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RECEIVED
Mr. John Ruddell AUG 1 5 2002
Director of the Division of Waste Management
Florida Department of Environmental Protection (FDEP
2600 Blair Stone Road

Twin Tower Office Building

Tallahassee, Florida 32399-2400

Solid Waste Section

Subject: Request for Approval of Alternate Procedure
Landfill Sideslope Subbase Design and Horizontal Separation to Property Line
Citrus County Central Landfill Phase 2 Expansion

‘Dear Mr. Ruddell:

On behalf of Citrus County, SCS Engineers (SCS) is preparing to submit to FDEP a permit
application to construct the Citrus County Central Landfill Phase 2 Expansion. This letter
was prepared in order to request approval of two alternate procedures: 1) landfill sideslope
subbase design, and 2) horizontal separation between the toe of the final cover and the eastern
property line, in accordance with the criteria set forth in Rule 62-701.310(2), Florida
Administrative Code, FAC. A fee of $2,000 in accordance with Rule 62-701.310(6), FAC, is
also attached.

SIDESLOPE SUBBASE DESIGN REQUIREMENT

The criteria set forth in Rule 62-701.310(2), FAC, for approval of an alternate design is
summarized in the following table and addressed in more detail in subsequent sections.

Rule Criteria : Response
62-701.310(2)(a), FAC | Specific facility for which an Citrus County Central Landfill
' exception is sought. Phase 2 Expansion
62-701.310(2)(b), FAC | Specific provisions from which | Requirement to place lower
: an exception is sought geomembrane on a sub-base

which is minimum 6-inches
thick and has saturated
hydraulic conductivity of less
than or equal to1x10™ cm/sec
Rule 62-701.400(3)(c)(1), FAC
62-701.310(2)(c), FAC | Basis for the exception The required lining subbase is
not practical due to benefit
comparisons and construction
issues.

Offices Nationwide ﬁ
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Rule Criteria Response

62-701.310(2)(d), FAC | Alternate procedure sought and | Construction of lowef
demonstration that the alternate | geomembrane liner on

procedure provides an equal sideslopes of prepared, in-place,
degree of protection for the naturally occurring, subgrade
public and environment soils..

Alternative provides an equal or
greater degree of protection.

62-701.310(2)(e), FAC | Demonstration of effectiveness | Estimated leachate flow through
of proposed alternate procedure | sideslopes of Phase 2
Expansion is negligible.

Prior to addressing the criteria in detail for an alternate sideslope subbase design for

Phase 2 at the Citrus County Central Landfill, SCS would like to note that on

February 13, 1996, CH2M HILL submitted a letter report to FDEP requesting an alternate
sideslope subbase design for the Phase 1A Expansion at the Citrus County Central Landfill,
which was subsequently approved by FDEP. For the purpose of our report, SCS intends to
show that the data gathered and the calculations presented by CH2M HILL are also valid for
the alternate sideslope subbase design proposed for Phase 2. For citation purposes, a copy of
this letter report is included in Attachment A to this letter.

Rule 62-701.310(2)(a), FAC — Facility for Which Exception is Sought

This exception is sought for the Citrus County Central Landfill Phase 2 Expansion in Lecanto,
Flonda.

Rule 62-701.310(2)(b), FAC — Provisions for Which Exception is Sought

The proposed lining system base plan and typical cross-sections for the Citrus County Central
Landfill Phase 2 Expansion are shown on construction drawings included in the pending
permit application. A detail for both the sideslopes and bottom liner systems of the Phase 2
Expansion are also shown on the enclosed Figure 1.

In accordance with Rule 62-701.400(3)(c), FAC, a double liner system consisting of upper
and lower 60-mil geomembranes is proposed for this expansion. The exception is being
sought for the lining subbase criteria set forth in Rule 62-701.400 (3)(c)(1), FAC for the
sideslope liner portion only. This rule states that the lower geomembrane shall be placed
directly on a subbase which is a minimum of 6-inches thick, is free of sharp materials or any
material larger than one-half inch, and has a saturated hydraulic conductivity of less than or
‘equal to 1 x 10~ cm/sec. SCS’ proposed design does not include preparing a six-inch subbase
on the sideslopes of the Phase 2 Expansion. Rather, the sideslope lower liner will be placed
on prepared, in-place naturally occurring, subgrade soils as shown in the lining detail on
Figure 1.
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Rule 62-701.310(2)(c), FAC — Basis for the Exception

The exception is based on whether it is practical to prepare a 6-inch thick lining subbase on
the sideslopes for the proposed Phase 2 Expansion. In SCS’ opinion, both from
constructability and benefit considerations, the six-inch thick lining subbase is not practical.

Constructability

SCS designed the sides of the proposed Phase 2 Expansion to have a slope of 2 horizontal to 1
vertical, in order to stay within the site constraints and safety considerations of the landfill,
but still maximize the amount of highly desirable air space. With this consideration in mind,
it is not practical to prepare a 6-inch thick lining subbase in accordance with Rule 62-
701.400(3)(c)(1), FAC. Due to slope considerations, it is unlikely, even if attempted, that the
required lining subbase would be stable enough to support the overlying bottom liner, and
consequently, the liner itself could become unstable.

