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1.0 INTRODUCTION 

This report is intended to address design modifications to Cell 16, a RCRA Subtitle C 
landfill unit located at the US Ecology Idaho (USEI) hazardous waste management 
facility in Grand View, Idaho.  The landfill design, as previously permitted, is contained 
in the Landfill Engineering Report, dated February 8, 2012, prepared by American 
Geotechnics. 

Cell 16 was designed as a landfill consisting of two subcells (16-1 and 16-2) that would 
progressively expand through multiple lateral phases of liner development, up to an 
ultimate subcell length of 2,800 feet (74 acres total).  It was intended that sump 
components contained within the original construction limits (Phase I) of both subcells 
would be optimized by extending leachate header pipes during multiple lateral 
expansions.  Subcells 16-1 and 16-2 were both constructed in 2012; wherein the Phase 
I synthetic liner limits extended 600 feet (measured in the north to south direction).  
The compacted clay liner currently extends another 25 feet south of the LCRS and 
LDCRS components, to facilitate future tie-in.  Based upon the current rate of waste 
deposition at the site, the next landfill construction event (Phase II) is anticipated to 
occur in 2017.   

During the past several months USEI has petitioned the EPA Region 10 office for TSCA 
disposal authority within the Cell 16 landfill operations.  During the review process, EPA 
representatives raised questions regarding the long-term stability of the HDPE leachate 
header pipes which would connect future lateral expansions to the sumps, which are 
located on the north end of both subcells.  Specifically, the reviewers were concerned 
that the leachate header pipes may not exhibit an adequate factor of safety relative to 
wall buckling, when the ultimate load (16,000 psf) is applied for an extended period of 
time (>30 years).  US Ecology does not concur with the likelihood of long-term pipe 
failure, stated by the EPA.  However, this design addendum is intended to incorporate 
design and material specification improvements identified during the EPA review 
process, which will increase the subject long-term factors of safety.   

In this addendum, floor grading modifications are proposed for the future remaining 
portions of Cell 16 to reduce header pipe overburden pressure.  The basin invert and 
the associated leachate header pipes will be relocated closer to the perimeter and away 
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from the central portions of the landfill.  The grading modification will necessitate the 
inclusion of two additional sumps for Cell 16.  In summary the proposed modification to 
Cell 16 includes the following: 

 Minor grading modifications to future portions of the cell floor; 

 Inclusion of two additional sumps; and 

 Minor modification of material specifications, pertaining to the future remaining 
portions of Cell 16. 

The lateral extents and above grade waste limits of Cell 16 will not be modified and 
many of the original planes will remain unaltered.  No changes will occur to the final 
cover components.   

The existing (Phase I) portions of Cell 16 will continue to function in a compliant 
manner without any required corrective action, as indicated within this addendum. 

1.1 Report Addendum Outline 

This report addendum is divided into four sections, as summarized below: 

Pipe Stability – Section 2 

This section describes the proposed geometric modifications to the floor of Cell 16.  The 
long-term performance of future leachate header pipes is evaluated.  The disposition 
and performance of the existing Phase I pipe components are also evaluated and 
addressed in this section. 

Geocomposite Transmissivity – Section 3 

The proposed geometric changes (within the future phases) will lengthen some of the 
leachate flow paths.  This section presents additional performance analysis related to 
the future LCRS and LDCRS geocomposite components, which will be located within the 
remaining portions of Cell 16. 
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Slope Stability - Section 4 

This section evaluates any slope stability effects related to the proposed grading 
modifications. 

Other Considerations – Section 5 

This section considers any incidental effects which may result from the proposed 
changes including; the revised waste volume, extension of the leachate force main 
around the exterior perimeter of the cell, pump sizes, and ancillary modifications to the 
specifications and drawings. 
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2.0 PIPE STABILITY 

2.1 Landfill Geometric Changes 

Minor geometric changes will occur along the future remaining portions of the Cell 16 
floor.  No geometric changes will occur within the existing (Phase I) portion of Cell 16.   

In order to reduce the maximum overburden pressures exerted on future leachate 
header pipes, the floor invert of each subcell will be relocated closer to the exterior 
sidewalls of the landfill, as illustrated on Figures 1 and 2.  To accommodate this grading 
change, it is necessary to include two additional leachate sumps which will be aligned 
with the revised leachate header pipes.  The vertical and lateral extent of the modified 
regions are relatively small, as indicated on Figures 1 and 2.  The proposed additional 
sumps will effectively divide Cell 16 into four subcells rather than two subcells.  For 
example, Subcell 16-1 (37 acres) will become Subcell 16-1a (9 acres) and Subcell 16-1b 
(28 acres).  The basin limits of the four subcells (16-1a, 16-1b, 16-2a, and 16-2b) are 
illustrated on Figure 3. 

As illustrated on Figure 1, the revised alignment of the leachate header pipes will 
reduce the maximum depth of overburden located above the header pipes from 140 
feet to 90 feet.  

The additional sumps will be located south of the 2012 construction liner termination, 
along the toe of the east and west interior sidewalls. The center portions of the Cell 16 
floor will remain unchanged, grading away from the centerline at 2.5% slope in the 
east-west direction.  However, the slope of the outer floor planes will be reversed in the 
east-west direction and steepened from 2.5% to 5.0%, as illustrated in Figure 1 and 
Figure 2.  The effect of these geometric changes on the performance of the leachate 
collection systems is analyzed in section 3.0 of this report.  

2.2 Future Leachate Header Pipe Analysis 

The Cell 16 leachate header pipes are constructed with HDPE materials, which exhibit 
visco-elastic (time dependent) mechanical properties.  For example, PE 4710 has an 
initial elastic modulus of 82 ksi, which reduces to about 40 ksi within 1 year, and 
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reduces further to about 29 ksi after 50 years (PPI, 2012).  Pipe stability analysis 
contained within this addendum is based upon the latter reduced long-term strength.   

As a result of the proposed geometric changes, the typical loading on the future 
leachate header pipes will decrease to approximately 10,000 psf (90 feet of waste and 
cover materials at 110 pcf).  Perforations along the future header pipe will also be 
reduced from 4 rows to 2 rows and will be oriented in the desirable lower quadrants, as 
illustrated on Detail 2, Drawing 16-11-06A.   

Long-term stability analysis, presented in Calculation #1 (Appendix D), confirms that 
HDPE pipes with a diameter ratio (DR) of 11 or less will provide an adequate factor of 
safety (FS ≥ 2.0) for the modified cell areas.  Calculation #1 also confirms that 2 rows 
of perforations will provide adequate flow capacity into the pipe. 

2.3 Existing Leachate Header Pipe Analysis and Disposition 

Stability analysis was performed on the existing portions of the leachate header pipe, 
located within the Phase I limits.  These pipe components were perforated with 4 rows 
of ½-inch diameter holes, spaced at 6-inch intervals.  When waste placement and cover 
construction is completed, the depth of vertical loading experienced along the length of 
these pipes will be variable up to 140 feet. The factor of safety provided under these 
conditions is less than 2.0 within the deeper zones.  For academic purposes within this 
addendum, existing pipe materials that exhibit a long-term factor of safety greater than 
2.5 will be considered stable and functional.   

Theoretical Critical Point 

The maximum overburden depth across the cell floor and the leachate header pipes is 
illustrated in Figure 5 (Appendix A).  Analysis presented in Calculation #2 indicates that 
the long-term stability of the existing leachate header pipes has a FS=2.8 for areas with 
an overburden depth of 100 feet.  For this theoretical exercise, we will assume that the 
portions of the leachate header pipe located upgradient (southward and >100 ft 
overburden) will experience long-term pipe failure.  Portions of the leachate header 
pipe located downgradient (northward and <100 ft overburden) will remain stable and 
functional.  The location of the theoretical critical point is illustrated on Figure 5. 
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It is worth noting that potential concern related to the stability of the Phase I header 
pipes, only becomes plausible after the maximum load has been applied and has 
remained in place for several years (well into the post-closure condition).   

Residual Flow Capacity 

The critical area influenced by the theoretical pipe failure is 4.3 acres for each subcell, 
as shown in Figure 5. The limits of this critical area are defined by the critical flow paths 
illustrated in Figure 4.   

The peak leachate flow volume for Cell 16 will reduce to less than 38 ft3/acre/day after 
20 feet of waste materials are in place (AGEO, 2012).  In the post-closure condition the 
peak flow demands will continue to diminish.  However, for this theoretical evaluation 
we will consider the 38 ft3/acre/day leachate flow value. 

For this theoretical exercise, it is assumed that the leachate header pipe will provide 
zero flow capacity within the critical area. However, leachate flow will still occur through 
parallel drainage mediums, including the drain rock aggregates, the geocomposite 
layer, and the frost protection sand, as illustrated in the figure below.  

Leachate Header Pipe Cross Section – Potential Flow Mediums 
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For this analysis the flow capacity through the frost protection sand layer is neglected. 
The flow capacity of the drain rock and the geocomposite layer are quantified in 
Calculation #2.  The calculation demonstrates that the parallel drainage mediums will 
provide adequate alternative flow capacity for the long-term leachate volumes with a 
FS=5.   

Based upon this analysis, the LCRS located within the Phase I portions of Cell 16 will 
continue to function in a compliant manner, even in the unlikely event that pipe 
collapse were to occur within the critical areas described above.   

The disposition of the existing LDCRS is described separately in the Section 3.2. 
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3.0 GEOCOMPOSITE PERFORMANCE  

3.1 LCRS Geocomposite – Future Phases 

In the future remaining portions of Cell 16 the leachate header pipe will be located 
closer to the exterior perimeter of the cell, as mentioned in Section 2.1.  Subsequently, 
the length of the typical flow path across the interior portions of the cell will be 
increased, and additional geocomposite performance analysis is warranted.   

The typical leachate flow paths for the existing and future portions of Cell 16 are 
illustrated in Figure 4.  With the proposed Cell 16 modifications, the future typical 
leachate flow path will consist of the following scenarios: 

1. Interior Floor - 358 feet at a 3.5 percent grade, plus 198 feet at 5.6 percent 
grade (total length = 556 ft)  

2. Exterior Sidewall – 123 feet at 33 percent grade, plus 22 feet at 5.6 percent 
grade (total length = 145 ft) 

Analysis contained in Calculation #3 indicates that the future LCRS geocomposite 
components need to exhibit the following engineering properties.  

LCRS GEOCOMPOSITE REQUIRED TRANSMISSIVITY 

Application 
Location 

Min. Transmissivity(1) 
(m2/sec) 

Loading 
(psf) Gradient 

Boundary 
Conditions 

LCRS Floor    
(single sided) 

3.6x10-3 300 

0.05 Soil/GC/GM 3.0x10-3 2,500 

1.2x10-4 16,000 

LCRS Sidewall 
(double sided) 

1.0x10-4 10,000 0.33 Soil/GC/GM 

   (1) 100-Hour seating period for each load interval, floor specimens to be oriented 45 degrees from MD. 
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3.2 LDCRS Action Leakage Rate 

A site specific action leakage rate (ALR) was not computed for Cell 16 during the 
original 2012 design.  Due to the arid conditions at the site and an overall lack of 
significant leachate volumes, the facility has historically adopted the default generic ALR 
value of 100 gal/acre/day (related to minimum MTR standards).   

The actual leak detection capability of the Cell 16 LDCRS is computed in Calculation #4 
and summarized in the following table.   

CELL 16 COMPUTED ALR VALUES 

Landfill Unit Size 
(acres) 

Computed ALR 
(gal/acre/day) 

Min. LDCRS 
Pump Capacity 

(gpm) 

Subcells 16-1a & 16-2a (1) 9.0 160 1.0 

Subcells 16-1b & 16-2b 28.0 519 10.1 

(1) ALR values computed for the existing subcells (16-1a and 16-2a) are based upon the theoretical 
loss of the leachate header pipe within the critical areas.  

The ALR for the existing portion of Cell 16 is substantially lower than the ALR value computed 

for the future portions of Cell 16, due to the theoretical loss of leachate header pipe within the 

critical area.  The computed ALR values for Subcell 16-1a and 16-2a neglect the additional flow 

capacity provided by the parallel drainage mediums, located within the theoretical critical areas.  
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4.0 SLOPE STABILITY ANALYSIS 

4.1 Stability Design Considerations  

Additional slope stability was performed to analyze the modified floor geometry.  Two of 
the original stability scenarios were modified as a result of the proposed changes in the 
future remaining subcells.  The targeted threshold factor of safety is 1.5 for static 
conditions and 1.1 for a potential seismic event.  The revised Slope/W analysis is 
contained in Calculation #5.  The modified slope stability model still conforms to the 
targeted minimum values. 

 

 

 

 

 
 

CELL 16 MODIFIED FLOOR – STABILITY RESULTS 

Loading Scenario 
Static Condition Seismic Condition 

Factor of 
Safety 

Targeted 
FS 

Factor of 
Safety 

Targeted 
FS 

Access Ramp 1.6 1.5 1.3 1.1 

Full Waste Placement 1.9 1.5 1.5 1.1 
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5.0 INCIDENTAL CONSIDERATIONS 

5.1 Leachate Force Main Extensions 

The two additional sumps will necessitate extending the leachate force main (double-
wall HDPE pipe) to the new risers.  The extension toward the Subcell 16-1b risers will 
require about 730 feet of additional pipe around the eastern perimeter.  The extension 
towards the Subcell 16-2b risers will require about 1080 feet of additional pipe around 
the west perimeter.  The diameter of the force main will remain unchanged since the 
overall leachate volume collected from Cell 16 is the same.  

5.2 Additional Airspace 

The proposed geometric modifications to the cell floor will provide a slight increase in 
landfill airspace.  Measurements obtained with Civil3D CAD software indicate the 
additional volume is approximately 292,000 cubic yards.  The original capacity for Cell 
16 was 10,262,000 cubic yards (AGEO, 2012).  The revised capacity of Cell 16 will be 
increased about 2.8 percent to 10,554,000 cubic yards. 

5.3 Pipe and Pump Capacity 

Leachate header pipe diameters will remain unchanged, although peak flow demands 
on each leachate header pipe will be slightly diminished as a result of dividing each 
basin into two sub-basins.    

The specified LCRS pump capacities will remain unchanged, since these parameters 
were driven primarily by short-term demands, as outlined in Section 4.7 of the Landfill 
Engineering Report (AGEO, 2012). 

The LDCRS pump sizes for all four subcells will need to conform to the minimum flow 
capacities identified in Section 3.2 of this Addendum.  

5.4 Closure Condition  

The proposed geometric changes outlined in this addendum are all located in the 
vicinity of the cell floor.  Grade lines associated with the final cover system will remain 
unaltered as a result of the changes contemplated within this addendum.   
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5.5 Revised Drawings 

Modifications to the Cell 16 drawing set will include the following sheets, enclosed in 
Appendix B: 

 Drawings 16-11-01 & 16-11-02: Revised to reflect the modified floor grade lines 
and the additional sumps.   

 Drawing 16-11-06A: An additional drawing which contains sump details related 
to the future sumps.   

5.6 Revised Specifications 

As a result of the proposed modifications, two of the project specifications must be 
updated.  The revised specifications are enclosed in Appendix C (a redline version is 
also included for reference).  The modifications are described in the table below.  

