

A. The types of temporary support facilities required include, but not necessarily limited to 
field offices, sanitary facilities, and similar miscellaneous general services, all as may be 
reasonably required for proficient performance of the work and accommodation of 
personnel at the site.  Discontinue and remove temporary support facilities and make 
incidental similar use of permanent work of the project, only when and in manner 
authorized by the Contract Administrator and, if not otherwise indicated, immediately 
before time of substantial completion.  Locate temporary support facilities for 
convenience of users and for minimum interference with construction activities. 
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B. Contractor's Field Office: Provide adequate office space for field office personnel. 

C. Sanitary Facilities: Provide self-contained toilet units of type acceptable to the Contract 
Administrator, adequate (at all stages of construction) for use of personnel at project site. 

D. Water Fill Stand: Water for construction activities will be available on site for the 
Contractor.  The Contractor shall be responsible for setting up a fill stand, in coordination 
with US Ecology Idaho. 

PART 4 MEASUREMENT AND PAYMENT 

4.1 General 

A. Work covered by this section is considered incidental to the completion of the Contract.  
No separate measurement and payment for this section is provided. 

END OF SECTION 
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SECTION 01 60 00 

PRODUCT REQUIREMENTS 

PART 1 GENERAL 

1.1 Work Specified Herein 

A. This Section outlines the requirements for delivery and storage of materials for the 
Project work. 

1.2 PROCUREMENT 

A. The Contractor, immediately upon Award of the Contract (or where shop drawings, 
samples, etc., are required, immediately upon receipt of approval thereof), shall place 
orders for all materials, work, fabrication and/or equipment to be employed by him in that 
portion of the work contracted for.  Contractor is responsible for timely and coordinated 
procurement of materials required for completion of the Work.  Execute purchase orders 
and subcontracts in proper sequence for efficient installation and in accordance with dates 
required by the Progress Schedule.  No extensions of time or substitutions of material 
shall be allowed because of ill-timed procurement procedures, unless approved in 
writing.  

1.3 Transportation and Handling 

A. Shipping: Provide undamaged products, materials, and equipment; pack and crate all 
items while transporting to the site and during shipment from the plant of manufacture to 
the site; no damaged, scratched, bent, dented, chipped, marred, defaced, or discolored 
items shall be accepted.  Protect all items from adverse environmental conditions, which 
might detrimentally affect their performance, quality, or intended purpose in the Work.  
Special protection requirements are specified in the appropriate technical specification.   

B. Delivery: Deliver proprietary materials in original containers or packages with 
manufacturer's name and brand label or identifying quality marks thereon.  Do not open 
containers or remove labels until ready for installation. 

C. Deliver fabrications in as large assemblies as practicable, and where specified to be shop 
primed or shop finished, they shall be packaged or crated as required to preserve such 
priming or finish intact and free from abrasion. 

1.4 Storage and Protection 

A. Storage: Provide weatherproof, secure storage for all material and equipment until 
installation in the Work; do not mark in manner which will remain visible after 
installation or which will affect performance after installation or which will affect 
performance or appearance of the product.  Organize and arrange storage of products to 
furnish accessibility for inspection and for efficient and timely installation sequence. 
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1. Store material at locations approved by the Owner so as to cause no obstructions.  
The Contractor shall be responsible for protecting all material and equipment 
furnished under the Contract. 

2. Location of storage space shall be subject to approval of the Engineer. 

B. Protection: The Contractor is responsible for the protection of all materials, products, and 
equipment from harm.  Requirements specified herein set standards for the protection of 
all materials and products to be incorporated in the Work and are to be applied where 
appropriate to the material, product, or piece of equipment.  Store, support, stack, 
separate, cover, keep dry and warm, ventilate, protect from contamination and intrusion 
of foreign matter, from deterioration, deformation, defacement, discoloration, and 
damage of any kind. 

C. Additional requirements for storage and protection of materials and equipment are 
identified under the individual Specification Sections.  All materials are to be stored at 
the job site. 

1.5 Reference or Manufacturer's Standards and "Industry Practice" 

A. Nationally and regionally recognized Reference Standards are used throughout this 
Project Manual as requirements for materials and workmanship. 
1. Reference Standards are incorporated into the Project Manual by reference to 

number, title or other designation in the Specification Sections.  Provisions of 
Standards so referenced become a part of the Project Manual as though included 
in their entirety. 

2. The date of the Standard shall be that which is in effect as of the Bid date. 

B. The requirements of the Contract take precedence over requirements of Reference 
Standards, Manufacturer's Standards, or local "Industry Practice", when the contract 
documents call for more stringent or greater requirements.  No provision of Reference 
Standard specifications, manuals or codes, or manufacturer acceptance of work not 
meeting contract documents or his own standards, shall be effective to change the duties 
and responsibilities of the Contractor or Engineer, or any of their agents, Engineer, or 
employees from those set forth in the Contract Documents. 

C. Clarification is to be received from the Engineer prior to material purchase, fabrication or 
installation when Referenced Standards conflict with information specified or indicated 
on Drawings.  When there is a conflict or discrepancy between a Standard and the 
Contract Documents or with another Referenced Standard, the more stringent 
requirements shall apply. 

1.6 Underwriters' Laboratories and Factory Mutual Label 

A. Where applicable, all such materials and equipment for which Underwriters' 
Laboratories, Inc., and Factory Mutual standards have been established and their label 
services available shall bear the appropriate UL or FM label. 

END OF SECTION 
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SECTION 01 71 23 

FIELD ENGINEERING 

PART 1 GENERAL 

1.1 General 

A. Contractor, as required for the execution of his work, shall engage a Registered Land 
Surveyor or Professional Engineer experienced and authorized to practice in land survey 
work, registered with the State of Idaho, to perform the services specified in this article. 
Contractor shall submit registration of Land Surveyor to the Engineer. 
1. Working from lines and levels established by the drawings, the Surveyor shall 

establish and maintain benchmarks and other dependable markers. These bench 
marks and markers are established to set lines and levels as needed to properly 
locate each element of the project. Contractor shall calculate and measure 
required dimensions as shown, within recognized tolerances.  Drawings shall not 
be scaled to determine dimension.  Advise entities performing work, of marked 
lines and levels provided for their use. 

1.2 Survey and Location 

A. The Contractor shall immediately upon entering the project site for purposes of beginning 
work, locate all survey reference points and take such action as is necessary to prevent 
their destruction; lay out the work and be responsible for all lines, elevations, and 
measurements of liner, earthwork, site work, and other work executed under the contract.  
Contractor shall exercise proper precaution to verify figures shown on drawings before 
laying out work and shall be held responsible for any error resulting from his failure to 
exercise such precaution.  Contractor shall employ the services of a registered surveyor 
satisfactory to the Engineer to set grade levels and line stakes in accordance with the 
drawings.  Any survey data found to be in conflict with that shown on the contract 
documents shall be immediately forwarded to the Engineer for clarification. 

1.3 Survey Procedures 

A. Before proceeding with the layout of actual work, Contractor shall verify the layout 
information shown on the drawings, in relation to the existing benchmarks.  As the work 
proceeds, the Surveyor shall check every major element for line, level and plumb.  
Maintain a surveyor's log or record book of such checks.  Make this log or record book 
available for the Owner's or Engineer's reference.  The Surveyor shall record deviations 
from required lines and levels, and shall, upon detection, promptly advise the Engineer of 
deviations exceeding indicated or recognized tolerances. Contractor shall record 
deviations, which are accepted, not corrected, on record drawings. 

1.4 Field Adjustments 

A. All field adjustments shall be documented on one set of Record Drawings retained by the 
Contractor.  Field adjustments shall have the authorization of the QA Certifying Engineer 
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and the Design Engineer.  The Contractor shall be responsible to document all proposed, 
accepted/rejected, and implemented field changes.  Field Order and Change Order 
requests shall be documented on forms provided in the Contract Documents.  Each form 
shall be assigned a unique number and the Contractor shall maintain, in a safe place, a 
comprehensive and chronological log of all Field Order requests, Change Order requests, 
Drawings, Specifications, Addenda, Work Change Directives, and written interpretations 
and clarifications in good order and annotated to show changes made during construction. 
These record documents together with all approved Samples and a counterpart of all 
approved Shop Drawings will be available to Engineer for reference. Upon completion of 
the Work, these record documents, Samples, and Shop Drawings will be delivered to 
Engineer for Owner. 

1.5 Final Property Survey 

A. Before substantial completion, Contractor shall have a Surveyor prepare a final property 
survey showing significant features (real property) that have resulted from construction 
of the project.  On the survey shall be certification, signed by the Surveyor, to the effect 
that principal lines and levels of the project are accurately positioned as shown on the 
drawings. 

END OF SECTION 
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SECTION 01 77 00 

PROJECT CLOSEOUT 

PART 1 GENERAL 

1.1 Work Specified Herein 

A. This section outlines requirements and procedures for submittal of pertinent data relating 
to closing out the Project upon completion of the Work.  Receipt and approval of all 
items specified in this Section is a prerequisite for Final Payment.  Detailed instructions 
elsewhere in these Specifications require that certain items listed herein be submitted 
prior to Substantial Completion of the Project. 

1.2 Substantial Completion 

A. Sequence of events: Prepare and submit a comprehensive list of items to be completed or 
corrected for substantial completion (Punch List). Within a reasonable time after receipt 
of the list, the Owner/Engineer shall inspect to determine status of completion. Should 
the Owner/Engineer determine that the Work is not substantially completed, the 
Contractor shall remedy the deficiencies and notify the Owner/Construction 
Manager/Engineer when the Work is ready for re-inspection.  The Owner/Engineer shall 
then re-inspect the Work. When the Owner/Engineer concur that the Work is 
substantially complete, the Engineer shall prepare a “Certificate of Substantial 
Completion” on EJCDC Form Number C-625, accompanied by the Contractor’s list of 
items to be completed or corrected, as verified by the Owner/Engineer.  The Engineer 
shall submit the Certificate to the Owner and to the Contractor for their written 
acceptance of the responsibilities assigned to them in the Certificate.  

B. Result of Work not being substantially complete: If the Owner/Engineer determines 
during the inspection that the Project is not substantially complete, and announces this 
determination to the Contractor, any additional time requested by the Contractor and 
spent by the Owner and Engineer during this particular inspection shall be paid for by the 
Contractor at the prevailing hourly rates of the respective offices.  

C. Termination of inspection: If the Contractor does not wish to pay for the additional 
services on this particular inspection as described above, then the Owner/Engineer shall 
not proceed with the inspection and shall wait for the Contractor to request another 
inspection at such time as the work is substantially complete.   

1.3 Final Completion 

A. General: Prepare and submit the notice for final completion. Verify that the Work is 
complete including, but not necessarily limited to, the “Punch List”. 

B. The Contractor shall provide "As-Built Drawings" of the project.  The "As-Built 
Drawings" shall include all the design drawings (Cell 14 Sheets 1 though 9 and/or Cell 15 
Sheets 1 through 8) and shall be submitted with all changes noted and as-built surveys of 
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all as-built components.  The "As-Built Drawings" of the final cover shall include a 
detailed survey of the plan dimensions and elevations of existing waste and soil subgrade 
surface, select cover subgrade soil, soil rooting medium, and gravel amended topsoil.     

C. Certification: Contractor to Certify in writing that: 
1. Contract Documents have been reviewed; 
2. Work has been inspected for compliance with the Contract Documents; 
3. Work has been completed in accordance with the Contract Documents; 
4. Equipment and systems have been tested as required, and are operational; and  
5. Work is completed and ready for final inspection. 

D. Inspection: Upon receipt of certification above, the Owner/Engineer shall make an 
inspection to verify status of completion. Should the Owner/Engineer determine that the 
Work is incomplete or defective, the Owner/Engineer shall promptly notify the 
Contractor, in writing, listing the incomplete or defective Work.  The Contractor shall 
remedy the deficiencies promptly, and notify the Owner/Engineer when ready for re-
inspection.  When the Owner/Engineer determines the Work is acceptable under the 
Contract Documents, Owner/Engineer shall request the Contractor to make closeout 
submittals.  

1.4 Closeout Submittals 

A. General: Submit remainder of project submittals in preparation for final payment.  
Closeout submittals include, but not necessarily limited to the following. 

B. Guarantees: Submit written guarantees, warranties and certificates required. In addition, 
provide written guarantees or certificates required in pertinent other Sections of these 
Specifications. 

C. Spare parts and maintenance materials: Deliver to the Owner the spare parts and 
maintenance materials required in pertinent other Sections of these Specifications.  
Neatly package and identify materials.  Submit Owner’s signed receipt for these 
materials. 

1.5 Evidence of Payment and Release of Liens 

A. The Contractor shall submit to the Engineer the following documentation on standard 
EJCDC Forms to be provided by the Engineer: 

B. Contractor's Affidavit of Payment of Debt and Claims. 

C. Contractor's Affidavit of Release of Liens, including the following: 
1. Consent of Contractor's Surety to Final Payment. 
2. Contractor's Release or Waiver of Liens. 
3. Separate releases or Waivers of Lien for each Subcontractor, supplier, and others 

with lien rights against Owner's property, together with list of those parties. 

D. Duly sign and execute all submittals, before delivery to the Engineer. 
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1.6 Final Adjustment of Accounts 

A. Submit final statement of accounting to the Engineer, including the following: 
1. Original Contract Sum. 
2. Additions and deduction resulting from: 

a. Previous Change Orders. 
b. Deductions for uncompleted Work (if any). 
c. Deductions for Liquidated Damages (if any). 
d. Deductions for Re-inspection Payments (if any). 

3. Total Contract Sum, as adjusted. 
4. Previous Payments. 
5. Sum remaining due. 

B. The Engineer shall prepare and issue a final Change Order reflecting approved 
adjustment to Contract Sum not previously made by Change Orders, if necessary. 

1.7 Final Application for Payment 

A. Follow procedures specified in the General and Supplementary General Conditions. 

END OF SECTION 



Division 31 
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SECTION 31 00 00 

EARTHWORK 

PART 1 GENERAL 

1.1 Summary 

A. This section includes all labor, materials, equipment, and incidentals necessary to 
perform excavation, backfill, fill, grading, compaction, and soil amendment required for 
completion of the work shown on the Drawings and specified herein.  The work shall 
include, but not be limited to:  
1. Site preparation 
2. Excavation 
3. Placement of cover soil material 
4. Final grading 
5. Slope surface protection through soil amendment 
6. Trench excavation  
7. Disposal of waste and surplus materials 
8. All related work 

B. Related Work 
1. Section 01 42 16 - Definitions 
2. Section 31 10 00 - Site Clearing 
3. Section 31 32 00 - Cover System Components 
4. Section 31 38 01 - Surface Rock Durability Requirements 
5. Section 32 92 19 - Vegetation and Seeding 
6. Section 33 24 14 - Leachate and Well Riser Modification 
7. Section 40 14 49 - HDPE Pipe 

1.2 References 

A. American Society for Testing and Materials (ASTM) 
1. ASTM C136 - Standard Method for Sieve Analysis of Fine and Coarse 

Aggregates 
2. ASTM D75 - Standard Practice for Sampling Aggregates 
3. ASTM D422 - Standard Test Method for Particle-Size Analysis of Soils 
4. ASTM D698 - Standard Test Methods for Laboratory Compaction 

Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))  
5. ASTM D1140 - Standard Test Methods for Amount of Material in Soils Finer 

than the No. 200 (75-µm) Sieve  
6. ASTM D1556 - Standard Test Method for Density and Unit Weight of Soil in 

Place by the Sand Cone Method 
7. ASTM D2216 - Standard Test Methods for Laboratory Determination of Water 

(Moisture) Content of Soil and Rock by Mass 
8. ASTM D2434 - Standard Test Method for Permeability of Granular Soils 

(Constant Head) 
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9. ASTM D2487 - Standard Classification of Soils for Engineering Purposes 
(Unified Soil Classification System) 

10. ASTM D2774 - Standard Practice for Underground Installation of Thermoplastic 
Pressure Piping 

11. ASTM D4253 - Standard Test Methods for Maximum Index Density and Unit 
Weight of Soils Using a Vibratory Table  

12. ASTM D4254 - Standard Test Method for Minimum Index Density and Unit 
Weight of Soils and Calculation of Relative Density 

13. ASTM D4318 - Standard Test Methods for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

14. ASTM D4643 - Standard Test Method for Determination of Water (Moisture) 
Content of Soil by Microwave Oven Heating 

15. ASTM D5084 - Standard Test Method for Measurement of Hydraulic 
Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter 

16. 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 

17. ASTM D6938 - Standard Test Method for In-Place Density and Water Content of 
Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth) 

18. ASTM D6951 - Standard Test Method for Use of the Dynamic Cone 
Penetrometer in Shallow Pavement Applications 

B. Occupational Health and Safety Administration (OSHA)  
1. Title 29 Labor, Part 1518, "Safety and Health Regulations for Construction" and 

detailed requirements of Subpart P, "Excavations, Trenching and Shoring." 

1.3 Submittals 

A. All submittals shall be made in accordance with the requirements of Section 01 33 00 - 
Submittals.  All submittals are subject to approval by the Engineer.  The following 
submittals are required: 
1. Proposed methods of construction, including excavation, filling, and compaction 

for the various portions of the work.  Review shall be for method only. 
2. All soil and material testing results.   
3. Proposed mixing method for gravel amended topsoil. 
4. Nutrient amendments proposed for soils deficient in the required nutrients. 
5. Dust Control Plan 
6. Certified test results from accredited independent testing agency. 
7. Topographical surveys of: 

a. existing waste and soil subgrade surface 
b. top of the select cover subgrade soil 
c. top of the cover soil rooting medium before topsoil placement 
d. top of the gravel amended topsoil 

B. Borrow soils shall have been approved prior to construction.  The Contractor shall 
receive areas and depths approved for excavation. 
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1.4 Quality Assurance 

A. Refer to the Construction Quality Assurance (CQA) plan and specific sections for quality 
assurance requirements. 

B. The Contractor shall appoint a registered professional civil engineer to certify inspections 
and test results.  These certifications shall state that the tests and observations were 
performed by or under the direct supervision of the Engineer and that the results are 
representative of the materials or conditions being certified by the tests. 

PART 2 PRODUCTS 

2.1 Unsatisfactory Materials 

A. Unsatisfactory materials shall not be used as construction materials.  Unsatisfactory 
materials include man-made fills; trash; refuse; backfills from previous construction; and 
soil that contains excessive roots, debris left from vegetation, or other excess organic 
matter or frozen material.   Contractor shall notify the Engineer when encountering any 
contaminated materials. 

2.2 Topsoil  

A. Material suitable for topsoil is natural, friable soil representative of productive, well-
drained soils in the area.  Topsoil is the upper component of the cover soil.  Topsoil shall 
be free of stumps, rocks larger than 2-inch diameter, brush, weeds, toxic substances, and 
other material detrimental to plant growth.  All topsoil material shall be submitted to the 
Engineer for approval.  

B. The topsoil shall meet the salt content requirements listed in Table 1. 
 

Table 1.  Requirements to Limit Excess Salts 
 

Test Limit 

Electrical conductivity (EC) Less than 8 mmhos/cm 

Sodium adsorption ratio (SAR) Less than 6 

Exchangeable sodium percentage (ESP) Less than 15% (g/g) 

Calcium carbonate (CaCO3) Less than 15% (g/g) 

pH Between 6 and 8.4 

 

C. The topsoil shall meet the nutrient requirements listed in Table 2.  
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Table 2.  Nutrient Requirements  
 

Test Limit 

Cation exchange capacity (CEC) Greater than 15 (meq/100 g) 

Percent organic matter Greater than 2% (g/g) 

Nitrogen (N) Greater than 6 parts per million (ppm) 

Phosphorous (P) Greater than 5 ppm 

Potassium (K) Greater than 50 ppm 

 

2.3 Common Fill  

A. Common fill shall have a soil classification of GW, GP, GM, GC, SW, SP, SM, or SC 
with a maximum liquid limit of 35, a maximum plasticity index of 12, and a maximum of 
25 percent by weight passing (ASTM D 1140 or ASTM D422) passing the No. 200 sieve 
(75 micrometers).  Common fill shall contain less than 20 percent gravel, with a 
maximum particle size of 4 inches in the greatest dimension.  Common fill shall be free 
from roots, debris left from vegetation or other excess organic matter, trash, debris, and 
frozen materials.  All common fill material shall be submitted to the Engineer for 
approval.   

2.4 Gravel 

A. Gravel shall conform to Section 31 38 0 - Rock Durability.   

B. Gravel is required for topsoil amendment. 

2.5 Bedding Material 

A. Bedding material is required under and adjacent to backfilled pipe.  Bedding material 
shall consist of well graded sand, gravel, or crushed stone.  Maximum particle size of 
bedding material shall not exceed recommendations in Paragraph 9.6 of ASTM D2774.  
(¾-inch for an 8-inch-outside-diameter pipe).   

2.6 Cover Soil 

A. Cover soil refers to the components comprising a minimum 5-foot layer of earthen 
material placed over the waste or existing soil within the waste cells.  The cover soil will 
have a minimum 6-inch top layer of gravel amended topsoil overlying a minimum 
54-inch layer of soil rooting medium.  Portions of the cover exceeding 5 feet thick 
include select cover subgrade soil placed below the soil rooting medium.  The cover soil 
shall be placed above the existing subgrade consisting of either waste, soil dikes, and/or 
other soil.  
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2.7 Gravel Amended Topsoil 

A. The upper 6 inches of the cover soil shall be composed of gravel amended topsoil, 
containing natural gravel or, with the Engineer's approval, mixed with gravel.  The gravel 
to soil mix shall be a minimum of 25% gravel to 75% soil by weight and a maximum of 
40% gravel to 60% soil by weight.  Screened gravel shall be nominally ½-inch diameter 
(minimum) to 2-inch diameter (maximum).  The method and mixing location shall be 
approved by the Engineer.  

2.8 Soil Rooting Medium   

A. A minimum of 54 inches of soil rooting medium shall be required below the gravel 
amended topsoil and above the select subgrade surface.  The soil rooting medium shall be 
suitable to support native vegetation and meet the following criteria: 
1. USCS soil classification of silty sand (SM) or silt (ML). 
2. Saturated hydraulic conductivity less than or equal to 2.0 x 10–4 cm/sec at a 

relative compaction of 85% ± 2% of the standard maximum dry density 
determined by ASTM D698. 

3. Water holding capacity greater than or equal to 0.11.  Water holding capacity is 
defined as the difference in the volumetric moisture contents equivalent to the 
field capacity of the soil (–333 cm of water pressure head) and the permanent 
wilting point (–15,000 cm of water pressure head) of the soil tested at a relative 
compaction of 85% ± 2% of the standard maximum dry density as determined by 
ASTM D698. 

4. Soil rooting medium shall have a maximum particle size of 4 inches in the 
greatest dimension. 

5. The soil rooting medium shall meet the salt content requirements listed in 
Table 1. 

6. The soil rooting medium shall meet the nutrient requirements listed in Table 2.  

2.9 Select Cover Subgrade Soil 

A. Select cover subgrade soil shall be placed by the Contractor to the lines and grades 
necessary to support placement of the 5-foot-thick (minimum) cover soil.  Select 
subgrade soil shall have a USCS soil classification of silty gravel (GM), clayey gravel 
(GC), silty sand (SM), clayey sand (SC), lean clay (CL), or silt (ML).  Select cover 
subgrade soil shall have a maximum particle size of 4 inches in the greatest dimension.  
Select cover subgrade soil shall satisfy the salinity requirements of Table 1. 

PART 3 EXECUTION 

3.1 Delivery, Storage, and Handling of Materials 

A. Temporary Stockpiling  
1. Contractor may temporarily stockpile materials at a staging location identified by 

the drawings or approved by the Engineer.  Stockpiles shall not obstruct roads or 
Owner’s operations.  Stockpiles should maintain clearance from existing 
permanent monitoring wells and fence limits as shown on the Drawings.  
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2. All stockpiles shall be kept neat and orderly.  The Contractor shall take necessary 
precautions to maintain existing erosion and dust control measures and prevent 
off-site sediment and dust releases.  When work is completed, the stockpile area 
shall be graded to drain surface water runoff to appropriate collection and 
discharge points.  

3.2 Clearing and Grubbing 

A. Clearing and grubbing shall be performed in accordance with Section 31 10 00 - Site 
Clearing. 

3.3 Excavation 

A. General 
1. The Contractor shall execute all earth excavation related to specified tasks 

required under this contract.  Excavation for the convenience of the Contractor 
shall conform to the limits approved by the Engineer and shall be at no additional 
expense to Owner. 

2. The Contractor shall perform required excavation within the soil borrow area 
indicated on the Drawings.  The Contractor may propose excavation of suitable 
materials in various areas of the site in order to obtain materials meeting 
specifications for various components of the work.  Excavated material may be 
stockpiled for later use. All excavation and stockpile locations shall be approved 
by the Engineer. 

3. During construction, the Contractor shall perform excavation in a manner and 
sequence that will provide proper drainage at all times.  The Contractor shall 
provide and maintain proper equipment and facilities to remove all water 
entering excavations as necessary so as to obtain a satisfactory material meeting 
the required specifications. 

4. Neither extracted soil, soil stockpiles, equipment, nor vehicles shall be allowed 
within 2 feet of an open excavation.   

B. Trench Excavation 
1. Excavate trenches as recommended by the Manufacturer of the pipe to be 

installed.   
2. Slope trench walls below the top of the pipe, or make vertical, and of such width 

as recommended in the Manufacturer's printed installation manual.  Provide 
vertical trench walls where no Manufacturer's printed installation manual is 
available.   

3. Shore trench walls more than 4 feet high, cut back to a stable slope, or provide 
with equivalent means of protection for employees who may be exposed to 
moving ground or cave in.   

4. Excavate trench walls which are cut back to at least the angle of repose of the 
soil.  Give special attention to slopes which may be adversely affected by 
weather or moisture content.   

5. Grade the bottoms of trenches accurately to provide uniform bearing and support 
for the bottom quadrant of each section of the pipe.  Excavate bell holes to the 
necessary size at each joint or coupling to eliminate point bearing.  Remove 
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stones of 3 inches or greater in any dimension, or as recommended by the pipe 
Manufacturer, whichever is smaller, to avoid point bearing. 

6. Where overdepth is not indicated and unyielding material is encountered in the 
bottom of the trench, remove such material 6 inches below the required grade and 
replace with suitable materials. 

7. Where unstable material is encountered in the bottom of the trench, remove such 
material to the depth directed and replace it to the proper grade with select 
granular material.  When removal of unstable material is required due to the 
Contractor's fault or neglect in performing the work, the Contractor is responsible 
for excavating the resulting material and replacing it without additional cost to 
the Owner. 

3.4 Imported Material and Borrow Source Areas 

A. Suitability of Materials: The suitability of all cover materials will be approved by the 
Engineer.  Fill soil will be approved material from the designated borrow source(s).  All 
source material shall meet the testing requirements of Table 3 and follow the CQA Plan - 
Attachment 1 - Soil Rooting Medium Sampling and Analysis Plan, Soil Characterization 
for Evapotranspiration Cover, US Ecology Idaho Cells 14 And 15. 

B. The Engineer may direct the Contractor to cut inspection trenches or test pits into the 
designated borrow area(s) prior to this soil’s removal to determine that the Specifications 
have been met.  Such trenches or pits will be of limited depth and size, and shall be 
backfilled with the material excavated therefrom, or other fill material approved by the 
Engineer.  Inspection trenches or test pits, and the refilling of the same, shall be at the 
Contractor's expense. 

3.5 Subgrade Preparation 

A. Cover soil placement shall be directly on the existing subgrade.   

B. Excavation of waste or soil dikes is not allowed unless approved by the Engineer.   

C. The subgrade shall be protected in accordance with the following procedures: 
1. The existing subgrade shall be protected from erosion and damage of any kind. 
2. The subgrade shall be kept free of all trash and debris. 

D. Waste excavation shall not be allowed except as approved by the Engineer.  The 
placement of common fill at the start of the project as directed by the Engineer shall be 
subject to compensation in accordance with the unit costs established in 
Section 01 20 00 - Price and Payment Procedures.   

E. The condition of the subgrade shall be approved by the Engineer prior to cover soil 
placement. 

3.6 Material Placement 

A. General 
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1. Fill materials shall be placed and compacted to the lines and grades shown on the 
Drawings.  The cover layer thicknesses and slopes, as designated in these 
specifications and plans, shall be measured on final grade for each layer.  

2. The Contractor shall place material to maintain a positive drainage off of the 
cover systems throughout construction to preclude the ponding of water.  No fill 
shall be placed on any area where ponding has been allowed to occur.  Where 
ponding has occurred and the fill material is required to be placed, the water shall 
be removed and the material replaced.   

3. Materials shall not be placed on frozen subgrade or embankment material 
foundations, nor shall frozen material be used as fill. 

4. Place and spread fill materials in continuous, horizontal lifts (or lifts parallel to 
final slope) of uniform thickness, in a manner that avoids segregation and 
compact each lift to specified densities prior to placing succeeding lifts. Slope 
lifts where necessary to conform to final grades or as necessary to keep 
placement surfaces drained of water.  

