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CITRUS COUNTY CENTRAL LANDFILL - PHASE 2 EXPANSION
LINER STRESS ANALYSIS

INTRODUCTION

This report provides the computations and results of SCS’ liner stress analysis for the
proposed Phase 2 cell. The geometry of the liner was based on the proposed base-
grading plan and the proposed final grading plans. These plans indicate ¥t-is-assumed that
the landfill operations will begin at the bottom of the landfill and each lift of waste will
not exceed a thickness of 8 to 10 feet. Side slopes are 2:1 (horizontal to vertical). The
proposed liner system consists of the following components:

2’ of protective soil cover (sand)

300 mils triplanar geocomposite (Tendrain 770-2)
60 mils textured HDPE geomembrane

300 mils triplanar geocomposite (Tendrain 770-2)
60 mils textured HDPE geomembrane

SCS assessed the following liner side slope design cases: —The-foHowing-analyses-are

a) Weight of the liner component only after installation and before application of
sand, refuse and equipment load.

b) Weight of the liner component after application of sand layer but before
application of refuse.

c¢) Initial operating scenario including loads from sand layer, the refuse, and
compaction equipment.

SCS also assessed the following additional liner design conditions:

d) Liner strain due to settlement of foundation soils.
e) Liner system anchor trench design.

TECHNICAL APPROACH

Liner Analysis — SCS assessed the following liner side slope stress analysis cases;

a) Weight of the liner components after installation and before application of sand,
refuse and equipment load.

b) Weight of the liner components after application of phased sand layer but before
application of refuse (Sand layer extends 10 feet vertically above waste).



¢) Initial operating scenario including loads from sand layer, the refuse, and
compaction equipment. '

Also, the performance of liner systems is heavily dependent on operational practices.
The construction of well-compacted lifts of refuse, building from the bottom of the
landfill and proceeding up the slope is imperative and functions as a buttress to help
relieve much of the stress imposed on the liner system from subsequent layers of sand
and refuse and compaction equipment as these progress up the slope. '

SCS’ approach to liner analysis is based on our understanding and actual operating
experience with similar liner systems at the Citrus County landfill. It is important to
note that the Phase 1A liner at the County landfill is similar in composition to the
proposed Phase 2 cell and has been successfully constructed and operated using the same
materials and equipment as proposed in this design phase.

SCS’ analytical approach is based on the principle that the geomembranes and geonets
are in intimate contact with each other and the sub-base from the weight of protective
sand and refuse and have similar contact friction angles within the range of
approximately 18 to 22 degrees. This intimate contact forces the liner components to
strain a similar and compatible amount in reaction to the tensile force imparted by the
sand, refuse and compaction equipment. As a result, the lining system can be modeled as
a single unit, with strain compatibility, not as independent layers. The stability of the
lining system is provided by friction between lining components and the sub-base and the
top-of-slope anchor trench.

SCS has included in the analysis all of the significant loads anticipated to occur in the
field. In SCS’ opinion, the most critical load condition occurs as the initial lift of refuse
is placed, which results in the maximum stress from the compaction equipment. The
compactor load has been conservatively increased 50% to account for the dynamic
application of the load. Once the lift height increases, the stress from the compaction
equipment is dissipated through the refuse layers and becomes less of a concern. SCS
also has factored a 2/3 reduction in the contributing strength of the geocomposites due to
the strength limitation of the fastening method used to connect the sheets.

RESULTS

Side Slope Analysis

The result of our liner and operations analysis indicates that the lining system
components will be stable for the cases as follows:

a) Liner weight alone: the resisting tensile strength is approximately 5 times the
applied tensile stress (i.e. a factor of safety of 5).

b) Liner weight plus sand layer: the resisting tensile strength is approximately 2.6
times the applied load (i.e. a factor of safety of 2.6 was calculated). By design,
the sand layer will not exceed a height of approximately 10 feet up the slope and
extending beyond the last compacted refuse lift. The sand layer and refuse shall



not be placed on the slope unless there is a continuous and substantial, well-
compacted buttress of refuse in place at a lower elevation to place it against.

¢) Initial operation scenario: the resisting tensile strength of the lining system was
estimated at 1.5 times the applied force (i.e. a factor of safety of 1.5 was
calculated). The same filling recommendation provided in b) above, applies in
this case.

A copy of the liner stress calculations are provided in the following section of this report..

Other Liner Analysis

The results of SCS’ liner and operations analysis indicates that the lining system
components will stay within their allowable strength limit for the previous design
conditions as follows:

d) Liner strain due to settlement of foundation soils was 0.1%, well within the
5% typical liner strain allowed.

e) Liner system anchoring analysis indicates that the liner embedment length at
the top of the slope and anchor trench dimensions will provide sufficient
resistance to pull-out and will not exceed the liner vield strength.

A copy of the liner analysis calculations are provided in the CALCULATIONS section
of this report following this section.

CALCULATIONS

SCS’ supporting calculations for the liner analysis cases discussed in a) through e),
above, are provided following this section.




SUPPORTING CALCULATIONS FOR
LINER STRESS ANALYSIS
DESIGN CASES




Liner System Stress Analysis
Weight of Liner (Only)on Sideslope
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Liner Stress Analysis
Weight of Liner
and
Protective Sand Layer
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February 1, 2002 .

