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OBJECTIVE:

Evaluate the design transmissivity of the geocomposite drainage layer used for the leachate collection system
(LCS) and leak detection system (LDS) of the liner system for the proposed retired ash basin (RAB) ash
landfill.

METHOD:

Develop a geocomposite drainage layer design transmissivity as described by Giroud et al. (2000) to account for
in service reductions in flow capacity. Design transmissivity values were calculated for three operational
conditions: Case 1, liner system with 2’ operational cover; Case 2, liner system with 2’ operational cover, 10°-

80’ compacted waste and 6” daily cover; and Case 3, closed landfill.
CALCULATIONS:

Drainage Layer Transmissivity Design Values

Transmissivity is calculated using the following equation:

6=k (Equation 1)
Where:

O=hydraulic transmissivity (cm?/sec);

k=hydraulic conductivity (cm/sec); and

t=drainage layer thickness (0.69cm).

Use the following equations to estimate the appropriate geocomposite drainage layer design transmissivity

value:
BLTIS — gnwa.mred = * * * gﬂldﬂ.ﬂf::d * * * (Equation 2)
H(RF) RFIMCO ‘RFJ'MIN RFCR ‘R‘FIN R‘FCD RFPC RFCC RFHC
B, = Oums (Equation 3)
Design FS

Where

O is=long term in-situ soil hydraulic transmissivity of the geocomposite;


lfrost
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O measurea=value of hydraulic transmissivity obtained after laboratory testing;
I1 (RF) = product of all reduction factors;
RFmco=reduction factor for immediate compression;
RFan=reduction factor for immediate intrusion;
o—=creep reduction factor;
RF;=intrusion reduction factor;
RF s=chemical clogging/degradation reduction factor;
RFpc= particulate clogging reduction factor;
RE . ~chemical clogging reduction factor;
RF.=biological clogging reduction factor;
Oyesiga=geocomposite transmissivity appropriate for use in design;

FS= factor of safety.

Evaluation of 2

meastred

¢ For Cases 1,2 and 3 laboratory transmissivity tests were performed in accordance with ASTM D
4716. Test parameters replicating operational conditions of the 1.CS and LDS, including seating
times of 100 hrs under normal stresses of 250 and 7,200 psf were used. Furthermore, sample
profiles were arranged to replicate geocomposite contact conditions for LCS and LDS. These
profiles consisted of a sand/geocomposite/HDPE geomembrane profile for the LCS and a HDPE
geomembrane/geocomposite/ HDPE geomembrane profile for the LDS. Laboratory testing was
performed by TRI/Environmental, Inc. of Austin, Texas. Lab test results are reported in
Attachment 1.

¢ GSE Permanet TRx, a triaxial drainage net, was selected due to the products sustained flow

capacity under high normal load.

LCS Reduction Factors
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Reduction factors used to evaluate LCS geocomposite drainage layer design transmissivity values are presented

in Table 1. As discussed in the preceding section, site specific operational conditions of the LCS geocomposite

drainage layer were replicated during laboratory transmissivity testing. This allowed for minimization of

several of the reduction factors,

Table 1: LCS Reduction Factors

Range of Values Operating Conditions
LINER | COVER | Casel Case2 | Case3 | Case3
(No (10°-80° | (Closed | (Closed
Waste) | Waste) | Landfill | Landfill
Liner} | Cover)
RF Reduction factor for immediate
IMCO compression 1.0 1.0 1.0 1.0 1.0 1.0
RF Reduction factor for immediate
IMIN intrusion 1.5 1.0 1.0 1.0 1.0 1.0
RF cr Reduction factor for creep 1.4-2,00 1 1.1-1.40 [ 14 1.4 1.4 1.1
RE Reduction factor for delayed
W intrusion 1.0-1.20 1 1.0-1.2M) 1.1 1.0 1.0 1.0
RE Reduction factor for chemical
tb degradation 1.5 1.2 1.0 1.0 1.0 1.0
RF Reduction factor for particulate
e clogging 1.2 1.2 1.0 1.2 1.2 1.2
RF Reduction factor for chemical
£ clogging 1.5-2.0% 1 1.0-1.29 ] 1.0 1.0 1.0 1.0
RF Reduction factor for biological
BC clogging 1.5-2.00 [ 1.2-1.5 [ 1.0 1.0 1.5 1.2
Overrall Reduction Factors = RF 1.54 1.68 2.52 1.58

M Published Values from Giroud et al. (2000} and Qian et al. (2002)

