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Attachment 1: 
Minor Modification Form 
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Attachment 2: 
Help Model Analysis 



Liner System AnalysisHELP Model Analysis 



File Name Scenario

Maximum 
Base Liner 

Head per Peak 
Daily Value 

(inches)

Drainage 
Collected 

From LCS 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)

Geonet Core 
Thickness 
Modeled 
(inches)

Base 
Liner 

Option

Final 
Cover 
Option

Waste 
Depth 

(ft) Runoff (%)
Recirculation 

(%)

Simulation 
Term
(yrs)

rbbrA.out 9 1 - 10 0 - 1 0.050 0.138 59,307 1,215 - - 501 0.30
rbb22A.out 10 1 - 50 25 - 10 0.052 0.070 27,220 558 - - 254 0.30
rbb2A.out 11 1 - 50 100 - 10 0.040 0.055 20,444 419 - - 200 0.30
rbb555.out 12 1 - 130 25 - 50 0.195 0.080 31,788 651 - - 291 0.27

rbb5555.out 13 1 - 130 100 - 50 0.195 0.080 31,788 651 - - 291 0.27
rbb55A.out 14 1 - 210 25 - 50 0.210 0.071 24,205 496 - - 258 0.27
rbb5A.out 15 1 - 210 100 - 50 0.210 0.071 26,478 543 - - 257 0.27

rbb44A.out 16 1 - 270 25 - 50 0.276 0.066 18,520 380 - - 241 0.30
rbb4A.out 17 1 - 270 100 - 50 0.235 0.056 13,938 286 - - 205 0.30

Alternate HELP Run with Protective Cover having a hydraulic conductivity of 1.0E-6 cm/S.
rbb44A*.out 16* 1 - 270 25 - 50 0.143 0.034 18,154 372 - - 123 0.30

TABLE 3-2
HELP Model Analysis - Summary CCR Cells

Description



****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              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:\help\DATA4.D4                                   
 TEMPERATURE DATA FILE:      C:\help\DATA7.D7                                   
 SOLAR RADIATION DATA FILE:  C:\help\DATA13.D13                                 
 EVAPOTRANSPIRATION DATA:    C:\help\DATA11.D11                                 
 SOIL AND DESIGN DATA FILE:  C:\help\rbb44a*.D10                                 
 OUTPUT DATA FILE:           C:\help\rbb44a*.OUT                                 
 
 
 
 TIME:  17:40     DATE:   5/ 4/2017 
 
 
 
  
 ****************************************************************************** 
 
      TITLE:  R&B Site 2 MSW Landfill Horizontal Exp - Just Before Closed  
 
 ****************************************************************************** 
 
 
 
      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                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2371 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.116000003000E-03 CM/SEC 
 
 
 
 
 
  



                                    LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  31 
            THICKNESS                   =   3240.00   INCHES 
            POROSITY                    =      0.5780 VOL/VOL 
            FIELD CAPACITY              =      0.0760 VOL/VOL 
            WILTING POINT               =      0.0250 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0801 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.410000002000E-02 CM/SEC 
 
 
 
  
                                    LAYER  3 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2440 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999997000E-06 CM/SEC 
 
 
 
  
                                    LAYER  4 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =      0.30   INCHES 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   2.14000010000     CM/SEC 
            SLOPE                       =      2.00   PERCENT 
            DRAINAGE LENGTH             =    510.0    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 
                                    -------- 
 
                          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 #11 WITH BARE 
                   GROUND CONDITIONS, A SURFACE SLOPE OF  3.% AND 
                   A SLOPE LENGTH OF  510. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     94.40 
         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   =      4.817  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     10.556  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      1.882  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =    268.374  INCHES 
         TOTAL INITIAL WATER                 =    268.374  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   WATKINSVILLE          GEORGIA            
 
              STATION LATITUDE                       =  33.90 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   0.00 
              START OF GROWING SEASON (JULIAN DATE)  =     78 
              END OF GROWING SEASON (JULIAN DATE)    =    314 
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.50 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  67.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  70.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  77.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  71.00 % 
 



 
 
          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 
      -------     -------     -------     -------     -------     ------- 
        4.91        4.43        5.46        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    WATKINSVILLE        GEORGIA              
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       45.00       47.00       52.00       61.00       70.00       77.00 
       79.00       78.00       73.00       63.00       51.00       44.00 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    WATKINSVILLE        GEORGIA              
                     AND STATION LATITUDE  =  33.90 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     5.65     4.55     4.21     3.57 
                            5.06     3.32     3.57     2.47     3.31     3.85 
  
     STD. DEVIATIONS        2.22     1.97     2.41     2.29     2.20     1.65 
                            2.50     1.79     2.19     1.39     1.75     2.14 
  
   RUNOFF 
   ------ 
     TOTALS                 0.340    0.332    0.473    0.334    0.306    0.151 
                            0.354    0.188    0.260    0.137    0.234    0.252 
  
     STD. DEVIATIONS        0.305    0.312    0.349    0.276    0.263    0.115 
                            0.416    0.179    0.271    0.149    0.224    0.290 
  
   EVAPOTRANSPIRATION 
   ------------------ 



     TOTALS                 2.033    2.293    3.456    3.626    3.433    3.227 
                            3.917    3.062    2.588    2.094    1.802    1.588 
  
     STD. DEVIATIONS        0.233    0.286    0.405    0.824    1.055    1.295 
                            1.281    1.200    1.178    0.763    0.399    0.271 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  4 
   ---------------------------------------- 
     TOTALS                 0.4636   0.3810   0.3708   0.3221   0.3133   0.3580 
                            0.3821   0.4842   0.4702   0.5025   0.4631   0.4903 
  
     STD. DEVIATIONS        0.4490   0.3871   0.3977   0.3687   0.3830   0.4095 
                            0.4267   0.4712   0.4469   0.4847   0.4532   0.4605 
  
   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               0.0314   0.0284   0.0252   0.0226   0.0212   0.0251 
                            0.0259   0.0328   0.0330   0.0341   0.0325   0.0333 
  
     STD. DEVIATIONS        0.0305   0.0288   0.0270   0.0258   0.0260   0.0287 
                            0.0289   0.0320   0.0313   0.0329   0.0318   0.0312 
  
 ******************************************************************************* 
 
 ******************************************************************************* 
  
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   50 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  48.36    (   6.768)     175541.0     100.00 
  
  RUNOFF                          3.362   (  0.9248)      12205.26      6.953 
  
  EVAPOTRANSPIRATION             33.121   (  3.3010)     120228.59     68.490 
  
  LATERAL DRAINAGE COLLECTED      5.00121 (  4.87522)     18154.402   10.34197 
    FROM LAYER  4 
  
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.012     0.00001 
    LAYER  6 
  
  AVERAGE HEAD ON TOP             0.029 (    0.028) 
    OF LAYER  5 
  
  CHANGE IN WATER STORAGE         6.874   (  6.8371)      24952.81     14.215 
******************************************************************************* 



 
 ****************************************************************************** 
  
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   50 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              7.44         27007.201 
  
       RUNOFF                                     2.067         7502.7148 
  
       DRAINAGE COLLECTED FROM LAYER  4           0.03402        123.47513 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00005 
  
       AVERAGE HEAD ON TOP OF LAYER  5            0.072 
  
       MAXIMUM HEAD ON TOP OF LAYER  5            0.143 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  4 
             (DISTANCE FROM DRAIN)                1.6 FEET 
  
       SNOW WATER                                 3.05         11065.9375 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3707 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0976 
  
 
        ***  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   50 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            3.3829         0.2819 
 
                       2          598.4885         0.1847 
 
                       3            9.5437         0.3977 
 
                       4            0.0631         0.2103 
 
                       5            0.0000         0.0000 
 
                       6            0.1875         0.7500 
 
                   SNOW WATER       0.410 
  
 ****************************************************************************** 
 ****************************************************************************** 
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Attachment 3: 
Leachate Pipe Design 



Leachate Collection & Conveyance Design
Leachate Pipe Design



Project #:  I002-415
Project Name:  R&B Minor Modification CCR Management By: BFH Date 3/30/2015
Subject:                  Leachate Pipe Design  CELL 11 Checked: BH Date 4/1/2015

Leachate Collection Pipe Design SDR 11

Determine the thickness of the HDPE leachate pipes (from ISCO Product Catalog)
Pipes are to be placed in the center of the low point of each lined cell.  The 6" perforated pipe will
be placed in 2 feet of gravel (see detail).