TENAX Corporation
Atu: J.P. Kline

1635 Jamestown Place
Pittsburgh, PA 15235

RE: Incremental Protective Cover Placement
Dear J.P.:

[t was a pleasure to chat with you yesterday regarding the use of incremental cover on
2H:1V side slopes of 1andfill cells. In general, we have constructed such slopes with
either a silty-sand protective layer that was in tum protected by a rain sheet, or we have

* had the operator Install a sand protective cover before each lift of waste. The 2H:1V side
slopes provide a short-term factor of safety against veneer slope failure greater than 1.0
for typical textured HDPE geomembranes, drainage composites, and sands. However,
the exposed sand is quickly eroded by rainfall. Thus, the exposure time of the sand must
be minimal or it nust be protected by a rain sheet. '

( In Winston-Salem, NC, we incrementally placed a sand protective layer over a piggy-

' ~ back liner system on a very high slope. On piggy-back applications the control of
underlying Jandfi]l gas pressures must be ensured or full placement of the drain with a
rain sheet will be required. This same approach is being used in Johnston County, NC
and the Roanoke Valley resource Authority in Virginia where the protective cover is
being placed in incremental lifts. These lifts are generally slightly more than the typical
MSW lift thickness for the next phase. Conversely, in Hyland, New York we will be
placing a 240-ft long drainage layer on a 3H:1V slope using rain sheet to protect the sand
from erosion. - : '

My experience has been that some operators do not like placing the protective cover and
prefer the rain cover. Others are not bothered by the disruption in their schedule required
to place the sand. Note that incremental sand is typically placed such that the toe of the
lift is about 2 foot thicker that the top of the lift to provide increased stability.

Always goo alking with you
- QArdially, &'Z(l
Gr

N. Richardson, Ph.D., P.E.

425 N. BOYLAN AVENUE « RALEIGH, NC 27603 « TEL.919-828-0577 = FAX 919-828-3898 + WWW.GNRA.COM



Liner Stress Analysis - Weight of
Liner, Protective Sand, Refuse, and Equipment Load on Side Slope



SCS ENGINEERS

SHEET / OF q

CLIENT (/f,’zus Coepry PHOJECT?/ Jaté > L F Cece Jo;;o/%?oyc.av
Y Lorep Sygern STrer Ardsis | Cudrit Jo/5 /or
CHECKEDW DI%E //é /'_7
T2 L firan | 17
"//) £ 571»"&»5' of //n’ r- 575 7Lr«n—- G2 iR N Cri 7ZS'
Lndeor Tl GIG—S/,{'-\ Coenid ;o —7471 [ lwded e
ke /54 // St | Protes hee /c'w;, el 57/8/79!/ Fe L
Vet Te ok /’73,05//7 Cpeca g A /ﬂe/ﬂ%.
/'Z,c—/éofe/vc—e.
:;CS ' /47Zc/m m/&)’ 5. 00’4--7‘7;2/ Al chusiza. w7 A
Bob / -f,—._éw-/c' VXY & (431 Cef et HebTdchric ¢
rap S A kA S eiesist b ods 7 945‘ L /gore/AuL
(JsC :7—5-57‘/-'15 Company )i clio 2 A Ayl A pevienca. ol
Ce/l ) 2 Tle Citrus :9on7",‘/ leteal /L.
= gt daand
TN | Ae 3
Wesre N N 2y
(P i Abc 5 £op- o \\ ) : A7;/——J ’
Waste | ™ N N —mmuy
A Y \0 N '/// 2 o T Z [+

'\.I/'\/
N\
pt

AN
-

i
AL
D




SCS ENGINEERS

SHEET r OF ?
CLIEN PROJECD , JOB NO.
Crynns Conry e 2= Lp Caal 0$/6565 6,05
SUBJEC ! - BY DATE
L ImEr Sysrev~  STAESS AAmwAeysis CLfnk o))/
CHECKED o DATE/
TAFE [o/lp (o2
,/:;fc,L LY 4 7.2 L [Drcey,
Ner—2z A
o P < g
LR~ PN O | A
£ N
/ C ol VJ'M) \\ 7| \h 7/
C // v ' w /I
/ i P
/‘ZI i //lé
s WA

= ,/Zé’/J 57 G et 0/ IN=f /Ac/v < *s o yar Il ‘ZQ

Sen~R .,

/ 1S bl le = E>‘9A/‘1

C Gl P R /‘ ./7;-*035 b \ ’ T G?
A BN e ~
~ refue o \\ R \%{.5"
n ! ’ » i h"v' - — ] s b SR —j
Som X —— I (“\ ) 5{7 ATAl (
1 AN e FT R E A%
?;ﬁ yEan (\\S\\;v ’;}ﬂ@\,gs%”’f N ? 4 i e
Nl 5\\ ’-\\ D\J /:"G' -/\ (s 2
— \_/ L
///') eV "\\F\p S\\’/\ N ¢
Geomne % — . M’f’f/\ﬂ \ \ ’ )
= < U
Jireas —— RN ED ,
— ! ¢ F ‘/’e,r\slé' 57{’¢v~5}‘7~ 7‘,4,,“}
S e brse G T Tdrsh e s 7‘»’&/’5 o e
BSypne :;_ﬁ’A,n 9.4 71/‘.9; / /}7 A 6/— =D e}i
P / PN, // R ) —ZLQ- 6/%@@% 2& CC # & f

D b
v S
/ .
Ny fe s T pele o de | bl cobare S| e
Y —

<. ,la—-q'/o., 744 4 JL)ﬂ\ /)—‘— < /C

PR e Ta 0 W)

Lol L W Lvv=




SCS ENGINEERS
SHEET 3 OF ?