Alternatively, Rule 62-701.400(3)(c)(1), FAC, states that a geosynthetic clay liner can be
substituted for the 6-inch thick lining subbase. Due to the sideslope length of more than 175
feet, placement of a geosynthetic clay liner would require the use of an anchor bench in the
middle of the slope. Preparing the sideslope for construction of an anchor trench would .
require placement of soil fill on the bottom portion of the sideslope up to the level of the
anchor bench, thereby diminishing air space and possibly creating interface instability -
between the existing subgrade soil and the new fill soil. Therefore, this approach is also not
practical.

Benefit Considerations

The provisions for a 6-inch thick lining subbase set forth in Rule 62-701.400(3)(c)(1), FAC,
are intended to help in containing leaks through the secondary liner that could cause pollution
of underlying groundwater aquifers by the leaking leachate. Typically in Florida, underlying
aquifers are within a few feet of landfill bottoms. For the purposes of the proposed Phase 2
Expansion, the increased protection provided by a prepared lining subbase does not give a
practical added benefit. The following site-specific conditions support this conclusion:

- e The proposed leachate collection design includes a tri-planar geocomposite
drainage net for the primary leachate collection layer and a tri-planar
geocomposite for the secondary leachate collection layer. This design, in
conjunction with a side slope of 2 horizontal to 1 vertical, allows leachate that
encounters the collection layers to drain to the landfill sump very quickly. The
efficient transmission of leachate down the slope results in a minimal residence
time and hydraulic head on the liner. With these two components, the incidence of
significant leakage into the soil, induced through liner perforations, are
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substantially reduced.

e According to the geotechnical investigation conducted on November 15, 2001 by
Universal Engineering Sciences, the groundwater elevation at the site is
approximately 5 feet NGVD and approximately 120 feet below ground surface.
(See Attachment B). These measurements put the groundwater at approximately
35 feet below the lowest point of the Phase 2 Expansion sideslopes. In addition,
the geotechnical investigation describes the soil profile found in the proposed
footprint of Phase 2. When the soil profile of the Phase 2 Expansion is compared
with the soil profile at the Phase 1A Expansion, they are essentially the same.

With this in mind, the average hydraulic conductivity of 3.0 x 10™ cm/sec for the
soil presented in CH2M HILL’s alternate procedure letter for the Phase 1A
Expansion is appropriate to use for the Phase 2 Expansion. When the depth to
groundwater, relative to the proposed liner elevation, is coupled with the low
permeability of the natural soils, installing a liner subbase has no practical benefit.

Rule 62-701.310(2)(d), FAC — Alternate Procedure for Which the Approval is Sought
and Demonstration that the Alternate Procedure Provides an Equal Degree of
Protection for the Public and Environment

The alternate procedure being sought is to place the lower geomembrane sideslope liner of the
Phase 2 Expansion on prepared in-place, naturally occurring subgrade soils instead of on a 6-
inch thick prepared liner subbase with a saturated hydraulic conductivity of less than or equal
to 1x10”° cm/sec. In reality, the degree of protection afforded by placing the lower
geomembrane sideslope liner on the naturally occurring soils is equal to or greater than if it
was placed on a 6-inch thick prepared subbase.

For support of this conclusion, the amount of leachate that could flow through the lining
subbase and alternatively, through naturally occurring soils is considered. The calculations
provided in CH2M HILL’s letter report in Attachment A to this letter are directly applicable
for the proposed Phase 2 Expansion design. The calculations demonstrate that the potential
flow through the alternative proposed is up to approximately 40% less than the flow through a
6-inch thick lining subbase by itself. In the calculations, CH2M HILL used a minimum
thickness of 25 feet for the naturally occurring soil but, for the proposed Phase 2 Expansion
design, the minimum thickness is 35 feet, which results in an even lower flow compared to
the prescribed subbase.

Rule 62-701.310(2)(e), FAC — Demonstration of the Effectiveness of the Proposed

.Alternate Procedure

The effectiveness of the proposed alternate procedure is demonstrated by the ability of the
proposed Phase 2 Expansion sideslopes to contain leachate. Since the proposed Phase 2
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Expansion doﬁble liner system is essentially the same as the Phase 1A Expansion system, the
calculations found in CH,M Hill’s letter report in Attachment A to this letter are valid in
application to the proposed Phase 2 Expansion.

The calculation of the maximum flow of leachate through the soil underlying the proposed
Phase 2 Expansion sideslopes, as provided by CH,M Hill, is estimated to be 8 x 107 gal/day.
This flow is negligible as it relates to a potential impact to groundwater, thereby
demonstrating the effectiveness of the proposed alternative procedure for the lining subbase.

HORIZONTAL SEPARATION TO PROPERTY LINE REQUIREMENT

Rule 62-701.340(4)(c), Florida Administrative Code (FAC) requires a minimum 100-foot
horizontal separation between the toe of the proposed cover slope and the landfill property
boundary. The following is a request for approval of an alternate horizontal separation of 75
feet along the eastern property boundary in accordance with Rule 62-701.310, FAC.

