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Problem Statement

Design a geocomposite drainage system for the proposed Clinton Landfill No. 3 Chemical Waste Unit.
The geocomposite drainage system will consist of a geocomposite overlying the 40-mil LLDPE, that
drains into the perimeter ditch as shown on Drawing Nos. D7, and D15.

Given

| Detail of final cover system showmg geocompOSIte dramage layeris presented on Drawing No.
D16 contained in this application.

0 _ Koerner, R.M. and D.E. Daniel, Final Covers for Solid Waste Landfills and Abandoned Dumps.
Thomas Telford. (Refer to attached pages).

a Koerner, R.M., Designing with Geosynthetics, Prentice Hall, Fifth Edition. (Refer to attached
pages).

" Richardson, G., Design of Waste Containment and Final Closure Systems. ASCE Conference
- April 2001. (Refer to attached pages).

o Richardson, G.N., Giroud, E.C.P., and A. Zhao, Design of Lateral Drainage Systems for
Landfills. (Refer to attached pages).

a Hydrogeologic Evaluation of Landfill Performance (HELP) model. (Refer to attached pages).
0 Landfill design specifications for layer types and thickness.
Assumptions

0 The following equation is used to calculate the minimum required transmissivity (T,,;,) of the
' geocomposite drainage layer of the final cover:

2 %
T = B'"q
™ h,. * B*sin(a)

m
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Where, .
Tmin = Minimum Transmissivity of Geocomposite (ft*/sec)
B _= Longest Distance along.4H:1V slope of final cover system (feet)
g = Iimpingement Rate (ft/sec)

M = Maximum Head Build-up (ft)
o = Slope Angle (degrees)

The distance B is 852 feet (refer to Drawing No. D13).

The impingement rate (q) was conservatively assumed equal to the peak daily rate of
drainage through the drainage net during the closure period, years 1 through 30 — q =
0.6418 in/day (see HELP Model results in Appendix 1).

a The maximum head build-up (h,,,,) is assumed equal to the thickness of the geocomposite
equal to 0.325 inches or 0.027 feet.

The slope angle (a) for the drainage path is 14.04° (4H:1V).

Ll Equation used to calculate the required transmissivity (T, g requren) Of gEOCOMpoOSite
(modified from Koerner and Daniel):

T

LAB REQUIRED

RF, * RFr * RF.. * RFy

Ty =

Solve for T, ug requren:

Tias requiren =(TLT)(RFIN * RFgg * RF ™ RFBC)

Where, :
T asrecurer = required transmissivity of geocomposite
Tt = long-term transmissivity of geocomposite equal to T,
RF, = reduction factor for elastic deformation
RF g = reduction factor for creep deformation
RF ¢ = reduction factor for chemical clogging
RFBC = reduction factor for biological clogging

Qa The following reduction factors will be used (RF,, = 1.2, RF s = 1.4, RF, = 1.2, and RFg. =
1.5). These values are the upper end values based on testing on geocomposntes under low
normal stresses. (Refer to Richardson and others).
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i Equation used to calculate the design factor of safety (modified from Koener and Daniel):

‘ _ _Teropucr
F.S. = T

LAB REQUIRED

L The product transmissivity Teropucr Of the geonet is 1.0x10° m?/sec (see Specifications).

Calculations

Impingement Rate (ft/sec) into the Geocomposite

q= 0.6418yn { 1fF ][1day] 1hr —6.19x107 fifsec
day 12in){ 24 hrs J{ 3,600 sec

Minimum Transmissivity of Geocomposite

Determine the minimum transmissivity of the geocomposite.

B?*q _ (852fty’ *6.19x107 ft/sec
h_ +B*sin(@) .027ft+852ft"sin(14.04°)

-3 72
T‘r‘=(2.17x10 ft ]{ 1m

T =

min

=2.17x107 ft’/sec

2
- ] =2.02x10* m?/sec
sec 3.28ft

Long-Term Transmissivity of Geocomposite

Determine the long-term transmissivity of the geocomposite utilizing T,,, and the reduction factors.
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T

— LABREQUIRED .
T+=T

e RFIN * RFCR * RFCC RFBC

Solven for T,

LABREQUIRED *

T agreaomes =(1-2%1.4*1.2%1.5) (2.02x 10* mzlsec)
T, =6.11x10* m?/sec

LABREQUIRED

Factor of Safety for Geocomposite

Fg =_Teropuer - 1.0x10° m?/sec
T 6.11x10* m?/sec

LAB REQUIRED

F.S.=1.6

Conclusion

The above calculation demonstrates that the required transmissivity of the geocomposite is more than
adequate to handle the anticipated stormwater infiltration for the proposed Clinton Landfill No. 3
Chemical Waste Unit.
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where