C ~ .
UEZ}Z s &)://V‘T“l PROJEC?/% - } L F 0 JOB NOO ¢ 50T b .2

SUBJECT DATE

[/)NEL 5‘/.57 v~ Srneus /T)T/chf}u BYC/(,MJL /0//‘//@*
4 CHECKED;‘ ﬂ DA.';E:’//II/DZ,

I

LD F ::}/t"\ < /97 Sw’bi 7':7o NS
IV sl oh  Rehise

Thie s W&l:&?L oL e £y w1 Lbel ¢ Jone i
e A d7L /6—'~¢ AT Ao

% UJL;/J /T e)/(é)-r/v
. .
e hie. 1S o g Pe s 4 Jed

<

LA 4 e sl 152 Pyl = (A3 /j/f'r?)

Y

N
3
()
AN
9
)
D

nete vf e s =

oA
(\)

Z D/’!.‘ //6\75-7- (Jﬁ L\./A —42.6// /0 Goet?
/2' /W&t-c/&rf 7 0-\#/ iy /’:Ou"’\&'ﬁ T2l /7)’15.1/} \r AV 4
e &S A5
i L~
2. I
,ﬁ- —‘lcv . o /7» (’ A . /l (;)‘. ///
bt N /'/’,
h N f"‘\ ‘\(<A //\ el AR .
N\ _ T TS By RS R
i 7 il
< z‘I.-lr_/- //12//_7 1 JAD / s
9 l,\ ///§<'-~ " l
2 / >/ // \\\ --1' I A AR 7
) lll/:j/’)ﬁ\ SHre sy Pe 7L \ v /,//4:-,4 /. 6
_ FPer Sowley \ I ! 1
N # - :
~Ciners \ E\ (2 cre_de
T -]
N \é (Fep of re ose )
\(\ N N ey N\ /
S 5 {
: N N : —
o N ~ < N /\/C’/uv 5-7[)’?/.] /'7-77!,)7}'/’, }"
- ) P )~ Send feger
// / Ve Y
L AW PR @) & R tal
B ) N,
Vs R I of
7k e a ';’nﬂﬁ—.j‘ﬂé

T




SCS ENGINEERS
SHEET (/ OF 7

CLIENT PROJE JOB NO.
Oy 7e0s Coun rg tose 2 LF Cepo 031590 6. ="
SUBJECT

) BY DATE
() rer Sysrevr— Soness AT RIS LA /”,/g o
CHECKEDE:] F DAT,EO/y/(]Z‘
4

v

f
C’ i — - §&M‘Q
ﬂLtﬂ / -t '
WA ST € /< Al b/ -« l&fo&; )
NN e s
B TR NN
¥ & S AUTTY A\ A/
: &m%;‘a ’ =N )L'de
Is N S ~ b, -side
r\j\’ dﬂg//\/’\/(\JAﬂ\ \///\\ 5C.0 L2 M/%J"J//ZC
‘ﬁ,f' |\ "’/7 ,\\\\\ 7 v
r\(\f\’/”’\“‘r‘é’// (0.~ L
- \R sonl /D pE
-
C M e _r— jyjféCM-—
)
LN
b liola el B (SO
7 3 N
CAT L E7b [ ormipactit s

U, t Stress = i ZadaiE 2/0 ”/ﬁ" X/ 7"“57lrn' 2};/>/'Ff'
7206 TFT v

4
N

Lo/ /9/7/' Or[ = (/1‘;7;4/\.,...\7[ /O‘ /5/,{?,

e tch o nATC = (:/0")/ 221 )Y e s)

G~

0N

R

~
N

bF of Sed = (2 Xi1o™e3 X 2D+ Qo dne Vessl 2!)

= ) by U,z;,t

5// 2.2 .
(\- /Q—sz
ML e A /‘ o[ L ] mear S {/’A}Ji\/n{\( HD}EI'- A.&Ewrm«/— Sje—s ’A') \
o /, e
2005 /e Conen— (1. 2, S'LN/P)-'

, A
> )= 2.9 .// 2. /5,./,;;’)\/6, o j’”)( /&7 {7 )= é’ao”/{}L.
70721, & 1k ~ Wri= 3/5‘/?- V3o - Slove £ Y _/1'/91 =| /2,09 /‘5/%'

T2 200




SCS ENGINEERS

SHEET { OF ?