SDR= 11
PE Pipe Material Code PE 4710
compressive yield, σy = 1150 psi 165600 psf (See Appendix C, Chapter 3, 2nd Edition Handbook of PE Pipe by PPI)

Normal outer Diameter, Bc= 6.625 inches
minimum wall thickness, t= 0.602 inches

Average Inner Diameter, Bi= 5.348 inches
mean radius, r= (Bi+2t)/2  = 3.28 inches

Liner System (gravel) 120 lb/ft3

Final Cover System 120 lb/ft3

CCR Waste 115 lb/ft3

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 +PSW= ρLS*DDE + ρFC*Dwe + ρSW*Dsw

PLS = Pressure from Liner System = Liner System unit weight, 120 (lb/ft3) * Depth of Liner System, 2 ft = 240 lb/ft2

PFC = Pressure from Final Cover = Final Cover unit weight, 120 (lb/ft3) * Depth of Final Cover, 3 ft = 360 lb/ft2

PCCR = Pressure from Wastes = Landfill CCR unit weight, 115 (lb/ft3) * Depth of Stacked waste, 106 ft = 12190 lb/ft2

Ps = 12790 psf For Full Cell, PT= 12790 psf (PL and PI = 0)
= 88.8 psi

Dynamic Load, Active Operation: PL = 3IfWwH3/ (2¶r5) (psf)

PL = vertical soil pressure due to live load, psf

Ww = Wheel Load (lbs)

H = vertical depth to pipe crown, ft
If = impact factor = 2.0 since load is traveling

r = distance from point of load application to pipe crown, ft

r=(X2 + H2)1/2 (See Figure 3-4)
For empty cell max stess: (Directly beneath one wheel as vehicle travels over pipe)

W = 24,000 lbs Half of axle load of 24 tons
X1 = 0 ft For wheel load above point on pipe
X2 = 6 ft For wheel load at other end of the axle
H = 2 ft
r1 = 2.00 ft
r2 = 6.32 ft

PL1 = 5,730 psf Due to wheel load directly above point on pipe
PL2 = 18 psf Due to wheel at the other end of the axle

PL= 5,748 psf

Internal Pressure due to Vacuum
PI= 0 psf

5,988 psf, or
41.6 psi

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

For an empty cell, PT = PS + PL + PI =



Design for Compressive Ring Thrust Stress:
At greater than 50' of burial depth, the use of Spangler's modified Iowa formula is impractical because 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)

VAF= Vertical Arching Factor
SA= Hoop Thrust Stiffness Ratio

rCENT= radius to centroidal axis of pipe, in rCENT= 3.28
MS= one-dimensional modulus of soil, psi MS= 4,000 (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, in2/in A= 0.602

SA= 1.36
VAF= 0.81

Equation 3-23

PRD= radial directed earth pressure, psf
w= unit weight of cover, pcf
H= depth of cover, ft

wH= Ps for post closure condition

PRD= 10,417 psf

S= pipe wall compressive stress (psi)
DO= pipe outside diameter (in.)

A= pipe wall thickness (in.)

S= 398.1 psi 57321.7 psf
                 Allowable Compressive Stress= 1150 psi 165,600 psf

Since 398.1 psi is < 1150 psi; design OK
Since 57321.7 psf is < 165600 psf; design OK

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

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= 488.7 psi Since 488.7 psi is < 1150 psi; design OK
70376.87 psf Since 70376.9 psf is < 165600 psf; design OK

σy = compressive yield (psf)
S= pipe wall compressive stress (psf)

FS= 2.4

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

RF= Rigidity Factor

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

EA
SA = 1.43MSrCENT

S = ୔௧	∗୆ୡଶ଼଼∗௧

VAF = 0.88 - 0.71 SA-1
SA+2.5

PRD = (VAF)wH

S = (PRD ∗DO)/(288∗A)

RF=(12∗ܧS(ܵ1−ܴܦ)3)/ܧ

ܵܨ ൌ ௬ܵߪ	



ES= Secant modulus of soil , (psi) E= 22,960
SDR= standard dimension ratio SDR= 11

μ= Poisson's Ratio μ= 0.2 (Table 3-13)
MS= one-dimensional modulus of soil, psi MS= (Table 3-12, 90%, extrapolated to static load )

ES= 3,600 psi Ms= 4,000

εS = soil strain
w= unit weight of cover, pcf
H= depth of cover, ft

wH= Ps for post closure condition wH= 12,790 psf
εS = 2.5 percent

RF= 1,882
DF= Deformation Factor
DF= 1.4 (From Figure 3-6: Watkins-Gaube Graph)

∆X= horizontal deflection or change in diameter, (in)
DM= outside pipe Diameter, (in)

ΔX/DM= 3.45 Percent Since 3.45 is < 7.5 OK

FS= 2.2

Design for Constrained Pipe Wall Buckling
Use Luscher's equation to determine allowable constrained buckling pressure

Pwc= Allowable constrained wall buckling pressure (psi) Hw= 1 ft
SF= Safety Factor; 2 H= 106 ft
R= Buoyancy reduction factor; R=1-(0.33*Hw/H) R= 1.0

Hw= groundwater height above pipe (ft); B'= 1.0
H= Cover above pipe (ft) E'= 3500 psi

B'= elastic support factor; B'=1/(1+4e-0.065H) E= 22,960 psi
E'= modulus of soil reaction for pipe bedding (psi); SDR= 11
E= long-term modulus of elasticity of the pipe material (psi);

SDR= standard dimension ratio of the pipe

Pwc= 231.2 psi ≥ 88.8 psi so OK
33290 psf ≥ 12790 psf so OK

FS= 1.7

(Equation 3-15, page 221, Chapter 6, 2nd Edition 
Handbook of PE Pipe by PPI)Pwcൌ5.65/SF		√ሺR∗B′∗E′∗E/12ሺSDRെ1)3)

ES= MS*(1+μ)(1-2μ)/ (1-μ)

εS = wH/144ES

(ΔX/DM)*100 = DF*εS

ܵܨ ൌ ெܦ/ܺ∆7.5
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Attachment 4: 
Leachate Comparison 



October 2016 Leachate Sample Results

R&B Site 2 Landfill

Parameter CCR Leachate MSW Leachate Units

Alkalinity, Total 87.8 3000 mg/L

Chemical Oxygen Demand 17.2 1190 mg/L

Field pH 5.78 6.95 SU

Field Turbidity 2.4 44.1 NTU

Specific Conductance 1020 10600 uS/cm

Sulfate 378 1.5 mg/L

Temperature 23.8 28.8 Celsius

Total Dissolved Solids 711 4330 mg/L

Antimony ND 0.013 mg/L

Arsenic ND 0.072 mg/L

Barium 0.048 1.4 mg/L

Beryllium ND ND mg/L

Boron 0.21 NR mg/L

Calcium 59.7 14.9 mg/L

Chloride 22.2 1710 mg/L

Chromium ND 0.029 mg/L

Cobalt 0.62 0.03 mg/L

Copper ND ND mg/L

Fluoride 0.34 NR mg/L

Lead ND ND mg/L

Nickel 0.09 0.2 mg/L

Selenium ND 0.01 mg/L

Silver ND ND mg/L

Thallium ND ND mg/L

Vanadium ND 0.042 mg/L

Zinc ND 0.0058 mg/L

Notes:

ND = Not detected

NR = Not required

mg/L = milligrams per liter

uS/cm = milliSiemens per centimeter

SU = Standard Units

NTU = nephelometric turbidity units
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Attachment 5: 
Base Grade Settlement Analysis 



Base Grade Settlement Analysis



 
Project Number:  I002-327 Page:    1    of _3_         
Project Name: R&B Landfill By:   BH     Date:_05/03/17                   
Subject: Base Grade Settlement Analysis Chkd: _RBB _  Date: _05/04/2017_   
____________________________________________________________________________________________________ 
 

 

P:\Industrial\I002 - Waste Management-Atlanta\415 - WM CCR Plans\R&B\2-Design Data\2 - Design Calcs\7. Settlement Analysis\Settlement Writeup.docx 

 

OBJECTIVE:  Evaluate the base grade settlement as a result of the change in stress in the 
subgrade soils due to placement of CCR 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 a leachate collection line along Cell 18 in the Western 
Disposal Area, which includes the designed highest waste fill grades and the cells 
sump area.  The selected cross section location is shown in Figure 7-1.  The results of 
a previously subsurface exploration outlined in the report “Application for Site 
Acceptability R&B Landfill by GZA Geoenvironmental, Inc., dated May 29, 1996 
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 7-2. 

 
   Soil Layer Data: 

The subgrade soil at the site consists of a few separate soil types as discussed in the 
cited report.  The compressible layer is generally a silty sand between the landfill 
base grades and the bedrock.  These calculations assume that the bedrock layer as 
well as 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 – Silty Sand 

The void ratio was as reported in the undisturbed samples (see attached).  The 
Re-Compression Index was calculated based on the equation from Nagaraj and 
Murthy (1985) as shown on the attached. The primary compression index was 
calculated based on Hough (see attached). The layer was assumed to have a 
total unit weight of 110 pcf as averaged from the GZA data.   

 
   The placement of liner soil (unit weight 120 pcf), CCR waste (unit weight 115 pcf), 

and the final cover soil (unit weight 110 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 is 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 0.60 to 3.40 ft under 
the landfill liner.  Based on this computed settlement, the maximum tensile stress in 
the liner system is anticipated to be 0% (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. 



Waste Management -  RB  MSW Landfill
Base Grade Settlement Design

5/8/2017

Point No. A B
Horizontal Distance 0.00 835
Top of Final Cover Elevation (ft MSL) 1124.00 856.00
Top of Waste Elevation (ft MSL) 1121.00 853.00
Top of Liner Elevation (ft MSL) 854.50 838.00
Subgrade Elevation (ft MSL) 852.50 836.00
Existing Ground Elevation (ft MSL) 850.00 843.00
Groundwater Elevation (ft MSL) 838.50 824.00
Cut (ft) 0.00 7.00
Fill (ft) 2.50 0.00
Soil Density (pcf) 110 110
Liner Soil Thickness (ft) 2.00 2.00
Liner Soil Density (pcf) 120 120
Cover Soil Thickness (ft) 3.00 3.00
Cover Soil Density (pcf) 110 110
Waste Thickness (ft) 266.50 15.00
CCR Waste Density (pcf) 115 115
Change in Stress (psf) 31492.50 1525.00

Primary Settlement 
Layer 1 (Silty Sand)
Top Elevation (ft MSL) 852.50 836.00
Bottom Elevation (ft MSL) 830.00 820.00
Mid Point Elevation (ft MSL) 841.25 828.00
Soil Density (pcf) 110 110
Layer Thickness (ft) 22.50 16.00
Preconsolidation pressure (psf) 1100.00 1265.00
Effective Initial Stress  before loading(psf) 1237.50 880.00
Initial Void Ratio 0.9 0.9
Liquid Limit 36 36
Primary compression Index 0.19 0.19
Re-compression Index 0.05 0.05
Primary Layer Settlement (ft) 3.271 0.504

Secondary Settlement 
Layer 1 (Silty Sand)
Top Elevation (ft MSL) 852.50 836.00
Bottom Elevation (ft MSL) 830.00 820.00
Mid Point Elevation (ft MSL) 841.25 828.00
Soil Density (pcf) 110.0 110.0
Layer Thickness (ft) 22.50 16.00
Time for secondary compression (years) 200.00 200.00
Time for primary compression (years) 100.00 100.00
Void Ratio after primary consolidation 0.18 0.18
Secondary compression Index 0.02 0.02
Secondary Settlement (ft) 0.129 0.092

Total Settlement (ft) 3.40 0.60
Initial Length of Liner Segment (ft) 835.16
Final Length of Liner Segment (ft) 835.09
Strain (%, Tensile Negative) 0.01
Initial Liner Slope (ft/f) 2%
Final Liner Slope (ft/ft) 2%

P:\Industrial\I002 - Waste Management-Atlanta\415 - WM CCR Plans\R&B\2-Design Data\2 - Design Calcs\7. Settlement Analysis\Settlement Spreadsheet.xlsx
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By EB

SOIL Fax: 770-923-8973 Date 05/21/13

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 4318/AASHTO T 88, T 89
Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils (Atterberg Limits)

LIQUID LIMIT
Number of Blows 30 25 17
Mass of Wet Sample & Tare, g 42.52 36.79 42.02 Oven ID # 12/13/14/15
Mass of Dry Sample & Tare, g 38.26 33.51 36.97 Balance ID # 2
Mass of Tare, g 25.98 24.35 23.94 Liquid Limit Device ID # 56
Moisture Content, % 34.69 35.81 38.76

PLASTIC LIMIT
Mass of Wet Sample & Tare, g 33.81 40.43 PREPARATION PROCEDURE DRY
Mass of Dry Sample & Tare, g 30.66 37.36
Mass of Tare, g 21.27 28.19 NOTE: MATERIAL PASSING NO. 40 SIEVE
Moisture Content, % 33.55 33.48                 WAS USED FOR TEST

NATURAL MOISTURE
Mass of Wet Sample & Tare, g 520.50 LIQUID LIMIT (LL) 36
Mass of Dry Sample & Tare, g 444.30 PLASTIC LIMIT (PL) 34
Mass of Tare, g 0.00 PLASTICITY INDEX (PI) 2
Moisture Content, % 17.15 LIQUIDITY INDEX (LI) -8.42

DESCRIPTION

USCS (ASTM D2487; D2488) SM AASHTO (M 145) NA

I002-320 1308-08-1
R&B Site Suitability UD

Light Brown and White  Silty Sand

15691/PZ-28 25-26.5'
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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 05/20/13

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 520.50 Mass of Wet Sample & Tare, g 354.30
Mass of Dry Sample & Tare, g 444.30 Mass of Dry Sample & Tare, g 321.10
Mass of Tare, g 0.00 Mass of Tare, g 98.50
Moisture Content, % 17.2 Moisture Content, % 14.9

Mass of Total Sample before 994.90 Mass of Sample used for 101.60
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 88.41
Total Mass of Dry Sample, g 865.77 % 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 0.10 99.9
2" GRAVEL 0.0 100.0 #20 SAND 3.29 96.3

1.5" 0.0 100.0 #40 15.16 82.9
1" 0.0 100.0 #60 FINE SAND 26.69 69.8

.75" 0.0 100.0 #100 37.85 57.2
.5" FINE GRAVEL 0.0 100.0 #200 FINES 49.54 44.0

.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 17.0
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 38.9
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 44.0
Specific Gravity (tested) % COARSE SAND 0.1 % TOTAL SAMPLE 100.0
Starting time 11:40 % CLAY(<0.005mm) 2.9 % CLAY(<0.002mm) 0.8