5. Fill materials shall be placed as dry as possible with a maximum water content 
not to exceed their optimum moisture content as determined per ASTM D698.  

6. All lift surfaces must maintain a uniform slope. 

B. Cover Soil (Topsoil, Soil Rooting Medium, and Select Cover Subgrade Soil) Placement 
1. Any areas of placed cover soil damaged by traffic, erosion, settlement, or other 

cause, shall be repaired and the grades shown on the drawings shall be 
reestablished.  Any exposed cover soil that exhibits desiccation cracking shall be 
wetted, compacted, and regraded prior to placement of any cover soil. 

2. Loose lift thickness for soil rooting medium and select cover subgrade cover soil 
shall be a standard 12 inches and a maximum of 36 inches.  Use of lifts less than 
12 inches shall be minimized and used only as needed to meet required grades 
and thicknesses.  

3. Keep placement surfaces free of water, debris, and foreign material during 
placement and compaction of fill materials.  

4. During placement, the moisture content of cover soil shall be maintained dry of 
the optimum moisture content (ASTM D698). 

5. Gravel amended topsoil shall be placed in one minimum 6-inch lift, 
uncompacted. 

3.7 Material Compaction 

A. General 
1. If any of the material does not meet the specified requirements, the Contractor 

shall remove such material and replace it with fill materials meeting the 
specification at no additional cost. Finish compaction shall be done by steel-
wheeled rollers, vibratory compactors, or other approved equipment.  

2. Soil compaction of lifts not exceeding 12 inches thick shall be tested by nuclear 
densiometer testing (ASTM D6938). 

3. For every 10 nuclear density tests (ASTM D6938), one test shall be performed by 
the sand cone density test method (ASTM D1556) and the oven-dried moisture 
test method (ASTM D2216). 

4. Soil compaction of lifts exceeding 12 inches thick, but not greater than 36 inches 
thick, may be tested by cone penetrometer testing (ASTM D6951), when a test 
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pad density correlation has been completed by the Contractor and approved by 
the Engineer and the Idaho DEQ.  

5. Fill placed at densities outside of the specified allowable density range or at 
moisture contents outside the specified acceptable range of moisture content shall 
be reworked to meet the density and moisture requirements or removed and 
replaced by acceptable fill compacted to meet these requirements. 

6. Hand compact common fill adjacent to any and all types of structures, and 
compact to at least 90% of the maximum dry density as determined by ASTM 
D698 to prevent wedging action or eccentric loading upon or against the 
structure.  Compact material within 12 inches of the structure.     

7. No compaction shall be performed when the material exceeds the optimum 
moisture content for compaction, either from rain or from excess application of 
water.  At such times, work shall be suspended by the Contractor until the 
previously placed and new materials have dried sufficiently to permit proper 
compaction.  The Engineer shall have authority to halt the work when material is 
overly wet or due to adverse weather conditions. 

B. Subgrade Compaction 
1. Existing subgrade materials consisting of waste, soil dikes, or other soil shall not 

be compacted prior to placement of cover soil. 

C. Common Fill 
1. Each layer of common fill shall be compacted to a minimum of 90% of 

maximum dry density as determined by ASTM D698. 

D. Select Cover Subgrade Soil 
1. Select cover subgrade soil shall be compacted to a minimum of 80% and a 

maximum of 92% of the maximum dry density as determined by ASTM D698. 

E. Soil Rooting Medium and Topsoil Compaction 
1. Soil Rooting Medium shall be placed with a compacted density from 80% to 

92% of the maximum dry density as determined by ASTM D698.  
2. The Contractor is responsible for documenting the constructed density for the 

entire thickness of the lift placed.  Uniform density is critical for this soil; 
consequently, any higher-density areas in this layer due to truck traffic or other 
are to be loosened to match the adjacent soil layer.   

3. The top 6-inch layer is the gravel amended topsoil, which shall be placed in a 
single uncompacted lift with uniform density.   

4. Cover soil that exceeds the maximum specified relative compaction shall be 
removed or ripped and recompacted to the specified density.    

5. Finish compaction shall be done by steel-wheeled rollers, vibratory compactors, 
or other approved equipment.   

3.8 Test Pad Density Correlation 

A. The Contractor may place soils with a lift thickness exceeding 12 inches after 
demonstrating by use of a test pad that proper compaction can be achieved and tested.  
Placement of lifts with a maximum thickness of 3 feet must be approved by the Engineer 
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and the Idaho DEQ based on a test pad density correlation demonstrated by the 
Contractor. 

B. During test pad construction, the Contractor shall develop a correlation between 
mechanical cone penetrometer testing (ASTM D6951) and in-place density testing by 
nuclear methods (ASTM D6938).   

C. The Contractor shall construct a maximum 3-foot-thick loose soil lift using the same 
procedures as will be used in the field during construction.  The minimum test pad 
dimensions shall be 50 feet by 100 feet.  Test pad construction methods shall match 
procedures to be used for cover construction, including soil type, lift thickness, 
equipment, and equipment operating speeds.  

D. At a minimum of 10 locations on the test pad, the Contractor shall develop a profile of 
cone penetrometer resistance (blows per lift) versus depth for the entire thickness of the 
lift.  Tests shall be spatially distributed to represent the entire test pad. 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.     

E. If the Contractor can prove this correlation to the Engineer and the Idaho DEQ, the 
Contractor shall be allowed to place soil in lifts not to exceed 3 feet and verify the density 
of placed material using the cone penetrometer testing at a minimum frequency of 4 tests 
per acre. 

F. The Contractor shall construct a test pad for each soil type used in cover construction, 
subject to approval by the Engineer, before placing cover soil in lifts exceeding 
12 inches.  

3.9 Trench Backfill Compaction 

A. Trench width shall be in accordance with ASTM D2774 and shall be sufficient to ensure 
working room to properly and safely place and compact haunching and other backfill 
materials. Minimum trench width shall not be less than 1.25 times the pipe outside 
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diameter plus 12 inches, (1.25 x O.D. + 12”).  Maximum trench width shall not exceed 
the outside pipe diameter plus 24 inches.  

B. Provide bedding material to the thicknesses shown on the Drawings and in accordance 
with ASTM D2774.  Only hand tampers shall be used to compact backfill around the 
pipe.  Care shall be taken not to damage or misalign the pipe during compaction.  The 
pipe haunch zone shall be backfilled with bedding material so that no voids exist.  

C. Place initial backfill material (compacted common fill with maximum particle size in 
accordance with ASTM D2774) with approved tampers to a height of at least 1 foot 
above the pipe or conduit.  Bring up the remaining backfill (compacted common fill) 
evenly on both sides of the pipe for the full length of the pipe.     

3.10 Final Grading/Tolerance 

A. The Engineer shall certify that the completed cover soil, at any point, has the minimum 
thickness designated by the plans, this shall include a minimum of 6 inches of gravel 
amended topsoil in the top of the cover soil.  The Engineer shall identify the locations 
where the soil thicknesses are less than required, and the Contractor shall be responsible 
for correcting any deficiencies in thickness. 

3.11 Grading Classifications  

A. Operations in areas designated for grading shall comply with the following 
classifications: 
1. Rough Grading, when specified, shall produce reasonably uniform surface, free 

of major ruts, windrows, and undulations.  Rough grades shall match plan grades 
or contours within 0.5 foot. 

2. Fine Grading, when specified, shall produce a uniform ground surface, free of 
ruts, windrows, and undulations.  Finish grades shall closely match plan grades 
or contours within a tolerance of 0.1 foot, except as otherwise indicated on the 
Drawings or Specifications, or otherwise indicated by the Engineer. 

3.12 Tolerances 

A. The Contractor shall meet the following tolerances for thickness and grade.  Tolerances 
will be verified by survey.  
1. Thickness: Variable thickness shall be minimum thickness shown on the 

Drawings, plus 6.0 inches, minus zero.  
2. Grade: Slope as shown on the Drawings; plus or minus 0.25 percent.  

B. If at the time of grading it is not possible to place any material in its proper location, it 
shall be stockpiled in approved areas for later use.  No extra payment shall be made for 
the stockpiling or double handling of the excavated material. 

C. The Engineer reserves the right to make minor adjustments or revisions in lines or grades 
as necessary during the progress of the work. 
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PART 4 QUALITY CONTROL AND QUALITY ASSURANCE 

4.1 General 

A. The Contractor shall perform and pay for all Quality Control (QC) soil testing, including 
testing for off-site soils proposed for use in the work.  

B. The Engineer will perform and the Owner will pay for all Quality Assurance (QA) testing 
during construction to ascertain that the work is performed in compliance with these 
Specifications.  Samples may be taken at the place of excavation, stockpiles, or on placed 
fill.  The QA Engineer will verify QC laboratory results by performing duplicate testing, 
using the same locations and/or split soil samples, and methods as the Contractor.  The 
number of tests performed by the QA Engineer shall equal, at a minimum, 5% of the total 
QC testing for the project.  The Contractor shall remove surface material and render 
assistance as necessary to enable sampling and testing. 

4.2 Material Testing 

A. General 
1. Material acceptance is subject to approval by the Engineer. 
2. The Contractor shall pay for all costs associated with corrective work and 

retesting resulting from failing tests. 
3. The Contractor shall give a minimum 24-hour advance notice to Engineer when 

ready for material testing and inspection. 
4. Testing shall be performed by a valid commercial testing laboratory.  If the 

Contractor elects to establish testing facilities, work requiring testing will not be 
permitted until the Contractor's facilities have been inspected and approved by 
the Engineer. 

B. Source Soils 
1. All tests necessary for the Contractor to locate an acceptable source of borrow 

material shall be made by the Contractor. Certification that the material conforms 
to the Specification requirements, along with copies of the test results from a 
qualified independent testing laboratory, shall be submitted to the Engineer for 
approval at least 20 days before the material is required for use.  All material 
samples shall be furnished by the Contractor at the Contractor's sole expense. 
Samples shall be representative and clearly marked to show the source of the 
material and the intended use on the project. Sampling of the material source 
shall be done by the Contractor in accordance with ASTM D75. The Contractor 
shall notify the Engineer at least 24 hours prior to sampling. The Engineer shall 
observe the sampling procedures. Tentative acceptance of the material source 
shall be based on an inspection of the source by the Engineer and/or the certified 
test results submitted by the Contractor to the Engineer, at the Engineer’s 
discretion. No imported materials shall be delivered to the site until accepted in 
writing by the Engineer. 

2. Test results shall be forwarded to the Engineer within 48 hours after test 
completion.  If tests conducted by the Contractor or the Engineer indicate that the 
material does not meet Specification requirements, material placement will be 
terminated until corrective measures are taken. 
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3. Material that does not conform to the Specification requirements and is placed in 
the work shall be removed and replaced at the Contractor's sole expense.  

C. Common Fill and Select Cover Subgrade Soil 
1. Samples of the borrow sources for common fill and select cover subgrade soil 

shall be tested for particle size analysis, Atterberg Limits (Liquid Limit, Plastic 
Limit and Plasticity Index), Unified Soil Classification, and standard moisture-
density.  One of each of these tests shall be performed for each 10,000 yd3 of 
loose material.  The testing frequency may be increased by the Engineer, if 
variation in gradation is occurring, or if the material appears to depart from the 
Specifications.  

2. Samples of the borrow sources for select cover subgrade soil shall be tested for 
salt content.  These tests shall include pH, electrical conductivity (EC), sodium 
absorption ratio (SAR), exchangeable sodium percentage (ESP), and calcium 
carbonate equivalent (CaCO3).  Table 1 summarizes the appropriate salt levels 
with their acceptable range. One of each of these tests shall be performed for 
each 10,000 yd3 of loose material.  

D. Soil Rooting Medium and Topsoil 
1. Samples of the borrow sources for soil rooting medium shall be tested for particle 

size analysis, Atterberg Limits (Liquid Limit, Plastic Limit and Plasticity Index), 
Unified Soil Classification, and standard moisture-density.  One of each of these 
tests shall be performed for each 5,000 yd3 of loose material.  The testing 
frequency may be increased by the Engineer, if variation in gradation is 
occurring, or if the material appears to depart from the Specifications.  

2. Samples of the borrow sources for soil rooting medium shall be tested for 
saturated hydraulic conductivity and two points of the soil water retention curve 
corresponding to the field capacity (–333 cm water pressure head) and the 
permanent wilting point (–15,000 cm water pressure head).  Samples tested for 
saturated hydraulic conductivity and soil water retention shall be prepared by 
laboratory compaction of samples to 85% ± 2% of the standard maximum dry 
density as determined by ASTM D698.  One of each of these tests shall be 
performed for each 10,000 yd3 of loose material.  Testing frequency may be 
increased by the Engineer if borrow source soils are too variable.  The saturated 
hydraulic conductivity and moisture retention samples shall be remolded using 
the same criterion as the standard Proctor (ASTM D698) method used for 
compaction.  Thus, the largest particle size shall be determined by grain size 
distribution of the sample. 

3. Samples of the borrow sources for soil rooting medium and topsoil shall be tested 
for salt content.  These tests shall include pH, electrical conductivity (EC), 
sodium absorption ratio (SAR), exchangeable sodium percentage (ESP), and 
calcium carbonate equivalent (CaCO3).  Table 1 summarizes the appropriate salt 
levels with their acceptable range. One of each of these tests shall be performed 
for each 10,000 yd3 of loose material.  

4. Samples of the borrow sources for soil rooting medium and topsoil shall be tested 
for soil nutrient requirements.  These tests shall include cation exchange capacity 
(CEC), percent organic matter, nitrogen (N), phosphorus (P), and potassium (K).  
One of each of these tests shall be performed for each 10,000 yd3 of loose 
material.  Table 2 summarizes the appropriate nutrients levels with their 
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acceptable range.  Should the soil not meet these nutrient requirements, 
amendments will be required as appropriate.  Any amendment is to be approved 
by the Engineer prior to application. 

E. Placed Soils 
1. When ASTM D6938 is used to determine in-place density and moisture content, 

the probe must be checked against the calibration curves and adjusted using only 
the sand cone method as described in ASTM D1556.  ASTM D6938 results in a 
wet unit weight and a moisture content of the soil when using this method.  
Check the calibration curves furnished with the moisture gauges along with 
density calibration checks as described in ASTM D 6938.  Check the calibration 
of both the density and moisture gauges at the beginning of a job, on each 
different type of material encountered, and at intervals as directed by the 
Engineer. 

2. If ASTM D 6938 is used, check in-place densities by ASTM D1556 as follows: 
One check test per lift for each 10 densities determined by ASTM D6938, or 
fraction thereof, of each lift of fill compacted by other than hand-operated 
machines. 

3. When test results indicate, as determined by the Engineer, that compaction is not 
as specified, corrective action shall be taken.  Upon the Engineer's judgment, 
corrective action may include, but is not limited to, recompaction, removal, and 
replacement.  The Contractor shall perform tests on recompacted areas to 
determine conformance with specification requirements.   

4. 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.  

F. Common Fill and Select Soil Subgrade Compaction 
1. Field compaction testing shall be performed in accordance with ASTM D6938 or 

ASTM D6951 (if approved) at a minimum of four tests per acre per loose lift.  

G. Soil Rooting Medium and Topsoil Compaction 
1. Field compaction testing for soil rooting medium shall be performed in 

accordance with ASTM D6938 or ASTM D6951 (if approved) at a minimum of 
four tests per acre per loose lift  

2. The topsoil shall be placed in one minimum 6-inch lift, uncompacted. 
 

Table 3.  Summary of Soil Testing Frequency 

Test Method Frequency a Requirement(s) 
Select Cover Subgrade Soil Source   
Liquid limit, plastic limit, and 
plasticity index 

ASTM D4318 1 per 10,000 yd3 Used for classification 

Particle size analysis ASTM D422 1 per 10,000 yd3 Used for classification 
Maximum particle size of 4 inches in the 
greatest dimension 

Soil classification ASTM D2487 1 per 10,000 yd3 GM, GC, SM, SC, CL, ML 
Laboratory moisture-density 
relations 

ASTM D698 1 per 10,000 yd3 Reference for percent compaction 
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Table 3 (continued) 

Test Method Frequency a Requirement(s) 
Select Cover Subgrade Soil Source (cont.)   
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 
Common Fill Source    
Liquid limit, plastic limit, and 
plasticity index 

ASTM D4318 1 per 10,000 yd3 Maximum liquid limit of 35 
Maximum plasticity index of 12 

Particle size analysis ASTM D422 1 per 10,000 yd3 Maximum of 25 percent by weight passing the 
No. 200 sieve 
Less than 20 percent gravel 
Maximum particle size of 4 inches in the 
greatest dimension 

Soil classification ASTM D2487 1 per 10,000 yd3 GW, GP, GM, GC, SW, SP, SM, or SC 
Laboratory moisture-density 
relations 

ASTM D698 1 per 10,000 yd3 Reference for percent compaction 

Gravel Amended Topsoil Source   
Particle size analysis ASTM D422 1 per 10,000 yd3 Minimum 25 percent and maximum 40 percent 

gravel by weight 
Modified ASTM sieved on 2-inch and 0.5-inch 
sieves 
Maximum particle size of 2 inches in the 
greatest dimension 

Soil Rooting Medium Source in Accordance with CQA Plan Attachment 1 
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 

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/sec 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 

Bedding Material Source 
Particle size analysis ASTM D422 1 per 5,000 yd3 Used for classification 

Maximum particle size in accordance with 
ASTM D2447 

Soil classification ASTM D2487 1 per 5,000 yd3 SW, GW 
Laboratory moisture-density 
relations 

ASTM D698 1 per 5,000 yd3 Reference for percent compaction 
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Table 3 (continued) 

Soil Rooting Medium and Topsoil Source 
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) 

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 
Placed Select Cover Subgrade Soil 
In-place density and moisture ASTM D6938 or 

ASTM D6951 
4 tests per acre per 
loose lift for ASTM 
D6938 or a minimum 
of 4 tests per acre per 
3-foot (maximum) lift 
for ASTM D6951 

80–92% of maximum dry density 
Dry of optimum moisture content 
If used, ASTM D6951 to include testing the full 
lift thickness. 
Tests shall be spatially distributed to represent 
the entire site.  

In-place density (sand cone) ASTM D1556 1 test per 10 ASTM 
D6938 tests 

Confirmation of nuclear probe calibration 

Compacted Common Fill     
In-place density and moisture ASTM D6938 or 

ASTM D6951 
4 tests per acre per 
loose lift for ASTM 
D6938 or a minimum 
of 4 tests per acre per 
3-foot (maximum) lift 
for ASTM D6951 

Minimum of 90% of maximum dry density 
Dry of optimum moisture content  
If used, ASTM D6951 to include testing the full 
lift thickness. 
Tests shall be spatially distributed to represent 
the entire site. 

In-place density (sand cone) ASTM D1556 1 test per 10 ASTM 
D6938 tests 

Confirmation of nuclear probe calibration 

Placed Soil Rooting Medium    
In-place density and moisture ASTM D6938 or 

D6951 
A minimum of 4 tests 
per acre per loose lift 
for ASTM D6938 or a 
minimum of 4 tests 
per acre per 3-foot 
(maximum) lift for 
ASTM D6951 

80% to 92% of the maximum dry density 
Dry of optimum moisture content 
If used, ASTM D6951 to include testing the full 
lift thickness. 
Tests shall be spatially distributed to represent 
the entire site. 

In-place density (sand cone) ASTM D1556 1 test per 10 ASTM 
D6938 tests 

Confirmation of nuclear probe calibration 

Placed Bedding Material 
In-place density and moisture ASTM D6938  A minimum of 1 test 

per 200 ft. 
Greater than or equal to 90% of the maximum 
dry density 

In-place density (sand cone) ASTM D1556 1 test per 10 ASTM 
D6938 tests 

Confirmation of nuclear probe calibration 
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Table 3 (continued) 

Placed Gravel Amended Topsoil   
One 6-inch, uncompacted lift - 25% to 40% by weight gravel, 75% to 60% by weight topsoil 

a Testing frequencies for saturated hydraulic conductivity and water holding capacity designated at 1 per 10,000 yd3 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 yd3.  DEQ concurrence will be required to establish the final test frequency for saturated hydraulic 
conductivity and water holding capacity.  

PART 5 ADDITIONAL REQUIREMENTS 

5.1 Settlement 

A. The Contractor shall correct and repair any subsequent damage to structures, pavements, 
curbs, slabs, piping, and other facilities caused by settlement of fill or backfill material.  

5.2 Dust Control 

A. Dust control shall consist of furnishing water supply, required equipment, additives, 
accessories, and incidentals, and applying water during the completion of the Contract, as 
required by the Engineer.  Special care must be taken so as not to apply excessive water. 
Prior to any earthwork activities on the project areas (including borrow area) such as site 
preparation and borrow area excavation.  The Contractor shall submit a Dust Control Plan 
for approval. The plan shall identify methods and equipment to minimize/control dust 
generation during all earthwork operations and include the following minimum 
requirements:  
1. Continuous control of dust generation during borrow area excavation and fill 

placement, etc. 
2. Continuous control of wind-generated dust, including disturbed areas that are not 

being actively worked. 
3. Keeping unpaved haul roads watered or using tackifier to control dust.  
4. Application of water or other approved dust suppressants to keep visible dust to a 

minimum during execution of Work. See restrictions on moisture addition for 
fill. 

5. Appropriate hand-held hose lines, sprinklers, and other equipment as needed to 
access and control dust at areas difficult to access by vehicles, such as borrow 
and stockpile side slopes.  

5.3 Protection 

A. The Contractor shall maintain and protect native vegetation where possible, through 
minimization of site disturbance.  

B. The Contractor shall limit access road development to the minimum necessary to execute 
work. 

C. The Contractor shall provide stabilization of inactive disturbed work areas by longer-term 
methods such as matting, tack and mulch, or crusting agents.  
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D. The Contractor shall provide implementation of permanent stabilization on a regular 
basis when sufficient area exists for application.  The Contractor shall protect existing 
surface and subsurface features on site and adjacent to site as necessary, in accordance 
with, but not limited to, the following guidelines: 
1. Provide barricades, coverings or other types of protection necessary to prevent 

damage to existing items indicated to remain in place. 
2. Protect and maintain benchmarks, monuments, or other established reference 

points and property corners.  If disturbed or destroyed, replace at the Contractor's 
expense to full satisfaction of Owner and controlling authority. 

3. Maintain stockpiles and excavations in such a manner to avoid inconvenience or 
damage to structures on site or adjoining property, and avoid blocking access 
roads to or within the site. 

E. The Contractor may remove and replace existing items indicated to remain in place, at his 
option, at no additional loss to Owner.  Replacement items must be approved by Owner. 

F. The Contractor shall take all necessary precautions to preclude the accidental discharge 
of fuel, oil, etc. in order to prevent adverse effects on water quality. 

G. The Contractor is responsible for stormwater damage resulting from storms exceeding the 
25-year, 24-hour storm event and shall carry All-Risk Builders Insurance to cover such 
damage.  Owner is not responsible for stormwater damage or delays. 

H. Contractor shall be responsible for all costs associated with repair and/or replacement of 
the ground surface utilities and appurtenant facilities damaged by the Contractor to the 
satisfaction of the Owner.  Any damage resulting from unauthorized intrusion upon or 
use of off-site areas shall be completely and immediately repaired, solely at the expense 
of the Contractor. 

5.4 Safety 

A. The Contractor shall ensure full compliance with applicable requirements of OSHA.  
Special attention is directed to Title 29 Labor, Part 1518, "Safety and Health Regulations 
for Construction" and detailed requirements of Subpart P "Excavations, Trenching and 
Shoring." 

B. The Contractor shall comply with local and specific requirements of the State of Idaho. 

5.5 Water Supply  

A. Water supply for earthwork, compaction, and dust control will be provided by the Owner 
from an on-site storage pond.  The Contractor shall have access to the water storage 
pond, and tank-trucks may be filled from the pond or a Contractor supplied storage tank.  
The Contractor shall supply pumps necessary to provide the flow rates needed.  Use of 
the water shall be coordinated between the Owner and the Contractor.  The Contractor 
shall be responsible for obtaining the water necessary for construction activities, 
including dust control and fire protection.  
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B. For water connections during the freezing temperatures, coordinate all connections with 
the Owner. Contractor shall take all necessary measures to prevent freezing and/or 
damage to the raw water system.  

C. The Contractor shall conserve water to the extent practicable. 

5.6 Sequencing and Scheduling  

A. Fill activities shall commence only after Dust Control Plan has been approved.  

5.7 Disposal of Surplus Material 

A. No excavated materials shall be removed from the site or disposed of by the Contractor 
except as directed by the Engineer.  Materials shall be neatly piled so as to minimize 
inconveniencing operations. 

B. Suitable excavated material shall be used for fill embankments or backfill for different 
parts of the work as required. 

C. Items and materials of salvage value as determined by the Engineer, unless incorporated 
in the new work, shall remain the property of the Owner and shall be delivered to storage 
areas as directed by the Engineer.  Such items and materials shall be carefully removed 
and delivered in such a manner as to permit reuse. 

5.8 Cleanup and Disposal 

A. Garbage, refuse, debris, oil, and any waste material that is generated by the Contractor 
and is harmful to the environment or offensive to the area shall be removed from the job 
site and disposed of off-site in a manner approved by the authority having jurisdiction 
over the disposal site. 

B. The Contractor shall dispose of all vegetative materials on-site, as directed by the 
Engineer or Owner.  

C. Burning of cleared and grubbed materials shall not be permitted. 

5.9 Waste 

A. Excavation shall cease if any waste (refuse) is encountered during excavation.  The 
Contractor shall immediately notify the Engineer of the occurrence of unexpected waste.   

END OF SECTION 
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SECTION 31 10 00 

SITE CLEARING 

PART 1 GENERAL 

1.1 Work Included 

A. The work covered by this section consists of furnishing all labor and equipment in 
performing all stripping and clearing operations in accordance with the plans and 
specifications.  Clearing shall consist of removing natural and artificial objectionable 
material from the construction areas and proper disposal.   

1.2 Related Work 

A. Section 31 00 00 - Earthwork  

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 Coordination 

A. Strip and stockpile suitable soil which may be reused. 

3.2 Clearing and Grubbing 

A. General:  Clear and grub all areas shown on the contract drawings to be excavated. 

B. Borrow Excavation Areas:   
1. Clearing and grubbing shall consist of removal and disposal of trees and other 

vegetation as well as down timber, snags, brush, existing foundations, slabs, and 
rubbish within the areas to be cleared.  Clearing shall be performed by grading 
the soil to a depth of approximately 1 to 2 inches.  Strip vegetation and surface 
soil and any other material deemed unsuitable by the QC Representative. 

2. Stripped soil and vegetation shall be stockpiled at a location designated by the 
Owner or Engineer. 

C. Cover Construction Area:  Grass, roots, and incidental vegetation within the areas of 
cover construction shall be left in place to prevent disturbance of the existing subgrade or 
waste. 

3.3 Salvageable Items 

A. Carefully remove items indicated to be salvaged and store as indicated on the Drawings 
or as directed by Owner. 
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3.4 Preservation of Property 

A. The Contractor shall be responsible for compliance with National Pollutant Discharge 
Elimination System (NPDES) requirements using best management practices and 
following an approved Storm Water Pollution Prevention Plan.   

B. Provide temporary fences, barricades, coverings, or other protection to preserve existing 
items indicated to remain and to prevent injury or damage to persons or property.  Apply 
protection to adjacent properties as required. 

C. Restore damaged work to condition existing prior to start of work, unless otherwise 
directed. 

3.5 Existing Utilities 

A. The Contractor shall verify the location of any utility lines, pipelines, or underground 
utility lines in or near the area of the work in advance of and during clearing work.  The 
Contractor is fully responsible for any and all damage caused by failure to locate, 
identify, and preserve any and all existing utilities, pipelines, and underground utility 
lines.  Repair damaged utilities to the satisfaction of the utility owner at no expense to the 
Owner.   

B. Should uncharted or incorrectly charted piping or other utilities be encountered during 
clearing, Contractor shall contact the Engineer immediately for directions as to 
procedures. 

C. Contractor shall cooperate with the Owner and public or private utility companies in 
keeping service and facilities in operation. 

3.6 Waste 

A. Dispose of all pre-existing waste material encountered within the area of clearing and 
grubbing, other than vegetation, on-site at a location specified by the Owner. 

B. Burning of waste shall not be permitted. 

PART 4 MEASUREMENT AND PAYMENT 

4.1 General 

A. A description of measurement and payment for work covered by this section is provided 
in Section 01 20 00 - Measurement and Payment, included in these Contract Documents. 

B. Any clearing of the Contractor's staging area to remove unwanted vegetation is at the 
Contractor's discretion to facilitate work and is considered incidental to completion of the 
project.  No separate measurement and payment for incidental clearing is provided. 