SUMMARY OF SPECIFICATION MODIFICATIONS 

Specification Title Description 

02274 Geocomposite Updated the transmissivity requirements to reflect the 
revised geocomposite analysis. 

15062 Pipe and 
Mechanical 

Updated the pipe material specification to reflect 
modern formulations.  Also modified the pipe 
perforation size, frequency and orientation.  
Updated pump specifications to reflect the 
conclusions in Section 3.2 of this addendum.  

 

  



Landfill Engineering Report Addendum 

Cell 16; Subcells 16-1 & 16-2 

July 6, 2017 

 

RCRA Permit: IDD073114654 13 US Ecology 

Idaho   

 

6.0 CONCLUSIONS 

These Cell 16 design modifications were implemented to address EPA’s concerns 
regarding long-term stability of the leachate header pipes. The modified floor geometry 
and relocation of future leachate header pipes will reduce pipe overburden pressure and 
increase the long-term stability.   

This report addendum also demonstrates that if a theoretical pipe failure were to occur 
within the existing portions of Cell 16, those subcells would continue to function in a 
compliant manner.  Specific ALR values have been computed for each of the Cell 16 
subcells.   
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Appendix B 
Modified Drawings 

 

 Drawing 16-11-00 – Drawing Index / Cover Sheet 

 Drawing 16-11-01 – Cell Liner Layout / Plan View 1 

 Drawing 16-11-02 – Cell Liner Layout / Plan View 2 

 Drawing 16-11-06A – Additional Sumps / Sections and Details 
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Appendix C 
Modified Specifications 

 

 Section 02274 -- Geocomposite  

 Section 15062 – Piping and Mechanical  
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SECTION 02274 
 

GEOCOMPOSITE 

PART 1 GENERAL 

1.1 WORK INCLUDED  

A. Furnish all labor, materials, tools, equipment, surveying, testing, and supervision to 
install the geocomposite materials as indicated on the Drawings.  

B. Type 1 geocomposite shall be placed as a part of the cell liner system, as shown on 
the Drawings. 

1.2 RELATED WORK 

A. Section 01010 - Summary of Work 

B. Section 01300 - Submittals 

C. Section 02200 - Earthwork 

D. Section 02228 - Low-Permeability Soil Layer 

E. Section 02253 - Geosynthetic Clay Liner 

F. Section 02771 - Geomembrane 

G. Section 02272 - Geotextiles 

H. U.S. Ecology Contractor Quality Assurance Plan  

1.3 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of this Section to the extent referenced. 
The publications are referred to in the text by the basic designation only. Use the 
latest revision unless otherwise noted: 

1. American Society for Testing and Materials (ASTM): 

D 1505  Standard Test Method for Density of Plastics by the Density 
Gradient Technique 
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D 1603  Standard Test Method for Carbon Black in Olefin Plastics 

D 4355  Standard Test Method for Deterioration of Geotextiles by 
Exposure to Light, Moisture and Heat in a Xenon Arc Type 
Apparatus 

D 4491  Standard Test Method for Water Permeability of Geotextiles by 
Permittivity 

D 4632 Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles 

D 4716  Standard Test Method for Determining the (In-Plane) Flow Rate 
Per Unit Width and Hydraulic Transmissivity of a Geosynthetic 
Using a Constant Head  

D 4751  Standard Test Method for Determining Apparent Opening Size of 
a Geotextile 

D 4873  Standard Guide for Identification, Storage 

D 4833  Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes and Related Products 

D 5261   Standard Test Method for Measuring the Mass Per Unit Area of 
Geotextiles 

D7005  Determining the Bond Strength (Ply-Adhesion) of Geocomposites 

 

B.    Relevant publications from the Environmental Protection Agency (EPA): 
 
     1.  Daniel, D.E. and R.M. Koerner, (1993), Technical Guidance Document: 

Quality Assurance and Quality Control for Waste Containment Facilities 
EPA/600/R-93/182. 

 

1.4 SUBMITTALS 

A. The following administrative submittals are due 14 days prior to the Contractor 
beginning the Work: 

1. Contractor’s schedule of installation of the geocomposite materials. 
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2. Shop drawings that detail seaming procedures, special construction details, 
anchoring details, and temporary anchors. 

3. Written installation procedures for the geocomposite. These procedures should 
cover the basic procedures of off-loading, storage, deployment, joining, and 
precautions to prevent damage to the underlying materials and clogging of the 
geocomposite with soil or other fine materials.  

4. Representative samples of all geocomposite materials proposed for use on the 
project, together with their full designation and manufacturer name.  

5. Manufacturer’s Certification that the geocomposite materials meet or exceed 
the physical strength requirements found herein. 

B. Quality Control Submittals: 

1. Daily report of Contractor’s activities. 

2. The Contractor shall submit copies of dated quality control certificates with  
laboratory test results showing that the geotextiles and drainage nets meet the 
material requirements found in Paragraphs 2.1 and 2.2 of this Section. 

C. Exceptions: Listing of all exceptions to the requirements specified herein. 

1.5 DELIVERY, STORAGE, AND HANDLING OF MATERIALS 

A. The Owner shall approve all submittals prior to the delivery of material to the site.  

B. Material delivery, storage, and handling shall conform to the manufacturer’s 
recommendations and shall be done in a manner that prevents damage to any part of 
the Work. 

C. Handling of rolls shall be completed in a competent manner so that damage does not 
occur to the geocomposite or to its protective wrapping. ASTM D4873 shall be 
referenced and followed.  

D. Rolls shall be delivered to and stored on the site in ultraviolet light-resistant 
packaging if recommended by the manufacturer. The integrity of this packaging shall 
be maintained until the roll is to be installed. Any protective wrapping that is 
accidentally damaged or stripped off the rolls shall be repaired immediately or 
covered if the geotextile will not be installed within 60 days.  

E. Each roll of geotextile fabric shall bear a label that identifies the following: 

1. Manufacturer 

2. Product identification 

3. Roll number 

4. Batch code 
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5. Physical dimensions 

6. Date of manufacture 

F. Fielded storage shall be located in areas where water cannot accumulate. The rolls 
shall be elevated off the ground to avoid forming a dam that allows the ponding of 
water. 

G. Different types of geocomposite material shall also be distinguished in the field by 
painting the ends of each material type with a common color, so that the materials 
can easily be identified by field personnel.   
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PART 2 PRODUCTS 

2.1 TYPE 1 GEOCOMPOSITE 

A. The liner geocomposite material shall consist of an HDPE core drainage net with 8-
ounce geotextile fabric heat-bonded to at least one side of the net.  All geocomposite 
material installed on sidewalls of the cell shall be double sided.  All geocomposite 
material placed on the floor of the cell shall be installed with the textile fabric on the 
top side. 

B. Geotextile fabric shall be a minimum 8-ounce needle-punched non-woven 
polypropylene fabric and shall meet the requirements of Section 02272. 

C. The core drainage net shall be free from dirt, dust, and debris before the geotextile is 
bonded.  The geotextile shall be joined to the core net in a manner that will not 
compromise the integrity of the geotextiles or reduce the geocomposite in-plane flow 
rate to below the required value.  

 

TABLE 2.1-1 GEOCOMPOSITE MATERIAL PROPERTIES 

Tested Property Test 
Method 

Testing 
Frequency 

Minimum Average Roll Value 
(MARV) 

Geocomposite 

Transmissivity D 4716 1/540,000 ft2 See Table 2.1-2 

Ply Adhesion D 7005 1/50,000 ft2 1.0 lbs/in 

Geonet Core 

Density D1505 1/50,000 ft2 0.94 g/cm3 

Carbon Black Content  D1603 1/50,000 ft2 2.0% 

Geotextile (prior to lamination)  

Mass per Unit Area D 5261 1/90,000 ft2 8 oz/yd2 

Grab Tensile D 4632 1/90,000 ft2 220 lbs 

Puncture Strength D 4833 1/90,000 ft2 120 lbs 

AOS, US Sieve (1) D 4751 1/540,000 ft2 80  

Permittivity D 4491 1/540,000 ft2 1.5 sec-1 

Flow Rate D 4491 1/540,000 ft2 110 gpm/ft2 

UV Resistance (retained) D 4355 Once per 
formulation  

70% 

 (1)    AOS is a maximum average roll value.
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TABLE 2.1-2 GEOCOMPOSITE TRANSMISSIVITY 

Tested Property 
Min. 

Transmissivity(1) 
(m2/sec) 

Loading 
(psf) 

Gradient  
Boundary 
Conditions 

Transmissivity 
LCRS & LDCRS Floor 

3.6x10-3 300 

0.05 Soil/GC/GM 3.0x10-3 2,500 

1.2x10-4 16,000 

Transmissivity 
LCRS & LDCRS Sidewalls 

1.0x10-4 10,000 0.33 Soil/GC/GM 

(1) 100-hour seating period for each  load  interval, floor specimens to be oriented 45 degrees from MD. 

 

2.2 JUNCTION TIES 

A. The geocomposite panels shall be joined together with locking ties that are typically 
referred to as cable ties.  

B. The ties shall be manufactured of an ultraviolet stabilized nylon parent material that 
is of contrasting color to the geocomposite being joined (white ties with a black 
geocomposite). 

PART 3 EXECUTION 

3.1 GENERAL 

A. The geocomposite materials shall be laid out and installed in accordance with the 
approved shop drawings and submittals.  

B. The geocomposite shall be installed only after the underlying layer has been fully 
tested and accepted by the Owner. 

3.2 INSTALLATION 

A. The geocomposite shall be handled in a manner that ensures it is not damaged in any 
way. 
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B. The geocomposite shall be installed to minimize the number of joints between panels 
that are subject to tensile stress, and panels shall be oriented so that the tensile stress 
in the panel is in the machine direction. 

C. On slopes, the geocomposite shall be secured at the top, then rolled down the slope 
in a manner that continually keeps the material in tension. 

D. In the presence of wind, the Contractor shall weight the materials with sandbags until 
the final cover is installed. 

E. The Contractor shall exercise care to ensure that the underlying layers are not 
damaged during installation. 

F. The Contractor shall use care to ensure that stones, mud, and dirt are not entrapped in 
the geocomposite during placement and seaming. 

G. Trimming of sheets shall be performed using an upward cutting hook blade. 

H. The Contractor shall take the necessary precautions during deployment to protect the 
underlying layers. 

I. The Contractor shall conduct a visual inspection of the deployed geocomposite to 
document that no potentially harmful objects are present, including stones, sharp 
objects, small tools, and sandbags.  

J. During placement of backfill, the cover soil or select waste materials shall not shift 
the position of the geocomposite nor damage the geocomposite, the geotextile, or the 
drainage net core.  

K. When using cover soil or select waste as backfill on side slopes, the work shall 
progress from the toe of the slope and upward. 

3.3 JOINING 

A. Adjacent edges of drainage net cores shall be overlapped a minimum of 4 inches and 
joined with ties at a spacing not exceeding 3 feet on center. Filter fabrics shall be 
overlapped a minimum of 6 inches. 

B. The ends of drainage cores and filter fabrics (in the direction of flow) shall be 
overlapped for at least 12 inches. Drainage cores shall be joined with ties at spacing 
not exceeding 6 inches on center. 
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C. The top geotextiles covering the joined cores shall be overlapped and sewn using a 
hand-held sewing machine or thermally bonded with written approval of the Owner 
to provide a complete seal against backfill soil entering the drainage net core. 

D. Horizontal seams on side slopes shall be minimized and staggered.  

E. Holes or damage to the drainage net cores shall be repaired by removing the 
geotextile from the geocomposite for 12 inches around the damaged area. New 
drainage net core shall be placed over the exposed area and tied every 6 inches. The 
geotextile fabric shall then be repaired in accordance with Paragraph 3.4 of this 
Section. 

F. Holes or tears of more than 50% of the width of the drainage net core on side slopes 
require that the entire length of the drainage core be removed and replaced. 

G. Holes or tears in the geotextile covering the drainage net core shall be repaired in 
accordance with Paragraph 3.4 of this Section. 

3.4 REPAIRS 

A. Patching shall be used to repair holes or tears in the geotextile covering made during 
placement. 

1. The patch material used for repair of a hole or tear shall be the same as the 
damaged material. 

2. The patch shall extend at least 24 inches beyond any portion of the damaged 
geotextile. 

3. The patch shall be sewn or thermally bonded in place by hand or machine so 
that it does not shift out of position or move during backfilling or covering 
operations. Damage to geotextile from thermal bonding shall require the 
removal and replacement of the damaged patch.  Thermal bonds shall be 
performed with a lyster, use of butane torches will not be allowed on the 
geocomposite material. 

4. The machine direction of the patch shall be aligned with the machine direction 
of the geotextile being repaired.  

5. The thread shall be of contrasting color to the geotextile and of chemical and 
ultraviolet resistance equal to or greater than that of the geotextile. 

3.5 PROTECTION 

A. The Contractor shall protect the integrity of the geocomposite materials until 
overlying materials are placed and until the Owner accepts the installed Work.  
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B. The geocomposite shall be protected from UV degradation and damage, as 
recommended by the manufacturer.   

PART 4 FIELD QUALITY CONTROL 

4.1 DOCUMENTATION 

A. The Contractor shall provide a daily report to the Owner regarding installation 
activities. This document shall include the following minimum information: 

1. Type and quantity of material placed 

2. Location of material placement 

3. Location and sizes of patches 

4. Visual inspection notes in accordance with Paragraph 3.4.I of this Section 

B. The Contractor shall provide the Owner with a copy of the chain-of-custody record 
for each sample sent to an independent laboratory. 

4.2 QUALITY ASSURANCE SAMPLING AND TESTING 

A. The Contractor shall assist the Owner with obtaining Quality Assurance samples for 
laboratory testing in accordance with the following frequency. 

 

TABLE 4.1-1 GEOCOMPOSITE CQA FREQUENCY 

Property Test Method Required Frequency 

Transmissivity ASTM D4716 1 per 100,000 ft2 

Ply Adhesion ASTM D7005 1 per 100,000 ft2 

*Performed in accordance with parameters outlined in Section 2.1 of this Specification. 

 
END OF SECTION 02274 
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SECTION 15062 
 

PIPING AND MECHANICAL 

PART 1 GENERAL 

1.1 WORK INCLUDED  

A. Procurement, installation, testing, inspection, calibration, and start-up of all pumps 
and components required for pressure pipelines.  Pressure pipeline is single and 
double contained leachate pipe and hose from the Cell 16 risers to the leachate 
treatment facility, as shown on the drawings. 

B. Procurement, installation, testing, inspection, calibration, and start-up of all 
components required for all non-pressure pipelines including the leachate collection 
(LCRS) piping and leak detection (LDCRS) piping as shown on the drawings.  

C. Interconnecting piping required for the untreated leachate systems shall include, but 
is not limited to:  pipe, fittings, flanges, shut-off valves, flow meter, vacuum breaker, 
vent and drain valves, instruments, gaskets, bolting, pipe supports/restraints, 
insulation, pipe labels and other piping components as required for installation of a 
complete, leak-free piping system. 