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

05/21/13 11:42 2 23.0 25.2 0.01267 5.0 18.0 13.4 0.99 0.0328 20.2
05/21/13 11:45 5 18.5 25.2 0.01267 5.0 13.5 14.1 0.99 0.0213 15.1
05/21/13 11:55 15 15.0 25.2 0.01267 5.0 10.0 14.7 0.99 0.0126 11.2
05/21/13 12:10 30 12.0 25.2 0.01267 5.0 7.0 15.2 0.99 0.0090 7.8
05/21/13 12:40 60 9.0 25.2 0.01267 5.0 4.0 15.7 0.99 0.0065 4.5
05/21/13 15:50 250 6.0 25.2 0.01267 5.0 1.0 16.2 0.99 0.0032 1.1
05/22/13 11:40 1440 5.5 25.2 0.01267 5.0 0.5 16.3 0.99 0.0013 0.6

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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I002-320 1308-08-1
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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 05/20/13

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) SM
Page 2 of 2

Light Brown and White  Silty Sand
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233

SOIL Fax: 770-923-8973

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

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

Initial Sample Data (Before Test) Test Data Final Data (After Test)

Height 3.053 in 7.75 cm Speed 3
Diameter 2.870 in 7.29 cm Board Number 1 Average Height of Sample 3.050 in 7.75 cm
Area 6.47 in2 41.74 cm2 Cell Number 16 Average Diameter of Sample 2.865 in 7.28 cm
Volume 323.65 cm3 0.0114 ft3 Flow Pump Number 1B Area 6.45 in2 41.59 cm2

Mass 520.50 g 1.15 lb Flow Pump Rate 2.87E-02 cm3/sec Volume 322.21 cm3 0.0114 ft3 Dry Density 86.1 pcf
Specific Gravity 2.650 (Assumed) B - Value 0.95 Mass 591.40 g 1.30 lb Vol. of Voids 154.44 cm3

Dry Density 85.7 pcf Cell Pressure 98.0 psi Vol. of Solids 167.77 cm3

Back Pressure 80.0 psi Void Ratio 0.92
Confining (Effective) Pressure 18.0 psi Saturation 95.1 %

Mass of wet sample & tare 520.50 g Max Head 27.43 cm Mass of wet sample & tare 668.00 g
Mass of dry sample & tare 444.30 g Min Head 26.73 cm Mass of dry sample & tare 521.30 g
Mass of tare 0.00 g Maximum Gradient 3.54 Mass of tare 77.00 g

% Moisture 17.2 Minimum Gradient 3.45 % Moisture 33.0

TIME FUNCTION ∆ t Gradient Temp. PERMEABILITY (cm/sec) Note:  Deaired Water Used for Permeability Test.

DATE HOUR MIN (sec) Tx( 
oC ) @ Tx RT @ 20 oC

05/21/13 10 0 - 3.54 22.0 - - -
05/21/13 10 2 120 3.45 22.0 1.97E-04 0.953 1.88E-04
05/21/13 10 4 120 3.54 22.0 1.97E-04 0.953 1.88E-04
05/21/13 10 6 120 3.45 22.0 1.97E-04 0.953 1.88E-04 *
05/21/13 10 8 120 3.54 22.0 1.97E-04 0.953 1.88E-04 *
05/21/13 10 10 120 3.45 22.0 1.97E-04 0.953 1.88E-04 *
05/21/13 10 12 120 3.54 22.0 1.97E-04 0.953 1.88E-04 *

Reported Average Hydraulic Conductivity* 1.9E-04 cm/sec

Flow pump ID # Balance ID # 1/6/7 Differential Pressure Transducer ID # 70/68

Thermometer ID # Oven ID # 14/15 Board Pressure Transducer  ID # 64

Syringe ID # Pore Pressure Transducer ID # 26/27

 Portion of sample used for testing located 3" above 
bottom of shelby tube.

 (ASTM D2487;2488)

27.43

Light Brown and White  Silty 
Sand

26.73

27.43
REMARKS

SM27.43
26.73

0.38

Tested By AV

Date 05/21/13

I002-320 1308-08-1

Checked By

Materials Using a Flexible Wall Permeameter (Method D, Constant Rate of Flow)

Moisture Content

(cm)
READING

DESCRIPTION

Moisture Content

Head

R&B Site Suitability
15691/PZ-28

UD

USCS27.43

ASTM D 5084; Standard Test Method for Measurement of Hydraulic Conductivity of Saturated Porous

25-26.5'
PZ-28

(psi)
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By EB

SOIL Fax: 770-923-8973 Date 05/21/13

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 4318/AASHTO T 88, T 89
Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils (Atterberg Limits)

LIQUID LIMIT
Number of Blows 34 27 19
Mass of Wet Sample & Tare, g 40.71 40.06 40.95 Oven ID # 12/13/14/15
Mass of Dry Sample & Tare, g 34.71 34.67 34.06 Balance ID # 2
Mass of Tare, g 24.69 25.91 23.37 Liquid Limit Device ID # 56
Moisture Content, % 59.88 61.53 64.45

PLASTIC LIMIT
Mass of Wet Sample & Tare, g 37.93 37.97 PREPARATION PROCEDURE DRY
Mass of Dry Sample & Tare, g 34.28 34.11
Mass of Tare, g 25.86 25.27 NOTE: MATERIAL PASSING NO. 40 SIEVE
Moisture Content, % 43.35 43.67                 WAS USED FOR TEST

NATURAL MOISTURE
Mass of Wet Sample & Tare, g 459.80 LIQUID LIMIT (LL) 62
Mass of Dry Sample & Tare, g 322.90 PLASTIC LIMIT (PL) 44
Mass of Tare, g 0.00 PLASTICITY INDEX (PI) 18
Moisture Content, % 42.40 LIQUIDITY INDEX (LI) -0.09

DESCRIPTION

USCS (ASTM D2487; D2488) MH AASHTO (M 145) NA

Red and Brown  Elastic Silt with Sand

15692/PZ-29 15-16.5'
PZ-29 -

I002-320 1308-08-1
R&B Site Suitability 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 05/20/13

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 459.80 Mass of Wet Sample & Tare, g 320.20
Mass of Dry Sample & Tare, g 322.90 Mass of Dry Sample & Tare, g 260.20
Mass of Tare, g 0.00 Mass of Tare, g 101.80
Moisture Content, % 42.4 Moisture Content, % 37.9

Mass of Total Sample before 590.20 Mass of Sample used for 100.00
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 72.53
Total Mass of Dry Sample, g 428.06 % 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 0.21 99.7

1.5" 0.0 100.0 #40 2.04 97.2
1" 0.0 100.0 #60 FINE SAND 5.97 91.8

.75" 0.0 100.0 #100 10.23 85.9
.5" FINE GRAVEL 0.0 100.0 #200 FINES 14.80 79.6

.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 2.8
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 17.6
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 79.6
Specific Gravity (tested) % COARSE SAND 0.0 % TOTAL SAMPLE 100.0
Starting time 11:42 % CLAY(<0.005mm) 12.0 % CLAY(<0.002mm) 6.2

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

05/21/13 11:44 2 33.5 25.2 0.01267 5.0 28.5 11.6 0.99 0.0306 38.9
05/21/13 11:47 5 29.0 25.2 0.01267 5.0 24.0 12.4 0.99 0.0199 32.8
05/21/13 11:57 15 23.0 25.2 0.01267 5.0 18.0 13.4 0.99 0.0120 24.6
05/21/13 12:12 30 20.0 25.2 0.01267 5.0 15.0 13.9 0.99 0.0086 20.5
05/21/13 12:42 60 16.0 25.2 0.01267 5.0 11.0 14.6 0.99 0.0062 15.0
05/21/13 15:52 250 10.5 25.2 0.01267 5.0 5.5 15.5 0.99 0.0032 7.6
05/22/13 11:42 1440 9.0 25.2 0.01267 5.0 4.0 15.7 0.99 0.0013 5.5

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

15692/PZ-29 15-16.5'
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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 05/20/13

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) MH
Page 2 of 2
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233

SOIL Fax: 770-923-8973

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

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

Initial Sample Data (Before Test) Test Data Final Data (After Test)