END OF SECTION 
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SECTION 31 32 00 

COVER SYSTEM COMPONENTS 

PART 1 GENERAL 

1.1 Summary 

A. Section includes construction and installation sequence of various components of the 
landfill cover system.  

B. Related Sections 
1. Section 31 00 00 - Earthwork 
2. Section 32 92 19 - Vegetation and Seeding 

1.2 Submittals 

A. All submittals shall be made in accordance with the requirements of Section 01 33 00 - 
Submittals. 

B. Required Submittals 
1. As-Built Drawings  
2. Detailed survey including the waste and soil subgrade prior to construction, 

select cover subgrade soil, soil rooting medium, and topsoil shall be submitted. 

1.3 Quality Assurance 

A. Refer to the Construction Quality Assurance (CQA) plan and specific sections for quality 
assurance requirements. 

PART 2 PRODUCTS 

2.1 Cover System Components 

A. The cover system shall consist of the following components (from bottom to top) as 
shown on the Drawings. 
1. Cover Soil - The cover soil shall have a minimum thickness of 5 feet, as shown 

on the Drawings.  The cover soil shall consist of: 
a. Select Cover Subgrade Soil - The select cover subgrade soil, where 

required, shall be suitable soil or soil rooting medium of variable 
thickness in accordance with Section 31 00 00 - Earthwork.   

b. Soil Rooting Medium - The soil rooting medium shall have a minimum 
thickness of 54 inches in accordance with Section 31 00 00 - Earthwork. 

c. Gravel Amended Topsoil - The gravel amended topsoil consists of the 
upper 6-inch layer of the soil rooting medium, containing natural gravel 
or mixed with gravel, in accordance with Section 31 00 00 - Earthwork.   
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2. Vegetation and Seeding - Vegetation and seeding includes application of seed, 
fertilizer, and mulch in accordance with Section 32 92 19 - Vegetation and 
Seeding.  

B. Existing Subgrade 
1. The existing subgrade may be composed of existing soil dikes, waste, or other 

subgrade soil.  The Contractor shall place cover soil over the existing subgrade 
without excessive alteration of the subgrade.  Where required, subgrade shall be 
augmented with compacted common fill and prepared in accordance with 
Section 31 00 00 - Earthwork.  Excavation of existing waste shall not be allowed, 
except as approved by the Engineer. 

PART 3 EXECUTION 

3.1 Installation 

A. Refer to specification sections corresponding to individual components of the cover 
system for the installation and construction procedures for the waste disposal cell.   

PART 4 MEASUREMENT AND PAYMENT 

4.1 General 

A. A description of measurement and payment for work covered by this section is provided 
in Section 01 20 00 - Measurement and Payment, included in these Contract Documents. 

END OF SECTION 
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SECTION 31 38 01 

SURFACE ROCK DURABILITY REQUIREMENTS 

PART 1 GENERAL 

1.1 Summary 

A. This section covers all labor, equipment, appurtenances, materials, and performing all 
operations, including, but not limited to, hauling, placing, spreading, watering, 
processing, compacting, and shaping rock required on this project.  Rock includes gravel 
for topsoil admix.  

B. Related Sections: 
1. Section 31 10 00 - Site Clearing 
2. Section 31 20 00 - Earthwork  

1.2 References 

A. American Society for Testing and Materials (ASTM) 
1. ASTM C33 - Standard Specification for Concrete Aggregates. 
2. ASTM C88 - Standard Test Method for Soundness of Aggregates by Use of 

Sodium Sulfate or Magnesium Sulfate 
3. ASTM C127 - Standard Test Method for Density, Relative Density (Specific 

Gravity), and Absorption of Coarse Aggregate. 
4. ASTM C136 - Standard Test Method for Sieve Analysis of Fine and Coarse 

Aggregates. 
5. ASTM C295 - Standard Guide for Petrographic Examination of Aggregates for 

Concrete. 
6. ASTM C535 - Standard Test Method for Resistance to Degradation of Large-

Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine. 
7. ASTM D5240 - Standard Test Method for Testing Rock Slabs to Evaluate 

Soundness of Riprap by Use of Sodium Sulfate or Magnesium Sulfate. 
8. ASTM D5312 - Standard Test Method for Evaluation of Durability of Rock for 

Erosion Control Under Freezing and Thawing Conditions. 
9. ASTM D5313 - Standard Test Method for Evaluation of Durability of Rock for 

Erosion Control Under Wetting and Drying Conditions. 
10. ASTM D6473 - Standard Test Method for Specific Gravity and Absorption of 

Rock For Erosion Control. 

1.3 Unit Price - Measurement and Payment 

A. A description of measurement and payment for work covered by this section is provided 
in Section 01 20 00 - Measurement and Payment of the Supplemental Provisions, 
included in these Contract Documents. 

1.4 Submittals 

A. Section 01 33 00 - Submittals. 
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B. A certificate or affidavit signed by a legally authorized official of the supplier of the 
stone fill and the supplier of the natural filter material that it meets the quality required 
and gradation limits specified.   

1.5 Quality Assurance 

A. Furnish each aggregate material from a single source throughout the Work. 

B. A certificate or affidavit shall be provided by the Contractor, signed by a legally 
authorized official of the supplier of the stone fill and the supplier of the natural filter 
material that it meets the quality required and gradation limits specified. 

1.6 Certification   

A. The Contractor shall provide acceptable documentation that the rock proposed for the 
project meets the requirements of this Specification. The Engineer may waive the need 
for certification of the rock upon inspection of the source. 

1.7 Testing and Inspection 

A. The Contractor shall provide all testing, retesting, and inspection services.  The Testing 
Laboratory that will perform testing and inspection service is subject to prior approval by 
the Engineer. 

1.8 Quality Assurance 

A. The Contractor is responsible for meeting all requirements set forth in the contract 
documents.  The Engineer will perform Quality Assurance (QA) testing, at their 
discretion, during construction activities.  Samples may be taken at the place of 
excavation, stockpiles, or from the placed materials.  The Contractor shall conduct 
laboratory testing as frequently as the Engineer considers necessary.  The Contractor 
shall remove surface material and render assistance as necessary to enable sampling and 
testing. 

B. Suitability of Materials:  The suitability of all rock will be approved by the Engineer.  

PART 2 PRODUCTS 

2.1 Materials  

A. All material shall be clean, free of roots, trash, debris, and lumps. 

B. Rock Durability: The suitability of the rock to be used is based on its physical properties 
including size and durability.  This specification section addresses the durability 
requirements to be met.   

C. Gravel for Admix:  Gravel for Admix shall be non-calcareous material that satisfies the 
requirements of Table 1.   
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Table 1.  Gravel for Admix Requirements 
 

Description Requirement Reference 
Maximum particle size (D100) 2 inches ASTM C136 
Minimum particle size (D0) ½ inch ASTM C136 
Unit weight 160 lbf/ft3 or greater ASTM C127 
Absorption Less than 1.0 percent ASTM D6473 
Sulfate soundness Less than 5 percent loss ASTM D5240 
Abrasion Less than 20 percent loss for 

500 revolutions 
ASTM C535 

PART 3 EXECUTION 

3.1 Delivery, Handling, and Storage 

A. Rock shall be excavated and screened on-site.  The Bruneau Formation is present west of 
the project area on the USEI property where future Cell 16 will be excavated, as shown 
on the Plans.  The Contractor shall investigate this and/or other locations on the USEI 
property and propose a borrow source for the gravel material.  The sources from which 
the Contractor obtains the material shall be selected well in advance of the time when the 
material will be required in the work.  The inclusion of any sand, silt, clay, and rock fines 
in gravel for the top soil gravel admix shall be consistent with the final soil type and test 
criteria for the soil rooting medium as per Section 31 00 00 - Earthwork.   

B. Gravel shall be handled, loaded, transported, stockpiled, and placed in a manner that 
avoids segregation and degradation.   

3.2 Waste 

A. Dispose of all surplus material as per Section 31 00 00 - Earthwork. 

B. Excavation shall cease if any waste (refuse) is encountered during excavation.  The 
Contractor shall immediately notify the Engineer of the occurrence of unexpected waste.   

3.3 Air Pollution 

A. Use water sprinkling, temporary enclosures, and other suitable methods to limit dust and 
dirt air pollution.  Comply with governing regulations pertaining to environmental 
protection. 

END OF SECTION 
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SECTION 32 92 19 

VEGETATION AND SEEDING 

PART 1 GENERAL 

1.1 Work Included  

A. This section covers the Work necessary to seed and fertilize the cover surface and areas 
around the cover that are disturbed as a result of construction activities.  

B. Related Sections 
1. Section 31 00 00 - Earthwork 
2. Section 31 32 00 - Cover System Components 

1.2 Work Limits  

A. Areas required to be planted and maintained include the entire cover surface soil area.  

1.3 Submittals  

A. Section 01 33 00 - Submittals.  

B. Plant material source and seed mix guarantee.  

C. Fertilizer analysis guarantee and material safety data sheet (MSDS).  

D. Certified weed-free straw guarantee.  

E. Hydromulch products, application rates, and methods.   

1.4 Quality Control  

A. Work covered under this specification section shall be the work of a single firm 
experienced in dryland revegetation work. Submit statement of qualifications to the 
Engineer for approval.  

B. Source Quality Control:  
1. General: Do not ship any materials until approval of submittals have been 

obtained from the Engineer. Ship materials with certificates of inspection 
required by governing authorities. Comply with State regulations applicable to 
revegetation material.  

2. Do not make substitutions. If specified materials are not obtainable, submit proof 
of non-availability to the Engineer, together with proposal for use of equivalent 
material.  

3. Analysis and Standards: Package standard products with manufacturer’s certified 
analysis.  
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1.5 Delivery, Storage, and Handling  

A. Fertilizer and seed shall be protected from wind and moisture during transport and 
storage before use. Fertilizer or seed that has become wet, moldy, or otherwise damaged 
in transit or storage will not be accepted.  

B. Notify the Engineer's Field Representative at least 3 days in advance of each delivery and 
planting.  

1.6 Traffic Control  

A. The only vehicle allowed to be driven across the cover surface and sideslopes will be a 
low ground pressure vehicle used to hydroseed and fertilize.  While performing those 
operations, traffic shall be minimized and shall not be allowed following heavy rain 
events to prevent rutting and compaction of barrier soils.  

1.7 Scheduling and Sequencing  

A. Within 14 days of the Engineer acceptance of cover final grading, the cover surface and 
side slopes shall be seeded and mulched.  The seeding contractor shall provide a 
recommendation to the Engineer for approval regarding the appropriate seed mix related 
to the season in which seeding will occur.   

PART 2 PRODUCTS  

2.1 Seed Materials  

A. The seed mixes shall meet the following requirements.  
1. Seed shall be 80% pure live seed or greater.  
2. Seed shall not contain any federal- or state-listed prohibited noxious weed seed 

as determined by a standard purity test. 
3. Seed shall not contain more than 40 seeds per pound of any single restricted 

noxious weed or more than 150 seeds per pound of all species combined of 
restricted noxious weed seed. 

4. Seed shall not contain more than 1 percent by weight of weed seed or other crops 
and plant species as determined by a standard purity test. 

5. The Contractor shall supply certified seed or, if not available, submit proof of 
non-availability along with the proposed substitute.  

6. Seed certification from a laboratory for seed testing shall include but is not 
limited to the following: 
a. Name and address of testing laboratory. 
b. Date of testing. 
c. Lot number for each seed type. 
d. 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 the case of seed mixtures, pure live seed proportions of 
each kind of seed as specified.  All seed shall be subject to inspection 
and concurrence by the Contractor before the subcontractor is authorized 
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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 all seed. 

7. Species Substitutions: Due to potential availability problems, alternative species 
meeting the requirements above may be substituted for species listed below with 
the approval of the Engineer. Substitutions must be submitted to the Engineer for 
approval at least 30 days prior to ordering. Substitutions shall be allowed only 
with approval from Idaho DEQ.  

8. Permanent Seeding Plant List:  
a. Total seed mixture application shall be 51.0 pounds live seed (PLS) per 

acre of the following species: 
 

Table 1.  Permanent Seed Mix 
 

Common Name Scientific Name PLS/acre 
Crested wheatgrass  Agropyron cristatum 15.0 
Siberian wheatgrass  Agropyron sibericum 18.0 
Streambed wheatgrass  Elymus lanceolatus lanceolatus 18.0 

Total PLS/acre 51.0 

 

B. Seed Delivery: Unopened containers or bags shall be delivered with the following 
information clearly marked.  
1. Certified or non-certified name of seed as specified.  
2. Lot number.  
3. Net weight.  
4. Percentage purity.  
5. Percentage germination.  
6. Seed coverage (in acres) on a PLS basis 
7. Percentage of weed seed content and inert material clearly marked for each kind 

of seed in accordance with applicable state and federal laws.  

2.2 Fertilizer  

A. The seeding contractor shall provide a submittal for the proposed fertilizer products, 
application rates, and methods.  Materials and methods shall be based on soil nutrient test 
results in accordance with Section 31 00 00 - Earthwork. 

B. Fertilizer shall be furnished in standard, unopened bags with weight, nutrient content, and 
manufacturer’s analysis marked.  

PART 3 EXECUTION  

3.1 Preparation  

A. The cover surface shall be prepared for seeding by placement of gravel amended topsoil 
in accordance with Section 31 00 00 - Earthwork.  
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3.2 Seeding  

A. The seeds shall be applied through a hydromulch.  The hydromulch shall be applied to 
the landfill surface at a minimum of 8,000 lbs/acre. 
1. Bonded fiber matrix shall be co-applied with the hydromulch. 
2. Granular fertilizer shall be co-applied during seeding.  

B. The seed mix shall be evenly applied throughout the planting area. 

C. The hydromulch products, application rates, and methods shall be submitted by the 
Contractor for approval by the Engineer.    

END OF SECTION 
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SECTION 33 24 14 

LEACHATE AND WELL RISER MODIFICATION 

PART 1 GENERAL 

1.1 Summary 

A. This section includes the work and materials required for modification of leachate risers 
and monitor well risers.   
1. Leachate risers include: 

a. HDPE side slope riser pipes extending on an angle from the liner side 
slope through the final cover.  Side slope risers include all existing 
leachate pump controls and piping. 

b. Concrete manhole risers extending vertically from liner sumps through 
the final cover.  

2. Monitor well risers include: 
a. 4-inch-diameter polyvinyl chloride (PVC) well casing. 
b. Protective steel shroud with locking cap. 
c. Concrete pad. 

B. The Contractor shall familiarize himself with site conditions at the project site, including 
locations and conditions of all leachate and well risers.  Failure to do so shall in no way 
relieve Contractor of the responsibility for performing any of the work or operations 
required as a part of this contract.  

C. The Contractor shall provide to the Engineer for his or her approval a detailed Riser 
Modification Construction and Materials Plan to modify and extend the existing risers.  
All materials and methods used in the riser extensions shall be consistent with the 
existing materials.  Existing materials and equipment shall be modified and reused to the 
extent practicable. Work shall not begin without the Engineer's expressed approval of the 
Contractor's proposed plan for extension and modification. 

D. Section Includes 
1. Parts, materials, and installation of riser extensions. 

E. Related Sections: 
1. Section 31 00 00 - Earthwork 
2. Section 40 14 49 - HDPE Pipe 
3. Specification used for construction of the system. US Ecology Idaho, Cell 15, 

Section 15062 - Piping and Mechanical, November 15, 2002. 
4. Specification used for construction of the system. US Ecology Idaho, Cell 15, 

Section 16050 - Electrical Work, September 30, 2002 

1.2 General Provisions 

A. Warranties: Contractor shall warrant against defects, all materials provided and work 
performed under this contract for a period of 1 year from the date of Final Completion, as 
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determined by the Engineer in accordance with the Standard General Conditions of the 
Construction Contract and amendments thereto.  The Contractor shall replace promptly, 
at the Contractor's own expense, any materials and workmanship that fail during this 
warranty period as determined by the Owner or Engineer.   

B. Protection:  The original risers and completed extensions shall be flagged so as to be 
highly visible by equipment operators and protected from damage.    

C. Health and safety:  Health and safety monitoring is a critical aspect of the leachate system 
extensions.  Vapor within the leachate risers is potentially toxic, explosive, or deficient in 
oxygen.  The Contractor shall provide a site-specific health and safety plan (HASP) to the 
Engineer for approval.   

D. The Contractor shall be held responsible, and payment will be withheld for damages to 
the riser due to any act of omission, error, or faulty operation by the Contractor or his 
employees or agents.  Resulting repairs shall be completed by the Contractor to the 
satisfaction of the Owner/Engineer at no additional cost to the Owner and without claim 
against the Owner, Engineer, or agents. 

1.3 Submittals 

A. Submittals shall be in accordance with Section 01 33 00 - Submittals. 

B. Riser Modification Construction and Materials Plan: The Contractor shall submit to the 
Engineer a detailed plan of proposed riser construction methods and materials to be used.  
The Contractor shall not perform any work on the riser construction until the plan has 
been approved in writing by the Idaho Department of Environmental Quality and by the 
Engineer.  

C. Site-Specific Health and Safety Plan (HASP): The Contractor shall submit to the 
Engineer a site-specific HASP for approval.  The HASP shall address monitoring 
methods, engineering controls (such as ventilation systems), and construction methods 
that ensure worker health and safety. 

PART 2 PRODUCTS 

2.1 Contractor’s Equipment and Methods 

A. General Requirements:  
1. The modifications shall be constructed using conventional methods consistent 

with existing riser materials and equipment.  The Contractor is directed to the 
specification sections used for construction of the Leachate Collection and 
Removal System (LCRS) and the Leachate Detection, Collection, and Removal 
System (LDCRS). 

2. Specification used for construction of the system. US Ecology Idaho, Cell 15, 
Section 15062 - Piping and Mechanical, November 15, 2002.  Applicable 
sections will include but not be limited to: 1.4 Submittals, 1.5 Quality Assurance, 
1.6 Delivery, Storage, and Handling of Materials, 2.3 Pipe and Fittings, 
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2.4 Cell 15 Leachate Pipe to Cell 14 Tie-In, Part 3 Execution, and Part 4 Field 
Quality Control. 

3. Specification used for construction of the system. US Ecology Idaho, Cell 15, 
Section 16050 - Electrical Work, September 30, 2002.  Applicable sections will 
include but not be limited to: 1.1 Scope, 1.4 Jobsite Conditions, 1.5 Applicable 
Publications, 1.6 Quality Assurance, 1.7 Coordination, 1.10 Record Documents, 
1.13 Interruption of Existing Electrical and Other Necessary Services, 
1.14 Protection During Construction, 2.5 Wire and Cable, 2.6 Miscellaneous 
Materials and Hardware, 3.2 Wires and Cable, 3.3 Conduits, 3.4 Grounding. 

4. The Contractor shall supply capable and experienced personnel and suitable 
equipment to perform the work, as specified herein.  The Contractor shall employ 
only competent workers for the execution of the work, which shall be directly 
supervised by an experienced superintendent who shall be deemed satisfactory by 
the Owner/Engineer.  The individual responsible for welding shall be a certified 
welder.  The individual responsible for electrical work shall be a certified 
electrician. 

B. Materials and Equipment:  All riser materials and equipment shall be compatible with the 
leachate riser or monitor well's continued function and use by using only materials that 
are consistent with existing materials and free of any contaminants that could impact 
leachate collection operations or monitoring results. 

C. The premises, materials, tools, and equipment shall be maintained so as to minimize the 
potential for contaminant impacts to the risers during modification or extension.   

PART 3 EXECUTION 

3.1 Construction  

A. Construction shall be executed in accordance with the Riser Modification Construction 
and Materials Plan submitted by the Contractor and approved by the Engineer. 

B. Surface Protection:  During construction, the open risers shall be protected from entry of 
unwanted material at all times.  No materials or liquids, including surface water runoff, 
shall be allowed to enter the risers during construction activities.  Whenever work ceases 
on the risers, the risers shall be capped for protection until the permanent extension is 
completed. 

C. Material Tallies:  An accurate record of all materials on the location shall be maintained 
at all times.     

D. Cleanup:  After the work is completed, the Contractor shall remove all debris, tools, 
equipment, supplies, and excess material from the site and shall restore the site to its 
original condition, as approved by the Owner/Engineer. 
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PART 4 MEASUREMENT AND PAYMENT 

4.1 Installation 

A. A description of measurement and payment for work covered by this Section is provided 
in Section 01 20 00 - Measurement and Payment, included in these Contract Documents. 

END OF SECTION 
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SECTION 40 14 49 

HDPE PIPE 

PART 1 GENERAL 

1.1 Summary 

A. Section Includes 
1. High-Density Polyethylene (HDPE) Pipe used in the project including, but not 

limited to: 
a. Leachate riser extension and modification. 

B. Related Sections 
1. 33 24 14 - Leachate and Well Riser Modification 
2. 31 00 00 - Earthwork  

1.2 References 

A. American Society for Testing and Materials (ASTM) 
1. ASTM D256 - Standard Test Method for Determining the Impact Resistance of 

Notched Specimens of Plastics. 
2. ASTM D380 - Standard Methods of Testing Rubber Hose. 
3. ASTM D638 - Standard Test Method for Tensile Properties of Plastics. 
4. ASTM D696 - Standard Test Method for Coefficient of Linear Thermal 

Expansion of Plastics Between 30°C and 30°C. 
5. ASTM D746 - Standard Test Method for Brittleness Temperature of Plastics and 

Elastomers by Impact. 
6. ASTM D790 - Standard Test Methods for Flexural Properties of Unreinforced 

and Reinforced Plastics and Electrical Insulating Materials. 
7. ASTM D1238 - Standard Test Method for Flow Rates of Thermoplastics by 

Extrusion Plastometer. 
8. ASTM D1248 - Standard Specification for Polyethylene Molding and Extrusion 

Materials. 
9. ASTM D1505 - Standard Test Method for Density of Plastics by the Density-

Gradient Technique. 
10. ASTM D1525 - Standard Test Method for Vicat Softening Temperature of 

Plastics. 
11. ASTM D1603 - Standard Test Method for Carbon Black in Olefin Plastics. 
12. ASTM D1693 - Standard Test Method for Environmental Stress-Cracking of 

Ethylene Plastics. 
13. ASTM D2122 - Standard Test Determining Dimensions of Thermoplastic Pipe 

and Fittings. 
14. ASTM D2239 - Standard Specification for Polyethylene (PE) Plastic Pipe 

(SIDR-PR) Based on Controlled Inside Diameters. 
15. ASTM D2240 - Standard Test Method for Rubber Property-Durometer Hardness. 
16. ASTM D2241 - Standard Specification for Polyethylene (PE) Plastic Pipe 

(SIDR-PR) Based on Controlled Inside Diameter. 
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17. ASTM D2447 - Standard Specification for Polyethylene (PE) Plastic Pipe, 
Schedules 40 and 80, Based on Outside Diameter. 

18. ASTM D2513 - Standard Specification for Thermoplastic Gas Pressure Pipe, 
Tubing, and Fittings. 

19. ASTM D2609 - Standard Specification for Plastic Insert Fittings for Polyethylene 
(PE) Plastic Pipe. 

20. ASTM D2657 - Standard Practice for Heat-Joining Polyolefin Pipe and Fittings. 
21. ASTM D2683 - Standard Specification for Socket-Type Polyethylene Fittings for 

Outside Diameter-Controlled Polyethylene Pipe and Tubing. 
22. ASTM D2774 - Standard Practice for Underground Installation of Thermoplastic 

Pressure Piping 
23. ASTM D3035 - Standard Specification for Polyethylene (PE) Plastic Pipe (DR 

PR) Based on Controlled Outside Diameter. 
24. ASTM D3261 - 03 Standard Specification for Butt Heat Fusion Polyethylene 

(PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and Tubing 
25. ASTM D3350 - Standard Specification for Polyethylene Plastics Pipe and Fitting 

Materials. 
26. ASTM F412 - Standard Terminology Relating to Plastic Piping System. 
27. ASTM F714 - Standard Specification for 3 to 63 in. (SDR-PR) Polyethylene Pipe 

B. Code of Federal Regulations (CFR) 
1. 49 CFR 192.285 - Plastic pipe; qualifying persons to make joints. 

C. American Water Works Association 
1. AWWA C901 - AWWA Standard for Polyethylene (PE) Pressure Pipe and 

Tubing, ½ In. (13 mm) through 3 In. (76 mm), for Water Service 

1.3 Submittals 

A. Section 01 33 00 - Submittals 

B. Product Data: Submit data on pipe sizes, materials and fittings. Submit manufacturers 
catalog information. 

C. Submittals shall be furnished in accordance with Section 01 33 00 - Submittals. 
1. Fabrication drawings for piping system.  Drawings shall include materials list; 

piping layout; joining methods; fittings; type, size, and spacing of 
perforations/screen size. 

2. Certificates for pipe manufacturer's quality control tests, and for calibration of 
acceptance testing equipment. 

3. Records demonstrating personnel qualifications.  
4. Documentation including test records and as-built drawings. 
5. Samples of field-fabricated pipes shall be submitted to the Engineer for approval 

prior to installation. 

1.4 Qualifications 

A. Manufacturer: Company specializing in manufacturing Products specified with minimum 
5 years documented experience. 
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B. Installer: Company specializing in performing work of this Section with minimum 5 
years documented experience. 

1.5 Delivery, Storage, and Handling 

A. All necessary precautions shall be taken to prevent damage or contamination to pipe and 
other materials during shipment and delivery.  

B. All materials shall be securely fastened to truck or rail car to prevent movement or 
damage during shipment. 

C. The Contractor shall examine all materials before loading.  

D. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, 
storing, and protecting products. 

E. Furnish temporary end caps and closures on piping and fittings. Maintain in place until 
installation. 

F. Protect piping from entry of foreign materials by temporary covers, completing sections 
of the Work, and isolating parts of completed system. 

G. All pipe materials shall be handled in such a manner as to prevent damage. HDPE pipe 
shall not be dropped, rolled or pushed off from any height during delivery, storage or 
installation. 

H. All pipe materials shall be stored off the ground in a dry location. 

I. All pipe materials shall be stored in such a manner as to prevent sagging or bending. 

PART 2 PRODUCTS 

2.1 High Density Polyethylene Pipes 

A. Polyethylene Pipe: Pipe shall be provided in diameters, pressure classes, and dimension 
ratios (DR) as shown on the plans and in accordance with ASTM D3035. Also: 
1. HDPE pipe shall be manufactured from extra high molecular weight 

polyethylene pipe materials meeting the requirements of cell classification 
PE345434C Standard PE Code Designation PE3408 as defined by ASTM 
D3350. 

2. Fittings: AWWA C901, molded. 
3. Joints: Butt fusion by a qualified technician, trained by an approved 

manufacturer's representative, and in accordance with the manufacturer's 
recommended procedures.  

B. Typical Material Physical Properties: All pipe and fitting materials shall meet these 
typical physical properties: 
1. The HDPE pipes shall be able to withstand a live load of 80,000 pounds 

generated by a dual axle vehicle driven directly over the buried pipe with a 
minimum soil cover thickness of 1.5 feet. 
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2. Specific Gravity - 0.94 minimum as determined by ASTM D1505. 
3. Carbon Black Content - 2 percent minimum as determined by ASTM D1603. 
4. Melt Index - 0.1 to 1.1 g per 10 min as determined by ASTM D1238 Condition 

190.2.16. 
5. All HDPE pipes shall have Standard Diameter Ratio (SDR) of 11. 
6. All HDPE pipes shall demonstrate adequate physical and chemical resistance to 

typical vapors generated in municipal solid waste landfills. 
7. HDPE pipe shall be manufactured from first quality polyethylene resin 

containing no more than 2 percent recycled polymer by weight.  Resin shall be 
Type III, Category 5, Class C, Grade 34 per ASTM D 1248.  The cell 
classification shall be 345434C per ASTM D3350.  Pipe shall be rated PE3408. 
Workmanship shall be as specified by ASTM F714. 

8. HDPE vapor extraction piping beneath the cover geomembrane, and elsewhere as 
shown on the Drawings, shall be 0.04 inch slot perforated unless otherwise noted. 

C. HDPE Pipe Quality 
1. The pipe shall have uniform wall thickness and shall be uniform in color, 

opacity, density, and other physical properties.  Pipe shall be homogeneous 
throughout and free of visible cracks, holes, blisters, bubbles, un-dispersed raw 
materials, or any contamination by foreign matter.  Any pipe with nicks, scrapes, 
or gouges deeper than 5 percent of the nominal wall thickness shall be rejected. 

2. Pipe may be supplied in a continuous extruded seamless piece or in sections. 

2.2 Fittings 

A. The fittings shall be manufactured from the same cell class resin and fully pressure rated 
to the same pressure rating as the designed piping system. 

B. Shall have a controlled outside diameter and produced to the SDR/DR rating for the 
pressure specified by the Engineer. 

C. Shall be specifically manufactured to the standardized dimensions noted on the 
Drawings. 

D. Butt fusion fittings shall be manufactured from the same material as the extruded pipe. 

E. Shall be rated for the pressure service at least equal to that of the system pipe. 

F. Shall have outlets manufactured to the same DR as that of system pipe. 

G. Molded fittings shall be manufactured in accordance with ASTM D3261. Socket fittings 
shall be manufactured in accordance with ASTM D2683. 