Rule 62-701.310(2)(a), FAC — Facility for Which Exception is Sought

This exception is sought for the Citrus County Central Landfill Phase 2 Expansion in Lecanto,
Florida.

Rule 62-701.310(2)(b), FAC — Provisions for Which Exception is Sought

Requirement to maintain a minimum horizontal separation between the toe of the proposed
cover slope and the landfill property boundary of 100 feet in Rule 62-701.340(4)(c), FAC.

~ Rule 62-701.310(2)(c), FAC — Basis for the Exception

A 75-foot horizontal separation between the toe of the final cover and the eastern property
boundary will be consistent with the existing cover slope of Phase IA. Maintaining a- -
consistent cover slope along the edge eliminates the likelihood of operational problems. The
adjacent property is State forest lands and will not be occupied in perpetuity. The ability to
maintain the same horizontal separation for Phase 2 expansion will minimize confusions
related to the location of the edge of the liner.

A consistent slope along the eastern edge of the landfill will also eliminate the need to provide
a severe jog in the liner alignment that could cause stress built up on the liner.
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Rule 62-701.310(2)(d), FAC — Alternate Procedure for Which the Approval is Sought
and Demonstration that the Alternate Procedure Provides an Equal Degree of
Protection for the Public and Environment

Maintain the existing 75-feet horizontal separation between the toe of the final cover slope
and the eastern property boundary. The proposed alternate setback does not compromise the
degree of protection for the public or the environment.

Rule 62-701.310(2)(¢), FAC — Demonstration of the Effectiveness of the Proposed
Alternate Procedure

The proposed alternate minimum setback will provide an equal or greater degree of protection
for the public and the environment as evidenced from the operation of the existing Phase IA.

SCS appreciates the opportunity to request an alternate procedure for the Citrus County
Central Landfill Phase 2 Expansion. We look forward to your comments. Please contact us if
you have any questions or need additional information to assist in the review process.

Sin

G D e

John A. Banks, P.E. Raymond J . Dever, P.E., DEE
Project Manager - Vice President

SCS ENGINEERS SCS ENGINEERS

BJC:eac

cc: Susan Metcalfe, P.G. — Citrus County
Attachments

Application Fee

Figure 1 ' Liner System Details

Attachment A CH,M Hill Landfill Sideslope Subbase Design, Request for Alternate
Procedure, dated Feb. 13, 1996

‘Attachment B Geotechnical Investigation For Citrus County Landfill, New Disposal Cell,
Universal Engineering Services, Dated November 15, 2001



FIGURE 1. LINER SYSTEM DETAILS
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ATTACHMENT A

CH:M HILL LANDFILL SIDESLOPE SUBBASE DESIGN, REQUEST FOR
' ALTERNATE PROCEDURE, DATED FEB. 13, 1996
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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 corresponderice 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. '

Tempa Office 4350 W. Cypress Steet, Suite ¢C0, Tompa. FL 33607-4155 8138740777
Mciling cacress: P.O. Box 21647, Tempce, FL 33522-1647 Fox No. 813 874-3056
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Rule Criteria Response

62-701.3 10(2)(51,):, FAC  Facility. Citrus County Central Landfill

Phase 1A Expansion.

62-701.310(2)(b), FAC  Specific provisions for which ~ 6-inch-thick lining subbase for a
- an exception is sought. double geomembrane lining
(Rule 62-701.400(3)(c)(1), FAC.

62-701.310(2)(c), FAC  Basis for the exception. A lining subbase is not practical
based on constructability and
-benefit considerations.

62-701.310(2)(d), FAC Alternative procedure and ‘ . Placement of the lower
. demonstration of equal degree  geomembrane of the sideslopes
of protection. on prepared, in place naturally

occurring subgrade soils.
Alternative provides for a greater
degree of protection.

62-701.310(2)(e), FAC  Demonstration of effectiveness Estimated leacha;é 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 P‘hase 1A
Expansion in Lecanto, Florida.

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

The lining base grade plan for the Citrus County Central Landfill Phase 1A Expansion
is 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 §2-701,310(2)(c), FAC The basis for the exception:

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 | 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 | 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 for the

‘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. :



Mr. John Ruddell
Page 4 '
February 13, 1996
117956.28

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:

e The lining sideslopes will be at approximately 2 horizontal to 1 vertical slopes and
composite drainage nets will be used for both the primary and secondary leachate
collection layers. Therefore, leachate in the collection layers of the lining will be
drained away to the landfill bottom quickly. As a result, there will be negligible
head on the lower geomembrane lining which could contribute to leakage and make
a lining subbase beneficial.

o The groundwater elevation at the site is at elevation 7 feet NGVD and
approximately 113 feet below ground surface. This groundwater level is 25 feet
from the bottom of the Phase 1A sideslopes. Hydraulic conductivity test results on
soils adjacent to and below the sideslopes are summarized on Figure 1 in
Attachment B. Tests results range from 1.3 x 107 t0 2.0 x 10~ cmysec, with an
average of 3.0 x 10" cmy/sec. Considering the distance between the bottom of the
sideslopes and groundwater, as well as the low permeability of natural soils at the
site, placement of a lining subbase will have no practical benefit.

