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Stability Analysis 



 
Section 1 

A. Global Slope Stability Analysis 
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OBJECTIVE:  Verify the global stability of the final configuration of the waste mass of the Pine 

Bluff MSWLF with the addition of Combustible Coal Residual (CCR) material.  The 

original stability calculations, as prepared by Jordan, Jones and Goulding, Inc and 

dated December 2000, will be analyzed with respect to failure surfaces passing 

through the liner system and the underlying subgrade.  The stability of the waste 

mass was evaluated under both static and seismic conditions.  . 

    

METHOD:  The waste mass global stability was evaluated with the circular surface search 

analysis under static and seismic conditions.  For the purpose of this analysis, a 

critical slope was selected from the disposal area which represents the original 

cross-section evaluated (i.e. Section C from the D&O plans and noted as Section F in 

the original design calculations).  The geometry of the landfill and subsurface soils 

along the analyzed cross sections are shown on Figure 2. The addition of CCR to the 

waste mass does not impact the design of the final cover system, therefore the final 

cover stability is not being re-evaluated. 

 

   To identify critical failure planes, the computer program SLIDE Version 7.022 was 

used to perform stability calculations utilizing the Janbu and Bishop method of 

slices for circular surfaces.  SLIDE was utilized to search through the anticipated 

zone of failures for each phase to identify the critical failure planes with the lowest 

factor of safety. 

 

   To begin the evaluation, the cross-sectional geometry and soil/waste mass was 

input into SLIDE and static analyses was evaluated over the landfill mass.  This 

allows for the identification of the critical failure planes with the lowest factor of 

safety.  The potential for permanent deformations under seismic conditions was 

calculated by applying the Maximum Horizontal Acceleration (MHA) in lithified earth 

material expected for the site as horizontal acceleration.   

    

DATA:   The waste parameters used for the calculations were taken from a May 2000 

technical paper “Municipal Solid Waste Slope Failure. I: Waste and Foundation Soil 

Properties”, by Eid, Stark, Evans, and Sherry. The soil properties used are from 

onsite field test as well as specified soil properties for the landfill construction 

quality assurance plan. The geosynthetic properties are the minimum required by 

the construction quality assurance plan. 

 

The following assumptions were also used in the preparation of the stability 

analysis: 

• The seismic coefficient for the site is 0.22g (Ah-horizontal) and 0.0g (Av-

vertical).  Note:  the seismic coefficients are used to increase or decrease the 

weight of each slice in the vertical direction by (Av)W and introduce a horizontal 

force of magnitude (Ah)W into the calculations.  The increased inertial forces 

are assumed to act through the static center of gravity of each slice.  The 

seismic coefficients are generally not the same as the expected peak ground 

accelerations at the site.  For a preliminary assessment, these coefficients are 
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estimated at 50% of the anticipated peak ground acceleration expected at the 

site (i.e. 0.11 Ah & 0.0 Av). Ah is then iteratively increased up to evaluate a 

conservative scenario for stability during an expected seismic event. 

(Reference: Misc. Paper GL-84-13, US Army Corps of Engineers, WES, 

Vicksburg, MS). 

• Fully drained conditions within the landfill due to the presence of a leachate 

collection system 

 

Soil Layer Data: The following material properties were used based on experience with similar 

materials and the references cited above. 

 

   Co-mingled Municipal Solid Waste and CCR (10:1) (SLIDE material unit 1) 

   unit wt. = 74.5 pcf   phi = 33 degrees  c=500 psf 

 

   Textured HDPE Geomembrane Liner (SLIDE material unit 2) 

   unit wt. = 100 pcf  phi = 15 degrees  c = 0 psf 

 

   Smooth HDPE Geomembrane Liner (SLIDE material unit 3) 

   unit wt. = 100 pcf  phi = 10 degrees  c = 0 psf 

 

   Recompacted Liner Base (SLIDE material unit 4) 

   unit wt. = 130 pcf  phi = 25 degrees  c = 500 psf 

 

   Geosynthetic Clay Liner (SLIDE material unit 5) 

   unit wt. = 100 pcf  phi = 15 degrees  c = 0 psf 

     

   Geocomposite (SLIDE material unit 6) 

   unit wt. = 60 pcf  phi = 15 degrees  c = 0 psf 

 

   Protective Cover (SLIDE material unit 7) 

   unit wt. = 110 pcf  phi = 20 degrees  c = 500 psf 

 

   Fully drained conditions were assumed within the landfill due to the presence of the 

leachate collection system.  

 

Recirculation of leachate will occur at this site.  However, due to the restrictions on 

loading rates as discussed on the operational narrative, the above referenced MSW 

material properties will not be effected. 

 

RESULTS:  The SLIDE program outputs for the critical analysis show the geometry of the critical 

cross section evaluated for failure, the location of the critical failure surfaces and 

the associated factor of safety.  The minimum factor of safety against failure for the 

evaluation scenario for each phase is as follows: 
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   Static: 

   SLIDE selected critical failure planes: 

Factor of Safety (Janbu Circular, static) = 2.404 

    

   Seismic: 

   SLIDE selected critical failure planes: 

Factor of Safety (Janbu Circular, static) = 1.650 

 

The calculated factors of safety for static and seismic conditions are greater than 

1.5, and are therefore considered adequate in terms of long term stability. 

 

 

CONCLUSION: The analysis indicates that the proposed landfill geometry is adequately designed in 

consideration of the global slope stability under static and seismic conditions. 

 



Marc
Text Box
FIGURE 1
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Project

Pine Bluff MSWLF - CCR Management Plan                 

SLIDEINTERPRET 7.022



Slide Analysis Information

Pine Bluff MSWLF ‐ CCR Management Plan
 

Project Summary

PBL 4 CCR Circ Static.slimFile Name:
7.022Slide Modeler Version:
Pine Bluff MSWLF ‐ CCR Management PlanProject Title:
Circular StaticAnalysis:
Marc LivermanAuthor:
Atlantic Coast ConsultingCompany:
3/31/17Date Created:

Comments
Pine Bluff MSWLF
Co‐Mingled MSW and CCR Ratio 10:1 (by weight)

 

General Settings

Imperial UnitsUnits of Measurement:
secondsTime Units:
feet/secondPermeability Units:
Right to LeftFailure Direction:
StandardData Output:
20Maximum Material Properties:
20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:
 

Analysis Methods Used
Bishop simplified
Janbu simplified

  
50Number of slices:
0.005Tolerance:
50Maximum number of iterations:
YesCheck malpha < 0.2:
3Initial trial value of FS:
YesSteffensen Iteration:

 

Groundwater Analysis

Water SurfacesGroundwater Method:
9.81Pore Fluid Unit Weight [lbs/ft3]:
YesUse negative pore pressure cutoff:
0Maximum negative pore pressure [psf]:
NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo‐random Seed:
randRandom Number Generation Method:

 

Surface Options

CircularSurface Type:
Slope SearchSearch Method:
5000Number of Surfaces:
Not DefinedUpper Angle:
Not DefinedLower Angle:
DisabledComposite Surfaces:
Invalid SurfacesReverse Curvature:
1025Minimum Elevation [ft]:
Not DefinedMinimum Depth:
Not DefinedMinimum Area:
Not DefinedMinimum Weight:

 

Seismic
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NoAdvanced seismic analysis:
NoStaged pseudostatic analysis:

 

Material Properties

Protective CoverGeocompositeGCLRecompacted Liner BaseSmooth LinerTextured LinerMSW and CCRProperty
Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type
1106010013010010074.5Unit Weight [lbs/ft3]
5000050000500Cohesion [psf]
20203330101533Friction Angle [deg]

NoneNoneNoneNoneNoneNoneNoneWater Surface
0000000Ru Value

 

Global Minimums

Method: bishop simplified

2.494880FS
485.699, 2726.150Center:
1623.078Radius:
259.613, 1118.896Left Slip Surface Endpoint:
1497.700, 1457.200Right Slip Surface Endpoint:
1.06697e+010 lb‐ftResisting Moment:
4.27663e+009 lb‐ftDriving Moment:
133991 ft2Total Slice Area:
1238.09 ftSurface Horizontal Width:
108.224 ftSurface Average Height:

 

Method: janbu simplified

2.403600FS
538.109, 2208.833Center:
1104.092Radius:
299.234, 1130.892Left Slip Surface Endpoint:
1329.550, 1439.002Right Slip Surface Endpoint:
4.82892e+006 lbResisting Horizontal Force:
2.00904e+006 lbDriving Horizontal Force:
103393 ft2Total Slice Area:
1030.32 ftSurface Horizontal Width:
100.351 ftSurface Average Height:

 

Valid / Invalid Surfaces

Method: bishop simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Method: janbu simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 2.49488
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Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

436.116436.116479.0780479.078811.117325.11333500MSW and CCR‐7.5277411740.526.92021
1291.341291.341355.0501355.051379.98553.12433500MSW and CCR‐6.5701534763.426.92022
2112.632112.632188.3302188.331921.12770.02533500MSW and CCR‐5.6144156872.726.92023
2900.172900.172979.7302979.732435.06976.02333500MSW and CCR‐4.6602378073.426.92024
3689.093689.093737.1503737.151860.21745.61120500Protective Cover‐3.6879210336528.01915
4469.484469.484509.9104509.912141.48858.3520500Protective Cover‐2.6972412523128.01916
4948.364948.364974.4404974.441810.55725.706200Geocomposite‐2.0582740305.58.14527

509450945105.6705105.67900.267360.846100Smooth Liner‐1.85328176353.461928
5143.535143.535167051671880.64753.8200Geocomposite‐1.783662469.990.4802129
5223.55223.55250.9105250.912411.18966.45120500Protective Cover‐1.6245744556.38.5299710
5755.445755.445778.8605778.864252.841704.6333500MSW and CCR‐0.78719222391238.904311
6505.296505.296498.5306498.532865.281148.4620500Protective Cover0.33740116136724.805512
7066.817066.817040.8207040.823062.651227.5720500Protective Cover1.2131717529624.805513
7586.67586.67539.1607539.163244.021300.2720500Protective Cover2.0892218818924.805514
8064.568064.567993.7607993.763409.491366.5920500Protective Cover2.9657520004524.805515
8500.678500.678404.8408404.843559.111426.5720500Protective Cover3.8429921086324.805516
8894.798894.798772.5408772.543692.941480.2120500Protective Cover4.7211222063924.805517
9281.029281.029029.7509029.756363.982550.8233500MSW and CCR5.6258924355926.242818
9664.39664.39361.1609361.166579.22637.0833500MSW and CCR6.5575825361726.242819
10015.310015.39658.3809658.386772.232714.4533500MSW and CCR7.4910226282926.242820
10333.910333.99921.6709921.676943.192782.9833500MSW and CCR8.4264627119026.242821
10619.910619.910151.1010151.17092.182842.6933500MSW and CCR9.3641727869326.242822
10872.910872.910346.8010346.87219.272893.6333500MSW and CCR10.304428533326.242823
11092.711092.710508.8010508.87324.522935.8233500MSW and CCR11.247529110126.242824
112791127910637.3010637.37407.982969.2733500MSW and CCR12.193629599026.242825

11431.411431.410732.3010732.37469.66299433500MSW and CCR13.143229999126.242826
11549.611549.610793.8010793.87509.573009.9933500MSW and CCR14.096430309326.242827
11633.211633.210821.7010821.77527.693017.2633500MSW and CCR15.053730528526.242828
11681.611681.61081601081675243015.7833500MSW and CCR16.015330655626.242829
11694.511694.510776.7010776.77498.443005.5333500MSW and CCR16.981530689326.242830
11671.211671.210703.5010703.57450.952986.533500MSW and CCR17.952730628126.242831
11611.111611.110596.5010596.57381.442958.6433500MSW and CCR18.929330470626.242832
11513.811513.810455.4010455.47289.792921.933500MSW and CCR19.911630215026.242833
11378.311378.3102800102807175.892876.2533500MSW and CCR20.900129859526.242834
11204.111204.110070.1010070.17039.592821.6133500MSW and CCR21.895129402326.242835
10990.310990.39825.4609825.466880.722757.9433500MSW and CCR22.897228841226.242836
10736107369545.7809545.786699.092685.1433500MSW and CCR23.906728174026.242837

10440.410440.49230.7309230.736494.52603.1333500MSW and CCR24.924127398126.242838
10102.310102.38879.9508879.956266.712511.8333500MSW and CCR25.9526511026.242839
9720.89720.88493.0708493.076015.462411.1233500MSW and CCR26.984925509726.242840
9294.569294.568069.6308069.635740.482300.933500MSW and CCR28.029524391126.242841
8817.488817.487604.9207604.925438.72179.9433500MSW and CCR29.084323139226.242842
8186.398186.397010.1107010.115052.422025.1233500MSW and CCR30.1521483026.242843
7462.737462.736340.6106340.614617.641850.8533500MSW and CCR31.227319583926.242844
6688.496688.495634.0105634.014158.761666.9233500MSW and CCR32.317117552126.242845
5861.835861.834889.7104889.713675.411473.1833500MSW and CCR33.420215382726.242846
4960.64960.64089.9604089.963156.061265.0133500MSW and CCR34.537513017726.242847
3692.013692.012989.602989.62441.47978.59233500MSW and CCR35.669996886.226.242848
2258.522258.521764.6401764.641645.97659.73933500MSW and CCR36.818759268.326.242849
763.365763.365504.3570504.357827.534331.69333500MSW and CCR37.9852003226.242850

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 2.4036
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Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]
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Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

389.736389.736460.1060460.106798.796332.33333500MSW and CCR‐11.95567925.7920.33571
1154.411154.411259.8101259.811318.13548.39733500MSW and CCR‐10.87923476.120.33572
1889.621889.622019.902019.91811.73753.75733500MSW and CCR‐9.8061738427.120.33573
2595.652595.652741.4502741.452280.32948.7133500MSW and CCR‐8.7368452784.820.33574
3272.783272.783425.4403425.442724.511133.5133500MSW and CCR‐7.6705766554.820.33575
3921.233921.234072.7804072.783144.91308.4133500MSW and CCR‐6.6069679741.620.33576
4541.224541.224684.304684.33542.021473.6333500MSW and CCR‐5.5456392349.420.33577
5132.925132.925260.7605260.763916.371629.3833500MSW and CCR‐4.4862110438220.33578
5696.445696.445802.8205802.824268.381775.8333500MSW and CCR‐3.4283311584120.33579
6231.886231.886311.1206311.124598.481913.1633500MSW and CCR‐2.3716112673020.335710
6739.346739.346786.2306786.234907.032041.5333500MSW and CCR‐1.3157113704920.335711
7222.247222.247228.8707228.873131.091302.6720500Protective Cover‐0.29147313817719.132212
7676.297676.297659.5407659.543287.841367.8820500Protective Cover0.70143114686419.132213
8093.818093.818051.5808051.583430.541427.2520500Protective Cover1.6945515485319.132214
8412.868412.868348.2608348.263538.511472.1720500Protective Cover2.5124610406512.369815
8703.178703.178615.0108615.013635.611512.5720500Protective Cover3.3354616800019.303416
9026.429026.428908.2708908.273742.341556.9720500Protective Cover4.3394917424019.303417
9312.219312.219162.9409162.943835.041595.5420500Protective Cover5.3448617975719.303418
9596.389596.389291.3709291.376533.892718.3833500MSW and CCR6.401920360621.217119
9882.079882.079515.6609515.666679.552778.9833500MSW and CCR7.5111820966821.217120
10136.610136.69707.3209707.326804.012830.7633500MSW and CCR8.623321506821.217121
10359.710359.79866.4809866.486907.372873.7633500MSW and CCR9.738721980121.217122
10551105519993.2609993.266989.712908.0233500MSW and CCR10.857822386121.217123

10710.310710.310087.8010087.87051.092933.5533500MSW and CCR11.981222724021.217124
10837.110837.1101500101507091.532950.3833500MSW and CCR13.109222993021.217125
10931.110931.110180.1010180.17111.052958.533500MSW and CCR14.242523192321.217126
10991.610991.610177.9010177.97109.622957.933500MSW and CCR15.381523320821.217127
11018.311018.310143.4010143.47087.192948.5733500MSW and CCR16.526723377321.217128
11010.511010.510076.4010076.47043.712930.4833500MSW and CCR17.678823360721.217129
10967.510967.59976.8709976.876979.062903.5933500MSW and CCR18.838323269521.217130
10888.710888.79844.5509844.556893.132867.8433500MSW and CCR20.005923102321.217131
10773.310773.39679.2409679.246785.772823.1733500MSW and CCR21.182222857321.217132
10620.310620.39480.6509480.656656.812769.5233500MSW and CCR22.367922532921.217133
10429104299248.4509248.456506.032706.7933500MSW and CCR23.563822126921.217134

10198.210198.28982.3408982.346333.22634.8833500MSW and CCR24.770821637221.217135
9926.789926.788681.8408681.846138.052553.6933500MSW and CCR25.989521061321.217136
9613.549613.548346.5308346.535920.292463.0933500MSW and CCR27.221120396621.217137
9257.039257.037975.8407975.845679.582362.9533500MSW and CCR28.466519640321.217138
8855.798855.797569.2607569.265415.552253.133500MSW and CCR29.726718789021.217139
8408.168408.167126.1507126.155127.782133.3733500MSW and CCR31.002917839221.217140
7912.247912.246645.7906645.794815.832003.5933500MSW and CCR32.296516787021.217141
7365.997365.996127.4406127.444479.21863.5433500MSW and CCR33.608815628021.217142
6767.076767.075570.2305570.234117.351712.9933500MSW and CCR34.941514357321.217143
6112.986112.984973.304973.33729.691551.7133500MSW and CCR36.296112969521.217144
5400.775400.774335.604335.63315.571379.4233500MSW and CCR37.674811458521.217145
4627.224627.223656.103656.12874.31195.8333500MSW and CCR39.079598172.621.217146
3788.643788.642933.6302933.632405.121000.6333500MSW and CCR40.512980380.721.217147
2875.942875.942163021631904.67792.42433500MSW and CCR41.977661016.321.217148
1801.211801.211276.8601276.861329.2553.00433500MSW and CCR43.476838214.621.217149
614.205614.205319.6690319.669707.595294.3933500MSW and CCR45.014213030.521.217150

 
Query 1 (janbu simplified) ‐ Safety Factor: 2.4036
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Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

389.736389.736460.1060460.106798.796332.33333500MSW and CCR‐11.95567925.7920.33571
1154.411154.411259.8101259.811318.13548.39733500MSW and CCR‐10.87923476.120.33572
1889.621889.622019.902019.91811.73753.75733500MSW and CCR‐9.8061738427.120.33573
2595.652595.652741.4502741.452280.32948.7133500MSW and CCR‐8.7368452784.820.33574
3272.783272.783425.4403425.442724.511133.5133500MSW and CCR‐7.6705766554.820.33575
3921.233921.234072.7804072.783144.91308.4133500MSW and CCR‐6.6069679741.620.33576
4541.224541.224684.304684.33542.021473.6333500MSW and CCR‐5.5456392349.420.33577
5132.925132.925260.7605260.763916.371629.3833500MSW and CCR‐4.4862110438220.33578
5696.445696.445802.8205802.824268.381775.8333500MSW and CCR‐3.4283311584120.33579
6231.886231.886311.1206311.124598.481913.1633500MSW and CCR‐2.3716112673020.335710
6739.346739.346786.2306786.234907.032041.5333500MSW and CCR‐1.3157113704920.335711
7222.247222.247228.8707228.873131.091302.6720500Protective Cover‐0.29147313817719.132212
7676.297676.297659.5407659.543287.841367.8820500Protective Cover0.70143114686419.132213
8093.818093.818051.5808051.583430.541427.2520500Protective Cover1.6945515485319.132214
8412.868412.868348.2608348.263538.511472.1720500Protective Cover2.5124610406512.369815
8703.178703.178615.0108615.013635.611512.5720500Protective Cover3.3354616800019.303416
9026.429026.428908.2708908.273742.341556.9720500Protective Cover4.3394917424019.303417
9312.219312.219162.9409162.943835.041595.5420500Protective Cover5.3448617975719.303418
9596.389596.389291.3709291.376533.892718.3833500MSW and CCR6.401920360621.217119
9882.079882.079515.6609515.666679.552778.9833500MSW and CCR7.5111820966821.217120
10136.610136.69707.3209707.326804.012830.7633500MSW and CCR8.623321506821.217121
10359.710359.79866.4809866.486907.372873.7633500MSW and CCR9.738721980121.217122
10551105519993.2609993.266989.712908.0233500MSW and CCR10.857822386121.217123

10710.310710.310087.8010087.87051.092933.5533500MSW and CCR11.981222724021.217124
10837.110837.1101500101507091.532950.3833500MSW and CCR13.109222993021.217125
10931.110931.110180.1010180.17111.052958.533500MSW and CCR14.242523192321.217126
10991.610991.610177.9010177.97109.622957.933500MSW and CCR15.381523320821.217127
11018.311018.310143.4010143.47087.192948.5733500MSW and CCR16.526723377321.217128
11010.511010.510076.4010076.47043.712930.4833500MSW and CCR17.678823360721.217129
10967.510967.59976.8709976.876979.062903.5933500MSW and CCR18.838323269521.217130
10888.710888.79844.5509844.556893.132867.8433500MSW and CCR20.005923102321.217131
10773.310773.39679.2409679.246785.772823.1733500MSW and CCR21.182222857321.217132
10620.310620.39480.6509480.656656.812769.5233500MSW and CCR22.367922532921.217133
10429104299248.4509248.456506.032706.7933500MSW and CCR23.563822126921.217134

10198.210198.28982.3408982.346333.22634.8833500MSW and CCR24.770821637221.217135
9926.789926.788681.8408681.846138.052553.6933500MSW and CCR25.989521061321.217136
9613.549613.548346.5308346.535920.292463.0933500MSW and CCR27.221120396621.217137
9257.039257.037975.8407975.845679.582362.9533500MSW and CCR28.466519640321.217138
8855.798855.797569.2607569.265415.552253.133500MSW and CCR29.726718789021.217139
8408.168408.167126.1507126.155127.782133.3733500MSW and CCR31.002917839221.217140
7912.247912.246645.7906645.794815.832003.5933500MSW and CCR32.296516787021.217141
7365.997365.996127.4406127.444479.21863.5433500MSW and CCR33.608815628021.217142
6767.076767.075570.2305570.234117.351712.9933500MSW and CCR34.941514357321.217143
6112.986112.984973.304973.33729.691551.7133500MSW and CCR36.296112969521.217144
5400.775400.774335.604335.63315.571379.4233500MSW and CCR37.674811458521.217145
4627.224627.223656.103656.12874.31195.8333500MSW and CCR39.079598172.621.217146
3788.643788.642933.6302933.632405.121000.6333500MSW and CCR40.512980380.721.217147
2875.942875.942163021631904.67792.42433500MSW and CCR41.977661016.321.217148
1801.211801.211276.8601276.861329.2553.00433500MSW and CCR43.476838214.621.217149
614.205614.205319.6690319.669707.595294.3933500MSW and CCR45.014213030.521.217150

 

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 2.49488
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001118.9259.6131
0010455.21115.34286.5342
0029544.81112.24313.4543
0056062.51109.59340.3744
0088872.51107.4367.2945
001165101105.59395.3136
001465101104.27423.3327
001538771103.98431.4788
001556981103.87434.949
001561371103.85435.4210
001656501103.61443.9511
002350481103.08482.85412
002625831103.22507.6613
002893311103.75532.46514
003147581104.65557.2715
003383801105.94582.07616
003597571107.6606.88117
003784981109.65631.68718
004220871112.24657.9319
004630421115.25684.17320
005009391118.7710.41521
005353911122.59736.65822
005660521126.92762.90123
005926121131.69789.14424
006148031136.91815.38725
006323921142.58841.6326
006451871148.71867.87227
006530361155.3894.11528
006558261162.36920.35829
006534861169.89946.60130
006459851177.9972.84431
006333381186.41999.08732
006156041195.411025.3333
005928861204.911051.5734
005653391214.931077.8235
005331681225.481104.0636
004966301236.561130.337
004560421248.21156.5438
004117781260.391182.7939
003642801273.161209.0340
003140561286.521235.2741
002616901300.51261.5142
002078801315.091287.7643
001541631330.34131444
001018461346.251340.2445
0052055.11362.851366.4946
006034.41380.161392.7347
00‐34643.31398.231418.9748
00‐65279.31417.061445.2149
00‐82635.41436.711471.4650
0001457.21497.751

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 2.4036
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001130.89299.2341
008738.261126.59319.572
00248121122.68339.9053
0047237.11119.16360.2414
0075093.81116.04380.5775
001075221113.3400.9126
001437181110.94421.2487
001829291108.97441.5848
002244511107.37461.9199
002676271106.16482.25510
003118411105.31502.59111
003565191104.85522.92712
003821411104.75542.05913
004065131104.98561.19114
004292571105.55580.32315
004429331106.09592.69316
004624341107.22611.99617
004794351108.68631.318
004936801110.49650.60319
005292271112.87671.8220
005615591115.67693.03721
005903741118.88714.25422
006154081122.52735.47223
006364281126.59756.68924
006532381131.1777.90625
006656741136.04799.12326
006736081141.42820.3427
006769491147.26841.55728
006756401153.56862.77429
006696631160.32883.99130
006590381167.56905.20831
006438261175.28926.42532
006241331183.5947.64333
006001061192.23968.8634
005719451201.49990.07735
005398971211.281011.2936
005042691221.621032.5137
004654261232.541053.7338
004237991244.041074.9539
003798921256.161096.1640
003342891268.911117.3841
002876651282.321138.642
002407921296.421159.8143
001945571311.241181.0344
001499731326.821202.2545
001082031343.211223.4646
0070575.81360.441244.6847
0038617.71378.571265.948
0014138.41397.661287.1249
00181.6651417.771308.3350
00014391329.5551