H. Couplings 
1. Couplings for socket fusion, if necessary, shall satisfy the specifications listed for 

HDPE pipe, except that other cell classifications are acceptable. 
2. All molded fittings and reducers, flange adapters, stub ends, and transition 

fittings shall be fully pressure rated to match the pipe SDR pressure rating to 
which they are made. 
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2.3 Manufacturer's Quality Control Certificates 

A. Prior to shipment, the HDPE pipe Manufacturer shall submit a quality control certificate 
for each lot/batch of HDPE pipe provided.  The quality control certificate shall be signed 
by a responsible party employed by the HDPE pipe Manufacturer, such as the Production 
Manager.  The quality control certificate shall include both: 
1. Lot/batch numbers and identification. 
2. Sampling procedures and results of quality control tests. 

PART 3 EXECUTION 

3.1 Examination 

A. Contractor shall inspect all piping to ensure that the piping is free from defects in 
material and workmanship. 

B. Compatibility of all pipe and fittings shall be verified. 

C. Pipe, fittings and accessories that are cracked, damaged, not identified or in poor 
condition shall be rejected. 

D. Any pipe section or fitting containing scratches, dents or marks that exceed 10 percent of 
the calculated wall thickness shall be deemed unusable and rejected, or the suspect 
section or fitting removed from service. 

E. The Engineer shall have free access to all joints and test joints for determining the 
suitability of the joining process. 

F. Where construction restrictions limit inspection of joints, the Engineer may have the 
person joining the pipe and or fittings perform a test joint in the presence of the Engineer. 

G. The Engineer shall determine the method of testing either by visual examination or bent 
strap testing. 

3.2 Dimensions 

A. Piping dimensions shown on the Drawings are approximate.  It is the Contractor's 
responsibility to furnish and install piping of the proper dimensions, which shall properly 
fit with the connecting elements, pipes, fittings, etc. 

3.3 Preparation 

A. Remove burrs.  

B. Remove scale and dirt on inside and outside before assembly. 

C. Prepare piping connections to equipment with flanges or unions. 

D. Keep open ends of pipe free from scale and dirt. Protect open ends with temporary plugs 
or caps. 
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3.4 Joining 

A. All joining of HDPE pipe to HDPE pipe, except as otherwise mentioned, shall be 
performed by thermal butt or socket fusion.  Pipe shall be joined per ASTM D2657 and 
per Manufacturer's recommendations.  Installation personnel who join HDPE pipe shall 
be experienced and certified in accordance with 49 CFR 192.285.  The Contractor shall 
submit a list of proposed joining personnel and their qualifications to the Engineer for 
approval. 

B. Bending HDPE Pipe 
1. Pipe meeting the specifications delineated in Part 2 of this Section may be cold-

bent to a minimum radius as recommended by the manufacturer as it is installed, 
instead of installing elbows for slight bends.  The minimum bending radius that 
can be applied to the pipe without kinking it varies with the diameter and wall 
thickness of the pipe.  If adequate space is not available for the required radius, a 
fitting of the desired angle may be fused into the piping system to obtain the 
necessary change in direction, as shown in the Drawings for pipe connections in 
the sumps and for the sideslope riser pipe. 

3.5 Acceptance Testing 

A. The Contractor shall receive approval from the Engineer prior to burying the pipe. 

3.6 Contractor Quality Control 

A. The Contractor shall establish and maintain a quality control system to assure compliance 
with Specifications and shall maintain records of quality control for all operations 
including but not limited to the following: 
1. Conformance of materials to the requirements of this Section. 
2. Installation in accordance with the requirements of this Section and 

Section 33 24 14 - Leachate and Well Riser Modification. 
3. As-built locations of all piping. 

3.7 Measurement and Payment 

A. Measurement shall be based on dimensions shown on the Drawings or on authorized 
modifications established in writing by the Engineer.  Measurement of pipe lengths 
includes all fittings, reducers, bends, and caps as shown on the Drawings.  No additional 
allowance is made for perforation or fabrication of materials. 

B. A description of measurement and payment for work covered by this Section is provided 
in Section 01 20 00 - Measurement and Payment, included in these Contract Documents. 

END OF SECTION 
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U.S. Ecology Idaho (USEI)
Slope Stability of Final Cover

Cell 14

Stability Calculations

Objective: 

This calculation is performed to determine the stability of the final geometry of USEI cell 14
using the proposed cover design.

References:  

1) Koerner, R. M.  1990.  Designing with Geosynthetics.  Second Edition.  Prentice Hall,
New Jersey.

2) Gundle/SLT Environmental, Inc. (GSE). 2006.  GSE Technical Note 17.  Direct Shear &
Friction Angle Testing for GSE Membranes.

3) Geosynthetic Research Institute (GRI).  2006.  Test Methods, Test Properties and
Testing Frequency for High Density Polyethylene (HDPE) Smooth and Textured
Geomembranes.  GRI Test Method GM13. 

4) GeoStudio 2007 (Version 7.12 Build 4250). Geoslope International, Ltd., Calgary,
Alberta, Canada. 

5) Washington Group International, Inc.  2002.  Engineering Report for Landfill Cell 15 -
Grand View Facility. Boise, Idaho.

6) USEPA, 1995.  RCRA Subtitle D (258) Seismic design Guidance for Municipal Solid
Waste Landfill Facilities.  EPA/600/R-95/051.  Washington D.C.

7) USGS National Seismic Hazard Map, 2008.

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 1 - 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 1 - 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 cells 14 and 15 are 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 6).

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 

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 6, 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 0.2g was used in this
analysis.

amax 0.2 g amax 6.435
ft

s
2



Slope Stability Calculations Using Slope/W (reference 4)

Static and seismic slope stability calculations were performed for the cross-section
presented in Figure 1.

Figure 1. Profile of Cell 14 used for stability analysis.



Assumptions:

1) Saturated conditions were not considered in the analysis, due to the nature of
the waste and depth to the groundwater.

2) The peak bedrock acceleration was obtained from the USGS National Seismic
Hazard Maps, 2008, 2% probability of exceedance in 50 years. 

3) 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. 

 

Summary of Minimum Factors of Safety

Method Static FS Seismic FS Analysis

Morgenstern-Price 2.98 1.56 Circular

Ordinary 2.65 1.62 Circular

Bishop 2.98 1.85 Circular

Janbu 2.62 1.46 Circular

Morgenstern-Price 1.78 1.07 Auto Search

Ordinary 1.80 1.08 Auto Search

Bishop 1.80 1.09 Auto Search

Janbu 1.79 1.07 Auto Search

Morgenstern-Price 1.78 1.07 Block

Ordinary 1.78 1.08 Block

Bishop 1.81 1.10 Block

Janbu 1.78 1.07 Block

Conclusion

A 3:1 (horizontal:vertical) sloped ET soil cover will be adequately stable against typical
seismic events expected at this site.  Critical failure surfaces are displayed in Figures 2
through 7, for static and seismic stability, respectively.  Specific report analyses are
attached to this calculation. 



2.982

Figure 2. Failure surface and factor of safety for circular static analysis.



1.562

Figure 3. Failure surface and factor of safety for circular seismic analysis.

Figure 4. Failure surface and factor of safety for auto-search static analysis.



Figure 5. Failure surface and factor of safety for auto-search seismic analysis.

Figure 6. Failure surface and factor of safety for block static analysis.



Figure 7. Failure surface and factor of safety for block seismic analysis.
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File Information 
Created By: Pease, Eric 
Revision Number: 55 
Last Edited By: Pease, Eric 
Date: 11/25/2009 
Time: 4:28:44 PM 
File Name: USEI 14‐1 complex static mod1.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Slope Stability\Mod ‐ July 
2009\Cell 14\ 
Last Solved Date: 11/25/2009 
Last Solved Time: 4:29:24 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 14 Profile  1 
Description: Complex rendition of profile 1 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: No 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 
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Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

Slip Surface Grid 
Upper Left: (19.38763, 2805.6217) ft 
Lower Left: (9.22004, 2687.8292) ft 
Lower Right: (421.54803, 2672.5778) ft 
Grid Horizontal Increment: 40 
Grid Vertical Increment: 40 
Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (‐9.38447, 2564.8447) ft 
Upper Right Coordinate: (274.65889, 2582.3675) ft 
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Lower Left Coordinate: (‐5.92317, 2468.4689) ft 
Lower Right Coordinate: (272.06291, 2468.4689) ft 
Number of Increments: 25 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (‐50, 2583) ft 
Right Coordinate: (450, 2662) ft 

Seismic Loads 
Horz Seismic Load: 0 
Vert Seismic Load: 0 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (133.37, 2562) ft 
Inside Point: (73.77, 2589.45) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 65.617547 ft 
Reinforcement Direction: 335.27 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 

Page 3 of 6USEI Cell 14 Profile 1

11/25/2009file://P:\_ES07-130\CvrPrmtMod-Rev.N-09\Appx C\C1_SlopeStability\Cell 14\usei 14-1...



Outside Point: (193.34, 2554) ft 
Inside Point: (133.37, 2562) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 60.501247 ft 
Reinforcement Direction: 352.4 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (450, 2550.13) ft 
Inside Point: (193.34, 2554) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 256.68917 ft 
Reinforcement Direction: 359.14 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Regions 
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Points 

Critical Slip Surfaces 

Slices of Slip Surface: 19527 

Material Points Area (ft²)
Region 1 ET Cover 17,14,13,12,11,10,9,8,7,6,5,4,3,2,1,15 7358.9485
Region 2 Waste 4,18,19,20,14,13,12,11,10,9,8,7,6,5 25476.42
Region 3 Natural Subgrade 1,21,22,23,20,19,18,4,3,2 56823.03

X (ft) Y (ft)
Point 1 8.99 2583
Point 2 39.66 2584
Point 3 57.67 2590
Point 4 73.77 2589.45
Point 5 94.7 2593.62
Point 6 145.54 2609.89
Point 7 162.39 2612.42
Point 8 206.43 2628.73
Point 9 245.68 2631.92
Point 10 253.3 2634.24
Point 11 265.9 2634.31
Point 12 269.07 2633.51
Point 13 436.21 2635.55
Point 14 450 2629.53
Point 15 253.14 2652.76
Point 16 437.96 2662
Point 17 450 2662
Point 18 133.37 2562
Point 19 193.34 2554
Point 20 450 2550.13
Point 21 ‐50 2583
Point 22 ‐50 2450
Point 23 450 2450

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 19527 2.982 (147.802, 2735.88) 161.031 (286.659, 2654.33) (63.6141, 2598.61)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 19527 67.38404 2596.4335 0 375.52451 191.3393 0
2 19527 74.923905 2592.345 0 1113.0321 567.1182 0
3 19527 82.69538 2588.6615 0 1922.2275 1109.7986 125
4 19527 90.69846 2585.3735 0 2693.769 1555.2483 125
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5 19527 98.33145 2582.6825 0 3368.7755 1944.9634 125
6 19527 105.5943 2580.5235 0 3946.7827 2278.6761 125
7 19527 112.85715 2578.7295 0 4450.7889 2569.6642 125
8 19527 120.12 2577.288 0 4877.3388 2815.9329 125
9 19527 127.38285 2576.1895 0 5225.7644 3017.0965 125
10 19527 134.6457 2575.4275 0 5497.1497 3173.7809 125
11 19527 141.90855 2574.997 0 5694.9014 3287.9529 125
12 19527 149.7525 2574.915 0 5819.2764 3359.7608 125
13 19527 158.1775 2575.238 0 5865.9974 3386.7352 125
14 19527 166.06 2575.929 0 5856.5197 3381.2632 125
15 19527 173.4 2576.939 0 5807.5879 3353.0124 125
16 19527 180.74 2578.297 0 5716.9132 3300.6614 125
17 19527 188.08 2580.0125 0 5590.6047 3227.7371 125
18 19527 195.42 2582.0975 0 5433.6191 3137.1014 125
19 19527 202.76 2584.567 0 5249.8645 3031.0107 125
20 19527 210.355 2587.555 0 5020.4612 2898.5646 125
21 19527 218.205 2591.119 0 4746.6264 2740.4661 125
22 19527 226.055 2595.2115 0 4447.56 2567.8 125
23 19527 233.905 2599.88 0 4120.7594 2379.1215 125
24 19527 241.755 2605.1865 0 3761.2016 2171.5308 125
25 19527 249.41 2611.044 0 3381.4144 1952.2605 125
26 19527 256.37 2617.0305 0 2931.0997 1692.2712 125
27 19527 262.75 2623.1945 0 2394.364 1382.3867 125
28 19527 267.485 2628.169 0 1963.7987 1133.7997 125
29 19527 270.6038 2631.7385 0 1654.7741 955.38428 125
30 19527 275.76805 2638.3085 0 1211.2472 617.16127 0
31 19527 283.029 2648.7015 0 425.56399 216.83568 0
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USEI Cell 14 Profile 1 
Report generated using GeoStudio 2007, version 7.13. Copyright © 1991‐2008 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 50 
Last Edited By: Pease, Eric 
Date: 7/8/2009 
Time: 3:10:08 PM 
File Name: USEI 14‐1 complex seismic mod1.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Slope 
Stability\Mod ‐ July 2009\Cell 14\ 
Last Solved Date: 7/8/2009 
Last Solved Time: 3:10:42 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 14 Profile 1 
Description: Complex rendition of profile 1 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 



FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

Slip Surface Grid 
Upper Left: (19.38763, 2805.6217) ft 
Lower Left: (9.22004, 2687.8292) ft 
Lower Right: (421.54803, 2672.5778) ft 
Grid Horizontal Increment: 40 
Grid Vertical Increment: 40 
Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 



Slip Surface Radius 
Upper Left Coordinate: (‐9.38447, 2564.8447) ft 
Upper Right Coordinate: (274.65889, 2582.3675) ft 
Lower Left Coordinate: (‐5.92317, 2468.4689) ft 
Lower Right Coordinate: (272.06291, 2468.4689) ft 
Number of Increments: 25 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (‐50, 2583) ft 
Right Coordinate: (450, 2662) ft 

Seismic Loads 
Horz Seismic Load: 0.2 
Vert Seismic Load: 0.2 
Ignore seismic load in strength: No 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (133.37, 2562) ft 
Inside Point: (73.77, 2589.45) ft 
Slip Surface Intersection: (74.275, 2589.2) ft 
Total Length: 65.617547 ft 
Reinforcement Direction: 335.27 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 122.6 lbs 



Resisting Force Used: 220.72 lbs/ft 
Available Bond Length: 0.55545 ft 
Required Bond Length: 0.55545 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (193.34, 2554) ft 
Inside Point: (133.37, 2562) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 60.501247 ft 
Reinforcement Direction: 352.4 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (450, 2550.13) ft 
Inside Point: (193.34, 2554) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 256.68917 ft 
Reinforcement Direction: 359.14 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 



Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Regions 
  Material  Points  Area (ft²) 

Region 1  ET Cover  17,14,13,12,11,10,9,8,7,6,5,4,3,2,1,15  7358.9485 

Region 2  Waste  4,18,19,20,14,13,12,11,10,9,8,7,6,5  25476.42 

Region 3  Natural Subgrade  1,21,22,23,20,19,18,4,3,2  56823.03 

Points 
  X (ft)  Y (ft) 

Point 1  8.99  2583 

Point 2  39.66  2584 

Point 3  57.67  2590 

Point 4  73.77  2589.45 

Point 5  94.7  2593.62 

Point 6  145.54  2609.89 

Point 7  162.39  2612.42 

Point 8  206.43  2628.73 

Point 9  245.68  2631.92 

Point 10  253.3  2634.24 

Point 11  265.9  2634.31 

Point 12  269.07  2633.51 

Point 13  436.21  2635.55 

Point 14  450  2629.53 

Point 15  253.14  2652.76 

Point 16  437.96  2662 

Point 17  450  2662 

Point 18  133.37  2562 

Point 19  193.34  2554 

Point 20  450  2550.13 

Point 21  ‐50  2583 



Point 22  ‐50  2450 

Point 23  450  2450 

Critical Slip Surfaces 
  Number  FOS  Center (ft)  Radius (ft)  Entry (ft)  Exit (ft) 

1  Optimized  1.562 
(152.377, 
2788.89) 

123.0115 
(321.98, 
2655.99) 

(52.6018, 
2595.46) 

2  38715  1.764 
(152.377, 
2788.89) 

213.656 
(319.584, 
2655.88) 

(58.2589, 
2597.08) 

Slices of Slip Surface: Optimized 

 
Slip 

Surface 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesive 
Strength 
(psf) 

1  Optimized  57.80816  2593.961  0  414.99826  211.45218  0 

2  Optimized  68.644525  2590.8395  0  1339.4038  682.46033  0 

3  Optimized  74.56721  2589.1335  0  1834.8946  1059.3769  125 

4  Optimized  81.118295  2587.5235  0  2583.9533  1491.8461  125 

5  Optimized  91.038345  2585.6555  0  3166.8738  1828.3955  125 

6  Optimized  98.8191  2584.9285  0  3722.608  2149.2487  125 

7  Optimized  107.57085  2584.507  0  4013.0892  2316.9581  125 

8  Optimized  116.8362  2584.433  0  4501.2347  2598.789  125 

9  Optimized  125.269  2584.5805  0  4669.3617  2695.8573  125 

10  Optimized  132.8692  2584.95  0  4958.4863  2862.7834  125 

11  Optimized  141.10465  2585.5175  0  5058.4096  2920.4741  125 

12  Optimized  151.55455  2586.4185  0  5327.4948  3075.8305  125 

13  Optimized  159.97955  2587.22  0  5350.209  3088.9446  125 

14  Optimized  166.3553  2587.969  0  5466.4223  3156.0404  125 

15  Optimized  174.28585  2588.901  0  5613.8216  3241.1414  125 

16  Optimized  178.4134  2589.418  0  4778.2108  2758.7013  125 

17  Optimized  183.67775  2591.1925  0  4625.946  2670.7911  125 

18  Optimized  193.8818  2594.64  0  4515.926  2607.2711  125 

19  Optimized  202.7069  2597.782  0  4268.3033  2464.3061  125 

20  Optimized  210.62945  2600.799  0  4154.4258  2398.5588  125 

21  Optimized  219.02835  2603.997  0  4029.1376  2326.2237  125 

22  Optimized  227.42725  2607.1955  0  3913.7524  2259.606  125 



23  Optimized  235.14005  2610.409  0  3586.6332  2070.7437  125 

24  Optimized  242.1667  2613.637  0  3459.5091  1997.3485  125 

25  Optimized  248.5005  2616.5465  0  3357.4242  1938.4098  125 

26  Optimized  252.2305  2618.365  0  3070.0722  1772.507  125 

27  Optimized  258.9421  2622.2245  0  2774.2335  1601.7044  125 

28  Optimized  265.3221  2625.9115  0  2424.316  1399.6795  125 

29  Optimized  267.485  2627.2235  0  2310.3762  1333.8963  125 

30  Optimized  272.73185  2630.406  0  2037.4398  1176.3164  125 

31  Optimized  277.348  2633.125  0  1888.3605  1090.2454  125 

32  Optimized  282.68145  2635.907  0  1705.1186  868.80134  0 

33  Optimized  291.4397  2640.475  0  1346.1356  685.89037  0 

34  Optimized  300.1979  2645.043  0  971.46105  494.98413  0 

35  Optimized  308.9277  2649.493  0  594.86351  303.0981  0 

36  Optimized  317.6291  2653.825  0  202.52643  103.19237  0 

Slices of Slip Surface: 38715 

 
Slip 

Surface 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesive 
Strength 
(psf) 

1  38715  62.460655  2595.1275  0  458.80086  233.77071  0 

2  38715  70.864225  2591.443  0  1375.6715  700.93964  0 

3  38715  79.974505  2587.9395  0  2497.4125  1441.8818  125 

4  38715  89.7915  2584.6665  0  3622.0522  2091.1928  125 

5  38715  98.93665  2582.0675  0  4589.8842  2649.9709  125 

6  38715  107.41  2580.0605  0  5391.2526  3112.6411  125 

7  38715  115.88335  2578.4135  0  6074.2365  3506.9621  125 

8  38715  124.35665  2577.1185  0  6627.2089  3826.2208  125 

9  38715  132.83  2576.1685  0  7045.8048  4067.8973  125 

10  38715  141.30335  2575.559  0  7332.5733  4233.4632  125 

11  38715  149.7525  2575.2875  0  7483.5894  4320.6523  125 

12  38715  158.1775  2575.3505  0  7514.3802  4338.4294  125 

13  38715  166.794  2575.763  0  7467.6072  4311.425  125 

14  38715  175.602  2576.5425  0  7355.771  4246.8564  125 

15  38715  184.41  2577.692  0  7180.9281  4145.9108  125 

16  38715  193.218  2579.218  0  6960.3523  4018.5613  125 

17  38715  202.026  2581.128  0  6708.5814  3873.2013  125 



18  38715  210.355  2583.287  0  6437.597  3716.7483  125 

19  38715  218.205  2585.6655  0  6156.1678  3554.2651  125 

20  38715  226.055  2588.379  0  5870.8417  3389.532  125 

21  38715  233.905  2591.442  0  5583.7327  3223.7696  125 

22  38715  241.755  2594.871  0  5294.739  3056.919  125 

23  38715  249.41  2598.581  0  5020.8067  2898.7641  125 

24  38715  259.52  2604.184  0  4490.8128  2592.772  125 

25  38715  267.485  2608.8985  0  4003.3687  2311.346  125 

26  38715  274.1287  2613.422  0  3561.5969  2056.2889  125 

27  38715  284.24605  2620.9035  0  2871.166  1657.6685  125 

28  38715  294.3634  2629.3775  0  2108.8178  1217.5265  125 

29  38715  304.46245  2638.9945  0  1386.7409  706.57978  0 

30  38715  314.54315  2649.994  0  492.02257  250.69802  0 

 



USEI Cell 14 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 64 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 4:37:40 PM 
File Name: USEI 14‐1 auto‐locate static.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 4:37:48 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 14 
Description: Auto Locate Slip Surface ‐ Static Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Auto‐Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
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Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Impenetrable 
Model: Bedrock (Impenetrable) 

Slip Surface Limits 
Left Coordinate: (‐50, 2583) ft 
Right Coordinate: (450, 2662) ft 

Seismic Loads 
Horz Seismic Load: 0 
Vert Seismic Load: 0 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (133.37, 2562) ft 
Inside Point: (73.77, 2589.45) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 65.617547 ft 
Reinforcement Direction: 335.27 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
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Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (193.34, 2554) ft 
Inside Point: (133.37, 2562) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 60.501247 ft 
Reinforcement Direction: 352.4 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (450, 2550.13) ft 
Inside Point: (193.34, 2554) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 256.68917 ft 
Reinforcement Direction: 359.14 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
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Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 

Slices of Slip Surface: Optimized 

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 Optimized 1.782 (‐234.715, 4017.83) 17.24709 (183.126, 2632.76) (145.088, 2621.89)
2 11 1.783 (‐234.715, 4017.83) 1446.674 (178.927, 2631.55) (146.482, 2622.28)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 145.53535 2621.944 0 6.9932015 3.5632141 0
2 Optimized 146.7097 2622.1605 0 18.300456 9.324548 0
3 Optimized 148.04165 2622.484 0 23.414913 11.930494 0
4 Optimized 149.25215 2622.812 0 25.149941 12.814535 0
5 Optimized 150.40725 2623.1395 0 25.098792 12.788473 0
6 Optimized 151.50695 2623.466 0 23.921918 12.188826 0
7 Optimized 152.6729 2623.815 0 22.294745 11.35974 0
8 Optimized 153.9051 2624.1875 0 20.364279 10.376119 0
9 Optimized 155.00475 2624.518 0 18.924024 9.642272 0
10 Optimized 155.97185 2624.8055 0 17.844719 9.0923383 0
11 Optimized 157.1156 2625.1475 0 16.333534 8.3223514 0
12 Optimized 158.43605 2625.545 0 14.47333 7.3745301 0
13 Optimized 159.75655 2625.9425 0 12.619653 6.4300345 0
14 Optimized 161.0972 2626.3515 0 10.114787 5.1537415 0
15 Optimized 162.45805 2626.7725 0 7.1278749 3.6318337 0
16 Optimized 163.7773 2627.163 0 6.0119866 3.0632602 0
17 Optimized 165.0549 2627.523 0 6.4951424 3.3094404 0
18 Optimized 166.1811 2627.8565 0 5.2218823 2.6606819 0
19 Optimized 167.15585 2628.164 0 2.5689215 1.3089309 0
20 Optimized 168.21645 2628.4735 0 2.0559966 1.0475826 0
21 Optimized 169.36295 2628.785 0 3.591639 1.8300315 0
22 Optimized 170.4789 2629.0965 0 4.2242633 2.1523696 0
23 Optimized 171.56425 2629.408 0 4.0630961 2.0702509 0
24 Optimized 172.6496 2629.72 0 3.9019289 1.9881321 0
25 Optimized 173.93935 2630.0995 0 2.8505112 1.452408 0
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Slices of Slip Surface: 11 

26 Optimized 175.4335 2630.5465 0 0.96927767 0.49387164 0
27 Optimized 176.73185 2630.9255 0 0.24786844 0.12629528 0
28 Optimized 177.8344 2631.236 0 0.68824504 0.35067836 0
29 Optimized 178.9782 2631.5615 0 0.79243257 0.40376456 0
30 Optimized 180.16325 2631.9025 0 0.56612985 0.28845756 0
31 Optimized 181.3483 2632.2435 0 0.33974603 0.17310925 0
32 Optimized 182.53335 2632.5845 0 0.113273 0.057715478 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 11 147.02325 2622.433 0 0.61959571 0.31569978 0
2 11 148.10475 2622.7295 0 1.8163919 0.92549792 0
3 11 149.1862 2623.0265 0 2.9282522 1.492019 0
4 11 150.26765 2623.3245 0 3.9549634 2.0151545 0
5 11 151.34915 2623.6235 0 4.8963039 2.4947914 0
6 11 152.43065 2623.9235 0 5.7521556 2.9308697 0
7 11 153.5121 2624.2245 0 6.5222058 3.3232298 0
8 11 154.59355 2624.526 0 7.2064298 3.6718594 0
9 11 155.67505 2624.8285 0 7.8046982 3.9766924 0
10 11 156.75655 2625.132 0 8.3170656 4.2377566 0
11 11 157.838 2625.4365 0 8.7435054 4.4550385 0
12 11 158.91945 2625.742 0 9.0837019 4.6283773 0
13 11 160.00095 2626.0485 0 9.3387942 4.7583533 0
14 11 161.08245 2626.3555 0 9.5074957 4.844311 0
15 11 162.1639 2626.6635 0 9.5907525 4.8867325 0
16 11 163.24535 2626.9725 0 9.588621 4.8856464 0
17 11 164.32685 2627.2825 0 9.5011581 4.8410818 0
18 11 165.40835 2627.5935 0 9.3284295 4.7530722 0
19 11 166.48985 2627.905 0 9.0704761 4.6216384 0
20 11 167.5713 2628.2175 0 8.7272834 4.446773 0
21 11 168.65275 2628.531 0 8.2993455 4.2287277 0
22 11 169.73425 2628.8455 0 7.7865432 3.9674419 0
23 11 170.81575 2629.161 0 7.1888469 3.6629005 0
24 11 171.8972 2629.4775 0 6.506233 3.3150913 0
25 11 172.97865 2629.7945 0 5.7385717 2.9239483 0
26 11 174.06015 2630.1125 0 4.8856682 2.4893723 0
27 11 175.14165 2630.4315 0 3.9475773 2.0113911 0
28 11 176.2231 2630.7515 0 2.9239144 1.4898088 0
29 11 177.30455 2631.0725 0 1.8144816 0.92452457 0
30 11 178.38605 2631.394 0 0.61918789 0.31549199 0
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USEI Cell 14 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 74 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 4:23:20 PM 
File Name: USEI 14‐1 auto‐locate seismic.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 4:23:30 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 14 
Description: Auto Locate Slip Surface ‐ Seismic Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Auto‐Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
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Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Impenetrable 
Model: Bedrock (Impenetrable) 

Slip Surface Limits 
Left Coordinate: (‐50, 2583) ft 
Right Coordinate: (450, 2662) ft 

Seismic Loads 
Horz Seismic Load: 0.2 
Vert Seismic Load: 0.2 
Ignore seismic load in strength: No 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (133.37, 2562) ft 
Inside Point: (73.77, 2589.45) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 65.617547 ft 
Reinforcement Direction: 335.27 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
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Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (193.34, 2554) ft 
Inside Point: (133.37, 2562) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 60.501247 ft 
Reinforcement Direction: 352.4 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (450, 2550.13) ft 
Inside Point: (193.34, 2554) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 256.68917 ft 
Reinforcement Direction: 359.14 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
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Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 

