Board of County Commissioners

Department of Fublic Works
Post Ofice Box 167, Lecanto, Florida 34460

(352) 746-4107 FAX (352) 746-1203
F I - oA REPLY TO:
= Solid Waste Management
P.O. Box 340

Lecanto, Florida 34460

February 21, 1996

Mr. Richard Tedder

Division of Waste Management

Florida Department of Environmental Protection

2600 Blair Stone Road

Tallahassee, Florida 32399-2400 P& F G 5 Y =0

Re: Landfill Sideslope Subbase Design FEB 292 1998
Request for Alternate Procedure S
Citrus County Central Landfill Phase 1A Expansion ,

gSolid Waste gection

Dear Mr. Tedder:

We are hereby transmitting one courtesy copy of the referenced document
prepared on Citrus County’s behalf by CH2M HILL. The original and seven more copies
will be delivered to Mr. Ruddell as soon as the permit application fee check is issued by
our Finance Department. This advance copy will allow you to become familiar with the
project. Please refer any technical questions to Mr. Panozzo. Thank you.

Yours truly,
Sonom Aleaty
Susan J. Metcalfe, Director I
Division of Solid Waste Management % Qﬂ 1“’1{1”\(}}{ S,
cc: Gary Kuhl, Dir. Dept. of Public Works e N

Gary Panozzo, CH2M HILL, Tampa ™. T T Netat A
(\., Y 8{53‘2::“ )fL"}'{..}{éi é

e

Facilites Maintenance Fleet Management Road Maintenance Solid Waste Management
Post Office Box 143 Post Office Box 215 Post Office Box 167 Post Office Box 340
Lecanto, Florida 34460 Lecanto, Florida 34460 Lecanto, Florida 34460 Lecanto, Florida, 34460
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February 13, 1996
117956.28

Mr. John Ruddell

Director of the Division of Waste Management
Florida Department of Environmental Protection
2600 Blair Stone Road

Twin Tower Office Building

Tallahassee, Florida 32399-2400

Dear Mr. Ruddell:

Subject: Landfill Sideslope Subbase Design
Request for Alternate Procedure
Citrus County Central Landfill Phase 1A Expansion

CH2M HILL has prepared and submitted to the FDEP Tampa District office a permit
application to construct the Citrus County Central Landfill Phase 1A Expansion on behalf of
Citrus County. The purpose of this correspondence is to request approval of an alternate
landfill sideslope subbase design in accordance with Rule 62-701.310, Florida Administrative
Code (FAC). All of the criteria for this request included in Rule 62-701.310(2), FAC are
summarized in the following table. A more detailed discussion of each of the criteria is
provided under the headings which follow the summary table. A fee of $2000 in accordance
with Rule 62-701.310(6), FAC is also attached.

Tampa Office 4350 W. Cypress Street, Suite 600, Tampa, FL 33607-4155 813 874-0777
Mailing address: P.O. Box 21647, Tampa, FL 33622-1647 Fax No. 813 874-3056
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Rule Criteria Response

62-701.310(2)(a), FAC  Facility. Citrus County Central Landfill

62-701.310(2)(b), FAC

62-701.310(2)(c), FAC

62-701.310(2)(d), FAC

62-701.310(2)(e), FAC

Specific provisions for which
an exception is sought.

Basis for the exception.

Alternative procedure and
demonstration of equal degree
of protection.

Demonstration of effectiveness

Phase 1A Expansion.

6-inch-thick lining subbase for a
double geomembrane lining
(Rule 62-701.400(3)(c)(1), FAC.

A lining subbase is not practical
based on constructability and
benefit considerations.

Placement of the lower
geomembrane of the sideslopes
on prepared, in place naturally
occurring subgrade soils.
Alternative provides for a greater
degree of protection.

Estimated leachate flow through
the Phase 1A Expansion
sideslopes is negligible.

Rule 62-701.310(2)(a), FAC The specific facility for which an exception is sought:

This exception is being sought for the Citrus County Central Landfill Ishase 1A
Expansion in Lecanto, Florida.

Rule 62-701.310(2)(b), FAC The specific provisions from which an exception is sought:

The lining base grade plan for the Citrus County Central Landfill Phase 1A Expansion
1s shown on Drawing No. C-4 in Attachment A. The boundary of the east and west
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sideslopes of the proposed expansion are indicated with a heavy dashed line on the
drawing. A detail of the proposed lining for both the sideslopes and bottom of the
landfill expansion is shown in Detail 18 on Drawing No. C-14 (Attachment A). A
double geomembrane lining in general accordance with Rule 62-701.400(3)(c), FAC is
proposed for the expansion. An exception is being sought for the lining subbase
provisions of the referenced rule. Rule 62-701.400(3)(c)(1), FAC includes provisions
for at least a 6-inch-thick lining subbase with a maximum hydraulic conductivity of 1 x
10” centimeters per second (cm/sec). As shown in Detail 18 on Drawing No. C-14
(Attachment A), a lining subbase is proposed for the bottom lining in the Phase 1A
Expansion; however, a lining subbase is not proposed for the sideslopes of the
expansion. Placement of the lower geomembrane on prepared, in place, naturally
occurring subgrade soils is planned.