1.2 RELATED WORK 

A. Section 01010 - Summary of Work 

B. Section 01300 - Submittals 

C. Section 02220 - Earthwork 

D. Section 02274 - Geocomposite 

E. US Ecology Contractor Quality Assurance Plan 

1.3 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of this Section to the extent referenced. 
The publications are referred to in the text by the basic designation only. Use the 
latest revision unless otherwise noted: 
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1. American Society for Testing and Materials (ASTM): 

D638  Standard Test Method for the Tensile Properties of Plastics 

D790 Standard Test Methods for Flexural Properties of Unreinforced and 
Reinforced Plastics and Electrical Insulating Materials 

D1238  Standard Test Method for Melt Flow Rates of Thermoplastics by 
Extrusion Plastometer 

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

D1603  Standard Test Method for Carbon Black in Olefin Plastics 

D1693  Standard Test Method for Environmental Stress-Cracking of 
Ethylene Plastics 

D2321 Standard Practice for Underground Installation of Thermoplastic 
Pipe for Sewers and Other Gravity-Flow Applications 

D3350  Standard Specification for Polyethylene Plastics Pipe and Fittings 
Materials  

1.4 SUBMITTALS 

A. The following items are due 14 days prior to the Contractor beginning the Work: 

1. Shop drawings that include the following items: 

a. Fabrication of the required leachate collection and detection riser pipes, 
foundation, and elbows. 

b. Manufacturer’s literature reflecting any standard accessories or fittings used 
for the project. 

2. A copy of the manufacturer’s warranty for the products used. 

3. Manufacturer’s certification that supplied materials meet or exceed the 
requirements found in Part 2 of this Section. 

B. Exceptions: Listing of all exceptions to the requirements specified herein. 

1.5 QUALITY ASSURANCE 

A. Acceptable limits for cuts, gouges or scratches in HDPE components are as follows: 

1. O.D. Surface:  Maximum depth of 10% of wall thickness. 
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2. I.D. Surface:  Not allowed 

B. Certification 

1. Manufacturer shall certify that High Density Polyethylene (HDPE)   
components meet the following requirements: 

a. PE4710 high density polyethylene meeting cell classification ASTM 
D3350 445574C and conforming to the following physical properties: 
 

TABLE 1.5-1 PIPE MATERIAL PROPERTIES 

Property Test Method Required Value 

Cell Classification   

 Resin Density ASTM D1505 >0.947 - 0.955 g/cm3  

 Melt Flow Index ASTM D1238 <0.15 g/10 minutes 

 Flexural Modulus ASTM D790 110,000 to <160,000 psi 

 Tensile Strength ASTM D638 or D2290 3500 to <4000 psi 

        ESCR (23°C) 

               or 

        SCG, PENT (80°C, 2.4MPa) 

ASTM D1693 

 

ASTM F1473 

>5000 hours 

 

>500 hours 

 HDB (23°C) ASTM D2837 1600 psi 

 UV Stabilizer ASTM D1603 2 – 3% Carbon Black 
 

2. Submit test result for each production lot of HDPE pipe and components for 
the following properties: 

a. Melt Index 

b. Density 

c. % carbon 

d. Dimensions 

e. Quick Burst or Ring Tensile Strength 

3. Manufacturer shall maintain and provide permanent Quality Control/Quality 
Assurance records and provide them upon request. 

C. Piping systems shall conform to ASME B31.3 for all pressure services. 

D. Installer: Certify that HDPE installer has received training in the manufacturer’s 
recommended heat fusion procedures for each type of joint to be fused within the last 
12 months. 

1.6 DELIVERY, STORAGE, AND HANDLING OF MATERIALS 

A. Manufacturer shall package products for shipment in a manner suitable for safe 
transport by commercial carrier.  
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B. Ship, store, and handle pipe and fittings as specified by the manufacturer. 

C. Inspect materials upon receipt of shipment and report shipping damage to the 
manufacturer within four (4) business days.   

D. Handling of plastic pipe shall be done in a competent manner such that damage does 
not occur to the pipe.  Only wide fabric choker slings capable of safely carrying the 
load shall be used to lift, move, or lower pipe and fittings.  Inspect slings before use 
for unacceptable wear or damage.  Verify that slings and are of sufficient capacity 
for the required load.  Remove worn or defective equipment from job site. 

E. Field-storage locations shall be free from excessive dirt, accumulated water, or 
debris. 

F. Comply with manufacturer recommendations for outdoor storage of plastic pipe. 

PART 2 PRODUCTS 

2.1  LEACHATE PUMPS 

A. General: For each sump in Cell 16, furnish and install the following centrifugal 
submersible pumps: 

 

TABLE 2.1-1 LEACHATE PUMPS(1) 

Pump Location 
Minimum Pump 

Capacity(2) 
Operating Head 

(ft)  

Subcells 16-1a, 16-2a 
LCRS Sump 

110 gpm 100 ft 

Subcells 16-1a, 16-2a 
LDCRS Sump 

5 gpm 100 ft 

Subcells 16-1b, 16-2b 
LCRS Sump 

150 gpm 100 ft 

Subcells 16-1b, 16-2b 
LDCRS Sump 

15 gpm 100 ft 

(1) EPG wheeled sump drainer, suitable for sidewall applications, or an approved 
equivalent.  

(2) LCRS sumps may consist of one high flow pump and one low flow pump 
which provide the combined minimum capacity.
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Each unit shall come with a submersible electric motor for operation on 230 volts, 1 
phase, 60 hertz service with 150 feet of power cable.  Each unit shall be fitted with 
150 feet of stainless steel lifting cable of sufficient strength to permit removal of the 
unit. 

B. Design: Shall be capable of pumping contaminated groundwater for spill recovery, 
leachate, purge, and sampling applications.  For each sump, at least one pump shall 
be fitted with a liquid level control.  The Sump Drainer shall permit the unit to 
“pump down” to within 8 inches of the sump bottom without any loss of 
performance or damage to the pump.  The Sump Drainer shall be equipped with a 
vent valve to assist with the evacuation of air from the Sump Drainer. 

C. Materials:  Major components shall be made of 304 SS, seals and bearings are to be 
made of Teflon.  In addition, all fasteners shall be 304 SS.  

D. Check Valve:  Each unit shall include a built-in check valve, with housing and disc 
of 304 SS and check valve seat of Teflon. 

E. Shaft:  The shaft shall be of 304 stainless steel and rotate on Teflon bearings which 
are product lubricated. 

F. Diffuser Chamber:  The diffuser chambers for each impeller shall be of 304 stainless 
steel.  Further, they shall be fitted with Teflon impeller seal rings. 

G. Impellers:  The impeller(s) shall be closed and consist of 304 stainless steel. 

H. Options: 
1. Each SurePump will come equipped with an EPG side wall disconnect system 

for ease of installation and service. 

2. Each SurePump will be fitted with 150 feet of stainless steel lifting cable of 
sufficient strength to raise the pump unit. 

3. WSDPT pumps shall be equipped with the EPG LevelMaster liquid level 
sensor system including a submersible level transmitter, chemically resistant 
lead wire, and programmable meter with digital readout. 

 

I. Motor:  The motor shall be a submersible, hermetically sealed Franklin motor in 
either Pollution Recovery or 316 Stainless Steel construction.  The motor shall be 
designed for continuous duty, capable of sustaining up to 100 starts per day.  The 
motor shall be connected to the pump via a motor adapter and coupling in 304 
stainless steel.  Single phase motors shall have thermal protection in the motor 
windings to protect the windings from overload.  The unit will restart automatically 
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after the motor cools down.  Three phase motors shall have thermal protection 
located in the control panel which is to be manually reset. 

 

J. Motor Lead Wire:  The lead wire shall be no-splice with water proof “chemically 
resistant” insulation and be of the length specified above. 

 

K. Warranty:  The manufacturer warranties the units against defects in materials and 
workmanship for a period of twelve (12) months from date of installation, not to 
exceed 18 months from date of shipment. 
 

2.2 PIPE AND FITTINGS 

A. GENERAL 

1. Fabrication, assembly, examination, inspection and testing of pressure pipe 
shall comply with ASME B31.3. 

2. HDPE Pipe and fittings shall be supplied by the same Manufacturer.  Pipe and 
fittings from different Manufacturers shall not be interchanged and connected. 

3. Manufacture HDPE in accordance with ASTM F714 - Polyethylene (PE) 
Plastic Pipe (SDR-PR) Based on Outside Diameter, or ASTM D3035 - 
Polyethylene (PE) Plastic Pipe (DR-PR) Based on Controlled Outside 
Diameter” and shall be so marked. 

B. LEACHATE HEADER & RISER PIPES  

1. Perforated HDPE pipe of diameter and wall thickness specified on Drawings. 

2. Upper portions of LCRS and LDCRS riser pipes, located above the sump, are 
non-perforated. 

3. Pipe perforations conforming to ASTM F810 

4. Holes may be drilled in standard solid wall pipe as an alternative to purchasing 
perforated pipe as follows: 

a. Two rows of perforations, as specified on the project drawings. 

b. Perforations shall be 3/8-inch diameter 

c. Perforations in the same row shall be spaced, as specified on the project 
drawings. 

2.3 CELL 16 LEACHATE PIPE TO TREATMENT FACILITY 

A. Hose:  Interior wetted surface and exterior cover shall be abrasion and chemical 
resistant.  Hoses may be factory assembled with crimp sleeves or field assembled 
with stainless steel clamps. 

1. Tube:  UHMWPE, synthetic rubber, or approved equivalent. 
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2. Reinforcement:  synthetic fabric with double wire helix. 

3. Cover: UHMWPE, synthetic rubber, or approved equivalent. 

4. Pressure pipe end:  Male adapter x Female NPT, Dixon 200-A-SS or 
equivalent. 

5. Hose end:  Female Cam and Groove type coupler x Hose Shank, Dixon 
RC200EZPF for UHMWPE Tubes or Dixon 200-C-SS for synthetic rubber 
hose, or approved equivalent. 

B. Pipe:   

1. 4-inch and smaller:  Stainless Steel, ASTM A312 Grade TP304, ASME 
B36.19M 

2. Pressure single wall:  HDPE of diameter and wall thickness specified on 
Drawings. 

3. Pressure double wall:  HDPE pipe of diameters and wall thickness’ specified 
on Drawings.   

a. Use spacer to center carrier pipe inside of containment pipe.  Do not impede 
free drainage of liquid to the ends of pipe runs. 

b. Carrier and containment pipe may be manufactured as a single unit or 
fabricated in the field. 

C. Flanges: 

1. Stainless Steel:  ASTM A182 Grade F304, ASME B16.5 Class 150 raised face, 
schedule 40S weld neck 

2. HDPE:   

a. Flange Adapters:  Made with sufficient through-bore length to be clamped in 
a butt fusion joining machine without the use of a stub-end holder.  Sealing 
surface shall be machined with a series of mall v-shaped grooves to restrain 
the gasket against blow-out. 

b. Back-up Rings:  Lap joint flanges pressure rated equal to or greater than the 
mating pipe shall be fitted onto the flange adapter.  The lap joint flange bore 
shall be chamfered or radiused to provide clearance to the flange adapter 
radius. 

3. Flange Bolting:   

a. Stud Bolts:  ASTM A193 Grade B8 continuous thread 

b. Nuts:  ASTM A194 Grade 8S Galling Resistant Nitronic 60 Heavy Hex. 

4. Gaskets for ASME B16.5 Class 150 flanges: 

a. PTFE with Stainless Steel insert. 

b. Garlock Grylon #3510, 3530, 3540, or 3545 

c. 0.175” thick, Spiral Wound, 0.125” thick compression gauge, with AISI 304L 
winding and graphite filler, API Standard 601 Class 150, Flexitallic Style CG 
"Compression-Guage" 
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d. Approved equivalent 

D. Fittings: 

1. HDPE fabricated or molded fittings shall use the same polyethylene resin as 
the mating pipe meeting the applicable requirements of ASTM D2513. 

2. HDPE Fabricated Fittings: 

a. Rated for the same pressure as the mating piping. 

b. Machine ends to match mating pipe wall thickness. 

c. Mitered crosses are not allowed. 

3. HDPE Molded Fittings:  Butt fittings are preferred.  Socket fittings may be 
substituted for 2” and small nominal diameter pipe if butt fittings are not 
available. 

a. Butt fitting:  ASTM D3261 in addition to ASTM D2513. 

b. Socket fitting:  ASTM D2683 in addition to ASTM D2513. 

4. Stainless Steel Fittings:  ASTM A182 Grade F304 

a. Tees, ells, reducers, couplings, etc.:  ASME B16.11 Class 3000 threaded. 

b. Unions:  MSS SP-83 Class 3000 threaded. 

2.4 LEACHATE MEASURING STATION PIPE AND FITTINGS 

A. Piping components and materials shall comply with ASME B31.3 requirements. 

B. Piping, fittings and valves shall be rigid metallic and meet specifications shown in 
Piping Material Specification that follows this Section. 

C. Piping tie-ins for continuation of piping shall consist of Class 150 flanges. 

D. Flexible hose connections or restrained expansion joints shall be provided with 
equipment if required to limit nozzle loads from connected piping systems or as 
shown on the Drawings and meet specifications shown in Piping Material 
Specification that follows this Section. 

E. Vents and drains shall be provided where necessary operation or maintenance and 
routed to an accessible location on the equipment for operation of the associated 
valve. 

F. Air and Vacuum Valve:  

1. Body & Cover:  ASTM A126 Grade B Cast Iron FPT ends. 

2. Float:  ASTM A240 Stainless Steel 

3. Seat:  Buna-N 

4. Vendor:  APCO #142 or approved equivalent. 
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G. Block or Ball valve: 

1. Body:  One piece stainless steel, full port, FPT, 1000 W.O.G., ASTM A351 

2. Blowout Proof Stem 

3. ¼ turn lever with locking device 

4. Approved Vendors: 

a. Sharpe 

b. Vogt 

c. Apollo 

d. Nibco 

e. Approved equivalent 

2.5 FLOWMETER 

A. Provide a local indicating and totalizing flowmeter as shown on the drawings. 
Flowmeter indicating range must be valid from  20 to 200 gpm. 

2.6 MANHOLE 

A. Manhole:  48-inch diameter, SDR 17 minimum wall thickness, HDPE pipe. 

B. Bottom Plate & Cover:  1½-inch thick HDPE plate designed by the Contractor and 
approved by the Owner, or Contractor supplied and Owner approved equivalent of 
standard manufacture. 

2.7 IDLER ASSEMBLY 

A. Rex Idler, CEMA-B, 35 degree, 11-20079-01 or approved equivalent..  

PART 3 EXECUTION 

3.1 GENERAL 

A. Fabrication, assembly, examination, inspection and testing of pressure pipe shall 
comply with ASME B31.3. 

B. Install pumps and equipment in accordance with manufacturers written instructions 
and the drawings. 
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C. Inspect equipment, pipe and fittings upon delivery.  Reject pipe and fittings that do 
not comply with the Specifications. 

D. Furnish labor required to handle the pipe and fittings during inspection, and to 
remove rejected pipe and fittings from the site. 

E. Place pipe of the size and wall thickness shown on the drawings. 

F. Place pipe as located on the Drawings in accordance with the manufacturer’s 
recommendations. 

G. Inline connections shall be butt fusion type.  Branch connections shall be made with 
saddle fittings or tees.  Saddle fittings shall be saddle fused to the main. 

H. Begin pipe placement at the downstream end of a run and proceed upgrade. 

I. Fit and match pipe to prevent shoulders or unevenness along the inside bottom half 
of the pipe, and so that the alignment and slope are correct.  

J. Do not disturb installed pipe.  Maintain pipe’s grade and alignment during pipe 
jointing, pipe embedment, and backfilling operations. 