Slices of Slip Surface: Optimized 

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 Optimized 1.072 (‐234.715, 4017.83) 15.52098 (180.531, 2632.01) (146.308, 2622.24)
2 11 1.073 (‐234.715, 4017.83) 1446.674 (178.927, 2631.55) (146.482, 2622.28)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 146.788 2622.344 0 3.1395034 1.5996569 0
2 Optimized 147.7488 2622.562 0 9.460128 4.820176 0
3 Optimized 148.7096 2622.7795 0 15.844194 8.0730203 0
4 Optimized 149.6418 2623.0045 0 20.120845 10.252083 0
5 Optimized 150.5454 2623.2375 0 22.954374 11.695838 0
6 Optimized 151.51695 2623.494 0 25.119079 12.79881 0
7 Optimized 152.5565 2623.774 0 27.002801 13.758615 0
8 Optimized 153.8447 2624.1275 0 28.427052 14.484306 0
9 Optimized 155.3703 2624.5555 0 29.159802 14.857661 0
10 Optimized 156.5625 2624.893 0 29.468073 15.014733 0
11 Optimized 157.4325 2625.139 0 29.685929 15.125736 0
12 Optimized 158.55745 2625.466 0 28.712524 14.629762 0
13 Optimized 159.9373 2625.8735 0 27.262649 13.891014 0
14 Optimized 161.24345 2626.262 0 25.452542 12.968718 0
15 Optimized 162.47595 2626.632 0 23.552461 12.000578 0
16 Optimized 163.5454 2626.9535 0 21.855249 11.135806 0
17 Optimized 164.45175 2627.2265 0 20.395134 10.39184 0
18 Optimized 165.3639 2627.5005 0 18.964353 9.6628202 0
19 Optimized 166.28185 2627.776 0 17.540226 8.9371917 0
20 Optimized 167.3375 2628.095 0 15.675944 7.9872926 0
21 Optimized 168.5309 2628.457 0 13.473983 6.8653373 0
22 Optimized 169.7243 2628.819 0 11.273625 5.744199 0
23 Optimized 170.95375 2629.199 0 8.1643452 4.1599417 0
24 Optimized 172.2192 2629.597 0 4.3516541 2.2172785 0
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Slices of Slip Surface: 11 

25 Optimized 173.41815 2629.9515 0 3.2283777 1.6449406 0
26 Optimized 174.5506 2630.262 0 4.6354599 2.3618848 0
27 Optimized 175.68305 2630.5725 0 6.0394763 3.0772669 0
28 Optimized 176.7317 2630.8685 0 6.3670214 3.2441595 0
29 Optimized 177.6965 2631.1495 0 5.773456 2.9417228 0
30 Optimized 178.76685 2631.471 0 4.0755895 2.0766166 0
31 Optimized 179.94275 2631.833 0 1.361158 0.69354463 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 11 147.02325 2622.433 0 0.70945358 0.36148466 0
2 11 148.10475 2622.7295 0 2.0795325 1.0595747 0
3 11 149.1862 2623.0265 0 3.352165 1.7080134 0
4 11 150.26765 2623.3245 0 4.5269232 2.3065826 0
5 11 151.34915 2623.6235 0 5.6037705 2.8552637 0
6 11 152.43065 2623.9235 0 6.5824197 3.3539103 0
7 11 153.5121 2624.2245 0 7.4627424 3.8024572 0
8 11 154.59355 2624.526 0 8.2445454 4.2008057 0
9 11 155.67505 2624.8285 0 8.9276175 4.5488483 0
10 11 156.75655 2625.132 0 9.5131784 4.8472065 0
11 11 157.838 2625.4365 0 9.9988074 5.0946469 0
12 11 158.91945 2625.742 0 10.387221 5.2925533 0
13 11 160.00095 2626.0485 0 10.67672 5.4400606 0
14 11 161.08245 2626.3555 0 10.86825 5.5376502 0
15 11 162.1639 2626.6635 0 10.961876 5.5853549 0
16 11 163.24535 2626.9725 0 10.957662 5.5832076 0
17 11 164.32685 2627.2825 0 10.855673 5.5312417 0
18 11 165.40835 2627.5935 0 10.656873 5.4299481 0
19 11 166.48985 2627.905 0 10.36042 5.2788979 0
20 11 167.5713 2628.2175 0 9.9672879 5.0785868 0
21 11 168.65275 2628.531 0 9.4775325 4.829044 0
22 11 169.73425 2628.8455 0 8.8912208 4.5303033 0
23 11 170.81575 2629.161 0 8.2073549 4.1818562 0
24 11 171.8972 2629.4775 0 7.4270745 3.7842835 0
25 11 172.97865 2629.7945 0 6.5499014 3.3373415 0
26 11 174.06015 2630.1125 0 5.575828 2.8410263 0
27 11 175.14165 2630.4315 0 4.5046507 2.2952342 0
28 11 176.2231 2630.7515 0 3.3360817 1.6998185 0
29 11 177.30455 2631.0725 0 2.0701098 1.0547737 0
30 11 178.38605 2631.394 0 0.70631532 0.35988563 0
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USEI Cell 14 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 71 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 4:51:22 PM 
File Name: USEI 14‐1 static block.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 4:51:38 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 14 
Description: Optimized Block Slip Surface ‐ Static Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Block 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Restrict Block Crossing: Yes 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

Slip Surface Limits 
Left Coordinate: (‐50, 2583) ft 
Right Coordinate: (450, 2662) ft 

Slip Surface Block 
Left Grid 

Upper Left: (‐34.75578, 2583.0482) ft 
Lower Left: (‐34.75578, 2547.7509) ft 
Lower Right: (7.63116, 2549.561) ft 
X Increments: 10 
Y Increments: 10 
Starting Angle: 135 ° 
Ending Angle: 180 ° 
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Angle Increments: 2 
Right Grid 

Upper Left: (258.03089, 2652.059) ft 
Lower Left: (258.03089, 2628.0749) ft 
Lower Right: (288.04869, 2631.6952) ft 
X Increments: 10 
Y Increments: 10 
Starting Angle: 45 ° 
Ending Angle: 65 ° 
Angle Increments: 2 

Seismic Loads 
Horz Seismic Load: 0 
Vert Seismic Load: 0 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (133.37, 2562) ft 
Inside Point: (73.77, 2589.45) ft 
Slip Surface Intersection: (59.815, 2595.9) ft 
Total Length: 65.617547 ft 
Reinforcement Direction: 335.27 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 25.869 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (193.34, 2554) ft 
Inside Point: (133.37, 2562) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 60.501247 ft 
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Reinforcement Direction: 352.4 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (450, 2550.13) ft 
Inside Point: (193.34, 2554) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 256.68917 ft 
Reinforcement Direction: 359.14 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 
Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.784 (135.942, 2668.61) 110.6834 (252.884, 2652.69) (9.30422, 2583.09)
2 1883 1.874 (135.942, 2668.61) 100.395 (260.441, 2653.1) (37.2949, 2591.09)
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Slices of Slip Surface: Optimized 

Slices of Slip Surface: 1883 

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 12.90316 2583.987 0 12.468188 6.3528588 0
2 Optimized 20.101035 2585.781 0 37.458485 19.086051 0
3 Optimized 27.29891 2587.575 0 62.528318 31.859769 0
4 Optimized 34.49679 2589.369 0 87.673642 44.671952 0
5 Optimized 41.487985 2591.1195 0 111.29466 56.707463 0
6 Optimized 48.272495 2592.8265 0 133.55617 68.050266 0
7 Optimized 55.428405 2594.6945 0 149.35652 76.100947 0
8 Optimized 62.95571 2596.724 0 160.91356 81.989556 0
9 Optimized 70.483015 2598.7535 0 172.47061 87.878164 0
10 Optimized 79.8418 2601.364 0 177.09869 90.236287 0
11 Optimized 88.56064 2603.8205 0 181.24091 92.346856 0
12 Optimized 94.808055 2605.542 0 187.21283 95.389703 0
13 Optimized 101.67838 2607.4555 0 191.28096 97.462519 0
14 Optimized 109.1716 2609.5605 0 194.59575 99.151486 0
15 Optimized 116.4068 2611.578 0 199.74715 101.77626 0
16 Optimized 123.38405 2613.508 0 205.72852 104.82391 0
17 Optimized 130.31495 2615.4645 0 206.48881 105.2113 0
18 Optimized 137.19945 2617.448 0 204.85577 104.37923 0
19 Optimized 144.08395 2619.4315 0 203.23668 103.55426 0
20 Optimized 151.4126 2621.571 0 198.05391 100.91351 0
21 Optimized 159.18545 2623.867 0 191.00876 97.323823 0
22 Optimized 166.4171 2625.9855 0 186.62611 95.090752 0
23 Optimized 173.1075 2627.927 0 183.79822 93.649873 0
24 Optimized 181.4322 2630.391 0 174.91349 89.122872 0
25 Optimized 191.3912 2633.3775 0 161.84258 82.462915 0
26 Optimized 201.43415 2636.416 0 145.84601 74.312251 0
27 Optimized 211.08715 2639.3625 0 128.40543 65.425834 0
28 Optimized 220.2663 2642.166 0 111.70355 56.915804 0
29 Optimized 227.90455 2644.5325 0 94.298009 48.047235 0
30 Optimized 234.00185 2646.4615 0 77.035215 39.251403 0
31 Optimized 241.00875 2648.7415 0 51.081355 26.02725 0
32 Optimized 248.92525 2651.372 0 17.060684 8.6928524 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 1883 41.01635 2592.0745 0 7.1866613 3.6617868 0
2 1883 48.459285 2594.0495 0 21.568684 10.989794 0
3 1883 55.90222 2596.0245 0 35.962525 18.323822 0
4 1883 63.345155 2597.9995 0 50.366755 25.663143 0
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5 1883 70.78809 2599.9745 0 64.782672 33.00842 0
6 1883 78.231025 2601.95 0 79.205082 40.357005 0
7 1883 85.67396 2603.9255 0 93.635284 47.70956 0
8 1883 93.116895 2605.9005 0 108.06808 55.063438 0
9 1883 100.55983 2607.8755 0 122.50218 62.417979 0
10 1883 108.00275 2609.8505 0 136.93888 69.773842 0
11 1883 115.4457 2611.8255 0 151.36648 77.125074 0
12 1883 122.88865 2613.8005 0 165.7811 84.469689 0
13 1883 130.33155 2615.7755 0 180.18273 91.807687 0
14 1883 137.7745 2617.7505 0 194.58436 99.145685 0
15 1883 145.21745 2619.7255 0 208.96002 106.47045 0
16 1883 152.66035 2621.7005 0 223.3227 113.7886 0
17 1883 160.1033 2623.6755 0 237.6594 121.09351 0
18 1883 167.54625 2625.6505 0 251.97013 128.38519 0
19 1883 174.98915 2627.6255 0 266.26787 135.67026 0
20 1883 182.4321 2629.6005 0 280.52666 142.93547 0
21 1883 189.87505 2631.5755 0 294.77245 150.19407 0
22 1883 197.318 2633.5505 0 308.99228 157.43943 0
23 1883 204.76095 2635.5255 0 323.18613 164.67156 0
24 1883 212.20385 2637.5005 0 337.35402 171.89046 0
25 1883 219.6468 2639.4755 0 351.50891 179.10274 0
26 1883 227.08975 2641.4505 0 365.65082 186.3084 0
27 1883 234.53265 2643.4255 0 379.76676 193.50083 0
28 1883 241.9756 2645.4005 0 393.8827 200.69326 0
29 1883 249.41855 2647.3755 0 407.99863 207.88569 0
30 1883 255.58545 2649.012 0 364.33695 185.63895 0
31 1883 259.236 2651.382 0 120.38949 61.341508 0

Page 6 of 6USEI Cell 14

11/20/2009file://P:\_ES07-130\CvrPrmtMod-Rev.N-09\Rev Calcs (Appx C)\Cell 14\usei 14-1 static ...



USEI Cell 14 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 74 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 4:44:19 PM 
File Name: USEI 14‐1 seismic block.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 4:44:46 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 14 
Description: Optimized Block Slip Surface ‐ Seismic Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Block 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Restrict Block Crossing: Yes 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

Slip Surface Limits 
Left Coordinate: (‐50, 2583) ft 
Right Coordinate: (450, 2662) ft 

Slip Surface Block 
Left Grid 

Upper Left: (‐34.75578, 2583.0482) ft 
Lower Left: (‐34.75578, 2547.7509) ft 
Lower Right: (7.63116, 2549.561) ft 
X Increments: 10 
Y Increments: 10 
Starting Angle: 135 ° 
Ending Angle: 180 ° 
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Angle Increments: 2 
Right Grid 

Upper Left: (258.03089, 2652.059) ft 
Lower Left: (258.03089, 2628.0749) ft 
Lower Right: (288.04869, 2631.6952) ft 
X Increments: 10 
Y Increments: 10 
Starting Angle: 45 ° 
Ending Angle: 65 ° 
Angle Increments: 2 

Seismic Loads 
Horz Seismic Load: 0.2 
Vert Seismic Load: 0.2 
Ignore seismic load in strength: No 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (133.37, 2562) ft 
Inside Point: (73.77, 2589.45) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 65.617547 ft 
Reinforcement Direction: 335.27 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (193.34, 2554) ft 
Inside Point: (133.37, 2562) ft 
Slip Surface Intersection: (0, 0) ft 
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Total Length: 60.501247 ft 
Reinforcement Direction: 352.4 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (450, 2550.13) ft 
Inside Point: (193.34, 2554) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 256.68917 ft 
Reinforcement Direction: 359.14 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 
Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.073 (190.891, 2661.36) 54.04393 (253.2, 2652.76) (135.415, 2619.12)
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Slices of Slip Surface: Optimized 

Slices of Slip Surface: 1026 

2 1026 1.110 (190.891, 2661.36) 54.272 (258.474, 2653.01) (137.099, 2619.6)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 136.89215 2619.388 0 17.716154 9.0268315 0
2 Optimized 139.84585 2619.918 0 53.501027 27.260135 0
3 Optimized 143.0346 2620.583 0 79.595988 40.556181 0
4 Optimized 146.45845 2621.383 0 99.785787 50.843398 0
5 Optimized 150.20295 2622.2995 0 115.82719 59.0169 0
6 Optimized 154.268 2623.332 0 130.42391 66.4543 0
7 Optimized 159.14695 2624.626 0 139.65867 71.159647 0
8 Optimized 164.0451 2625.971 0 145.31846 74.043452 0
9 Optimized 168.1485 2627.105 0 149.52786 76.188252 0
10 Optimized 172.25195 2628.2385 0 153.69968 78.313901 0
11 Optimized 176.3885 2629.397 0 154.99129 78.972009 0
12 Optimized 180.55815 2630.581 0 155.63959 79.302332 0
13 Optimized 184.92025 2631.837 0 153.12786 78.02254 0
14 Optimized 189.4747 2633.1655 0 149.92825 76.39226 0
15 Optimized 193.5831 2634.362 0 147.55479 75.182921 0
16 Optimized 197.24555 2635.4255 0 145.56984 74.17154 0
17 Optimized 201.0725 2636.5385 0 143.16854 72.948013 0
18 Optimized 205.0639 2637.7015 0 140.64288 71.661128 0
19 Optimized 208.54915 2638.732 0 135.48192 69.031488 0
20 Optimized 211.52825 2639.63 0 130.48443 66.485137 0
21 Optimized 214.953 2640.659 0 125.34862 63.868312 0
22 Optimized 218.8234 2641.8195 0 119.64151 60.960392 0
23 Optimized 222.91145 2643.059 0 111.55725 56.841259 0
24 Optimized 227.21715 2644.3775 0 102.39905 52.174923 0
25 Optimized 231.1792 2645.5925 0 93.7687 47.777539 0
26 Optimized 234.7976 2646.7035 0 85.77169 43.702859 0
27 Optimized 238.2384 2647.783 0 75.101423 38.266086 0
28 Optimized 241.50155 2648.8305 0 63.214279 32.209284 0
29 Optimized 244.8009 2649.919 0 47.640007 24.273796 0
30 Optimized 248.13655 2651.0485 0 29.423958 14.992256 0
31 Optimized 251.4722 2652.178 0 11.064794 5.6377942 0
32 Optimized 253.17 2652.753 0 0.91855811 0.46802874 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 1026 139.0992 2620.141 0 3.771398 1.9216233 0
2 1026 143.10065 2621.215 0 11.323125 5.7694202 0
3 1026 147.1021 2622.289 0 18.889575 9.6247191 0
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4 1026 151.1035 2623.3625 0 26.473404 13.488873 0
5 1026 155.10495 2624.436 0 34.074128 17.361636 0
6 1026 159.1064 2625.51 0 41.696576 21.245467 0
7 1026 163.1078 2626.584 0 49.33592 25.137907 0
8 1026 167.10925 2627.658 0 56.989746 29.037726 0
9 1026 171.1107 2628.732 0 64.650813 32.941235 0
10 1026 175.1121 2629.806 0 72.316708 36.847203 0
11 1026 179.11355 2630.88 0 79.975361 40.749482 0
12 1026 183.115 2631.9535 0 87.617119 44.643152 0
13 1026 187.1164 2633.027 0 95.232325 48.523293 0
14 1026 191.1178 2634.101 0 102.80891 52.383758 0
15 1026 195.11925 2635.175 0 110.33964 56.220855 0
16 1026 199.1207 2636.249 0 117.81968 60.032126 0
17 1026 203.1221 2637.323 0 125.24662 63.81634 0
18 1026 207.12355 2638.397 0 132.62528 67.575957 0
19 1026 211.125 2639.471 0 139.9605 71.313438 0
20 1026 215.1264 2640.545 0 147.26193 75.0337 0
21 1026 219.12785 2641.6185 0 154.54163 78.742895 0
22 1026 223.1293 2642.692 0 161.81168 82.447169 0
23 1026 227.1307 2643.766 0 169.08414 86.152674 0
24 1026 231.1321 2644.84 0 176.3735 89.866787 0
25 1026 235.13355 2645.914 0 183.68458 93.591969 0
26 1026 239.135 2646.988 0 191.02704 97.333139 0
27 1026 243.1364 2648.062 0 198.40329 101.09153 0
28 1026 247.13785 2649.136 0 205.81092 104.8659 0
29 1026 251.1393 2650.2095 0 213.24993 108.65627 0
30 1026 255.58545 2651.4025 0 158.13711 80.574882 0
31 1026 258.2527 2652.5345 0 27.662114 14.094551 0
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Appendix D1-2 
Cell 15 Calculations 



U.S. Ecology Idaho (USEI)
Slope Stability of Final Cover

Cell 15

Stability Calculations

Objective: 

This calculation is performed to determine the stability of the final geometry of USEI cell 15
using the proposed cover design.

References:  

1) Koerner, R. M.  1990.  Designing with Geosynthetics.  Second Edition.  Prentice Hall,
New Jersey.

2) Gundle/SLT Environmental, Inc. (GSE). 2006.  GSE Technical Note 17.  Direct Shear &
Friction Angle Testing for GSE Membranes.

3) Geosynthetic Research Institute (GRI).  2006.  Test Methods, Test Properties and
Testing Frequency for High Density Polyethylene (HDPE) Smooth and Textured
Geomembranes.  GRI Test Method GM13. 

4) GeoStudio 2007 (Version 7.12 Build 4250). Geoslope International, Ltd., Calgary,
Alberta, Canada. 

5) Washington Group International, Inc.  2002.  Engineering Report for Landfill Cell 15 -
Grand View Facility. Boise, Idaho.

6) USEPA, 1995.  RCRA Subtitle D (258) Seismic design Guidance for Municipal Solid
Waste Landfill Facilities.  EPA/600/R-95/051.  Washington D.C.

7) USGS National Seismic Hazard Map, 2008.

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 1 - 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 1 - 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 cells 14 and 15 are 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 6).

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 

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 6, 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 0.2g was used in this
analysis.

amax 0.2 g amax 6.435
ft

s
2



Slope Stability Calculations Using Slope/W (reference 4)

Static and seismic slope stability calculations were performed for the cross-section
presented in Figure 1.

Figure 1. Profile of Cell 15 used for stability analysis.



Assumptions:

1) Saturated conditions were not considered in the analysis, due to the nature of
the waste and depth to the groundwater.

2) The peak bedrock acceleration was obtained from the USGS National Seismic
Hazard Maps, 2008, 2% probability of exceedance in 50 years. 

3) 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. 

 

Summary of Minimum Factors of Safety

Method Static FS Seismic FS Geometry

Morgenstern-Price 2.96 1.76 Circular

Ordinary 2.62 1.54 Circular

Bishop 2.99 1.78 Circular

Janbu 2.59 1.50 Circular

Morgenstern-Price 1.65 1.02 Auto Search

Ordinary 1.65 1.02 Auto Search

Bishop 1.65 1.02 Auto Search

Janbu 1.65 1.02 Auto Search

Morgenstern-Price 1.66 1.02 Block

Ordinary 1.66 1.04 Block

Bishop 1.74 1.08 Block

Janbu 1.66 1.02 Block



Conclusion
A 3:1 (horizontal:vertical) sloped ET soil cover will be adequately stable against typical
seismic events expected at this site.  Critical failure surfaces are displayed in Figures 2
through 7, for static and seismic stability, respectively.  Specific report analyses are
attached to this calculation. 

2.962

Figure 2. Failure surface and factor of safety for static analysis.



1.764

Figure 3. Failure surface and factor of safety for seismic analysis.

Figure 4. Failure surface and factor of safety for auto-search static analysis.



Figure 5. Failure surface and factor of safety for auto-search seismic analysis.

Figure 6. Failure surface and factor of safety for block static analysis.



Figure 7. Failure surface and factor of safety for block seismic analysis.



USEI Cell 15 Profile 1 
Report generated using GeoStudio 2007, version 7.13. Copyright © 1991‐2008 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 35 
Last Edited By: Pease, Eric 
Date: 7/8/2009 
Time: 11:05:19 AM 
File Name: USEI 15‐1 complex static mod2.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Slope 
Stability\Mod ‐ July 2009\ 
Last Solved Date: 7/8/2009 
Last Solved Time: 11:06:34 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 15 Profile 1 
Description: Complex rendition of profile 1 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: No 
Tension Crack 

Tension Crack Option: (none) 



FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

CCL 
Model: Mohr‐Coulomb 
Unit Weight: 94 pcf 
Cohesion: 60 psf 
Phi: 22 ° 
Phi‐B: 0 ° 

Common Fill 
Model: Mohr‐Coulomb 



Unit Weight: 124.8 pcf 
Cohesion: 1000 psf 
Phi: 31 ° 
Phi‐B: 0 ° 

Slip Surface Grid 
Upper Left: (‐69.42868, 2895.3305) ft 
Lower Left: (‐69.42868, 2698.0223) ft 
Lower Right: (346.5513, 2745.1749) ft 
Grid Horizontal Increment: 50 
Grid Vertical Increment: 50 
Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (‐30.36379, 2614.2465) ft 
Upper Right Coordinate: (269.33712, 2613.3309) ft 
Lower Left Coordinate: (‐30.36379, 2519.9414) ft 
Lower Right Coordinate: (268.72673, 2520.857) ft 
Number of Increments: 25 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (‐100, 2640) ft 
Right Coordinate: (500, 2710.457) ft 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (63.5, 2638) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (251.15, 2638) ft 
Total Length: 3 ft 
Reinforcement Direction: 180 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 



Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 644.02 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (66.5, 2640) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 2 ft 
Reinforcement Direction: 90 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (68, 2640) ft 
Inside Point: (66.5, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 1.5 ft 
Reinforcement Direction: 0 ° 
Applied Load Option: Variable 



F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 4 
Type: Fabric 
Outside Point: (77, 2637) ft 
Inside Point: (68, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 9.486833 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 5 
Type: Fabric 
Outside Point: (262.00762, 2575.3308) ft 
Inside Point: (77, 2637) ft 
Slip Surface Intersection: (78.287, 2636.6) ft 
Total Length: 195.01515 ft 



Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 122.49 lbs 
Resisting Force Used: 90.322 lbs/ft 
Available Bond Length: 1.3562 ft 
Required Bond Length: 1.3562 ft 
Governing Component: Bond 

Reinforcement 6 
Type: Fabric 
Outside Point: (500, 2570.57) ft 
Inside Point: (262.00762, 2575.3308) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 238.03999 ft 
Reinforcement Direction: 358.85 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Regions 
  Material  Points  Area (ft²) 



Region 
1 

ET Cover  31,35,34,33,32,3,5,6,7,8,9,18,19,20,21,22,23,24,25,26,27,28,29,30  6808.3767 

Region 
2 

Waste  9,18,19,20,21,22,23,24,25,26,27,28,29,30,31,37,36  37753.97 

Region 
3 

CCL  11,16,17,41,39,38,40,15,14,13,12  1563.5952 

Region 
4 

Common 
Fill 

15,14,13,12,11,10,5,6,7,8,9,36,37,38,40  1100.1293 

Region 
5 

Natural 
Subgrade 

17,16,11,10,5,3,2,1,4,39,41  60191.552 

Points 
  X (ft)  Y (ft) 

Point 1  ‐100  2500 

Point 2  ‐100  2640 

Point 3  45.2  2640 

Point 4  500  2500 

Point 5  57.3  2640 

Point 6  61.5  2640 

Point 7  66.5  2642.5 

Point 8  68  2642.5 

Point 9  79.32  2637.93 

Point 10  61.3  2638 

Point 11  63.5  2638 

Point 12  66.5  2638 

Point 13  66.5  2640 

Point 14  68  2640 

Point 15  77  2637 

Point 16  63.5  2636.9 

Point 17  66.5  2636.9 

Point 18  86.3  2640.58 

Point 19  89.28  2640.58 

Point 20  93.94  2638.58 

Point 21  96.7  2638.45 

Point 22  151.08  2658.58 

Point 23  154.45  2658.58 



Point 24  159.09  2656.58 

Point 25  161.81  2656.58 

Point 26  213.95  2676.58 

Point 27  217.58  2676.58 

Point 28  222.2  2674.58 

Point 29  224.58  2674.58 

Point 30  266.29  2690.78 

Point 31  500  2695.407 

Point 32  79.32  2650.31 

Point 33  259.63  2705.97 

Point 34  266.29  2705.83 

Point 35  500  2710.457 

Point 36  262.03  2578.05 

Point 37  500  2573.29 

Point 38  500  2570.57 

Point 39  500  2566.97 

Point 40  262.00762  2575.3308 

Point 41  262.00933  2571.7302 

Critical Slip Surfaces 
  Number  FOS  Center (ft) 

Radius 
(ft) 

Entry (ft)  Exit (ft) 

1  20619  2.590 
(163.52, 
2783.62) 

169.965 
(315.133, 
2706.8) 

(64.1536, 
2645.73) 

Slices of Slip Surface: 20619 

 
Slip 

Surface 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesive 
Strength 
(psf) 

1  20619  67.085645  2643.706  0  341.74428  174.12741  0 

2  20619  74.152125  2639.128  0  1438.8995  864.57806  1000 

3  20619  78.80329  2636.274  0  1607.3111  649.39583  60 

4  20619  82.81  2634.093  0  2004.3102  809.79388  60 

5  20619  87.79  2631.4675  0  2483.2706  1003.3064  60 

6  20619  91.61  2629.638  0  2799.0841  1130.9034  60 

7  20619  95.32  2627.9455  0  3093.2153  1249.7401  60 



8  20619  100.5733  2625.796  0  3522.2886  1423.097  60 

9  20619  109.802  2622.466  0  4235.1887  1711.1273  60 

10  20619  119.8774  2619.4265  0  4941.0287  1996.3052  60 

11  20619  129.31745  2617.202  0  5530.6778  2234.5389  60 

12  20619  138.7575  2615.5365  0  6057.1654  2447.2537  60 

13  20619  147.27875  2614.476  0  6538.8154  3928.9167  1000 

14  20619  151.66395  2614.07  0  6684.428  4016.4096  1000 

15  20619  153.34895  2613.963  0  6705.0451  3871.1596  125 

16  20619  156.77  2613.805  0  6786.6667  3918.2839  125 

17  20619  160.45  2613.6885  0  6868.7317  3965.6641  125 

18  20619  166.155  2613.731  0  7011.3548  4048.0076  125 

19  20619  174.845  2614.0885  0  7201.7863  4157.9533  125 

20  20619  183.535  2614.8945  0  7336.937  4235.9825  125 

21  20619  192.225  2616.1545  0  7417.1456  4282.291  125 

22  20619  200.915  2617.8795  0  7442.3805  4296.8604  125 

23  20619  209.605  2620.0845  0  7411.8969  4279.2607  125 

24  20619  215.765  2621.895  0  7353.1089  4245.3194  125 

25  20619  219.89  2623.2935  0  7266.7462  4195.4579  125 

26  20619  223.39  2624.554  0  7184.0403  4147.7076  125 

27  20619  228.96125  2626.8305  0  7063.1041  4077.8851  125 

28  20619  237.72375  2630.786  0  6841.8214  3950.1274  125 

29  20619  246.48625  2635.365  0  6554.8481  3784.4433  125 

30  20619  255.24875  2640.6275  0  6197.5108  3578.1345  125 

31  20619  262.96  2645.8415  0  5728.9064  3307.5856  125 

32  20619  270.30135  2651.4865  0  5098.2164  2943.4566  125 

33  20619  278.3241  2658.406  0  4345.7449  2509.017  125 

34  20619  286.34685  2666.283  0  3519.027  2031.7112  125 

35  20619  294.36955  2675.329  0  2608.0032  1505.7314  125 

36  20619  302.3923  2685.875  0  1599.4341  923.4337  125 

37  20619  310.7682  2699.1855  0  569.03545  289.93805  0 
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Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 15 Profile 1 
Description: Complex rendition of profile 1 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: No 
Tension Crack 