Rule 62-701.310(2)(d), FAC The alternate procedure or requirement for which approval -
is sought and a demonstration that the alternate procedure or requirement prov:des an
equal degree of protection for the public and the environment:

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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results are summarized below:

~

The expected flow per cross-sectional area through a 6-inch-thick subbase layer i 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 10 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™ cmy/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 62-7

01.310(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 contain 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 lmpmoement 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 €ach
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 impingement 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 impingement 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 Auachment B, the hydraulic conductivity of soils at
the site which 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 |A 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
Gary L. Panozzo, P.E. ) /Lf/—'
Project Manager

2{oj1e
ILET015.DOC '

cc: Kim Ford - FDEP Tampa District
Susan Metcalfe, P.G. - Citrus County .



Attachment A
Drawings
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COLLECTION LAYER -COMPQOSITE DRAINAGE
NET (CON) WITH GEOTEXTILE BONDEDTO -
BOTH SIDES

SYSTEM LI MIN .q / _ UPPER GEOMEMBRANE OVER 2 OR MORE SCRIM
- 1.5 MIN

_ GEOGRID
TRANSVEASE BAR

‘\ T v Ty
NOTES NI NSO OO <~< y~< XK NLY A LINING BASE LIGHTWE IGHT
/ "/ GRADE ELEV REINFORCED PE
1. ANCHOR GEOMEMBRANE STOAMWATER S o
DIVERSION SHEET TO GEOCRID AS SHOWN ON DETAIL S 6" MIN LINING S NEINFORCING  TAPE NYLON CABLE TIE
: — — SUBBASE MATERIA SEE NOTE 6
2. PAOVIDE SUCTION VENTS NEAR TOP OF SIDESLOPES L l
LINING . SEE DETAIL - —--—- —PREPARED SUBGRADE — =
3. IN AREAS WHERE PLACEMENT OF PROTECTIVE OR COMPACTED =~ LOWER GEOMEMBRANE LINING i ' 3 PLAN NTS
SO MATERIAL O?EEQT;OEAKU?IF{% gYST%M Isc:g:é STRUCTURAL FILL ~. 60 MIL TEXTURED HDPE . ) _—
OR LESS THAN 2 HICK, EXTEND AND AN &
GEOMEMBRANE STORMWATEA DIVERSION SHEET | ; GEOGRID
TO LIMITS OF GEOGRID. TYPICAL LlNlNG DETAH_ ':T;Eocmo LONGITUDINAL RiB GEOMEMBHANE STORMWATER
4. CONTRACTOR SHALL PROVIDE 35,000 SF (TEN PANELS, m RANSVERSE BAR oy m
200 FT B8Y 17.5 FT EACHI OF LIGHT WEIGHT REINFORCED PE 18 SECTION A-A DIVERSION SHLET/GEOGH ID _ANCHOR /19
FOR OWNERS USE IN ADDITION TO MATERIALS TO BE NTS 6 NTS NTS —
INSTALLED UNDER THIS CONTRACT. ADDITIONAL .
MATEFIAL SHALL BE DELIVERED TO ON SITE LOCATION
APPAOVED BY ENGINEER IN FACTORY PACKAGING.
gooﬂ TYPICAL SIDE o
L OPE LINING -
AIR CHANNEL i EXISTING PHASE 1
HOPE LINING - FOR TESTING S‘SLE'CA SE T " MIN. — ¢ MAX. 60 MIL HOPE
: CONTINUQUS EXTRUSION 718\ / / 5 05 GEOMEMBRANE
FILLET WELDING - CONTINUOUS { R i 2 LINING
T2 T2 J HOPE COPPER WIRE - T b‘ ;’;’/—— 60 MIL TEXTURED
\ LINING ——_ B . , ) HOPE EDGE SEAL
T - HDPE LINING o | - FLAP
s . > 1/ YT A ’ __BASE _GRADE___ = sovengy ST S
e IMING TN ! ~CINING ELEV [ 4 -
T TTUARTIOINT FUSION WELD S Yo —
PREPARED —— - e -/ -
NOTES: NOTES. —HDPE SUBGRADE OR e
1. ALL WELDS SHALL BE ) NQTES: MIN LINING COMPACTED .
CONTINUOUS AND WATERTIGHT. 1. ALL WELDS SHALL BE ' LAP JOINT STRUCTURAL FILL FILLET WELDS, 1. COMPLETE CONNECTION AFTER
2. !lutzyg\?c UNBONDED gop EDGE _IrFEs/_}iHSCHg\é\JDNEL CONTINUOUS AND WATERTIGHT \ SEE DETAIL DEMOLITION IN ACCORDANCE WITH DETAIL 5
EST FAILS AND VACUUM BOX IS USED. W o 2. REDUCE DIMENSIONS AS REQD AND APPROVED BY THE
3. PROVIDE SMOOTH HDPE SURFACE FOR WELDING. 2. SPARK TEST ALL EXTRUSION FGS!&NWEEST%L%SUS — ENGINEER TO PREVENT THE REMOVAL OF ANY EXISTING
FILLET WELDS EXTRUDATE O BY MATERIAL ON EXISTING PHASE 1 SIDE SLOPES.
HEATING .
HDPE LINING 2 BRI SgoT HorE SuRFAce TYPICAL 2:1 SIDE SLOPE LINING CONNECTION
NTS . NTS 6 NTS 3
SCO FINISHED GRADE | LIMITS OF PHASE 1A NOTES:
LINING (SEE SHEET 6 1. SEE SHEET 6 FOR LINING BASE GRADES.
} 2. SEE SHEET 7 FOR FINISHED GRADES AND TOP
i c;*ENTC;‘,E’” TRENCH -— 2' MIN SIDE SLOPE PROTECTIVE - OF PROTECTIVE SOIL MATERIAL GRAOES.
< 0T 2By SR Bt
. ON SIDE SL HERS (Nt
TO LEACHATE - - 2' MIN PROTECTIVE 17 ANDF | SATIONS
COLLECTION N SOIL MATERIAL CEXISTING PHASE 1 AS PART OF LANDFILL OPERATIC ;ﬁ;& Lsf:;/;(%’gaTE COLLECTION
PIPING (TYP) , / 60 MIL HOPE SEE DETAIL
GEOMEMBRANE LINING .m
FOR TYPICAL - - =
BOTTOM LINING
SYSTEM ,
= 2 MIN PROTECTIVE
SEE DETAIL SOIL MATERIAL
BASE GRADE 1 g N ___LINING BASE
LINING ELEV |~ PAEPARED SUBGRADE L/ : S o -
R N 7/‘ O g s+ T SR
TRUCTURAL FILL - Vs s
& MIN. LINING -~ STAUCTURAL FILL — / RPN,
d : > ~ HDPE LINING FILLET FOR TYPICAL BOTTOM -—
SUBBASE MATERIAL WELDS. SEE DETAIL LINING SYSTEM
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NTS 6 NT3 .
..u_ DSCN G.L. CeLiliD, OF DO NT : o EET 16
— G.L. PANOZZO ’ This o%c&?u?.sw The ors .,%ﬁﬁ.‘cﬁ mcocs|- aAR 12 0N O ow CITRUS COUNTY e
AN INSIAU FESSICN, o AWING 3 -
B | o .. ocuno S e I o e, (SO T CENTRAL LANDFILL LINING DETAILS I
ChHK IN OLE OR IN AT, ¢ THER PROUCT 2~ =
mm G.L. PANOZZ0 &Elrl.Jg.?' ':':cmuunm N"““'ZA%NMOY‘ ?:m nuio £ o1 ore mon on CITAUS COUNTY. FLORIDA il
- APV omN w0D0D NO. | DATE REVISION B8y [APVO| covn i SCALES ACCOROINGLY. . NO . 130786.28,03
— 94500 1 04.0LV