Rule 62-701.310(2)(c), FAC The basis for the exception:

-

/z

N

This exception is based on the practicality, from both constructability and benefit
considerations, of a lining subbase beneath the sideslopes of the proposed Phase 1A

Expansion..-

During Phase 1 construction of the facility, the sideslopes in the area of the Phase 1A
expansion were excavated to approximately the proposed lining base grade elevations
shown in Drawing No. C4 (Attachment A). At that time, provisions for subbases were
not part of the regulations and the Phase 1 lining and excavation for the future Phase 1A
expansion were constructed in accordance with existing standards and permit
provisions. Placement of a low-permeability, 6-inch lining subbase on the already
excavated sideslopes is not practical with available - construction technology. If
attempted, it is unlikely that the subbase would be effective and support forthe
overlying lining system may even be compromised. The length of-the slope, which is
over 200 feet, precludes the use of geocomposite clay lining Without an intermediate
anchor trench in the middle of a slope. Both flattening the slope and providing for an
intermediate anchor trench would require the placement of fill on the bottom portion of
the slope since site boundaries prevent widening the limits of the excavation at the top.
However, placement of soil fill on the bottom portion of the sideslope is undesirable
because a weakened foundation support zone could be developed between the interface
of the soil fill and in place soils below the landfill.

my\* S){
o
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The lining subbase provisions are intended to inhibit lining leakage and contain leachate
below the bottom of landfills to protect the public and environment. This protection
usually applies to groundwater resources, which are typically within several feet of
landfill bottoms in Florida. The use of a low permeable, 6-inch-thick sideslope lining
subbase for this protection does not provide practicable benefits for the Phase 1A
Expansion because of the following site specific conditions:

¢ The lining sideslopes will be at approximately 2 horizontal to 1 vertical slopes and

N composite drainage nets will be used for both the primary and secondary leachate

s collection layers. Therefore, leachate in the collection layers of the lining will be

p~)
\))Y . ) drained away to the landfill bottom quickly. As a result, there will be neeligible
N \effr‘ O D

The alternate procedure being sought is to place the lower geomembrane of the
sideslopes at the Phase 1A Expansion on prepared, in place naturally occurring subgrade
soils in lieu of a lining subbase. The degree of protection of the sought after alternate
procedure and the required lining subbase can be evaluated by considering the amount
of leachate that could flow through the lining subbase and, alternatively, in place soils.
This flow is characterized using Darcy’s law in the calculations in Attachment C. The
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Q( 3 &N head on the lower geomembrane lining which could contribute to leakage and make
\\bﬂ’ \,\\“ s R a lining subbase beneficial.
& ==
@‘ dr e The groundwater elevation at the site is at elevation 7 feet NGVD and (} ,,fr 35*
/,JA'" approximately 113 feet below ground surface. This groundwater level is 25 feet v w/('pz
) from the bottom of the Phase 1A sideslopes. [Hydraulic conductivity test results y \9“0\.0 —f,’
ﬂrp 7 P& soils adjacent to and below the sideslopes are summarized on Figure | in P LW\

A' Attachment B.[ Tests results range from 1.3 x 107 to 2.0 x 10™ cm/sec, with an Usm
average of 3.0 x 10~ cm/sec. Considering the distance between the bottom of the r«w‘fbw’" '
sideslopes and groundwater, as well as the low permeability of natural soils at the ~ \** SyeoX
site, placement of a lining subbase will have no practical benefit. t};‘:"w\ D\“ibg‘

A5 et
Rule 62-701.310(2)(d), FAC The alternate procedure or requirement for which approval *\Sq \M 2
is sought and a demonstration that the alternate procedure or requirement provides an ‘X &,_'"(of Hg{m“
equal degree of protection for the public and the environment: & W‘a"‘
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results are summarized below:

e The expected flow per cross-sectional area through a 6-inch-thick subbase layer in
accordance with Rule 62-701.400(3)(c)(1), FAC is 6.6 x 107 times the head on the
subbase, per second.

¢ The in place subgrade soils alternative is characterized by a thickness of 25 to 113
feet between the lining and the groundwater level, and ranges in hydraulic
conductivity from 1.3 x 107 t0 2.0 x 10™ cm/sec. Based on a conservative thickness
equal to 25 feet for the subgrade and the greatest measured hydraulic conductivity
value of 2.0 x 10 cm/sec, the expected flow per cross-sectional area through the in
place subgrade alternative is also 2.6 x 107 times the head on the subbase, per

second.

‘Therefore, potential flow through the alternative is expected to be less than 40 percent
of the flow through a 6-inch-thick lining subbase. The proposed alternative provides a
greater degree of protection to the public and the environment.

Rule 62-701.310(2)(e), FAC A demonstration of the effectiveness of the proposed
alternative procedure:

The effectiveness of the proposed alternative is evaluated in Attachment D by
characterizing the proposed Phase 1A Expansion sideslopes’ ability to contdin landfill
leachate. The methodology used in this evaluation is identified in the calculations and
based on standard design equations developed by J. P. Giroud. Results are summarized

below:

¢ Based on the slope of the lining, properties of the primary leachate collection layer,
and a leachate impingement rate typical of Florida; the maximum expected head on
the primary lining is 1 x 10™* meters (m).

¢ Using this head, the expected size of potential lining defects, and the properties of
the underlying leachate secondary collection layer; the maximum expected flow
through the primary lining into the secondary leachate collection layer at each
potential lining defect is expected to be 2 gallons per day (gal/day).
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e Based on the typical size and frequency of lining defects when determining lining
effectiveness, a maximum 1rnp1ngement rate through the primary lining and on the
secondary lining of 2 x 10" meters per second (m/s) is expected.

* Based on the slope of the lining, properties of the secondary leachate collection
layer, and this estimated 1mp1ngernent rate; the maximum expected head on the

secondary lining is 1 x 10% m,

Using this head, the size and frequency of potential lining defects, and the properties of
the underlying soils; the maximum expected flow through the secondary lining can be
estimated. As shown on Figure 1 in Attachment B, the hydraulic conductivity of soils at
the site wh1ch will underlie the secondary lining as the proposed alternative ranges from
1.3 x 107 to 2.0 x 10* cm/sec. The frequency of different ranges in hydraulic
conductivity from this data was used to calculate a total maximum flow of
approximately 8 x 107 gal/day though the proposed Phase 1A Expansion sideslopes.
This flow is negligible, which demonstrates the effectiveness of the proposed alternative
procedure for the lining subbase.

As requested by your office, we are submitting seven additional copies of this
correspondence. We look forward to receiving your comments on our requested alternative

procedure. Please do not hesitate to contact me if you have any questions or need additional
information to assist in your review process.