Tension Crack Option: (none) 



FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

CCL 
Model: Mohr‐Coulomb 
Unit Weight: 94 pcf 
Cohesion: 60 psf 
Phi: 22 ° 
Phi‐B: 0 ° 

Common Fill 
Model: Mohr‐Coulomb 



Unit Weight: 124.8 pcf 
Cohesion: 1000 psf 
Phi: 31 ° 
Phi‐B: 0 ° 

Slip Surface Grid 
Upper Left: (‐69.42868, 2895.3305) ft 
Lower Left: (‐69.42868, 2698.0223) ft 
Lower Right: (346.5513, 2745.1749) ft 
Grid Horizontal Increment: 50 
Grid Vertical Increment: 50 
Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (‐30.36379, 2614.2465) ft 
Upper Right Coordinate: (269.33712, 2613.3309) ft 
Lower Left Coordinate: (‐30.36379, 2519.9414) ft 
Lower Right Coordinate: (268.72673, 2520.857) ft 
Number of Increments: 25 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (‐100, 2640) ft 
Right Coordinate: (500, 2710.457) ft 

Seismic Loads 
Horz Seismic Load: 0.2 
Vert Seismic Load: 0.2 
Ignore seismic load in strength: No 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (63.5, 2638) ft 
Inside Point: (66.5, 2638) ft 



Slip Surface Intersection: (251.15, 2638) ft 
Total Length: 3 ft 
Reinforcement Direction: 180 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 1083.7 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (66.5, 2640) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 2 ft 
Reinforcement Direction: 90 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 



Outside Point: (68, 2640) ft 
Inside Point: (66.5, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 1.5 ft 
Reinforcement Direction: 0 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 4 
Type: Fabric 
Outside Point: (77, 2637) ft 
Inside Point: (68, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 9.486833 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 



Reinforcement 5 
Type: Fabric 
Outside Point: (262.00762, 2575.3308) ft 
Inside Point: (77, 2637) ft 
Slip Surface Intersection: (78.287, 2636.6) ft 
Total Length: 195.01515 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 206.13 lbs 
Resisting Force Used: 151.99 lbs/ft 
Available Bond Length: 1.3562 ft 
Required Bond Length: 1.3562 ft 
Governing Component: Bond 

Reinforcement 6 
Type: Fabric 
Outside Point: (500, 2570.57) ft 
Inside Point: (262.00762, 2575.3308) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 238.03999 ft 
Reinforcement Direction: 358.85 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 



Required Bond Length: 0 ft 
Governing Component: Bond 

Regions 
  Material  Points  Area (ft²) 

Region 
1 

ET Cover  31,35,34,33,32,3,5,6,7,8,9,18,19,20,21,22,23,24,25,26,27,28,29,30  6808.3767 

Region 
2 

Waste  9,18,19,20,21,22,23,24,25,26,27,28,29,30,31,37,36  37753.97 

Region 
3 

CCL  11,16,17,41,39,38,40,15,14,13,12  1563.5952 

Region 
4 

Common 
Fill 

15,14,13,12,11,10,5,6,7,8,9,36,37,38,40  1100.1293 

Region 
5 

Natural 
Subgrade 

17,16,11,10,5,3,2,1,4,39,41  60191.552 

Points 
  X (ft)  Y (ft) 

Point 1  ‐100  2500 

Point 2  ‐100  2640 

Point 3  45.2  2640 

Point 4  500  2500 

Point 5  57.3  2640 

Point 6  61.5  2640 

Point 7  66.5  2642.5 

Point 8  68  2642.5 

Point 9  79.32  2637.93 

Point 10  61.3  2638 

Point 11  63.5  2638 

Point 12  66.5  2638 

Point 13  66.5  2640 

Point 14  68  2640 

Point 15  77  2637 

Point 16  63.5  2636.9 

Point 17  66.5  2636.9 

Point 18  86.3  2640.58 



Point 19  89.28  2640.58 

Point 20  93.94  2638.58 

Point 21  96.7  2638.45 

Point 22  151.08  2658.58 

Point 23  154.45  2658.58 

Point 24  159.09  2656.58 

Point 25  161.81  2656.58 

Point 26  213.95  2676.58 

Point 27  217.58  2676.58 

Point 28  222.2  2674.58 

Point 29  224.58  2674.58 

Point 30  266.29  2690.78 

Point 31  500  2695.407 

Point 32  79.32  2650.31 

Point 33  259.63  2705.97 

Point 34  266.29  2705.83 

Point 35  500  2710.457 

Point 36  262.03  2578.05 

Point 37  500  2573.29 

Point 38  500  2570.57 

Point 39  500  2566.97 

Point 40  262.00762  2575.3308 

Point 41  262.00933  2571.7302 

Critical Slip Surfaces 
  Number  FOS  Center (ft) 

Radius 
(ft) 

Entry (ft)  Exit (ft) 

1  20619  1.500 
(163.52, 
2783.62) 

169.965 
(315.133, 
2706.8) 

(64.1536, 
2645.73) 

Slices of Slip Surface: 20619 

 
Slip 

Surface 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesive 
Strength 
(psf) 

1  20619  67.085645  2643.706  0  462.41276  235.61107  0 

2  20619  74.152125  2639.128  0  2126.0538  1277.462  1000 



3  20619  78.80329  2636.274  0  2084.555  842.21488  60 

4  20619  82.81  2634.093  0  2583.6161  1043.8487  60 

5  20619  87.79  2631.4675  0  3179.6053  1284.6439  60 

6  20619  91.61  2629.638  0  3567.1017  1441.2026  60 

7  20619  95.32  2627.9455  0  3925.3428  1585.9414  60 

8  20619  100.5733  2625.796  0  4444.5873  1795.7298  60 

9  20619  109.802  2622.466  0  5296.023  2139.7322  60 

10  20619  119.8774  2619.4265  0  6123.5872  2474.0898  60 

11  20619  129.31745  2617.202  0  6801.7759  2748.0959  60 

12  20619  138.7575  2615.5365  0  7395.8894  2988.1333  60 

13  20619  147.27875  2614.476  0  7997.8066  4805.567  1000 

14  20619  151.66395  2614.07  0  8132.3577  4886.4135  1000 

15  20619  153.34895  2613.963  0  8127.0115  4692.1323  125 

16  20619  156.77  2613.805  0  8197.8369  4733.0233  125 

17  20619  160.45  2613.6885  0  8267.0329  4772.9737  125 

18  20619  166.155  2613.731  0  8392.3165  4845.3062  125 

19  20619  174.845  2614.0885  0  8549.9899  4936.339  125 

20  20619  183.535  2614.8945  0  8640.9131  4988.8335  125 

21  20619  192.225  2616.1545  0  8666.4745  5003.5914  125 

22  20619  200.915  2617.8795  0  8627.4365  4981.0528  125 

23  20619  209.605  2620.0845  0  8524.2685  4921.4887  125 

24  20619  215.765  2621.895  0  8408.7584  4854.7989  125 

25  20619  219.89  2623.2935  0  8278.1322  4779.3818  125 

26  20619  223.39  2624.554  0  8156.5145  4709.1658  125 

27  20619  228.96125  2626.8305  0  7976.521  4605.2465  125 

28  20619  237.72375  2630.786  0  7659.7314  4422.348  125 

29  20619  246.48625  2635.365  0  7271.6897  4198.312  125 

30  20619  255.24875  2640.6275  0  6808.6263  3930.9622  125 

31  20619  262.96  2645.8415  0  6235.8806  3600.2873  125 

32  20619  270.30135  2651.4865  0  5495.6966  3172.9419  125 

33  20619  278.3241  2658.406  0  4629.2689  2672.7097  125 

34  20619  286.34685  2666.283  0  3697.0835  2134.5122  125 

35  20619  294.36955  2675.329  0  2693.5936  1555.147  125 

36  20619  302.3923  2685.875  0  1612.4913  930.97228  125 

37  20619  310.7682  2699.1855  0  576.64888  293.81728  0 

 



USEI Cell 15 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 46 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 5:00:54 PM 
File Name: USEI 15‐1 auto‐locate static.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 5:01:14 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 15 
Description: Auto Locate Slip Surface ‐ Static Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Auto‐Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
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Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

New Material 
Model: Bedrock (Impenetrable) 

Slip Surface Limits 
Left Coordinate: (‐100, 2640) ft 
Right Coordinate: (500, 2710.457) ft 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (63.5, 2638) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 3 ft 
Reinforcement Direction: 180 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
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Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (66.5, 2640) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 2 ft 
Reinforcement Direction: 90 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (68, 2640) ft 
Inside Point: (66.5, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 1.5 ft 
Reinforcement Direction: 0 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
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Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 4 
Type: Fabric 
Outside Point: (77, 2637) ft 
Inside Point: (68, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 9.486833 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 5 
Type: Fabric 
Outside Point: (262.00762, 2575.3308) ft 
Inside Point: (77, 2637) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 195.01515 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
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Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 6 
Type: Fabric 
Outside Point: (500, 2570.57) ft 
Inside Point: (262.00762, 2575.3308) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 238.03999 ft 
Reinforcement Direction: 358.85 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 

Slices of Slip Surface: Optimized 

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 Optimized 1.651 (‐291.406, 4394.2) 1775.839 (256.997, 2705.16) (207.673, 2689.93)
2 331 1.651 (‐291.406, 4394.2) 1775.839 (256.997, 2705.16) (207.673, 2689.93)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 208.49535 2690.1725 0 1.1740976 0.59823261 0
2 Optimized 210.13945 2690.656 0 3.4420589 1.7538166 0
3 Optimized 211.78355 2691.141 0 5.549486 2.8276043 0
4 Optimized 213.42765 2691.6275 0 7.4956338 3.8192162 0
5 Optimized 215.07175 2692.1155 0 9.2802839 4.7285408 0
6 Optimized 216.71585 2692.6055 0 10.902462 5.5550818 0
7 Optimized 218.36 2693.0975 0 12.362302 6.2989075 0
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Slices of Slip Surface: 331 

8 Optimized 220.00415 2693.591 0 13.659358 6.9597904 0
9 Optimized 221.64825 2694.0865 0 14.793184 7.5375036 0
10 Optimized 223.29235 2694.5835 0 15.763918 8.0321176 0
11 Optimized 224.93645 2695.082 0 16.57111 8.4434023 0
12 Optimized 226.58055 2695.5825 0 17.2155 8.7717354 0
13 Optimized 228.22465 2696.085 0 17.696639 9.0168881 0
14 Optimized 229.86875 2696.589 0 18.015823 9.1795204 0
15 Optimized 231.5129 2697.0945 0 18.172053 9.2591234 0
16 Optimized 233.15705 2697.602 0 18.166034 9.2560565 0
17 Optimized 234.80115 2698.111 0 17.999083 9.170991 0
18 Optimized 236.44525 2698.622 0 17.670196 9.0034147 0
19 Optimized 238.08935 2699.135 0 17.18066 8.7539836 0
20 Optimized 239.73345 2699.6495 0 16.530053 8.4224826 0
21 Optimized 241.37755 2700.1655 0 15.718523 8.0089875 0
22 Optimized 243.02165 2700.6835 0 14.7468 7.5138701 0
23 Optimized 244.66575 2701.2035 0 13.615035 6.9372071 0
24 Optimized 246.3099 2701.725 0 12.322213 6.278481 0
25 Optimized 247.95405 2702.248 0 10.868501 5.5377777 0
26 Optimized 249.59815 2702.773 0 9.2534607 4.7148737 0
27 Optimized 251.24225 2703.3 0 7.4766766 3.809557 0
28 Optimized 252.88635 2703.8285 0 5.5384216 2.8219668 0
29 Optimized 254.53045 2704.3585 0 3.437349 1.7514168 0
30 Optimized 256.17455 2704.8905 0 1.1730405 0.59769401 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 331 208.49535 2690.1725 0 1.1740976 0.59823261 0
2 331 210.13945 2690.656 0 3.4420589 1.7538166 0
3 331 211.78355 2691.141 0 5.549486 2.8276043 0
4 331 213.42765 2691.6275 0 7.4956338 3.8192162 0
5 331 215.07175 2692.1155 0 9.2802839 4.7285408 0
6 331 216.71585 2692.6055 0 10.902462 5.5550818 0
7 331 218.36 2693.0975 0 12.362302 6.2989075 0
8 331 220.00415 2693.591 0 13.659358 6.9597904 0
9 331 221.64825 2694.0865 0 14.793184 7.5375036 0
10 331 223.29235 2694.5835 0 15.763918 8.0321176 0
11 331 224.93645 2695.082 0 16.57111 8.4434023 0
12 331 226.58055 2695.5825 0 17.2155 8.7717354 0
13 331 228.22465 2696.085 0 17.696639 9.0168881 0
14 331 229.86875 2696.589 0 18.015823 9.1795204 0
15 331 231.5129 2697.0945 0 18.172053 9.2591234 0
16 331 233.15705 2697.602 0 18.166034 9.2560565 0
17 331 234.80115 2698.111 0 17.999083 9.170991 0
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18 331 236.44525 2698.622 0 17.670196 9.0034147 0
19 331 238.08935 2699.135 0 17.18066 8.7539836 0
20 331 239.73345 2699.6495 0 16.530053 8.4224826 0
21 331 241.37755 2700.1655 0 15.718523 8.0089875 0
22 331 243.02165 2700.6835 0 14.7468 7.5138701 0
23 331 244.66575 2701.2035 0 13.615035 6.9372071 0
24 331 246.3099 2701.725 0 12.322213 6.278481 0
25 331 247.95405 2702.248 0 10.868501 5.5377777 0
26 331 249.59815 2702.773 0 9.2534607 4.7148737 0
27 331 251.24225 2703.3 0 7.4766766 3.809557 0
28 331 252.88635 2703.8285 0 5.5384216 2.8219668 0
29 331 254.53045 2704.3585 0 3.437349 1.7514168 0
30 331 256.17455 2704.8905 0 1.1730405 0.59769401 0
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USEI Cell 15 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 50 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 4:57:38 PM 
File Name: USEI 15‐1 auto‐locate seismic.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 4:57:46 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 15 
Description: Auto Locate Slip Surface ‐ Seismic Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Auto‐Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
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Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

New Material 
Model: Bedrock (Impenetrable) 

Slip Surface Limits 
Left Coordinate: (‐100, 2640) ft 
Right Coordinate: (500, 2710.457) ft 

Seismic Loads 
Horz Seismic Load: 0.2 
Vert Seismic Load: 0.2 
Ignore seismic load in strength: No 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (63.5, 2638) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 3 ft 
Reinforcement Direction: 180 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
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Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (66.5, 2640) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 2 ft 
Reinforcement Direction: 90 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (68, 2640) ft 
Inside Point: (66.5, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 1.5 ft 
Reinforcement Direction: 0 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
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Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 4 
Type: Fabric 
Outside Point: (77, 2637) ft 
Inside Point: (68, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 9.486833 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 5 
Type: Fabric 
Outside Point: (262.00762, 2575.3308) ft 
Inside Point: (77, 2637) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 195.01515 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
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Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 6 
Type: Fabric 
Outside Point: (500, 2570.57) ft 
Inside Point: (262.00762, 2575.3308) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 238.03999 ft 
Reinforcement Direction: 358.85 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 

Slices of Slip Surface: Optimized 

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 Optimized 1.017 (‐291.406, 4394.2) 1775.839 (256.997, 2705.16) (207.673, 2689.93)
2 331 1.017 (‐291.406, 4394.2) 1775.839 (256.997, 2705.16) (207.673, 2689.93)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 208.49535 2690.1725 0 1.339558 0.68253889 0
2 Optimized 210.13945 2690.656 0 3.9266883 2.0007476 0
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Slices of Slip Surface: 331 

3 Optimized 211.78355 2691.141 0 6.3300036 3.225298 0
4 Optimized 213.42765 2691.6275 0 8.5487779 4.3558199 0
5 Optimized 215.07175 2692.1155 0 10.582054 5.3918257 0
6 Optimized 216.71585 2692.6055 0 12.430567 6.33369 0
7 Optimized 218.36 2693.0975 0 14.092721 7.1806002 0
8 Optimized 220.00415 2693.591 0 15.568674 7.9326356 0
9 Optimized 221.64825 2694.0865 0 16.857999 8.5895794 0
10 Optimized 223.29235 2694.5835 0 17.961437 9.1518091 0
11 Optimized 224.93645 2695.082 0 18.877971 9.6188069 0
12 Optimized 226.58055 2695.5825 0 19.608368 9.9909625 0
13 Optimized 228.22465 2696.085 0 20.153359 10.268649 0
14 Optimized 229.86875 2696.589 0 20.512513 10.451648 0
15 Optimized 231.5129 2697.0945 0 20.686601 10.540349 0
16 Optimized 233.15705 2697.602 0 20.676342 10.535123 0
17 Optimized 234.80115 2698.111 0 20.481916 10.436057 0
18 Optimized 236.44525 2698.622 0 20.104661 10.243836 0
19 Optimized 238.08935 2699.135 0 19.54356 9.9579411 0
20 Optimized 239.73345 2699.6495 0 18.800534 9.5793504 0
21 Optimized 241.37755 2700.1655 0 17.874591 9.1075588 0
22 Optimized 243.02165 2700.6835 0 16.767061 8.5432443 0
23 Optimized 244.66575 2701.2035 0 15.476955 7.8859026 0
24 Optimized 246.3099 2701.725 0 14.005018 7.1359129 0
25 Optimized 247.95405 2702.248 0 12.350859 6.2930768 0
26 Optimized 249.59815 2702.773 0 10.514638 5.3574756 0
27 Optimized 251.24225 2703.3 0 8.4948019 4.3283178 0
28 Optimized 252.88635 2703.8285 0 6.2915293 3.2056943 0
29 Optimized 254.53045 2704.3585 0 3.9040158 1.9891954 0
30 Optimized 256.17455 2704.8905 0 1.3320959 0.67873677 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 331 208.49535 2690.1725 0 1.339558 0.68253889 0
2 331 210.13945 2690.656 0 3.9266883 2.0007476 0
3 331 211.78355 2691.141 0 6.3300036 3.225298 0
4 331 213.42765 2691.6275 0 8.5487779 4.3558199 0
5 331 215.07175 2692.1155 0 10.582054 5.3918257 0
6 331 216.71585 2692.6055 0 12.430567 6.33369 0
7 331 218.36 2693.0975 0 14.092721 7.1806002 0
8 331 220.00415 2693.591 0 15.568674 7.9326356 0
9 331 221.64825 2694.0865 0 16.857999 8.5895794 0
10 331 223.29235 2694.5835 0 17.961437 9.1518091 0
11 331 224.93645 2695.082 0 18.877971 9.6188069 0
12 331 226.58055 2695.5825 0 19.608368 9.9909625 0
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13 331 228.22465 2696.085 0 20.153359 10.268649 0
14 331 229.86875 2696.589 0 20.512513 10.451648 0
15 331 231.5129 2697.0945 0 20.686601 10.540349 0
16 331 233.15705 2697.602 0 20.676342 10.535123 0
17 331 234.80115 2698.111 0 20.481916 10.436057 0
18 331 236.44525 2698.622 0 20.104661 10.243836 0
19 331 238.08935 2699.135 0 19.54356 9.9579411 0
20 331 239.73345 2699.6495 0 18.800534 9.5793504 0
21 331 241.37755 2700.1655 0 17.874591 9.1075588 0
22 331 243.02165 2700.6835 0 16.767061 8.5432443 0
23 331 244.66575 2701.2035 0 15.476955 7.8859026 0
24 331 246.3099 2701.725 0 14.005018 7.1359129 0
25 331 247.95405 2702.248 0 12.350859 6.2930768 0
26 331 249.59815 2702.773 0 10.514638 5.3574756 0
27 331 251.24225 2703.3 0 8.4948019 4.3283178 0
28 331 252.88635 2703.8285 0 6.2915293 3.2056943 0
29 331 254.53045 2704.3585 0 3.9040158 1.9891954 0
30 331 256.17455 2704.8905 0 1.3320959 0.67873677 0
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USEI Cell 15 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 60 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 5:09:32 PM 
File Name: USEI 15‐1 block static.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 5:09:52 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 15 
Description: Optimized Block Slip Surface ‐ Static Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Block 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Restrict Block Crossing: No 
Advanced 

Number of Slices: 30 

Page 1 of 8USEI Cell 15

11/20/2009file://P:\_ES07-130\CvrPrmtMod-Rev.N-09\Rev Calcs (Appx C)\Cell 15\usei 15-1 block ...



Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

CCL 
Model: Mohr‐Coulomb 
Unit Weight: 94 pcf 
Cohesion: 60 psf 
Phi: 22 ° 
Phi‐B: 0 ° 

Common Fill 
Model: Mohr‐Coulomb 
Unit Weight: 124.8 pcf 
Cohesion: 1000 psf 
Phi: 31 ° 
Phi‐B: 0 ° 

Slip Surface Limits 
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Left Coordinate: (‐100, 2640) ft 
Right Coordinate: (500, 2710.457) ft 

Slip Surface Block 
Left Grid 

Upper Left: (15.69357, 2636.4883) ft 
Lower Left: (15.69357, 2605.1529) ft 
Lower Right: (62.29489, 2610.5094) ft 
X Increments: 5 
Y Increments: 5 
Starting Angle: 135 ° 
Ending Angle: 180 ° 
Angle Increments: 2 

Right Grid 
Upper Left: (275.83963, 2702.3729) ft 
Lower Left: (275.12543, 2671.0375) ft 
Lower Right: (327.44032, 2676.394) ft 
X Increments: 5 
Y Increments: 5 
Starting Angle: 45 ° 
Ending Angle: 65 ° 
Angle Increments: 2 

Seismic Loads 
Horz Seismic Load: 0 
Vert Seismic Load: 0 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (63.5, 2638) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 3 ft 
Reinforcement Direction: 180 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
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Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (66.5, 2640) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 2 ft 
Reinforcement Direction: 90 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (68, 2640) ft 
Inside Point: (66.5, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 1.5 ft 
Reinforcement Direction: 0 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
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Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 4 
Type: Fabric 
Outside Point: (77, 2637) ft 
Inside Point: (68, 2640) ft 
Slip Surface Intersection: (59.863, 2642.7) ft 
Total Length: 9.486833 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 23.402 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 5 
Type: Fabric 
Outside Point: (262.00762, 2575.3308) ft 
Inside Point: (77, 2637) ft 
Slip Surface Intersection: (59.863, 2642.7) ft 
Total Length: 195.01515 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
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Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 23.402 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 6 
Type: Fabric 
Outside Point: (500, 2570.57) ft 
Inside Point: (262.00762, 2575.3308) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 238.03999 ft 
Reinforcement Direction: 358.85 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 

Slices of Slip Surface: Optimized 

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 Optimized 1.662 (151.246, 2722.13) 101.5521 (259.8, 2705.97) (45.5517, 2640.11)
2 11648 1.807 (151.246, 2722.13) 103.551 (278.429, 2706.07) (51.3052, 2641.84)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 49.709465 2640.809 0 53.798331 27.411619 0
2 Optimized 57.015915 2642.1425 0 138.13523 70.383413 0
3 Optimized 63.313225 2643.4035 0 201.21981 102.52661 0
4 Optimized 69.610535 2644.6645 0 264.90386 134.97526 0
5 Optimized 76.039595 2646.026 0 319.82238 162.95764 0
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Slices of Slip Surface: 11648 

6 Optimized 81.9456 2647.3425 0 368.06014 187.53601 0
7 Optimized 88.930995 2648.9415 0 421.61991 214.82607 0
8 Optimized 96.893495 2650.9165 0 461.22121 235.00395 0
9 Optimized 103.89555 2652.845 0 479.03668 244.08138 0
10 Optimized 110.69425 2654.7795 0 494.42878 251.92405 0
11 Optimized 117.70565 2656.808 0 504.28226 256.94465 0
12 Optimized 124.92975 2658.9295 0 513.92457 261.85765 0
13 Optimized 132.4633 2661.1715 0 518.68705 264.28425 0
14 Optimized 140.30635 2663.5345 0 523.32615 266.64799 0
15 Optimized 147.3545 2665.6835 0 522.38156 266.1667 0
16 Optimized 153.60775 2667.6185 0 521.25106 265.59068 0
17 Optimized 159.861 2669.5535 0 520.13584 265.02245 0
18 Optimized 166.1142 2671.4885 0 519.0359 264.462 0
19 Optimized 173.17535 2673.7235 0 509.3149 259.5089 0
20 Optimized 180.6608 2676.1275 0 500.81269 255.17681 0
21 Optimized 187.76255 2678.4005 0 492.92715 251.15893 0
22 Optimized 194.8643 2680.6735 0 485.14889 247.1957 0
23 Optimized 201.9661 2682.9465 0 477.4645 243.28031 0
24 Optimized 208.62755 2685.1655 0 455.96161 232.32405 0
25 Optimized 216.96485 2688.138 0 417.83053 212.89529 0
26 Optimized 225.4183 2691.272 0 367.83683 187.42222 0
27 Optimized 231.8717 2693.76 0 324.69288 165.43929 0
28 Optimized 238.32505 2696.248 0 281.37544 143.36795 0
29 Optimized 244.7784 2698.736 0 237.82666 121.17873 0
30 Optimized 250.91135 2701.455 0 158.20372 80.608821 0
31 Optimized 256.7238 2704.405 0 58.369072 29.740528 0
32 Optimized 259.715 2705.923 0 3.9484212 2.0118211 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 11648 56.800045 2641.845 0 171.71549 87.493412 0
2 11648 66.55117 2643.0515 0 322.61885 164.38252 0
3 11648 75.063725 2645.464 0 337.49244 171.96099 0
4 11648 83.07646 2647.735 0 353.76374 180.25163 0
5 11648 90.589375 2649.8645 0 371.43592 189.25605 0
6 11648 98.102265 2651.994 0 389.08249 198.24743 0
7 11648 105.6152 2654.1235 0 406.70344 207.22575 0
8 11648 113.12815 2656.253 0 424.3244 216.20408 0
9 11648 120.64105 2658.3825 0 441.90694 225.16283 0
10 11648 128.15395 2660.512 0 459.48947 234.12158 0
11 11648 135.66685 2662.6415 0 477.05921 243.07381 0
12 11648 143.1798 2664.771 0 494.62894 252.02603 0
13 11648 150.69275 2666.9005 0 512.19867 260.97826 0
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14 11648 158.20565 2669.03 0 529.7556 269.92396 0
15 11648 165.71855 2671.1595 0 547.33813 278.88271 0
16 11648 173.23145 2673.289 0 564.90787 287.83493 0
17 11648 180.74435 2675.4185 0 582.50321 296.80021 0
18 11648 188.25725 2677.548 0 600.11136 305.77201 0
19 11648 195.7702 2679.6775 0 617.74512 314.75686 0
20 11648 203.28315 2681.807 0 635.39169 323.74824 0
21 11648 210.79605 2683.9365 0 653.06387 332.75266 0
22 11648 218.30895 2686.066 0 670.74885 341.76361 0
23 11648 225.82185 2688.1955 0 688.47226 350.79414 0
24 11648 233.3348 2690.325 0 706.22127 359.83771 0
25 11648 240.84775 2692.4545 0 723.9959 368.89434 0
26 11648 248.36065 2694.584 0 741.79614 377.96401 0
27 11648 255.87355 2696.7135 0 759.6348 387.05326 0
28 11648 262.96 2698.722 0 673.19459 343.00978 0
29 11648 271.0648 2701.0195 0 459.40733 234.07973 0
30 11648 277.1341 2704.2215 0 130.48448 66.485162 0
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USEI Cell 15 
Report generated using GeoStudio 2007, version 7.14. Copyright © 1991‐2009 GEO‐SLOPE International Ltd. 