PROJE

cLIE(Nj/7ﬂ~J CQ(./NW / /%{ )/ Lﬁ (/€LL

0.
DS/ 96006, o

SUBJECT ! BY DATE
Liven Syorer~ STness S hsepir | Copnie  Jofofor
CHECKED - DATE ,’
AL io’//i/ Z

> Shecr Forces (rosu o oflinl-Al

Ll it ST &

-

N~

L
—7_:1 = G:‘l F o '¢ (D) '1

a |

. . “d "‘, /‘/, "
= //”.51»« 23 %) /2,098 /{’*’) F4_| 32> [ /5 -/)
T Yo A 7
= (0,97 ) basT %l ) b)) (//o il
= 1850 [t
4)4 \/’V/ ;= ),\/( = [/\/ —— ‘77
e e
= 2,095 "l |—| ) nbe s
hp T )e 315 Vv ‘L .
K (:ﬁ = /0 :5/5( Cob. . 2e.6 ") = aQ 2,7,5/ /-‘/'[/..
nc" -y Foity - g
V\//__gj"\ 9 = /7, .fls/ (g_lvx Z/fa/ G o/) il LI & L0 /‘é .‘[1&'
L/ he downslope v Fo be persted s | A4 Res,




SCS ENGINEERS

SHEET é OF ?
:UE'?:TV/”V} ém/,vﬂ PROJ/ 1 Q- L[ Cell JOBQN%/ 790 b.0)L-
UBJE! . BY DAT
Lyrene ST crer Srness Py am /Eo//y/av

e

CHECKE%APF DAT; /@@

-7

™
0N

liZ¢J/.s 712'—«,4._. o /ne s s

. - - - . . - , ] |
.§7Ll"¢.~-.} 77\ lC 7/ e pé = /20D /\é//ﬂ’b\-ld?m //Q{L;A/u\“* GSE Conen

S R = )30 he X127/

N

Fflé?év——n )ﬁ 5071747‘"— L ) 2 A O S de j FQ
/:Vﬁ ¢,.¥7<v._-. AL"“‘ /@ (: )-/' D/’F-” ‘;21’ jd\ﬂfj)) g __/g—a
A OV
3 A = 7
= (Y550 ) foun /&
c o= Y58 "l
lesrcto. o lLeo wgessrel
éwm&# / )’UHVQGV%;) | ,/;Vu~ 7:’7‘043( J Fase f.)
/26 ey Shorcl = (eotexPle # Crone A core
= Z! )+ T op /“/[/
2 = 3.250 Plet
()_ P
A//ow cﬁ, S D srne / .5 v né’ 571}/;/_‘ 7h Ade AD
EOen pnp (o /\7¢' 7‘75.[ A’S S /Of’:S of 6'7{\(9 o ) ff: /7
bf 7" 574’1’ 5;‘2
: i - ] i
S Mot Temssle Shoo 7L R = ()06 D(3280 (1)1 po /0 "8,
! P . -’
L%4 S Lt ] 7/




SCS ENGINEERS 7
SHEET

OF?

O 7 CounTY O b e L WF Cac D3 imsoci,0
SUBJECT | ] . BY DATE
L )rere _Sy_( T 578&'};‘&@,4’)«/&*-&75/1 ceLAri /o//‘//——*‘r
CHECKED ; DA‘LEO /., 4
/()7‘4‘& /‘-ZCJIS TZnio A /é L ~ e
277377‘ Res)sHcn = 2 /ﬂ’> = Z-(/<3L 7 5
= Z( )C /1Yo /51‘%) \* Z()’,gé ) /3/{,.&) f /,_‘ 59 /';/[4.
= 2,280+ 3,720 ¥ AYso ek
Lr = L §50 "/
{"/ v b= %éZV /.b/p} 7.c.5¢C. j’,)
Hes ’ v 7
Ar = 6 890 ¥
ﬂl( D) l/‘-’nJ L D/ C) 0. /L.) _:su—f',[;ue,-n?" yes) -,1,_\_

/. Ciomen— gy )Lc_’;r-- /’47% oVes s é’t/f"%_éq'




f Fox:

/04}& gOF?

| GSE HD Textured

¢ Textured HDPE Geomembrane

4 GSE HD Textured is the textured version of GSE HD. It is a high quality, high density polyethylene (HDPE} geomembrane
with one or two coextruded, textured surfaces, and consisting of approximately 97.5% polyethylene, 2.5% carbon black
and trace amounts of antioxidants and heat stabilizers; no other additives, fillers or extenders are used. The resin used
is specially formulated, virgin polyethylene and is designed specifically for flexible geomembrane applications. GSE HD
Textured has excellent resistance to UV radiation and is suitable for exposed conditions. This product allows projects
with greater slopes to be designed since frictional characteristics are enhanced.

| Product Specifications

Thickness, mils (mm) ASTM D 5994 ! 27 (0.69) 36 (0.91) 54 (1.4) 72(1.8)
Density, g/cm?® ASTM D 1505 0.94 0.94 0.94 0.94
Tensile Properties {each direction)’ ASTM D 638, Type IV
Strength at Break, Ib/in-width (N/mm) Dumbell, 2 ipm 45 (8) 60(11) 90 (16) 120(21)
Strength at Yield, Ib/in-width (N/mm) 63 (11) ga01s) | [13003) 173 (30)
Elongation at Break, % G.L.=2.0in {51 mm) 150 150 150 150
Elongation at Yield, % G.L.=13in (33 mm) 13 13 13 13
Tear Resistance, Ib (N) ASTM D 1004 21 (93) 28(124) 42 (187) 56 (249)
Puncture Resistance, tb (N) ASTM D 4833 54 (240) 72 (320) 108 (480) 144 (641)
Carbon Black Content, % ASTM D 1603 20 2.0 2.0 2.0
Carbon Black Dispersion ASTM D 5596 +Note 1 +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load?, hrs ASTM D 5397, Appendix 400 400 400 400
E O
Thickness, mils (mm) ASTM D 5994 30(0.75) 40 (1.0} 60 (1.5) 80 (20)
Roll Length (approximate), ft (m) 830 (253) 700 (213) 520 (158) 400(122)
Low Temperature Brittleness, °F (°C) ASTM D 746, Cond. B <107 (<-77) | <107 («-77) | <-107 (<-77) <107 (<-77)
Oxidative Induction Time, minutes ASTM D 3895, 200°C; Oy, 1 atm >100 >100 >100 >100
Dimensional Stability (each direction), % ASTM D 1204, 100°C, 1 hr 12 12 12 +2

NOTES:

+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.
GSE HD Textured is available in rolls approximately 22.5 f (6.9 m} wide and weighing about 3,700 |b (1,678 kg).