Height 3.041 in 7.72 cm Speed 3
Diameter 2.850 in 7.24 cm Board Number 3 Average Height of Sample 3.080 in 7.82 cm
Area 6.38 in2 41.16 cm2 Cell Number 13 Average Diameter of Sample 2.879 in 7.31 cm
Volume 317.90 cm3 0.0112 ft3 Flow Pump Number 1A Area 6.51 in2 42.00 cm2

Mass 459.80 g 1.01 lb Flow Pump Rate 2.87E-02 cm3/sec Volume 328.57 cm3 0.0116 ft3 Dry Density 61.5 pcf
Specific Gravity 2.650 (Assumed) B - Value 0.95 Mass 521.70 g 1.15 lb Vol. of Voids 206.37 cm3

Dry Density 63.4 pcf Cell Pressure 90.0 psi Vol. of Solids 122.20 cm3

Back Pressure 80.0 psi Void Ratio 1.69
Confining (Effective) Pressure 10.0 psi Saturation 95.9 %

Mass of wet sample & tare 459.80 g Max Head 36.58 cm Mass of wet sample & tare 594.30 g
Mass of dry sample & tare 322.90 g Min Head 35.87 cm Mass of dry sample & tare 397.00 g
Mass of tare 0.00 g Maximum Gradient 4.68 Mass of tare 74.10 g

% Moisture 42.4 Minimum Gradient 4.59 % Moisture 61.1

TIME FUNCTION ∆ t Gradient Temp. PERMEABILITY (cm/sec) Note:  Deaired Water Used for Permeability Test.

DATE HOUR MIN (sec) Tx( 
oC ) @ Tx RT @ 20 oC

05/21/13 10 0 - 4.68 22.0 - - -
05/21/13 10 2 120 4.59 22.0 1.47E-04 0.953 1.41E-04
05/21/13 10 4 120 4.68 22.0 1.47E-04 0.953 1.41E-04
05/21/13 10 6 120 4.59 22.0 1.47E-04 0.953 1.41E-04 *
05/21/13 10 8 120 4.68 22.0 1.47E-04 0.953 1.41E-04 *
05/21/13 10 10 120 4.59 22.0 1.47E-04 0.953 1.41E-04 *
05/21/13 10 12 120 4.68 22.0 1.47E-04 0.953 1.41E-04 *

Reported Average Hydraulic Conductivity* 1.4E-04 cm/sec

Flow pump ID # Balance ID # 1/6/7 Differential Pressure Transducer ID # 24/25

Thermometer ID # Oven ID # 14/15 Board Pressure Transducer  ID # 29

Syringe ID # Pore Pressure Transducer ID # 26/27

 Portion of sample used for testing located 4" above 
bottom of shelby tube.
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Tested By AV

Date 05/21/13
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Checked By

 (ASTM D2487;2488)
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233 Tested By

SOIL Fax: 770-923-8973 Date

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 4318
Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils (Atterberg Limits)

LIQUID LIMIT Liquid Limit Device ID # 56
Number of Blows 10 10 NOTES:  1. Material appears to be
Weight of Wet Sample & Tare, g 48.32 37.93 Nonplastic.  (Liquid Limit or Plastic
Weight of Dry Soil & Tare, g 42.70 34.01 Limit test could not be performed.)
Weight of Tare, g 28.62 24.15 2. Material passing No. 40 sieve was
Moisture Content, % 39.91 39.76 used for test.

PLASTIC LIMIT

Weight of Wet Soil & Tare, g 44.96 42.72 PREPARATION PROCEDURE DRY
Weight of Dry Soil & Tare, g 40.30 37.78
Weight of Tare, g 28.65 25.42 Oven ID Number 12/13/14/15

Moisture Content, % 40.00 39.97 Balance ID Number 2

NATURAL MOISTURE
Weight of Wet Soil & Tare, g 658.80 LIQUID LIMIT (LL) NP
Weight of Dry Soil & Tare, g 539.20 PLASTIC LIMIT (PL) NP
Weight of Tare, g 0.00 PLASTICITY INDEX (PI) NP
Moisture Content, % 22.18 LIQUIDITY INDEX (LI) -

DESCRIPTION

USCS (ASTM D2487;2488) SM AASHTO (M 145) NA

15693/PZ-30
PZ-30

Gray and White  Silty Sand

EB
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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 02/20/13

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 658.80 Mass of Wet Sample & Tare, g 309.50
Mass of Dry Sample & Tare, g 539.20 Mass of Dry Sample & Tare, g 269.30
Mass of Tare, g 0.00 Mass of Tare, g 91.20
Moisture Content, % 22.2 Moisture Content, % 22.6

Mass of Total Sample before 790.30 Mass of Sample used for 101.60
separation on #4 sieve & Tare, g  hydrometer analysis, g
Mass of Tare, g 0.00 Dry Mass, g 82.89
Total Mass of Dry Sample, g 644.77 % 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 0.10 99.9
2" GRAVEL 0.0 100.0 #20 SAND 12.35 85.1

1.5" 0.0 100.0 #40 31.11 62.5
1" 0.0 100.0 #60 FINE SAND 46.60 43.8

.75" 0.0 100.0 #100 59.41 28.3
.5" FINE GRAVEL 0.0 100.0 #200 FINES 69.54 16.1

.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 37.4
Amount of Dispersing Agent (ml) 125.0 % COARSE GRAVEL 0.0 % FINE SAND 46.4
Specific Gravity (assumed) 2.700 % FINE GRAVEL 0.0 % FINES 16.1
Specific Gravity (tested) % COARSE SAND 0.1 % TOTAL SAMPLE 100.0
Starting time 11:44 % CLAY(<0.005mm) 1.3 % 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

05/21/13 11:46 2 13.0 25.2 0.01267 5.0 8.0 15.1 0.99 0.0348 9.6
05/21/13 11:49 5 11.5 25.2 0.01267 5.0 6.5 15.3 0.99 0.0222 7.8
05/21/13 11:59 15 9.0 25.2 0.01267 5.0 4.0 15.7 0.99 0.0130 4.8
05/21/13 12:14 30 8.0 25.2 0.01267 5.0 3.0 15.9 0.99 0.0092 3.6
05/21/13 12:44 60 7.0 25.2 0.01267 5.0 2.0 16.0 0.99 0.0066 2.4
05/21/13 15:54 250 5.0 25.2 0.01267 5.0 0.0 16.4 0.99 0.0032 0.0
05/22/13 11:44 1440 5.0 25.2 0.01267 5.0 0.0 16.4 0.99 0.0014 0.0

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

Page 1 of 2

15693/PZ-30 30-31.5'

I002-320 1308-08-1
R&B Site Suitability UD

PZ-30 -

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 02/20/13

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) SM
Page 2 of 2
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TIMELY 1874 Forge Street  Tucker, GA 30084

ENGINEERING Phone: 770-938-8233

SOIL Fax: 770-923-8973

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

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

Initial Sample Data (Before Test) Test Data Final Data (After Test)

Height 3.059 in 7.77 cm Speed 3
Diameter 2.879 in 7.31 cm Board Number 11 Average Height of Sample 3.060 in 7.77 cm
Area 6.51 in2 42.00 cm2 Cell Number 15 Average Diameter of Sample 2.873 in 7.30 cm
Volume 326.33 cm3 0.0115 ft3 Flow Pump Number 2A Area 6.48 in2 41.82 cm2

Mass 658.80 g 1.45 lb Flow Pump Rate 2.87E-02 cm3/sec Volume 325.07 cm3 0.0115 ft3 Dry Density 103.6 pcf
Specific Gravity 2.650 (Assumed) B - Value 0.95 Mass 659.40 g 1.45 lb Vol. of Voids 121.36 cm3

Dry Density 103.1 pcf Cell Pressure 107.0 psi Vol. of Solids 203.72 cm3

Back Pressure 80.0 psi Void Ratio 0.60
Confining (Effective) Pressure 27.0 psi Saturation 98.5 %

Mass of wet sample & tare 658.80 g Max Head 32.36 cm Mass of wet sample & tare 727.40 g
Mass of dry sample & tare 539.20 g Min Head 31.65 cm Mass of dry sample & tare 608.00 g
Mass of tare 0.00 g Maximum Gradient 4.16 Mass of tare 68.80 g

% Moisture 22.2 Minimum Gradient 4.07 % Moisture 22.1

TIME FUNCTION ∆ t Gradient Temp. PERMEABILITY (cm/sec) Note:  Deaired Water Used for Permeability Test.