File Information 
Created By: Pease, Eric 
Revision Number: 56 
Last Edited By: Pease, Eric 
Date: 11/17/2009 
Time: 5:06:22 PM 
File Name: USEI 15‐1 block seismic.gsz 
Directory: S:\Projects\US Ecology\ES07.0130_US_Ecology_Closure_Cell_14_15\Permit Mod Revisions 11‐
09\Block Slope Stability Analysis\ 
Last Solved Date: 11/17/2009 
Last Solved Time: 5:06:46 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

USEI Cell 15 
Description: Optimized Block Slip Surface ‐ Seismic Analysis 
Kind: SLOPE/W 
Method: Morgenstern‐Price 
Settings 

Side Function 
Interslice force function option: Half‐Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Use Passive Mode: No 
Slip Surface Option: Block 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 

FOS Distribution 
FOS Calculation Option: Constant 

Restrict Block Crossing: No 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 
Driving Side Maximum Convex Angle: 5 ° 
Resisting Side Maximum Convex Angle: 1 ° 

Materials 

ET Cover 
Model: Mohr‐Coulomb 
Unit Weight: 101.6 pcf 
Cohesion: 0 psf 
Phi: 27 ° 
Phi‐B: 0 ° 

Natural Subgrade 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 800 psf 
Phi: 36 ° 
Phi‐B: 0 ° 

Waste 
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 125 psf 
Phi: 30 ° 
Phi‐B: 0 ° 

CCL 
Model: Mohr‐Coulomb 
Unit Weight: 94 pcf 
Cohesion: 60 psf 
Phi: 22 ° 
Phi‐B: 0 ° 

Common Fill 
Model: Mohr‐Coulomb 
Unit Weight: 124.8 pcf 
Cohesion: 1000 psf 
Phi: 31 ° 
Phi‐B: 0 ° 

Slip Surface Limits 
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Left Coordinate: (‐100, 2640) ft 
Right Coordinate: (500, 2710.457) ft 

Slip Surface Block 
Left Grid 

Upper Left: (15.69357, 2636.4883) ft 
Lower Left: (15.69357, 2605.1529) ft 
Lower Right: (62.29489, 2610.5094) ft 
X Increments: 5 
Y Increments: 5 
Starting Angle: 135 ° 
Ending Angle: 180 ° 
Angle Increments: 2 

Right Grid 
Upper Left: (275.83963, 2702.3729) ft 
Lower Left: (275.12543, 2671.0375) ft 
Lower Right: (327.44032, 2676.394) ft 
X Increments: 5 
Y Increments: 5 
Starting Angle: 45 ° 
Ending Angle: 65 ° 
Angle Increments: 2 

Seismic Loads 
Horz Seismic Load: 0.2 
Vert Seismic Load: 0.2 
Ignore seismic load in strength: No 

Reinforcements 

Reinforcement 1 
Type: Fabric 
Outside Point: (63.5, 2638) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 3 ft 
Reinforcement Direction: 180 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
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Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 2 
Type: Fabric 
Outside Point: (66.5, 2640) ft 
Inside Point: (66.5, 2638) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 2 ft 
Reinforcement Direction: 90 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 3 
Type: Fabric 
Outside Point: (68, 2640) ft 
Inside Point: (66.5, 2640) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 1.5 ft 
Reinforcement Direction: 0 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
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Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 4 
Type: Fabric 
Outside Point: (77, 2637) ft 
Inside Point: (68, 2640) ft 
Slip Surface Intersection: (60.551, 2642.5) ft 
Total Length: 9.486833 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 62.822 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 5 
Type: Fabric 
Outside Point: (262.00762, 2575.3308) ft 
Inside Point: (77, 2637) ft 
Slip Surface Intersection: (60.551, 2642.5) ft 
Total Length: 195.01515 ft 
Reinforcement Direction: 341.57 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
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Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 62.822 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Reinforcement 6 
Type: Fabric 
Outside Point: (500, 2570.57) ft 
Inside Point: (262.00762, 2575.3308) ft 
Slip Surface Intersection: (0, 0) ft 
Total Length: 238.03999 ft 
Reinforcement Direction: 358.85 ° 
Applied Load Option: Variable 
F of S Dependent: Yes 
Contact Cohesion: 0 psf 
Contact Phi: 15 ° 
Interface Factor: 1 
Bond Safety Factor: 1 
Fabric Capacity: 960 lbs 
Fabric Safety Factor: 1 
Fabric Load: 960 lbs 
Load Distribution: Even along reinf. 
Load Orientation: 0 
Applied Load: 960 lbs 
Fabric Load Used: 0 lbs 
Resisting Force Used: 0 lbs/ft 
Available Bond Length: 0 ft 
Required Bond Length: 0 ft 
Governing Component: Bond 

Critical Slip Surfaces 

Slices of Slip Surface: Optimized 

Slip Surface FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
1 Optimized 1.023 (151.869, 2722.16) 102.2339 (260.311, 2705.96) (45.202, 2640)
2 11647 1.083 (151.869, 2722.16) 103.797 (279.559, 2706.09) (51.3052, 2641.84)

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 
(psf)

1 Optimized 49.261585 2640.4985 0 84.90009 43.258756 0
2 Optimized 56.441885 2641.638 0 198.09538 100.93464 0
3 Optimized 62.68339 2642.922 0 268.0557 136.5812 0
4 Optimized 68.924895 2644.2055 0 339.11455 172.7875 0
5 Optimized 75.682825 2645.722 0 392.39666 199.93609 0
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Slices of Slip Surface: 11647 

6 Optimized 83.03861 2647.491 0 448.4897 228.51692 0
7 Optimized 90.47583 2649.279 0 508.16893 258.925 0
8 Optimized 99.09127 2651.4855 0 548.21055 279.32723 0
9 Optimized 108.1429 2653.989 0 570.91316 290.89478 0
10 Optimized 116.4525 2656.3715 0 590.16262 300.70288 0
11 Optimized 123.51375 2658.382 0 610.78068 311.2083 0
12 Optimized 129.32665 2660.02 0 627.02423 319.4848 0
13 Optimized 136.49525 2662.08 0 636.04605 324.08165 0
14 Optimized 145.0195 2664.562 0 650.02397 331.20375 0
15 Optimized 153.6635 2667.134 0 649.30166 330.83572 0
16 Optimized 162.4273 2669.796 0 651.36519 331.88714 0
17 Optimized 171.34915 2672.562 0 639.52088 325.85216 0
18 Optimized 179.3048 2675.0595 0 636.5975 324.36263 0
19 Optimized 186.7095 2677.451 0 611.1147 311.37849 0
20 Optimized 194.68755 2680.1095 0 590.63758 300.94488 0
21 Optimized 201.37435 2682.3885 0 559.70994 285.18646 0
22 Optimized 206.76985 2684.2875 0 536.96489 273.59728 0
23 Optimized 213.02405 2686.5205 0 504.0774 256.84026 0
24 Optimized 220.13695 2689.0875 0 468.57061 238.74865 0
25 Optimized 226.8386 2691.605 0 416.48969 212.2121 0
26 Optimized 233.12905 2694.0725 0 366.97207 186.98161 0
27 Optimized 239.41955 2696.54 0 316.99567 161.51736 0
28 Optimized 245.71005 2699.008 0 266.45691 135.76658 0
29 Optimized 251.54895 2701.5855 0 180.93524 92.191111 0
30 Optimized 256.9363 2704.2725 0 83.835156 42.716146 0
31 Optimized 259.97035 2705.786 0 17.264954 8.7969335 0

Slip 
Surface

X (ft) Y (ft)
PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

1 11647 56.800045 2641.845 0 214.34636 109.21492 0
2 11647 66.55117 2643.0515 0 376.56385 191.86886 0
3 11647 75.063725 2645.464 0 393.61874 200.55876 0
4 11647 83.07646 2647.735 0 412.14596 209.99886 0
5 11647 90.589375 2649.8645 0 432.12321 220.17777 0
6 11647 98.102265 2651.994 0 451.94678 230.27839 0
7 11647 105.6152 2654.1235 0 471.59107 240.28765 0
8 11647 113.12815 2656.253 0 491.05608 250.20557 0
9 11647 120.64105 2658.3825 0 510.38023 260.05172 0
10 11647 128.15395 2660.512 0 529.57631 269.83261 0
11 11647 135.66685 2662.6415 0 548.65714 279.55478 0
12 11647 143.1798 2664.771 0 567.64833 289.23127 0
13 11647 150.69275 2666.9005 0 586.61391 298.89472 0
14 11647 158.20565 2669.03 0 605.56669 308.55164 0
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15 11647 165.71855 2671.1595 0 624.54507 318.22161 0
16 11647 173.23145 2673.289 0 643.60029 327.93073 0
17 11647 180.74435 2675.4185 0 662.75796 337.69205 0
18 11647 188.25725 2677.548 0 682.05649 347.52514 0
19 11647 195.7702 2679.6775 0 701.50869 357.43653 0
20 11647 203.28315 2681.807 0 721.14018 367.43927 0
21 11647 210.79605 2683.9365 0 740.96375 377.53989 0
22 11647 218.30895 2686.066 0 760.97942 387.73838 0
23 11647 225.82185 2688.1955 0 781.18717 398.03474 0
24 11647 233.3348 2690.325 0 801.57421 408.42246 0
25 11647 240.84775 2692.4545 0 822.11491 418.88847 0
26 11647 248.36065 2694.584 0 842.8221 429.43931 0
27 11647 255.87355 2696.7135 0 863.64454 440.04887 0
28 11647 262.96 2698.722 0 765.27292 389.92603 0
29 11647 271.0648 2701.0195 0 521.3165 265.62402 0
30 11647 277.6995 2704.233 0 146.58013 74.686305 0
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Appendix D1-3 
References for  

Slope Stability Calculations 
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US Ecology Idaho  

Supplemental Slope Stability Analysis 

1. Introduction and Background 

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

performed slope stability analyses assuming circular critical surfaces for USEI Site B Facility 

(EPA ID No. IDD073114654), Cells 14 and 15.  These analyses were presented in Final Cover 

Design for Cells 14 and 15, Permit Modification for Alternative Evapotranspiration Final Cover, 

US Ecology Idaho, dated July 20, 2009 (received by Idaho Department of Environmental Quality 

[DEQ] on July 22, 2009).   

Based on review comments from the DEQ, DBS&A performed additional analyses to include 

block failure that were submitted to the DEQ in a revised permit modification dated November 

25, 2009.  The seismic analyses used a conservative horizontal acceleration value of 0.20 g, 

which represented the worst-case surface acceleration at the site.  This resulted in factor of 

safety values greater than 1.0, but less than 1.1.  In discussions between DBS&A (on behalf of 

USEI) and DEQ on December 22, 2009, it was proposed that a sensitivity analyses be 

performed on all of the slope stability analyses, to better understand the effect of seismic 

acceleration coefficient on the factor of safety values.  This supplemental report presents the 

results of those analyses.       

2. Calculation Approach 

The sensitivity analyses were performed on profiles of Cells 14 and 15 at locations representing 

the maximum height of the closed cells.  Slope stability analyses were performed using 

SLOPE/W 2007, GeoStudio Version 7.13 (Geoslope International, Ltd., Calgary, Alberta, 

Canada).  USEI Cells 14 and 15 are located in a seismic impact zone.  Seismic impact zones 

are defined as those regions having a peak bedrock 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 

original slope stability analyses considered the geometry of the liner system and strength 

parameters of the various liner materials as presented in Table 1. 
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Table 1.  Material Characteristics Used in Slope Stability Analysis 

Material a 
Friction Angle 

(degrees) 
Cohesion 

(lb/ft2) 
Unit Weight 

(lb/ft3) 

ET cover 27 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 

Textured GM to GC 26 60 NA 

GM to sand 17 0 NA 

GM to CL soil 15 292.4 NA 
 

a Soil properties primarily derived from Washington Group International, Inc. (2002) stability analysis 
at the site 

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 

 

The liners for Cells 14 and 15 were represented in the analysis as weak layers with an interface 

friction angle of 15 degrees.  The weak liner layers were placed on natural subgrade and 

covered with waste.  The waste will be capped with evapotranspiration (ET) cover soil.  The 

waste for both cells was described by Washington Group International, Inc. as stabilized and 

unstabilized, soil-like waste.  An interface slip surface between the waste and the ET cover was 

not introduced due to the similarity of the materials.  The conservative 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 groundwater.  

Static and seismic (pseudostatic) analyses were performed to evaluate stability.  The peak 

ground acceleration (PGA) for the site was determined to be 0.11 g (obtained from the U.S. 

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

probability of exceedance in 50 years.  In the original analysis, DBS&A amplified the bedrock 

acceleration through the site from 0.11 g to 0.20 g.  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 assumption due to the lack of subgrade shear 

wave velocities from the site (supported by U.S. Environmental Protection Agency [EPA], 1995, 

Figure 4.4(b)).  For a bedrock acceleration of 0.11 g, the acceleration at soft soil sites is 

estimated at 0.2 g.  Figure 4.4(a) estimates a maximum acceleration of 0.12 g for a maximum 
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acceleration in rock of 0.11 g, assuming soft to medium clay and sand.  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.   

For their 2002 stability analysis of this site, Washington Group International, Inc. used a 

horizontal pseudostatic coefficient of 0.08 g based on an assumption that the horizontal 

pseudostatic coefficient was half of the peak bedrock acceleration at the site.  This would have 

required a peak bedrock acceleration of 0.16 g.   

3. Proposed Pseudostatic Coefficients and Factors of Safety from 

Literature 

This supplemental slope stability analysis evaluates the sensitivity of results to various 

considerations of ground acceleration input values.  Alternatives are available in the engineering 

approaches used for slope stability analysis to determine the appropriate peak ground 

acceleration (ap), horizontal pseudostatic coefficient (kh) (the vertical pseudostatic coefficient [kv] 

is usually disregarded due to its negligible effect) and acceptable factors of safety.  Kramer 

(1996) states that “In recognition of the fact that actual slopes are not rigid and that the peak 

acceleration exists for only a short time, the pseudostatic coefficients used in practice generally 

correspond to acceleration values well below amax [maximum acceleration].”  Much of the 

literature focuses on design of dams, due to the importance of those structures.  Kramer (1996) 

summarizes proposed pseudostatic coefficients: 

• Terzaghi (1950) originally suggested the use of kh = 0.1 for severe earthquakes, kh = 0.2 

for "violent, destructive" earthquakes, and kh = 0.5 for "catastrophic" earthquakes. 

• Seed (1979a) listed pseudostatic design criteria for 14 dams in 10 seismically active 

countries; 12 required minimum factors of safety of 1.0 to 1.5 with pseudostatic 

coefficients of 0.10 to 0.12. 
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• Marcuson (1981) suggested that appropriate pseudostatic coefficients for dams should 

correspond to one-third to one-half of the maximum acceleration, including amplification 

or deamplification effects, to which the dam is subjected. 

• Seed and Martin (1966) and Dakoulas and Gazetas (1986) showed that the inertial force 

on a potentially unstable slope in an earth dam depends on the response of the dam and 

that the average seismic coefficient for a deep failure surface is substantially smaller 

than that of a failure surface that does not extend far below the crest. 

• Seed (1979b) indicated that deformations of earth dams constructed of ductile soils 

(defined as those that do not generate high pore pressures or show more than 

15 percent strength loss upon cyclic loading) with crest accelerations less than 0.75 g 

would be acceptably small for pseudostatic factors of safety of at least 1.15 with 

kh = 0.10 to kh = 0.15.  This criterion would allow the use of pseudostatic accelerations 

as small as 13 to 20 percent of the peak crest acceleration. 

• Hynes-Griffin and Franklin (1984) applied the Newmark sliding block analysis to more 

than 350 accelerograms and concluded that earth dams with pseudostatic factors of 

safety greater than 1.0 using kh = 0.5 amax/g would not develop "dangerously large" 

deformations. 

Some additional (i.e., not included in the Kramer [1996] summary) estimates of pseudostatic 

coefficients include: 

• Pyke (2009) references the U.S. Army Corps of Engineers manual for seismic design of 

new dams.  This requires use of a seismic coefficient of 0.1 in Seismic Zone 3 and 0.15 

in Seismic Zone 4, in conjunction with a minimum factor of safety of 1.0.  DBS&A was 

unable to locate this manual, and it has probably been replaced by the recent  U.S. Army 

Corps of Engineers Slope Stability  engineering manual (USACE, 2003), which 

addresses analyses of stability during earthquakes (Section 2-6) with reference to an 

Engineer Circular, Dynamic Analysis of Embankment Dams (still in draft form), which will 

provide guidance concerning types of analyses and design criteria for earthquake 

loading.  
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• Federal Energy Regulatory Commission (FERC) Engineering Guidelines for the 

Evaluation of Hydropower Projects (Chapter 4 and Table 1) require a minimum factor of 

safety greater than 1.0 for an earthquake (for steady seepage conditions with seismic 

loading using a pseudo static lateral force coefficient) loading condition.   

4. Analysis Description 

For this analysis, DBS&A used the USGS peak ground acceleration of 0.11 g and evaluated a 

more conservative acceleration as high as 0.20 g.  The results of limit-equilibrium analysis using 

a range of horizontal pseudostatic coefficients were compared with the proposed pseudostatic 

coefficients presented from literature (Section 3). 

The slope stability analysis was used to check against deeper circular slip surfaces and cover 

veneer failure.  Three different approaches were used: 

1. Circular failure planes 

2. Auto search of the failure plane, using Slope/W, with the waste treated as an 

impenetrable layer 

3. Block failure analysis with optimization of the failure surface    

Auto search is an option in Slope/W that estimates the entry and exit areas along the ground 

surface, based on the geometry of the problem.  Slope/W evaluates trial slip surfaces and 

determines an approximate solution.  The factor of safety is determined by optimizing the 

approximated critical slip surface.  Optimization, in Slope/W, is a technique that incrementally 

alters segments of the approximated critical slip surface to find the shape with the lowest factor 

of safety.  By treating the waste as an impenetrable layer, Slope/W forces the failure plane into 

or along the interface of the ET cover material. 

Block failure analysis was performed in Slope/W by evaluating a failure surface with three 

planes: a bottom failure plane and two planes projecting to the ground surface.  The locations 

for the left and right blocks of potential intersections of the bottom and projected plane surfaces 

were proposed, and the block surface was then optimized for the lowest factor of safety. 
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Auto search of the failure plane by Slope/W, with the waste treated as an impenetrable layer, 

and block failure analysis with optimization of the failure surface were performed for static and 

seismic (pseudostatic) conditions for USEI Cells 14 and 15. 

5. Results and Discussion 

The factors of safety determined from the analyses using various standard solutions for limit 

equilibrium analysis are presented in Table 2 and Figure 1.  The circular failures shown in 

Figure 1 would represent deep disruption of the waste, whereas the auto-search and block 

analyses represent cover failure.   

Table 2.  Slope Stability Seismic Factors of Safety 

 Factors of Safety 

 Cell 14 Cell 15 

Acceleration a 0.11 g 0.15 g 0.2 g 0.11 g 0.15 g 0.2 g 

Circular Failure Plane Analysis 

Morgenstern-Price 1.888 1.702 1.56 2.116 1.937 1.76 

Ordinary 1.870 1.741 1.62 1.863 1.701 1.54 

Bishop 2.208 2.012 1.85 2.136 1.954 1.78 

Janbu 1.755 1.604 1.46 1.817 1.656 1.50 

Auto Search with Impenetrable Layers and Optimization b 

Morgenstern-Price 1.287 1.178 1.072 1.211 1.114 1.017 

Ordinary 1.292 1.185 1.079 1.211 1.114 1.017 

Bishop 1.303 1.194 1.088 1.212 1.114 1.017 

Janbu 1.287 1.179 1.073 1.211 1.114 1.017 

Block Analysis with Optimization b 

Morgenstern-Price 1.288 1.179 1.073 1.220 1.121 1.023 

Ordinary 1.294 1.188 1.083 1.231 1.131 1.036 

Bishop 1.317 1.206 1.100 1.279 1.177 1.078 

Janbu 1.287 1.179 1.073 1.216 1.188 1.021 
a
 Morgernstern-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.  Morgernstern-Price satisfies both moment and force equilibrium.  For a thorough description, see Geo-Slope 
International Ltd. (2007). 

b Surface raveling failure 
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Figures 2 through 5 display critical surfaces and represent the types of failures predicted by the 

different analyses.  All of the figures represent analysis using Morgenstern-Price and 

pseudostatic coefficients of 0.20 g.      

Figures 2 and 4 illustrate the effects of forcing the critical surface to deeper depths.  The 

analysis depicted in Figures 2a and 4a required the critical surface to extend 0.1 foot below the 

surface, whereas the analysis shown in Figures 2b and 4b required the critical surface to extend 

3.0 feet below the surface.  The different requirements did not change the determined factors of 

safety. 

The block and auto-search analyses (Figures 3 and 5) represented cover failures.  Only the 

circular critical surface analysis disrupted the waste layer.  

6. Comparison of Results with Referenced Methods 

The factors of safety determined for Cells 14 and 15, using a range of pseudostatic coefficients, 

were compared with recommendations derived from literature.  This is necessary because 

factor of safety values are not explicitly specified for seismic slope stability analysis.   

• Based on Terzaghi’s (1950) categorizations, the slope stability of Cells 14 and 15 was 

evaluated for a “violent, destructive” earthquake with kh = 0.2.  A pseudostatic horizontal 

acceleration of 0.20 g yielded factors of safety greater than 1.0 and would cause cover 

failure.  For waste disturbance (circular failure), Cells 14 and 15 could sustain peak 

ground accelerations of 0.35 g and 0.40 g, respectively. 

• The results fit within Seed’s (1979a) factors of safety of 1.0 to 1.5 with pseudostatic 

coefficients of 0.10 to 0.12.  For circular failure, the factors of safety for Cells 14 and 15 

are closer to 2.0. 

• Pseudostatic coefficients used in these analyses ranged from 0.11 g to 0.2 g.  These 

were not reduced from the peak ground acceleration at the site.  Based on Marcuson's 

(1981) recommendation, these analyses would have used 0.036 g (⅓) / 0.055g (½) to 

0.067 g (⅓) / 0.01 g (½).  Not reducing the peak ground accelerations for the horizontal 

pseudostatic coefficients was a conservative aspect of this analysis. 
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• Seed and Martin's (1966) and Dakoulas and Gazetas' (1986) comments were 

considered in the slope stability analysis.  A much greater pseudostatic coefficient was 

required for deep failure (circular analysis) as compared to the surface failures (auto-

search and block). 

• Based on Seed's (1979) analyses, Cells 14 and 15 had factors of safety greater than 

1.15 for a kh of 0.10 for all analyses.  Cell 14 had factors of safety greater than 1.15 for a 

kh of 0.15.  With factors of safety below 1.15 but greater than 1.0, Cell 15 may 

experience some surface (cover) failure (auto-search analysis) for a kh of 0.15.     

• Cells 14 and 15 satisfied the criteria of Hynes-Griffin and Franklin (1984).  All analyses 

had pseudostatic factors of safety greater than 1.0 using kh = 1.0 amax/g, and/or 

kh = 0.5 amax/g as recommended. 

• These analyses satisfy the criteria explained by Pyke (2009), who referenced the U.S. 

Army Corps of Engineers manual for seismic design of new dams and the criteria 

presented by the FERC.   

In summary, the slope stability analysis was conservative in several respects:  

• Choosing soil strength parameters at the lower end of the range presented by 

Washington Group, Inc. 

• Amplifying the bedrock acceleration to an assumed peak ground acceleration 

• Not reducing the peak ground acceleration when used as the horizontal pseudostatic 

coefficient.   

Based on these conservative elements of the analyses and comparison with proposed factors of 

safety for dams, DBS&A determined that ET soil cover with slopes not exceeding 3:1 will 

maintain proper stability for Cells 14 and 15. 
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Daniel B. Stephens and Associates - Calculation Sheet

Project Name: USEI
Project Number: ES07.0130
Calculation Number:
Number of Sheets:

Calculation Performed By: REP Date: October 5, 2010

Calculation Checked By: Date:

Status (Draft or Final):

Objective of Calculation:

This calculation is performed to estimate the soil loss due to surface water runoff.

Assumptions:

1) The maximum slope length on the top of cover is 800 feet and the slope is 5%.
2) The maximum sideslope length is 250 feet and the slope is approximated at 30%.
3) The specification calls for 2% organic matter but it is assumed that after the soil has

been amended with 25% gravel that organic matter is 1%.
References:

1) United States Department of Agriculture (USDA).  1996.  AH 703 - Predicting Soil Erosion by
Water: A Guide to Conservation Planning With the Revised Universal Soil Loss Equation
(RUSLE).  Tucson.

2) US EPA, Storm Water Phase II Final Rule, EPA 833-F-00-014, Isoerodent map of United
States - attached

3) Goldman et. al. 1986 - attached

4) Box, J. E. and L. D. Meyer.  1984.  Adjustment of the Universal Soil Loss Equation for
Cropland Soils Containing Coarse Fragments. Soil Science Society of America.  Erosion and
Productivity of Soils Containing Rock Fragments.  Madison, WI.  

Variables:

Re 31 rainfall energy/erosivity factor - reference 2

C 0.05 vegetative cover and management factor - reference 3
straw mulch, 4.0 tons/acre, tacked down

Cf 0.5 cover effect subfactor to account for 25% area cover of rock fragments
reference 4, Table 4.

Pc 1 conservation support practice factor - not used

OM 0.01 organic matter - value based on other soils in the area

LS 1.04 slope length and steepness factor, slope = 5%, slope length = 800 ft

Soil Erosion 1-5tpa_4
_tons_mulch.xmcd

1



LS2 7.94 slope length and steepness factor, slope = 30%, slope length = 250 ft

soil erodibility factor - attached figure 3-1

KS13 0.31

KS14 0.47cm_water 0.014209 psi

KS15 0.47

K mean KS13 KS14 KS15  K 0.417

Calculation:

As Re K LS C Cf Pc As 0.34 tons/acre/year, 5% slope

As Re K LS2 Cf C Pc As 2.56 tons/acre/year, 30% slope

Soil Erosion 1-5tpa_4
_tons_mulch.xmcd

2



 

Daniel B. Stephens and Associates - Calculation Sheet

Project Name: USEI
Project Number: ES07.0130
Calculation Number:
Number of Sheets:

Calculation Performed By: REP Date: October 5, 2010

Calculation Checked By: Date:

Status (Draft or Final):

Objective of Calculation:

This calculation is performed to estimate the soil loss due to surface water runoff.

Assumptions:

1) The maximum slope length on the top of cover is 800 feet and the slope is 5%.
2) The maximum sideslope length is 250 feet and the slope is approximated at 30%.
3) The specification calls for 2% organic matter but it is assumed that after the soil has

been amended with 25% gravel that organic matter is 1%.
References:

1) United States Department of Agriculture (USDA).  1996.  AH 703 - Predicting Soil Erosion by
Water: A Guide to Conservation Planning With the Revised Universal Soil Loss Equation
(RUSLE).  Tucson.

2) US EPA, Storm Water Phase II Final Rule, EPA 833-F-00-014, Isoerodent map of United
States - attached

3) Goldman et. al. 1986 - attached

4) Box, J. E. and L. D. Meyer.  1984.  Adjustment of the Universal Soil Loss Equation for
Cropland Soils Containing Coarse Fragments. Soil Science Society of America.  Erosion and
Productivity of Soils Containing Rock Fragments.  Madison, WI.  

Variables:

Re 31 rainfall energy/erosivity factor - reference 2

C 0.01 vegetative cover and management factor - reference 3
native vegetation, undisturbed

Cf 0.5 cover effect subfactor to account for 25% area cover of rock fragments
reference 4, Table 4.

Pc 1 conservation support practice factor - not used

OM 0.01 organic matter - value based on other soils in the area

LS 1.04 slope length and steepness factor, slope = 5%, slope length = 800 ft

Soil Erosion 1-
5tpa_native_vegetation.xmcd

1



LS2 7.94 slope length and steepness factor, slope = 30%, slope length = 250 ft

soil erodibility factor - attached figure 3-1

KS13 0.31

KS14 0.47cm_water 0.014209 psi

KS15 0.47

K mean KS13 KS14 KS15  K 0.417

Calculation:

As Re K LS C Cf Pc As 0.07 tons/acre/year, 5% slope

As Re K LS2 Cf C Pc As 0.51 tons/acre/year, 30% slope

Soil Erosion 1-
5tpa_native_vegetation.xmcd

2
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APPENDIX A 

SECTIONl 

DESIGN OF SOIL COVERS 

1 INTRODUCTION 

Because regulations require that tailings remain stable for very long periods, and because of 
the limited amount of performance data available for soil slopes, it is necessary to exercise caution 
in their design. Such designs should be based on the premises that: (1) unconcentrated sheet flow 
is not a realistic assumption, and there will always be some random flow spreading andlor flow 
concentrations as flow progresses down embankment side slopes; (2) phenomena such as differential 
settlement and wind erosion can cause uneven surfaces that provide' pockets for erosion and 
preferential flow paths to occur on a slope; and (3) freezing/thawing of the soil cover can cause 
deterioration and damage (e.g., frost heave) to slopes, thus producing areas prone'to the formation 
of concentrated flow. 

The managementposition developed by the U. S. Nuclear Regulatory Commission (NRC) staff 
(NRC, 1989) provides guidance in the selection of the design flood and the level of conservatism 
needed in designing tailings covers. In general, the position calls for use of reasonable conservatism 
in those areas that are not well-understood;- however, extremely conservative values of design 
parameters are not to be used. In those areas where the phenomena are well-understood or where 
the range of design parameters is relatively narrow, typical or average values may be used in design. 
For the design of soil covers, there are several design parameters that are not well-understood, such 
as flow concentrations, long-term effectiveness of vegetation as erosion protection, allowable 
stresses or velocities, rougbness of the cover when flow depths are small, and other miscellaneous 
problems that could occur over a period of 1000 years. 