'The combination of stress concentrations due to coextrusion texture geometry and the small specimen size results in large variation of test resulls. Thersfore, these tensile

properties are minimum average values.

| Note: NCTL for HD Textured is conducted on representative smooth membrane samples.

This information is provided for reference purposes only and is not intended as o warranty or guarantes. GSE assumes no licbility in connection with the use of this information. Please check with
GSE for current, standard minimum quality assurance procedures and specifications.

d  GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc; certain of which are reglstered in the U.S.A. and other countries.

! Americas Asia/Padfic
| GSE Lining Technology, Inc.

E Houston, Texas Bongkok, Thailand

Phone: 800-435-2008 Phone:  66-2-937-0091
281-443-8564 Fox: 66-2-937-0097
281-230-8650

GSE Lining Tecdinclogy Company Ltd.

Europe /Middle Fa

Phone:

A Gundle/SUT Environmental, Inc. Company
www.gseworld.com

GSE Lining Technology GmbH
Homburg, Germany
49-40-767420
Fox: 49-40-7674233

-

Represented by:
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SHORT FORM SPECIFICATION

he drainage geonet shall have a tri-planar structure,

as manufactured by the Tenax Corporation, Baltimore,
Maryland. The product shall be comprised of a tri-planar ex-
truded polyethylene drainage net structure consisting of a
thick supporting rib with diagonally placed top and bottom
ribs. A non-woven geotextile shall be thermally laminated
on both sides. The product shall be capable of providing
high flow rates in a soil environment under high normal loads.

TENDRAIN™ PROPERTIES |
PRODUCT TEST METHOD TYPICAL VALUE
Geocomposite Geotextile-Geonet-Geotextile

Tensile Strength (MD) ASTM D4595 2380 Ib/ft é—
Thickness ASTM D5199 350 mils

Flow Rate in soil

@ 15,000 psf 2 ASTM D4716

Hydraulic Gradient

1=0.10 1.17 gal/min/ft

i=0.33 2.65 gal/min/ft

i=0.50 2.85 gal/min/ft

1=1.00 , 4.66 gal/min/ft

Geonet Core Only

Tensile Strength ASTM D4595 900 Ib/ft e
Thickness ASTM D5199 300 mils

Compression Behavior® ASTM D1621 65% @ 25,000 psf

50% @ 40,000 psf

Geotextile Selection

The geotextile, thermally laminated to the tri-planar net structure, shall be
8 0z/sy. Geotextile must be selected to meet filtration/retention criteria and
other requirements.

For design assistance, or technical questions, please contact the technical
group at the Tenax Corporation for more information.

Notes

1. Values obtained by independent testing performed by J & L Labs, Pittsburgh, FA.

2. Test performed under boundary conditions consisting of geomembrane, geocomposite, soil.
3. Modified.

Tenax will manufacture geocomposites to meet your site specific needs.

For a complete list of details please contact Tenax.

1-800-US-GRIDS

Tenax transmissivity device
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INVESTIGATIONS OF LINER CRACKING



[FCORD INTERNATIONAL

)

el
[NLEL

2

o
T

3

o




kA

"LCORD INTERNATIONAL, Tnc.

| - 6072 North Ocean Boulevard
Ocean Ridge, Tl 334355210 U84

Dhone: +1:561:369-07%
| | Fax +1561:369.08%

. E-mail: icorpegeosynthetic.com
REPORT _ " E-mail: geoicorpeaol.con
' Web: www.geosyntheticcom

INVESTIGATION GF
LINER CRACKING
AT CITRUS COUNTY CENTRAL

Prepared for

Nir, David kecugh
- Jones Rdmunds & Associaies

P s
Gainesviiie, FL, UdA

; [ TS o Y SR o SN (S S
| Cecavathetics Performance Consultants |




INVESTIGATION OF LINER CRACKING
AT CITRUS COUNTY CENTRAL LANDFILL, LECANTO, FLORIDA

- INTRODUCTION

This report has been prepared for Mr. David Keough of Jones Edmunds & Assocmta,
Gainesville, FL, by Dr. Ian D. Peggs of I-CORP INTERNATIONAL, Inc. (I-CORP), Ocean
Ridge, FL. This report covers the testing of samples removed from the Citrus County Central

Landfill liner during a visit on 20 March 2000. A letter report titled “Citrus County Central
Landfill: Investigation of Liner Cracking — Suminary of Site Visit” dated 5 April 2000 covered
that first site visit, the visual examination of the samples, and presented a preliminary assessment
of the cause of liner failure. That letter report is attached as Appendix A to this report.