 
Query 1 (janbu simplified) ‐ Safety Factor: 2.4036
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001130.89299.2341
008738.261126.59319.572
00248121122.68339.9053
0047237.11119.16360.2414
0075093.81116.04380.5775
001075221113.3400.9126
001437181110.94421.2487
001829291108.97441.5848
002244511107.37461.9199
002676271106.16482.25510
003118411105.31502.59111
003565191104.85522.92712
003821411104.75542.05913
004065131104.98561.19114
004292571105.55580.32315
004429331106.09592.69316
004624341107.22611.99617
004794351108.68631.318
004936801110.49650.60319
005292271112.87671.8220
005615591115.67693.03721
005903741118.88714.25422
006154081122.52735.47223
006364281126.59756.68924
006532381131.1777.90625
006656741136.04799.12326
006736081141.42820.3427
006769491147.26841.55728
006756401153.56862.77429
006696631160.32883.99130
006590381167.56905.20831
006438261175.28926.42532
006241331183.5947.64333
006001061192.23968.8634
005719451201.49990.07735
005398971211.281011.2936
005042691221.621032.5137
004654261232.541053.7338
004237991244.041074.9539
003798921256.161096.1640
003342891268.911117.3841
002876651282.321138.642
002407921296.421159.8143
001945571311.241181.0344
001499731326.821202.2545
001082031343.211223.4646
0070575.81360.441244.6847
0038617.71378.571265.948
0014138.41397.661287.1249
00181.6651417.771308.3350
00014391329.5551

 

List Of Coordinates

External Boundary

YX
1413.41758.6
1457.21625
1457.21411
1428.21281.2
1113.2240.8
1111.4240.8
1111.3240.8
1111.1240.8
1109.1240.8
1017.16240.8
1017.161728.8
1017.161758.6
1159.21758.6
11611758.6

 

Material Boundary
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YX
1113.2240.8
1110257.3

1105.8434.8
1099.6460.7
1102.6472.1
1150.41553.9
11471581.2

1151.81728.8
11611758.6

 

Material Boundary

YX
1111.4240.8
1108.2257.3
1104434.8

1097.8460.7
1100.8472.1
1110.8700
1148.61553.9
1145.21581.2
1148.91728.8
1159.21758.6

 

Material Boundary

YX
1111.3240.8
1108.1257.3
1103.9434.8
1097.7460.7
1100.7472.1
1110.7700
1148.51553.9
1145.11581.4
1148.91728.8

 

Material Boundary

YX
1111.1240.8
1107.9257.3
1103.7434.8
1097.5460.7
1100.5472.1
1110.5700
1148.31553.9
1144.91581.4
1148.71728.8

 

Material Boundary

YX
1109.1240.8
1105.9257.3
1102.02434.919
1095.7460.7
1098.5472.1
1108.5700
1146.31553.9
1142.91581.4
1147.91728.8

 

Material Boundary

YX
1108.5700
1110.5700
1110.7700

 

Material Boundary

YX
1017.161728.8
1147.91728.8
1148.71728.8
1148.91728.8
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Slide Analysis Information

Pine Bluff MSWLF ‐ CCR Management Plan
 

Project Summary

PBL 4 CCR Siesmic.slimFile Name:
7.022Slide Modeler Version:
Pine Bluff MSWLF ‐ CCR Management PlanProject Title:
Circular with SeismicAnalysis:
Marc LivermanAuthor:
Atlantic Coast ConsultingCompany:
3/31/17Date Created:

Comments
Pine Bluff MSWLF
Co‐Mingled MSW and CCR Ratio 10:1 (by weight)

 

General Settings

Imperial UnitsUnits of Measurement:
secondsTime Units:
feet/secondPermeability Units:
Right to LeftFailure Direction:
StandardData Output:
20Maximum Material Properties:
20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:
 

Analysis Methods Used
Bishop simplified
Janbu simplified

  
50Number of slices:
0.005Tolerance:
50Maximum number of iterations:
YesCheck malpha < 0.2:
3Initial trial value of FS:
YesSteffensen Iteration:

 

Groundwater Analysis

Water SurfacesGroundwater Method:
9.81Pore Fluid Unit Weight [lbs/ft3]:
YesUse negative pore pressure cutoff:
0Maximum negative pore pressure [psf]:
NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo‐random Seed:
randRandom Number Generation Method:

 

Surface Options

CircularSurface Type:
Slope SearchSearch Method:
5000Number of Surfaces:
Not DefinedUpper Angle:
Not DefinedLower Angle:
DisabledComposite Surfaces:
Invalid SurfacesReverse Curvature:
1025Minimum Elevation [ft]:
Not DefinedMinimum Depth:
Not DefinedMinimum Area:
Not DefinedMinimum Weight:

 

Seismic
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NoAdvanced seismic analysis:
NoStaged pseudostatic analysis:

 

Loading

0.12Seismic Load Coefficient (Horizontal):
 

Material Properties

Protective CoverGeocompositeGCLRecompacted Liner BaseSmooth LinerTextured LinerMSW and CCRProperty
Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type
1106010013010010074.5Unit Weight [lbs/ft3]
5000050000500Cohesion [psf]
20203330101533Friction Angle [deg]

NoneNoneNoneNoneNoneNoneNoneWater Surface
0000000Ru Value

 

Global Minimums

Method: bishop simplified

1.710620FS
485.699, 2726.150Center:
1623.078Radius:
259.613, 1118.896Left Slip Surface Endpoint:
1497.700, 1457.200Right Slip Surface Endpoint:
1.03384e+010 lb‐ftResisting Moment:
6.04366e+009 lb‐ftDriving Moment:
133991 ft2Total Slice Area:
1238.09 ftSurface Horizontal Width:
108.224 ftSurface Average Height:

 

Method: janbu simplified

1.650270FS
485.699, 2726.150Center:
1623.078Radius:
259.613, 1118.896Left Slip Surface Endpoint:
1497.700, 1457.200Right Slip Surface Endpoint:
5.9915e+006 lbResisting Horizontal Force:
3.63062e+006 lbDriving Horizontal Force:
133991 ft2Total Slice Area:
1238.09 ftSurface Horizontal Width:
108.224 ftSurface Average Height:

 

Valid / Invalid Surfaces

Method: bishop simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Method: janbu simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.71062

Pine Bluff MSWLF - CCR Management Plan                 : Page 2 of 11
SLIDEINTERPRET 7.022

PBL 4 CCR Siesmic.slim Atlantic Coast Consulting   3/31/17



Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

436.022436.022499.7160499.716824.51848233500MSW and CCR‐7.5277411740.526.92021
1291.21291.21385.4401385.441399.72818.25133500MSW and CCR‐6.5701534763.426.92022
2112.462112.462224.202224.21944.411136.6733500MSW and CCR‐5.6144156872.726.92023
2899.992899.993017.1903017.192459.391437.7233500MSW and CCR‐4.6602378073.426.92024
3688.983688.983759.3803759.381868.31092.1820500Protective Cover‐3.6879210336528.01915
4469.44469.44528.5604528.562148.261255.8420500Protective Cover‐2.6972412523128.01916
4948.314948.314986.4404986.441814.921060.97200Geocomposite‐2.0582740305.58.14527
5093.975093.975111.0205111.02901.21526.832100Smooth Liner‐1.85328176353.461928
5143.485143.485177.7905177.791884.561101.68200Geocomposite‐1.783662469.990.4802129
5223.445223.445263.4905263.492415.751412.2120500Protective Cover‐1.6245744556.38.5299710
5755.395755.395789.6105789.614259.822490.2233500MSW and CCR‐0.78719222391238.904311
6505.336505.336495.4706495.472864.151674.3320500Protective Cover0.33740116136724.805512
7066.877066.877029.0107029.013058.351787.8620500Protective Cover1.2131717529624.805513
7586.667586.667517.6507517.653236.211891.8320500Protective Cover2.0892218818924.805514
8064.78064.77961.7907961.793397.861986.3320500Protective Cover2.9657520004524.805515
8500.878500.878361.7208361.723543.422071.4220500Protective Cover3.8429921086324.805516
8895.038895.038717.708717.73672.992147.1720500Protective Cover4.7211222063924.805517
9281.549281.548919.208919.26292.23678.3233500MSW and CCR5.6258924355926.242818
9664.969664.969228.6209228.626493.133795.7833500MSW and CCR6.5575825361726.242819
10016.110016.19503.2509503.256671.493900.0433500MSW and CCR7.4910226282926.242820
10334.810334.89743.5209743.526827.533991.2633500MSW and CCR8.4264627119026.242821
10620.810620.89949.7509949.756961.454069.5533500MSW and CCR9.3641727869326.242822
108741087410122.2010122.27073.434135.0133500MSW and CCR10.304428533326.242823

11093.911093.910261.1010261.17163.654187.7533500MSW and CCR11.247529110126.242824
11280.311280.310366.7010366.77232.254227.8533500MSW and CCR12.193629599026.242825
11432.911432.910439.3010439.37279.354255.3933500MSW and CCR13.143229999126.242826
11551.211551.210478.9010478.97305.064270.4233500MSW and CCR14.096430309326.242827
11634.911634.910485.7010485.77309.48427333500MSW and CCR15.053730528526.242828
11683.511683.510459.8010459.87292.674263.1733500MSW and CCR16.015330655626.242829
11696.411696.410401.3010401.37254.74240.9833500MSW and CCR16.981530689326.242830
11673.211673.210310.3010310.37195.594206.4233500MSW and CCR17.952730628126.242831
11613.311613.310186.8010186.87115.374159.5333500MSW and CCR18.929330470626.242832
115161151610030.7010030.77014.044100.2933500MSW and CCR19.911630215026.242833

11380.611380.69842.1909842.196891.594028.7133500MSW and CCR20.900129859526.242834
11206.511206.59621.0709621.076747.993944.7633500MSW and CCR21.895129402326.242835
10992.710992.79367.309367.36583.193848.4233500MSW and CCR22.897228841226.242836
10738.510738.59080.7809080.786397.143739.6633500MSW and CCR23.906728174026.242837
10442.910442.98761.4208761.426189.743618.4233500MSW and CCR24.924127398126.242838
10104.910104.98409.0608409.065960.913484.6533500MSW and CCR25.9526511026.242839
9723.349723.348023.5108023.515710.523338.2833500MSW and CCR26.984925509726.242840
9297.079297.077604.5507604.555438.463179.2333500MSW and CCR28.029524391126.242841
8819.998819.997148071485141.973005.9133500MSW and CCR29.084323139226.242842
8188.798188.796570.2306570.234766.762786.5733500MSW and CCR30.1521483026.242843
7465.027465.025924.2705924.274347.272541.3433500MSW and CCR31.227319583926.242844
6690.656690.655245.9305245.933906.742283.8233500MSW and CCR32.317117552126.242845
5863.815863.814534.8904534.893444.982013.8833500MSW and CCR33.420215382726.242846
4962.374962.373774.903774.92951.451725.3733500MSW and CCR34.537513017726.242847
3693.433693.432737.6402737.642277.851331.5933500MSW and CCR35.669996886.226.242848
2259.522259.521589.101589.11531.97895.56433500MSW and CCR36.818759268.326.242849
763.889763.889413.1690413.169768.314449.14433500MSW and CCR37.9852003226.242850

 
Query 1 (bishop simplified) ‐ Safety Factor: 1.71062

Pine Bluff MSWLF - CCR Management Plan                 : Page 3 of 11
SLIDEINTERPRET 7.022

PBL 4 CCR Siesmic.slim Atlantic Coast Consulting   3/31/17



Effective  
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Pore  
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Base  
Normal Stress  
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Shear  
Strength  
[psf]

Shear  
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Base  
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Base  
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[lbs]

Width  
[ft]

Slice  
Number

436.022436.022499.7160499.716824.51848233500MSW and CCR‐7.5277411740.526.92021
1291.21291.21385.4401385.441399.72818.25133500MSW and CCR‐6.5701534763.426.92022
2112.462112.462224.202224.21944.411136.6733500MSW and CCR‐5.6144156872.726.92023
2899.992899.993017.1903017.192459.391437.7233500MSW and CCR‐4.6602378073.426.92024
3688.983688.983759.3803759.381868.31092.1820500Protective Cover‐3.6879210336528.01915
4469.44469.44528.5604528.562148.261255.8420500Protective Cover‐2.6972412523128.01916
4948.314948.314986.4404986.441814.921060.97200Geocomposite‐2.0582740305.58.14527
5093.975093.975111.0205111.02901.21526.832100Smooth Liner‐1.85328176353.461928
5143.485143.485177.7905177.791884.561101.68200Geocomposite‐1.783662469.990.4802129
5223.445223.445263.4905263.492415.751412.2120500Protective Cover‐1.6245744556.38.5299710
5755.395755.395789.6105789.614259.822490.2233500MSW and CCR‐0.78719222391238.904311
6505.336505.336495.4706495.472864.151674.3320500Protective Cover0.33740116136724.805512
7066.877066.877029.0107029.013058.351787.8620500Protective Cover1.2131717529624.805513
7586.667586.667517.6507517.653236.211891.8320500Protective Cover2.0892218818924.805514
8064.78064.77961.7907961.793397.861986.3320500Protective Cover2.9657520004524.805515
8500.878500.878361.7208361.723543.422071.4220500Protective Cover3.8429921086324.805516
8895.038895.038717.708717.73672.992147.1720500Protective Cover4.7211222063924.805517
9281.549281.548919.208919.26292.23678.3233500MSW and CCR5.6258924355926.242818
9664.969664.969228.6209228.626493.133795.7833500MSW and CCR6.5575825361726.242819
10016.110016.19503.2509503.256671.493900.0433500MSW and CCR7.4910226282926.242820
10334.810334.89743.5209743.526827.533991.2633500MSW and CCR8.4264627119026.242821
10620.810620.89949.7509949.756961.454069.5533500MSW and CCR9.3641727869326.242822
108741087410122.2010122.27073.434135.0133500MSW and CCR10.304428533326.242823

11093.911093.910261.1010261.17163.654187.7533500MSW and CCR11.247529110126.242824
11280.311280.310366.7010366.77232.254227.8533500MSW and CCR12.193629599026.242825
11432.911432.910439.3010439.37279.354255.3933500MSW and CCR13.143229999126.242826
11551.211551.210478.9010478.97305.064270.4233500MSW and CCR14.096430309326.242827
11634.911634.910485.7010485.77309.48427333500MSW and CCR15.053730528526.242828
11683.511683.510459.8010459.87292.674263.1733500MSW and CCR16.015330655626.242829
11696.411696.410401.3010401.37254.74240.9833500MSW and CCR16.981530689326.242830
11673.211673.210310.3010310.37195.594206.4233500MSW and CCR17.952730628126.242831
11613.311613.310186.8010186.87115.374159.5333500MSW and CCR18.929330470626.242832
115161151610030.7010030.77014.044100.2933500MSW and CCR19.911630215026.242833

11380.611380.69842.1909842.196891.594028.7133500MSW and CCR20.900129859526.242834
11206.511206.59621.0709621.076747.993944.7633500MSW and CCR21.895129402326.242835
10992.710992.79367.309367.36583.193848.4233500MSW and CCR22.897228841226.242836
10738.510738.59080.7809080.786397.143739.6633500MSW and CCR23.906728174026.242837
10442.910442.98761.4208761.426189.743618.4233500MSW and CCR24.924127398126.242838
10104.910104.98409.0608409.065960.913484.6533500MSW and CCR25.9526511026.242839
9723.349723.348023.5108023.515710.523338.2833500MSW and CCR26.984925509726.242840
9297.079297.077604.5507604.555438.463179.2333500MSW and CCR28.029524391126.242841
8819.998819.997148071485141.973005.9133500MSW and CCR29.084323139226.242842
8188.798188.796570.2306570.234766.762786.5733500MSW and CCR30.1521483026.242843
7465.027465.025924.2705924.274347.272541.3433500MSW and CCR31.227319583926.242844
6690.656690.655245.9305245.933906.742283.8233500MSW and CCR32.317117552126.242845
5863.815863.814534.8904534.893444.982013.8833500MSW and CCR33.420215382726.242846
4962.374962.373774.903774.92951.451725.3733500MSW and CCR34.537513017726.242847
3693.433693.432737.6402737.642277.851331.5933500MSW and CCR35.669996886.226.242848
2259.522259.521589.101589.11531.97895.56433500MSW and CCR36.818759268.326.242849
763.889763.889413.1690413.169768.314449.14433500MSW and CCR37.9852003226.242850
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436.119436.119502.2750502.275826.182500.63433500MSW and CCR‐7.5277411740.526.92021
1291.351291.351389.2101389.211402.16849.65633500MSW and CCR‐6.5701534763.426.92022
2112.642112.642228.6402228.641947.291179.9833500MSW and CCR‐5.6144156872.726.92023
2900.182900.183021.8103021.812462.391492.1133500MSW and CCR‐4.6602378073.426.92024
3689.113689.113762.1203762.121869.291132.7220500Protective Cover‐3.6879210336528.01915
4469.494469.494530.8404530.842149.091302.2720500Protective Cover‐2.6972412523128.01916
4948.374948.374987.904987.91815.451100.09200Geocomposite‐2.0582740305.58.14527
5094.015094.015111.6805111.68901.325546.168100Smooth Liner‐1.85328176353.461928
5143.555143.555179.1205179.121885.041142.26200Geocomposite‐1.783662469.990.4802129
5223.55223.55265.0305265.032416.311464.1920500Protective Cover‐1.6245744556.38.5299710
5755.445755.445790.9205790.924260.672581.833500MSW and CCR‐0.78719222391238.904311
6505.326505.326495.106495.12864.021735.4920500Protective Cover0.33740116136724.805512
7066.87066.87027.5607027.563057.831852.9320500Protective Cover1.2131717529624.805513
7586.597586.597515.0707515.073235.261960.4420500Protective Cover2.0892218818924.805514
8064.568064.567957.9307957.933396.452058.1220500Protective Cover2.9657520004524.805515
8500.658500.658356.4908356.493541.522146.0220500Protective Cover3.8429921086324.805516
8894.768894.768711.0708711.073670.572224.2220500Protective Cover4.7211222063924.805517
9280.979280.978905.8908905.896283.563807.633500MSW and CCR5.6258924355926.242818
9664.269664.269212.6809212.686482.783928.3133500MSW and CCR6.5575825361726.242819
10015.310015.39484.6609484.666659.414035.3533500MSW and CCR7.4910226282926.242820
10333.910333.99722.2209722.226813.694128.8333500MSW and CCR8.4264627119026.242821
10619.810619.89925.7209925.726945.844208.9133500MSW and CCR9.3641727869326.242822
10872.810872.810095.4010095.47056.054275.6933500MSW and CCR10.304428533326.242823
11092.611092.610231.7010231.77144.524329.333500MSW and CCR11.247529110126.242824
11278.911278.910334.6010334.67211.394369.8233500MSW and CCR12.193629599026.242825
11431.411431.410404.6010404.67256.84397.3433500MSW and CCR13.143229999126.242826
11549.611549.610441.6010441.67280.884411.9333500MSW and CCR14.096430309326.242827
11633.111633.1104460104467283.734413.6633500MSW and CCR15.053730528526.242828
11681.511681.510417.8010417.87265.444402.5833500MSW and CCR16.015330655626.242829
11694.411694.410357.2010357.27226.064378.7133500MSW and CCR16.981530689326.242830
116711167110264.2010264.27165.644342.133500MSW and CCR17.952730628126.242831
116111161110138.8010138.87084.234292.7733500MSW and CCR18.929330470626.242832

11513.611513.69981.1609981.166981.844230.7333500MSW and CCR19.911630215026.242833
11378.211378.29791.1709791.176858.464155.9633500MSW and CCR20.900129859526.242834
11204112049568.8409568.846714.084068.4733500MSW and CCR21.895129402326.242835

10990.110990.19314.1209314.126548.673968.2433500MSW and CCR22.897228841226.242836
10735.910735.99026.9609026.966362.173855.2333500MSW and CCR23.906728174026.242837
10440.210440.28707.208707.26154.533729.4133500MSW and CCR24.924127398126.242838
10102.210102.28354.7608354.765925.653590.7233500MSW and CCR25.9526511026.242839
9720.669720.667969.4907969.495675.443439.133500MSW and CCR26.984925509726.242840
9294.49294.47551.1707551.175403.793274.4933500MSW and CCR28.029524391126.242841
8817.378817.377095.6907095.695107.993095.2533500MSW and CCR29.084323139226.242842
8186.258186.256519.9806519.984734.132868.733500MSW and CCR30.1521483026.242843
7462.67462.65876.8305876.834316.462615.6133500MSW and CCR31.227319583926.242844
6688.356688.355201.7805201.783878.082349.9733500MSW and CCR32.317117552126.242845
5861.75861.74494.6204494.623418.852071.6933500MSW and CCR33.420215382726.242846
4960.524960.523739.2703739.272928.311774.4433500MSW and CCR34.537513017726.242847
3691.933691.932709.2202709.222259.391369.133500MSW and CCR35.669996886.226.242848
2258.472258.471569.3401569.341519.14920.5433500MSW and CCR36.818759268.326.242849
763.335763.335402.9330402.933761.668461.54133500MSW and CCR37.9852003226.242850
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436.119436.119502.2750502.275826.182500.63433500MSW and CCR‐7.5277411740.526.92021
1291.351291.351389.2101389.211402.16849.65633500MSW and CCR‐6.5701534763.426.92022
2112.642112.642228.6402228.641947.291179.9833500MSW and CCR‐5.6144156872.726.92023
2900.182900.183021.8103021.812462.391492.1133500MSW and CCR‐4.6602378073.426.92024
3689.113689.113762.1203762.121869.291132.7220500Protective Cover‐3.6879210336528.01915
4469.494469.494530.8404530.842149.091302.2720500Protective Cover‐2.6972412523128.01916
4948.374948.374987.904987.91815.451100.09200Geocomposite‐2.0582740305.58.14527
5094.015094.015111.6805111.68901.325546.168100Smooth Liner‐1.85328176353.461928
5143.555143.555179.1205179.121885.041142.26200Geocomposite‐1.783662469.990.4802129
5223.55223.55265.0305265.032416.311464.1920500Protective Cover‐1.6245744556.38.5299710
5755.445755.445790.9205790.924260.672581.833500MSW and CCR‐0.78719222391238.904311
6505.326505.326495.106495.12864.021735.4920500Protective Cover0.33740116136724.805512
7066.87066.87027.5607027.563057.831852.9320500Protective Cover1.2131717529624.805513
7586.597586.597515.0707515.073235.261960.4420500Protective Cover2.0892218818924.805514
8064.568064.567957.9307957.933396.452058.1220500Protective Cover2.9657520004524.805515
8500.658500.658356.4908356.493541.522146.0220500Protective Cover3.8429921086324.805516
8894.768894.768711.0708711.073670.572224.2220500Protective Cover4.7211222063924.805517
9280.979280.978905.8908905.896283.563807.633500MSW and CCR5.6258924355926.242818
9664.269664.269212.6809212.686482.783928.3133500MSW and CCR6.5575825361726.242819
10015.310015.39484.6609484.666659.414035.3533500MSW and CCR7.4910226282926.242820
10333.910333.99722.2209722.226813.694128.8333500MSW and CCR8.4264627119026.242821
10619.810619.89925.7209925.726945.844208.9133500MSW and CCR9.3641727869326.242822
10872.810872.810095.4010095.47056.054275.6933500MSW and CCR10.304428533326.242823
11092.611092.610231.7010231.77144.524329.333500MSW and CCR11.247529110126.242824
11278.911278.910334.6010334.67211.394369.8233500MSW and CCR12.193629599026.242825
11431.411431.410404.6010404.67256.84397.3433500MSW and CCR13.143229999126.242826
11549.611549.610441.6010441.67280.884411.9333500MSW and CCR14.096430309326.242827
11633.111633.1104460104467283.734413.6633500MSW and CCR15.053730528526.242828
11681.511681.510417.8010417.87265.444402.5833500MSW and CCR16.015330655626.242829
11694.411694.410357.2010357.27226.064378.7133500MSW and CCR16.981530689326.242830
116711167110264.2010264.27165.644342.133500MSW and CCR17.952730628126.242831
116111161110138.8010138.87084.234292.7733500MSW and CCR18.929330470626.242832

11513.611513.69981.1609981.166981.844230.7333500MSW and CCR19.911630215026.242833
11378.211378.29791.1709791.176858.464155.9633500MSW and CCR20.900129859526.242834
11204112049568.8409568.846714.084068.4733500MSW and CCR21.895129402326.242835