Sincerely,
CH2M HILL

GA) — e

Gary L. Panozzo, P.E.
Project Manager
ILET015.DOC

cc: Kim Ford - FDEP Tampa District
Susan Metcalfe, P.G. - Citrus County
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Attachment B
Figures
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Attachment C
Equal Degree of Protection Calculations
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Attachment D
Effectiveness Calculations



v T0lg _ onid/7/%
SHEET NO._ 1\ _OF_ _ __ __
prosecT No._\ L 19086 2% _

SUBJECT __c l ue_ Q%ﬂ_\‘i"(_ __L(Lfﬁ£ d

==
]
—————————————————
-
_ Dederonvine. Moo \\QAA ON_ X—DPA,,_,D,_Q_,_‘%:’M‘~,,pP DV
1 hesn s e o de Slopes | _ﬁ
I —Tr;\mc___ _[;ﬁ (L/Q L ‘\’CL&\.L - -XQ.\/\.«@Z]./CQ\JL_ @L
_‘_m,; 2 Woosewrn e was N laheRo am locchato
P ) Collechon \MAQQJ\ ( W\%@ﬁ
| L= \_9-’(\6\4)1\ of Norizendold Drojection OwL Uhe \oachats
__“ - Co \Lo,c,,-mo{\, \OA.;(!U\ ﬁ_/\UW\ lfC)P ~—<> (ol C:\(T‘L_ (_W\QLUS
| _Q,_ = \(\QQ\ £\ \A \_MQ LU\.. k_O_CLQ)LQJQ_WACx\’ o m{\ \M\(U\S/SQQJ
I \Q‘ M_W\M L ConQua ety — C% C‘L\.a\ f\Clu‘fQ— CLUS/‘L’\ Q\‘Wl“ ‘ZSLC
r‘ O = Soeg amale Léﬁv\ms; _ I
5 {l-‘?’ ==
\;—;M@ = 95% O Yo 7- Au% sloun W/ e Cumence Laod
W
r‘.\,cf"‘ud X A 100 “&LO‘AS : o {g’(&‘mﬁ"@—s%.:g;
. e ey
y | oo Tinder Wa \oo \&aw\ _“1__& " _
QJ\Q.C,‘\?\*Q_,%CA/\ o 20 A AR 6“;3,7%(‘(_\_
. — i_.___ [N ,Lo e = 0 g 5____(;5_5\ = g g‘ R D N\/S ‘
- | o 9
Yoo o 2\ alome 2 b Lo
. . - . N\[;tu %‘
o . ) ) 4-577 DL h
Tem o 2550 Sope Bz 13° \?3“’? R
Qe > Y57 |
L = \O\D,}»\JJJ«JL\-«_,SL‘S @am __L\_&S%gﬁ ,,,,, |
|
\\/\C}vﬁbm SHN \_AV\/\ % LQV\\\JD‘D\\ -e_ &/‘C& \\Oy,t (\LS: = \D G\Q_\ /“\x\\/-€+
. Ut \em\\ VIR & ro:@f\:;) _ov_a.l YID% ot
4&3‘ 3048m\" 3w RC ‘
—— ——-ﬁ- = Al Yo Tec FORM 38

(/0 T "("‘l7 48 gol (wm (



—_—— suaJECT_CL-Jf 6_C9(L/\C_i9._)_\f_llld_c'ﬂ__ __j/_ Qb_(é__ DATE é/ 7[7 Q
M— \ SHEET NO._Q__OF __ ____ __ h

—————————————————
prosecT No.__\ 12 & S,_C;_Sk

I \< W,’\S (\“—\_\‘5’3‘» \)T';\J\,{
| B 202 ‘ ﬁ _ ﬁ_
TR T TN AR W RATR a2 Ik —

J.\ c,L\\u)_A C_B Ky = O. Al Wweoene s oT QO Q),Co__,ﬂ_*ﬁ_

) 1k W

1

o ko= Al )([D_’5 “\2/5@9”_ - 63\%9\\(\/5 eeW\ -.f’ Tﬂ
Bl

006 ™ .. S ,
\)’“

Tov 27| =icPe -
1 _ \ Saxio ! \ P ()l‘”h/f
;__wm_’_ifé_LL& 4 < \ 3 —‘r&w?;% = Y364 ]

O3\ ¥A
\L e

- | QLlos 266
R A

S P 000 | o o )

ton 2.5 50 alome 2

—_ 2.2%i 7 ~ ~ 0 )
\ YOGy R 5% E_l “{’ ot NS + «-L&(\Z . e = _\'CL\"\ d\\% J__H_

- - __ 2 Cos % DO
- 4

— - — |
na = 000 | |

|

I /l,f
_\XH0__

- 000l e

;;__..___a_ ﬁ,,,wp\m o T S R e
5& G{'\ Cmu\\ €_ Q_ , \__Q\.LC/‘\-JK. e u\\ﬁ’\:\ﬂ@\

A ééro N ,,,,Q‘vqy;a o -

#

FORM 3B I'



e ) /oy Jis

SUBJECT __ O/.r'”‘ UsS COU”A /ACU'Q_‘E_f_ - Y_T_Q/&f___ oATv:z/ Z 7o
SHEET NO, _g_OF_ ==

Jﬁﬁ@@:%_

PROJECT NO. __

e To&a C) \LQ\(_OLM& Qwuﬂ\(\ ’Pv m@u\%_”m

59 22 AN DN

\ v
CRA V-1V =Y

_ Fyomy T2
e LQCK_'\C_,CL_CKQ_h_é\I alugsien
o&&gm@\\obmm o

B 1@&@, efr \J\p\\s&fdé M\/\OW\\\ \\Q&Q% —P-

_ OvRA LT GuNA \&M\C\ SO D
_ Nualeas o0 - o
0= h\

. Z—" QJ\QCk ol oﬁaom erand. \(\0\0_(“\1)
(a/52)