A second site visit was made on 9 May 2000, with Mr. Keough, Ms Susan Metcalfe (Director of
the Division of Solid Waste Management) Mr. Pat Kamesch of Poly-Flex, manufacturers of the
geomembrane liner, and Mr. Ray Wild of MWM South, installers of the geomembrane liner.

SAMPLES
During the first site visit Dr. Peggs removed the following samples of liner:

A long crack in a fold that had been previously found by Ms. Susan Metcalf

Cracking at an extrusion fusion seam to the south of Sample 1.

A short crack on a horizontal extrusion bead above the storm damage at the north end
of the east slope.

4 Cracking along the edge and inside of an extrusion bead.

s. Cracks along the inside edge of a fusion seam

6. Cracks in a fold with the apex down
7

8

W

Cracks at a patch on a fold.
. Cracks on the inside edge of a fusion seam
9. An uncracked reference fold with the apex up
10.  Cracking at an extrusion bead stop/start location
11.  Cracking in an extrusion bead '
12.  Cracks in a patch over a seam burn-through protuberance

Samples 1 through 9 were removed from the east slope, Samples 10 to 12 from the west slope.

Sample 8 and a portion of Sample 1 were provided to Mr. Kamesch for testing. 1In addition he
removed two samples (10a and 10b) of geomembrane from the west slope and one sample (10c)
from a fold on the east slope. _

. Separate testing programs were performed by Poly-Flex and I-CORP on the different sets of
samples. I-CORP was then provided with the results of the Poly-Flex program to review.

TESTING PROGRAM AND OBSERVATIONS

D:AWORDDOCS\REPORTSUVEAsitrus2.doc 1
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I-CORP’s testing program was performed under the guidance of Dr. Peggs at the
TRI/Environmental laboratory in Austin, TX. TRI was the first geosynthetics testing laboratory
1o be accredited under the Geosynthetic Research Institute’s Laboratory Accreditation Program.

Microscopy

Figure 1 shows Samples 6, 9 (reference), and 2. The solid yellow line on Sample 6 shows where
cracking was penetrating through and continuous along the fold with the apex down. . Cracking
was only observed on folds with the apex down. Most of the rolls of the geomembrane had been
~ placed with the apex of the fold up and none of these showed any visible cracking. Figure 2
shows the nature of the cracking in the two regions. A closer view of the cracking, Figure 3,
shows it to consist of several short linear cracks on parallel planes linked together by stepwise
cracks to form a long crack. A cross-section through the cracking (Figure 4) shows one long
straight crack, with many short parallel crazes (unopened cracks) initiated on the top surface of
the geomembrane. '

Figure 1. Samples 6, 9, and 2.
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Figure 2. Cracking in fold of Sample 6.
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Figure 4. Crack and surface crazing in Sample 6 (x40)
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A close examination of Sample 9 (Figure 5) showed no similar surface crazes or cracking on the
top or bottom surfaces.

Figure 5. Section across fold in Sample 9.

Sample 12 showed two cracks in the surface of the patch at protrusions from below, as shown in
Figures 6 and 7. The larger crack was cut to reveal the fracture face and showed the typical
hemispherically radiating features (Figure 8) of a stress crack that had initiated on the top surface
and propagated downwards through the geomembrane. There is virtually no deformation or
thinning of the geomembrane at the crack, also characteristic of stress cracking.

Figure 6. Large crack on burn-through patch, Sample 12.
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Figure 8. Hemispherical markings on crack fracture face.
Crack initiation and propagation is arrowed. (x20)
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Sample 11 (Figure 9) shows very similar parallel, linked, crack characteristics (Figure 10) on the
edge of the extrusion bead. When examined in cross section (Figure 11) these cracks are also
very straight and perpendicular to the exposed surface and show no material deformation. There
are also many more surface crazes. Itis also possible to distinguish the weld line between the
extruded bead and the geomembrane since it is highlighted by particles of dirt on the interface.
Such dirt on the weld interface is not desirable. This is shown more clearly in Figure 12 of
Sample 11, as are the many crazes on the surface of the extrusion bead.

Figure 9. Samples 11, 12, and 8.
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Figure 11. Cracks and crazing in Sample 11. Note dirt on weld interface (arrowed). (x20)
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Figure 12. Dirt on weld interface (arrowed) and
surface crazing in cross section of Sample 11. (x40)

Sample 10 shows identical multiple cracking at the extrusion stop/start feature shown in Figures
13 through 16.

Figure 13. Sample 10.
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Figure 14. Cracking at extrusion bead overlap, Sample 10.
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Figure 16.




There are also several cracks in the surface of, and adjacent to, extrusion repaired ﬁJsiqn welds as
shown in Figure 17 of Sample 2. Sample 8, a fusion seam, also shows many parallel, linked,

stress cracks and surface crazes as shown in Figures 18 and 19.

Figure 17. Cracks in extrusion repaired fusion seam, Sample 2.
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Figure 18. Parallel, linked cracks in surface of fusion seam, Sample 8. (x40)
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Figure 19. Cracks and crazes at different locations in Sample 8. (x40)




Thus there is little doubt that the liner has failed by stress cracking at folds, protrusion stresses,
and seams; places where the liner has been stressed and/or heated.