DATE HOUR MIN (sec) Tx( 
oC ) @ Tx RT @ 20 oC

05/21/13 10 20 - 4.16 22.0 - - -
05/21/13 10 22 120 4.07 22.0 1.66E-04 0.953 1.59E-04
05/21/13 10 24 120 4.16 22.0 1.66E-04 0.953 1.59E-04
05/21/13 10 26 120 4.07 22.0 1.66E-04 0.953 1.59E-04 *
05/21/13 10 28 120 4.16 22.0 1.66E-04 0.953 1.59E-04 *
05/21/13 10 30 120 4.07 22.0 1.66E-04 0.953 1.59E-04 *
05/21/13 10 32 120 4.16 22.0 1.66E-04 0.953 1.59E-04 *

Reported Average Hydraulic Conductivity* 1.6E-04 cm/sec

Flow pump ID # Balance ID # 1/6/7 Differential Pressure Transducer ID # 262

Thermometer ID # Oven ID # 14/15 Board Pressure Transducer  ID # 216

Syringe ID # Pore Pressure Transducer ID # 28

 Portion of sample used for testing located 3" above 
bottom of shelby tube.

 (ASTM D2487;2488)
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Gray and White  Silty Sand

31.65
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OBJECTIVE: 
 
Verify the global stability of the final configuration of the coal combustible residual (CCR) waste 
mass for the R&B Landfill Horizontal Expansion, 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 surfaces search under static and 
seismic conditions.  For the purpose of this analysis, a critical slope was selected from the 
disposal areas, which is represented by its longest length and steepest grade. The section 
selected was considered to be representative of the worst case scenario for the disposal area. 
The location of the critical slope section utilized in the stability analyses is presented in Figure 
2A-1.  The geometry of the landfill and subsurface soils along the analyzed cross section is 
shown in Figure 2A-2. 
 
To identify critical failure planes, the computer program XSTABL Version 5.202 was used to 
perform stability calculations utilizing the Bishop method of slices for circular surfaces.  XSTABL 
was utilized to search through the anticipated zone of failures to identify the critical failure 
planes with the lowest factor of safety. 
 
The next step in the evaluation was to input the geometry and soil/waste mass into XSTABL and 
run static analyses on the landfill mass.  This allows for the identification of the critical failure 
planes with the lowest factors 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 a 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 CCR properties are 
values anticipated based on laboratory testing on coal combustion products from Duke Energy 
Lee Steam Station. The laboratory data was in the Report of Geotechnical Investigation “New 
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Ash Landfill for Lee Steam Station” prepared for SCS Engineers by WPC on July 10, 2008 and 
within the Landfill Siting Study Coal Combustion Products Landfill prepared for Duke Energy by 
SCS Engineers on October 16, 2008.  
 

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

• The groundwater surface will be consistent with the contours shown on 
Atlantic Coast Consulting’s Figure 4, Site Plan, dated September 2013 
from the Site Acceptability Report. 

• The seismic coefficient will be 0.15 g (horizontal) and 0.0 (vertical). 
Soil Layer Data:  

The following material properties were used based on experience with similar materials 
and the references cited above. 
 

   Onsite Soil (XSTABL soil unit 1) 
   unit wt. = 110 pcf  phi = 27 degrees  c=500 psf 
 
   Protective Cover Layer (XSTABL soil unit 2) 
   unit wt. = 110 pcf  phi = 27 degrees  c = 500 psf 
 
   Double sided Geocomposite (XSTABL soil unit 3) 
   unit wt. = 100 pcf  phi = 20.4 degrees  c = 0 psf 
 
   Textured HDPE Geomembrane Liner (XSTABL soil unit 4) 
   unit wt. = 100 pcf  phi = 27   c = 0 psf 
 
   Geosynthetic Clay Liner (XSTABL soil unit 5) 
   unit wt. = 100 pcf  phi = 20 degrees  c = 0 psf 
 
   Recompacted Liner Base (XSTABL soil unit 6) 
   unit wt. = 120 pcf  phi = 30 degrees  c = 500 psf 
 
   CCR (XSTABL soil unit 7) 
   unit wt. = 115 pcf  phi = 29 degrees  c = 90 psf 
 
Fully drained conditions were assumed within the landfill due to the presence of the leachate 
collection system.  
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The results of the stability analyses are summarized below and detailed in the attached XSTABL 
outputs. 
 
RESULTS: 
 
The XSTABL program outputs for the critical analyses show the geometry of the critical cross 
section evaluated for failure, the location of the critical failure surfaces and the associated factors 
of safety.  The minimum factor of safety against failure for the evaluation scenarios are as follows: 

 
Factor of Safety (Bishop Circular, w/o seismic) (ARB-1A) = 1.979 
Factor of Safety (Bishop Circular, w seismic) (ARB-1B) = 1.280 
 

The calculated factors of safety for static conditions are greater than 1.5, and are therefore 
considered adequate in terms of long term stability.  The calculated factors of safety for the 
seismic conditions are greater than 1.0, therefore no permanent deformations are expected in 
the landfill subgrade when subjected to the MHA. 
 
CONCLUSION: 
 
The analyses indicate that the proposed landfill geometry is adequately designed in consideration 
of the global slope stability under static and seismic conditions. 
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Figure 2A-1: 
Slope Stability Section Plan  
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Figure 2A-2: 
Slope Stability Section Profile 

 
 

 



I002-327

R&B LANDFILL
HORIZONTAL
EXPANSION

610 BENNETT ROAD
HOMER, GEORGIA

30547

WASTE MANAGEMENT

August 2014

BFH

PROJECT:

REVISIONS

PROJECT NUMBER:

ATLANTIC COAST

CONSULTING, INC.

630 Colonial Park Dr.
Suite 110
Roswell, Ga 30075
p.770-594-5998
f.770-594-5967
www.atlcc.net

Drawn by: Checked by:

FIGURE 2A-2

BANKS, COUNTY GA

SLOPE
STABILITY
ANALYSIS

SECTION
PROFILE

SCALE
1"=100' HORIZONTAL

1"=20' VERTICAL

LINER SYSTEM DETAIL
N.T.S.



CCR Stability Analysis Global Slope Stability 
  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bishop Circular  





      XSTABL File: ARB-1A     4-05-**    9:50 
 
                   ****************************************** 
                   *              X S T A B L               * 
                   *                                        * 
                   *        Slope Stability Analysis        * 
                   *                using the               * 
                   *            Method of Slices            * 
                   *                                        * 
                   *         Copyright (C) 1992 ─ 97        * 
                   *   Interactive Software Designs, Inc.   * 
                   *        Moscow, ID 83843, U.S.A.        * 
                   *                                        * 
                   *          All Rights Reserved           * 
                   *                                        * 
                   *  Ver. 5.202                 96 ─ 1599  * 
                   ****************************************** 
 
 
          Problem Description : R&B Horizontal Expansion-Bishop CCR  
 
 
 
 
          ----------------------------- 
          SEGMENT BOUNDARY COORDINATES 
          ----------------------------- 
 
             12 SURFACE boundary segments 
 
          Segment    x-left    y-left    x-right   y-right     Soil Unit 
             No.      (ft)      (ft)       (ft)      (ft)    Below 
Segment 
 