10990.110990.19314.1209314.126548.673968.2433500MSW and CCR22.897228841226.242836
10735.910735.99026.9609026.966362.173855.2333500MSW and CCR23.906728174026.242837
10440.210440.28707.208707.26154.533729.4133500MSW and CCR24.924127398126.242838
10102.210102.28354.7608354.765925.653590.7233500MSW and CCR25.9526511026.242839
9720.669720.667969.4907969.495675.443439.133500MSW and CCR26.984925509726.242840
9294.49294.47551.1707551.175403.793274.4933500MSW and CCR28.029524391126.242841
8817.378817.377095.6907095.695107.993095.2533500MSW and CCR29.084323139226.242842
8186.258186.256519.9806519.984734.132868.733500MSW and CCR30.1521483026.242843
7462.67462.65876.8305876.834316.462615.6133500MSW and CCR31.227319583926.242844
6688.356688.355201.7805201.783878.082349.9733500MSW and CCR32.317117552126.242845
5861.75861.74494.6204494.623418.852071.6933500MSW and CCR33.420215382726.242846
4960.524960.523739.2703739.272928.311774.4433500MSW and CCR34.537513017726.242847
3691.933691.932709.2202709.222259.391369.133500MSW and CCR35.669996886.226.242848
2258.472258.471569.3401569.341519.14920.5433500MSW and CCR36.818759268.326.242849
763.335763.335402.9330402.933761.668461.54133500MSW and CCR37.9852003226.242850

 

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.71062
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001118.9259.6131
0013323.71115.34286.5342
0035440.31112.24313.4543
0065052.51109.59340.3744
001009471107.4367.2945
001258861105.59395.3136
001519671104.27423.3327
001572181103.98431.4788
001574961103.87434.949
001578051103.85435.4210
001657581103.61443.9511
002387101103.08482.85412
002598641103.22507.6613
002794141103.75532.46514
002968821104.65557.2715
003118391105.94582.07616
003239031107.6606.88117
003327451109.65631.68718
003768361112.24657.9319
004180161115.25684.17320
004558691118.7710.41521
004900231122.59736.65822
005201471126.92762.90123
005459541131.69789.14424
005671951136.91815.38725
005836621142.58841.6326
005951901148.71867.87227
006016531155.3894.11528
006029671162.36920.35829
005990911169.89946.60130
005900271177.9972.84431
005758191186.41999.08732
005565581195.411025.3333
005323831204.911051.5734
005034771214.931077.8235
004700791225.481104.0636
004324771236.561130.337
003910161248.21156.5438
003460991260.391182.7939
002981951273.161209.0340
002478341286.521235.2741
001956221300.51261.5142
001422731315.091287.7643
0089354.11330.34131444
0038182.21346.251340.2445
00‐10129.31362.851366.4946
00‐54354.11380.161392.7347
00‐92949.11398.231418.9748
00‐1212541417.061445.2149
00‐1361201436.711471.4650
0001457.21497.751

 
Query 1 (bishop simplified) ‐ Safety Factor: 1.71062
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001118.9259.6131
0013323.71115.34286.5342
0035440.31112.24313.4543
0065052.51109.59340.3744
001009471107.4367.2945
001258861105.59395.3136
001519671104.27423.3327
001572181103.98431.4788
001574961103.87434.949
001578051103.85435.4210
001657581103.61443.9511
002387101103.08482.85412
002598641103.22507.6613
002794141103.75532.46514
002968821104.65557.2715
003118391105.94582.07616
003239031107.6606.88117
003327451109.65631.68718
003768361112.24657.9319
004180161115.25684.17320
004558691118.7710.41521
004900231122.59736.65822
005201471126.92762.90123
005459541131.69789.14424
005671951136.91815.38725
005836621142.58841.6326
005951901148.71867.87227
006016531155.3894.11528
006029671162.36920.35829
005990911169.89946.60130
005900271177.9972.84431
005758191186.41999.08732
005565581195.411025.3333
005323831204.911051.5734
005034771214.931077.8235
004700791225.481104.0636
004324771236.561130.337
003910161248.21156.5438
003460991260.391182.7939
002981951273.161209.0340
002478341286.521235.2741
001956221300.51261.5142
001422731315.091287.7643
0089354.11330.34131444
0038182.21346.251340.2445
00‐10129.31362.851366.4946
00‐54354.11380.161392.7347
00‐92949.11398.231418.9748
00‐1212541417.061445.2149
00‐1361201436.711471.4650
0001457.21497.751

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 1.65027
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001118.9259.6131
0013854.91115.34286.5342
0036863.31112.24313.4543
0067701.41109.59340.3744
001051311107.4367.2945
001312591105.59395.3136
001587001104.27423.3327
001642841103.98431.4788
001646311103.87434.949
001649601103.85435.4210
001733771103.61443.9511
002500451103.08482.85412
002727811103.22507.6613
002940161103.75532.46514
003132621104.65557.2715
003300821105.94582.07616
003440861107.6606.88117
003549361109.65631.68718
004026081112.24657.9319
004474701115.25684.17320
004890991118.7710.41521
005271111122.59736.65822
005611661126.92762.90123
005909631131.69789.14424
006162451136.91815.38725
006367951142.58841.6326
006524371148.71867.87227
006630361155.3894.11528
006684981162.36920.35829
006687721169.89946.60130
006638511177.9972.84431
006537701186.41999.08732
006386101195.411025.3333
006184981204.911051.5734
005936101214.931077.8235
005641721225.481104.0636
005304621236.561130.337
004928151248.21156.5438
004516221260.391182.7939
004073381273.161209.0340
003604831286.521235.2741
003116481300.51261.5142
002615321315.091287.7643
002116491330.34131444
001632861346.251340.2445
001175381362.851366.4946
0075610.41380.161392.7347
0039018.31398.231418.9748
0012288.41417.061445.2149
00‐1497.031436.711471.4650
0001457.21497.751

 
Query 1 (janbu simplified) ‐ Safety Factor: 1.65027
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001118.9259.6131
0013854.91115.34286.5342
0036863.31112.24313.4543
0067701.41109.59340.3744
001051311107.4367.2945
001312591105.59395.3136
001587001104.27423.3327
001642841103.98431.4788
001646311103.87434.949
001649601103.85435.4210
001733771103.61443.9511
002500451103.08482.85412
002727811103.22507.6613
002940161103.75532.46514
003132621104.65557.2715
003300821105.94582.07616
003440861107.6606.88117
003549361109.65631.68718
004026081112.24657.9319
004474701115.25684.17320
004890991118.7710.41521
005271111122.59736.65822
005611661126.92762.90123
005909631131.69789.14424
006162451136.91815.38725
006367951142.58841.6326
006524371148.71867.87227
006630361155.3894.11528
006684981162.36920.35829
006687721169.89946.60130
006638511177.9972.84431
006537701186.41999.08732
006386101195.411025.3333
006184981204.911051.5734
005936101214.931077.8235
005641721225.481104.0636
005304621236.561130.337
004928151248.21156.5438
004516221260.391182.7939
004073381273.161209.0340
003604831286.521235.2741
003116481300.51261.5142
002615321315.091287.7643
002116491330.34131444
001632861346.251340.2445
001175381362.851366.4946
0075610.41380.161392.7347
0039018.31398.231418.9748
0012288.41417.061445.2149
00‐1497.031436.711471.4650
0001457.21497.751

 

List Of Coordinates

External Boundary

YX
1413.41758.6
1457.21625
1457.21411
1428.21281.2
1113.2240.8
1111.4240.8
1111.3240.8
1111.1240.8
1109.1240.8
1017.16240.8
1017.161728.8
1017.161758.6
1159.21758.6
11611758.6

 

Material Boundary
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YX
1113.2240.8
1110257.3

1105.8434.8
1099.6460.7
1102.6472.1
1150.41553.9
11471581.2

1151.81728.8
11611758.6

 

Material Boundary

YX
1111.4240.8
1108.2257.3
1104434.8

1097.8460.7
1100.8472.1
1110.8700
1148.61553.9
1145.21581.2
1148.91728.8
1159.21758.6

 

Material Boundary

YX
1111.3240.8
1108.1257.3
1103.9434.8
1097.7460.7
1100.7472.1
1110.7700
1148.51553.9
1145.11581.4
1148.91728.8

 

Material Boundary

YX
1111.1240.8
1107.9257.3
1103.7434.8
1097.5460.7
1100.5472.1
1110.5700
1148.31553.9
1144.91581.4
1148.71728.8

 

Material Boundary

YX
1109.1240.8
1105.9257.3
1102.02434.919
1095.7460.7
1098.5472.1
1108.5700
1146.31553.9
1142.91581.4
1147.91728.8

 

Material Boundary

YX
1108.5700
1110.5700
1110.7700

 

Material Boundary

YX
1017.161728.8
1147.91728.8
1148.71728.8
1148.91728.8
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Section 1 

B. Base Liner Stability Analysis 
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 OBJECTIVE:  Verify the stability of the waste mass at Pine Bluff Landfill with respect to failure 

surfaces passing through the base liner with the inclusion of Combustible Coal 

Residual (CCR) to the waste mass.  The original stability calculations, as prepared by 

Jordan, Jones and Goulding, Inc and dated December 2000, will be analyzed with 

respect to failure surfaces passing through the weakest interface of liner system. 

The stability of the waste mass was evaluated under both static and seismic 

conditions.  The objective is to find the minimum interface friction angle required for 

a stable base liner system within the revised co-mingled (MSW and CCR) waste 

mass. 

 

METHOD:  Evaluate the stability of the waste mass and base liner system and apply seismic 

loadings.  The Simplified Janbu and Bishop Methods for non-circular (block) 

surfaces was used to evaluate failure at the liner system. The data for these failure 

planes are summarized below with details provided in the attached SLIDE output 

files.  
 

   The first step in the evaluation is to input the geometry and individual layers’ 

physical properties into SLIDE Version 7.022 and run a static analysis on the landfill 

mass for the scenario described above.  The SLIDE program was then used to 

evaluate the seismic stability. The potential for permanent deformations under 

seismic conditions was calculated by applying a horizontal acceleration coefficient 

to the analysis. 

 

   The evaluation as shown was the result of an iterative process that was used to 

identify the minimum friction angle that would result in meeting the required design 

factors of safety.   
 

GEOMETRY:  The base liner system will have six possible options, as listed below, from top to 

bottom: 

 

   Option 1   · 24" of 1 x 10-2 cm/sec protective cover  

       · textured 60 mil HDPE geomembrane 

       · 18" of 1x10-7 cm/sec compacted soil 

 

   Option 2   · 24" of #89 stone 

       · geotextile for cushion 

       · textured 60 mil HDPE geomembrane 

       · 18" of 1x10-7 cm/sec compacted soil 

 

   Option 3   · 24" of protective cover 

       · geonet with cushion geotextile bonded to both sides 

       · textured 60 mil HDPE geomembrane 

       · 18" of 1x10-7 cm/sec compacted soil 
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   Option 4   · 24" of 1 x 10-2 cm/sec protective cover 

       · textured 60 mil HDPE geomembrane 

       · geosynthetic clay liner (GCL)  

        18" of 1x10-7 cm/sec compacted soil 

 

   Option 5   · 24" of # 89 stone 

       · geotextile cushion 

        textured 60 mil HDPE geomembrane 

       · geosynthetic clay liner (GCL)  

        18" of 1x10-7 cm/sec compacted soil 

 

   Option 6   · 24" of protective cover 

       · geonet with cushion geotextile bonded to both sides 

        textured 60 mil HDPE geomembrane 

       · geosynthetic clay liner (GCL)  

        18" of 1x10-7 cm/sec compacted soil 

 

For liner stability analysis, the liner system was modeled using the most critical 

interface within the lining system (i.e. the interface with the lowest interface friction 

angle).  According to the original design calculations by JJG, liner options 1-3 

exhibited the lowest friction angle at the interface of the HDPE liner/compacted soil. 

 Options 4-6 exhibited the lowest friction angle at the interface of the HDPE 

liner/GCL.  The lowest friction angle for all options is assumed to be 15 degrees in 

areas with textured HDPE liner.  However, a portion of the critical section passes 

through an area with smooth HDPE liner.  The lowest friction angle used for this 

area is 10 degrees.  The critical section from the original design calculations was 

evaluated with the inclusion of CCR material into the waste. This section is shown 

on the attached plan view of the landfill (Figure 1) 

 

DATA:   The material and interface properties used in the slope stability analysis are 

summarized in Table 1. The waste properties for the analysis were taken from a 

May 2000 technical paper “Municipal Solid Waste Slope Failure. I: Waste and 

Foundation Soil Properties”, by Eid, Stark, Evans and Sherry. Soils properties used 

are from onsite field test as well as specified soil properties for the landfill 

construction. The geosynthetic properties are artificial values used in the iterative 

design in order to determine the minimum requirements. 
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Table1. Material properties used in slope stability analyses 

 

Material 

SLIDE 

Material Unit 

ID # 

Unit 

Weight  

(pcf) 

Cohesion  

(psf) 

Peak 

Friction 

Angle vs 

material 

below 

(deg) 

Co-Mingled Municipal Solid Waste 

and CCR (10:1) 
1 74.5 500 33 

Textured HDPE Geomembrane 2 100 0 15 

Smooth HDPE Geomembrane 3 100 0 10 

Recompacted Liner Base 4 130 500 25 

Geosynthetic Clay Liner (GCL) 5 100 0 15 

Geocomposite 6 60 0 15 

Protective Cover Layer 7 110 500 20 

 

   The following assumptions were also used in the preparation of the stability 

analysis: 

• The seismic coefficient for the site is 0.22g (Ah-horizontal) and 0.0g (Av-vertical). 

 Note:  the seismic coefficients are used to increase or decrease the weight of 

each slice in the vertical direction by (Av)W and introduce a horizontal force of 

magnitude (Ah)W into the calculations.  The increased inertial forces are 

assumed to act through the static center of gravity of each slice.  The seismic 

coefficients are generally not the same as the expected peak ground 

accelerations at the site.  For a preliminary assessment, these coefficients are 

estimated at 50% of the anticipated peak ground acceleration expected at the 

site (i.e. 0.11 Ah & 0.0 Av). Ah is then iteratively increased up to evaluate a 

conservative scenario for stability during an expected seismic event. 

(Reference: Misc. Paper GL-84-13, US Army Corps of Engineers, WES, 

Vicksburg, MS). 

• Fully drained conditions within the landfill due to the presence of a leachate 

collection system 

 
 

RESULTS:  The SLIDE computer results for the analysis are attached. Figure 2 shows the critical 

cross section evaluated for failure and corresponding factors of safety for the 

analysis. 
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   The minimum FOS against failure for the landfill expansion is as follows: 
 

   Table 2. Results 

 

Scenario 

 

FOS 

 

SLIDE file 

Janbu Block 1.782 PBL 4 CCR Block Static.slim 

Bishop Block 1.852 PBL 4 CCR Block Static.slim 

Janbu Block with Seismic 1.155 PBL 4 CCR Block Siesmic.slim 

Bishop Block with Seismic 1.210 PBL 4 CCR Block Siesmic.slim 

 

CONCLUSION: 
 

The static stability analysis of the landfill mass failure at the liner interface produced 

a minimum calculated factor of safety of 1.782.  This values is considered adequate 

(greater than 1.5) and demonstrate the overall stability of the landfill mass under 

static conditions. 

 

The calculated factors of safety for the seismic conditions are greater than 1.0, 

therefore no permanent deformations are expected in the landfill liner system during 

the 250 year seismic event.  

 



Marc
Text Box
FIGURE 1
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STATIC ANALYSIS 
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Slide Analysis Information

Pine Bluff MSWLF ‐ CCR Management Plan
 

Project Summary

PBL 4 CCR Block Static.slimFile Name:
7.022Slide Modeler Version:
Pine Bluff MSWLF ‐ CCR Management PlanProject Title:
Block Sliding ‐ StaticAnalysis:
Marc LivermanAuthor:
Atlantic Coast ConsultingCompany:
3/31/17Date Created:

Comments
Pine Bluff MSWLF
Co‐Mingled MSW and CCR Ratio 10:1 (by weight)

 

General Settings

Imperial UnitsUnits of Measurement:
secondsTime Units:
feet/secondPermeability Units:
Right to LeftFailure Direction:
StandardData Output:
20Maximum Material Properties:
20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:
 

Analysis Methods Used
Bishop simplified
Janbu simplified

  
50Number of slices:
0.005Tolerance:
50Maximum number of iterations:
YesCheck malpha < 0.2:
3Initial trial value of FS:
YesSteffensen Iteration:

 

Groundwater Analysis

Water SurfacesGroundwater Method:
9.81Pore Fluid Unit Weight [lbs/ft3]:
YesUse negative pore pressure cutoff:
0Maximum negative pore pressure [psf]:
NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo‐random Seed:
randRandom Number Generation Method:

 

Surface Options

Non‐Circular Block SearchSurface Type:
5000Number of Surfaces:
DisabledMultiple Groups:
EnabledPseudo‐Random Surfaces:
DisabledConvex Surfaces Only:
135Left Projection Angle (Start Angle):
135Left Projection Angle (End Angle):
45Right Projection Angle (Start Angle):
45Right Projection Angle (End Angle):
Not DefinedMinimum Elevation:
Not DefinedMinimum Depth:
Not DefinedMinimum Area:
Not DefinedMinimum Weight:

 

Seismic
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NoAdvanced seismic analysis:
NoStaged pseudostatic analysis:

 

Material Properties

Protective CoverGeocompositeGCLRecompacted Liner BaseSmooth LinerTextured LinerMSW and CCRProperty
Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type
1106010013010010074.5Unit Weight [lbs/ft3]
5000050000500Cohesion [psf]
20151525101533Friction Angle [deg]

NoneNoneNoneNoneNoneNoneNoneWater Surface
0000000Ru Value

 

Global Minimums

Method: bishop simplified

1.851520FS
664.775, 2596.141Axis Location:
331.129, 1140.549Left Slip Surface Endpoint:
1629.061, 1455.869Right Slip Surface Endpoint:
9.38667e+009 lb‐ftResisting Moment:
5.06971e+009 lb‐ftDriving Moment:
219287 ft2Total Slice Area:
1297.93 ftSurface Horizontal Width:
168.951 ftSurface Average Height:

 

Method: janbu simplified

1.782020FS
664.775, 2596.141Axis Location:
331.129, 1140.549Left Slip Surface Endpoint:
1629.061, 1455.869Right Slip Surface Endpoint:
5.47571e+006 lbResisting Horizontal Force:
3.07276e+006 lbDriving Horizontal Force:
219287 ft2Total Slice Area:
1297.93 ftSurface Horizontal Width:
168.951 ftSurface Average Height:

 

Global Minimum Coordinates

Method: bishop simplified

YX
1140.55331.129
1096.06375.614
1135.551308.74
1455.871629.06

 

Method: janbu simplified

YX
1140.55331.129
1096.06375.614
1135.551308.74
1455.871629.06

 

Valid / Invalid Surfaces

Method: bishop simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Method: janbu simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.85152
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Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

1602.721602.722884.4802884.482373.211281.7633500MSW and CCR‐455309833.07821
3349.153349.154504.7304504.732139.591155.5920500Protective Cover‐457208.532.150892
3610.493610.494221.404221.41131.12610.914150GCL‐457398.392.048473
4278.134278.136079.2406079.243334.791801.1125500Recompacted Liner Base‐4530861.17.207794
5104.745104.745039.605039.62850.011539.2825500Recompacted Liner Base2.423118024035.30935
5638.855638.855568.0805568.083096.441672.3825500Recompacted Liner Base2.423119909935.30936
5845.685845.685810.105810.11556.81840.828150GCL2.423139670.66.78647
5891.465891.465867.8105867.811034.65558.811100Smooth Liner2.42314182.780.7099798
5899.995899.995864.0805864.081571.27848.638150Geocomposite2.42312094.410.3549899
5934.255934.255873.9605873.962637.951424.7520500Protective Cover2.4231379186.3898110
5969.375969.375870.805870.84312.542329.1933500MSW and CCR2.42313074.250.51502111
6085.326085.326023.7806023.782692.481454.220500Protective Cover2.423149598.28.1506412
6199.956199.956162.2106162.211651.16891.786150Geocomposite2.42312807.390.45281313
6214.946214.946189.9906189.991091.46589.494100Smooth Liner2.42315628.370.90562714
6561.26561.26521.2606521.261747.36943.744150GCL2.423121999233.529815
7213.717213.717169.807169.81921.141037.6150GCL2.423124187133.529816
7866.027866.027818.1407818.142094.861131.43150GCL2.423126374333.529817
8518.328518.328466.4808466.482268.591225.26150GCL2.423128561433.529818
9170.639170.639114.8109114.812442.311319.08150GCL2.423130748633.529819
9822.949822.949763.1509763.152616.031412.91150GCL2.423132935733.529820
10475.210475.210411.5010411.52789.751506.74150GCL2.423135122933.529821
11127.511127.511059.8011059.82963.451600.55150GCL2.423137309733.529822
11779.611779.611707.9011707.93137.141694.36150GCL2.423139496433.529823
12431.812431.812356.2012356.23310.821788.16150GCL2.423141683233.529824
130841308413004.4013004.43484.511881.97150GCL2.423143869933.529825

13736.213736.213652.6013652.63658.21975.78150GCL2.423146056633.529826
14388.414388.414300.8014300.83831.892069.59150GCL2.423148243333.529827
15040.515040.5149490149494005.572163.4150GCL2.423150430033.529828
15692.715692.715597.2015597.24179.262257.2150GCL2.423152616733.529829
16344.916344.916245.4016245.44352.952351.01150GCL2.423154803433.529830
16997.116997.116893.6016893.64526.632444.82150GCL2.423156990133.529831
17649.317649.317541.8017541.84700.322538.63150GCL2.423159176933.529832
18301.418301.418190.1018190.14874.012632.44150GCL2.423161363633.529833
18953.618953.618838.3018838.35047.72726.25150GCL2.423163550333.529834
19605.819605.819486.5019486.55221.382820.05150GCL2.423165737033.529835
202582025820134.7020134.75395.072913.86150GCL2.423167923733.529836

20910.220910.220782.9020782.95568.763007.67150GCL2.423170110433.529837
21562.321562.321431.1021431.15742.443101.47150GCL2.423172297133.529838
22147.622147.622012.8022012.85898.323185.66150GCL2.423174259733.529839
22288.622288.619470.8019470.85217.182817.78150GCL4551239.32.2994740
22112.622112.618254.1018254.17143.973858.4420500Protective Cover4542088.31.9040141
21012.721012.715356.4015356.410472.65656.2133500MSW and CCR4573766035.123942
18979.518979.513851.3013851.39495.115128.2833500MSW and CCR4566628435.123943
16933.716933.712336.7012336.78511.524597.0433500MSW and CCR4559446335.123944
14498.914498.910534.1010534.17340.943964.8233500MSW and CCR4550898835.123945
11880.911880.98595.8808595.886082.24328533500MSW and CCR4541707935.123946
9262.839262.836657.6606657.664823.532605.1733500MSW and CCR4532516935.123947
6644.766644.764719.4104719.413564.831925.3533500MSW and CCR4523325935.123948
4026.714026.712781.1802781.182306.121245.5333500MSW and CCR4514134935.123949
1402.921402.92838.6990838.6991044.66564.21633500MSW and CCR4549237.335.123950

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 1.78202
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Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

1607.361607.362970.4302970.432429.031363.0833500MSW and CCR‐455309833.07821
3353.313353.314566.604566.62162.111213.2920500Protective Cover‐457208.532.150892
3612.683612.684252.0204252.021139.32639.342150GCL‐457398.392.048473
4284.634284.636183.1806183.183383.261898.5525500Recompacted Liner Base‐4530861.17.207794
5104.55104.55036.8605036.862848.731598.625500Recompacted Liner Base2.423118024035.30935
5638.615638.615565.1105565.113095.051736.8225500Recompacted Liner Base2.423119909935.30936
5845.555845.555808.5905808.591556.41873.396150GCL2.423139670.66.78647
5891.385891.385866.8105866.811034.48580.51100Smooth Liner2.42314182.780.7099798
5899.875899.875862.5605862.561570.87881.511150Geocomposite2.42312094.410.3549899
5934.045934.045871.4205871.422637.021479.7920500Protective Cover2.4231379186.3898110
5969.015969.015866.6705866.674309.862418.5333500MSW and CCR2.42313074.250.51502111
6085.096085.096021.1806021.182691.531510.3820500Protective Cover2.423149598.28.1506412
6199.826199.826160.6306160.631650.73926.325150Geocomposite2.42312807.390.45281313
6214.856214.856188.9306188.931091.28612.384100Smooth Liner2.42315628.370.90562714
6561.046561.046519.5606519.561746.91980.298150GCL2.423121999233.529815
7213.537213.537167.9307167.931920.641077.79150GCL2.423124187133.529816
7865.857865.857816.1107816.112094.321175.25150GCL2.423126374333.529817
8518.138518.138464.2708464.2722681272.71150GCL2.423128561433.529818
9170.449170.449112.4609112.462441.671370.17150GCL2.423130748633.529819
9822.729822.729760.6109760.612615.351467.63150GCL2.423132935733.529820
104751047510408.8010408.82789.031565.09150GCL2.423135122933.529821