Attachment B
Figures



Depth Below Surface (feet)

1.00E-03

1.00E-04

»

Figure 1

Hydraulic Conductivity (cr/sec)

1.00E-05

1.00E-06

1.00E-07

20

L 2

40

60

80

.

100

120

140



Attachment C
Equal Degree of Protection Calculations
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Sheetd

Rate of Leakage Through Secondary Liner

Number Percent ¢
ks (m/sec)| Data Range (cm/sec){ of Tests} Frequency] a (m?) h(m)| Q (m%sec/acre) acres| Q (m¥sec){ Q (gal/day)
1E-06|5E-5 o 4E-4 2 18%| 3.00E-06] 1.25E-08 1.65E-13 0.15 2.52E-14 5.75E-07
1E-07]5E-6 to 4AE-5 3 27%)| 3.00E-06] 1.25E-08 3.00E-14 0.23 6.87E-15 1.57E-07
- {1E-0B}5E-7 to 4E-6 5 45%| 3.00E-06| 1.25E-08 5.46E-15 0.38 2.08E-15 4.76E-08
1E-09|5E-8 1o 4E-7 1 9%| 3.00E-06] 1.25E-08 9.93E-16 0.08 7.59E-17 1.73E-09
Total 11} 100% 0.84 3.42E-14 7.81E-07

f’ﬂqei




| DESIGN EXAMPLE 2
LEACHATE COLLECTION SYSTEM

PRepPARED BY J.P. GiRroOUD
- GEOSYNTEC CONSULTANTS

1. DESIGN

. o | . C C
1.1 Equation s L15¢L&LE Fhth B A~ =

The maximum thickness of leachate in the leachate collection
layer is approximately given by the following equation (Figure 1) [Giroud
et al., 1993]): _ _ ¢ /d4<rv.

\f{ua IS F"J ("/
)
) etjuf o (’;.,I ) Qurian

. [V IR KLY /\k 5 /)40/"
T .. =L [M4(e/k) + tan® B - tan B1/(2 cosp) 'Z’,.f,::;.u s P

where: T = maximum thickness of leachate in leachate collection 1ayer

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 8 = 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 performing 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

92.02.28/70520301 109 Cepyright 1992 GeaSyn:ec/Girﬁud
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[USEPA, 1984a and 1984b].