              1          .0     821.0       42.0     834.0         1 
              2        42.0     834.0      152.0     834.0         1 
              3       152.0     834.0      161.0     837.0         1 
              4       161.0     837.0      185.0     838.0         1 
              5       185.0     838.0      216.0     837.0         1 
              6       216.0     837.0      218.0     836.0         1 
              7       218.0     836.0      226.0     835.0         1 
              8       226.0     835.0      234.0     836.0         1 
              9       234.0     836.0      243.0     838.0         1 
             10       243.0     838.0      598.0     950.0         7 
             11       598.0     950.0     1175.0    1102.0         7 
             12      1175.0    1102.0     1190.0    1102.0         7 
 
 
             25 SUBSURFACE boundary segments 
 
          Segment    x-left    y-left    x-right   y-right     Soil Unit 
             No.      (ft)      (ft)       (ft)      (ft)    Below 
Segment 
 



              1       251.0     838.0      263.5     834.0         2 
              2       263.5     834.0      337.0     834.0         2 
              3       337.0     834.0      737.0     850.0         2 
              4       737.0     850.0     1113.0     856.6         2 
              5      1113.0     856.6     1190.0     855.0         2 
              6       251.0     836.0      263.5     832.0         3 
              7       263.5     832.0      337.0     832.0         3 
              8       337.0     832.0      737.0     848.0         3 
              9       737.0     848.0     1113.0     854.6         3 
             10      1113.0     854.6     1190.0     853.0         3 
             11       251.0     835.8      263.5     831.8         4 
             12       263.5     831.8      337.0     831.8         4 
             13       337.0     831.8      737.0     847.8         4 
             14       737.0     847.8     1113.0     854.4         4 
             15      1113.0     854.4     1190.0     852.8         4 
             16       251.0     835.7      263.5     831.7         5 
             17       263.5     831.7      337.0     831.7         5 
             18       337.0     831.7      737.0     847.7         5 
             19       737.0     847.7     1113.0     854.3         5 
             20      1113.0     854.3     1190.0     852.7         5 
             21       251.0     835.5      263.5     831.5         6 
             22       263.5     831.5      337.0     831.5         6 
             23       337.0     831.5      737.0     847.5         6 
             24       737.0     847.5     1113.0     854.1         6 
             25      1113.0     854.1     1190.0     852.5         6 
 
 
          -------------------------- 
          ISOTROPIC Soil Parameters 
          -------------------------- 
 
           7 Soil unit(s) specified 
 
          Soil   Unit Weight   Cohesion  Friction    Pore Pressure      
Water 
          Unit  Moist    Sat.  Intercept   Angle  Parameter  Constant  
Surface 
           No.  (pcf)   (pcf)    (psf)     (deg)      Ru      (psf)      
No. 
 
            1   110.0   110.0     500.0    27.00      .000         .0      
1 
            2   110.0   110.0     500.0    27.00      .000         .0      
1 
            3   100.0   100.0        .0    20.40      .000         .0      
1 
            4   100.0   100.0        .0    27.00      .000         .0      
1 
            5   100.0   100.0        .0    20.00      .000         .0      
1 
            6   120.0   120.0     500.0    30.00      .000         .0      
1 
            7   115.0   115.0      90.0    29.00      .000         .0      
1 



 
 
 
           1 Water surface(s) have been specified 
 
          Unit weight of water =    62.40  (pcf)  
 
 
          Water Surface No.  1 specified by  3 coordinate points 
 
          ********************************** 
                   PHREATIC SURFACE, 
          ********************************** 
 
            Point      x-water     y-water 
             No.         (ft)        (ft) 
 
              1            .00      806.00 
              2         745.00      840.00 
              3        1190.00      840.00 
 
 
 
          A critical failure surface searching method, using a random 
          technique for generating CIRCULAR surfaces has been specified. 
 
 
           1000 trial surfaces will be generated and analyzed. 
 
 
           100 Surfaces initiate from each of  10 points equally spaced 
          along the ground surface between  x =     10.0 ft 
                                       and  x =    300.0 ft 
 
 
          Each surface terminates between   x =    400.0 ft 
                                      and   x =   1180.0 ft 
 
 
          Unless further limitations were imposed, the minimum elevation 
          at which a surface extends is  y =    650.0 ft 
 
 
 
          * * * * *  DEFAULT SEGMENT LENGTH SELECTED BY XSTABL  * * * * * 
 
             28.0 ft line segments define each trial failure surface. 
 
 
 
          --------------------- 
          ANGULAR RESTRICTIONS 
          --------------------- 
 



            The first segment of each failure surface will be inclined 
            within the angular range defined by : 
 
                    Lower angular limit :=   -45.0 degrees 
                    Upper angular limit :=  (slope angle - 5.0) degrees 
 
 
 
 
 
          Factors of safety have been calculated by the : 
 
          * * * * *   SIMPLIFIED BISHOP METHOD   * * * * * 
 
 
 
            The most critical circular failure surface  
            is specified by 17 coordinate points 
 
                 Point      x-surf      y-surf 
                  No.        (ft)        (ft) 
 
                   1        235.56      836.35 
                   2        263.52      837.73 
                   3        291.42      840.11 
                   4        319.22      843.48 
                   5        346.87      847.85 
                   6        374.36      853.20 
                   7        401.63      859.52 
                   8        428.67      866.82 
                   9        455.42      875.07 
                  10        481.87      884.27 
                  11        507.97      894.41 
                  12        533.69      905.48 
                  13        559.00      917.46 
                  14        583.86      930.33 
                  15        608.25      944.08 
                  16        632.14      958.69 
                  17        632.90      959.19 
 
 
          ****  Simplified BISHOP FOS =   1.979  **** 
 
 
 
 
 
          The following is a summary of the TEN most critical surfaces 
 
          Problem Description : R&B Horizontal Expansion-Bishop CCR  
 
                 FOS      Circle Center    Radius  Initial Terminal  
Resisting 



              (BISHOP)  x-coord  y-coord           x-coord  x-coord    
Moment 
                          (ft)     (ft)     (ft)     (ft)     (ft)    
(ft-lb) 
 
           1.   1.979    210.77  1620.62   784.67   235.56   632.90  
4.172E+08 
           2.   1.980    237.67  1538.67   702.32   235.56   635.26  
4.250E+08 
           3.   1.985    223.41  1767.68   922.92   267.78   698.40  
5.610E+08 
           4.   1.991    294.29  1498.67   653.39   267.78   680.37  
4.820E+08 
           5.   1.995    272.40  1505.08   649.68   300.00   618.79  
2.195E+08 
           6.   1.999    257.03  1639.60   803.54   235.56   718.12  
7.687E+08 
           7.   2.007    134.74  1937.82  1100.08   267.78   641.58  
3.708E+08 
           8.   2.009    263.07  1764.17   918.36   267.78   761.81  
8.443E+08 
           9.   2.010    227.53  1836.92   983.61   300.00   708.77  
4.932E+08 
          10.   2.016     97.45  2275.59  1439.89   267.78   741.35  
7.946E+08 
 
 
                             * * *  END OF FILE  * * * 
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      XSTABL File: ARB-1B     4-05-**   10:33 
 
                   ****************************************** 
                   *              X S T A B L               * 
                   *                                        * 
                   *        Slope Stability Analysis        * 
                   *                using the               * 
                   *            Method of Slices            * 
                   *                                        * 
                   *         Copyright (C) 1992 ─ 97        * 
                   *   Interactive Software Designs, Inc.   * 
                   *        Moscow, ID 83843, U.S.A.        * 
                   *                                        * 
                   *          All Rights Reserved           * 
                   *                                        * 
                   *  Ver. 5.202                 96 ─ 1599  * 
                   ****************************************** 
 
 
          Problem Description : R&B Horizontal Expansion-Bishop CCR  
 
 
 
 
          ----------------------------- 
          SEGMENT BOUNDARY COORDINATES 
          ----------------------------- 
 
             12 SURFACE boundary segments 
 
          Segment    x-left    y-left    x-right   y-right     Soil Unit 
             No.      (ft)      (ft)       (ft)      (ft)    Below 
Segment 
 