11127.211127.211056.9011056.92962.681662.54150GCL2.423137309733.529822
11779.411779.411704.9011704.93136.321759.98150GCL2.423139496433.529823
12431.612431.6123530123533309.971857.43150GCL2.423141683233.529824
13083.713083.7130010130013483.611954.87150GCL2.423143869933.529825
13735.913735.9136490136493657.252052.31150GCL2.423146056633.529826
14388.114388.114297.1014297.13830.892149.75150GCL2.423148243333.529827
15040.215040.214945.1014945.14004.532247.19150GCL2.423150430033.529828
15692.415692.415593.2015593.24178.182344.63150GCL2.423152616733.529829
16344.516344.516241.2016241.24351.822442.07150GCL2.423154803433.529830
16996.716996.716889.2016889.24525.462539.51150GCL2.423156990133.529831
17648.917648.917537.3017537.34699.12636.95150GCL2.423159176933.529832
18301.118301.118185.3018185.34872.752734.4150GCL2.423161363633.529833
18953.218953.218833.4018833.45046.392831.84150GCL2.423163550333.529834
19605.419605.419481.4019481.45220.032929.28150GCL2.423165737033.529835
20257.520257.520129.5020129.55393.673026.72150GCL2.423167923733.529836
20909.720909.720777.5020777.55567.313124.16150GCL2.423170110433.529837
21561.921561.921425.5021425.55740.963221.6150GCL2.423172297133.529838
22147.122147.122007.1022007.15896.793309.05150GCL2.423174259733.529839
22278.522278.519366.5019366.55189.242912150GCL4551239.32.2994740
22098.822098.818117.7018117.77094.323981.0620500Protective Cover4542088.31.9040141
20992.520992.515180015180103585812.533500MSW and CCR4573766035.123942
18961.218961.213691.3013691.39391.215269.9833500MSW and CCR4566628435.123943
16917.316917.312193.2012193.28418.384724.0733500MSW and CCR4559446335.123944
14484.814484.810410.4010410.47260.614074.3733500MSW and CCR4550898835.123945
11869.211869.28493.4108493.416015.683375.7633500MSW and CCR4541707935.123946
9253.549253.546576.3806576.384770.752677.1633500MSW and CCR4532516935.123947
6637.916637.914659.3604659.363525.821978.5533500MSW and CCR4523325935.123948
4022.284022.282742.3302742.332280.891279.9533500MSW and CCR4514134935.123949
1400.91400.9821.0980821.0981033.23579.80733500MSW and CCR4549237.335.123950

 

Interslice Data
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001140.55331.1291
001377301107.47364.2072
001498991105.32366.3583
001597961103.27368.4064
002165701096.06375.6145
002632851097.56410.9236
003139011099.05446.2337
003179281099.34453.0198
003181471099.37453.7299
003183601099.38454.08410
003258581099.65460.47411
003269271099.68460.98912
003366791100.02469.13913
003369641100.04469.59214
003372591100.08470.49815
003595891101.5504.02816
003841381102.92537.55717
004109081104.33571.08718
004398981105.75604.61719
004711081107.17638.14720
005045371108.59671.67621
005401871110.01705.20622
005780561111.43738.73623
006181451112.85772.26624
006604531114.27805.79525
007049811115.69839.32526
007517281117.1872.85527
008006951118.52906.38528
008518811119.94939.91529
009052871121.36973.44430
009609121122.781006.9731
001.01876e+0061124.21040.532
001.07882e+0061125.621074.0333
001.14111e+0061127.041107.5634
001.20561e+0061128.461141.0935
001.27233e+0061129.871174.6236
001.34127e+0061131.291208.1537
001.41244e+0061132.711241.6838
001.48582e+0061134.131275.2139
001.56119e+0061135.551308.7440
001.52288e+0061137.851311.0441
001.49546e+0061139.751312.9542
001.15436e+0061174.881348.0743
0084762712101383.1944
005754661245.131418.3245
003444551280.251453.4446
001576901315.371488.5747
0015172.81350.51523.6948
00‐83097.71385.621558.8149
00‐1371211420.741593.9450
0001455.871629.0651

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 1.78202
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001140.55331.1291
001434161107.47364.2072
001558521105.32366.3583
001658741103.27368.4064
002241471096.06375.6145
002731551097.56410.9236
003262621099.05446.2337
003305311099.34453.0198
003307671099.37453.7299
003309931099.38454.08410
003388761099.65460.47411
003399951099.68460.98912
003502481100.02469.13913
003505511100.04469.59214
003508691100.08470.49815
003745391101.5504.02816
004005641102.92537.55717
004289421104.33571.08718
004596731105.75604.61719
004927581107.17638.14720
005281951108.59671.67621
005659871110.01705.20622
006061311111.43738.73623
006486281112.85772.26624
006934781114.27805.79525
007406801115.69839.32526
007902361117.1872.85527
008421441118.52906.38528
008964051119.94939.91529
009530191121.36973.44430
001.01199e+0061122.781006.9731
001.07331e+0061124.21040.532
001.13698e+0061125.621074.0333
001.203e+0061127.041107.5634
001.27138e+0061128.461141.0935
001.34211e+0061129.871174.6236
001.4152e+0061131.291208.1537
001.49063e+0061132.711241.6838
001.56842e+0061134.131275.2139
001.64832e+0061135.551308.7440
001.6105e+0061137.851311.0441
001.58359e+0061139.751312.9542
001.25489e+0061174.881348.0743
0095939512101383.1944
006973091245.131418.3245
004749871280.251453.4446
002954221315.371488.5747
001586141350.51523.6948
0064562.81385.621558.8149
0013268.91420.741593.9450
0001455.871629.0651

 

List Of Coordinates

Block Search Window

YX
1127.73348.839
1059.62348.839
1057.87701.182
1127.73701.182

 

Block Search Window

YX
1186.491220.26
1082.991220.26
1081.921512.21
1186.491512.21

 

External Boundary
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YX
1413.41758.6
1457.21625
1457.21411
1428.21281.2
1113.2240.8
1111.4240.8
1111.3240.8
1111.1240.8
1109.1240.8
1017.16240.8
1017.161728.8
1017.161758.6
1159.21758.6
11611758.6

 

Material Boundary

YX
1113.2240.8
1110257.3

1105.8434.8
1099.6460.7
1102.6472.1
1150.41553.9
11471581.2

1151.81728.8
11611758.6

 

Material Boundary

YX
1111.4240.8
1108.2257.3
1104434.8

1097.8460.7
1100.8472.1
1110.8700
1148.61553.9
1145.21581.4
1149.121728.79
1159.21758.6

 

Material Boundary

YX
1111.3240.8
1108.1257.3
1103.9434.8
1097.7460.7
1100.7472.1
1110.7700
1148.51553.9
1145.11581.4
1148.91728.8

 

Material Boundary

YX
1111.1240.8
1107.9257.3
1103.7434.8
1097.5460.7
1100.5472.1
1110.5700
1148.31553.9
1144.91581.4
1148.71728.8

 

Material Boundary

YX
1109.1240.8
1105.9257.3
1101.7434.8
1095.7460.7
1098.5472.1
1108.5700
1146.31553.9
1142.91581.4
1147.91728.8
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Material Boundary

YX
1108.5700
1110.5700
1110.7700

 

Material Boundary

YX
1017.161728.8
1147.91728.8
1148.71728.8
1148.91728.8
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Slide Analysis Information

CCR Management Plan
 

Project Summary

PBL 4 CCR Block Siesmic.slimFile Name:
7.022Slide Modeler Version:
CCR Management PlanProject Title:
Block with SeismicAnalysis:
Marc LivermanAuthor:
Atlantic Coast ConsultingCompany:
3/39/17Date Created:

Comments
Pine Bluff MSWLF
Co‐Mingled MSW and CCR Ratio 10:1 (by weight)

 

General Settings

Imperial UnitsUnits of Measurement:
secondsTime Units:
feet/secondPermeability Units:
Right to LeftFailure Direction:
StandardData Output:
20Maximum Material Properties:
20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:
 

Analysis Methods Used
Bishop simplified
Janbu simplified

  
50Number of slices:
0.005Tolerance:
50Maximum number of iterations:
YesCheck malpha < 0.2:
3Initial trial value of FS:
YesSteffensen Iteration:

 

Groundwater Analysis

Water SurfacesGroundwater Method:
9.81Pore Fluid Unit Weight [lbs/ft3]:
YesUse negative pore pressure cutoff:
0Maximum negative pore pressure [psf]:
NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo‐random Seed:
randRandom Number Generation Method:

 

Surface Options

Non‐Circular Block SearchSurface Type:
5000Number of Surfaces:
DisabledMultiple Groups:
EnabledPseudo‐Random Surfaces:
DisabledConvex Surfaces Only:
135Left Projection Angle (Start Angle):
135Left Projection Angle (End Angle):
45Right Projection Angle (Start Angle):
45Right Projection Angle (End Angle):
Not DefinedMinimum Elevation:
Not DefinedMinimum Depth:
Not DefinedMinimum Area:
Not DefinedMinimum Weight:

 

Seismic
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NoAdvanced seismic analysis:
NoStaged pseudostatic analysis:

 

Loading

0.12Seismic Load Coefficient (Horizontal):
 

Material Properties

Protective CoverGeocompositeGCLRecompacted Liner BaseSmooth LinerTextured LinerMSW and CCRProperty
Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type
1106010013010010074.5Unit Weight [lbs/ft3]
5000050000500Cohesion [psf]
20151525101533Friction Angle [deg]

NoneNoneNoneNoneNoneNoneNoneWater Surface
0000000Ru Value

 

Global Minimums

Method: bishop simplified

1.210230FS
713.975, 2631.346Axis Location:
339.858, 1143.192Left Slip Surface Endpoint:
1680.028, 1439.159Right Slip Surface Endpoint:
9.54488e+009 lb‐ftResisting Moment:
7.88684e+009 lb‐ftDriving Moment:
239073 ft2Total Slice Area:
1340.17 ftSurface Horizontal Width:
178.39 ftSurface Average Height:

 

Method: janbu simplified

1.154550FS
713.975, 2631.346Axis Location:
339.858, 1143.192Left Slip Surface Endpoint:
1680.028, 1439.159Right Slip Surface Endpoint:
5.52896e+006 lbResisting Horizontal Force:
4.78884e+006 lbDriving Horizontal Force:
239073 ft2Total Slice Area:
1340.17 ftSurface Horizontal Width:
178.39 ftSurface Average Height:

 

Global Minimum Coordinates

Method: bishop simplified

YX
1143.19339.858
1097.06385.991
1139.451380.31
1439.161680.03

 

Method: janbu simplified

YX
1143.19339.858
1097.06385.991
1139.451380.31
1439.161680.03

 

Valid / Invalid Surfaces

Method: bishop simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Method: janbu simplified

5000Number of Valid Surfaces:
0Number of Invalid Surfaces:

 

Slice Data
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Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.21023
Effective  

Vertical Stress  
[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

1747.961747.964663.5804663.583528.562915.6133500MSW and CCR‐456288135.99671
3635.483635.485789.9105789.912607.362154.4320500Protective Cover‐457817.792.150892
3895.363895.365003.0505003.051340.561107.69150GCL‐457978.642.048473
4470.114470.117944.1907944.194204.433474.0825500Recompacted Liner Base‐4526530.25.936794
5145.925145.925045.4305045.432852.732357.1825500Recompacted Liner Base2.4409814960729.07265
5584.815584.815477.2305477.233054.072523.5525500Recompacted Liner Base2.4409816236629.07266
5762.725762.725708.8405708.841529.681263.96150GCL2.4409839395.76.836297
5808.715808.715772.8605772.861017.91841.088100Smooth Liner2.440984119.50.7091928
5817.195817.195762.805762.81544.141275.91150Geocomposite2.440982062.760.3545969
5851.245851.245759.7805759.782596.392145.3720500Protective Cover2.44098373476.3827310
5931.495931.495781.6305781.634254.633515.5533500MSW and CCR2.44098308385.1989911
6092.936092.935998.4205998.422683.252217.1420500Protective Cover2.44098497328.1621912
6433.676433.676373.5206373.521707.781411.12150Geocomposite2.4409815322323.815813
6975.146975.146932.0906932.091222.311009.98100Smooth Liner2.4409822321432.001314
7596.717596.717549.8207549.821331.241099.99100Smooth Liner2.4409824310532.001315
8218.278218.278167.5408167.541440.161189.99100Smooth Liner2.4409826299532.001316
8839.848839.848785.2708785.271549.081279.99100Smooth Liner2.4409828288632.001317
9461.49461.494030940316581369.99100Smooth Liner2.4409830277732.001318
10107.310107.310012.8010012.82682.922216.87150GCL2.4409834880634.510119
10777.610777.610676.8010676.82860.842363.88150GCL2.4409837193734.510120
11447.711447.711340.7011340.73038.732510.87150GCL2.4409839506434.510121
12117.912117.912004.6012004.63216.622657.86150GCL2.4409841819234.510122
127881278812668.5012668.53394.512804.85150GCL2.4409844131934.510123

13458.213458.213332.4013332.43572.42951.84150GCL2.4409846444634.510124
14128.414128.413996.3013996.33750.293098.82150GCL2.4409848757434.510125
14798.514798.514660.2014660.23928.183245.81150GCL2.4409851070134.510126
15468.715468.715324.1015324.14106.073392.8150GCL2.4409853382834.510127
16138.816138.815987.9015987.94283.963539.79150GCL2.4409855695634.510128
168091680916651.8016651.84461.853686.78150GCL2.4409858008334.510129

17479.217479.217315.7017315.74639.743833.77150GCL2.4409860321134.510130
18149.318149.317979.6017979.64817.633980.76150GCL2.4409862633834.510131
18819.518819.518643.5018643.54995.524127.74150GCL2.4409864946534.510132
19489.619489.619307.4019307.45173.44274.72150GCL2.4409867259334.510133
20159.820159.819971.3019971.35351.294421.71150GCL2.4409869572034.510134
20829.920829.920635.2020635.25529.184568.7150GCL2.4409871884734.510135
21500.121500.121299.1021299.15707.074715.69150GCL2.4409874197534.510136
22092.722092.721886.1021886.15864.374845.67150GCL2.4409876242534.510137
22560.522560.522349.6022349.65988.554948.27150GCL2.4409877857034.510138
23026.723026.722811.4022811.46112.295050.52150GCL2.4409879465734.510139
23195.123195.118990.6018990.65088.54204.57150GCL4535683.81.5383140
23048.123048.117401.5017401.56833.645646.5620500Protective Cover4543748.11.8979541
21999.721999.714048.3014048.39623.067951.4333500MSW and CCR4572432332.919742
19735.219735.212574.6012574.68666.027160.6433500MSW and CCR4564976732.919743
172831728310978.7010978.77629.656304.333500MSW and CCR4556903132.919744

14830.814830.89382.8409382.846593.295447.9633500MSW and CCR4548829432.919745
12378.612378.67786.9907786.995556.934591.6333500MSW and CCR4540755832.919746
9926.439926.436191.1306191.134520.573735.333500MSW and CCR4532682232.919747
7474.237474.234595.2704595.273484.212878.9733500MSW and CCR4524608632.919748
4840.734840.732881.4202881.422371.221959.3133500MSW and CCR4515938032.919749
1627.961627.96790.590790.591013.41837.37333500MSW and CCR4553602.532.919750

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 1.15455
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Effective  
Vertical Stress  

[psf]

Base  
Vertical Stress  

[psf]

Effective  
Normal Stress  

[psf]

Pore  
Pressure  
[psf]

Base  
Normal Stress  

[psf]

Shear  
Strength  
[psf]

Shear  
Stress  
[psf]

Base  
Friction Angle  
[degrees]

Base  
Cohesion  

[psf]

Base  
Material

Angle  
of Slice Base  
[degrees]

Weight  
[lbs]

Width  
[ft]

Slice  
Number

1754.771754.775000.5205000.523747.383245.7533500MSW and CCR‐456288135.99671
3640.313640.315948.705948.72665.152308.3920500Protective Cover‐457817.792.150892
3897.813897.815075.8105075.811360.061178150GCL‐457978.642.048473
4477.954477.958238.4108238.414341.643760.4625500Recompacted Liner Base‐4526530.25.936794
5145.735145.735040.4805040.482850.412468.8525500Recompacted Liner Base2.4409814960729.07265
5584.585584.585471.9105471.913051.592643.125500Recompacted Liner Base2.4409816236629.07266
5762.65762.65706.1505706.151528.961324.29150GCL2.4409839395.76.836297
5808.625808.625771.0505771.051017.59881.374100Smooth Liner2.440984119.50.7091928
5817.085817.085760.0905760.091543.411336.81150Geocomposite2.440982062.760.3545969
5851.035851.035755.2305755.232594.732247.420500Protective Cover2.44098373476.3827310
5931.165931.165774.2505774.254249.843680.9533500MSW and CCR2.44098308385.1989911
6092.726092.725993.7205993.722681.532322.5820500Protective Cover2.44098497328.1621912
6433.526433.526370.506370.51706.971478.47150Geocomposite2.4409815322323.815813
6975.056975.056929.9406929.941221.931058.36100Smooth Liner2.4409822321432.001314
7596.617596.617547.4807547.481330.821152.67100Smooth Liner2.4409824310532.001315
8218.148218.148164.9808164.981439.711246.99100Smooth Liner2.4409826299532.001316
8839.78839.78782.5208782.521548.61341.3100Smooth Liner2.4409828288632.001317
9461.269461.269400.0609400.061657.491435.62100Smooth Liner2.4409830277732.001318
10107.110107.110008.1010008.12681.662322.69150GCL2.4409834880634.510119
10777.410777.410671.8010671.82859.492476.71150GCL2.4409837193734.510120
11447.511447.511335.4011335.43037.32630.72150GCL2.4409839506434.510121
12117.612117.611998.9011998.93215.12784.72150GCL2.4409841819234.510122
12787.812787.812662.5012662.53392.912938.73150GCL2.4409844131934.510123
13457.913457.913326.1013326.13570.723092.74150GCL2.4409846444634.510124
14128.114128.113989.7013989.73748.523246.74150GCL2.4409848757434.510125
14798.214798.214653.2014653.23926.333400.74150GCL2.4409851070134.510126
15468.415468.415316.8015316.84104.133554.74150GCL2.4409853382834.510127
16138.516138.515980.4015980.44281.943708.75150GCL2.4409855695634.510128
16808.616808.6166440166444459.743862.75150GCL2.4409858008334.510129
17478.817478.817307.6017307.64637.554016.76150GCL2.4409860321134.510130
18148.918148.917971.1017971.14815.364170.77150GCL2.4409862633834.510131
18819.118819.118634.7018634.74993.164324.77150GCL2.4409864946534.510132
19489.319489.319298.3019298.35170.974478.78150GCL2.4409867259334.510133
20159.420159.419961.9019961.95348.774632.77150GCL2.4409869572034.510134
20829.520829.520625.5020625.55526.584786.78150GCL2.4409871884734.510135
21499.721499.721289.1021289.15704.394940.79150GCL2.4409874197534.510136
22092.322092.321875.8021875.85861.615076.97150GCL2.4409876242534.510137
22560.122560.1223390223395985.735184.47150GCL2.4409877857034.510138
23026.223026.222800.6022800.66109.415291.59150GCL2.4409879465734.510139
23186.123186.118818.6018818.65042.444367.45150GCL4535683.81.5383140
230362303617185.3017185.36754.935850.720500Protective Cover4543748.11.8979541

21982.721982.7137920137929456.638190.7533500MSW and CCR4572432332.919742
19719.919719.912343.8012343.88516.147376.1633500MSW and CCR4564976732.919743
17269.617269.610775.5010775.57497.76494.0533500MSW and CCR4556903132.919744
14819.214819.29207.2509207.256479.265611.9433500MSW and CCR4548829432.919745
12368.812368.87638.9907638.995460.824729.8333500MSW and CCR4540755832.919746
9918.459918.456070.7306070.734442.383847.7233500MSW and CCR4532682232.919747
7468.097468.094502.4804502.483423.952965.6133500MSW and CCR4524608632.919748
4836.554836.552818.2702818.272330.212018.2833500MSW and CCR4515938032.919749
1626.181626.18763.60763.6995.887862.57633500MSW and CCR4553602.532.919750

 

Interslice Data
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001143.19339.8581
002653201107.19375.8542
002814721105.04378.0053
002930331103380.0544
003576451097.06385.9915
004019941098.3415.0636
004491161099.54444.1367
004513691099.83450.9728
004512971099.86451.6819
004514151099.87452.03610
004590651100.15458.41911
004723671100.37463.61812
004824161100.72471.7813
004911781101.73495.59514
004872691103.1527.59715
004830111104.46559.59816
004784051105.82591.59917
004734511107.19623.618
004681481108.55655.60219
004880951110.02690.11220
005093651111.49724.62221
005319571112.97759.13222
005558721114.44793.64223
005811091115.91828.15224
006076691117.38862.66325
006355511118.85897.17326
006647561120.32931.68327
006952841121.79966.19328
007271341123.261000.729
007603061124.731035.2130
007948011126.211069.7231
008306191127.681104.2332
008677601129.151138.7433
009062221130.621173.2534
009460081132.091207.7635
009871161133.561242.2736
001.02955e+0061135.031276.7837
001.07315e+0061136.51311.2938
001.11767e+0061137.971345.839
001.16311e+0061139.451380.3140
001.13609e+0061140.981381.8541
001.10853e+0061142.881383.7542
008210061175.81416.6743
005648991208.721449.5944
003428151241.641482.5145
001547531274.561515.4346
00712.8651307.481548.3547
00‐1193041340.41581.2748
00‐2052991373.321614.1949
00‐2547561406.241647.1150
0001439.161680.0351

 
Global Minimum Query (janbu simplified) ‐ Safety Factor: 1.15455
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Interslice  
Force Angle  
[degrees]

Interslice  
Shear Force  

[lbs]

Interslice  
Normal Force  

[lbs]

Y  
coordinate ‐ Bottom  

[ft]

X  
coordinate  

[ft]

Slice  
Number

0001143.19339.8581
002895781107.19375.8542
003064121105.04378.0053
003182711103380.0544
003863771097.06385.9915
004341281098.3415.0636
004848921099.54444.1367
004875771099.83450.9728
004875351099.86451.6819
004876761099.87452.03610
004960081100.15458.41911
005102111100.37463.61812
005211611100.72471.7813
005316041101.73495.59514
005293161103.1527.59715
005268251104.46559.59816
005241291105.82591.59917
005212301107.19623.618
005181271108.55655.60219
005418991110.02690.11220
005672471111.49724.62221
005941721112.97759.13222
006226731114.44793.64223
006527501115.91828.15224
006844031117.38862.66325
007176321118.85897.17326
007524381120.32931.68327
007888201121.79966.19328
008267781123.261000.729
008663121124.731035.2130
009074221126.211069.7231
009501091127.681104.2332
009943711129.151138.7433
001.04021e+0061130.621173.2534
001.08763e+0061132.091207.7635
001.13662e+0061133.561242.2736
001.18718e+0061135.031276.7837
001.23915e+0061136.51311.2938
001.29221e+0061137.971345.839
001.34636e+0061139.451380.3140
001.31987e+0061140.981381.8541
001.29313e+0061142.881383.7542
001.02248e+0061175.81416.6743
007815691208.721449.5944
005728631241.641482.5145
003963621274.561515.4346
002520661307.481548.3547
001399751340.41581.2748
0060089.51373.321614.1949
0014790.51406.241647.1150
0001439.161680.0351

 

List Of Coordinates

Block Search Window

YX
1127.73348.839
1059.62348.839
1057.87701.182
1127.73701.182

 

Block Search Window

YX
1188.691366.67
1085.191366.67
1084.111658.61
1188.691658.61

 

External Boundary
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YX
1413.41758.6
1457.21625
1457.21411
1428.21281.2
1113.2240.8
1111.4240.8
1111.3240.8
1111.1240.8
1109.1240.8
1017.16240.8
1017.161728.8
1017.161758.6
1159.21758.6
11611758.6

 

Material Boundary

YX
1113.2240.8
1110257.3

1105.8434.8
1099.6460.7
1102.6472.1
1150.41553.9
11471581.2

1151.81728.8
11611758.6

 

Material Boundary

YX
1111.4240.8
1108.2257.3
1104434.8

1097.8460.7
1100.8472.1
1110.8700
1148.61553.9
1145.21581.4
1149.121728.79
1159.21758.6

 

Material Boundary

YX
1111.3240.8
1108.1257.3
1103.9434.8
1097.7460.7
1100.7472.1
1110.7700
1148.51553.9
1145.11581.4
1148.91728.8

 

Material Boundary

YX
1111.1240.8
1107.9257.3
1103.7434.8
1097.5460.7
1100.5472.1
1110.5700
1148.31553.9
1144.91581.4
1148.71728.8

 

Material Boundary

YX
1109.1240.8
1105.9257.3
1101.7434.8
1095.7460.7
1098.5472.1
1108.5700
1146.31553.9
1142.91581.4
1147.91728.8
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Material Boundary

YX
1108.5700
1110.5700
1110.7700

 

Material Boundary

YX
1017.161728.8
1147.91728.8
1148.71728.8
1148.91728.8

 

CCR Management Plan                 : Page 8 of 8
SLIDEINTERPRET 7.022

PBL 4 CCR Block Siesmic.slim Atlantic Coast Consulting   3/39/17



1 

2 

3 

4 

 

Liner System Analysis 
  
 

 

Design Calculations Notebook 

IN THIS SECTION: 

A. HELP Model Analysis 

B. Liner Filter Fabric Analysis 

C. Base Liner Geocomposite Analysis 

 

 



 

Section 2 

A. Help Model Analysis 
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Project Name: Pine Bluff CCR Management By:   JLY    Date: 03/24/17 

Subject: Leachate Generation Analysis Chkd:   RB   Date:  04/03/17 

______________________________________________________________________________ 

 
OBJECTIVE:  

Verify the performance of the leachate collection layer as shown on the Pine Bluff Solid Waste 

Management Facility D&O Plans. The original design calculations, as prepared by Jordan, 

Jones and Goulding, Inc and dated December 2000, will be analyzed with the addition of Coal 

Combustion Residuals (CCR) to the waste mass using the Hydrologic Evaluation of Landfill 

Performance (HELP) Model Version 3.07.   