Mechanical, Physical, and Analytical Testing

To determine the cause of the stress cracking a series of mechanical, physical, and structural
analytical tests were performed on the geomembrane as follows: -

Density (ASTM D1505)

Melt flow rate (ASTM D 1238 (190/2.16))

Carbon black content (ASTM D1603)

Carbon black dispersion (ASTM D3015/NSF54)

Oxidative induction time (ASTM D3895) »

Single point stress cracking resistance (ASTM D5397, Appendix)
Seam peel strength and separation (ASTM D6397)

Al results are attached as Appendix B. Also attached are the Poly-Flex test results (Appendix

C) and some TRI test results obtained when the cracking was first observed just over one year

ago (Appendix D). I-CORP’s results are compared with Union Carbide’s resin QC results, Poly- -
Flex’s test and QC results, TRI’s 1999 test results and the Project Specifications in Table 1.

TABLE 1.
Test Results
Parameter TRI I- P-F (test) | Project | UC(QC) | P-F(QC) |
(1999) | CORP Specs - .
Carbon Black Content (%) - 2.44 - 2.0-3.0 2.2-24 | 2.0-23
Carbon Black Dispersion - Al - Al - Al -
Melt Flow Rate (g/10 min) 0.16 0.14 0.15/0.17 0.1-1.1 | 0.15-0.20 | 0.15-0.22
Density (g/cm’) - - 0.945 - >0.935 | 0.948- 0.949-
' - 0.950 0.952
Yield Stress (1/10b/10c) 180 - 198/196/1 >120 - 141-187
(ppi) 81 | -
Yield Elongation (%) 18.0 - 17/17/14 >10 - 19-21
Break Stress (ppi) 184 210/243/1 | >180 - 252-320
81

Break Elongation (%) 518 - 677/769/9 >500 - 852-955
OIT - exposed (min) 61.0 4.3 0 - - -
OIT — unexposed (min) 86.8 46 39 - 101-115 -
NCTL - exposed (hr) 141 124 239 - - -

| NCTL - unexposed (hr) 234 >200 278 - - -
SCR unnotched — apex up - >200 - - - -
(hr)
SCR unnotched — apex - 38 - - - -
down (hr) '
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The density results, at 0.945 g/cm3 show some decrease from the original Poly-Flex QC values
of about 0.950 g/cm’® which may relate to the loss of additives from the exposed surface layers of

the geomembrane.

The melt flow rate has decreased from about 0.18 to about 0.14 £/10 min as was similarly
observed in TRI’s April 1999 test results. This is consistent with molecular cross-linking that
occurs during material degradation.

Carbon black provides resistance to degradation from ultraviolet (UV) radiation and should be
present in sufficient quantity uniformly dispersed. The results obtained are quite acceptable.

The notched constant tensile load stress cracking test on unexposed material from a seam flap on
the underside of the liner (Sample 2) gave a break time in excess of the industry standard :
(GRL.GM13) 200 hr, but on exposed material (Sample 1) the break time was about 124 hr. In
this test a notch is placed in the surface of the geomembrane through 20% of the thickness, so
that cracking is initiated on the inside of the material, away from the exposed surface of the
geomembrane. Thus surface conditions do not really contribute to the test results. Therefore,
two unnotched specimen constant load tests were also performed on specimens cut across an
apex-up fold (the reference Sample 9) and across an apex-down fold (Sample 1) at a location
where there was no visible cracking. The reference sample showed a break time in excess of
200 hr, while the apex-down sample had a break time of only 38 hr, clearly showing a reduction

in stress cracking resistance.

It should be noted that the project specifications did not include a notched constant tensile load
specification, but did include an ASTM D1693 bent strip environmental stress cracking
resistance time of at least 2000 hr. While the D1693 test was the predominant published stress
cracking resistance parameter in 1989 (and still is quite widely, but incorrectly, specified) it was
then beginning to be replaced by the notched constant tensile load test (ASTM D5397). 1t has
been shown that stress relaxation occurs during the bent strip test until the specimen is
effectively unstressed and will not fail. Conversely the stress is always present in the D5397
notched specimen test. There are no unnotched stress cracking specifications in the US, but for
~ comparison purposes, in Germany such test specimens are required to exceed 700 hr before

failing. _ :

OIT measurements were also made on the unexposed flap of material (Sample 2) and on exposed
material (Sample 1). The former had an OIT of 46.2 min and the latter 4.3 min. The latter
showed a much lower resistance to oxidation.

Poly-Flex test results

The Poly-Flex test results showed very similar OIT results — 39 min for the unexposed flap and
zero minutes for three samples of exposed matenial.

Uniaxial tensile test results showed slight reductions in break strength and elongation in Samples
1 and 10b compared to the QC test results for nearby rolls — (Sample 1 is roll 1057, QC test on
roll 1056, Sample 10b is roll 1142, QC tests on rolls 1140 and 1146). However, such reductions
can result from the surface scratches incurred during liner handling and installation. Much
larger decreases (955% to 9% strain and 291 Ib to 181 Ib for break strength) were found in



Sample 10c taken quite close to a fold. Such decreases can be caused by embrittlement of the
material and cracks in the surface layers.