O
o g_u.m_c»_u_mﬁpg@} oAy Gty
Nz hweoed of U—CLL,\\MO\:\_%OD I N
. ——Qeovenlnena . Qm\_“____._ e
6%*‘;&:} oo Naodad ,\)Nﬁ__“-ﬁ R .‘Q Aol
h= wa“{ m
B K cIN Y OL_LW.\_\ . Q_ﬁgx) lo quL
) "h
= 2. blx1o 5“-

__ _Ovel e x . oRIkAYYS
W}u S 20 Cra\m\ o

- Fm, G~
SELH ol Sizn ool \.o\\a_x\ Q_\)M’\‘

26 ’
S BXYID N Srsoud
t\c:\ Mou Ol

7 C) % Y‘\/ S

o
%Wi\;:;% o‘\b N oa _SySkeons
o m\m@m-% =

O\L&—q A

‘\O}} A p
65\%&“\

A
0~ - \
NV Q%\JLQ{:_«.Q{,,\_ o

KXo -
4 S 5 /s

FORM 38



( ov_ L, Ol _ oare .3.[7/?Q

SUBJECT Q./ WS 8&1_1} W_L\.Lzr}.gii_;
SHEET NO._ T oF_ __
PROJECT NO. \.\.11‘5_@_2‘&

l X
| R
i

N~ 000| _wn o

____Q__Q A (o\m N 2045 oo 1S

9\ %&Q/dc -Qov v Mu
)8 N)aﬁv

OF |@H/ \A\D%“\/S o
X

— AT

e dertanee. Soke o% \Q&K@ag hoaouo A

'____:E;&CO_‘Q!:\O\_«J;Q b <N o o
The 1, DGO o Yok C,Q_\ \)\\/\DLL“S\(\ QK)\(\Q_--

?v_cx_uh»%‘_f\\w NS
R R /C;&;;L L

_,_ﬁ\\Luw ﬁ.__Lo.ch.\(\ 0 on %b o@ g&c&\bww
\ (\QA \S O e W . Q
D -([o /

ey e o

,ﬁmé;s:y Opeh__/
&&\ﬁ/,,

o slhe' o
ALY o 5% o

M SO \ﬁ 4 15 0 /
%ﬁkg/ /s

_ ' X IO
64{]:4(%@ 1 denals ~ do

—*W\W =

L ACos ANy

“"Imwy Sl \ 3\5 ND“ AN W




sueJECTLJf &-‘ C_L.L.L_i{l‘f_‘if’i — 4 .wj -_Q/i € __ pate 26117_?40
SHEET NO._"_0F _ ____ __
1798 G 2%

PROJECT NO._

Yoo - Gisowd < \\mjc.ckc&, Cwaﬁhmq o _@e&cgn

| ___.._,__féx.og‘ﬁ\(.\@,\__\..,iﬁ L

_— F\Q_O—ﬁb UE )\Q,CL\K Tﬁ MJ\J\OU& n_ G C,Q\‘\’\Qb% S

Q_f\}_-’iﬂ_-_t |
Q= Y‘b/ta 01 M‘Laaﬂ \)“J\Odf(\ are . vole vn B
QQM.Q\ O f"'mposwa s

Ve gRe0ne mbrw\ﬂ _Qoeny
| Q'\\ Yo tole o Yo olonenbrong ()
| LaQ d\D_OQ_@omm AL

_z G2
LW_\S
0N K\D \l&)\’\‘(

louo- JJ\\\\%A i*‘

\és«—‘ \N'\SMJM\“ C Qondiug \lr“d\*"'“ _©
<o\ Lu\&&/_\,\x,&\ DA o J\(&D \“\Hw\)v* N B
Q= AXWT _W\g\ < . .
NN ST R e

- TQ“ A(LQJ\J‘M R ® M\J\D‘_&_C&\(\ Qac Q’Wos\\qﬁ \ Y\‘QT)
RIANMNLL \ e oldusy wes.

\'\))\LQLU_Q)(\-&J O\
QQCM \\\L/\DC\/\T‘“’\ Qﬁo \uﬁ/\/‘(\“&%s :

AL A Can x&/\\_o )
. ns 42 sols
SIENC SN _%\NL Tosolds Q\) e

o I TL 2 X0 4 .._;\N\U\').d, I
..L\e%*r% -
Tox eaeins WUJQ L \u Vol QAL“‘?)/S / a@@ s
4 e Q&XW(\\ D2 a LAy W OV\BO»&Q L qT«VL oXion.
N\‘LK—Q\&( ol Qq \Bu\“ Mg

P O s «Luf\
; B @_D:_)_\:C_QJ ‘:\k - \A\\\‘J\\LPM) ~ GQ J\o\\g %W O S QL <
‘s ﬁ Slepe. © &

°, |

B AT S Y

Q/""‘-' CB-,,__




onre/ 774

(.Q d_i_‘_ r-JYﬁ_Qgi__
PROJECT No——-__LOLF_'Y ﬁ\ig 3’3

= SUBJECT_(\L‘\F iﬁ_ﬁ
::::::______—_ ______ roser
o _M Q 5 %o\ L olin O\ L ) (‘D_QJ\/{V\Q_CL_/Q P
Nolaso s BYEPN Soded o M\J\{‘(\\\'\{_ Dng. *(:AVVJL
' Qretouin o‘\D U},&\Lm:gl Unoa Ouﬁ\\ s Qf/mpoﬁ"\{
\ean =N S L2 /0N VA oA, C/\(\Lé 2 G/ULC*-C‘ 5}\-0-2:{ ,,,,,
L padonTy Whe o veso A s O‘o Vo ¢ Onodiy 503,
__ Ra showon on M S@J\Mu:l ahaox s OJ\"\CJ\)\J Jx
O\D \SLCL\LCLC\GQ_ X(\-\/\DU r'\ Coa Qoﬁw A \“\9-& :
Ko DRRALA NS 7@.6 X @&Q_/d@qé
__vé_\cxc\r\ A G %b e