    

METHODOLOGY:   

Using the HELP Model, evaluate the leachate collection/protective cover and liner systems with 

different fill heights to verify that they meet the design guidelines. Each of the scenarios 

described below cannot result in more than 30 centimeters (12 inches) of head on top of the 

HDPE liner.   

 

INPUT DATA:  

 The daily precipitation, temperature, and solar radiation data was synthetically 

generated in HELP using the coefficients for Atlanta, Georgia, and the mean monthly 

precipitation and temperature for Atlanta, Georgia. The peak daily rainfall from the 

synthetically generated record was adjusted to match the 25-year 24-hour storm 

event precipitation for Cherokee County, Georgia (i.e., 6.90 inches) for simulation 

terms longer than one year. 

 

 The initial waste placement (12 feet) and the 4 lifts of waste (48 feet) scenarios were 

modeled using simulation terms of 1 year and 10 years, respectively. The 6 lifts of 

waste (72 feet) and final waste height scenarios (339 feet) were modeled with a 

simulation term of 50 years. 

 

 All calculations were performed for a unit acre area. 

 

 The base liner slope was set at 2% with a drainage length of 600 feet (Phase 1).  

 

 The material properties of each layer used in the analysis was based on the 

anticipated and/or the required material. Tables 1, 2, 4, and 6 of the HELP User’s 

manual provide default values used. Default values were utilized for all layers except 

for the following conditions: 

 

o Parameters for the drainage geocomposite used in the leachate collection 

system are based on design calculations as performed in Section 2C of this 

report. 
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o Saturated hydraulic conductivity of MSW waste materials was assumed to 

vary with height. This is based on research as presented in “Estimating the 

Hydraulic Conductivity of Landfilled Municipal Solid Waste Using Borehole 

Permeameter Test” by J. Pradeep, J. Powell, T. G. Townsend, and D. Reinhart 

dated 2006. For the MSW waste, the model results presented in these 

calculations assume default hydraulic conductivity for waste heights less than 

50’ and 10-4 cm/sec hydraulic conductivity for waste heights of 50’ and more. 

o The saturated hydraulic conductivity of the CCR was assumed to be 5x10-5 

cm/sec based on the default saturated hydraulic conductivity of High-Density 

Electric Plant Coal Bottom Ash shown in Table 4 of the HELP user manual. 

Assuming an estimated maximum MSW to CCR ratio by weight of 10:1, and 

unit weights of 70 lb/ft3 and 115 lb/ft3 of MSW and CCR, respectively, the 

estimated MSW to CCR ratio by height is 15:1. Therefore, the hydraulic 

conductivity of the CCR is negligible.  

 

 Bare ground conditions were assumed in each scenario. 

 The soil modeled for use as intermediate cover and site soils was HELP soil material 

#12. The hydraulic conductivity of the soil was adjusted to 10-4 cm/sec based on 

Geotechnical Soil Boring Investigation performed by ACC for the Pine Bluff MSW 

Landfill.  

 The 12’ waste height scenario assumed no runoff with 3% top slopes. The 48’ and 

72’ waste height scenarios were modeled with 25% runoff with 3% top slopes. The 

final waste height scenario was modeled with 99% runoff with 33% top slopes. 

 Default SCS curve numbers were utilized based on the ground conditions. 

 Recirculation was modeled for scenarios with waste depths greater than 15 feet. 

Based on the original design calculations, the 48’ and 72’ scenarios were modeled 

with 50% recirculation and the final waste height, was modeled with 80% 

recirculation. 

 Based on the original design calculations, base liner option 3 and leachate 

collection/protective cover system option 3 were utilized for all scenarios.  

 Geomembrane in the base liner was assumed to be installed with good placement, a 

pinhole density of 1 hole per acre and installation defect density of 1 holes per acre. 

These assumptions will result in modeling that assumes the worst case for the peak 

daily head on the base liner. 
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The leachate collection/protective cover and base liner systems modeled are described as 

follows from top to bottom: 

 

Leachate Collection/Protective Cover System Option 3: 

 

24 inches of site soils 

Double Sided Drainage Geocomposite 

 

Base Liner System Option 3: 

 

60-Mil HDPE Textured Liner 

Geosynthetic Clay Liner 

24 inches of 1x10-4 cm/sec compacted soil 

 

RESULTS:   

A summary of the scenarios modeled are presented in Table 2A-1. The maximum annual 

average leachate generation rate occurs in the 48 feet of waste scenario modeled with 25% 

runoff and 50% recirculation. The maximum peak head on the base liner occur in the 339 feet 

of waste scenario modeled with 99% runoff and 80% recirculation. 

  

CONCLUSION: 

 

Each of the scenarios modeled meet the design guidelines. Therefore, the leachate 

collection/protective cover system and liner system will provide for sufficient leachate 

collection.  
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Table 2A – 1 

Results Summary 

 

 

 

 

 



File Name Scenario

Maximum 
Base Liner 

Head per Peak 
Daily Value 

(inches)

Annual 
Average 
Leachate 

Generation 
Rate 

(CF/Ac/Yr)

Annual 
Average 
Leachate 

Generation 
Rate 

(Gal/Ac/Day)

Recirculated 
Leachate 

(CF/Ac/Yr)

Recirculated 
Leachate 

(Gal/Ac/Day)

Peak Daily 
Leachate 

Generation 
Rate 

(CF/Ac/Day)

Base 
Liner 

Option

Waste 
Depth 

(ft) Runoff (%)
Recirculation 

(%)

Simulation 
Term
(yrs)

PBCCR_1.out 1 1 12 0 0 1 0.087 37,057 759 ‐ ‐ 672
PBCCR_2.out 2 1 48 25 50 10 0.125 ‐ ‐ 38,832 796 ‐
PBCCR_3.out 3 1 72 25 50 50 0.084 ‐ ‐ 29,854 612 ‐
PBCCR_4.out 4 1 339 99 80 50 0.353 ‐ ‐ 6,892 141 ‐

Pine Bluff CCR Management
HELP Model Analysis ‐ Summary

Table 2A‐1

Description
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LCS Option 3/Liner System Option 3 

with 12’ Lift of Waste  

 

 

 

 

 

 

 

 



PBCCR_1.OUT
� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\HELP3\PRECIP.D4                                
 TEMPERATURE DATA FILE:      C:\HELP3\TEMP.D7                                  
 SOLAR RADIATION DATA FILE:  C:\HELP3\SOLAR.D13                                
 EVAPOTRANSPIRATION DATA:    C:\HELP3\EVAP.D11                                 
 SOIL AND DESIGN DATA FILE:  C:\HELP3\PBCCR_1.D10                              
 OUTPUT DATA FILE:           C:\HELP3\PBCCR_1.OUT                              

 TIME:  11:18     DATE:   4/ 4/2017

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

      TITLE:  PINE BLUFF CCR - 1 LIFT OF WASTE                            

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

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

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3189 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  2
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    144.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3166 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  3
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3800 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  4
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1383 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   22.7000008000     CM/SEC
            SLOPE                       =      2.00   PERCENT
            DRAINAGE LENGTH             =    600.0    FEET

 
                                    LAYER  5
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     

 
                                    LAYER  6
                                    --------
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                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC

 

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

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #12 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF  3.% AND
                   A SLOPE LENGTH OF  200. FEET.

         SCS RUNOFF CURVE NUMBER             =     95.20
         FRACTION OF AREA ALLOWING RUNOFF    =      0.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      6.772  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     12.362  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      3.290  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     58.762  INCHES
         TOTAL INITIAL WATER                 =     58.762  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

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

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ATLANTA               GEORGIA           

              STATION LATITUDE                       =  33.65 DEGREES
              MAXIMUM LEAF AREA INDEX                =   1.00
              START OF GROWING SEASON (JULIAN DATE)  =     77
              END OF GROWING SEASON (JULIAN DATE)    =    316
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   9.10 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  65.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  69.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
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        4.91        4.43        5.91        4.43        4.02        3.41
        4.73        3.41        3.17        2.53        3.43        4.23

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       41.90       44.90       52.50       61.80       69.30       75.80
       78.60       78.20       73.00       62.20       52.00       44.50

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
                     AND STATION LATITUDE  =  33.65 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH    1
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 1.79     4.77     4.50     2.44     3.27     4.87
                            6.08     3.78     4.69     1.39     5.75     6.14
 
     STD. DEVIATIONS        0.00     0.00     0.00     0.00     0.00     0.00
                            0.00     0.00     0.00     0.00     0.00     0.00
 
   RUNOFF
   ------
     TOTALS                 0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
     STD. DEVIATIONS        0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.864    2.500    3.647    2.931    2.997    6.473
                            5.553    5.390    1.954    2.303    1.901    1.718
 
     STD. DEVIATIONS        0.000    0.000    0.000    0.000    0.000    0.000
                            0.000    0.000    0.000    0.000    0.000    0.000
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  4
   ----------------------------------------
     TOTALS                 3.4482   1.2514   0.7555   2.5918   0.0083   0.0018
                            0.0109   0.0000   0.0000   0.0300   0.0969   2.0138
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
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                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

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

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  5
   -------------------------------------
     AVERAGES               0.0259   0.0104   0.0057   0.0201   0.0001   0.0000
                            0.0001   0.0000   0.0000   0.0002   0.0008   0.0151
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH    1
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  49.47    (   0.000)     179576.1     100.00
 
  RUNOFF                          0.000   (  0.0000)          0.00      0.000
 
  EVAPOTRANSPIRATION             39.231   (  0.0000)     142408.73     79.303
 
  LATERAL DRAINAGE COLLECTED     10.20857 (  0.00000)     37057.109   20.63588
    FROM LAYER  4
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.005     0.00000
    LAYER  6
 
  AVERAGE HEAD ON TOP             0.007 (    0.000)
    OF LAYER  5
 
  CHANGE IN WATER STORAGE         0.030   (  0.0000)        110.25      0.061
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH    1
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              2.17          7877.100
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       RUNOFF                                     0.000            0.0000
 
       DRAINAGE COLLECTED FROM LAYER  4           0.18502        671.62500
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00004
 
       AVERAGE HEAD ON TOP OF LAYER  5            0.043
 
       MAXIMUM HEAD ON TOP OF LAYER  5            0.087

       LOCATION OF MAXIMUM HEAD IN LAYER  4
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       SNOW WATER                                 0.89          3231.8435
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3979
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1495
 

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

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

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

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR    1
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            3.8269         0.3189

                       2           45.6377         0.3169

                       3            9.1069         0.3795

                       4            0.0337         0.1346

                       5            0.0000         0.0000

                       6            0.1875         0.7500

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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LCS Option 3/Liner System Option 3                           

with 48’ of Waste and 50 % Recirculation 

 

 

 

 

 

 

 

 

 



PBCCR_2.OUT
� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\HELP3\PRECIP.D4                                
 TEMPERATURE DATA FILE:      C:\HELP3\TEMP.D7                                  
 SOLAR RADIATION DATA FILE:  C:\HELP3\SOLAR.D13                                
 EVAPOTRANSPIRATION DATA:    C:\HELP3\EVAP.D11                                 
 SOIL AND DESIGN DATA FILE:  C:\HELP3\PBCCR_2.D10                              
 OUTPUT DATA FILE:           C:\HELP3\PBCCR_2.OUT                              

 TIME:  11:20     DATE:   4/ 4/2017

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

      TITLE:  PINE BLUFF CCR - 4 LIFT W/ 50% RECIRC                       

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

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

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3129 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  2
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    576.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2992 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC
          NOTE:   50.00 PERCENT OF THE DRAINAGE COLLECTED FROM LAYER # 4
                   IS RECIRCULATED INTO THIS LAYER.

 
                                    LAYER  3
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3721 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  4
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1427 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   15.1999998000     CM/SEC
            SLOPE                       =      2.00   PERCENT
            DRAINAGE LENGTH             =    600.0    FEET
          NOTE:   50.00 PERCENT OF THE DRAINAGE COLLECTED FROM THIS
                   LAYER IS RECIRCULATED INTO LAYER #  2.

 
                                    LAYER  5
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     
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                                    LAYER  6
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC

 

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

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #12 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF  3.% AND
                   A SLOPE LENGTH OF  200. FEET.

         SCS RUNOFF CURVE NUMBER             =     95.20
         FRACTION OF AREA ALLOWING RUNOFF    =     25.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      6.653  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     12.362  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      3.290  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    185.239  INCHES
         TOTAL INITIAL WATER                 =    185.239  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

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

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ATLANTA               GEORGIA           

              STATION LATITUDE                       =  33.65 DEGREES
              MAXIMUM LEAF AREA INDEX                =   1.00
              START OF GROWING SEASON (JULIAN DATE)  =     77
              END OF GROWING SEASON (JULIAN DATE)    =    316
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   9.10 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  65.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  69.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
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                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        4.91        4.43        5.91        4.43        4.02        3.41
        4.73        3.41        3.17        2.53        3.43        4.23

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       41.90       44.90       52.50       61.80       69.30       75.80
       78.60       78.20       73.00       62.20       52.00       44.50

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
                     AND STATION LATITUDE  =  33.65 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   10
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 4.22     4.25     6.02     4.64     4.21     3.78
                            5.26     3.50     4.05     2.56     3.00     4.47
 
     STD. DEVIATIONS        2.37     1.82     2.13     2.93     1.91     1.87
                            2.77     1.44     2.41     1.86     1.72     2.49
 
   RUNOFF
   ------
     TOTALS                 0.378    0.340    0.672    0.374    0.322    0.168
                            0.361    0.222    0.337    0.165    0.186    0.332
 
     STD. DEVIATIONS        0.326    0.287    0.543    0.393    0.263    0.142
                            0.396    0.159    0.286    0.208    0.211    0.341
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.887    2.305    3.423    3.844    3.776    4.585
                            4.586    3.623    2.661    2.036    1.631    1.443
 
     STD. DEVIATIONS        0.308    0.241    0.364    0.906    0.677    1.506
                            1.733    0.863    1.255    0.254    0.170    0.225
 
   LATERAL DRAINAGE RECIRCULATED INTO LAYER  2
   -------------------------------------------
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     TOTALS                 0.5232   0.8438   0.8716   1.1321   1.2224   1.1830
                            1.1670   1.1124   0.8059   0.7077   0.5815   0.5467
 
     STD. DEVIATIONS        0.3390   0.3758   0.2987   0.2263   0.1976   0.1235
                            0.1744   0.2668   0.4107   0.5684   0.4922   0.4525
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  4
   ----------------------------------------
     TOTALS                 0.5232   0.8438   0.8716   1.1321   1.2224   1.1830
                            1.1670   1.1124   0.8059   0.7077   0.5815   0.5467
 
     STD. DEVIATIONS        0.3390   0.3758   0.2987   0.2263   0.1976   0.1235
                            0.1744   0.2668   0.4107   0.5684   0.4922   0.4525
 
   LATERAL DRAINAGE RECIRCULATED FROM LAYER  4
   -------------------------------------------
     TOTALS                 0.5232   0.8438   0.8716   1.1321   1.2224   1.1830
                            1.1670   1.1124   0.8059   0.7077   0.5815   0.5467
 
     STD. DEVIATIONS        0.3390   0.3758   0.2987   0.2263   0.1976   0.1235
                            0.1744   0.2668   0.4107   0.5684   0.4922   0.4525
 
   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

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

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  5
   -------------------------------------
     AVERAGES               0.0118   0.0208   0.0196   0.0263   0.0275   0.0275
                            0.0262   0.0250   0.0187   0.0159   0.0135   0.0123
 
     STD. DEVIATIONS        0.0076   0.0093   0.0067   0.0053   0.0044   0.0029
                            0.0039   0.0060   0.0095   0.0128   0.0114   0.0102
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   10
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  49.97    (   6.061)     181402.0     100.00
 
  RUNOFF                          3.857   (  0.9022)      13999.72      7.718
 
  EVAPOTRANSPIRATION             35.801   (  2.6930)     129956.37     71.640
 
  DRAINAGE RECIRCULATED          10.69756 (  2.73280)     38832.133   21.40668
    INTO LAYER  2
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  LATERAL DRAINAGE COLLECTED     10.69756 (  2.73280)     38832.133   21.40668
    FROM LAYER  4
 
  DRAINAGE RECIRCULATED          10.69756 (  2.73280)     38832.133   21.40668
    FROM LAYER  4
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.012     0.00001
    LAYER  6
 
  AVERAGE HEAD ON TOP             0.020 (    0.005)
    OF LAYER  5
 
  CHANGE IN WATER STORAGE        -0.380   (  3.5491)      -1380.14     -0.761
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   10
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              6.90         25047.000
 
       RUNOFF                                     1.892         6868.9590
 
       DRAINAGE RECIRCULATED INTO LAYER  2        0.09080        329.58936
 
       DRAINAGE COLLECTED FROM LAYER  4           0.09080        329.58936
 
       DRAINAGE RECIRCULATED FROM LAYER  4        0.09080        329.58936
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00005
 
       AVERAGE HEAD ON TOP OF LAYER  5            0.063
 
       MAXIMUM HEAD ON TOP OF LAYER  5            0.125

       LOCATION OF MAXIMUM HEAD IN LAYER  4
             (DISTANCE FROM DRAIN)                5.7 FEET
 
       SNOW WATER                                 3.04         11027.9346
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4449
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1495
 

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

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

 
 ******************************************************************************
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� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   10
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            4.1832         0.3486

                       2          168.0441         0.2917

                       3            9.0002         0.3750

                       4            0.0219         0.0876

                       5            0.0000         0.0000

                       6            0.1875         0.7500

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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A. Help Model Analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

LCS Option 3/Liner System Option 3                           

with 72’ of Waste and 50% Recirculation 

 

 

 

 

 

 

 

 

 

 

 



PBCCR_3.OUT
� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\HELP3\PRECIP.D4                                
 TEMPERATURE DATA FILE:      C:\HELP3\TEMP.D7                                  
 SOLAR RADIATION DATA FILE:  C:\HELP3\SOLAR.D13                                
 EVAPOTRANSPIRATION DATA:    C:\HELP3\EVAP.D11                                 
 SOIL AND DESIGN DATA FILE:  C:\HELP3\PBCCR_3.D10                              
 OUTPUT DATA FILE:           C:\HELP3\PBCCR_3.OUT                              

 TIME:  11:21     DATE:   4/ 4/2017

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

      TITLE:  PINE BLUFF CCR - 6 LIFT W/ 50% RECIRC                       

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

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

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3183 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  2
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =    864.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3004 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC
          NOTE:   50.00 PERCENT OF THE DRAINAGE COLLECTED FROM LAYER # 4
                   IS RECIRCULATED INTO THIS LAYER.

 
                                    LAYER  3
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3420 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  4
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0101 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   14.5000000000     CM/SEC
            SLOPE                       =      2.00   PERCENT
            DRAINAGE LENGTH             =    600.0    FEET
          NOTE:   50.00 PERCENT OF THE DRAINAGE COLLECTED FROM THIS
                   LAYER IS RECIRCULATED INTO LAYER #  2.

 
                                    LAYER  5
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     
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                                    LAYER  6
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC

 

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

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #12 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF  3.% AND
                   A SLOPE LENGTH OF  200. FEET.

         SCS RUNOFF CURVE NUMBER             =     95.20
         FRACTION OF AREA ALLOWING RUNOFF    =     25.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      7.648  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     12.362  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      3.290  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    271.741  INCHES
         TOTAL INITIAL WATER                 =    271.741  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

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

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ATLANTA               GEORGIA           

              STATION LATITUDE                       =  33.65 DEGREES
              MAXIMUM LEAF AREA INDEX                =   1.00
              START OF GROWING SEASON (JULIAN DATE)  =     77
              END OF GROWING SEASON (JULIAN DATE)    =    316
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   9.10 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  65.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  69.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
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                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        4.91        4.43        5.91        4.43        4.02        3.41
        4.73        3.41        3.17        2.53        3.43        4.23

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       41.90       44.90       52.50       61.80       69.30       75.80
       78.60       78.20       73.00       62.20       52.00       44.50

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
                     AND STATION LATITUDE  =  33.65 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   50
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 4.38     4.40     5.69     4.55     4.21     3.57
                            4.95     3.32     3.57     2.47     3.31     3.85
 
     STD. DEVIATIONS        2.22     1.97     2.48     2.29     2.20     1.65
                            2.34     1.79     2.19     1.39     1.75     2.14
 
   RUNOFF
   ------
     TOTALS                 0.376    0.378    0.557    0.378    0.343    0.171
                            0.336    0.202    0.281    0.158    0.270    0.287
 
     STD. DEVIATIONS        0.326    0.315    0.431    0.295    0.283    0.126
                            0.331    0.188    0.281    0.161    0.244    0.301
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.787    2.173    3.457    3.739    3.828    4.423
                            4.804    3.397    2.442    1.801    1.487    1.491
 
     STD. DEVIATIONS        0.258    0.335    0.400    0.853    1.057    1.176
                            1.374    1.482    1.245    0.537    0.273    0.229
 
   LATERAL DRAINAGE RECIRCULATED INTO LAYER  2
   -------------------------------------------
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     TOTALS                 0.6354   0.4713   0.4544   0.4506   0.6003   0.6945
                            0.8210   0.8628   0.8345   0.8547   0.7717   0.7731
 
     STD. DEVIATIONS        0.2542   0.2514   0.3013   0.2970   0.3317   0.3527
                            0.3090   0.2865   0.2708   0.2623   0.2785   0.2541
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  4
   ----------------------------------------
     TOTALS                 0.6354   0.4713   0.4544   0.4506   0.6003   0.6945
                            0.8210   0.8628   0.8345   0.8547   0.7717   0.7731
 
     STD. DEVIATIONS        0.2542   0.2514   0.3013   0.2970   0.3317   0.3527
                            0.3090   0.2865   0.2708   0.2623   0.2785   0.2541
 
   LATERAL DRAINAGE RECIRCULATED FROM LAYER  4
   -------------------------------------------
     TOTALS                 0.6354   0.4713   0.4544   0.4506   0.6003   0.6945
                            0.8210   0.8628   0.8345   0.8547   0.7717   0.7731
 
     STD. DEVIATIONS        0.2542   0.2514   0.3013   0.2970   0.3317   0.3527
                            0.3090   0.2865   0.2708   0.2623   0.2785   0.2541
 
   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

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

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  5
   -------------------------------------
     AVERAGES               0.0150   0.0122   0.0107   0.0110   0.0141   0.0169
                            0.0193   0.0203   0.0203   0.0201   0.0188   0.0182
 
     STD. DEVIATIONS        0.0060   0.0065   0.0071   0.0072   0.0078   0.0086
                            0.0073   0.0067   0.0066   0.0062   0.0068   0.0060
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   50
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  48.30    (   6.672)     175321.7     100.00
 
  RUNOFF                          3.737   (  0.9639)      13564.78      7.737
 
  EVAPOTRANSPIRATION             34.829   (  3.6726)     126429.84     72.113
 
  DRAINAGE RECIRCULATED           8.22429 (  2.73967)     29854.172   17.02822
    INTO LAYER  2
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  LATERAL DRAINAGE COLLECTED      8.22429 (  2.73967)     29854.172   17.02822
    FROM LAYER  4
 
  DRAINAGE RECIRCULATED           8.22429 (  2.73967)     29854.172   17.02822
    FROM LAYER  4
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.011     0.00001
    LAYER  6
 
  AVERAGE HEAD ON TOP             0.016 (    0.005)
    OF LAYER  5
 
  CHANGE IN WATER STORAGE         1.507   (  4.9745)       5471.64      3.121
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   50
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              6.90         25047.000
 
       RUNOFF                                     1.903         6908.5410
 
       DRAINAGE RECIRCULATED INTO LAYER  2        0.05877        213.32841
 
       DRAINAGE COLLECTED FROM LAYER  4           0.05877        213.32841
 
       DRAINAGE RECIRCULATED FROM LAYER  4        0.05877        213.32841
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00004
 
       AVERAGE HEAD ON TOP OF LAYER  5            0.043
 
       MAXIMUM HEAD ON TOP OF LAYER  5            0.084

       LOCATION OF MAXIMUM HEAD IN LAYER  4
             (DISTANCE FROM DRAIN)                9.7 FEET
 
       SNOW WATER                                 5.40         19602.5937
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4942
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1495
 

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

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

 
 ******************************************************************************
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� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   50
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            4.5262         0.3772

                       2          333.8882         0.3864

                       3            8.4935         0.3539

                       4            0.0127         0.0510

                       5            0.0000         0.0000

                       6            0.1875         0.7500

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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PBCCR_4.OUT
� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\HELP3\PRECIP.D4                                
 TEMPERATURE DATA FILE:      C:\HELP3\TEMP.D7                                  
 SOLAR RADIATION DATA FILE:  C:\HELP3\SOLAR.D13                                
 EVAPOTRANSPIRATION DATA:    C:\HELP3\EVAP.D11                                 
 SOIL AND DESIGN DATA FILE:  C:\HELP3\PBCCR_4.D10                              
 OUTPUT DATA FILE:           C:\HELP3\PBCCR_4.OUT                              

 TIME:  15:35     DATE:   4/ 4/2017

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

      TITLE:  PINE BLUFF CCR - INTERMEDIATE COVER W/ 80% RECIRCULATION    

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

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

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3235 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  2
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =   4068.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2924 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC
          NOTE:   80.00 PERCENT OF THE DRAINAGE COLLECTED FROM LAYER # 4
                   IS RECIRCULATED INTO THIS LAYER.