An alternative but conservative approach is to us€é 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:
S 870" 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 rate was obtained from the HELP model. It is assumed that for ..

the considered landfill,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 50)

/
(1]
fl

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

(4]
"

.(gpad = gallons/acre/day)
1.3 ‘(':omment on T_..

-To prevent pressure buildup in the leachate collection layer Tna
should satisfy the following criterion: :

Toax < U Py

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.

92.62.28/7092030i 110 Cepyright 1652 GeoSyntec/Giroud
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2. EXAMPLES

2.1 Sand Drainage Léyer

Given: _
dithaaace LN ,o:'.a}:—
tan g-= 2% * 0% L =30m (100 ft) = to pirs .
k=1x10"ms ' t =0.45 m (1.5 ft)
e =5x 100 m/s = impngement
. ate -
Calculations:
e * et 4 Giroud’s equation:
J'ﬂ‘w% C"ﬁ/ﬂ , =% =z 3 |
s 7 —> T =30 [V4(5x 107°)/(1 x 107°) + (0.02)° - 0.02]/(2 x 0.9998)
= 0.435 m =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
leachate thickness of 0.3 m (1 ft). In this case, the drainage length, L,
may be reduced or the slope, 8, 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 8 = 2% = 0.0v L=30m (/190 ~£{')

Geonet hydrah]ic transmissivity measured under a compreséive
stress equal to the expected landfill overburden stress:

92.02.28/7092030} 111 Copyright 1952 GeoSyntec/Giroud
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‘\'r"""r‘H .
4
9 \Mh{“ o~ § =2.0x107°m¥/s for ‘the considered geonet between ge| textile "y
w19 : and geomembrane 8% Teyrsle ;:;_
(‘)1?‘ C:lfo“l{./ o &JA:(: Trvbﬂlm_'
\.\ﬁ""uf}ed- 6 =2.0 x 107" m"/s for the considered geonet between two =~ .usluu-
i geomembranes
Geonet thickness: 04 ywN
t, = [aﬂ«wo oL (“‘]"‘)
Leachate impingement rate:
e =5x 10%m/s (see section 1.2)
Calculations:
. . . o, /)':_14-’./‘-/\/
Geonet hydraulic conductivity: 359,_# Th!thiwno 11
k= 6/t =2 x107°/0.004 = 5 x 100 m/s * 05 T
Giroud’s equation:
T, =30 [~/4(5 x 107°)/(5 x 1o’°) + (0.02)° - 0.02)/(2 x 0.9998)
?J./-"l
=0.0146 m=14.6 am . MM ['Ltk"‘t" ""[ J/"‘"‘“t_) fho~
= 0,57 ind, . olfdlw{/
This 1eachate thickness exceeds the geonet thickness, which is 4 mm; lsn o
one layer of geonet is insufficient. Therefore, try two layers of geonet.
;“_d’ A hydraulic transmissivity 6 = 2 x 107 mz/s should be used for the
At~ ﬁc Tower layer geonet, which is between a geomembrane and a geonet (compared
'W"( 5\\”‘ to the upper geonet which is in contact with a geotextile, and for which
P ,.,-_L‘T ( a hydraulic transmissivity of 2 x 107 m%/s is used). The new value of
_:f,,‘-.;f"‘ hydraulic conductivity to consider is:
- ’
' r& .

92.02.28/7D320301 112 Copyright 1962 GeaSyntec/Giroud
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k = b/tg =2 x 107/0.004 = 0.05 m/s
Giroud’s ,eduation is then used for the lower geonet only, the

transmissivity of the‘upper geonet being negligible compared to that of
the lower geonet:

okt M"‘iﬁ.f : .T . = 30 [\/4(5 x 10°°)/0.05 + (0.02)% - 0.02)/(2 x 0.9998)
e "l’hrb(m.lfA “, | o/"""j

Al e
4 m‘“u,!}v ’L W;;J-/ = 1.5x10'3m= 1.5 mm
o J N . © Q!:Qoy\v"a.
N T cdodohion sogums. 2 guarths el Gl SorC N TP
b.“+ﬂ(bw’ This value being less than 4 mm, it is sufficient to have one layer
#¥*" of geonet not in contact with a geotextile. Therefore, two layers of
,¥@“ geonets are needed, one geonet (the upper geonet) in contact with the

J%:;\rn‘ geotextile filter, and the other between the upper geonet and the
vy geomembrane.
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Figure 1. Leachate Thickness in the Leachate Collection System. ..
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DESIGN EXAMPLE 3

 LEAKAGE EVALUATION

PREPARED By J.P. GIrROUD

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, threé cases can be
considered:

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

o« The geomembrane iS'p1aced on a layer of 10w-permeaﬁi]ity soil to
form a composite liner. :

« The geomembfane 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 (m?)
100 a (cm®)

lSﬂin (m/s)

Knin (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 liquid on -
top of the geomembrane. Basic SI units are: Q(m3/s), a(mz), g(m/sz), and
h(m).