—ypodd oX [V

| abey

&)
L0-318°L  [vl-Fev'e  [¥80 %001 HE felog
60-3€L°} Z1-365°L |80°0 91-J£6°6 80-35¢°L |90-300°EC |%6 . Z-3¥ 01 8-35(60-3 |
80-394F  [G1-3802 |8€0 S1-39v°'S 80-35¢°1L |90-300°C |%S¥ S 9-3% o1 2-39(80-3}
£0-345°F  [S1-3/8'9  [e20 ¥1-300°€ 80-35¢°} [90-300°€ |%.2 € S-3v 03 9-36(20-31
£0-4S.°S  |pI-3e25'2  |SLO €1-359°'1L 80-4S2°L [90-300°C |%8) [ ¥-3p 01 G-35(90-3 1
(Aepyeb) p (vss/w) O |[saioe Amhom\omw\mEv D |[(wy (w)e Aouanbaiq |sisa] Jo [(0as/wo) ebuey ejeq |(oas/w) sy

Juaoiad 1aquUINN

JaurT Arepuooag ybnoay) abeyeaT jo ajey

gleaus




,

Design Examples GeoSyntec Consultants

DESIGN EXAMPLE 2

LEACHATE COLLECTION SYSTEM

PrRePARED BY J.P. GIroOuD
GEOSYNTEC CONSULTANTS

1. DESIGN
p

Lﬂb&#&ie-.+}dih)uq7 e Ll;)’

1.1 Equation

The maximum thickness of leachate in the leachate collection
Tayer is approximately given by the following equation (Figure 1) [Giroud

et al., 1993]: o fnuJézél Jrars
T .. =L [4(e/k) + tan” B - tan B1/(2 cosp) t:n;:5212519;;¢; Wrasrrr)
where: T = maximum thickness of leachate in Teachate collection layer;

max

L = length of horizontal projection of the leachate collection layer, from
top to collector; e = impingement rate (or leachate generation rate); k =
hydraulic conductivity (coefficient of permeability) of the drainage
layer; and B = slope angle. Basic SI units are: T (m), L (m), e (m/s),
k (m/s), and B (degrees).

1.2 Comment on the Impingement Rate

e = precipitation - runoff - evaporation - waste and soil
moisture storage

The impingement rate can be determined by perform%ng a water
balance model to represent the landfill in operating conditions. Suitable
water balance models available are the USEPA water balance method [USEPA,
1975] and the Hydrologic Evaluation of Landfill Performance (HELP) model
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[USEPA, 1984a and 1984b].

An alternative but conservative approach is to use an impingement

rate equal to 25% of the 7-day storm with a recurrence period of 100

years. For example, in Florida the 100-year 7-day precipitation is 21 in.

(0.53 m). This results in: _ _
-b ln/_

8.7 X0 S

e = 0.25 x 0.53/(7 x 24 x 60 x 60) = 2.2 X 107 m/s

In the following design examples, it is assumed that the
impingement ra ined from the HELP model. It is assumed that for
the considered 1andfill,the HELP model indicated that approximately 40% of
the average monthly rainfall will percolate through the proposed landfill
as leachate. It is also assumed that the worst month is June, with a mean
precipitation equal to 12.6 in. (0.32 m). This results in:

0.40 x 0.32/(30 x 24 x 60 x 60)

4]
1]

5.0 x 10% m/s = 2.0 x10° in./s = 4,620 gpad

m
1]

(gpad = gallons/acre/day)

1.3 Comment on T}EX

‘To prevent pressure buildup in the Teachate collection layer, T,
should satisfy the following criterion: /

T“"ax <t xec$
e o

where: t = thickness of the leachate collection layer (m).

In addition, it is recommended that T, be smaller than 0.3 m (1
foot) to minimize leakage through the liner.
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2. EXAMPLES

2.1 Sand Drainage lLayer

Given:
tan g = 2% - 0% L =30m (100 ft) = to P
k=1x 10" m/s t =0.45m (1.5 ft)
e =5K%X 10-8 m/s = \'MPingt,vm—«J’
ate -
Calculations:
wat O Giroud’s equation:

Crean

FITEC S
g et T

y max

30 [V4(5 x 10°)/(1 x 107) + (0.02)% - 0.02]/(2 x 0.9998)

0.435m = 17 in. = 1.43 ft

It appears that the leachate thickness does not exceed the
thickness of the drainage layer, but exceeds the recommended maximum
Jeachate thickness of 0.3 m (1 ft). In this case, the drainage length, L,
may be reduced or the slope, B, increased to meet the requirements of 0.3
m (1 ft) maximum leachate thickness. Alternatively, a material with
higher hydraulic conductivity may be used as the drainage medium. For
example, if the drainage length is reduced to 21 m (69 ft), the calculated
leachate thickness becomes 0.3 m (1 ft).

2.2 Geonet Drainage Layer
Given:
tan g = 2% = 000 L=30m (/@o#)

Geonet hydraulic transmissivity measured under a compressive
stress equal to the expected landfill overburden stress:

92.02.28/T0920301 111 Copyright 1952 GeoSyntec/Giroud
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'w"“"'
f* %
u@LUJ4 § =2.0x 107 m/s for the considered geonet between geptextile
l o~ EPU'}[YTI‘( rp,{"‘rr‘{;(
Lo and geomembrane
\‘)!I‘" J _HMJ 77 a[c JT .
LO W -T’M( “,__f, 1y
hﬁ lxﬂ*zdv g =2.0 x 107" m’/s for the considered geonet between two va les—
geomembranes
Geonet th1cknes; 04 A
t, =4m [aj_(wvw‘o oAt “‘]"’)
Leachate impingement rate:
e =5x 108 m/s (see section 1.2)
Calculations:
Geonet hydraulic conductivity: ﬂ@éhif Thttleorsn i LSS X
- o _’:"
k =8/t =2x 10°5/0.004 = 5 x 10° m/s = 00 T

Giroud’s equation:

30 [V4(5 x 10°)/(5 x 107) + (0.02)° - 0.02]/(2 x O. 9998)