The NRC staff has therefore concluded that the slope of a soil cover should be one that is stable 
and will: (1) minimize the potential for developmen~ and growth of a gully over a long period of 
time, assuming- that flow concentrations occur; and (2) prevent the erosion of tailings due to 
gullying. -

2 DESIGN OF UNPROTECTED SOIL COVERS 

2.1 Technical Basis 

2.1.1 HortonINRC Method 

Horton (1945) determined that an area immune to erosion existed adjacent to a watershed 
divide. The distance from the watershed divide to the point down the slope at which erosion will 
occur was termed the critical distance, xc. At this point the eroding force becomes ~qual to the soil 
resistance. The following expression was developed by Horton to determine the critical cli~tance: 

A-I NUREG-1623 



where: 
Xc = critical distance, in ft 

x = c 
65 RS13 

qs n f(S)S/3 
(A-I) 

'Is = runoff intensity ,in incheslhour, corresponding to the computed time of concentration 

n = roughness factor 

R = soil resistance, lb/if 

f(S) slope function = sin x 
= 

tan.3x 
where: 

x = slope angle in degrees, measured from horizontal 

If the following substitutions are made, the stable slope (SJ can be determined: 

s, = sinx = tan x, for small values of slope; 

t =R = allowable shear stress (pounds per square foot); 

p ='ls = design precipitation intensity (incbeslhour); and 

L =Xc = slope length (ft). 

A flow concentration factor (F) is used in the equation to account for imperfections in the slope 
and is multiplied by the rainfall intensity. 

Therefore, 

S 716 = 65(tr13 

S PLFn (A-2) 

Equation A-2may also be derived by simultaneous solution of the Manning Equation, the peak 
shear stress formula, and the Rational Fonnula. 

Use of equation A-2 allows direct solution of the value of the stable slope necessary to prevent 
the initiation of gullying. The slope thus detennined represents the maximum slope that can be 

NUREG-1623 A-2 



provided to minimize the potential for gully initiation due to the occurrence of one single intense 
rainfall event, and thus should also minimize erosion due to a series of less intense storms to be 
expected over a period of 200 to 1000 years. 

Temple et ale (1987) and Chow (1959) discuss methods for determining allowable shear 
stresses and recommend that the shear stress method be applied to design a stable-section. The shear 
stress method is often used to assess the size and slope of channels needed to lnaintain stability. 
Data are available to estimate pennissible shear stresses for various types of soils (Temple et al., 
1987). 

It is expected that the use of this method will result in relatively flat slopes for achieving 
long-tenn stability. Basic hydraulic design principles indicate that the resulting slopes are likely to 
be flat enough to achieve subcritical flow, even if small rills and channels are formed on the 
embankment slope. The staff concludes that the resulting subcritical flow regimes that are formed 
will generally not result in severe erosion of a tailings cover, even if a gully is fonnec4 based on an 
examination of standard bed load equations and sediment transport models (Chow, 1959; Fullerton, 
1983). 

2 .. 1.2 Pennissible Velocity Method 

Use of the permissible velocity method is discussed in detail by Chow (1959). The method 
is widely used to design stable channel sections, both for cohesive and non-cobesive soils. However, 
there is a potential for misuse wh~n applying this method to design stable slopes or any application 
other than channel design. If properly applied, there is no reason for rejecting its use. The most 
common misuse is the failure to reduce the permissible velocity if the -depth of flow is relatively 
shallow (less than 3 ft). As stated by Chow: 

''When other conditions are the same, a deeper channel will convey water at a higher 
mean velocity without erosion than a shallower one .. This is probably because the 
scouring is caused primarily by the bottom velocities and, for the same mean velocity, 
the bottom velocities are greater in the shallower channel. •• u 

It can be seen that reductions to the permissible mean channel velocity are needed to reflect 
the velocities that are to be used for slope designs, where the depths of flow are shallow. Chow has 
published correction factors, based on the depth offlow. A~t and Hogan (1990) have determined 
that such corrections are appropriate, based on an examination of the origirial data and based on 
hydraulic theory. 

AdditionaI.Iy, based on examination ~f data from the Soil Conservation Service (SCS, 1984), 
the staff recommends that the maximum permissible velocity for grassed covers and channels be 
limited to about 2~ to 3 ft per second. This limit is necessary because no credit may be taken for 
active maintenance in designing for long-te~ stability .. Further, SCS data suggest that maximum 
permissible velocities for most vegetation species, other than thick grasses,-should be in this range. 
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2.2 Procedures 

Procedures have been developed to (a) design a stable unprotected soil cover (or vegetated soil 
cover with no credit given for vegetation) using the allowable shear stress method, as modified and 
developed in the HortonINRC Method and (b) design astable vegetated section using the permissible 
velocity method for areas where vegetation can be effective. These procedures provide two 
acceptable methods for designing stable covers. It is recognized that in many cases, specific values 
of parameters may be difficult to justify. In those cases where licensees can justify values of 
individual parameters that depart from the values given by suggested references, the resulting 
designs will be considered on a case .. by-case basis. 

2.2.1 Unprotected Soil Cover 

Step-by-step procedures for implementing the allowable shear stress method for an unprotected 
soil cover are presented below: 

Step 1. Detennine maximum allowable shear stress for bare soil using procedures developed by 
Temple et al. (1987). The staff considers Temple's method to be an accurate method for 
determining shear stresses because it is related to the Unified Soil Classification System 
and can be applied for specific soil types and degrees of cohesiveness. In general, the 
Temple procedure for detennining allowable shear stress is based primarily on the soil 
particle size and the soil cohesiveness. The amount of resistance for granular 
non-cohesive soils, including rocky soils, is principally a function of the D75 grain size, 
where the allowable tractive force is equal to 0.4 x D,s (Temple et al., 1987). For 
granular soils, the increase in shear resistance due to cohesiveness is minimal. For 
cohesive soils where the particle size is smaller, the amount of resistance is principally 
a function of the soil cohesiveness and not the particle size. 

Step 2. Determine slope and slope length to be considered, as developed in the preliminary 
reclamation design .. 

Step 3. Determine flow concentration factor (F). Documentation of the occurrence of flow 
concentrations and the ability of an individual rock or soil particle to resist given flow 
rates is discussed further by Abt et a1. (1987). The actual value of F will depend on 
several factors, including grading practices during cover construction, cover slope, and 
potential for differential settlement. The staff recommends a default value of 3, for most 
soil slopes; other values may be used, if properly justified. . 

Step 4. Estimate Manning's "nil value using general procedures given by Temple et al. (1987); 
by Nelson et at (1986); or by Chow (1959). 

Step 5. Determine the rainfall intensity using the procedures given by Nelson et al. (1986) and 
detennine the peak runoff rate using the Rational Formula. 
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Step 6. Solve for stable slope, using the HortonINRC equation. H the computed slope is 
different from that assumed, return to Step 2 with new values of slope and/or slope 
length. 

2.2.2 Vegetated Soil Cover 

Step 1. Maximum permissible velocities (MPVs) should be estimated using data developed by 
the U.S. Soil Conservation Service (SCS, 1984); or by Nelson et al., -1986). Based on 
these data, maximum MPVs should generally range from about 2* to 3~ it per second 
for any vegetation other than dense grasses. These velocities need to De further reduced, 
as discussed in Step 6. 

Step 2. Determine slope and slope length. 

Step 3. Determine flow concentration (F). See Step 3 in Section 2.2.1, above for additional 
infonnation. 

Step 4. Estimate Manning's ltn" value using procedures recommended by Chow (1959, 
Table 7.6) for very low vegetal retardance (Fig. 7.14). 

StepS. Determine rainfall intensity and runoff rate using procedures discussed in Step Sin 
Section 2.2.1. 

Step 6. Determine the flow depth (y) by solving the Manning Equation for normal depth on a 
one-foot-wide strip. This equation can be solved directly in this case using the following 
derivation: 

ySI3 = Qnl (1.486 S 112). (A-3) 

Step 7. Detennine the permissible velocity for the slope, based on the computed depth of flow. 
Chow has developed correction factors that may be applied to determine the permissible 
velocity. The pennissible velocity is multiplied by the following correction factors, 
depending on the depth of flow. 

Depth of Flow (ft) Corlection Factor 

3.0 or greater 1.0 
IS 09 
1~ O~ 

0.65 0.7 
0.4 0.6 
0.25 or less 0.5 

Step 8. For the assumed one-foot-wide strip, determine the actual flow velocity (V J by dividing 
the discharge by the flow depth: 
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Va = Qfy. (A-4) 

Iftbis velocity is greater than the permissible velocity computed in Step 7, return to Step 
2 with new values of slope andlor slope length. 

2.3 Recommendations 

Recommendations are discussed in Section 2.2, for various steps of the design procedure. 
Particular attention should be given to determining allowable shear stress values and pennissible 
velocities, since these parameters are likely to be the most sensitive parameters in the calculations. 

2.4 Examples of Procedure Application 

2.4.1 Stable Slope of an Unprotected Soil Cover 

For a site located in northwest New Mexico with a slope length of 1,000 fi, the stable slope of 
an unprotected soil cover may be computed using the allowable shear stress method. 

Step 1. The allowable shear stress is estimated using methods given by Temple et al. (1981). For 
a clay soil baving a void ratio (e) of 0.5 and a plasticity index of IS, the allowable shear 
stress (tJ is computed using: 

where ta = basic allowable shear stress (pounds per square foot), 

Cc = void ratio correction factor, 

Ce = 1.38 - (0373)(e) = 1.38 - (0.373)(.5) = 1.19 

tab = 0.0966 (from Table 3.3, Temple (1987)~ 

fa = (O.0966)(1.19i = O.14Ib/rr. 

(A-5) 

(A-6) 

Step 2. The slope length is assumed to be 1,000 ft. The slope magnitude is asswned to be 
0.002. 

Step 3. The flow concentration factor is assumed to be 3, assuming that uniform grading will be 
done during construction and that differential settlement bas been shown to be 
insignificant., 
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Step 4. Manning's Itn" value is estimated using Chow (1959). For a ~onn weathered earth 
section (using normal values), 

n= 0.025 

StepS. The rainfall intensity is estimated using the procedures given by Nelson et al. (1986). 
It is assumed that the intensity has been calculated to be 40 incheslhour, using this 
reference. 

Step 6. The stable slope may be computed using the aforementioned NRC derivation of the 
Horton Equation: 

(Ss)7I6 = (65)(.14)513 I (40)(1000)(3)(0.025) (A-7) 

S5 = 0.002 ftlft. 

Since the stable slope is equal to the assumed slope, the design is acceptable. 

2.4.2 Stable Slope of a Vegetated Soil Cover 

Step 1. The maximum permissible velocity (MPV)is estimated using SCS (1984)tobe3.0ftper 
second, representing marginal vegetation cover, other than thick grasses. 

Step 2. The slope length is assumed to be 1,000 ft and the slope is assumed to be .003 

Step 3. F is assumed to be 3. 

Step 4. Using Chow's (1959) relationships (Figs. 7-14) for very low vegetal retardance, a 
velocity equal to the MPV of 3, and an assumed depth of flow of 1.0 fi, VR is calculated 
to be 3 where (R = 1) and Itntt is estimated to be .028. 

Step 5. Rainfall intensity is assumed to have been calculated to be 40 incheslhr. 

Q is computed using the Rational Formula: 

Q =Fci A = (3)(1.0)(40)(1000)/43560 

Q = 2.75 cfslft 

Step 6. The flow depth (y) is computed by 
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ySI3 = Qn 
1.4865112 

ySI3 = (2.75)(.028) 
(1.486)(.003)112 

Y = 0.96 ft 

Step 7. For a depth of flow of 0.96 fi, the reduction factor is computed to be about 0.80. The 
permissible velocity for this depth of flow is 

MPV = (0.80)(3.0) = 2.4 ftlsec 

Step 8. The actual flow velocity (Va) is 

Va = Q = 2.7510.96 
Y 

Va = 2.86 ftlsec 

Since the actual velocity is greater than the permissible velocity, return to Step 2 with new 
values of slope. 

2.4.3 Stable Slope of a Rocky Soil Cover 

It is proposed that a rocky soil will be provided to closely simulate naturally-occUIIing desert 
armor and desert pavement at a site in the semi-arid southwestern United States. Based on grain-size 
analysis, the rocky soil is found to have a D7s particle size of 1.0 inches. The rock in the soil also 
meets the minimum durability criteria given in Appendix D. 

Step 1. The allowable shear stress is estimated using the procedures discussed by Temple et ale 
(1987): 

t = 0.4 X D7S (A-12) 

where D7S is the particle size in inches for which 75 percent is finer. 

t = 0.4 (1.0) = 0.4 Ib/ft2 (A-l 3) 
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116 CHAPTER 4: Unifonn Flow 

TABLE 4·1 (Continued) 

Type of Channel and Description Minimum Normal Maximum 

B. Lined or Built-up Channels 

B-1 . Metal 
a. Smooth steel surface 

1. Unpainted 
0.011 0.012 0.014 

2. Painted 
0.012 0.013 0.017 

b. Corrugated 
0.021 0.025 0.030 

B-2. Nonmetal 
a. Cement 

1. Neat, surface 
0.010 0.011 0.013 

2. Mortar 
0.011 0.013 0.015 

b. Wood 
1. Planed, untreated 0.010 0.012 0.014 

2. Planed, creosoted 0.011 0.012 0.015 

3. Unp1aned 
0.011 0.013 0.015 

4. Plank with battens 0.012 0.015 0.018 

5. Lined with roofing paper 0.010 0.014 0.017 

c. Concrete 
1. Trowel finish 

0.011 0.013 0.015 

2. Float finish 
0.013 0.015 0.016 

3. Finished, with gravel on bottom 0.015 0 .017 0.020 

4. Unfinished 
0.014 0 .017 0.020 

5. Gunite, good section 0.016 0.019 0.023 

6. Gunite, wavy section 0.018 0.022 0.025 

7. On good excavated rock 0.017 0.020 

8. On irregular excavated rock 0.022 0.027 

d. Concrete bottom float finished with 

sides of 
1. Dressed stone in mortar 0.015 0.017 0.020 

2. Random stone in mortar 0.017 0.020 0.024 

3. Cement rubble masonry, plastered 0.016 0.020 0.024 

4. Cement rubble masonry 0.020 0.025 0.030 

5. Dry rubble or riprap 0.020 0.030 0.035 

e. Gravel bottom with sides of 

1. Formed concrete 0.017 0.020 0.025 

2. Random stone in mortar 0.020 0.023 0.026 

3. Dry rubble or riprap 0.023 0.033 0.036 

f. Brick 
l. Glazed 

0.011 0.013 0.015 

2. In cement mortar 0.012 0.015 0.018 

g. Masonry 
1. Cemented rubble 0.017 0.025 0.030 

2. Dry rubble 
0.023 0.032 0 .035 

h. Dressed ashlar 
0.013 0.015 0.017 

i. Asphalt 
1. Smooth 

0.0l3 0.013 

2. Rough 
0.016 0.016 

j. Vegetal lining 
0.030 0.500 

C. Excavated or Dredged .- f" 

a. Earth, traight and uniform 

l. Clean, recently completed 0.016 0.018 0.020 
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Type of Channel and Description Minimum Normal Maximum 

2. Clean, after weathering 0.018 0.022 0.025 
3. Gravel, uniform section, clean 0.022 / 0.025 0.030 
4. With short grass, few weeds 0.022 ~ 0.033 

b. Earth, winding and sluggish 
1. No vegetation 0.023 0.025 0.030 
2. Grass, some weeds 0.025 0.030 0.033 
3. Dense weeds or aquatic plants in 

deep channels 0.030 0.035 0.040 
4. Earth bottom and rubble sides 0.028 0.030 0.035 
5. Stony bottom and weedy banks 0.025 0.035 0.040 
6. Cobble bottom and clean sides 0.030 0.040 0.050 

c. Dragline excavated or dredged 
1. No vegetation 0.025 0.028 0.033 
2. Light brush on banks 0.035 0.050 0.060 

d. Rock cuts 
1. Smooth and uniform 0.025 0.035 0.040 
2. Jagged and irregular 0.035 0.040 0.050 

e. Channels not maintained, weeds and 
brush uncut 
1. Dense weeds, high as flow depth 0.050 0.080 0.120 
2. Clean bottom, brush on sides 0.040 0.050 0.080 
3. Same, highest stage of flow 0.045 0.070 0.110 
4. Dense brush, high stage 0.080 0.100 0.140 

D. Natural Streams 
D-1. Minor streams (top width at flood 

stage < 100 ft) 
a. Streams on plain 

1. Clean, straight, full stage, no rifts 
or deep pools 0.025 0.030 0.033 

2. Same as above, but more stones 
and weeds 0.030 0.035 0.040 

3. Clean, winding, some pools and 
shoals 0.033 0.040 0.045 

4. Same as above, but some weeds 
and stones 0.035 0.045 0.050 

5. Same as above, lower stages, more 
ineffective slopes and sections 0.040 0.048 0.055 

6. Same as 4, but more stones 0.045 0.050 0.060 
7. Sluggish reaches, weedy, deep pools 0.050 0.070 0.080 
8. Very weedy reaches, deep pools, or 

floodways with heavy stand of 
timber and underbrush 0.075 0.100 0.150 

b. Mountain streams, no vegetation in 
channel, banks usually steep, trees 
and brush along banks submerged at 
high stages 
1. Bottom: gravels, cobbles, and 

few boulders 0.030 0.040 0.050 
2. Bottom: cobbles with large boulders 0.040 0.050 0.070 

D-2. Flood plains 
a. Pasture, no brush 

1. Short grass 0.025 0.030 0.035 

( continued) 
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Nevada, western Utah, and the southeastern desert areas of Cali
fornia. The portion within Idaho is in the southeastern corner of 
the State and is south of the southern boundary of the Snake River 
Basin (Region 3, fig. 18). Equations to provide estimates for the 
I-hr duration for 2- and 100-yr return periods are shown in table 
12. Also listed are the statistical parameters associated with 
each eqLlation. In these equations, the variable [(X,)(X,/X z)] or 
[(X ,)(X IX,)} can be regarded as the 6-hr value times the slope 
of the line connecting the 6- and 24-hr values for the appropriate 
return year. 

As with any separation into regions, the boundary can only 
be regarded as the sharpest portion of a zone of transition between 
regions. These equations have been tested for boundary disconti
nuities by computing values using equations from both sides of the 
boundary. Differences were found to be mostly under 15 percent. 
However, it is sugegsted that when computing estimates along or 
within a few miles of a regional bOIUldary computa tions be made 
using equations applicable to each region and that the average of 
such computations be adopted. 

Estimates of 1-hr precipitation-frequency values for return 
periods between 2 and 100 yrs. The I-hr values for the 2- and 
100-)'r return periods can be plotted on the nomogram of figure 6 
to obtain values for retlirn periods greater thall 2 yrs or less than 
100 yrs. Draw a straight line connecting the 2- and 100-yr values 
and read the desi red return-period value from the nomogram. 

Estimates for 2. and 3.hr (120. and 1S0.min) precipitation
frequency values. To obtain estimates of precipitation-frequency 
values for 2 or 3 hrs, plot the 1- and the 6-hr values from the 
Atlas on the appropriate nomogram of figure 15, Draw a straight 
line connecting the 1- and 6-hr values, and read the 2- and 3-hr 
values from the nomogram. This nomogram is independent of 
retum period. It was developed using data from the same regions 
used to develop the I-hr cquations. 

The mathematical solution from the data used to develop 
figure 15 gi ves the following equations for estimating tbe 2- and 
3-hr values: 

For Region 1, 
figure 18 
For Region 2, 
figure 18 
For Region 3, 
figure 18 

2-hr = 0.278 (6-hr) + 0.722 (I-hr) 
3-hr = 0.503 (6-hr) + 0.497 (I-hr) 
2-hr = 0.250 (6-hr) -;- 0.750 ( i-hr) 
3-hr = 0.467 (6-hr) + 0.533 ( i-hr) 
2-hr = 0.299 (6-hr) + 0.701 ( i-hr) 
3-hr = 0.526 (6-hr) + 0 .474 (I -hr) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

Estimntes for 12-hr (720-min) precipitation-frequency values. 
To obtain estimates for the 12-hr duration, plot values from the 
6- and 24-hr maps 011 figure 16. Read the 12-hr estimates at the 
interscction of the line connecting these points with the 12-hr 
duration line of the nomogram. 

Estimates for less than 1 hr. To obtain estimates for dura
tions of less than 1 hr, apply the values in table 13 to the I -hr 
value for the re turn period of interest. 

Table 12. Equations tor estimating l-hr values in Idah o with slalisticai parameters jar each equation 

Region of applicability" 

Sna ke River Valley below 5,000 ft 
(1) 

Mountainous regions of Washing
ton and Oregon east of crest of 
Cascade Range and of Idaho and 
Montana west of Continental 
Divide and north of southe rn 
boundary of Snake River 8asin
excluding Snake River Va lIey 
below a smoothed 5,000-ft 
contour (2) 

Western Utah and Nevada except 
Snake and Virgin River Basins and 
spillover zone east of Sierra 
Nevada crest (3) 

Equation 

Y2 = 0.077 + 0.715[(Xl)(X1/~l] 
- 0.0004(Xo)(X.l 

Y' (Io, = 0 .187 + 0 .833 [(X,) (X3f X,)] 

Y2 = 0.019 -1- 0.711 (X,)(X,/X2)] 

+ O.OOIl 
Y[(,O "''= 0.338·+ 0.670[(Xs)(Xs/X.l] 

+ 0.D01Z 

Y2 = 0005 + 0 .852 [(X1)(XtlX2)] 

Y100 = 0.322 + 0.789[(x',)(X3/X;)] 

Carr" 
coeff. 

0 .86 
.87 

.82 

.80 

.89 
.87 

No. of 
stations 

30 
30 

98 

79 

65 
65 

Mean of 
computecl 
stn. values 

{inches) 

0.35 
1.08 

0.40 

1.04 

0,41 
1.25 

* Numbers in parentheses refer to geographic regions shown in figure 18. See text for more complete description. 

List of variables 
Yz = 2-yr I-hr estimated value 
Y;oo = 100-yr I-hr estimated va lue 
X, = 2-yr 6-hr value f rom precipitat ion-frequency maps 
X. = 2-yr 24- hr value from precipitation-frequency maps 
X, = lOO-yr 6-hr value from precipitation-f requency maps 
X; = 100-yr 24-hr value from precipitat io n-frequency maps 
Xs = latitude (in decimals) m inus 40° 
X. = longitude (in decimals) minus 100° 
Z = point elevation in hundreds of feet 

y ~ (). 
'bf) 

+ o. ~33 ~h (;, l( 

I . ()7 

Duration (min) 
Ratio to 1-hr 

t3.")TlfAtr·~ 

5 
0.29 

10 
0.45 

/. ) 

15 
0 .57 

Standard 
error of 
estimate 
(inches) 

0.034 
, 161 

.031 

.141 

.047 

.196 

30 
0.79 

(Adopted from U.S. Weather Bureau Technical Paper No. 40, 
1961.) 

Table 13. Adjustment factors to obtain n-min estimates 
from l-hr values 

Illustration of Use of Precipitation-Frequency 
Maps, Diagrams, and Equations 

To illustrate the use of these maps, values were read from 
figures 19 to 30 for the point at 44°00' N. and 115 °00' W. These 
values are shown in boldface type in table 14. The values read 
from the maps should be plotted on the r~lurn-period diagram of 
figure 6 because (1) not all points are as easy to locate on a 
series of maps as are latitude-longitude intersections, (2) there may 
be some slight registration differences in printing, and (3) precise 
interpolation between isolines is difficult. This has been done for 
the 24-hr values in table 14 (fig. 17a) and a line of best fit has 
been drawn subjectively. On this nomogram, the 50-yr value 
appears somewhat below the line, so the value read from the maps 
is corrected (as shown by the strikeout in table 14); such corrected 
values are adopted in preference to the original readings. 

The 2- and 100-yr I-hr values for the point were computed 
from the equations applicable to Region 2, figure 18 (table 12) 
since the point is in the orographic region. The 2-yr l·hI is 
estimated at 0.56 in. (using elevation of 9,100 ft and 2-yr 6- and 
24-hr values from table 14) ; the estimated 100-yr I-hr value is 
1.37 in. (I OO-yr and 24-hr values from table 14). By plotting 
these l-hr values on figure 6 und connccting them with a straight 
line, one can obtain estimates for return periods of 5, 10, 25, 
and 50 yrs. 

The 2- and 3-hr values can be estimated by using the nomo
gram of figure 15 or equations (5) and (6). The 1- and 6-hI values 
for the desired return period are obtained as above. Plot these 
points on the nomogram of figure 15 and connect them with a 
straight line. Read the estimates for 2 or 3 hrs at the intersections 
of the connecting line and the 2- and 3-hr vertical lines. An 
example is shown in figure 17b for the 100·yr return period. The 
values of the 100-yr 2·hr (1.68 in.) and 100-yr 3-hr (1.95 in.) are 
in italics on table 14. 

1-hr 2-hr 3-hr 6-hr 24-hr 

2-yr 0.56 1.24 2.44 
5-yr 1.57 3.02 

lO-yr 1.83 3.42 
25-yr 2.20 3.90 

4.42 
50-yr 2.42 ~ 

100-yr 1.37 1.68 1.95 2.61 4.85 

Table 14. Precipitation data jor depth-frequency atkls 
computaTion point 44°00' N., 115°00' W. 
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ABSTRACT 

Temple, D.M., K.M. Robinson, R.M. Ahring, and A.G. Davis. 1987. 
Stability Design of Grass·Lined Open Channels. U.S. Department 
Of Agriculture, Agriculture Handbook 667, 175., illus. 

This handbook presents the state of the art in grass~lined 
channel design. It is intended primarily for use by engineers 
and technicians directly involved in planning, designing, or maintaining open 
channels where vegetation can be used as a 
lining for erosion protection. Each of the six chapters is a 
complete discussion, with reference to other chapters as 
appropriate. Nomographs and calculator/computer programs are 
included as design aids. Only those design conditions that have 
implications unique to the use of grass as a channel lining are 
discussed in detail, and the design aids focus on stability 
design under steady, uniform flow conditions. 

KEYWORDS: grass linings, open channel hydraulics, agricultural waterways, lined 
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Table 3.3 
Equations for determining allowable 
effect i ve stress 1 

Soil Applicable 
classification range 
Noncohesive soils I 

GW,GP,SW,SP w 
< 10 

d75 < 0.05 

Cohesive soils 

GM,SC 

10 ~ I w s. 20 

20 < I 
W 

GC 

10 < I s. 20 - w 

20 < I 
W 

SM 

20 < I 
W 

Equation 

llS =0.0156 

llS =0.0256 d75
1/ 6 

d75 

llS =0.0156 
2 

'T a = 'T ab C 

c = 1.42 0.61 e 
e 

'Tab (1.07 Iw2 + 14.3 IW 

+ 47.7)xl0- 4 

'ab = 0.076 

C 1.42 - 0.61 e e 

'Tab = (0.0477 Iw2 + 2.86 IW 

+ 42.9)xlO- 3 

'T ab = 0.119 

C = 1.42 - 0.61 e e 

'Tab = (107 Iw2 + 7.15 IW 
+ 11. 9)xl0~4 

'T ab = 0.058 
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Wind Erosion Soil Loss

Objective
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 and crusting with vegetation on the cover system.

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.

5.  The Physics of Wind Erosion and Its Control, W.S. Chepil and N.P. Woodruff, Advances in
Agronomy, Vol 15, 1963, Academic Press Inc., New York, N.Y.

Assumption
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 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.  



Variables

I 86= soil erodibility index (reference 1, Exhibit 502-3, page  502-23 & 24 for 5%
slope, 25% (20% used for conservative value) gravel retained the #20 sieve)

Icr_adj 38= soil erodibility index with crust adjustment factor (reference
1, Exhibit 502-2, page 502-22, and Table 502-2, page 502-8,
Wind Erodibility Group (WEG), for I=86)

K
rd

0.625= soil surface roughness factor (reference 1, Fig 502-4, page 502-10,
assuming gravel admixture surface treatment)

C 40= climate factor (reference 2, Fig 3, for 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  
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Critical Density 
Calculations 
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Soil Densities

Objective
This calculation is performed to estimate the soil densities of the cover material.

References
1) DBS&A Laboratory Report, August 13, 2008

Calculation 

gf 0.001 kgf

Maximum dry densities of Steiner soils Critical Density

Steiner 13

ρmaxS13 1.75
gf

cm
3

 ρmaxS13 109.249
lbf

ft
3



ρminS13 0.80 ρmaxS13 ρminS13 87.399
lbf

ft
3



104.3 lbf/ft3

ρmxS13 0.92 ρmaxS13 ρmxS13 100.509
lbf

ft
3



Steiner 14

ρmaxS14 1.58
gf

cm
3

 ρmaxS14 98.636
lbf

ft
3



ρminS14 0.80 ρmaxS14 ρminS14 78.909
lbf

ft
3



93.6 lbf/ft3

ρmxS14 0.92 ρmaxS14 ρmxS14 90.745
lbf

ft
3



Steiner 15

ρmaxS15 1.57
gf

cm
3

 ρmaxS15 98.012
lbf

ft
3



ρminS15 0.80 ρmaxS15 ρminS15 78.41
lbf

ft
3



95.5 lbf/ft3

ρmxS15 0.92 ρmaxS15 ρmxS15 90.171
lbf

ft
3
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