K. Comply with the standard installation practices of ASTM D2321 and manufacturer’s 
installation instructions and recommendations. 

L. Install Wall Anchor and/or Water Stop fittings at Manholes to prevent movement of  
pipe at manhole wall and water leaking into or out of manhole at pipe penetration. 

3.2 PIPE JOINING 

A. Remove dirt or other foreign matter from piping prior to joining pipe sections or 
fittings.  Trim ends of the pieces to provide a fresh surface for joining. 

B. Align the ends to be joined to prevent a gap between the pipe ends. 

C. Join pipe lengths and fittings in accordance with manufacturer’s instruction and 
recommendations for butt fusion and saddle fusion.  

D. Clean heater plate as required to ensure proper joints. 

E. Temperature of the heating plate and heating time shall be in accordance with the 
manufacturer’s recommendations and adjusted for actual field conditions. 
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F. Press pipe ends together to obtain a 1/8- to 3/16-inch bead around the entire 
perimeter of the pipe.  Do not remove external or internal beads. 

G. Comply with all manufacturer procedures and recommendations for joining and 
installation of pipe. 

3.3 CONCRETE ANCHORS 

A. Securely block and brace pipe, preventing movement, prior to the placement of the 
concrete anchor.  

B. Concrete in the sump area shall set a minimum of 3 days prior to backfilling. 

3.4 ACCEPTANCE 

A. Prior to final acceptance of the Work by the Owner pipe shall: 

1. be true to both line and grade 

2. show no obstruction of flow 

3. be free from cracks and protruding joint materials 

4. contain no deposits of sand, dirt or other materials that will reduce the full 
cross-sectional area of the pipe.  

PART 4 FIELD QUALITY CONTROL 

4.1 CERTIFICATION 

A. Confirm pressure pipe fabrication, assembly, examination, inspection and testing 
comply with ASME B31.3. 

B. Provide a Quality Control certification of material properties for material delivered 
to the site. Provide corresponding manufacturer certified test results for HDPE pipe. 
The following is the minimum information required on the certification: 

1. Material Identification 

2. Segment Number (with identification of additional segments covered by each 
certified test result) 

3. Batch Number  

4. Parent Material Identification 

5. Manufacture Date 

6. Quality Control Testing Results 
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4.2 DOCUMENTATION 

A. Submit a daily report of operations at the site. Include the following information: 

1. Quantity and type of pipe installed 

2. Location of pipe installed 

3. Details on pipe welding/joining 

4. Details of any repairs made to the pipe  

 
 

END OF SECTION 15062 
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Appendix D 

Calculations 

 Calculation 1 -- Furture Leachate Header Pipe Stability  

 Calculation 2 -- Existing Leachate Header Pipe Stability  

 Calculaition 3 -- LCRS Geocomposite  

 Calculation 4 – LDCRS Action Leakage Rate  

 Calculation 5 – Slope Stability  
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Calculation #1 

Future Leachate Header Pipe Stability  

  



   
 

CALCULATION RECORD 
 

 

Project: USEI, Cell 16 Modification 

Subject/Item: Calculation 1 – Leachate Header Pipe Stability (Future Areas) 

Revision Date: December 10, 2015  

Prepared By: Kirk Hansen, PE 

Reviewed By: Vaughn Thurgood, PE 
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Purpose: 
Evaluate long-term stability of the future leachate header pipes that will be located within the revised portions 
of Cell 16 (all areas beyond Phase I).  
 
Also confirm the minimum frequency of pipe perforations, necessary to accommodate the design flow 
volumes. 
 

 

Given: 

This pipe stability analysis is based upon the following assumptions: 

• Subject pipes will consist of PE 4710 HDPE materials. 

• The LCRS header pipe has a nominal diameter of 8 inches and the LDCRS header pipe has a diameter 
of 4 inches.  

• Pipe stability is dependent upon the standard diameter ratio (SDR) and is independent of the actual 
diameter value.  

• Elastic modulus of pipe materials reduces to 29,000 psi after 50 years of loading.  (Plastic Pipe 
Institute, 2012) 

• Header pipes will be embedded within open graded drain rock aggregates, which provide a soil 
reaction modulus of 3,000 psi. (National Engineering Handbook -Chapter 52, 2005) 

• Header pipes will be perforated with 2 rows of 3/8-inch diameter holes, spaced at 6 inches.  

• The vertical depth of waste and cover materials over the LCRS and LDS pipes will typically be 90 feet 
with the proposed geometric changes.  Pipes located within the sumps will experience an additional 2 
feet of overburden.  A maximum depth of 95 feet is assumed in this analysis. 

This pipe perforation flow analysis is based upon the following assumptions: 

• The maximum design flow rate into the LCRS system is 2,356 ft3/acre/day.  (AGEO, 2012) 

• Assume 3/8-inch diameter pipe perforations. 
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Solution: 
 
Long-term Pipe Stability 

Long-term stability of the leachate header pipes is analyzed in the enclosed spreadsheet calculation to identify 
the minimum SDR needed, which will provide a satisfactory long-term factor of safety  (≥ 2.0).   

HDPE pipes with an SDR of 11 or less was determined to provide a FS = 3.1.  

Pipe Perforation Capacity 

The critical flow rate into the LCRS header pipe is converted from 2,356 ft3/acre/day to 0.16 gpm/ft of pipe, 
based upon a critical flow path of 557 ft along the geocomposite.  The second enclosed spreadsheet evaluates 
the flow capacity of two 3/8-inch diameter perforations, spaced at 6-inch intervals, with two rows of 
perforations each pipe.  

The specified quantity of perforations provides sufficient capacity with a FS = 6.1. 

 
Conclusions: 

The future HDPE leachate header pipes should be specified as DR 11, perforated with 3/8-inch diameter holes, 
spaced at 6-inch intervals, with 2 rows of perforations, oriented as specified on the drawings. 

 

Resources and References: 

American Geotechnics, (2012) Landfill Engineering Report, Cell 16 Subcells 16-1 & 16-2, Grand 
View Facility. Boise, ID. February 8, 2012. 

Engineering Fluid Mechanics, 7th Edition by Clayton .T. Crow, Donald F. Elger and John A. 
Roberson. Copyright 2001 by John Wiley & Sons, Inc. 

Plastic Pipe Institute, (2012). PPI Handbook of Polyethylene Pipe, 2nd Edition.  Irving, TX. June 
2012 

US Ecology, Inc, (USEI) (2011). Notification of Class 3 Permit Modification - Landfill Cell 16 
Design, Construction, Operation, Monitoring and Closure Requirements. Boise, ID October 13, 2011. 

U.S. Environmental Protection Agency, (EPA) (1989). Requirements for Hazardous Waste Landfill 
design, Construction, and Closure. Office of Research and Development Cincinnati, OH 1989. 

WL Plastics Corp, (WLPC) (2011). IPS Pipe Sizes & Pressure Ratings. Web site 
www.wlplastics.com accessed December, 2014.  

 



Pipe Stability Calculations
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Cell 16

Leachate Header Pipes 

Input Parameters

Rw= 1.0 "= bouyancy factor"
B'= 4*(h^2+Do*h)/(1.5*(2*h+Do)^2)
h= height of fill over pipe w/ cap 95 ft
p= density 110 pcf
qult= ultimate load 10,450 psf 73 psi
SDR= Standard Diameter Ratio 11
E'= modulus of soil reaction psi 3,000 psi
E= modulus of elasticity, psi 29,000 psi (long term, Ref #3)

Ipw= pipe wall moment of inertia, in4/in of pipe length = 

"=(t^3)/12" for solid pipe, not adjusted for perforations 0.04017
t= wall thickness, in. 0.784

Allowable Buckling Pressure

Reference 1) National Engineering Handbook, Chapter 52 - Structural Design of Flexible Conduits
Equation 52-34, page 52-12  (from Moser)

2) SecondEdition Handbook of PE Pipe, Plastics Pipe Institute, Chapter 6,
Equation 3-15

3) SecondEdition Handbook of PE Pipe, Plastics Pipe Institute, Chapter 3,
Appendix B

qa= (1/FS)*(32*Rw*B'*E'*E*Ipw/(Do)^3)^0.5 National Engineering Handbook

Ref #2 uses a factor of 1/(12*(DR-1)3) whereas Ref #1 uses Ipw/Do
3= 1/(12*DR3)

B'= Elastic Support Coef. (Ref #1) Alternative B': (Ref #2, p. 223)
B'= 4*(h^2+Do*h)/(1.5*(2*h+Do)^2) B'= 1/(1+4*E^(-0.065*h)

0.67 0.99

qa= allowable buckling pressure

qa= 341 psi qa= 416 psi
FS= 4.7 FS= 5.7

check FS>2 OK

Deflection calculations:   Modified Iowa formula

Reference 1) National Engineering Handbook, Chapter 52 - Structural Design of Flexible Conduits
Equation 52-30, page 52-10

solid pipe: %X/D= ((DL*Ps+Pw+Pv)*(1/144)*K*100)/((2*E/(3*(SDR-1)^3))+0.061*E')

DL= 1.5 (1 to 1.5 accounts for long-term deflection)

Future Cell 16 Areas --Fully Loaded (post-closure) Condition

Pipe Stability Sheet 1 of 2 Revised 12/11/2015



Pw= 0 psf (wheel load)

Pv= 0 psf (internal vacuum pressure)
K= 0.1 bedding constant
E= 130,000 psi (short term, Ref #3)
%X/D design max should be < 7.5% for drains in embankment dams

%X/D= 4.0 check <7.5% OK

Deflection calculations (Reclamation Equation):

Reference 4)  The Reclamation E' Table, 25 Years Later, Amster Howard,
Plastics Pipe XIII International Conference, October 2-5, 2006

Y%= (Tf*0.07*p*h)/(E*Ipw/((Do/2)^3)+0.061*Fd*E')

Tf= time lag factor 1.9
Fd= design factor 1.0
Y%= design max should be < 7.5% for HDPE or <5% for PVC

Y%= 5.6 check <7.5% OK

Reduction Factor for Buckling Pressure Due to Deflection:

Reference 1) National Engineering Handbook, Chapter 52 - Structural Design of Flexible Conduits
Equation 52-34, page 52-12

C= ((1-%X/D*(1/100))/(1+(%X/D*(1/100))^2))^3

C= 0.696946 this value is overstated if deflection exceeds 5%

qa*C= 238 psi qa*C= 290 psi
FS= 3.3 FS= 4.0

check FS>2 OK

Reduction Factor for Buckling Pressure Due to Deflection and Perforations:

Reference 5) Lining of Waste Containment and Other Impoundment Facilities 
    EPA/600/2-88/052, Appendix I, p. I-10
6) Keeping Your Landfill's Arteries Clear, MSW Management, July-August 2006;
    Daniel P. Duffy, p.5

Lp= length of holes per foot of pipe=
2 rows of 3/8" holes on 6" centers= 0.75 inches

qaf= ((12-Lp)/12)*qa*C qaf= final allowable buckling pressure

qaf= 223 psi qaf= 272 psi
FS= 3.1 FS= 3.7

check FS>2 OK

NOTE:  This approach conservatively models the perforations as slots rather than isolated holes. 
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Pipe Perforations Sizing

US Ecology Idaho
Cell 16

Analyze a 1 foot unit width with of the longest composite run to size the perforations per 1 foot of header pipe

Find peak flow demand into the pipe

Using the Help model with frost protection only find the peak demand: 

Peak leachate inflow from Layer 3 (AGEO 2012) = 2,356 ft3/acre/day
Peak flow converted to gallons = 17,626 gal/acre/day

Max  leachate inflow from critical area = 225 gal/day 0.16 gpm 3.49E-04 ft3/sec

Determine flow capacity through each perforation

Orifice coefficient, C = 0.6  "Computer Applications in Hydraulic Engineering" Heastad 6th addition.

Orifice diameter, D = 0.375 in

Orifice area, A = 0.110 in2 0.0008 ft2

gravity, g = 32.2 ft2/sec
Head loss, H = 1.0 in 0.0833 ft

Perforation Flow, Q = 1.07E-03 cfs 0.48 gpm

Confirm perforation flow capacity per foot of pipe length
Perforation Spacing 6.0 in

Row Quantity 2
Perforations per foot 4.0

Perforation flow capacity per foot, qf 1.91 gpm/ft

Factor of Safety 6.1 OK

:	݊݋݅ݐܽݑݍܧ	݂݁ܿ݅݅ݎݎܱ

ܳ ൌ ܥ ∗ ܣ 2 ∗ ݃ ∗ ܪ

Q = Flow, units L2/T
g = gravity (acceleration), L2/T
C = Orifice coefficient, unitless
H = Head, L
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Calculation #2 

Existing Leachate Header Pipe Stability  
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Purpose: 
Evaluate long-term stability of the existing (Phase I) leachate header pipes, located near the boundary of the 
theoretical critical area shown in Figure 5. 

Evaluate flow capacity of the parallel drainage mediums in the event of pipe failure, located within the 
theoretical critical area.  Confirm adequate flow capacity of the parallel drainage mediums.  

Given: 

Header pipe analysis is based upon the following assumptions: 

 Subject pipes were fabricated with PE 4710 HDPE materials.

 The Phase I leachate header pipe has a nominal diameter of 8 inches SDR=11.

 Elastic modulus of pipe materials reduces to 29,000 psi after 50 years of loading.  (Plastic Pipe
Institute, 2012)

 Header pipes are embedded within open graded drain rock aggregates.

 Pipes were perforated with 4 rows of 1/2-inch diameter holes, spaced at 6 inches.

 For the existing portions of the leachate header pipe located outside of the theoretical critical area, the
maximum vertical depth of waste and cover materials will be 100 feet or less.

Parallel drainage medium analysis is based upon the following assumptions:  

 Header pipes will be embedded in drain rock aggregates with a section area = 2.6 ft2.

 Maximum daily drainage from LCRS is 38 ft3/acre/day. (AGEO, 2012) 

 The lateral extent of the theoretical critical area is 4.34 acres in size. (Figure 5) 

 Longitudinal slope along each header pipes is 2.5 percent.

 The existing LCRS geocomposite panels in the Phase I critical exhibit a minimum 100-hr
transmissivity value of 1.8X10-4 m2/sec  (loaded at 16,000 psf).   (TRI, 2014) 
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 Laboratory testing performed on the existing drain rock aggregates yielded a hydraulic conductivity of
k = 9.3X10-2 ft/sec.

Solution: 

Leachate Header Pipe Stability Analysis 

Long-term stability of the existing leachate header pipes is analyzed in the enclosed spreadsheet to identify the 
stability factor of safety where the overburden depth is 100 feet.  The existing leachate header pipes exhibit a 
long-term factor of safety, FS = 2.8.  

Parallel Flow Demand 

The theoretical critical flow demand is determined by multiplying the peak rate by the size of the area. 

Critical Flow Demand, Qcr  = (38 ft3/acre/day) * (4.34 acres) 

= 164 ft3/day = 0.86 gpm 

Parallel Flow Capacity 

The maximum head on the liner system is limited to 12 inches.  Based upon the 2.5 percent floor slope, the 
maximum potential flow width includes 40 feet (1ft / 0.025 = 40 ft) on either side of the leachate pipe.  
Therefore, the maximum parallel flow width offered by the geocomposite layer is 80 feet. The geocomposite 
flow area then consists of the flow width multiplied by the layer thickness (200 mil). 