—
fl

max

0.0146 m = 14.6 mm > ¥ MM [Thaekrer "“ /mf) 7J
= 0,57 indw rlmxw‘?c
This leachate thickness exceeds the geonet thickness, which is 4 mm; lay e
one layer of geonet is insufficient. Therefore, try two layers of geonet.

eﬁd/ A hydraulic transmissivity 6 = 2 X 107% m?/s should be used for the
ﬁp Tower layer geonet, which is between a geomembrane and a geonet (compared
U?'Kéaﬁ’iﬂ to the upper geonet which is in contact with a geotextile, and for which
P @ut"( a hydraulic transmissivity of 2 x 10" m?/s is used). The new value of
Q&@Q‘ hydraulic conductivity to consider is:
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k =8/t =2x 10/0.004 = 0.05 m/s

Giroud’s equation is then used for the lower geonet only, the
transmissivity of the upper geonet being negligible compared to that of
the Tower geonet:

T 30 [ V4(5 x 107)/0.05 + (0.02)° - 0.02]/(2 x 0.9998)

P! W _gll‘yL o~ ok
7 ‘ﬁ’ 1.5 x 103 m = 1.5 mm <m‘1“”“’ &

ﬁ$kwk’l T wdadebrm 409 wmens. 2_%puﬁ&Lff 4AAA\_C How Colsic on o

Th1s value being less than 4 mm, it is sufficient to have one layer

b'i
‘iff e of geonet not in contact with a geotextile. Therefore, two layers of
LpeﬁOﬁ geonets are needed, one geonet (the upper geonet) in contact with the

A geotextile filter, and the other between the upper geonet and the

B geomembrane.
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Figure 1. Leachate Thickness in the Leachate Collection System.
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DESIGN EXAMPLE 3

LEAKAGE EVALUATION

PrRepARED BY J.P. GIROUD

1. DESIGN METHOD
1.1 Leakage Mechanisms

There are essentially two mechanisms of leakage through geomembranes
[(Giroud and Bonaparte, 1989]: fluid permeation through an intact
geomembrane and flow through geomembrane holes. Leakage rates due to
geomembrane permeation are generally negligible compared to leakage rates
due to flow through geomembrane holes. Therefore, only leakage through
geomembrane holes is considered in this design example.

With regard to leakage through geomembrane holes, three cases can be
considered:

o The geomembrane is overlain and underlain by high-permeability
materials (such as geonet or coarse gravel).

e The geomembrane is placed on a layer of 1ow-permea511ity soil to
form a composite liner. :

e The geomembrane is placed on a high-permeability material, and is
overlain by a sand or a fine gravel (i.e., a medium permeability
material). .
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1.2 Rate of Leakage Through Holes in Geomembrane Overlain and Underlain
by High-Permeability Materials '

In this design example, a geomembrane "alone" is a geomembrane
overlain and underlain by high-permeability materials (such as geonets or
coarse gravel). According to Giroud [1984a, 1984b], the rate of leakage
through a hole in such a geomembrane can be evaluated using Bernoulli’s
equation for free flow through an orifice, provided the underlying
material has a hydraulic conductivity greater than k., given by:

10* a (mz)
100 a (sz)

Knin (M/S)
k., (cm/s)

where a = area of geomembrane hole.

Bernoulli’s equation is as follows [Giroud and Bonaparte, 1989a]:

Q =0.6 aVv 2gh

where: Q@ = leakage rate through one geomembrane hole; a = area of
geomembrane hole; g = acceleration of gravity; and h = head of 1iquid on -
top of the geomembrane. Basic SI units are: Q(m3/s), a(mz), g(m/sz), and
h(m).

1.3 Rate of Leakage Through a Composite Liner

The mechanism of leakage through a composite liner with a hole in the
geomembrane is as follows: the liquid first migrates through the hole in
the geomembrane; the 1iquid may then travel laterally some distance in the
space, if any, between the geomembrane and the low-permeability soil; and
finally, the liquid migrates into and eventually through the low-
permeability soil. Therefore, the leakage rate depends on the quality of
contact between the geomembrane and the Tow-permeability soil.

—_—— T
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For the typical contact conditions encountered in the field, the

leakage rate can be calculated from the following empirical equations
[Giroud et al., 1989] based on work by Giroud and Bonaparte [1989b]:

Q =0.21 a%! po*® kso'74 for good contact
Q =1.15 a%t pos kso'74 for- poor contact

where: Q = rate of leakage through one hole in the geomembrane component
of a composite liner; a = area of the hole in the geomembrane; h = head of
1liquid on top of the geomembrane; and k, = hydraulic conductivity of the
low-permeability soil underlying the geomembrane. The above equations are
not dimensionally homogeneous; they can only be used with the following
units: Q(nﬁ/s), a(mz), h(m), and k (m/s).

The above equations should be restricted to cases where:

« the hydraulic conductivity of the low-permeability soil is less
than 107° m/s (10™* cm/s); and

« the head of liquid on top of the geomembrane is less than the -
thickness of the Tow-permeability soil Tlayer underlying the
geomembrane.

The material overlying the geomembrane has no influence on the rate of
leakage as Tong as its hydraulic conductivity is greater than that of the
low-permeability soil underlying the geomembrane.

The good and poor contact conditions are defined as follows
[Bonaparte et al., 1989]:

« The good contact condition corresponds to a geomembrane installed
with as few wrinkles as possible, on top of a low-permeability
soil layer that has been adequately compacted and has a smooth
surface.
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» The poor contact condition corresponds to a geomembrane that has
been installed with a certain number of wrinkles, and/or placed
on a low-permeability soil that has not been well compacted and
does not appear smooth.

These two contact conditions, which can be considered as typical
field conditions, are between the two extremes defined as follows:

e Best Conditions. The low-permeability soil is well compacted,
flat and smooth, has not been deformed by rutting during
construction, and has no clods and cracks, and the geomembrane is
flexible and has no wrinkles.

» Worst Conditions. The Tow-permeability soil is poorly compacted,
has an irregular surface and is cracked, and the geomembrane is
stiff and exhibits a pattern of large, connected wrinkles.