FS =factor of safety {to handle unknown hydraulic conditions. or

q,,,d = req;med ﬂew rate as amedfmm -des-’ign veéuir!s 'of-iﬁ-ie
actual system.

he aﬂewable ﬂow sate comes fmm iatery !esimg of the prud

nm»moﬂehbe feld system accurately, tben '
case. ﬂms, lhe labomtory-gevm&ed ﬂow rate is an u!hmate value which
raust be reduced before use in design; that is,

Wayaf demg thts is to astribe reduction facters to each of the itemns
rpulited i oratol "’»w.scanbeacctedasfoﬂews

1 ; .
2.8
o = Gon [RF.. X RFen X REce X RF.C] 2.8




. geonet or drainage core do not occur. Thus, the design is a

FINAL COVERS FOR SOLID WASTE LANDFIELS AND ABANDONED BUMPS

orif all of the reduction factors are lumped together,

'f@regsmg f@muﬂmmn asa va e of umly ails of th

Tines for varieus reduction facters are given in Koerner (¥

2.3.3.3 Ceotexide Filters. As noted previously, a geotextile must
cover the geonet or drainage cere, anid its primary function willbeto serve
as a filter. In so doing, the geotextile must allow the water 1o pass without-
building up pore water pressure and, simultaneously, must retain the up-
stream soil so that upgradlem piping and downgradient clo i
two-step. pro-
cess; first, for permeability {or permittivity); second, for soil retentmn for
apparent opening size).

Geotextile-permeability is the first pait of a geotextile filter design. It

Hormulates a factor of safety using permittivity, which is the permeability

divided by the geotextile’s thickness, as follows:

5 = Yoow ‘ 2.10)
Wieq A
¥ = L @11

H
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of Lateral Drainage Systems for Landfills

i 3.3. Guidance for the selection of some of the reduction factors on the flow capacity of geonets and
@kompos‘i&es having a geonet transmissive core.

I‘:Xﬂ!mlcsofappﬁcaﬁon 1 Y Liquid 3 RFy _ RFex RF¢c | RFsc

vt (whxch are] the mesl,, qucmly nsed gm
liguideollection layerisa .&u:k. e

abovccxzstmtk" exception-of geotextile in

geotextile itself isthe trahsmi 'vemed:m In !lns casc, ihc mduchon facters prwented above cmst but no

guidance is proposed hcrcm regarding their values.

Finally, it shmﬂd bc aoted that the various reduction factors may not be completely independent. For example,

chemical degradation may aifea emep resistance (i.c. may increase RF ), and, as shown by Palmeira and
Gardoni (20”) . ce i1 particles in a needle-punched nonwoven geotextile (i.c. panticulate
Jlogging) may reduce tbe geetcxﬁlc s compressibility (i.c. it may rechice RFjyco and RF ox while increasing
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6M ”‘6‘3’10‘5 f :-:‘ o iai
O =)*3* 107 mlsee-
Oirinne =10%3% 1075 1 3;3@(: . 6*}9 -

in for cover dizins
s-pii for Jeachate collection drains.
Isec-m for leakage collection drains.

V}mms or m‘m! eqmlibnum 1s Ieached, wlnchcvcr is. gcater Figwe 3 2 prmnls thc long~tcrm tmnsmlssw;ty
test data for a triplanar geonet composite tested in-soil condition and normal load of 720kPa
15 096;93{)

Figure 3.2 Long-tersi transmissivity for 2 triplanar Geocomposite
(with soil boundary, 270 g/’ wonwoven each face, normal load =720 kPa)
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GSE Hyper Ne produeis ore geosynthelic drainage moterials composed of two
bonded ovedeppmg strands commonly referred 1o os geonet. Hypesb
: de Gnd Ee-n-h mﬁleohhenet : 3

H'ﬁaae m”pmhdﬁesmﬂﬁebawdm&mmnﬂ@urmhsdwwhﬂedmﬂmdebmwwd by GSE Quelity Assvronce prochces.
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‘beneath the foundation is a wedge zone that remains intact and moves downward with the

Chapter 6 Shallow Foundations—Bearing Capacin

considering a slice of the foundation of length b and taking moments about Point A, w,
obtain the followmg

M, = (q.:Bb)(B/2) — (s,wBb)(B) — 0,,Bb(B/2) (6.1
Gu=2ms, top (62

It is convenient to define a new parame{er called a bearing capacity factor, N,, an
rewrite Equation 6.2 as:

9 = N_s, + ozn] 6.3.