              1          .0     821.0       42.0     834.0         1 
              2        42.0     834.0      152.0     834.0         1 
              3       152.0     834.0      161.0     837.0         1 
              4       161.0     837.0      185.0     838.0         1 
              5       185.0     838.0      216.0     837.0         1 
              6       216.0     837.0      218.0     836.0         1 
              7       218.0     836.0      226.0     835.0         1 
              8       226.0     835.0      234.0     836.0         1 
              9       234.0     836.0      243.0     838.0         1 
             10       243.0     838.0      598.0     950.0         7 
             11       598.0     950.0     1175.0    1102.0         7 
             12      1175.0    1102.0     1190.0    1102.0         7 
 
 
             25 SUBSURFACE boundary segments 
 
          Segment    x-left    y-left    x-right   y-right     Soil Unit 
             No.      (ft)      (ft)       (ft)      (ft)    Below 
Segment 
 



              1       251.0     838.0      263.5     834.0         2 
              2       263.5     834.0      337.0     834.0         2 
              3       337.0     834.0      737.0     850.0         2 
              4       737.0     850.0     1113.0     856.6         2 
              5      1113.0     856.6     1190.0     855.0         2 
              6       251.0     836.0      263.5     832.0         3 
              7       263.5     832.0      337.0     832.0         3 
              8       337.0     832.0      737.0     848.0         3 
              9       737.0     848.0     1113.0     854.6         3 
             10      1113.0     854.6     1190.0     853.0         3 
             11       251.0     835.8      263.5     831.8         4 
             12       263.5     831.8      337.0     831.8         4 
             13       337.0     831.8      737.0     847.8         4 
             14       737.0     847.8     1113.0     854.4         4 
             15      1113.0     854.4     1190.0     852.8         4 
             16       251.0     835.7      263.5     831.7         5 
             17       263.5     831.7      337.0     831.7         5 
             18       337.0     831.7      737.0     847.7         5 
             19       737.0     847.7     1113.0     854.3         5 
             20      1113.0     854.3     1190.0     852.7         5 
             21       251.0     835.5      263.5     831.5         6 
             22       263.5     831.5      337.0     831.5         6 
             23       337.0     831.5      737.0     847.5         6 
             24       737.0     847.5     1113.0     854.1         6 
             25      1113.0     854.1     1190.0     852.5         6 
 
 
          -------------------------- 
          ISOTROPIC Soil Parameters 
          -------------------------- 
 
           7 Soil unit(s) specified 
 
          Soil   Unit Weight   Cohesion  Friction    Pore Pressure      
Water 
          Unit  Moist    Sat.  Intercept   Angle  Parameter  Constant  
Surface 
           No.  (pcf)   (pcf)    (psf)     (deg)      Ru      (psf)      
No. 
 
            1   110.0   110.0     500.0    27.00      .000         .0      
1 
            2   110.0   110.0     500.0    27.00      .000         .0      
1 
            3   100.0   100.0        .0    20.40      .000         .0      
1 
            4   100.0   100.0        .0    27.00      .000         .0      
1 
            5   100.0   100.0        .0    20.00      .000         .0      
1 
            6   120.0   120.0     500.0    30.00      .000         .0      
1 
            7   115.0   115.0      90.0    29.00      .000         .0      
1 



 
 
 
           1 Water surface(s) have been specified 
 
          Unit weight of water =    62.40  (pcf)  
 
 
          Water Surface No.  1 specified by  3 coordinate points 
 
          ********************************** 
                   PHREATIC SURFACE, 
          ********************************** 
 
            Point      x-water     y-water 
             No.         (ft)        (ft) 
 
              1            .00      806.00 
              2         745.00      840.00 
              3        1190.00      840.00 
 
 
 
          A horizontal earthquake loading coefficient 
          of   .150 has been assigned 
 
          A vertical earthquake loading coefficient 
          of   .000 has been assigned 
 
 
 
          A critical failure surface searching method, using a random 
          technique for generating CIRCULAR surfaces has been specified. 
 
 
           1000 trial surfaces will be generated and analyzed. 
 
 
           100 Surfaces initiate from each of  10 points equally spaced 
          along the ground surface between  x =     10.0 ft 
                                       and  x =    300.0 ft 
 
 
          Each surface terminates between   x =    400.0 ft 
                                      and   x =   1180.0 ft 
 
 
          Unless further limitations were imposed, the minimum elevation 
          at which a surface extends is  y =    650.0 ft 
 
 
 
          * * * * *  DEFAULT SEGMENT LENGTH SELECTED BY XSTABL  * * * * * 
 



             28.0 ft line segments define each trial failure surface. 
 
 
 
          --------------------- 
          ANGULAR RESTRICTIONS 
          --------------------- 
 
            The first segment of each failure surface will be inclined 
            within the angular range defined by : 
 
                    Lower angular limit :=   -45.0 degrees 
                    Upper angular limit :=  (slope angle - 5.0) degrees 
 
 
 
 
      
************************************************************************ 
          --  WARNING  --  WARNING  --  WARNING  --  WARNING  --  (# 48) 
      
************************************************************************ 
      Negative effective stresses were calculated at the base of a slice.    
      This warning is usually reported for cases where slices have low 
self  
      weight and a relatively high "c" shear strength parameter.  In such    
      cases, this effect can only be eliminated by reducing the "c" 
value.   
      
************************************************************************ 
 
          ------------------------------------------------------------ 
          USER SELECTED option to maintain strength greater than zero 
          ------------------------------------------------------------ 
 
 
 
          Factors of safety have been calculated by the : 
 
          * * * * *   SIMPLIFIED BISHOP METHOD   * * * * * 
 
 
 
            The most critical circular failure surface  
            is specified by 18 coordinate points 
 
                 Point      x-surf      y-surf 
                  No.        (ft)        (ft) 
 
                   1        267.78      845.82 
                   2        295.72      847.59 
                   3        323.60      850.20 
                   4        351.38      853.67 
                   5        379.05      857.97 



                   6        406.58      863.11 
                   7        433.93      869.08 
                   8        461.09      875.88 
                   9        488.04      883.50 
                  10        514.74      891.93 
                  11        541.17      901.17 
                  12        567.31      911.21 
                  13        593.13      922.04 
                  14        618.61      933.64 
                  15        643.73      946.02 
                  16        668.46      959.14 
                  17        692.78      973.02 
                  18        698.40      976.45 
 
 
          ****  Simplified BISHOP FOS =   1.280  **** 
 
 
 
 
 
          The following is a summary of the TEN most critical surfaces 
 
          Problem Description : R&B Horizontal Expansion-Bishop CCR  
 
                 FOS      Circle Center    Radius  Initial Terminal  
Resisting 
              (BISHOP)  x-coord  y-coord           x-coord  x-coord    
Moment 
                          (ft)     (ft)     (ft)     (ft)     (ft)    
(ft-lb) 
 
           1.   1.280    223.41  1767.68   922.92   267.78   698.40  
5.380E+08 
           2.   1.285    210.77  1620.62   784.67   235.56   632.90  
4.002E+08 
           3.   1.286    237.67  1538.67   702.32   235.56   635.26  
4.078E+08 
           4.   1.287    294.29  1498.67   653.39   267.78   680.37  
4.625E+08 
           5.   1.288    263.07  1764.17   918.36   267.78   761.81  
8.103E+08 
           6.   1.289    257.03  1639.60   803.54   235.56   718.12  
7.380E+08 
           7.   1.293    227.53  1836.92   983.61   300.00   708.77  
4.732E+08 
           8.   1.294     97.45  2275.59  1439.89   267.78   741.35  
7.622E+08 
           9.   1.296    272.40  1505.08   649.68   300.00   618.79  
2.105E+08 
          10.   1.297    314.66  1584.92   729.09   300.00   727.55  
5.239E+08 
 
 



                             * * *  END OF FILE  * * * 
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