 
                                    LAYER  3
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4710 VOL/VOL
            FIELD CAPACITY              =      0.3420 VOL/VOL
            WILTING POINT               =      0.2100 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3420 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC

 
                                    LAYER  4
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2429 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.444700003000     CM/SEC
            SLOPE                       =      2.00   PERCENT
            DRAINAGE LENGTH             =    600.0    FEET
          NOTE:   80.00 PERCENT OF THE DRAINAGE COLLECTED FROM THIS
                   LAYER IS RECIRCULATED INTO LAYER #  2.

 
                                    LAYER  5
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     
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                                    LAYER  6
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E-08 CM/SEC

 

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

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE #12 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF 33.% AND
                   A SLOPE LENGTH OF  200. FEET.

         SCS RUNOFF CURVE NUMBER             =     95.50
         FRACTION OF AREA ALLOWING RUNOFF    =     99.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      7.660  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     12.362  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      3.290  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =   1201.647  INCHES
         TOTAL INITIAL WATER                 =   1201.647  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

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

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ATLANTA               GEORGIA           

              STATION LATITUDE                       =  33.65 DEGREES
              MAXIMUM LEAF AREA INDEX                =   1.00
              START OF GROWING SEASON (JULIAN DATE)  =     77
              END OF GROWING SEASON (JULIAN DATE)    =    316
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   9.10 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  65.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  69.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
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                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        4.91        4.43        5.91        4.43        4.02        3.41
        4.73        3.41        3.17        2.53        3.43        4.23

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       41.90       44.90       52.50       61.80       69.30       75.80
       78.60       78.20       73.00       62.20       52.00       44.50

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ATLANTA             GEORGIA             
                     AND STATION LATITUDE  =  33.65 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   50
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 4.38     4.40     5.69     4.55     4.21     3.57
                            4.95     3.32     3.57     2.47     3.31     3.85
 
     STD. DEVIATIONS        2.22     1.97     2.48     2.29     2.20     1.65
                            2.34     1.79     2.19     1.39     1.75     2.14
 
   RUNOFF
   ------
     TOTALS                 1.578    1.586    2.254    1.548    1.402    0.717
                            1.358    0.843    1.139    0.644    1.100    1.189
 
     STD. DEVIATIONS        1.336    1.283    1.601    1.174    1.129    0.510
                            1.241    0.748    1.118    0.642    0.981    1.210
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.568    1.991    3.257    3.336    3.374    4.039
                            4.044    2.566    2.039    1.578    1.339    1.291
 
     STD. DEVIATIONS        0.216    0.316    0.399    0.894    0.944    1.024
                            1.255    1.138    1.072    0.586    0.272    0.179
 
   LATERAL DRAINAGE RECIRCULATED INTO LAYER  2
   -------------------------------------------
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     TOTALS                 0.1899   0.1564   0.1301   0.0732   0.0705   0.1292
                            0.2006   0.1778   0.1891   0.1984   0.1867   0.1966
 
     STD. DEVIATIONS        0.0435   0.0676   0.0745   0.0633   0.0570   0.0808
                            0.0619   0.0502   0.0392   0.0370   0.0356   0.0381
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  4
   ----------------------------------------
     TOTALS                 0.0475   0.0391   0.0325   0.0183   0.0176   0.0323
                            0.0502   0.0445   0.0473   0.0496   0.0467   0.0492
 
     STD. DEVIATIONS        0.0109   0.0169   0.0186   0.0158   0.0143   0.0202
                            0.0155   0.0126   0.0098   0.0092   0.0089   0.0095
 
   LATERAL DRAINAGE RECIRCULATED FROM LAYER  4
   -------------------------------------------
     TOTALS                 0.1899   0.1564   0.1301   0.0732   0.0705   0.1292
                            0.2006   0.1778   0.1891   0.1984   0.1867   0.1966
 
     STD. DEVIATIONS        0.0435   0.0676   0.0745   0.0633   0.0570   0.0808
                            0.0619   0.0502   0.0392   0.0370   0.0356   0.0381
 
   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

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

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  5
   -------------------------------------
     AVERAGES               0.0912   0.0824   0.0624   0.0363   0.0338   0.0641
                            0.0963   0.0854   0.0938   0.0953   0.0926   0.0944
 
     STD. DEVIATIONS        0.0209   0.0355   0.0358   0.0314   0.0274   0.0401
                            0.0297   0.0241   0.0194   0.0178   0.0177   0.0183
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   50
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  48.30    (   6.672)     175321.7     100.00
 
  RUNOFF                         15.357   (  3.7562)      55745.89     31.796
 
  EVAPOTRANSPIRATION             30.422   (  3.0223)     110430.81     62.988
 
  DRAINAGE RECIRCULATED           1.89861 (  0.42632)      6891.958    3.93103
    INTO LAYER  2
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  LATERAL DRAINAGE COLLECTED      0.47465 (  0.10658)      1722.989    0.98276
    FROM LAYER  4
 
  DRAINAGE RECIRCULATED           1.89861 (  0.42632)      6891.958    3.93103
    FROM LAYER  4
 
  PERCOLATION/LEAKAGE THROUGH     0.00001 (  0.00000)         0.022     0.00001
    LAYER  6
 
  AVERAGE HEAD ON TOP             0.077 (    0.017)
    OF LAYER  5
 
  CHANGE IN WATER STORAGE         2.045   (  1.8282)       7421.73      4.233
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   50
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              6.90         25047.000
 
       RUNOFF                                     5.890        21380.9766
 
       DRAINAGE RECIRCULATED INTO LAYER  2        0.01200         43.55485
 
       DRAINAGE COLLECTED FROM LAYER  4           0.00300         10.88871
 
       DRAINAGE RECIRCULATED FROM LAYER  4        0.01200         43.55485
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00013
 
       AVERAGE HEAD ON TOP OF LAYER  5            0.179
 
       MAXIMUM HEAD ON TOP OF LAYER  5            0.353

       LOCATION OF MAXIMUM HEAD IN LAYER  4
             (DISTANCE FROM DRAIN)                7.3 FEET
 
       SNOW WATER                                 5.40         19602.5937
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4411
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1495
 

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

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

 
 ******************************************************************************
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� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   50
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            4.4926         0.3744

                       2         1290.8691         0.3173

                       3            8.2173         0.3424

                       4            0.1083         0.4333

                       5            0.0000         0.0000

                       6            0.1875         0.7500

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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Project #:            I002-415
Project Name:  Pine Bluff CCR Management By: JLY Date 3/27/2017
Subject: Geocomposite - Fabric Analysis Checked: RB Date 4/3/2017

Base Leachate Collection

OBJECTIVE:

METHODOLOGY:

Step 1: Define Application Filter Requirements

(i)

(ii)

Step 2: Boundary Conditions

(i)

(ii)

Step 3: Soil Retention Requirements

The soil to be retained (i.e., site soils) was presumed to be derived from on-site materials.  The 
particle size distribution tests for on-site soils were performed by Timely Engineering Soil Tests, LLC  
during Soils Analyis for Pine Bluff Landfill Expansion permit number 028-039D(SL).  The results of 
the testing are attached in Attachment 2, and summarized in Table 1.  The average particle size 
distribution of anticipated site soils is shown in Table 1.

Since the flow will only be in a downward direction into the drainage net, a steady flow condition is 
applicable.

Evaluate the performance of the geotextile filter component of the geocomposite within the option 3 leachate 
collection system used in the Pine Bluff MSW Landfill.  The analysis applies to the condition when borrowed soil 
from on-site will be placed over the geotextile filter used in seperation from the geocomposite drainage system. For 
application purposes the geotextile filter is designed to provide permeability for water while also preventing 
clogging of the underlying geocomposite drainage system by soil particles.

This geotextile filter design is based upon the publication "Geotextile Filter Design, Application and Product 
Selection Guide," by Mirafi, See Attachment 1.   The design is a seven step process used to select the appropriate 
geotextile filter.

Drainage material adjacent to the geotextile will consist of an HDPE geonet.  This corresponds to a 
relatively low void volume condition and will not result in sharp contact points as can be expected 
with a regular gravel or rock.

Since the void volume is relatively small a high degree of retention from the filter will be necessary.

Since the geotextile is being used in base liner leachate collection system construction, confining 
pressures will be high.
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Project Name:  Pine Bluff CCR Management By: JLY Date 3/27/2017
Subject: Geocomposite - Fabric Analysis Checked: RB Date 4/3/2017

Base Leachate Collection

Step 4: Geotextile Permeability Requirements

Minimum allowable geotextile permeability = kg ≥ isks

ks= 1.0E-04 cm/s

Hydraulic Gradient, is = 1.5 for landfill leachate collection systems based on Giroud 1988

Therefore, required geotextile permeability:
1.5E-04 cm/s

From Attachment 3, the Permeability for a 8 oz/sy fabric is 0.3 cm/s

Step 5: Anti-Clogging Requirements

Step 6: Survivability Requirements

Step 7: Durability Requirements

Since the geotextile will not be left exposed to sunlight, nor exposed to adverse chemicals, special 
durability requirements do not apply.

Soil d20 is  predominantly greater than 0.002mm and d10 is less than 0.07mm.   A permeability of 
1.0E-04 cm/s is estimated for the soil based on soil testing performed.

The largest opening size that satisfies the AOS criteria will be selected to satisfy this requirement.

Since the application is for subsurface drainage with rounded drainage media, high confining 
stress and heavy compaction, the following criteria are selected for survivability.

Grab strength ≥ 157 lb, Elongation ≥ 50%
Puncture strength ≥ 56 lb, Burst strength ≥ 189 psi, Trapezoidal Tear ≥ 56 lb

From Chart 1, since d20>0.002 mm, and  d10<0.07 mm ; soil is less than 20% clay and more than 

10% silt. Since the application favors retention and Cc = (d30)2/d60xd10 = 1.5, the soil is stable. 
Thus, C'u = d60/d30 = 2.09.

Therefore, the soil is classified as uniformely graded loose soil and O95 < C'ud'50 = 0.27mm
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Base Leachate Collection

Results:

Product Selection-8.0 oz/yd2 nonwoven

Based on opening size, permeability, and survivablility requirements, the Skaps GE-160 geotextile fabric was 
considered as a typical product meeting the selection criteria. Conservatively, the Skaps GE-180 was chosen for 
the leachate collection system. The property sheet from the manufacturer is attached in Attachment 3.

Maximum AOS per ASTM D-4751 = 0.21; OK
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 1070.80 Mass of Wet Sample & Tare, g 494.15
Mass of Dry Sample & Tare, g 905.46 Mass of Dry Sample & Tare, g 492.10
Mass of Tare, g 0.00 Mass of Tare, g 182.24
Moisture Content, % 18.3 Moisture Content, % 0.7

Mass of Total Sample before 1070.80 Mass of Sample used for 90.20
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 89.61
Total Mass of Dry Sample, g 1063.76 % of Total Sample passing #4 sieve 98.9

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 1.18 97.6
2" GRAVEL 0.0 100.0 #20 SAND 2.21 96.4

1.5" 0.0 100.0 #40 4.19 94.3
1" 0.0 100.0 #60 FINE SAND 10.04 87.8

.75" 0.0 100.0 #100 28.31 67.6
.5" FINE GRAVEL 0.0 100.0 #200 FINES 52.51 40.9

.375" 0.00 0.0 100.0 Remarks
#4 COARSE SAND 11.97 1.1 98.9

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 3.3
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 53.3
Specific Gravity (assumed) 2.700 % FINE GRAVEL 1.1 % FINES 40.9
Specific Gravity (tested) % COARSE SAND 1.3 % TOTAL SAMPLE 100.0
Starting time 13:30 % CLAY(<0.005mm) 14.7 % CLAY(<0.002mm) 10.8

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:32 2 31.0 28.7 0.01212 5.0 26.0 12.1 0.99 0.0298 28.4
06/12/13 13:35 5 26.5 28.7 0.01212 5.0 21.5 12.8 0.99 0.0194 23.5
06/12/13 13:45 15 24.0 28.7 0.01212 5.0 19.0 13.2 0.99 0.0114 20.8
06/12/13 14:00 30 21.5 28.7 0.01212 5.0 16.5 13.6 0.99 0.0082 18.0
06/12/13 14:30 60 19.5 28.7 0.01212 5.0 14.5 14.0 0.99 0.0058 15.8
06/12/13 17:40 250 16.0 28.7 0.01212 5.0 11.0 14.6 0.99 0.0029 12.0
06/13/13 13:30 1440 14.0 28.7 0.01212 5.0 9.0 14.9 0.99 0.0012 9.8

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7

Page 1 of 2

SB-3 -

Moisture Content of Material Used for Hydrometer Analysis

PORTION OF SAMPLE RETAINED ON #4 SIEVE

15495/ST-3 20.0-20.5'

I002-264 1308-06-2
Pine Bluff Soil Analysis UD
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
Page 2 of 2

I002-264
Pine Bluff Soil Analysis
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 1053.00 Mass of Wet Sample & Tare, g 400.89
Mass of Dry Sample & Tare, g 962.36 Mass of Dry Sample & Tare, g 400.00
Mass of Tare, g 0.00 Mass of Tare, g 125.60
Moisture Content, % 9.4 Moisture Content, % 0.3

Mass of Total Sample before 1053.00 Mass of Sample used for 104.90
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 104.56
Total Mass of Dry Sample, g 1049.60 % of Total Sample passing #4 sieve 100.0

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 0.05 100.0
2" GRAVEL 0.0 100.0 #20 SAND 0.26 99.8

1.5" 0.0 100.0 #40 0.85 99.2
1" 0.0 100.0 #60 FINE SAND 5.02 95.2

.75" 0.0 100.0 #100 36.99 64.6
.5" FINE GRAVEL 0.0 100.0 #200 FINES 77.66 25.7

.375" 0.0 100.0 Remarks
#4 COARSE SAND 0.00 0.0 100.0

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 0.8
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 73.5
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 25.7
Specific Gravity (tested) % COARSE SAND 0.0 % TOTAL SAMPLE 100.0
Starting time 13:32 % CLAY(<0.005mm) 1.8 % CLAY(<0.002mm) 0.4

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:34 2 17.5 28.7 0.01212 5.0 12.5 14.3 0.99 0.0324 11.8
06/12/13 13:37 5 14.5 28.7 0.01212 5.0 9.5 14.8 0.99 0.0209 9.0
06/12/13 13:47 15 11.0 28.7 0.01212 5.0 6.0 15.4 0.99 0.0123 5.7
06/12/13 14:02 30 8.5 28.7 0.01212 5.0 3.5 15.8 0.99 0.0088 3.3
06/12/13 14:32 60 7.5 28.7 0.01212 5.0 2.5 16.0 0.99 0.0063 2.4
06/12/13 17:42 250 6.0 28.7 0.01212 5.0 1.0 16.2 0.99 0.0031 0.9
06/13/13 13:32 1440 5.0 28.7 0.01212 5.0 0.0 16.4 0.99 0.0013 0.0

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7
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Moisture Content of Material Used for Hydrometer Analysis

PORTION OF SAMPLE RETAINED ON #4 SIEVE

15496/ST-4 33.5-34.5'
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Pine Bluff Soil Analysis UD
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 1041.00 Mass of Wet Sample & Tare, g 348.85
Mass of Dry Sample & Tare, g 712.70 Mass of Dry Sample & Tare, g 344.00
Mass of Tare, g 0.00 Mass of Tare, g 125.75
Moisture Content, % 46.1 Moisture Content, % 2.2

Mass of Total Sample before 1041.00 Mass of Sample used for 90.28
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 88.32
Total Mass of Dry Sample, g 1018.37 % of Total Sample passing #4 sieve 100.0

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 0.98 98.9
2" GRAVEL 0.0 100.0 #20 SAND 2.73 96.9

1.5" 0.0 100.0 #40 4.69 94.7
1" 0.0 100.0 #60 FINE SAND 8.25 90.7

.75" 0.0 100.0 #100 14.63 83.4
.5" FINE GRAVEL 0.0 100.0 #200 FINES 25.04 71.6

.375" 0.0 100.0 Remarks
#4 COARSE SAND 0.00 0.0 100.0

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 4.2
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 23.0
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 71.6
Specific Gravity (tested) % COARSE SAND 1.1 % TOTAL SAMPLE 100.0
Starting time 13:34 % CLAY(<0.005mm) 21.6 % CLAY(<0.002mm) 18.5

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:36 2 35.5 28.7 0.01212 5.0 30.5 11.3 0.99 0.0288 34.2
06/12/13 13:39 5 32.0 28.7 0.01212 5.0 27.0 11.9 0.99 0.0187 30.3
06/12/13 13:49 15 29.0 28.7 0.01212 5.0 24.0 12.4 0.99 0.0110 26.9
06/12/13 14:04 30 26.5 28.7 0.01212 5.0 21.5 12.8 0.99 0.0079 24.1
06/12/13 14:34 60 25.0 28.7 0.01212 5.0 20.0 13.1 0.99 0.0057 22.4
06/12/13 17:44 250 22.0 28.7 0.01212 5.0 17.0 13.6 0.99 0.0028 19.1
06/13/13 13:34 1440 21.0 28.7 0.01212 5.0 16.0 13.7 0.99 0.0012 17.9

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7

Page 1 of 2

15497/ST-5 10.5-11.5'

I002-264 1308-06-2
Pine Bluff Soil Analysis UD
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Moisture Content of Material Used for Hydrometer Analysis

PORTION OF SAMPLE RETAINED ON #4 SIEVE
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
Page 2 of 2
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 994.20 Mass of Wet Sample & Tare, g 418.08
Mass of Dry Sample & Tare, g 801.20 Mass of Dry Sample & Tare, g 415.30
Mass of Tare, g 0.00 Mass of Tare, g 125.90
Moisture Content, % 24.1 Moisture Content, % 1.0

Mass of Total Sample before 994.20 Mass of Sample used for 100.44
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 99.48
Total Mass of Dry Sample, g 984.74 % of Total Sample passing #4 sieve 100.0

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 0.00 100.0
2" GRAVEL 0.0 100.0 #20 SAND 0.02 100.0

1.5" 0.0 100.0 #40 0.17 99.8
1" 0.0 100.0 #60 FINE SAND 2.29 97.7

.75" 0.0 100.0 #100 12.87 87.1
.5" FINE GRAVEL 0.0 100.0 #200 FINES 51.03 48.7

.375" 0.0 100.0 Remarks
#4 COARSE SAND 0.00 0.0 100.0

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 0.2
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 51.1
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 48.7
Specific Gravity (tested) % COARSE SAND 0.0 % TOTAL SAMPLE 100.0
Starting time 13:36 % CLAY(<0.005mm) 5.3 % CLAY(<0.002mm) 1.6

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:38 2 31.0 28.7 0.01212 5.0 26.0 12.1 0.99 0.0298 25.9
06/12/13 13:41 5 25.0 28.7 0.01212 5.0 20.0 13.1 0.99 0.0196 19.9
06/12/13 13:51 15 18.0 28.7 0.01212 5.0 13.0 14.2 0.99 0.0118 12.9
06/12/13 14:06 30 15.0 28.7 0.01212 5.0 10.0 14.7 0.99 0.0085 10.0
06/12/13 14:36 60 12.0 28.7 0.01212 5.0 7.0 15.2 0.99 0.0061 7.0
06/12/13 17:46 250 7.5 28.7 0.01212 5.0 2.5 16.0 0.99 0.0031 2.5
06/13/13 13:36 1440 6.0 28.7 0.01212 5.0 1.0 16.2 0.99 0.0013 1.0

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7

Page 1 of 2

15498/ST-6 18.5-20.0'

I002-264 1308-06-2
Pine Bluff Soil Analysis UD
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Moisture Content of Material Used for Hydrometer Analysis

PORTION OF SAMPLE RETAINED ON #4 SIEVE
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
Page 2 of 2
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Pine Bluff Soil Analysis
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 1106.00 Mass of Wet Sample & Tare, g 546.45
Mass of Dry Sample & Tare, g 970.52 Mass of Dry Sample & Tare, g 545.00
Mass of Tare, g 0.00 Mass of Tare, g 178.44
Moisture Content, % 14.0 Moisture Content, % 0.4

Mass of Total Sample before 1106.00 Mass of Sample used for 104.23
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 103.82
Total Mass of Dry Sample, g 1101.64 % of Total Sample passing #4 sieve 99.9

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 0.67 99.3
2" GRAVEL 0.0 100.0 #20 SAND 0.99 99.0

1.5" 0.0 100.0 #40 1.75 98.2
1" 0.0 100.0 #60 FINE SAND 14.38 86.1

.75" 0.0 100.0 #100 53.24 48.7
.5" FINE GRAVEL 0.0 100.0 #200 FINES 85.64 17.5

.375" 0.00 0.0 100.0 Remarks
#4 COARSE SAND 1.02 0.1 99.9

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 1.0
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 80.7
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.1 % FINES 17.5
Specific Gravity (tested) % COARSE SAND 0.6 % TOTAL SAMPLE 100.0
Starting time 13:38 % CLAY(<0.005mm) 0.9 % CLAY(<0.002mm) 0.0

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:40 2 12.0 28.7 0.01212 5.0 7.0 15.2 0.99 0.0334 6.7
06/12/13 13:43 5 10.0 28.7 0.01212 5.0 5.0 15.6 0.99 0.0214 4.8
06/12/13 13:53 15 8.5 28.7 0.01212 5.0 3.5 15.8 0.99 0.0124 3.3
06/12/13 14:08 30 7.5 28.7 0.01212 5.0 2.5 16.0 0.99 0.0088 2.4
06/12/13 14:38 60 6.5 28.7 0.01212 5.0 1.5 16.1 0.99 0.0063 1.4
06/12/13 17:48 250 5.0 28.7 0.01212 5.0 0.0 16.4 0.99 0.0031 0.0
06/13/13 13:38 1440 5.0 28.7 0.01212 5.0 0.0 16.4 0.99 0.0013 0.0

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7
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15499/ST-7 28.5-30.0'

I002-264 1308-06-2
Pine Bluff Soil Analysis UD
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Moisture Content of Material Used for Hydrometer Analysis

PORTION OF SAMPLE RETAINED ON #4 SIEVE
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
Page 2 of 2
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 1156.10 Mass of Wet Sample & Tare, g 439.86
Mass of Dry Sample & Tare, g 996.22 Mass of Dry Sample & Tare, g 437.80
Mass of Tare, g 0.00 Mass of Tare, g 127.86
Moisture Content, % 16.0 Moisture Content, % 0.7

Mass of Total Sample before 1156.10 Mass of Sample used for 101.17
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 100.50
Total Mass of Dry Sample, g 1148.47 % of Total Sample passing #4 sieve 100.0

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 0.33 99.7
2" GRAVEL 0.0 100.0 #20 SAND 5.24 94.8

1.5" 0.0 100.0 #40 11.13 88.9
1" 0.0 100.0 #60 FINE SAND 22.38 77.7

.75" 0.0 100.0 #100 50.55 49.7
.5" FINE GRAVEL 0.0 100.0 #200 FINES 72.67 27.7

.375" 0.0 100.0 Remarks
#4 COARSE SAND 0.00 0.0 100.0

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 10.7
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 61.2
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 27.7
Specific Gravity (tested) % COARSE SAND 0.3 % TOTAL SAMPLE 100.0
Starting time 13:40 % CLAY(<0.005mm) 7.2 % CLAY(<0.002mm) 3.8

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:42 2 23.0 28.7 0.01212 5.0 18.0 13.4 0.99 0.0314 17.7
06/12/13 13:45 5 20.0 28.7 0.01212 5.0 15.0 13.9 0.99 0.0202 14.8
06/12/13 13:55 15 17.5 28.7 0.01212 5.0 12.5 14.3 0.99 0.0118 12.3
06/12/13 14:10 30 15.0 28.7 0.01212 5.0 10.0 14.7 0.99 0.0085 9.9
06/12/13 14:40 60 13.5 28.7 0.01212 5.0 8.5 15.0 0.99 0.0061 8.4
06/12/13 17:50 250 10.0 28.7 0.01212 5.0 5.0 15.6 0.99 0.0030 4.9
06/13/13 13:40 1440 8.0 28.7 0.01212 5.0 3.0 15.9 0.99 0.0013 3.0

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7

Page 1 of 2
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Moisture Content of Material Used for Hydrometer Analysis

PORTION OF SAMPLE RETAINED ON #4 SIEVE

15500/ST-8 11.0-12.0'

I002-264 1308-06-2
Pine Bluff Soil Analysis UD

http://www.test-llc.com


TIMELY 1874 Forge Street  Tucker, GA 30084
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ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By RI

SOIL Fax: 770-923-8973 Date 06/11/13

TESTS, LLC Web: www.test-llc.com Checked By

Client Pr. # Lab. PR. #
Pr. Name S. Type
Sample ID Depth/Elev.
Location Add. Info

ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

As-Received Moisture Content
Mass of Wet Sample & Tare, g 951.30 Mass of Wet Sample & Tare, g 391.82
Mass of Dry Sample & Tare, g 794.95 Mass of Dry Sample & Tare, g 390.40
Mass of Tare, g 0.00 Mass of Tare, g 127.68
Moisture Content, % 19.7 Moisture Content, % 0.5

Mass of Total Sample before 951.30 Mass of Sample used for 100.15
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 99.61
Total Mass of Dry Sample, g 946.19 % of Total Sample passing #4 sieve 100.0

SIEVE ANALYSIS

PORTION OF SAMPLE PASSING #4 SIEVE (Hydrometer Backsieve)
Mass of Tare, g 0.00
Sieve Size Sample & Tare, g % RETAINED %PASSING