GC Flow Area, A  =  80ft * (0.20 in / 12 in/ft) = 1.33 ft2

The hydraulic conductivity of the geocomposite layer is determined by dividing the fully reduced 
transmissivity value by the thickness:  

GC Hydraulic Conductivity, k  ൌ ሺଵ.଼ଡ଼ଵ଴షర	୫మ/ୱୣୡሻ	
	ሺ଴.଴଴ହଵ	୫ሻ∗ሺସ.ସ	୪୭୬୥	୲ୣ୰୫	୰ୣୢ୳ୡ୲୧୭୬ୱሻ

 = 8.0X10-3 m/sec = 0.026 ft/sec 
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Hydraulic Flow Flow   Flow   

Parallel Flow Conductivity, Area Volume Volume,

Medium Slope k (ft/s) A (ft 2̂) Q (cfs) Q (gpm)

Drain Rock 0.025 9.3E-02 2.6 6.02E-03 2.7

Geocomposite 0.025 2.6E-02 1.3 8.74E-04 0.4

Total Critical Flow Capacity 3.1

Critical Long-Term Flow Demand 0.86

Critical Flow Capacity FS 3.6

The combined parallel flow capacity is computed in the following table and compared against the flow 
demand. This computed factor of safety is conservatively based upon peak leachate volumes that may occur 
after 20 feet of waste is put 
into to place.  The peak 

demand will continue 
to diminish in the full 
build out (post-closure) 

condition.  

 

Conclusions: 

The portions of the existing leachate header pipe located outside of the theoretical critical area exhibit a long-
term stability safety factor of 2.8 or greater.  

In the unlikely event that a pipe failures does occur within the existing Phase I critical area, then the parallel 
drainage mediums would continue to service the peak leachate flow demands in a satisfactory manner.  

 

Resources and References: 

American Geotechnics, (2012) Landfill Engineering Report, Cell 16 Subcells 16-1 & 16-2, Grand 
View Facility. Boise, ID. February 8, 2012. 

Engineering Fluid Mechanics, 7th Edition by Clayton .T. Crow, Donald F. Elger and John A. 
Roberson. Copyright 2001 by John Wiley & Sons, Inc. 

U.S. Environmental Protection Agency, (EPA) (1989). Requirements for Hazardous Waste Landfill 
design, Construction, and Closure. Office of Research and Development Cincinnati, OH 1989. 

WL Plastics Corp, (WLPC) (2011). IPS Pipe Sizes & Pressure Ratings. Web site 
www.wlplastics.com accessed December, 2014.  

 

 

 



Pipe Stability – 100 ft of Overburden 

   



Pipe Stability Calculations
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Leachate Header Pipes - 4 rows of perforations

Input Parameters

Rw= 1.0 "= bouyancy factor"
B'= 4*(h^2+Do*h)/(1.5*(2*h+Do)^2)
h= height of fill over pipe w/ cap 100 ft
p= density 110 pcf
qult= ultimate load 11,000 psf 76 psi
SDR= Standard Diameter Ratio 11
E'= modulus of soil reaction psi 3,000 psi
E= modulus of elasticity, psi 29,000 psi (long term, Ref #3)

Ipw= pipe wall moment of inertia, in4/in of pipe length =

"=(t^3)/12" for solid pipe, not adjusted for perforations 0.04017
t= wall thickness, in. 0.784

Allowable Buckling Pressure

Reference 1) National Engineering Handbook, Chapter 52 - Structural Design of Flexible Conduits
Equation 52-34, page 52-12  (from Moser)

2) SecondEdition Handbook of PE Pipe, Plastics Pipe Institute, Chapter 6,
Equation 3-15

3) SecondEdition Handbook of PE Pipe, Plastics Pipe Institute, Chapter 3,
Appendix B

qa= (1/FS)*(32*Rw*B'*E'*E*Ipw/(Do)^3)^0.5 National Engineering Handbook

Ref #2 uses a factor of 1/(12*(DR-1)3) whereas Ref #1 uses Ipw/Do
3= 1/(12*DR3)

B'= Elastic Support Coef. (Ref #1) Alternative B': (Ref #2, p. 223)
B'= 4*(h^2+Do*h)/(1.5*(2*h+Do)^2) B'= 1/(1+4*E^(-0.065*h)

0.67 0.99

qa= allowable buckling pressure

qa= 341 psi qa= 416 psi
FS= 4.5 FS= 5.4

check FS>2 OK

Deflection calculations:   Modified Iowa formula

Reference 1) National Engineering Handbook, Chapter 52 - Structural Design of Flexible Conduits
Equation 52-30, page 52-10

solid pipe: %X/D= ((DL*Ps+Pw+Pv)*(1/144)*K*100)/((2*E/(3*(SDR-1)^3))+0.061*E')

DL= 1.5 (1 to 1.5 accounts for long-term deflection)

Existing Cell 16 Areas -- Post-Closure Conditon (100 ft Overburden)

Pipe Stability Sheet 1 of 2 Revised 6/26/2017



Pw= 0 psf (wheel load)

Pv= 0 psf (internal vacuum pressure)
K= 0.1 bedding constant
E= 130,000 psi (short term, Ref #3)
%X/D design max should be < 7.5% for drains in embankment dams

%X/D= 4.2 check <7.5% OK

Deflection calculations (Reclamation Equation):

Reference 4)  The Reclamation E' Table, 25 Years Later, Amster Howard,
Plastics Pipe XIII International Conference, October 2-5, 2006

Y%= (Tf*0.07*p*h)/(E*Ipw/((Do/2)^3)+0.061*Fd*E')

Tf= time lag factor 1.9
Fd= design factor 1.0
Y%= design max should be < 7.5% for HDPE or <5% for PVC

Y%= 5.9 check <7.5% OK

Reduction Factor for Buckling Pressure Due to Deflection:

Reference 1) National Engineering Handbook, Chapter 52 - Structural Design of Flexible Conduits
Equation 52-34, page 52-12

C= ((1-%X/D*(1/100))/(1+(%X/D*(1/100))^2))^3

C= 0.683905 this value is overstated if deflection exceeds 5%

qa*C= 233 psi qa*C= 285 psi
FS= 3.1 FS= 3.7

check FS>2 OK

Reduction Factor for Buckling Pressure Due to Deflection and Perforations:

Reference 5) Lining of Waste Containment and Other Impoundment Facilities 
    EPA/600/2-88/052, Appendix I, p. I-10
6) Keeping Your Landfill's Arteries Clear, MSW Management, July-August 2006;
    Daniel P. Duffy, p.5

Lp= length of holes per foot of pipe=
→ 4 rows of 1/2" holes on 6" centers= 4.00 inches

qaf= ((12-Lp)/12)*qa*C qaf= final allowable buckling pressure

qaf= 155 psi qaf= 190 psi
FS= 2.0 FS= 2.5

check FS>2 OK

NOTE:  This approach conservatively models the perforations as slots rather than isolated holes. 
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Drain Rock Lab Test 



American Geotechnics
5260 Chinden Blvd.
Boise, Idaho  83714
Phone:(208) 658-8700
Fax: (208) 658-8703

Report to: US Ecology Idaho
Project: US Ecology Cell 16

Report Date: 4/24/2014
Project No.: 00783.192

Material Information
Date Sampled: 4/18/2014

Sampled By: US Ecology
Date Received: 4/18/2014

Date Tested: 4/23/2014
Test Results

Permeability of Granular Soils (Constant Head)
ASTM D-2434

Sample ID: Drain Rock
Description: Poorly Graded Gravel (GP)

Dry Density, pcf: 99.1
Moisture Content, %: 0.0
Hydraulic Gradient, i: 0.098

Hydraulic Conductivity, in/hr (K): 3998.12

Note: Testing was performed using a 10" diameter permeameter.

Reviewed By:

American Geotechnics 1 of 1



As‐Built Geocomposite ‐ Lab Test Results 

(Obtained From Phase I Construction Materials) 

 

   



       1160 North Gilbert Street, Anaheim, CA  92801,  www.precisionlabs.net 

Precision Geosynthetic Laboratories International dba TRI Environmental, Inc. 

June 6, 2014 

Vaughn Thurgood 

US Ecology, Inc. 

251 E. Front Street, Suite 400 

Boise, ID 83702 

Re: FINAL LABORATORY TEST REPORT 

Dear Mr. Thurgood: 

Thank you for consulting TRI California for your material testing needs. 

Enclosed is the final laboratory report for the Conformance testing of three (3) 200mil Single-Sided Geocomposites. 

PROJECT NAME: US Ecology Cell   DATE REPORTED:   June 6, 2014 

REFERENCE TRI JOB NO.: G140370 

DATE RECEIVED:   April 29, 2014     

SAMPLES SENT BY: US Ecology 

SAMPLE IDENTIFICATIONS: 

SAMPLE ID TRI CONTROL NUMBER 

1. 60mil HDPE Smooth liner 97522 

2. 4346A 97523 

3. 4346B 97524 

4. 4346C 97525 

5. Soil 97526 

TESTS REQUIRED / PERFORMED: 

TEST METHOD DESCRIPTION 

1. ASTM D4716 Transmissivity 

TEST RESULTS:  The test results are summarized in the attached Tables 1 to 3. 

Respectfully,  

TRI Environmental, Inc. - California 

Maria Espitia     Carmelo V. Zantua 

Quality Assurance Technical Director 

It shall be noted that the samples tested are believed to be true representatives of the material produced under the designation herein stated.  In addition, the attached 

laboratory tests results are considered indicative only of the quality of samples/specimens that were actually tested. The appropriate test methods hereby employed are based 

on the current and accepted industry practices. TRI neither accepts responsibility for nor makes claims to the intended final use and purpose of the material. The test data and 

all associated project information shall be held confidential and not to be reproduced and/or disclosed to other parties except in full and with prior written approval from pertinent 

entity duly authorized by the respective client or from the client itself. It is our policy to keep physical records of each job for two (2) years commencing from the date of receipt of 

the samples and keep its corresponding electronic file for seven (7) years.  Retained conformance samples are disposed of after one (1) month.  On the other hand, should 

you need us to keep them at a longer period, please advise us in writing. 

4 Pages Total 

06/06/2014 

Signatures are on file 



TABLE  1.
MATERIAL PROPERTIES

CLIENT:  US Ecology

PROJECT:  US Ecology Transmissivity

Date Received : 4/29/2014 QC'd by:

Date Reported: 6/6/2014 TRI Job No.: G140370

Client Sample ID : 4346A TRI Control No.: 97523
Material Description: 200mil Single-Sided Geocomposite

SPECIMENS Proj.

1 2 3 4 5 6 7 8 9 10 Avg. Std. Dev. Specs.

METHOD DESCRIPTION
ASTM D4716  Transmissivity Tested at Normal Pressure : 300  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.5 0 C   Specimen Size: 12" x 14"

Transmissivity   (m.
2
/ sec.)

45 ° off from MD 5.3E-03 5.3E-03 N/A

 Flow Rate  (gal/min)

45 ° off from MD 0.69 0.69 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 25.82 25.82 N/A

ASTM D4716  Transmissivity Tested at Normal Pressure : 2500  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.5 0 C   Specimen Size: 12" x 14"

Transmissivity   (m.
2
/ sec.)

45 ° off from MD 4.6E-03 4.6E-03 N/A

 Flow Rate  (gal/min)

45 ° off from MD 0.60 0.60 N/A45 ° off from MD 0.60 0.60 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 22.44 22.44 N/A

ASTM D4716  Transmissivity Tested at Normal Pressure : 16000  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.5 0 C   Specimen Size: 12" x 14"

Transmissivity   (m.
2
/ sec.)

45 ° off from MD 8.9E-04 8.9E-04 N/A

 Flow Rate  (gal/min)

45 ° off from MD 0.11 0.11 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 4.29 4.29 N/A

Test Set Up:

Plate

Soil (TRI C#97526) oooooooo Compacted at 79.05 pcf

Geocomposite XXXXXX

60 mil HD Smooth(TRI C#97522) =========

Plate

(End of Table 1) (Sheet 1 of 1)

By accepting the data and results presented on this report, the Client agrees to limit the liability of TRI Environmental, Inc. from Client and all other parties for claims on issues, due to the use of this data, to the cost for the respective tests 

presented in this report; and the Client agrees to indemnify and hold harmless TRI Environmental, Inc. from and against all liabilities in excess of the aforementioned limit.

_________________

LEGENDS:

MD - MACHINE DIRECTION

1160 North Gilbert Street, Anaheim, CA 92801, www.precisionlabs.net

Precision Geosynthetic Laboratories International dba  TRI Environmental, Inc.



TABLE  2.
MATERIAL PROPERTIES

CLIENT: US Ecology

PROJECT: US Ecology Transmissivity

Date Received : 4/29/2014 QC'd by:

Date Reported: 6/6/2014 TRI Job No.: G140370

Client Sample ID : 4346B TRI Control No.: 97524
Material Description: 200mil Single-Sided Geocomposite

SPECIMENS Proj.

1 2 3 4 5 6 7 8 9 10 Avg. Std. Dev. Specs.

METHOD DESCRIPTION
ASTM D4716  Transmissivity Tested at Normal Pressure : 300  psf,  Gradient: 0.025  ,   Seating Time:  100 hrs

Temperature of Test Water: 22.8 0 C   Specimen Size: 12" x 14"

 Transmissivity   (m.
2
/ sec.)

45 ° off from MD 3.6E-03 3.6E-03 N/A

 Flow Rate      (gal/min)

45 ° off from MD 0.46 0.46 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 17.24 17.24 N/A

ASTM D4716  Transmissivity Tested at Normal Pressure : 2500  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.9 0 C   Specimen Size: 12" x 14"

 Transmissivity   (m.
2
/ sec.)

45 ° off from MD 3.0E-03 3.0E-03 N/A

 Flow Rate      (gal/min)

45 ° off from MD 0.38 0.38 N/A45 ° off from MD 0.38 0.38 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 14.26 14.26 N/A

ASTM D4716  Transmissivity Tested at Normal Pressure : 16000  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs 

Temperature of Test Water: 22.9 0 C   Specimen Size: 12" x 14"

 Transmissivity   (m.
2
/ sec.)

45 ° off from MD 1.9E-04 1.9E-04 N/A

 Flow Rate      (gal/min)

45 ° off from MD 0.02 0.02 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 0.92 0.92 N/A

Test Set Up:

Plate

Soil (TRI C#97526) oooooooo Compacted at 79.05 pcf

Geocomposite XXXXXX

60 mil HD Smooth(TRI C#97522) =========

Plate

(End of Table 2) (Sheet 1 of 1)

By accepting the data and results presented on this report, the Client agrees to limit the liability of TRI Environmental, Inc. from Client and all other parties for claims on issues, due to the use of this data, to the cost for the respective tests 

presented in this report; and the Client agrees to indemnify and hold harmless TRI Environmental, Inc. from and against all liabilities in excess of the aforementioned limit.

_________________

LEGENDS:

MD - MACHINE DIRECTION

1160 North Gilbert Street, Anaheim, CA 92801, www.precisionlabs.net

Precision Geosynthetic Laboratories International dba  TRI Environmental, Inc.