1.4 Rate of Leakage Through a Geomembrane Overlain by a Medium-
permeability Drainage Material

If a geomembrane resting on a high-permeability material (such as
geonet or coarse gravel) is overlain by a medium-permeability drainage
material (such as sand or fine gravel), the flow toward the geomembrane
hole is impeded by the drainage material, and the flow rate is less than
in the case of free flow (i.e., the case when the geomembrane is underlain
and overlain by a high-permeability material). A typical field situation
is a geomembrane primary liner overlain by a sand leachate collection
layer and underlain by a geonet leakage detection and collection layer.
An approximate empirical equation for the calculation of the leakage rate
is as follows [Bonaparte et al., 1989]:

Q=3 a0.75 h0.75 kdO.S

where: Q = rate of leakage through one geomembrane hole; a = area of the
hole in the geomembrane; h = head of liquid on top of the geomembrane; Ky

52.02.28/TD920301 118 Copyright 1992 GeoSyntec/Giroud
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= hydraulic conductivity of the drainage material overlying the
geomembrane. This equation is not dimensionally homogeneous; it can only
be used with the following units: Q(m3/s), a(mz), h(m), and k (m/s).

This equation is applicable only when the hydraulic conductivity of
the drainage layer material, k,, is greater than 107 m/s (10"4 cm/s).
Also, the equation should be 1imited to cases where the head of 1iquid on
top of the geomembrane, h, is less than the thickness of the drainage
layer. (This condition is usually fulfilled in the case of landfills.)

1.5 Hole Frequency

Typically one hole per 4000 m’ (acre) is considered based on work-by
Giroud and Bonaparte [1989a]. However, any other frequency can be
considered by the design engineer.

1.6 Hole Size
Two hole sizes are typically considered:
e 1lecm® =100 mm’ = 107" m* (0.16 in.%); and

e 2mm (0.08 in.) in diameter, i.e., 0.031 em? = 3.14 mm? = 3 x 10°°
m? (4.9 x 107 in.%).

The Tlarge hole is typically considered for sizing the leakage
collection system, and the small hole for evaluating the performance of
lining systems constructed with adequate quality assurance. Any other
hole size can be considered by the design engineer.

lmc_ bhole = 50\3.\'\) LcS .
ot liaer S7.:+m_\
QVQ-'-‘-“*'\/’S Pen—ﬁae-mw»o.

S mal hole =
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2. DESIGN EXAMPLES

2.1 Example 1

Size of landfill: 2 acres.

Head on liner: 0.2 mm on slopes and 1.2 mm on the base, as
obtained in the design of the leachate collection system (not
given here).

The 1iner is a geomembrane alone on the slopes and a composite
Tiner at the base of the landfill.

Hydraulic conductivity of the clay component of the composite
liner: 10°% m/s (10°® cm/s). :

The geomembrane is overlain by a geonet on the slopes and at the
base of the landfill.

2

Holes with a surface area of 1 cm® (0.16 in.z) are considered.

Calculations

- Leakage on side slopes

The liner is a geomembrane alone (i.e., overlain and underlain by a
very permeable material) and Bernoulli’s equation can be used with:

Hence:

a=1x10"n (1 end)
h=2x10"m (0.2 mm)
Q=0.6x10%Y2x9.8l x2x10"

92.02.28/70920301 120 Copyright 1952 GeaSyntec/Giroud
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Q = 3.76 x 107 m¥/s
Q = 0.325 nﬁ/day = 86 gallons/day (for one hole)

This is the leakage rate through one hole with a surface area of 1

sz .

- Leakage on base

The 1iner is a composite liner. Assuming that the coentact conditions
between the geomembrane and the low-permeability soil layer are good, the
following equation can be used:

Q = 0.21 &% h% k7"
with:

a =1x10"*n? =1 cm?

k., =1x 1078 m/s

h =1.2x10% m (1.2 mm)

The leakage rate is given by:

Q =0.21 x (1079%! x (1.2 x 10°%)%° (1078)0-74
Q = 2.36 x 107° m’/s
Q =2.0 X 107 m’/day = 5.4 x 107 gallons/day (for one hole)

It appears that one hole in the slope generates 16,000 times more
leakage than one hole through the base. This is because the liner on the
slope is a geomembrane alone, while the liner on the base is a composite
liner. The effect of the composite liner is to significantly reduce the
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rate of leakage through a hole in the geomembrane. (Note that neither of
the above calculations take into account any additional head caused by
liquid ponding which may be due to geomembrane wrinkles.)

- Leakage through the entire liner

——

Assuming a frequency of one hole per acre, since the lining system
surfate area is two acres, there are two holes. Assuming conservatively
that the two holes are on the slope, the leakage through the top liner is:

-—

Q=2x3.76 x 10° m¥/s

Q=7.5x10° m/s = 0.64 m*/day = 640 liters/day

170 gallons/day

Fan)
It

The leakage rate per unit area is obtained by dividing the above
leakage rate by the landfill surface area, 8,000 m’ = 0.8 hectare (2
acres):

Q = 800 1phd = 85 gpad
(1phd = Titers/hectare/day; gpad = gallon/acre/day)
2.2 Example 2
e Size of landfill: 5 acres

e The primary liner of a double liner is a geomembrane alone on the
slopes and at the base.

o The geomembrane is underlain by a geonet on the slopes and the
base. (The geonet is the leakage collection layer for the double

Tiner.)
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e« The geomembrane is overlain by a geonet on the slopes and by sand
at the base. (The geonet and sand constitute the Teachate
collection layer material for the double liner.)

o The hydraulic conductivity of the sand is 107 m/s (107° cm/s).

e Head on the primary 1liner: 0.2 mm on slopes and 120 mm on the
base.

o A hole size of 10 mm’ (0.016 in.%) is consideréd.

Calculations

- Leakage on side slopes

The primary liner is a geomembrane alone overlain and underlain by
high-permeability materials. Therefore, Bernoulli’s equation can be used.