12" COBBLES 0.0 100.0 Cumulative

3" 0.0 100.0 Sieve Size Mass retained, g % PASSING

2.5" COARSE 0.0 100.0 #10 MEDIUM 0.76 99.2
2" GRAVEL 0.0 100.0 #20 SAND 1.29 98.7

1.5" 0.0 100.0 #40 1.73 98.3
1" 0.0 100.0 #60 FINE SAND 3.06 96.9

.75" 0.0 100.0 #100 11.74 88.2
.5" FINE GRAVEL 0.0 100.0 #200 FINES 48.93 50.9

.375" 0.0 100.0 Remarks
#4 COARSE SAND 0.00 0.0 100.0

HYDROMETER ANALYSIS PARTICLE-SIZE ANALYSIS
Length of Dispersion Period 1 Minute
Mechanical Dispersion Device ID # 61 % COBBLES 0.0 % MEDIUM SAND 1.0
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 47.4
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 50.9
Specific Gravity (tested) % COARSE SAND 0.8 % TOTAL SAMPLE 100.0
Starting time 13:42 % CLAY(<0.005mm) 1.5 % CLAY(<0.002mm) 0.0

Date Time Testing time Reading Temp K Composite Actual Effective a Particle Percent
(min) (oC) Correction Reading Depth (cm) Diam. (mm) Passing

06/12/13 13:44 2 29.0 28.7 0.01212 5.0 24.0 12.4 0.99 0.0302 23.9
06/12/13 13:47 5 19.0 28.7 0.01212 5.0 14.0 14.1 0.99 0.0203 13.9
06/12/13 13:57 15 12.0 28.7 0.01212 5.0 7.0 15.2 0.99 0.0122 7.0
06/12/13 14:12 30 9.5 28.7 0.01212 5.0 4.5 15.6 0.99 0.0087 4.5
06/12/13 14:42 60 7.5 28.7 0.01212 5.0 2.5 16.0 0.99 0.0063 2.5
06/12/13 17:52 250 5.0 28.7 0.01212 5.0 0.0 16.4 0.99 0.0031 0.0
06/13/13 13:42 1440 5.0 28.7 0.01212 5.0 0.0 16.4 0.99 0.0013 0.0

Hydrometer 152H ID # 451190 Oven ID # 12/13/14/15
Sieve Shaker ID # 54/130 Balance ID# 1/6/7
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ASTM D 422/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Soils (with Hydrometer Analysis)

Particle-Size Analysis

Coarse Fine      Coarse        Medium             Fine      Silt or Clay

Boulders Cobbles Gravel Sand      Fines
D10 NA mm

DESCRIPTION D30 NA mm
D60 NA mm
Cu NA
Cc NA

USCS (ASTM D2487; D2488) NA
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SKAPS INDUSTRIES
NON‐WOVEN GEOTEXTILES 
FOR  ENVIRONMENTAL APPLICATION
COMPARATIVE PRODUCT SPECIFICATION CHART

GE140 GE160 GE170 GE180 GE110 GE112 GE114 GE116
4 6 7 8 10 12 14 16

135 203 237 271 339 407 475 542

70 85 90 100 110 120 135 175

1.77 2.16 2.29 2.5 2.79 3.05 3.43 4.45

105 160 200 225 270 330 390 425

0.467 0.711 0.889 1 1.2 1.47 1.73 1.89

Grab Elongation ASTM D 4632 50 50 50 50 50 50 50 50

45 65 75 90 100 125 135 150

0.2 0.29 0.33 0.4 0.44 0.556 0.6 0.667

305 450 540 600 725 900 1045 1200

1.36 2 2.4 2.67 3.22 4 4.65 5.34

Permittivity* ASTM D 4491 2 1.63 1.41 1.26 0.94 0.9 0.64 0.57

Permeability* ASTM D 4491 0.55 0.48 0.46 0.3 0.3 0.3 0.25 0.25

160 125 110 100 75 70 50 45

6518 5080 4470 4074 3055 2544 2037 1833

70 70 70 80 100 100 100 100

0.212 0.212 0.212 0.18 0.15 0.15 0.15 0.15

UV Resistance at 500 hrs ASTM D 4355 70 70 70 70 70 70 70 70

* At the time of manufacturing. Handling may change these properties.

PACKAGING DETAILS
15 x 1350 15 x 900 15 x 780 15 x 690 15 x 570 15 x 480 15 x 390 15 x 360
2250 1500 1300 1150 950 800 650 600
620 620 620 620 620 620 620 620

This information is provided for reference purposes only and is not intended as a warranty or guarantee. SKAPS assumes no liability in connection with the use of

 this information.

Thickness*

Trapezoid Tear Strength

mm

kN

gpm/ft2

l/min/m2

Square Yards/Roll
Estimated Roll Weight (lbs)

Water Flow*

AOS*

ASTM D 4491

ASTM D 4751
US Sieve 

cm/sec

Roll Dimension (ft)

mm
% 

lbs

CBR Puncture Resistance ASTM D 6241
lbs
kN

sec‐1

ASTM D 4533

mils

Grab Tensile ASTM D 4632
lbs
kN
%

ASTM D 5199

335 Athena Drive,
Athens, GA 30601

Ph: (706)‐354‐3700
Fax: (706)‐354‐3737

Email: contact@skaps.com

PROPERTY
TEST 

METHOD
UNIT

M.A.R.V. (Minimum Average Roll Value)

Weight ASTM D 5261
oz/yd2

g/m2

jyoung
Text Box
Attachment 3
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Project # I002-415
Project Name: Pine Bluff CCR Management By: JLY Date: 3/23/2017
Subject: Base Liner Geocomposite Analysis Chk'd: RB Date: 4/3/2017

OBJECTIVE:

METHODOLOGY:

Input Parameters

L= 600 (ft) Max horizontal drainage length of slope
β= 2 % slope, or

0.02 radians, or
1.15 degrees

λMSW= 70 lb/ft3

λCCR= 115 lb/ft3

λMSW/CCR= 74.5 lb/ft3 (When MSW to CCR ratio by weight is at maximum 10:1)
HELP Model Analysis Results

Stage

Total Thickness 
of solid waste, 

tWASTE (ft)

Peak 
impringement 
rate into the 

LCRS drainage 
layer, qi (ft/sec)

I - Initial Operation 12 1.95E-07
II - Active Operation 48 8.71E-08
II - Active Operation 72 5.74E-08

III - Intermediate Cover 339 4.60E-09

Reduction Factors & Factor of Safety

Chemical Clogging Reduction Factor Biological Clogging Reduction Factor Creep Reduction Factor
Stage RFcc GRI-GC8 RFbc GRE-GC8 RFcr GSE
I - Initial Operation 1.2 1.1 1.12
II - Active Operation 1.5 1.2 1.12
II - Active Operation 1.5 1.2 1.12
III - Intermediate Cover 2 1.3 1.16

Overall Factor of Safety (Narejo and Richardson 2003)

Stage FSD

I - Initial Operation 2
II - Active Operation 3
III - Intermediate Cover 4

Solution

Normal Stess

Stage (ft2/sec) (m2/sec)
I - Initial Operation 858 5.85E-03 5.44E-04
II - Active Operation 3540 2.61E-03 2.43E-04
II - Active Operation 5328 1.72E-03 1.60E-04
III - Intermediate Cover 25220 1.38E-04 1.28E-05
*Note: The initial 8 ft of waste is MSW only.

Allowable transmissivity of LCRS Specified minimum  100-hour transmissivity of LCRS
θallow=θreq*FSD

Stage (ft2/sec) (ft2/sec) (m2/sec)
I - Initial Operation 1.17E-02 1.73E-02 1.61E-03
II - Active Operation 7.84E-03 1.58E-02 1.47E-03
II - Active Operation 5.16E-03 1.04E-02 9.67E-04
III - Intermediate Cover 5.52E-04 1.66E-03 1.55E-04

Evaluate the transmissivity of the geocomposite specified in the leachate collection system.

The leachate collection system is evaluated per the HELP model analysis of the site geometry as well as the attached  April 
2005 GFR article by Thiel, Narejo and Richardson.  The evaluation for the geocomposite takes into account several 
reduction factors as recommended in the article.

θ100=θallow*RFcr*RFcc*RFbc

Design required transmissivity of LCRS
θreq=(qi*L)/sinβ

σ=λMSW/CCR*tWASTE (lb/ft2)

݊݃݅ݏ݁݀ߠ ൌ
݅ݍ ∗  ܮ
sin ߚ



Project # I002-415
Project Name: Pine Bluff CCR Management By: JLY Date: 3/23/2017
Subject: Base Liner Geocomposite Analysis Chk'd: RB Date: 4/3/2017

Published 100-hour transmissivity of GSE 270 Mil PermiNet HL (Figure A-14)
Normal Stess

θ100

Stage (ft2/sec) (m2/sec)
I - Initial Operation 858 2.48E-02 2.30E-03
II - Active Operation 3,540 2.26E-02 2.10E-03
II - Active Operation 5,328 2.15E-02 2.00E-03

III - Intermediate Cover 25,220 3.28E-04 3.05E-05

CONCLUSION:

Published 100-hour

Stage θ100 (ft
2/sec) (ft2/sec) (m2/sec)

I - Initial Operation 2.48E-02 1.67E-02 1.56E-03
II - Active Operation 2.26E-02 1.12E-02 1.04E-03
II - Active Operation 2.15E-02 1.07E-02 9.92E-04
III - Intermediate Cover - 3.28E-04 3.05E-05

*Based on the current D&O Plans, the minimum specified transmissivity of the geocomposite under the total load of 

the landfill is  3.05x10
-5

. 

*Use GSE 270 mil PermaNet HL Geocomposite double sided with 8oz. Geotextile (or approved equal).

σ=(λmsw*tmsw)+(λccr*tccr) 

(lb/ft2)

Specified 100-hour transmissivity of LCRS for HELP 
model use

θHELP=θ100/(RFcr*RFcc*RFbc)









Designer’s Forum By Richard Thiel, Dhani Narejo,
and Gregory N. Richardson

Previous GFR articles have described the
methodology for designing a geocomposite
for use in a landfill leachate collection system
(LCS). (See Part 1 of this series—Janu-
ary/February 2005 for a complete GFR bib-
liography of geocomposite-related articles
since 1998.) This article updates the maga-
zine’s series regarding this aspect of design-
ing with geocomposites by expanding the
documented design methodology to account
for the different stages of a landfill life during
operations and post-closure.

Also, the article will review the basic de-
sign equation for head buildup, which for
geocomposites is often referred to as the
“Giroud Equation.” It will be seen that a key
input parameter to this equation, which is
the leachate impingement rate, typically de-
creases over the landfill life. At the same
time, the reduction factors typically increase
over the landfill life due to aging, creep,
chemical precipitation and the like. These
two considerations tend to offset each other.
A logical design can take these factors into
account so that an overly conservative de-
sign does not result. The proposed design
concept is illustrated through the use of a de-
sign example.

Background on
“design” transmissivity
The calculation procedure for the design of
geocomposites used in leachate collection
systems can be performed using Giroud’s
method (Giroud et. al. 2000). The “design”
transmissivity (θdesign)—also referred to in
the literature as “required” transmissivity (θre-

quired)—of relatively low-thickness layers
such as with geonets and geocomposites can
be calculated as:

Equation 1

where θdesign = calculated design trans-
missivity for geocomposites (m3/s per m
width); qi = liquid impingement rate (m/s);
L = horizontal length of slope (m); and β =
slope angle (degrees). Leachate impinge-
ment into the leachate collection layer is
buffered to lesser and greater degrees due
to the thickness of overlying waste and soil

material. A commonly used computer
model that is available for  performing water
balance analyses is the HELP Model
(Schroeder, et al. 1994). Landfill leachate
collection system (LCS) impingement rates
depend on the operational stage of a land-
fill, which can be conveniently broken
down as follows: (i) initial operation stage;
(ii) active operation stage; and (iii) post-
closure stage. Early in the landfill opera-
tion, surface water control may not be well

It is possible to model the landfill
leachate generation in several opera-
tional stages (as few as three and as many
as six) with varying geometry, waste
thickness, cover slopes and cover mate-
rials. Separate HELP analyses can be per-
formed for each operational stage mod-
eled. An example of what a designer
might consider when modeling a land-
fill broken into four stages is presented
below ( Bachus, et. al 2004):
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θdesign =
qi • L

sinβ

Photo 1. Author Richard Thiel holding 35 mm rounded gravel cemented
by leachate chemical precipitation.

• Initial operation stage—Model leachate
flow into the LCS based on a “fluff” layer
of waste being placed in the landfill cell. A
typical waste thickness might be on the
order of 10 ft. The slope might be fairly
flat (~2%) with a 6 inch daily cover layer.
• Active operation stage I—Model leachate
flow into the LCS based on the landfill at
a representative point in time in the land-
fill’s developmental phasing plan. The
waste thickness might be on the order of
half of the final thickness of the waste. The

slope might be fairly flat, with an in-
termediate cover.
• Active operation stage II—Model
leachate flow into the LCS based on the
landfill at final grades with an interme-
diate cover in place and fair vegetation.
• Post-closure stage—Model leachate flow
into the LCS based on the final closure
conditions. The landfill will be at final
grades with a permanent cover in place.
Often this condition is modeled in HELP
as simply the amount of infiltration
through the final cover system. 

established, and relatively thin layers of soil
and waste may allow for a relatively large
portion of the surface water to infiltrate into
the LCS. As filling progresses, the use of
protective soil and surface grading can re-
duce the amount of infiltration into the
waste; thus, decreasing the LCS flow rate. In
the post-closure period, the application of
the final cover system greatly reduces the
amount of infiltration into the waste, and
thus greatly reduces the amount of leachate
entering the LCS.

Pressure
kPa (psf)

48 (1000)

240 (5000)

478 (10,000)

718 (15,000)

Creep Reduction Factor
(RFCR)

1.1

1.2

1.3

1.6

Table 1. Creep reduction factors (RFCR)
for one manufacturer’s biplanar geonet
product line (Narejo and Allen 2004).

Landfill drainage layers: Part 3 of 4
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Allowable and
specified transmissivity
The next step in the design process is to de-
fine an allowable transmissivity (θallow),
which is related to the design transmissivity
(θdesign), by multiplying the design trans-
missivity by an overall factor of safety, FSD.

Equation 2

θallow = θdesign • FSD

The overall drainage factor of safety should
be applied to take into account possible un-
certainties in the selection and determina-
tion of the design parameters. Recommended
values of FSD are typically between 2.0 and
3.0 or greater (Giroud, et al. 2000). For bot-
tom liner LCS systems, a lower FS would be
acceptable in the early stages of the project,
but a higher FS may be desirable for long-
term conditions. The authors will demon-
strate that taking into account the various
stages of landfill development and leachate
generation can work to the advantage of
many designs accounting for appropriate fac-
tors of safety.

Finally, the specified (also referred to as
maximum or ultimate in the literature) trans-
missivity (θspec), which is the value that ap-
pears in the specifications, is obtained by
multiplying the allowable transmissivity by
appropriate reduction factors. These reduc-
tion factors take into account environmen-
tal factors such as biological clogging, chem-
ical clogging and long-term creep of the
geocomposite drainage layer that will de-
crease the in-place capacity of the geocom-

Soil Barrier

Protected Soil Layer

2‘

1‘ – 6“ (min)

6“

Vegetation (Typ)

1

Geocomposite Drainage Layer

3.5 (Typ)

40 Mil Textured PE
Geomembrane
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Figure 2. Design of final cover system.

L cell-floor A = 10m (32 ft)

L cell-floor =

L cell-floor A + L cell-floor B

L cell-floor B = 70m (229 ft)

L sideslope = 30 m (98 ft)Cell Sump

Grading Plan

Geocomposite

Sump

L sideslope

Cross-Section Along Sideslope

Protective Soil

Sump

Waste

L cell-floor B L cell-floor A

cell-floor

Geocomposite

Cross-Section Along Cell-Floor

Figure 1. Simplified schematic of design geometry for example problem.

posite over time. The magnitude of each re-
duction factor (which should be equal to or
greater than 1) should reflect a correction
that provides a best estimate of the antici-
pated reduction. The reduction factors should
not be inflated to a larger value to account for
uncertainty, since this is accounted for in the
overall factor of safety, FS. The specified trans-

missivity is shown in Equation 3 (see also,
test standard GRI-GC8 [2001]):

Equation 3

θspec = θallow•RFCR•RFCC•RFBC

where:
θspec = specified value of transmissivity
for geocomposites or geonet (m2/s), as
tested in accordance with GRI-GC8 and
ASTM D4716;
θallow = minimum allowable transmissivity
of geocomposites or geonet (m2/s);
RFCR = partial reduction factor for long-term
creep (dimensionless);
RFCC = partial reduction factor for chemical
clogging (dimensionless); and
RFBC = partial reduction factor for biologi-
cal clogging (dimensionless).

Additional reduction factors, such as for
particulate clogging, can be incorporated by
the designer if deemed applicable to a given
situation. The specified transmissivity (θspec)
in Equation 3 should be compared with the

0405GFR_18_33.qxd  3/29/05  4:25 PM  Page 23



Double-Sided Geocomposite
Drainage Layer (Typ)

60 Mil Textured HDPE
Geomembrane (Typ)

Subgrade

2‘

2‘

Protective Soil Layer
(k ≥ 1 x 10-4 cm/s)

Compacted Clay Layer
(k ≤ 1 x 10-7 cm/s)

Figure 3. Design of bottom liner system.
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Stage

I

II

III

IV

Description

Initial operation—10 ft. (3 m) waste

Active operation—80 ft. (24 m) waste

Intermediate cover—140 ft. (43 m) waste

Post closure—140 ft. (43 m) waste

Peak LCS in-flow—qi

0.571 in./day = 1.68 x 10-5 cm/s

0.064 in./day = 1.88 x 10-6 cm/s

0.030 in./day = 8.80 x 10-7 cm/s

1.09 x 10-5 in./day = 3.20 x 10-10 cm/s

Table 2. HELP analysis results for LCS design example.

RFCR, accounts for the decrease in transmis-
sivity beyond the first 100 hours experienced 
in the transmissivity test. The quality of the 
geonet core, including its structure, thick-
ness, mass and density can have a significant 
influence on creep reduction factors. Table 
1 presents creep reduction factors for one 
manufacturer’s biplanar geonet. Products 
from other manufacturers can have creep 
factors different from those given here. 

Creep reduction factors should be selected 
on the basis of the expected normal stress in 
the LCS if one is to follow the staged design 
concept presented in this paper. A much 
lower creep reduction factor should be used 
at the initial stage of landfill operation as 
overlying waste thickness is small. A conser-
vative value of creep reduction factors may 
be 2 for the final (closure) stage of landfill 
liner systems with overburden stresses up to 
15,000 pounds per square foot (psf).

LCS geocomposite

design example 

The purpose of this design example is to 
demonstrate how the different stages of a 
landfill life can be taken into account when 
designing a geocomposite for a leachate col-
lection system. The particular case of a “bio-
reactor” landfill, which is especially aggres-
sive on drainage systems, is used. The design 
process involves the following steps:

Step 1. Choose appropriate values for site 
specific design parameters (geometry and 
soil properties).

Step 2. Establish design input flow rate 
(i.e., impingement rate, qi) for each stage of 
landfill life.

Step 3. Solve for the needed design trans-
missivity, θdesign, at different stages of the 

The biological clogging reduction factor 
accounts for the reduction of flow in the 
geonet due to the growth of biological organ-
isms such as fungi or algae, or root penetra-
tion through the overlying soil. GRI-GC8 
recommends using values in the range of 1.1 
to 1.3 for biological clogging in the leachate 
collection system. In the authors’ experience, 
and as suggested in other field literature (e.g., 
Rowe et al. 1997), the reduction factor for 
biological clogging in leachate collection 
systems can either be maintained fairly low 
or be lumped in with the reduction factor for 
chemical precipitation.

Creep reduction factors, RFCR 
Performance transmissivity tests are typi-

cally conducted for up to 100 hours, as re-
quired by GRI test procedure GC8. The 
decrease in transmissivity with time asymp-
totically approaches a stable value within 100 
hours, and usually much sooner than that, 
indicating that much of the initial compres-
sion (and geotextile intrusion) has already 
taken place. The reduction factor for creep, 

100-hour transmissivity value obtained
from a laboratory test. The 100-hour trans-
missivity test value should be equal to or 
higher than the specified value of θspec. A 
description of typical values of reduction 
factors for bottom liner LCSs is given in the 
following paragraphs.

Chemical clogging reduction factor, RFCC 
The designer should evaluate the soils she 

anticipates using in the protective layer of 
the liner system and the materials anticipated 
in the overlying waste, in order to judge the 
risk of chemical clogging. GRI-GC8 recom-
mends using values in the range of 1.5 to 
2.0 for chemical clogging in the leachate 
collection system. A greater reduction factor 
might be appropriate for “bioreactor” landfills 
based on observations of significant leachate 
collection gravel clogging (Figure 1). The 
design example presented in this paper il-
lustrates how a properly designed system can 
accommodate such a large reduction.

Biological clogging reduction factor, RFBC
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landfill life.
Step 4. Establish a specified transmissivity, 

θspec, for each of the stages by selecting an 
appropriate global factor of safety and ap-
propriate reduction factors. For this design 
example, several specified transmissivities 
would be calculated, one for each stage of the 
landfill life. The maximum required trans-
missivity would be specified in the contract 
documents.

Step 5. Develop specifications describ-
ing laboratory testing conditions and 
acceptance criteria. 

Step 1—Establish input parameters
Several of the input parameters are

derived from the geometry of the design. For 
this example, Figure 1 shows a simplified 
design that will be used in selecting these 
geometric input parameters. Figure 2 shows 
the schematic cross section of the liner and 
leachate collection system.

The inputs used in this example are pre-
sented below:
• Slope of cell floor = 4.5% = 2.57 degrees 
• Drainage length on cell floor = 262 ft.
(229 ft. + 33 ft. [70 m + 10 m])
• Side slope angle = 18.43 degrees (ΔS side-
slope = 0.333)
• Drainage length on sideslope = 98 ft. (30 
m)
• Unit weight of waste = 75 pcf (11.8 kN/
m3) (typically ranges from 60 to 90 pcf)
• Thickness of waste = varies depending on 
operating stage

Cover soil properties (daily cover, interim 
cover, final cover):

Daily cover
• Permeability of daily cover = 5 x 10-3 cm/
s (based on type of soil used for
interim cover)
• Thickness of daily cover = 0.5 ft.
(15 cm) (based on anticipated/required
operating procedures)

Interim cover
• Permeability of interim cover = 1 x 10-4 
cm/s (based on type of soil used for interim 
cover)
• Thickness of interim cover = 1 ft.
(30 cm) (based on anticipated/required
operating procedures)

Step 2—Establish design impingement rates

Select the impingement rates, qi, to in-
clude in the various stages of operational life 
and for the final cover design. It is recom-
mended that the designer model the im-
pingement rate for key stages in the operat-
ing life of the landfill. The number of key 
stages will vary depending on site-specific 
landfill conditions such as: (i) interim staging 
and sequencing; (ii) runoff/run-on control 
practices; (iii) use of daily, interim and final 
cover materials; and (iv) thickness of waste 
and other overlying materials. For most sites 
it will likely take 3–6 stages to adequately 
define the operation stages. 

For the leachate collector design example, 
it will be assumed that four stages will pro-
vide an adequate modeling of the landfill 
life. The results for the impingement rate 
for various operational stages for the design 
example have been obtained using HELP 
and are shown for each stage in Table 2. A 
more reliable indicator of stage impingement 
rates can generally be obtained from past 
operational records of the landfill itself or 
neighboring facilities. With over a decade 
of national lined landfill experience on file 
with most state regulators, good regional 
data on leachate generation rates is readily 
available.

Step 3—Solve for design transmissivity
Solve for θdesign for cell floor and side 

slope for each Stage (I–IV). For this example, 
the results of the θdesign solution are:

Stage IA (cell-floor)

Stage IB (side slope)

Results of similar calculations for other 
cases are summarized in Table 3.

Step 4—Establish specified transmissivity values
The specified transmissivity, θspec, is in-

creased above the design transmissivity to 
account for uncertainties (in the form of an 
overall factor of safety) and the long-term 
reduction of the transmissivity of the geo-
composite due to anticipated environmental 

factors (in the form of reduction factors). 
• FSD = The global factor of safety is 
a somewhat arbitrary value selected by
the designer based on the level of uncer-
tainty and relative risk associated with fail-
ure. Typical values suggested for design with 
geocomposites range from 2.0 to 3.0 (Narejo 
and Richardson 2003). Given the higher 
levels of uncertainty associated with long-
term performance of bioreactor systems, and 
the relative importance of having leachate
collection systems that operate well into the 
future, somewhat higher factors of safety may 
be warranted for the different life stages. For 
this design example we have chosen values 
of FSD = 2.0, 3.0, 4.0 and 5.0 for Stages I–IV, 
respectively, as shown in Table 3. These val-
ues reflect advancing degrees of uncertainty 
as time goes forward.
• RFCC = The suggested range for the re-
duction factor for chemical clogging from 
GRI-GC8 is from 1.5 to 2.0 for most leach-
ate collection systems based on the chemical 
makeup of leachate and the length of time 
exposure. While these values might be typical 
for “standard average” landfill conditions, a 
more rigorous and expansive interpretation 
might be appropriate over the lifetime of a 
“bioreactor” landfill. For a very short expo-
sure time, as in Stage I, a low value would 
be appropriate. As exposure time increases, 
the recommended reduction factor would 
be increased. We have chosen values of 1.2, 
1.5, 2.0, and 4.0 for Stages I-IV, respectively, 
as shown on Table 3. This suggests that up to 
half of the flow capacity could be lost due to 
biological clogging during the active life of 
the cell, and 75% of the flow capacity could 
be lost to chemical precipitation during the 
long-term post-closure period.
• RFBC = The suggested range for the reduc-
tion factor for biological clogging from GRI-
GC8 is from 1.1 to 1.3 for leachate collection 
systems. We believe this range is appropriate 
even for bioreactor landfills because the most 
serious clogging condition is probably from 
chemical precipitation rather than a biologi-
cal mechanism.
• RFCR = The creep reduction factor var-
ies with stress and is product-specific. For 
this design example, Table 1 provides data 
for a particular bi-planar product from one 
manufacturer.