TABLE  3.
MATERIAL PROPERTIES

CLIENT: US Ecology

PROJECT: US Ecology Transmissivity

Date Received : 4/29/2014 QC'd by:

Date Reported: 6/6/2014 TRI Job No.: G140370

Client Sample ID : 4346C TRI Control No.: 97525
Material Description: 200mil Single-Sided Geocomposite

SPECIMENS Proj.

1 2 3 4 5 6 7 8 9 10 Avg. Std. Dev. Specs.

METHOD DESCRIPTION
ASTM D4716  Transmissivity Tested at Normal Pressure : 300  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.3 0 C   Specimen Size: 12" x 14"

Transmissivity   (m.
2
/ sec.)

45 ° off from MD 3.8E-03 3.8E-03 N/A

 Flow Rate  (gal/min)

45 ° off from MD 0.48 0.48 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 18.20 18.20 N/A

ASTM D4716  Transmissivity Tested at Normal Pressure : 2500  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.3 0 C   Specimen Size: 12" x 14"

Transmissivity   (m.
2
/ sec.)

45 ° off from MD 3.6E-03 3.6E-03 N/A

 Flow Rate  (gal/min)

45 ° off from MD 0.46 0.46 N/A45 ° off from MD 0.46 0.46 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 17.24 17.24 N/A

ASTM D4716  Transmissivity Tested at Normal Pressure : 16000  psf,  Gradient: 0.025  ,   Seating Time: 100 hrs

Temperature of Test Water: 22.1 0 C   Specimen Size: 12" x 14"

Transmissivity   (m.
2
/ sec.)

45 ° off from MD 1.8E-04 1.8E-04 N/A

 Flow Rate  (gal/min)

45 ° off from MD 0.02 0.02 N/A

 Transmissivity   (gal/min/ft)

45 ° off from MD 0.85 0.85 N/A

Test Set Up:

Plate

Soil (TRI C#97526) oooooooo Compacted at 79.05 pcf

Geocomposite XXXXXX

60 mil HD Smooth(TRI C#97522) =========

Plate

(End of Table 3) (Sheet 1 of 1)

By accepting the data and results presented on this report, the Client agrees to limit the liability of TRI Environmental, Inc. from Client and all other parties for claims on issues, due to the use of this data, to the cost for the respective tests presented in 

this report; and the Client agrees to indemnify and hold harmless TRI Environmental, Inc. from and against all liabilities in excess of the aforementioned limit.

_________________

LEGENDS:

MD - MACHINE DIRECTION

1160 North Gilbert Street, Anaheim, CA 92801, www.precisionlabs.net

Precision Geosynthetic Laboratories International dba  TRI Environmental, Inc.



As‐Built Geocomposite Performance ‐ Fully Loaded 



Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Existing Areas

LCRS Floor- Ultimate Condition (up to 16,000 psf)
9.0E-08 ft/min

q= impingement 0.0001 ft/day 0.002 in/day
4.6E-10 m/sec

Sidewall

Ls= sidewall length 81 ft
a= sidewall angle 33.00% slope 18.26 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 3.59E-08 m2/s required

Floor

Lf= floor length 341 ft
b= floor angle 3.56% slope 2.04 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 1.65E-06 m2/s required

Transmissivity Reductions

Floor

xf= Geonet  200 mil Thickness exlclusive of geotextile
TLf= 100 Hr Trans 1.8E-04 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 2.0 Applied reduction 
RFcc= Chemical 1.7 Applied reduction
RFbc= Biological 1.3 Applied reduction 
RO= Orienation 1.0 No reduction - lab sample was rotated 45°
R= RFcr*RFcc*RFbc*RO= 4.4 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 4.07E-05 m2/s Available transmissivity for reduced condition

Safety Factor TRf/Tf= 24.7 OK

Field Hydraulic Conductivity, k 8.0E-03 (m/sec) 2.6E-02 (ft/sec)

Existing Cell 16 - Phase I Areas

Geocomposite Performance Sheet 1 of 2 Revised 6/13/2017



Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor
tf= 2.06E-04 m 8 (mil)

Check TRs/Ts= 4% OK

Geocomposite Performance Sheet 2 of 2 Revised 6/13/2017



Landfill Engineering Report Adendum 

Cell 16; Subcells 16-1 & 16-2 
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Project: USEI, Cell 16 Modifications 

Subject/Item: Calculation #3 - LCRS Geocomposite Performance 

Revision Date:  July 6, 2017  

Prepared By: Kirk Hansen, PE 

Reviewed By: Vaughn Thurgood, PE 
   
 

 

USecology Calculation Record Sheet 1 of 4 

Purpose: 
Evaluate performance of the LCRS geocomposite layers for the future remaining portions of Cell 16. 

Based upon assumed transmissivity values, identify the minimum factors of safety for the key operating 
conditions: 

 Empty condition – frost protection only (load = 300 psf),  
 Intermediate condition - 20 feet of material (load = 2,500 psf) 
 Ultimate Floor condition – 141 feet of material (load = 16,000 psf)  
 Ultimate Sidewall condition – 82 feet of material (conservatively assume load = 10,000 psf) 

 

Given: 

The LCRS performance calculations are based upon the following assumptions: 

1. Flow path along the interior floor consists of 358 feet at a 3.5 percent grade, plus 198 feet at 5.6 
percent grade (total length = 556 ft). 

2. Flow path along the exterior sidewall consists of 123 feet at 33 percent grade, plus 22 feet at 5.6 
percent grade (total length = 145 ft). 

3. Reductions factors are progressively applied in each operating stage up to the following: 

 Additional creep, RFcr = 2.0 

 Chemical clogging, RFcc = 1.7 

 Biological clogging, RFbc =1.3 

4. Panel orientation is assumed to include offsets which range up to 45 degrees from machine direction.  
The panel orientation will be specified for all laboratory transmissivity testing, therefore no reduction 
will be applied for panel orientation. 

5. The flow depth must be confined to less than the thickness of the drainage layer.  

6. The maximum impingement rates for the operational stages of the LCRS are:    (AGEO, 2012)  

 Empty Condition (300 psf) Impingent Rate = 0.65 in/day 

 Intermediate Condition (2,500 psf) Impingent Rate = 0.011 in/day 

 Ultimate Condition (16,000 psf) Impingent Rate = 0.00155 in/day 

 Other impingent values to be linearly interpolated, as needed. 
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7. The reduced flow capacity of each geocomposite must maintain a minimum factor of safety of 2.0. 

 

Solution: 
The enclosed spreadsheet calculations indicates the resulting factors of safety associated with assumed 
minimum transmissivity values for the floor application and the sidewall application.  Each application is 
evaluated for all 3 operating conditions, for a total of 6 calculations.  The results are summarized in the 
following table. 

 

CALCULATION SUMMARY – STANDARD CONDITIONS 

FUTURE REMAINING AREAS 

Application  

Transmissivity 

(m2/s) 

Loading 

(psf) 
Minimum Factor 

of Safety 

LCRS Floor - Empty 3.6x10-3 300 4.5 

LCRS Floor - Intermediate 3.0x10-3 2,500 >20 

LCRS Floor - Ultimate 1.2x10-4 16,000 19 

LCRS Sidewall - Empty 1.0x10-4 300 3.3 

LCRS Sidewall –Inter. 5.0x10-5 2,500 >20 

LCRS Sidewall - Ultimate 3.0x10-5 10,000 18 

 

The floor application is governed by the ‘empty’ condition, the ‘intermediate’ condition and the ‘ultimate’ 
condition.   

The sidewall application is governed by the ‘empty’ condition and the minimum transmissivity value (3.0x10-5 

m2/sec) which is mandated by 40 CFR § 264.301(3)(ii). 

 

Special Consideration - Waste Pile Leading Edge 

Special consideration is also given to a unique set of flow paths that exist along the leading edge of the waste 
pile. In this area, there is the potential for high impingent rates associated with the minimal coverage (frost 
protection layer) to flow under portions of the waste pile, where transmissivity rates diminish as a result of 
increasing overburden pressures.  Several potential flow paths associated with the leading edge of the waste 
pile are illustrated on the enclosed Sketch 1 and labeled as P1 thru P7.   

The potential impingent rates associated with the variable overburden thickness are indicated on a 
representative cross-section of the waste pile on Sketch 2.   Impingent rates for the frost protection layer, 20 
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feet of waste and 140 feet of waste were previously obtained using the HELP model.  These data points 
indicate that impingent rate falls off exponentially between the toe of the waste (IMPfrost = 0.65 in/day) and the 
maximum waste depth (IMP140 = 0.002 in/day).  A few additional intermediate values were conservatively 
estimated using linear interpolation methods.  Each of the potential impingent rates are indicated on a 
representative cross-section for consideration on Sketch 2.   

Based upon the understanding of how the impingent rates diminish, it appears that Flow Path P2 would 
experience the full magnitude of this phenomenon. Flow paths P3 and P4 would experience a similar effect to 
a lesser degree.   

A unique set of calculations were performed to evaluate the geocomposite performance along this critical 
zone.  These unique calculations were based upon the following considerations. 

 An average impingent rate is identified for each leg of the potential flow path. 

 The slowest transmissivity rate is considered, based upon the maximum overburden depth along each 
leg of the potential flow path. 

Unique calculations are enclosed for Flow Paths P2, P3, P4, and P5.  The analysis indicates that the most 
critical condition occurs with Flow Path P2, yielding a SF=2.3.  The least critical condition occurs along Flow 
Path P5, yielding a minimum SF=43.  Based upon the observed trend of increasing safety factors, no unique 
calculations were performed for Flow Path P6 and P7. 

 

SUMMARY – SPECIAL CONDITION 

FUTURE REMAINING AREAS 

Location 
Minimum  

Factor of Safety 

Flow Path P2 2.3 

Flow Path P3 2.6 

Flow Path P4 7.6 

Flow Path P5 >20 

 

Special Consideration – Existing Phase I Waste Pile 

The flow paths associated with the waste pile, located in the existing Phase I area, have a similar potential for 
high impingent areas to flow into zones that experience diminished transmissivity.  The floor configuration in 
the Phase I area is slightly different.  Therefore, additional geocomposite performance calculations were 
analyzed for critical Flow Paths P11, and P12 (see Sketch 1).   

These additional calculations confirm that the geocomposite located under the existing waste pile also provide 
satisfactory factors of safety.  
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Conclusions: 

Geocomposite material utilized on the floor should be tested at the three critical loading intervals to confirm 
that adequate transmissivity is provided in each operating condition. 

The necessary transmissivity values for the sidewall geocomposite do not vary significantly over the loading 
range since it is influenced by the regulatory minimum.  Therefore, the total quantity of conformance tests 
required during production and installation will be reduced and simplified by conservatively specifying that all 
sidewall geocomposite material yield a transmissivity of 1.0x10-4 m2/sec when loaded at 10,000 psf.   

The future portions of the Cell 16 LCRS should be constructed using geocomposite components that provide 
the minimum engineering properties indicated on the following table: 

LCRS GEOCOMPOSITE REQUIRED TRANSMISSIVITY 

Application 
Location 

Min. 
Transmissivity(1) 

(m2/sec) 
Loading 

(psf) Gradient 
Boundary 

Conditions 

LCRS Floor    
(single sided) 

3.6x10-3 300 

0.05 Soil/GC/GM 3.0x10-3 2,500 

1.2x10-4 16,000 

LCRS Sidewall 
(double sided) 

1.0x10-4 10,000 0.33 Soil/GC/GM 

NOTE (1) 100-Hour seating period for each load interval, floor specimens to be oriented 45 degrees from MD. 

 
 

Resources and References: 

American Geotechnics, (2012) Landfill Engineering Report, Cell 16 Subcells 16-1 & 16-2, Grand 
View Facility. Boise, ID. February 8, 2012. 

U.S. Environmental Protection Agency, (EPA) (1989). Requirements for Hazardous Waste Landfill 

design, Construction, and Closure. Office of Research and Development Cincinnati, OH 1989.  

Koerner, Robert. Designing with Geosynthetics, 6th Edition.  2012. Xlibris Co. 

Richardson, Gregory and Zhao, Aigen. Geosynthetic Fundamentals in Landfill Design, Proceedings 

of International Symposium on Geoenvironmental Engineering, ISGE2009 in Hangzhou, China. 

2009. 
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

LCRS Floor - Initial Condition (up to 300 psf)
3.8E-05 ft/min

q= impingement 0.0541 ft/day 0.65 in/day
1.9E-07 m/sec

Floor Slope (upper):

Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for upper floor
Ts= 5.95E-04 m2/s Required

Floor Slope (lower):

Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for lower floor
Tf= 5.79E-04 m2/s Required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 3.6E-03 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.1 Applied reduction 
RFcc= Chemical 1.1 Applied reduction 
RFbc= Biological 1.1 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 1.3 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 2.70E-03 m2/s Available transmissivity for reduced condition

Safety Factor TRs/Ts= 4.5 OK

Geocomposite Performance Sheet 1 of 2 Revised 6/30/2017



Floor Slope (lower):

 TLf= 100 Hr Trans 3.6E-03 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.1 Applied reduction 
RFcc= Chemical 1.1 Applied reduction 
RFbc= Biological 1.1 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 1.3 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 2.70E-03 m2/s Available transmissivity for reduced condition

Safety Factor TRf/Tf= 4.7 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 22% OK

Floor Slope (upper):

Check TRs/Ts= 21% OK

Geocomposite Performance Sheet 2 of 2 Revised 6/30/2017



Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

LCRS Floor- Intermediate Condition (up to 2,500 psf)
6.1E-07 ft/min

q= impingement 0.001 ft/day 0.011 in/day
3.1E-09 m/sec

Floor Slope (upper):

Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 9.70E-06 m2/s required

Floor Slope (lower):

Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 9.44E-06 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 3.0E-03 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 1.19E-03 m2/s Available transmissivity for reduced condition

 Safety Factor TRs/Ts= 122.8 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 3.0E-03 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 1.19E-03 m2/s Available transmissivity for reduced condition

 Safety Factor TRf/Tf= 126.1 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 1% OK

Floor Slope (upper):

Check TRs/Ts= 1% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

LCRS Floor- Ultimate Condition (up to 16,000 psf)
9.0E-08 ft/min

 q= impingement 0.0001 ft/day 0.002 in/day
4.6E-10 m/sec

Floor Slope (upper):

Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 1.42E-06 m2/s required

Floor Slope (lower):

Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 1.38E-06 m2/s required

Transmissivity Reductions

Floor Slope (upper):

TLs= 100 Hr Trans 1.2E-04 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 2.0 Applied reduction 
RFcc= Chemical 1.7 Applied reduction 
RFbc= Biological 1.3 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 4.4 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 2.71E-05 m2/s Available transmissivity for reduced condition

 Safety Factor TRs/Ts= 19.1 OK
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Floor Slope (lower):

TLf= 100 Hr Trans 1.2E-04 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 2.0 Applied reduction 
RFcc= Chemical 1.7 Applied reduction 
RFbc= Biological 1.3 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 4.4 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 2.71E-05 m2/s Available transmissivity for reduced condition

 Safety Factor TRf/Tf= 19.6 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 5% OK

Floor Slope (upper):

Check TRs/Ts= 5% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

LCRS Sidewall - Initial Condition (up to 300 psf)
3.8E-05 ft/min

q= impingement 0.054 ft/day 0.65 in/day
1.9E-07 m/sec

Upper Sidewall:

Ls= sidewall length 123 ft
a= sidewall angle 33.00% slope 18.26 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 2.28E-05 m2/s Required

Lower Floor:

Lf= floor length 22 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 1.51E-04 m2/s Required

Transmissivity Reductions

Upper Sidewall:

TLs= 100 Hr Trans 1.0E-04 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.1 Applied reduction 
RFcc= Chemical 1.1 Applied reduction 
RFbc= Biological 1.1 Applied reduction 

 RO= Orienation 1.0 No reduction - sidewall panels oriented in MD
R= RFcr*RFcc*RFbc*RO= 1.3 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 7.51E-05 m2/s Available transmissivity for center-line floor

Safety Factor TRs/Ts= 3.3 OK

Geocomposite Performance Sheet 1 of 2 Revised 6/30/2017



Lower Floor:

TLf= 100 Hr Trans 3.6E-03 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.1 Applied reduction 
RFcc= Chemical 1.1 Applied reduction 
RFbc= Biological 1.1 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 1.3 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 2.70E-03 m2/s Available transmissivity for floor.