LDS Reduction Factors
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Reduction factors used to evaluate the LDS geocomposite drainage layer design transmissivity values are
presented in Table 2. Again, the replication of site specific operational conditions of the LDS geocomposite

drainage layer during laboratory transmissivity testing allowed for minimization of several of the reduction

factors,
Table 2: DS Reduction Factors
Operating Conditions
Range of Casel | Case2 | Case3d
Values (No | (10°-80" | (Closed
Waste) | Waste) | Landfill
LINER Liner)
Reduction factor for
RF mco immediate compression 1.0 1.0 1.0 1.0
Reduction factor for
RF i immediate intrusion 1.5 1.0 1.0 1.0
RF Reduction factor for creep 1.4-2.0" 1.4 1.4 1.4
Reduction factor for delayed
RF intrusion 1.0-1.20 1.0 1.0 1.0
Reduction factor for ‘
RF cp chemical degradation 1.5 1.0 1.0 1.0
Reduction factor for
RF pe particulate clogging 1.2 1.0 1.0 1.0
Reduction factor for :
RF ¢c chemical clogging 1.5-2.0" 1.0 1.0 1.0
Reduction factor for
RF pe biological clogging 1.5-2.0 1.0 1.0 1.0
Overrall Reduction Factor = RF 14 1.4 1.4
O published Values from Giroud et al. (2000) and Qian et al. (2002)
RESULTS:

Design transmissivity values were calculated for three operational conditions: Case 1, liner system with 2°
operational cover; Case 2, liner system with 2° operational cover, 10°-80° compacted waste and 6” daily cover;
and Case 3, closed landfill.

LCS Design Transmissivity and Hydraulic Conductivity
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The estimated LCS geocomposite drainage layer design transmissivity values for operational conditions are
presented in Table 3.
Table 3: LCS Design Transmissivity and Hydraulic Conductivity

kdesign

Operation Conditions O neasured (M*/5) Orris (cm/s)
Case | 5.53E-03 3.59E-03 52
Case 2 3.36E-03 2.00E-03 29
Case 3 3.36E-03 1.33E-03 19

Please note that a hand calculation verifying the kyesiga is provided in Attachment 2.
LDS Design Transmissivity and Hydraalic Conductivity
The estimated LDS geocomposite drainage layer design transmissivity values for operational conditions are
presented in Table 4, These values will be used to evaluate the LDS performance and action leakage rate
(ALR).

Table 4; LDS Design Transmissivity and Hydraulic Conductivity

k-design

Operation Conditions Omeasured (m?/s) Ovtis {cm/s)
Case 1 5.77E-03 4.12E-03 60
Case 2 4.45E-03 3.18E-03 46
Case 3 4.45E-03 3.18E-03 46
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Mail To: BIll Te:
Mr. Wililam M. Harrison <= Same {Pro). Number: 1366-06-825)
S & ME

9751 Southern Pine Blvd.
Charlotte, NC 28273-55660

emait:Wharrison@smeinc.com
phone: 704-523-4726

Fax; 704-525-3953

Dear Mr. Harrison:

Thank you for consulting TRI/Environmental, Inc. (TRI) for your geosynthetics testing needs.
TR is pleased to submit this final report for laboratory testing.

Project; Ash Landfill

TRI Job Reference Number: E2302-57-06

Material(s) Tested; 4 GSE Permanet TRx -2-8oz Double Sided Geocomposite(s}
Test{s) Requested: Transmissivity (ASTM D 4716)

if you have any questions or require any additional information, please call us at
1-800-880-8378.

Sincerely,

ML

Dr. Mansukh Patel

Sr. l.aboratory Coordinator
Geosynihetic Services Division
www.GeosyntheticTesting.com

ce: Sam R, Allen, Vice President and Division Manager

papafol §
QeosynthetioTesting.com
9063 Bas Caves Road / Austin, TX 78733 7 512 283 2101 [ fax: 512 283 2558



TRI/ Environmental, Inc. Design Transmissivity: Attachment 1 2/5

A Texes R h G

W

GEQCOMPOSITE TEST RESULTS
TRI Client: S & ME
Project: Ash Landfilt

Materlal: Double Sided Geocomposite
Sample Identification: 108195134
TR! Log #: E2302.57-06

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV.
1 2 3 4 5 6 7 8 [) 10
Hydraulic Transmissivity (ASTM D 4716)
Plate Sand
Direction Tested: Machine Blrectlon
Normal Load {psf): 250
Hydraulle Gradiegi: {003 Inflow Outflow
‘Test Length {In) 12 — X OOOOOA XK —»
Test Width (In} 12 1
Plate / Otlawa Sand / Sample / 60 mil Texiured HDPE Geomembrane / Plate Plate
DS Txt GM DS GC
Seat Time
{hours) Specimen 1
Volume {cc) 7682 769 767
Time {s) 500 1520 1545
100 Flow Rate {GPMfi widlh) 080 0.80 0,80 0.80 0.00
Transmissivity (m*2/s) 6.62E-03 5,63E-03 5.54E-03 5.53E-03 | 7.36E-06
Test Temp (C) 20,0
Temp. Corr. Faclor 1.000

The tasling heiein is based vpon accepled Industry praclics es well es the lest method Hsted. Teast rasulls reporled hereln do not apply
to samplas other than those tested. TRI nelther accepts responsibliily for nor makes claim as to the final use and purposa of the material,
TRI cbserves and maintsins client confidentiaiity. TRI limits reproduction: of this report, except in full, without prior approval of TR

paga 2 of §
GoosynthetlcTosting.com
8083 Bes Caves Road / Auslin, TX 78733 / 512 263 2101 ! fax: 512 263 2558
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GEQCOMPOSITE TEST RESULTS
TRiCllent: S & ME
Project: Ash Landfill