1.3 Raté 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 liquid may then travel laterally some distance in the
space, if any, between the geomembrane and the Tow-permeability soil; and
finally, the 1liquid migrates into and eventually through the Tow-
permeability soil. Therefore, the leakage rate depends on the quality ‘of
Egﬂ&gggvgetweeq_the geomembrane and the low-permeability soil.

92.02.25/7092030) - 116 Copyright 1352 GeoSyntec/Giroud
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For the typica] contact éonditions 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®' h®® k®"* for good contact
Q = 1.15 3% .p%* ks"'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 .
liquid on top of the geomembrane; and k, = hydraulic conductivity of the
Tow-permeability soil underlying the geomembrane. The above equations are
not dimensionally homogeneous; they can only be used with the following
units: Q(m’/s), a(m®), h(m), and k (m/s).

The above equations should be restricted to cases where:

~

o the hydraulic conductivity of the Jow- permeab1]1ty soil is less
than 107° m/s (10™* em/s); and

« the head of 1liquid on top of the geomembrane is less than the -
thickness of the Jlow-permeability soil layer underlying the
geomembrane. :

The material overlying the geomembrane has no influence on the rate of
Jeakage as long 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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o 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_tonditions, which can be considered as typical
field conditions, are between the two extremes defined as follows:

. 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.

e Worst Conditions. The low-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-perméabi]ity 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]: ' '

0.75 +0.75 0.5 - -
Q=3a%"n078 g0

where: Q = rate of leakage through one geomesmbrane hole; a = area of the
"hole in the geomembrane; h = head of liquid on top of the geomembrane; k,
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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(nﬁ/s), a(mz), h(m), and k,(m/s).

This equation is applicable only when the hydraulic conductivity of .
the drainage layer material, Kk,, is greater than 1078 m/s (10'4 cm/s).
Also, the equation should be 1imited to cases where the head of liquid on
top of the geomembrane, h, is Tless than the thickness of the drainage
layer. (This condition is usually fulfilled in the case of landfills.)

—

1.5 Hole Freduency '

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

1.6 Hole Size
Two hole sizes are typically considered:
e 1ecm =100 mm = 107 m® (0.16 in.?); and

« 2mm (0.08 in.) in diameter, i.e., 0.031 cm® = 3.14 mm’ = 3 x 107°
m® (4.9 x 1073 in.?).

The large hole is typically considered for sizing the 1leakage
collection system, and the small hole for evaluating the performance of
1ining systems constructed with adequate quality assurance. Any other
hole size can be considered by the design engideer.

large bole D 57282y hLeS o
\'\ S‘ P )
S pmall hole S ev.'a.{d‘*'\":b Fe.rf.pr-m Gt o‘; 1. er 7J A
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2.

2.1

DESIGN EXAMPLES

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 1eachate co]]ectlon system (not
given here). :

The liner is a geomembrane alone on the slopes and a cdmposite '
liner at the base of the landfill.

Hydrau11c conduct1v1ty of the clay component of the comp051te
liner: . m/s (1078 cm/s) . '

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

Holes with a surface area of 1 cm’ (0.16 in.?) 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 cmd)
h=2x10"m (0.2 mm)
Q=0.6x10°"v2x9.81 x2x 10"
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Q= 3.76 x 10 m¥/s
Q- = 0.325 m’°/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 liner is a composite liner. Assuming that the centact conditions
between the geomembrane and the low-permeability soil layer are good, the
following equation can be used: :

qQ =0.21 a%' ho° ksm74
, witp:
a =1x10%m =1 cm?
k, =1 x 10 m/s
h = 1.2x10%m (1.2 mm)

The leakage rate is given by:

Q =0.21 x (107)%! x (1.2 x 107%)%® (1078)°%-%
Q =2.36 x 107'° m¥/s
Q =2.0 X 10”° m’/day = 5.4 x 107 gallons/day (for one hole)

It appears that one hole in the slope generates 16,000 times more
Jeakage than ‘one hole through the base. This is because the liner on the
slope is a geomembrane alone, while the 1iner 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
1iquid ponding which may be due to geomembrane wrinkles.)

- Leakage through the entire liner

—

Assuming a frequehcy of one hole per acre, since the 1ining system
surfate area is two acres, there are two holes. Assuming conservatively
that the two holes are on the siope, the leakage through the top liner is:

Q=2x3.76 x 107 m¥/s
Q =7.5x 10° m¥/s = 0.64 m’/day = 640 1iters/day
Q = 170 gallons/day

~ Thé leakage rate per unit area is obtained by dividing the above
leakage rate by the landfill surface area, 8,000 m’ = 0.8 hectare_(Z
acres):
Q = 800 1phd = 85 gpad
(1phd = liters/hectare/day; gbad = gallon/acre/day)
2.2 Example 2

e Size of landfill: 5 acres

e The primary liner of a doublev]iner is a geomembrane alone on the
slopes and at the base. ‘

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

(8]
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The geomembrane is overlain by a geonet on the slopes and by sand
at the base. (The geonet and sand. constitute the leachate
collection layer material for the double liner.)