Safety Factor TRf/Tf= 17.9 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Upper Sidewall:

Check TRs/Ts= 30% OK

Lower Floor:

Check TRs/Ts= 6% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

LCRS Sidewall - Intermediate Condition (up to 2,500 psf)
6.1E-07 ft/min

q= impingement 0.001 ft/day 0.011 in/day
3.1E-09 m/sec

Upper Sidewall:

Ls= sidewall length 123 ft
a= sidewall angle 33.00% slope 18.26 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 3.72E-07 m2/s required

Lower Floor:

Lf= floor length 22 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 2.46E-06 m2/s required

Transmissivity Reductions

Upper Sidewall:

TLs= 100 Hr Trans 5.0E-05 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - sidewall panels oriented in MD
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 1.98E-05 m2/s Available transmissivity for floors.

Safety Factor TRs/Ts= 53.4 OK

Geocomposite Performance Sheet 1 of 2 Revised 6/30/2017



Lower Floor:

 TLf= 100 Hr Trans 3.0E-03 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 1.19E-03 m2/s Available transmissivity for floor.

 Safety Factor TRf/Tf= 484.6 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Upper Sidewall:

Check TRs/Ts= 2% OK

Lower Floor:

Check TRs/Ts= 0% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

 LCRS Sidewall - Ultimate Condition (up to 10,000 psf)
6.1E-07 ft/min

 q= impingement 0.001 ft/day 0.011 in/day *associated with 20 ft.
3.1E-09 m/sec

*Rate associated with 20 ft is 
Upper Sidewall:

Ls= sidewall length 123 ft
a= sidewall angle 33.00% slope 18.26 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 3.72E-07 m2/s required

Lower Floor:

Lf= floor length 22 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 2.46E-06 m2/s required

Transmissivity Reductions

Upper Sidewall:

 TLs= 100 Hr Trans 3.0E-05 m2/s 100 hour lab test with boundary conditions.
RFcr= Creep 2.0 Applied reduction 
RFcc= Chemical 1.7 Applied reduction 
RFbc= Biological 1.3 Applied reduction 

 RO= Orienation 1.0 No reduction - sidewall panels oriented in MD
R= RFcr*RFcc*RFbc*RO= 4.4 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 6.79E-06 m2/s Available transmissivity for floors.

Safety Factor TRs/Ts= 18.3 OK
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Lower Floor:

 TLf= 100 Hr Trans 1.4E-03 m2/s 10,000 psf floor value, linearly interpolated.
RFcr= Creep 2.0 Applied reduction 
RFcc= Chemical 1.7 Applied reduction 
RFbc= Biological 1.3 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 4.4 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 3.17E-04 m2/s Available transmissivity for floor.

Safety Factor TRf/Tf= 128.9 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Upper Sidewall:

Check TRs/Ts= 5% OK

Lower Floor:

Check TRs/Ts= 1% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

Flow Path #2 - along leading edge of waste pile
LCRS Floor- Special Condition (Variable Overburden)

q1= impingement 0.0542 ft/day 0.650 in/day Upper Slope average
1.9E-07 m/sec

q2= impingement 0.0142 ft/day 0.170 in/day Lower Slope average
5.0E-08 m/sec

Floor Slope (upper):

Max Overburden Depth 9 ft Based upon unique flowpath properties
Max Overburden Press 990 psf
Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 5.96E-04 m2/s required

Floor Slope (lower):

Max Overburden Depth 36 ft Based upon unique flowpath properties
Max Overburden Press 3960 psf
Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 4.27E-04 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 3.41E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 1.35E-03 m2/s Available transmissivity for reduced condition

 Safety Factor TRs/Ts= 2.3 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 2.69E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 1.07E-03 m2/s Available transmissivity for reduced condition

 Safety Factor TRf/Tf= 2.5 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 56% OK

Floor Slope (upper):

Check TRs/Ts= 40% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

Flow Path #3 - along leading edge of waste pile
LCRS Floor- Special Condition (Variable Overburden)

q1= impingement 0.0342 ft/day 0.410 in/day Upper Slope average
1.2E-07 m/sec

q2= impingement 0.0007 ft/day 0.008 in/day Lower Slope average
2.4E-09 m/sec

Floor Slope (upper):

Max Overburden Depth 44 ft Based upon unique flowpath properties
Max Overburden Press 4840 psf
Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 3.76E-04 m2/s required

Floor Slope (lower):

Max Overburden Depth 80 ft Based upon unique flowpath properties
Max Overburden Press 8800 psf
Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 2.38E-04 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 2.50E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 9.92E-04 m2/s Available transmissivity for reduced condition

 Safety Factor TRs/Ts= 2.6 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 1.78E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 7.06E-04 m2/s Available transmissivity for reduced condition

 Safety Factor TRf/Tf= 3.0 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 53% OK

Floor Slope (upper):

Check TRs/Ts= 34% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

Flow Path #4 - along leading edge of waste pile
LCRS Floor- Special Condition (Variable Overburden)

q1= impingement 0.0074 ft/day 0.089 in/day Upper Slope average
2.6E-08 m/sec

q2= impingement 0.0004 ft/day 0.005 in/day Lower Slope average
1.5E-09 m/sec

Floor Slope (upper):

Max Overburden Depth 84 ft Based upon unique flowpath properties
Max Overburden Press 9240 psf
Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 8.17E-05 m2/s required

Floor Slope (lower):

Max Overburden Depth 93 ft Based upon unique flowpath properties
Max Overburden Press 10230 psf
Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 5.27E-05 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 1.56E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 6.19E-04 m2/s Available transmissivity for reduced condition

 Safety Factor TRs/Ts= 7.6 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 1.38E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 5.48E-04 m2/s Available transmissivity for reduced condition

 Safety Factor TRf/Tf= 10.4 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 15% OK

Floor Slope (upper):

Check TRs/Ts= 10% OK
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Geocomposite Calculations

US Ecology Idaho 
Cell 16 - Future Areas

Flow Path #5 - along leading edge of waste pile
LCRS Floor- Special Condition (Variable Overburden)

q1= impingement 0.0005 ft/day 0.006 in/day Upper Slope average
1.8E-09 m/sec

q2= impingement 0.0003 ft/day 0.004 in/day Lower Slope average
1.2E-09 m/sec

Floor Slope (upper):

Max Overburden Depth 130 ft Based upon unique flowpath properties
Max Overburden Press 14300 psf
Ls= sidewall length 358 ft
a= sidewall angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 5.50E-06 m2/s required

Floor Slope (lower):

Max Overburden Depth 130 ft Based upon unique flowpath properties
Max Overburden Press 14300 psf
Lf= floor length 199 ft
b= floor angle 5.60% slope 3.21 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 4.72E-06 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 6.00E-04 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 2.38E-04 m2/s Available transmissivity for reduced condition

 Safety Factor TRs/Ts= 43.3 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 6.00E-04 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 

 RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 2.38E-04 m2/s Available transmissivity for reduced condition

 Safety Factor TRf/Tf= 50.5 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 2% OK

Floor Slope (upper):

Check TRs/Ts= 2% OK
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Geocomposite Performance Calculations 

Special Consideration – Waste Pile Leading Edge 

‐ Existing Phase I Area ‐ 

 



Geocomposite Calculations

US Ecology Idaho 
 Cell 16 - Existing Areas

 Flow Path #11 - along leading edge of waste pile  - Phase 1
LCRS Floor- Special Condition (Variable Overburden)

 q1= impingement 0.0542 ft/day 0.650 in/day Upper Slope average
1.9E-07 m/sec

 q2= impingement 0.0275 ft/day 0.330 in/day Lower Slope average
9.7E-08 m/sec

Floor Slope (upper): (Includes 3:1 side walls plus the upper half of the floor)

 Max Overburden Depth 2.5 ft Frost protection materials
Max Overburden Press 275 psf

 Ls= upper length 273 ft
 a= upper angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 4.55E-04 m2/s required

Floor Slope (lower): (Includes the lower half of the floor)

 Max Overburden Depth 20 ft Based upon unique flowpath properties
Max Overburden Press 2200 psf

 Lf= lower length 85 ft Located below waste pile
 b= lower angle 3.50% slope 2.00 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 5.26E-04 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 3.60E-03 m2/s As-built value for 300 psf
RFcr= Creep 1.1 Applied reduction 
RFcc= Chemical 1.1 Applied reduction 
RFbc= Biological 1.1 Applied reduction 
RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 1.3 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 2.70E-03 m2/s Available transmissivity for reduced condition

Safety Factor TRs/Ts= 5.9 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 3.00E-03 m2/s As-built value for 2500 psf
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 
RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 1.19E-03 m2/s Available transmissivity for reduced condition

Safety Factor TRf/Tf= 2.3 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 38% OK

Floor Slope (upper):

Check TRs/Ts= 44% OK
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Geocomposite Calculations

US Ecology Idaho 
 Cell 16 - Existing Areas

 Flow Path #12 - along leading edge of waste pile  - Phase 1
LCRS Floor- Special Condition (Variable Overburden)

 q1= impingement 0.0542 ft/day 0.650 in/day Upper Slope average
1.9E-07 m/sec

 q2= impingement 0.0009 ft/day 0.011 in/day Lower Slope average
3.1E-09 m/sec

Floor Slope (upper): (Includes 3:1 side walls plus the upper half of the floor)

 Max Overburden Depth 2.5 ft Frost protection materials
Max Overburden Press 275 psf

 Ls= upper length 242 ft (72 ft on sidewall and 170 ft on floor)
 a= upper angle 3.50% slope 2.00 degrees

Ts= q*Ls/sin(a) Required transmissivity for sidewall
Ts= 4.03E-04 m2/s required

Floor Slope (lower): (Includes the lower half of the floor)

 Max Overburden Depth 50 ft Based upon unique flowpath properties
Max Overburden Press 5500 psf

 Lf= lower length 170 ft Lower portion of floor
 b= lower angle 3.50% slope 2.00 degrees

Tf= q*(Ls+Lf)/sin(b) Required transmissivity for floor
Tf= 4.08E-04 m2/s required

Transmissivity Reductions

Floor Slope (upper):

 TLs= 100 Hr Trans 3.60E-03 m2/s As-built value for 300 psf
RFcr= Creep 1.1 Applied reduction 
RFcc= Chemical 1.1 Applied reduction 
RFbc= Biological 1.1 Applied reduction 
RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 1.3 reduction for field conditions
TRs Reduced field transmissivity for floor:
TRs= (TLs)/(R)
TRs= 2.70E-03 m2/s Available transmissivity for reduced condition

Safety Factor TRs/Ts= 6.7 OK
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Floor Slope (lower):

 TLf= 100 Hr Trans 2.53E-03 m2/s Linearly interpolated based upon pressure
RFcr= Creep 1.5 Applied reduction 
RFcc= Chemical 1.4 Applied reduction 
RFbc= Biological 1.2 Applied reduction 
RO= Orienation 1.0 No reduction - panel to be rotated in lab test
R= RFcr*RFcc*RFbc*RO= 2.5 reduction for field conditions
TRf Reduced field transmissivity for floor:
TRf= (TLf)/(R)
TRf= 1.00E-03 m2/s Available transmissivity for reduced condition

Safety Factor TRf/Tf= 2.5 OK

Check Maximum Flow Thickness

tf= Liquid thickness = q*Ls/(kf*sin(a))

Floor Slope (upper):

Check TRs/Ts= 40% OK

Floor Slope (upper):

Check TRs/Ts= 41% OK
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Calculation #4 

LDCRS Action Leakage Rate 
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Purpose: 

Calculate the action leakage rate (ALR) for Subcells 16-1a, 16-1b, 16-2a, and 16-2b in accordance with 40 
CFR 264.302.  The ALR value for the existing phases (Subcells 16-1a and 16-2a) will be based upon the 
theoretical long-term pipe failure within the critical areas. 

Determine the minimum LDCRS pump capacity that is needed to match the computed ALR. 

 

Given: 

ALR calculations for the individual subcells are based upon the following assumptions: 

 A typical floor slope of 3.5 percent in Subcell 16-1a and 16-2a. 

 A typical floor slope of 3.5 percent and 5.6 percent in Subcells 16-1b and 16-2b. 

 A typical slope of 2.5 percent along the invert of each leachate header pipe.  

 The geocomposite components for the LDCRS will be the same as LCRS.  

 The LDCRS floor geocomposite (single-sided) will provide a long-term (fully reduced) minimum 
transmissivity of   =  2.7 x10-5 m2/sec          (Calculation #3) 

 The LDCRS sidewall geocomposite (double-sided) will provide a long-term (fully reduced) minimum 
transmissivity of   =  6.8 x10-6 m2/sec          (Calculation #3) 

 The size of Subcells 16-1a and 16-2a is 9.0 acres each.       (Figure 3) 

 The size of Subcells 16-1b and 16-2b is 28.0 acres each.      (Figure 3)  

 The computed flow capacity for each subcell will be reduced by a safety factor of 2.0 to determine the 
ALR.    

 

Solution: 

40 CFR 264.302 states, “The action leakage rate is the maximum design flow rate that the leak detection 
system (LDS) can remove without the fluid head on the bottom liner exceeding 1 foot.”  In the referenced 
1992 EPA guidance document, the following equation is recommended for determining the maximum design 
flow rate that an LDCRS system can remove without exceeding 1 foot: 

ܳ ൌ ݇ ∗ ݄ ∗ tan ∝ ∗  ܤ
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Where: 

           Q = unit flow rate in the leak detection system drainage layer (ft3/acre) 

           k = reduced field hydraulic conductivity of the leak detection drainage layer (ft/s) 

           h = maximum allowable head on the bottom liner (ft) 

           tan α = slope of the floor  

           B = width of flow, measured perpendicular to the direction of flow.  

The flow widths (B) consist of the leachate header pipe lengths plus the sump perimeter dimensions, as 
illustrated in the figures below. The width of flow is multiplied by the prevailing geocomposite transmissivity 
on each side of the leachate header pipe, the slope of the floor, and the maximum head.  For this analysis, the 
maximum allowable head is limited to the thickness of the geocomposite, rather than 1 foot.  The ALR for 
each subcell will then be determined by dividing the maximum flow capacity by a factor of safety (2.0).  
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ALR - Existing Phase I (Subcells 16-1a and 16-2a) 

The LDCRS flow capacity for the existing subcells is governed by the length of LDCRS leachate header pipe 
and the dimensions of the sump perimeter. For this analysis we will make a conservative assumption that only 
the portions of leachate header pipe which are located outside of the theoretical critical area will provide long 
term flow.  Therefore, the flow widths will consist of 122 feet on the east side, 122 feet on the west side and 80 
feet on the backside of the sump.  