Equation 6.3 is known as a bearing capacity formula, and could be used to evaluate the
bearing capacity of a proposed foundation. According to this derivation, N.=2w=6.28.
This simplified formula has only limited applicability in practice because it consid-
ers only continuous footings and undrained soil conditions (¢ = 0), and it assumes the
foundation rotates as the bearing capacity failure occurs. However, this siinple derivafion

illustrates the general methodology required to develop more comprehenswe bearing ca-
pacxty formulas.

Terzaghi's Bearing Capacity Formulas

 Various fimit equilibrium methods of computing bearing capacity of soils were advanced

in the first half of the twentieth century, but the first one to achieve widespread accep-
tance was that of Terzaghi (1943). His method mcludes the following assumptions:

» The depth of the foundation is less than or equal to its width (D < B).

* The bottom of the foundation is sufficiently rough that no sliding occurs between
the foundation and the soil.

* The soil beneath the foundation is a homogeneous semi-infinite mass (i.e., the soil

extends for a great distance below the foundation and the soil propemes are uniform
throughout).

* The shear strength of the soil is described by the formulas=¢" + o'tan §’.
* The general shear mode of failure governs.

. No consolidation of the soil occurs (i.e., settlernent of the foundation is due only to
the shearing and lateral movement of the soil).

* The foundation is very rigid in comparison to the soil.

* The soil between the ground surface and a depth D has no shear strength, and serves
only as a surcharge Joad.

* The applied load is compressive and apphed vertically to the centroid of the founda-
tion and no applied moment loads are present.

Terzaghi considered three zones in the soil, as shown in Figure 6.5. Immediately



zaring Capacity

wit Point A, we

(6.1)
62)

factor, N, and

(6.3)

| to evaluate the
I = 27 = 6.28.

scause it consid-
} it assumes the
imple denivation
sive bearing ca-

s were advanced
idespread accep-
umptions:

).

; between

1ass (i.e., the soil
:rties are uniform

’ tan ¢I.

on is due only to

ength, and serves

»1d of the founda-

6.5. Immediately
>wnward with the
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Figore 65 Geometry of failure surface for Terzaghi’s bearing capacity formulas.

foundation. Next, a radial shear zone extends from each side of the Wedge,' where he took
the shape of the shear planes to be logarithmic spirals. Finally, the outer portion is the lin-
ear shear zone in which the soil shears along planar surfaces. '

Since Terzaghi neglected the shear strength of soils between the ground surface and
a depth D, the shear surface stops at this depth and the overlying soil has been replaced
with the surcharge pressure 05" This approach is conservative, and is part of the reason
for limiting the method to relatively shallow foundations (D < B).

Terzaghi developed his theory for continuous foundations (i.e., those with a very
large 1/B ratio). This is the simplest case because it is a two-dimensional problem. He
then extended it to square and round foundations by adding empirical coefficients ob-
tained from model tests and produced the following bearing capacity formulas:

For square foundations:

gu = 13C'N, + 6\pN, + 0.4y'BN, (6.4)

For continuous foundations:

gur = C'N + alpN, + 0.5v'BN, (6.5)
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Specifications
® Rimpull

Waste Disposal
Landfill Compactors
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* Drumonly - 13m o 1.53m 50" 149 m 58" -
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Biade Length 348 mm 137 419 mm 16.5" 294 mm . 116" -"
- Biade Height 152 mm 6" 152mm 6" 165 mm 65" o
Rtade Thickness/Width 22 mm o087 28.6 mm 1.125° 150 mm 59" e
‘TIPS per Wheei 20 25 as ‘ﬂ
Fwo Pass Coverage 45m we* 478m 15'8" | 567m %7 :
345m 14~ 382m 127~ 417m 13’8~ e
25m 3" 274m 20" 32m 106"
335m 1me- arm 22" 455m "
7.79m %7 842m rr 10.18m 335"
333m 1011 38m 126" _428m 141
532 mm 19° $05 mm 18" 596 mm 235"
365m 120° 45m 14'9~ 519m 1o
18tm 63" 19m 6’3" 222m r3
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