Materfal; Double Sided Geocomposite
Sample Identification: 108196134
TR! Log # E2302-57-06

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV.
1 2 3 4 5 8 7 8 9 10
Hydraulic Transmissivity (ASTM O 4716)
Plate Sand
Direction Tested: Machine Ciractlon
Normal Load {psf): 7,200 Infi
Hydraullc Gradlent: .03 ntlow - - -
Tesl Length (in} 2 B XXX XA K HKAAXRXNXXK
Tesl Width {In) 12
Plale / Ottawa Sand / Sample / 80 mit Textured HDPE Geomembrane / Plate
DS Txt GM DS GC
Seal Time
{hours) . Specimen 1
Volume {cc) 623 621 628
Time {s) 2027 2026 2044
100 Flow Rate (GPM/H width) 049 0.49 0.49 0.48 0.30
Transmisshity (m*2/s) 3.368E-03 3,35E-03 3.38E-03 3.36E-03] 4,96E-06
Tast Tamp (G} 200
Temp. Corr, Factor 1.000

The testing hereln Is based upon acceplad indusiry practice as well as the lastmethod llsled. Test results reparted hereln do not apply
Lo samples other than thosa testad. TRIneither accapts respansibillly for nor makes claim a4 lo the final use and purpose of the materal.
TRI observes and maintsins cllent cordldantiality. TRINmIts reproduction: of tis report, axcept In full, withau! prior approvel of TR

pagedof b
GeosynthoeticTesting.com
9043 Bee Cavas Road / Auslin, TX 78733 / 512 263 2101 / fex 512 263 2658
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GEOCOMPOSITE TEST RESULTS
TRI Ciient: S & ME
Projact: Ash LandRill

Material: Double Sided Geocomposlte
Sample Identification: 109195134
TRI Log #: E2302.57-06

8TD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV.
1 2 3 4 [ 6 7 8 g 10
Hydraulic Transmissivity {ASTM D 4716) - TXGM
ate
Birection Tasted: Machine Direction
Normel Load {psf): 250
Hydraulic Gradient: 0.03
Test Langth {in) 72 Inflow Outflow
Tast Width (In) 12
Plate 7 60 mil 1X HDOPE Geomembrane / Sample / 6 mil TX HOPE Geomembrane / Ii’lalﬁSGC Plate TXGM
Seat Time
{hours) Specimen ]
Volume {cc) 806 805 814
Time (s) 1520 1527 1541
100 Flow Rate (GPM/H widih) 0.84 0.84 0.84 0.84 0.00
Transmissivity (m"2/5) 5.76E-03 6.77E-03 5.78E-03 5.77E-03 | 6.75E-0B
Test Temp (C) 20,0
Temp, Corr. Factor 1.000

The testing herein Is based vpon accepled industry praclice as well as the test method listed. Tast resulls reported hereln do not spply
ta samples olher than those tested. TR nelther accapls responsibliity for nor makes clalm as {o the final use and purposa of the malerial.
TRi observes and maintains cilent confidentiality. TRI Imits reproduction: of this report, except in full, without prior epproval of TRI.

page d ol &
GaosynthetlsTesting.com
9063 Beo Caves Road I Austin, TX 78733/ 512 263 2101 / fax 512 263 2558
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GEOCOMPOSITE TEST RESULTS
TRi Client: § & ME
Project: Ash Landfill

Material; Double Sided Geocomposite
Sample ldentification: 1091956134
TRI Log #; E2302.67-06

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV.
1 2 3 4 5 8 7 8 9 10
Hydrautic Transmissivity (ASTM D 4716) TXGM
Dlrection Tested: Machine Direction Plate
Normat Load (psf): 7,200
Hydraulle Gradlent: 0.03
Test Length (in) 12 Inflow Outflow
Test Width {In) 12
Flate 7 60 mil TX HDPE Geomembrane / Sampie /6 mil 1X HUPE Geomembrane / Platenége
Seat Time
[hours) Specimen 1
Volume (cc) 812 613 - - 815 .-
Time (5} 15.07 - 1508 ~ 15.10
100 Flow Rate {GPM/A width) 0.64 0.64 0.856 0.64 0.00
Transmissivity (m"2/s) A4AE-03 4.44E-03 A.45E-03 4.45E-03 | 7.09E-08
Test Temp (C) 200
Temp. Cam. Faclor 1.000

Tha testing harein |s based upon accepted Industry practice as well as the lesl mathod Bsted, Testresults reportad herein do not apply
lo samplas other than those Iested. TR nelther accepts responsibility for nor makes claim as to the final use and purpose of the material,
TRI obsarvas and maintains client confidentiality. TR limlts reproduction: of this rapost, except in full, without prior approval of TR

prge B of b
GeosyntheticTasting.com
9063 Bea Caves Road J Austin, TX 78733 /512 263 2101 7 fax 512 263 2558
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“A flerce dedication to honesty and integrity on every level and in every encounter.” -~ THE S&ME PROMISE