Based on the selected reduction factors 
and global factors of safety, the specified 
transmissivities, θspec, can be calculated
as follows:

Designer’s Forum

θdesign =
1.68 x 10-7 m/sec x 80 m

sin2.577˚
= 2.99 x 10-4 m2/sec

θdesign =

1.68 x 10-7 m/sec x 30 m
sin18.435˚

= 1.59 x 10-5 m2/sec
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Description

Initial
Operation

Initial
Operation

Active
Operation

Active
Operation

Intermediate 
Cover

Intermediate 
Cover

Post-Closure

Post-Closure

qi
(cm/sec)

1.68E-05

1.68E-05

1.88E-06

1.88E-06

8.80E-07

8.80E-07

3.20E-10

3.20E-10

θ design
(m2/sec)

2.99E-04

1.59E-05

3.34E-05

1.78E-06

1.56E-05

8.35E-07

5.69E-09

3.04E-10

σ100
(psf)

750 psf

750 psf

6,000 psf

6,000 psf

10,000 psf

10,000 psf

10,500 psf

10,500 psf

RFcc

1.2 

1.2 

1.5 

 1.5 

2.0 

2.0 

4.0 

4.0 

Case

IA

IB

IIA

IIB

IIIA

IIIB

IVA

IVB

RFbc

1.1 

1.1 

1.2 

1.2 

1.3 

1.3 

1.3 

1.3 

FSd

2.0 

2.0 

3.0 

3.0 

4.0 

4.0 

5.0 

5.0

RFcr

1.10            

1.10 

1.25 

1.25 

1.30 

1.30 

1.40

1.40

θspec
(m2/
sec)

8.7E-04

4.6E-05

2.2E-04

1.2E-05

2.1E-04

1.1E-05

2.1E-07

1.1E-08

θ100
(m2/
sec)

9.0E-04

5.0E-04

4.0E-04

3.0E-04

2.0E-04

1.5E-04

2.0E-04

1.5E-04

Ratio
θ100 /θreq

1.0

11  

1.8 

25 

0.95 

13 

966

13,565

Acceptable

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Table 3. Results of calculations for the design example.

Stage IA (floor)
θspec =
2.99 x 10-4 m2/s • 2 • 1.2 • 1.1 • 1.1
  = 8.6 x 10-4 m2/s

Stage IB (side slope)
θspec =
1.59 x 10-5 m2/s • 2 • 1.2 • 1.1 • 1.1
 = 4.6 x 10-5 m2/s

Results of similar computations for all stages 
of the design case are shown in Table 3.

Step 5—Specification development
The specifications should clearly

define the conditions of the laboratory
testing and the criteria that define the
product’s acceptability.

The required laboratory testing condi-
tions include: (i) applied stress; (ii) hydraulic 
gradient; (iii) boundary conditions; and (iv) 
seating time. 

(i) Applied stress—The applied stress used 

in testing should be equal to the maximum 
applied stress anticipated in field condi-
tions.

For the design example:

 σ100 = twaste • γwaste

Stage I: σ100 = 10 ft. • 75 pcf
 = 750 psf (36 kPa)

Stage II: σ100 = 80 ft. • 75 pcf
 = 6000 psf (287 kPa)

Stages III and IV: σ100 = 140 ft. • 75 pcf 
 = 10,500 psf (503 kPa)

(ii) Hydraulic gradient—The hydraulic 
gradient is equal to the sine of the slope angle 
in units of length/length. 

For the design example:

Stages A (cell floor)
Slope angle = 2.57 deg.
—> Gradient = 0.045

Stages B (cell side slope)
Slope angle = 18.43 deg. _
—> Gradient = 0.32

(iii) Boundary conditions—The term 
“boundary conditions” refers to the 
makeup of the overlying and underlying 
materials during testing of the geocom-
posite. The testing procedure should fol-
low the guidelines of GRI-GC8, which 
requires that the boundary conditions 
mimic field conditions. This means that 
site-specific materials shall be used wher-
ever possible. This example assumes that 
the on-site soil anticipated to be used as 
protective soil between the waste and 
the geocomposite will be used above 
the geocomposite, and that a textured 
geomembrane will be used below the 

Designer’s Forum
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geocomposite. Both materials to be used 
in testing should be provided to the labo-
ratory by the engineer or contractor.

(iv) Seating time—Seating time af-
fects the amount of creep and intru-
sion that the geocomposite undergoes 
prior to transmissivity testing, which in 
turn affects the measured transmissivity 
of the product. The laboratory testing 
should follow the guidelines of GRI-
GC8, which requires a seating time of at 
least 100 hours for testing the transmis-
sivity of the geocomposite. A greater 
seating time is acceptable; however, this 
may incur greater testing expense and 
is usually not necessary. As required by 
GRI-GC8, a seating time of 100 hours is 
used in this design example. 

An acceptable product should possess 
a creep reduction factor lower than that 
used in the design, and a 100-hour trans-
missivity value higher than the specified 
value (θspec) for each of the design stages 
as presented in Table 3.

Discussion of results,

conclusions

This third part to the Designer’s Forum se-
ries demonstrates how the different stages 
of a landfill life can be taken into account 
when designing for a leachate collection 
system with geocomposites. Table 3 sum-
marizes the results for the design example. 
The following observations can be drawn 
from this exercise:
• For this design example, the critical 
stages in the design of the geocomposite 
appear to occur right at the beginning of 
cell operations, and towards the end of the 
active cell life. This is probably a typical 
situation for many landfills.
• If the most conservative parameters had 
been used for the reduction factors for all 
stages, even with a modest factor of safety 
of only 2.0, the selected geocomposite 
would have failed the criteria by a very 
large margin.
• The condition on the floor is typically 
more critical than on the side slope. This 
is because the smaller gradient on the floor 
requires more head build-up to pass a cer-
tain amount of flow.
• Table 3 indicates that the sample prod-
uct that was tested for this design passes 

all the criteria, except for the condition 
of Stage III of the landfill life on the 
floor. It only fails that stage just barely, 
however, and the designer could either 
re-visit the arbitrary factor of safety for 
that design stage (a FSD value of 4.0 
is fairly high, whereas a value of 3.8 
would result in a passing criteria), or 
could require a thicker or more robust 
geocomposite product that has a higher 
transmissivity.

The most significant conclusion dem-
onstrated by this exercise is that the use of 
unique reduction factors, and a unique fac-
tor of safety, for each stage of a landfill’s life 
can reduce the conservatism inherent in a 
single calculation. This design approach al-
lows the critical points in a landfill’s life to 
be identified with regard to performance of 
the geocomposite, and focused laboratory 
testing can be performed to address those 
critical conditions.
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OBJECTIVE:  Evaluate the base grade settlement as a result of the change in stress in the subgrade 

soils due to placement of waste in the landfill.  Determine effects of the estimated 

settlement (overall and differential) on the proposed waste containment systems.  

    

METHOD:  The compression of the subgrade soils as a result of placement of waste in the landfill 

and the resulting impact on the landfill liner system was evaluated.  The overall 

settlement is a sum of the primary and secondary settlements of the subgrade.  The 

first step in the evaluation was to review the geometry and soils and waste mass and 

the physical properties of the soils and waste at discreet points along a selected cross 

section and perform a one-dimensional settlement analysis at critical analysis 

locations.  This allows for an estimation of post settlement base grades and the 

resulting tensile stresses in the liner system.   
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DATA:  Design drawings of the liner system and final cover grades of the landfill were used to 

identify a representative cross section for settlement analysis.  The critical section was 

chosen to coincide with Phase 1 that includes the designed highest waste fill grades 

and the cells sump area.  The selected cross section location is shown in Figure 3-1.  

The results of a previous subsurface exploration outlined in the report “Rock Coring 

and Geotechnical Soil Boring Investigation” by Atlantic Coast Consulting, Inc., dated 

May 17, 2013 were used to characterize the subsurface stratigraphy used in this 

analysis.  The geometry of the landfill and subsurface soils along the analyzed cross 

section is shown in Figure 3-2. 

 

   Soil Layer Data: 

The subgrade soil at the site consists of several layers as discussed in the cited report.  

Below the proposed landfill base grades, the compressible layer is the Clayey Sand.  

These calculations assume that the layers beneath it are not affected by the landfill 

loading.  The following subgrade soil material properties were used based on 

experience and the references cited. 
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   Layer 1 – Clayey Sand 

This layer was modeled as an normally consolidated soil due to the lab reported 

liquidity index (between 0 and 0.02). The void ratio was calculated on the 

undisturbed samples.  The Re-Compression Index was calculated based on the 

equation from Nagaraj and Murthy(1985) as shown on the attached. The layer 

was assumed to have a total unit weight of 110 pcf as computed from the 

undisturbed samples.   

 

   The placement of liner soil (unit weight 120 pcf), municipal solid waste (unit weight 

74.5 pcf), and the final cover soil (unit weight 120 psf) were assumed to result in an 

increase in stress in the underlying layers.  The change in stress was estimated at the 

midpoint of each layer, and the resulting change in layer thickness was estimated 

using either elastic or consolidation properties.  The total change in stress for all 

underlying layers was computed at the settlement at the landfill subgrade level.  The 

difference in settlement between two adjacent points was used to compute the change 

in slope and, any induced tensile stresses.    

 

RESULTS:  The output for the spreadsheet computation of the base grade settlement analysis is 

attached.  As indicated, the estimated settlement ranges from 1.58 to 0.07 ft under 

the landfill liner.  Based on this computed settlement, the maximum tensile stress in 

the liner system is anticipated to be 0.00% (which is less than the typically acceptable 

value of 5%), while the overall landfill Leachate Collection System slope towards the 

sump is maintained. 

 

CONCLUSION: The analysis indicates that the proposed landfill geometry is adequately designed to 

accommodate the anticipated base grade settlements. 
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Leachate Collection Pipe Design SDR 17

Determine the required thickness of the HDPE leachate collection pipes 
Pipes are to be placed in the center of the low point of each lined cell.  The 6" perforated pipe will
be covered in 2-1/2 feet of gravel (see detail).

SDR= 17
PE Pipe Material Code= PE 4710

compressive yield, σy = 1150 psi (See Appendix C, Table C.1, 2nd Ed. Handbook of PE Pipe by PPI)
Normal outer Diameter, Bc= 6.625 inches (IPS)
minimum wall thickness, t= 0.39 inches
Average Inner Diameter, Bi= 5.8 inches
mean radius, r= (Bi+2t)/2  = 3.29 inches

Unit Weights

Liner System (gravel) 120 lb/ft3

Final Cover System 120 lb/ft3

MSW Waste 70 lb/ft3

CCR 115 lb/ft3

Combined MSW and CCR 74.5 lb/ft3 (When MSW to CCR ratio by weight is at maximum 10:1)
Total External Pressure 

PT = PS + PL +PI

PT = total pressure

PS = total Static Pressure

PL = total Dynamic pressure

PI= total Internal Pressure

Static Load, Post Closure: PS = PLS + PFC +PMSW+PMSW/CCR= ρLS*DLS + ρFC*DFC + ρMSW*DMSW + ρMSW/CCR*DMSW/CCR 

PLS = Pressure from Liner System = Liner System unit weight, 120 (lb/ft3) * Depth of Liner System, 2.5 ft = 300 lb/ft2

PFC = Pressure from Final Cover = Final Cover unit weight, 120 (lb/ft3) * Depth of Final Cover, 4 ft = 480 lb/ft2

PMSW = Pressure from MSW = MSW unit weight, 70.0 (lb/ft3) * Depth of Stacked MSW, 8 ft = 560 lb/ft1

PMSW/CCR = Pressure from MSW/CCR = MSW/CCR unit weight, 74.5 (lb/ft3) * Depth of Stacked MSW/CCR, 186 ft = 13857 lb/ft2

Ps = 15,197 psf For Full Cell, PT= 15197 psf (PL and PI = 0)

Dynamic Load, Active Operation PL = 3lfWwH3/(2πr5) psf

PL = vertical soil pressure due to live load, psf

Ww = Wheel load, Single truck Load (lbs) (split load between two wheels assume two axles)

H = Vertical depth to pipe crown, ft
lf = impact factor = 2.0 since load is traveling

r = distance from point of load application to pipe crown, ft (See Figure 3-4 on page 203 referenced above)
r = (X2 + H2)

1/2

For empty cell max stess: (Assume directly beneath one wheel)

W = 24,000 lbs
x1 = 0 ft For Wheel load directly above pipe
x2 = 6 ft (width of axle) For Wheel load at the other side of axle
H = 2.5 ft
r1 = 2.5 ft
r2 = 6.50 ft

PL1 = 3,667 psf Due to wheel load directly above point on pipe
PL2 = 31 psf Due to wheel at the other end of the axle

PL= 3,698 psf

Internal Pressure due to Vacuum
PI= 0 psf

For an empty cell, PT = PS + PL + PI = 3,998 psf, or
27.8 psi

(Boussinesq Equation - page 203, Chapter 6, 2nd Edition Handbook of PE Pipe 
by PPI)
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Compressive Ring Thrust Stress

VAF = Vertical Arching Factor

SA = Hoop Thrust Stiffness Ratio

rcent = radius of centroidal axis of pipe, in rcent = 3.29 in

Ms = one-dimensional modulus of soil, psi Ms = 3,234 (Table 3-12, 90%, extrapolated to static load )

E = apparent modulus of elasticity of pipe material, psi E = 22,960 (Table B1.1 & B1.2, 100 yrs, PE4710, 90°F)

A = profile wall average cross sectional area, in
2
/in A = 0.39 in

SA = 1.70

VAF = 0.76

Prd = (VAF)wH

Prd = radial directed earth pressure, psf

w = unit weight of cover, pcf

H = depth of cover, ft

wH = Ps for post closure condition

Prd = 11,577 psf

S = (Prd * Do)/(288 * A)

S = pipe wall compressive stress (psi)

Do = pipe outside diameter (in.)

A = pipe wall thickness (in.)

S = 682.8 psi

Allowable Compressive Stress, psi = 1150

Since 682.8 psi is < 1150 psi; design OK

Design for Wall Crushing (see page 219, Chapter 6, 2nd Edition Handbook of PE Pipe by PPI)

(Equation 3-14)

S= pipe wall compressive stress (psi)
Pt= vertical load applied to the pipe (psf)
Bc= pipe outside diameter (in.)

t= pipe wall thickness (in.)

S= 896.4 psi Since 896.4 psi is < 1150 psi so OK ; FS= 1.3

For burial depth greater than 50', the use of Spangler's modified Iowa formula is impractical since it ignores arching effect. Due to full landfill development depth, CRT 
should include vertical arching factor per McGrath's modification of the Burns and Richard's equations (see pages 226  and 227, Chapter 6, 2nd Edition Handbook of PE 
Pipe by PPI).

S = ୔௧	∗୆ୡ
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Design for Ring Deflection

Use Watkins-Gaube Method per pages 229-231 of Chapter 6, 2nd Edition Handbook of PE Pipe by PPI

RF= Relative stiffness between pipe and soil 

E= Modulus of elasticity of the pipe material, (psi) E= 22,960 (Table B1.1 & B1.2, 100 yrs, PE4710, 90°F)

Es = Secant modulus of soil, (psi)

SDR= standard dimension ratio SDR= 17

Es = Ms * (1+μ)(1-2μ)/(1-μ)

μ = Poisson's Ratio μ = 0.2 (Table 3-13)

Ms = one-dimensional modulus of soil, psi Ms = 3,234 (Table 3-12, 90%, extrapolated to static load )

Es = 2,910.7 psi

Ԑs= soil strain, %

w = unit weight of cover, pcf

H = depth of cover, ft

wH = Ps for post closure condition wH = 15,197 psf

Ԑs= 3.63 %

RF= 6231.0

Using Watkins-Gaube Graph (Figure 3-6)

DF= 1.7

∆X= horizontal deflection or change in diameter, (in)
Di= inside pipe Diameter, (in)

Ԑs= soil strain, %

%∆X/Di= 6.16 % Since 6.16 is < 7.5 OK;  FS= 1.22

Wall Buckling
(Equation 3-15, page 221, Chapter 6, 2nd Edition
Handbook of PE Pipe by PPI)

Pwc= Allowable wall buckling pressure (psf)
SF= Safety Factor; 2
R= Buoyancy reduction factor; R=1-(0.33*Hw/H)

Hw= groundwater height above pipe (ft); 1 ft
H= Cover above pipe (ft), 200.5

B'= elastic support factor; B'=1/(1+4e-0.065H)
E'= modulus of soil reaction for pipe bedding (psf);
E= long-term modulus of elasticity of the pipe material (psf);

SDR= standard dimension ratio of the pipe

R= 1
B'= 1
E'= 3000 psi (Table 3-7, slightly compacted crushed rock)
E= 22,960 psi (Table B1.1 & B1.2, 100 yrs, PE4710, 90°F)

SDR= 17

Pwc= 105.8 psi ≥ 105.5 psi so OK ; FS= 1.0

Conclusion

In cells using 6" SDR 17 leachate collection pipes, maximum waste depth (with MSW to CCR ratio by weight of 10:1) is equal to 194 ft. In 

future Phase 9 cell 23 and Phase 10 cells 24 through 26, the waste depth exceeds 194 ft, therefore, in these cells, the CCR ratio must be 

decreased or 6" SDR 11 leachate collection pipes must be used (See Figure 4-1). The final waste depths in Phase 1, Phase 2 cell 3, and 

Phase 3 cells 6 and 9 also exceeds 194 ft (See Figure 4-2). Future disposal of CCR waste will not be allowed in these cells.

Pwc ൌ
5.65
SF

	 R ∗ Bᇱ ∗ Eᇱ ∗
E

12 SDR െ 1 3
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Leachate Collection Pipe Design SDR 11

Determine the required thickness of the HDPE leachate collection pipes 
Pipes are to be placed in the center of the low point of each lined cell.  The 6" perforated pipe will
be covered in 2-1/2 feet of gravel (see detail).

SDR= 11
PE Pipe Material Code= PE 4710

compressive yield, σy = 1150 psi (See Appendix C, Table C.1, 2nd Ed. Handbook of PE Pipe by PPI)
Normal outer Diameter, Bc= 6.625 inches (IPS)
minimum wall thickness, t= 0.602 inches
Average Inner Diameter, Bi= 5.35 inches
mean radius, r= (Bi+2t)/2  = 3.28 inches

Unit Weights

Liner System (gravel) 120 lb/ft3

Final Cover System 120 lb/ft3

MSW Waste 70 lb/ft3

CCR 115 lb/ft3

Combined MSW and CCR 74.5 lb/ft3 (When MSW to CCR ratio by weight is at maximum 10:1)
Total External Pressure 

PT = PS + PL +PI

PT = total pressure

PS = total Static Pressure

PL = total Dynamic pressure

PI= total Internal Pressure

Static Load, Post Closure: PS = PLS + PFC +PMSW+PMSW/CCR= ρLS*DLS + ρFC*DFC + ρMSW*DMSW + ρMSW/CCR*DMSW/CCR 

PLS = Pressure from Liner System = Liner System unit weight, 120 (lb/ft3) * Depth of Liner System, 2.5 ft = 300 lb/ft2

PFC = Pressure from Final Cover = Final Cover unit weight, 120 (lb/ft3) * Depth of Final Cover, 4 ft = 480 lb/ft2

PMSW = Pressure from MSW = MSW unit weight, 70.0 (lb/ft3) * Depth of MSW, 8 ft = 560 lb/ft3

PMSW/CCR = Pressure from MSW/CCR = MSW/CCR unit weight, 74.5 (lb/ft3) * Depth of MSW/CCR, 331 ft = 24660 lb/ft2

*Note: The initial 8 ft of waste is MSW only.
Ps = 26,000 psf For Full Cell, PT= 25999.5 psf (PL and PI = 0)

Dynamic Load, Active Operation PL = 3lfWwH3/(2πr5) psf

PL = vertical soil pressure due to live load, psf

Ww = Wheel load, Single truck Load (lbs) (split load between two wheels assume two axles)

H = Vertical depth to pipe crown, ft
lf = impact factor = 2.0 since load is traveling

r = distance from point of load application to pipe crown, ft (See Figure 3-4 on page 203 referenced above)
r = (X2 + H2)

1/2

For empty cell max stess: (Assume directly beneath one wheel)

W = 24,000 lbs
x1 = 0 ft For Wheel load directly above pipe
x2 = 6 ft (width of axle) For Wheel load at the other side of axle
H = 2.5 ft
r1 = 2.5 ft
r2 = 6.50 ft

PL1 = 3,667 psf Due to wheel load directly above point on pipe
PL2 = 31 psf Due to wheel at the other end of the axle

PL= 3,698 psf

Internal Pressure due to Vacuum
PI= 0 psf

For an empty cell, PT = PS + PL + PI = 3,998 psf, or
27.8 psi

(Boussinesq Equation - page 203, Chapter 6, 2nd Edition Handbook of PE 
Pipe by PPI)
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Compressive Ring Thrust Stress

VAF = Vertical Arching Factor

SA = Hoop Thrust Stiffness Ratio

rcent = radius of centroidal axis of pipe, in rcent = 3.28 in

Ms = one-dimensional modulus of soil, psi Ms = 4,009 (Table 3-12, 90%, extrapolated to static load )

E = apparent modulus of elasticity of pipe material, psi E = 22,960 (Table B1.1 & B1.2, 100 yrs, PE4710, 90°F)

A = profile wall average cross sectional area, in
2
/in A = 0.602 in

SA = 1.36

VAF = 0.81

Prd = (VAF)wH

Prd = radial directed earth pressure, psf

w = unit weight of cover, pcf

H = depth of cover, ft

wH = Ps for post closure condition

Prd = 21,162 psf

S = (Prd * Do)/(288 * A)

S = pipe wall compressive stress (psi)

Do = pipe outside diameter (in.)

A = pipe wall thickness (in.)

S = 808.6 psi

Allowable Compressive Stress, psi = 1150

Since 808.6 psi is < 1150 psi; design OK

Design for Wall Crushing (see page 219, Chapter 6, 2nd Edition Handbook of PE Pipe by PPI)

(Equation 3-14)

S= pipe wall compressive stress (psi)
Pt= vertical load applied to the pipe (psf)
Bc= pipe outside diameter (in.)

t= pipe wall thickness (in.)

S= 993.5 psi Since 993.5 psi is < 1150 psi so OK ; FS= 1.2

For burial depth greater than 50', the use of Spangler's modified Iowa formula is impractical since it ignores arching effect. Due to full landfill development depth, CRT 
should include vertical arching factor per McGrath's modification of the Burns and Richard's equations (see pages 226  and 227, Chapter 6, 2nd Edition Handbook of 
PE Pipe by PPI).
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Design for Ring Deflection

Use Watkins-Gaube Method per pages 229-231 of Chapter 6, 2nd Edition Handbook of PE Pipe by PPI

RF= Relative stiffness between pipe and soil 

E= Modulus of elasticity of the pipe material, (psi) E= 22,960 (Table B1.1 & B1.2, 100 yrs, PE4710, 90°F)

Es = Secant modulus of soil, (psi)

SDR= standard dimension ratio SDR= 11

Es = Ms * (1+μ)(1-2μ)/(1-μ)

μ = Poisson's Ratio μ = 0.2 (Table 3-13)

Ms = one-dimensional modulus of soil, psi Ms = 4,009 (Table 3-12, 90%, extrapolated to static load )

Es = 3,608.1 psi

Ԑs= soil strain, %

w = unit weight of cover, pcf

H = depth of cover, ft

wH = Ps for post closure condition wH = 26,000 psf

Ԑs= 5.00 %

RF= 1885.7

Using Watkins-Gaube Graph (Figure 3-6)

DF= 1.4

∆X= horizontal deflection or change in diameter, (in)
Di= inside pipe Diameter, (in)

Ԑs= soil strain, %

%∆X/Di= 7.01 % Since 7.01 is < 7.5 OK;  FS= 1.1

Wall Buckling
(Equation 3-15, page 221, Chapter 6, 2nd Edition
Handbook of PE Pipe by PPI)

Pwc= Allowable wall buckling pressure (psf)
SF= Safety Factor; 2
R= Buoyancy reduction factor; R=1-(0.33*Hw/H)

Hw= groundwater height above pipe (ft); 1 ft
H= Cover above pipe (ft), 332.5

B'= elastic support factor; B'=1/(1+4e-0.065H)
E'= modulus of soil reaction for pipe bedding (psf);
E= long-term modulus of elasticity of the pipe material (psf);

SDR= standard dimension ratio of the pipe

R= 1
B'= 1
E'= 3000 psi (Table 3-7, slightly compacted crushed rock)
E= 22,960 psi (Table B1.1 & B1.2, 100 yrs, PE4710, 90°F)

SDR= 11

Pwc= 214.0 psi ≥ 180.6 psi so OK ; FS= 1.2

Pwc ൌ
5.65
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