Thg hydraulic conductivity of the sand is 107 m/s (1073 cm/s).

. Head on the brimary liner: 0.2 mm on slopes and 120 mm on_the

base..

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

Ca]cﬁ]ations

- 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.

-

mmz .

The values of the parameters to be used in Bernoulli’s equation are:

=1 x 107° m® (10.mm?%), i.e., average case

a =
h=2x10%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 1eakége rate through one hole with a surface area of 10

- Leakage on base

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

et
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' N . '
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:
qQ =3 a%" po’s ko.s
- Rd
with:

a =1x10°m =10 mm®

k, =1 x 10 m/s | -

=
]

0.12 (120 mm)
The leakage rate is given by:

3 X (10'5)0.75 X (0.12)075 X (10'5)05

Q =
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 acre, since the lining system
surface area is five acres, there-are five holes. Assuming that two 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 liters/day
Q = 40.7 gallons/day

The leakage rate ber unit area is obtained by dividing the abovg
leakage rate by the landfill surface area, 20,000 m¢ = 2 hectares (5
acres): '
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Q = 77 1phd = 8.1 gpad

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

(¥ ]]
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DESIGN EXAMPLE 4

p" . LEAKAGE' COLLECTION LAYER

\ w
J
pJ “ple PREPARED BY J.P. GIRrROUD
GEOSYNTEC CONSULTANTS
1. DESIGN METHOD ' -

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

- and detection layer Tocated 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 fiow thickness as follows:

L’\ LQ \9‘ .
et B Lot
o VY {],,.J" v _ 7 oo ﬂykfu 7 (Equation 1)
\b.:W?KJV k sing //'fjtl..'..- PO
o Al . ¥
Lor [
where: = flow thickness; Q = flow rate; B = flow width; k = hydraulic

'JL‘Q” conduct1v1t_y of the drainage medium; and B = slope. Basic SI units are:

D (m); Q (m¥%/s), B (m), k (m/s), and B (degrees).

It is then necessary to verify that the flow thickness, D, is less
than the thickness of the leakage .detection layer or 0.3 m (1 ft),
whichever is smaller, to ensure a small head on the secondary h‘ner.

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

b _ s (Equation: 2)

T 8 sing

where: D = flow thickness; T = thickness of the drainage layer; Q = flow
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rate; B = flow width; 8 = hydraulic transmissivity of the qrainage 1ayef;
and 8 = slope. Basic SI units are: D (m), T (m), Q (m°/s), B (m),
Uf/s), and B (degrees).

7¥¥’ - The abave equation is particularly useful for geonets. It is used to
verify that O/T < 1 or D < 0.3 m, whichever value of D is smaller.

_ Leak detection time is the time Jeakage takes to travel from the leak
to the nearest collection sump. In this design example, it is assumed
that steady-state conditions exist in the leakage detection layer. The
steady-state leakage detection time is given by Giroud and Bonaparte
{1992]: : -

t, = nt/(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 = length of the
leakage 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 leakage flows

in the leakage collection layer. The time spent by leakage in pipes is

" not included. A maximum steady-state ]eak 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 s]opes
The leakage rate through each hole is 3.76 x IO'Grn/s (85 ga]]ons/day)

The base s]ope is 3%. A geonet with a hydraulic transmissivity of 5§ x 107
nf/s is considered. For leak detection time calculations, a maximum
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distance of 30 m (IQO 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 107°/1.5

T 5 x 107 x 0.03

_. =0.33 ‘ -
I ‘

The flow thickness is one third of the geonet thickness; in other
words, the factor of safety is 3.

To calculate the leak detection time, it is necessary to know the
pordsity 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:

k = 8/t
k = 5x10% /4 x 107
k = 0.125 m/s

The leak detection time is then given by Equation 3 as follows:

' 0.0>
t, = 0.8 x 30/(0.125 x 0.97)
400 1,8
= 9500 s = /;(TIhours

This time is less than 24 hours and is, therefore, acceptable.
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Attention: Mr. Bruce Clark, PE., DEF.

Reference: Citrus County Central Landfill
New 9.5 Acre Waste Disposal Cell
SR 44
Citrus County, FL
Order No. 26081-001-01 Report No. 21607

Dear Mr. Clark:

Universal Engineering Sciences, Inc., has completed the subsurface investigation and engineering

evaluation for the proposed construction at the above referenced location. Our investigation was

performed in accordance with our proposal No.21447, which was authorized by Raymond J. Dever,
~ P.E., D.EF. with SCS Engineers on October 9, 2001. ,

This report contains the results of our investigations, an engineering interpretation of these with
respect to the project characteristics described to us, and recommendations for side slopes
excavations and filling, foundation design and site preparation.

We appreciate the opportunity to have worked with you on this project and look forward to a
continued association. If you have any questions concerning this report or if we may further assist
you as your plans proceed, please contact us.

Respectfully submitted,

UNIVERSAL ENGINEERING SCIENCES, INC.
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Eduafdo Suarez Thomas A. Boatman, P.E.
Project Engineer ' Senior Project Engineer
' Florida P.E. No: 56030
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