:fu} The values of the parameters to be used in Bernoulli’s equation are:
a=1x107°mt (10.mm2), i.e., average case
h=2x 10"i m (0.2 mm)
Q=0.6x10""V2x09.8 x2x 10"
Q=3.76 x 107 m¥/s

Q = 8.6 gallons/day (for one hole)

This is the leakage rate through one hole with a surface area of 10

lTIl'ﬂ2 .

- Leakage on base

The primary liner is a geomembrane alone which is overlain by a

92.02.28/TD920301 123 Copyright 1992 GeoSyntec/Giroud
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medium-permeability drainage material (sand) and underlain by a high-
permeability material (geonet). The leakage rate through one hole in the
geomembrane can be calculated using the following equation:

Q =3 a().75 h0.75 kdO.S

with:
a =1x107° n® =10 mn?
ky = 1x 1073 m/s -
h =0.12 (120 mm)

The Teakage rate is given by:

Q =3.44 x 107 m¥/s
Q@ = 7.85 gallons/day (for one hole)

- Leakage through the entire liner
Assuming a frequency of one hole per aﬁre, since the lining system

surface area is five acres, there are five holes. Assuming that twp holes
are on the slope and three holes are at the base, the rate of leakage

through the top liner is:
Q =2x3.76 x 107 + 3 x 3.44 x 107
Q =1.78 x 10° m’/s = 154 1iters/day
Q = 40.7 gallons/day

The leakage rate per unit area is obtained by dividing the above
leakage rate by the landfill surface area, 20,000 m’ = 2 hectares (5

acres):
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e’

Q = 77 1phd = 8.1 gpad

(1phd = liters/hectare/day; gpad = gallon/acre/day)

s’

z -
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DESIGN EXAMPLE 4

Y
p*"" LEAKAGE COLLECTION LAYER

oﬂo”) Mﬁj ‘

1

r);Y S’“’U‘ PRePARED BY J.P. GIROUD

X
(\N{J’me GEOSYNTEC CONSULTANTS

1. DESIGN METHOD -

The purpose of this design example is to size the leakage collection

- and detection layer located between the two liners of a double liner. The
rate of leakage through a hole of the primary liner is assumed to be
known. Assume that the collected leakage will flow over a width B of the
leakage detection layer. This width B can be arbitrarily chosen between

! 1 and 5m (3 and 16 ft.). Then, calculate the flow thickness as follows:
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yinel TT where: D = flow thickness; Q = flow rate; B = flow width; k = hydraulic

aéuiﬂéﬂwSconductivity of the drainage medium; and B = slope. Basic SI units are:

L Ak D (m); Q (m*/s), B (m), k (m/s), and B (degrees).

<A f

fT?QO It is then necessary to verify that the flow thickness, D, is less
b than the thickness of the leakage .detection layer or 0.3 m (1 ft),
LVJ“ whichever is smaller, to ensure a small head on the secondary liner.

If the leakage detection layer 1is characterized by its hydraulic
transmissivity, the above equation becomes:

D B
N v (Equation 2)
T g sinfg

where: D = flow thickness; T = thickness of the drainage layer; Q = flow

! 92.02.28/70920301 127 Copyright 1992 GeoSyntec/Giroud



Design Examplés - - GeoSyntec Consultants

rate; B = flow width; 8 = hydraulic transmissivity of the drainage layer;
and 8 = slope. Basic SI units are: D (m), T (m), Q (nF/s), B (m), ¢
(nf/s), and B (degrees).

- Jhe above equation is particularly useful for geonets. It is used to

verify that D/T < 1 or D < 0.3 m, whichever value of D is smaller.

Leak detection time is the time leakage takes to travel from the leak
to the nearest collection sump. In this design example, it is assumed
that Eteady-state conditions exist in the leakage detection layer. The
steady-state leakage detection time is given by Giroud and Bonaparte

[1992]: _
t, = nL/(k sin 8) (Equation 3)

where: 't = steady-state leakage travel time in a leakage detection
layer; n_ = porosity of the leakage detection layer; L = Tength of the
Teakage path in the leakage detection layer; k = hydraulic conductivity
of the leakage detection layer material; and B = slope of the leakage
detection layer along the leakage path. Basic SI units are: t_(s),
L (m); k (m/s}, and B, (degrees); n_and B are dimensionless.

The above equation considers only the time during which Teakage flows
in the leakage collection layer. The time spent by leakage in pipes is
not included. A maximum steady-state leak detection time of 24 hours is

typically required.

Since the location of leaks is not known, it is conservative to use
for L, the maximum distance between a leak and a collection sump.

2. DESIGN EXAMPLE

Given

The top liner has two holes located near the toe of the side slopes.
The leakage rate through each hole is 3.76 X 107 m3/s (85 gallons/day).
The base slope is 3%. A geonet with a hydraulic transmissivity of 5 x 10
nF/s is considered. For leak detection time calculations, a maximum
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distance of 30 m (100 ft) between hole and collector pipe is considered.

Calculations

Assume a flow width B = 1.5 m (5 ft) and conservatively assume that
the two holes are next to each other.

D 2 x 3.76 x 10°%/1.5

5 x 10% x 0.03

—|

~ =0.33 -
7
The flow thickness is one third of the geonet thickness; in other
words, the factor of safety is 3. -
Y Hopm = 0. 157

To calculate the leak detection time, it is necessary to know the
porosity and the hydraulic conductivity of the geonet. A value of 0.8 can
be assumed for the porosity. The hydraulic conductivity can be obtained by
dividing the hydraulic transmissivity by an assumed thickness of 4 mm as

follows: ) '
/V\
k = a/t 9: XIO /CC J lf){l‘o
g .

k = 5x10" /4 x 107

k = 0.125m/s = 2.5 em fse e
The leak detection time is then given by Equation 3 as follows:

0.0>
ty = 08x30/(0 125xo,02’)

[0400 )v

9500 s ’;47’hours

This time is less than 24 hours and is, therefore, acceptable.
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