The enclosed calculation indicates that these combined flow widths provide a combined long-term capacity of 
2,870 gal/day for each subcell.  Yielding an ALR of 160 gal/acre/day once the safety factor is applied and the 
flow rate is normalized for the size of the subcell. 

An LDCRS pump with a flow capacity of 1.0 gpm or greater is needed for these subcells. 

ALR - Future Phases ALR (Subcells 16-1b and 16-2b) 

The LDCRS flow capacity for the future subcells is governed by the length of LDCRS leachate header pipe 
and the dimensions of the sump perimeter. The flow widths will consist of 2,137 feet on the east side, 2,137 
feet on the west side and 40 feet on the backside of the sump.  

The enclosed calculation indicates that these combined flow widths provide a combined long-term capacity of 
29,040 gal/day for each subcell.  Yielding an ALR of 519 gal/acre/day once the safety factor is applied and the 
flow rate is normalized for the size of the subcell. 

An LDCRS pump with a flow capacity of 10.1 gpm or greater is needed for these subcells. 

  

 

Conclusions: 

 The results of the ALR calculations are summarized in the following table: 

 

 

 

 

 

Cell 16 ALR Calculations 

Subcells 

Plan View Area

(acres) 

ALR 

(gal/acre/day) 

Min Pump Capacity 

(gpm) 

16-1a and 16-2a 9.0 160 1.0 

16-1b and 16-2b 28.0 519 10.1 
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Resources and References: 
American Geotechnics, (2012) Landfill Engineering Report, Cell 16 Subcells 16-1 & 16-2, Grand View 
Facility. Boise, ID. February 8, 2012. 

U.S. Environmental Protection Agency, (EPA) (1992). Liners and Leak Detection Systems for Hazardous 
Waste Land Disposal Units. Federal Register Vol. 57, No. 19 Wednesday, January 29, 1992 Rules and 
Regulations, D.C. 1992. 

US Environmental Protection Agency, (1992). Action Leakage Rates for Leak Detection Systems. Publication 
EPA 530-R-92-004. Office of Solid Waste. Washington, DC. 

U.S. Environmental Protection Agency, (EPA) (1989). Requirements for Hazardous Waste Landfill design, 
Construction, and Closure. Office of Research and Development Cincinnati, OH 1989. 

 



ALR Calculation

US Ecology Idaho
Cell 16 Modifications - Existing Areas

Subcell 16-1a and 16-2a

LDCRS Ultimate Condition - up to 16,000 psf

Given:

A= Subcell Size 9.0 acres

Geocoposite Flow - Side 1:

B= Flow Width 1 122 ft 37 m

s= Slope 1 3.5% Slope Floor position

TRs= GC1 Transmissivity: 2.7E-05 m2/s Fully reduced, long term value

xf= Geonet 1 250 mil Thickness exlclusive of geotextile

 Geonet Thickness, t 0.0064 m 0.64 cm
k= Hydraluic Cond. 4.3E-03 m/s

Geocoposite Flow - Side 2:

B= Flow Width 2 122 ft 37 m

s= Slope 2 3.5% Slope Floor or sidewall position

TRs= GC2 Transmissivity: 2.7E-05 m2/s Fully reduced, long term value

xf= Geonet 2 250 mil Thickness exlclusive of geotextile

 Geonet Thickness, t 0.0064 m 0.64 cm
k= Hydraluic Cond. 4.3E-03 m/s

Geocoposite Flow - Side 3:

B= Flow Width 3 80 ft 24 m

s= Slope 3 33.0% Slope Sump backside sidewall

TRs= GC2 Transmissivity: 6.8E-06 m2/s Fully reduced, long term value

xf= Geonet 2 200 mil Thickness exlclusive of geotextile

Geonet Thickness, t 0.0051 m 0.51 cm
k= Hydraluic Cond. 1.3E-03 m/s

Solution:

ܳ ൌ ݇ ∗ ݄ ∗ tanߙ ∗ ܤ
Q= unit flow rate in the leak detection system drainage layer (m3/acre)
k= reduced field hydraulic conductivity of the leak detection drainage layer (m/s)
h= maximum allowable head on the bottom liner (m)
tan α= slope of floor
B= width of flow, measured perpendicular to the direction of flow. 
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Geocoposite Flow - Individual

Qmax side1  = 3.6E-05 m3/s 811 gal/day

Qmax side2  = 3.6E-05 m3/s 811 gal/day

Qmax side3  = 5.5E-05 m3/s 1,249 gal/day

Geocoposite Flow - Combined

Qmax Subcell = 1.3E-04 m3/s 2,871 gal/day

Action Leakage Rate

FS= Factor of Safety 2.0

ALR= 160 gal/acre/day Subcell 16-1a and 16-2a

LDCRS Pump Size

Min pump Capacity 1.0 gpm Subcell 16-1a and 16-2a

In the event that Side 2 flow is greater than Side 1, then the flow on both
is assumed to be governed by the flow capacity of the floor
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ALR Calculation

US Ecology Idaho
Cell 16 Modifications - Future Areas

Subcell 16-1b and 16-2b

LDCRS Ultimate Condition - up to 16,000 psf

Given:

A= Subcell Size 28.0 acres

Geocoposite Flow - Side 1:

B= Flow Width 1 2,137 ft 651 m

s= Slope 1 3.5% Slope Floor position

TRs= GC1 Transmissivity: 2.7E-05 m2/s Fully reduced, long term value

xf= Geonet 1 250 mil Thickness exlclusive of geotextile

 Geonet Thickness, t 0.0064 m 0.64 cm
k= Hydraluic Cond. 4.3E-03 m/s

Geocoposite Flow - Side 2:

B= Flow Width 2 2,137 ft 651 m

s= Slope 2 33.0% Slope Floor or sidewall position

TRs= GC2 Transmissivity: 6.8E-06 m2/s Fully reduced, long term value

xf= Geonet 2 200 mil Thickness exlclusive of geotextile

 Geonet Thickness, t 0.0051 m 0.51 cm
k= Hydraluic Cond. 1.3E-03 m/s

Geocoposite Flow - Side 3:

B= Flow Width 3 40 ft 12 m

s= Slope 3 33.0% Slope Sump backside sidewall

TRs= GC2 Transmissivity: 6.8E-06 m2/s Fully reduced, long term value

xf= Geonet 2 200 mil Thickness exlclusive of geotextile

Geonet Thickness, t 0.0051 m 0.51 cm
k= Hydraluic Cond. 1.3E-03 m/s

Solution:

ܳ ൌ ݇ ∗ ݄ ∗ tanߙ ∗ ܤ
Q= unit flow rate in the leak detection system drainage layer (m3/acre)
k= reduced field hydraulic conductivity of the leak detection drainage layer (m/s)
h= maximum allowable head on the bottom liner (m)
tan α= slope of floor
B= width of flow, measured perpendicular to the direction of flow. 
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Geocoposite Flow - Individual

Qmax side1  = 6.2E-04 m3/s 14,210 gal/day

Qmax side2  = 1.5E-03 m3/s 33,362 gal/day

Qmax side3  = 2.7E-05 m3/s 624 gal/day

Geocoposite Flow - Combined

Qmax Subcell = 1.3E-03 m3/s 29,044 gal/day

Action Leakage Rate

FS= Factor of Safety 2.0

ALR= 519 gal/acre/day Subcell 16-1b and 16-2b

LDCRS Pump Size

Min pump Capacity 10.1 gpm Subcell 16-1b and 16-2b

In the event that Side 2 flow is greater than Side 1, then the flow on both
is assumed to be governed by the flow capacity of the floor

ALR Calculation Sheet 2 of 2 Revised 12/18/2015
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Calculation #5 

Slope Stability 
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Purpose: 

Revise the Cell 16 slope stability models to reflect the modified floor geometry.  Confirm that each model 
yields adequate stability. 

 

Given: 

The Cell 16 liner system includes the following components:    (AGEO, 2012) 

 LCRS geocomposite drain (double-sided on slopes, single-sided on floor) 

 LCRS 60-mil HDPE geomembrane (textured on slopes, smooth on floor) 

 LDCRS geocomposite drain (double-sided on slopes, single-sided on floor) 

 LDCRS 60-mil HDPE geomembrane (textured on slopes, smooth on floor) 

 36-inch compacted clay liner (CCL) 

 

The liner components exhibit the following minimum engineering properties.   (AGEO, 2012) 

 

 

 

 

 

 

 

 

 

 

 

Seismic load at the site consists of a peak ground acceleration of 0.051g.    (AGEO,2012)    

The engineering properties of the soils are also consistent with the original 2012 analysis.  

GEOSYNTHETIC LINER INTERFACE FRICTION 

Liner Configuration 

Bilinear Shear Strength Envelope 

C1  
(psf) 

  
(°) 

N2 
(psf) 

2 
(°) 

Sidewall Short-Term  

GM/GC Textured Interface 
98.5 23.7 6,500 20.2 

Sidewall Long-Term  

GM/GC Textured Interface 
111.5 12.5 2,000 10.8 

Floor Short & Long-Term  

GM/GC Smooth Interface 
0 8.0 -- -- 
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Solution: 

Stability Model 

For this analysis, a basic version of Slope W software was utilized to compute the slope stability.  The basic 
version does not have the capability to model bilinear shear strength envelopes.  Therefore, the shear strength 
envelopes for the sidewall interface is conservatively based upon a liner model which plots below the bilinear 
envelope on a Mohr-Coulomb diagram, as follows. 

 Sidewall Short-Term: C = 98.5 psf,   = 20.2° 

 Sidewall Long-Term: C = 115.5 psf,   = 10.8° 

The Access Ramp (short-term) loading scenario and the Full Waste Placement (long-term) loading scenario 
were both analyzed for the static and potential seismic conditions.  See the enclosed output analysis. 

 

Conclusions: 

The results of the SlopeW analysis are summarized in the table below. 

 

 

 

 

 

 

 

 

CELL 16 MODIFIED FLOOR - STABILITY RESULTS 

Loading Scenario 
Factor of 

Safety 
Targeted FS 

1. Access Ramp  

Static Condition 
1.6 1.5 

2. Access Ramp  

Seismic Condition 
1.3 1.1 

3. Full Waste Placement  

Static Condition 
1.9 1.5 

4. Full Waste Placement  

Seismic Condition  
1.5 1.1 

 

Resources and References: 
American Geotechnics, (2012) Landfill Engineering Report, Cell 16 Subcells 16-1 & 16-2, Grand View 
Facility. Boise, ID. February 8, 2012. 

Geo-Slope International, (SlopeW) (2012). GeoStudio 2012 Slope W by GEO-SLOPE International 
Calgery, Albert, Canada web site: http://www.geo-slope.com Version 8.14.1.10087. 
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University of California at Berkley (UCB) (1975). “An Engineering Manual for Slope Stability 
Studies,” by Duncan J.M., and Buchignani, A. L., Department of Civil Engineering Berkley, CA.  

U.S. Geological Survey (USGS) (2014) U.S. Seismic Design Maps, by the US Department of Interior 
USGS website at http://earthquake.usgs.gov/designmaps/us/application.php. 
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Slope Stability Output 

Access Ramp 

- Static Condition - 

  



1.6

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Compacted Clay 
Unit Weight: 120 pcf
Cohesion': 3,000 psf
Phi': 0 °

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Textured Liner 
Unit Weight: 120 pcf
Cohesion': 98.5 psf
Phi': 20 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Cell 16 Permit Modifications
Temporary Ramp Profile
Fully Specified
Seismic Coef: H=0.0g V=0.0g

3H:1V 3H:1V

Name: Waste 
Unit Weight: 120 pcf
Cohesion': 125 psf
Phi': 30 °

Name: Smooth Liner 
Unit Weight: 120 pcf
Cohesion': 100 psf
Phi': 8 °

20,000 lb distr. load

Distance (ft)
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Slope Stability Output 

Access Ramp 

- Seismic Condition - 

  



1.3

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Compacted Clay 
Unit Weight: 120 pcf
Cohesion': 3,000 psf
Phi': 0 °

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Textured Liner 
Unit Weight: 120 pcf
Cohesion': 98.5 psf
Phi': 20 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Cell 16 Permit Modifications 
Temporary Ramp Profile
Fully Specified
Seismic Coef: H=0.051g V=0.051g

3H:1V 3H:1V

Name: Waste 
Unit Weight: 120 pcf
Cohesion': 125 psf
Phi': 30 °

Name: Smooth Liner 
Unit Weight: 120 pcf
Cohesion': 100 psf
Phi': 8 °

20,000 lb distr. load

Distance (ft)

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
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Slope Stability Output 

Full Waste Placement 

- Static Condition - 

  



2.1

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Compacted Clay 
Unit Weight: 120 pcf
Cohesion': 3,000 psf
Phi': 0 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Waste with Cover 
Unit Weight: 120 pcf
Cohesion': 125 psf
Phi': 30 °

Cell 16 Permit Modifications
Max Waste Profile
Block

3H:1V

3.5H:1V

Name: Textured Liner 
Unit Weight: 120 pcf
Cohesion': 95 psf
Phi': 23 °

Name: Smooth Liner 
Unit Weight: 120 pcf
Cohesion': 100 psf
Phi': 8 °

Distance (ft)

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
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1.9

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Compacted Clay 
Unit Weight: 120 pcf
Cohesion': 3,000 psf
Phi': 0 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Waste with Cover 
Unit Weight: 120 pcf
Cohesion': 125 psf
Phi': 30 °

Cell 16 Permit Modifications
Max Waste Profile
Fully Specified

3H:1V

3.5H:1V

Name: Textured Liner 
Unit Weight: 120 pcf
Cohesion': 95 psf
Phi': 23 °

Name: Smooth Liner 
Unit Weight: 120 pcf
Cohesion': 100 psf
Phi': 8 °

Distance (ft)
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Slope Stability Output 

Full Waste Placement 

- Seismic Condition - 

            



1.8

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Compacted Clay 
Unit Weight: 120 pcf
Cohesion': 3,000 psf
Phi': 0 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Waste with Cover 
Unit Weight: 120 pcf
Cohesion': 125 psf
Phi': 30 °

Cell 16 Permit Modifications
Max Waste Profile
Block
Seismic Coef: H=0.051g V=0.051g

3H:1V

3.5H:1V

Name: Textured Liner 
Unit Weight: 120 pcf
Cohesion': 95 psf
Phi': 23 °

Name: Smooth Liner 
Unit Weight: 120 pcf
Cohesion': 100 psf
Phi': 8 °

Distance (ft)
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1.5

Name: Native Sand 
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Compacted Clay 
Unit Weight: 120 pcf
Cohesion': 3,000 psf
Phi': 0 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Frost Protection 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Waste with Cover 
Unit Weight: 120 pcf
Cohesion': 125 psf
Phi': 30 °

Cell 16 Permit Modifications
Max Waste Profile
Fully Specified
Seismic Coef: H=0.051g V=0.051g

3H:1V

3.5H:1V

Name: Textured Liner 
Unit Weight: 120 pcf
Cohesion': 95 psf
Phi': 23 °

Name: Smooth Liner 
Unit Weight: 120 pcf
Cohesion': 100 psf
Phi': 8 °

Distance (ft)
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