It is understood from Mr. Kamesch that single point notched constant tensile load stress cracking
tests were performed on exposed sheet and unexposed flap material from I-CORP’s Sample 8.
I-CORP’s stress cracking tests were performed on the exposed Sample 1 and on the unexposed
flap from Sample 2. I-CORP was informed that Poly-Flex measured a break time of 278 hr for
unexposed material and 239 hr for unexposed material. The exposed material result is not in
agreement with those measured by both I-CORP and TRL This may be a function of the side of
the specimen which is notched — the exposed side or the unexposed side. '

The measured changes in stress cracking resistance and OIT were plotted as a function of time,

with the results shown in Figures 20 and 21, respectively. Because I-CORP’s test results were =

reported as >200 hrs it has been assumed that the original stress cracking break time was about
250 hr, a little longer than measured by TRI in 1999 and a little shorter than as measured by
Poly-Flex. Curves are shown for exposed and unexposed material. In the case of OIT the
curve for the exposed meterial drops below the conventional specification of 200 minutes after

about 4 years of exposure.
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Figure 20. Changes in single point stress cracking resistance as a function of exposure.
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OXIDATIVE INDUCTION TIME

WORST CASE

Figure 21. Changes in oxidative induction times as a function of exposure.
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Figure 22. Stress rupture curves - data generated by Hoechst (Germany) 1985 — 1988.
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For the OIT data, since there are only three data points, two curves are drawn that effectively
demonstrate worst case and optimistic rates of degradation. These drop below the 200 hr

conventional specification after 2 yr and almost 7 yr respectively.

DISCUSSION

The characteristics of the crazes and cracks are typical of stress cracking — apparently brittle
cracking at a constant load lower than the yield or break strengths of the material itself. The
characteristics of the stress rupture curve are shown in Figure 22. Above the upper “knee”
(point B in the curve) failure occurs in a ductile manner. Below the “knee” a brittle stress
cracking failure occurs. The upper part of the curve cannot be extrapolated to longer term
ductile failures. At the lower “knee” (point C) all antioxidant has been consumed and stress
cracking failures occur. As material temperature increases the curve is shifted to shorter times.
These curves were generated between 1985 and 1989. Any cycling of the load, such as is
caused by expansion and contraction of the liner as temperatures change will further cause the
cracks to grow in a stop/start sequence, thus better defining the hemispherical “beach” marks
observed on the fracture faces. Each hemispherical line is where the crack has stopped before
continued propagation. '

. Although the geomembrane material has satisfactorily met the conventional stress cracking
specification of 200 hr, formally introduced by the Geosynthetic Research Institute in 1992 but
developed informally since 1987, the additive package has been inadequate to protect the
geomembrane from oxidation during service. As confirmed by the Union Carbide QC
certificates for the resin, it only marginally (about 108 min) met the present OIT standard of 100
minutes. The OIT then decreased to the present level of essentially zero minutes during service.
However it should be noted that the OIT specimen is prepared from a full thickness sample,
while oxidation clearly occurs preferentially on the exposed surface. Stress cracking always
occurs when there is no further oxidation protection within the geomembrane. Therefore,
cracking will initiate on the surface of the geomembrane when all of the antioxidant is consumed
on the surface, even though the measured OIT time can still be quite high. In the extreme and to
illustrate this simply, if the surface layer, 15% of the geomembrane thickness, is full oxidized '
and the remaining 85% still has its complete antioxidant package, the OIT would still be 108

* minutes. Since the test specimens show effectively zero minutes the geomembrane is effectively

completely oxidized.

A similar situation could explain the differences in the IX=CORP/TRI and Poly-Flex stress
cracking results on the exposed material. If the notch (20% of thickness) is made on the
exposed side it will penetrate below the oxidized layer resulting in crack propagation solely in
the basic unoxidized material, whereas if it is notched on the opposite side the crack will
propagate more quickly through the remaining oxidized material. I-CORP understands that TRI
typically notches the underside surface of the specimen after it is stamped out of the sheet
sample. :

When cracking is initiated on the exposed surface, the fracture surfaces are exposed to hot air
and further oxidation occurs on these samples towards the center of the material. The material
at the crack tips is preferentially oxidized compared to the bulk material, resuiting in accelerated
propagation of the crack through the thickness of the material. '
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When geomembrane material is excessively heated during welding (when double track seams are
additionally extrusion repair welded, at overlapped stop/start extrusion locations, and where
overheating has caused wrinkling and creasing of the geomembrane) there is increased
susceptibility to stress crack initiation due to accelerated oxidation. Note that TRI’s 1999 report
shows unnotched stress cracking times of 12.2 and 21.5 hr at the edges of fusion seam
specimens, very short times compared to the 700 hr required in Germany. There are, however,
no equivalent specifications in the US. The creases and wrinkles in seams, and the sharp angles
at the edges of seams, all act as stress concentrators when a general stress is applied to the
geomembrane, as occurs during contraction, or when a stone protrudes into the geomembrane.
Therefore, the wrinkles and creases at locations of overheating act synergistically to reduce stress
cracking resistance and to initiate premature failures. :

Cracking at apex-down folds has occurred because such folds, when stressed (flattened) develop
a tensile stress on the upper surface which has been oxidized by exposure to the higher
temperatures. When apex-up folds are flattened, the upper surface is in compression so cracking
does not occur;, the lower surface is in tension, but this has not been so badly oxidized. '
Nevertheless cracking will ultimately occur at such locations as complete oxidation of the lower
surface, albeit at a lower temperature, will eventually occur. : '

The OIT degradation curves show that unacceptable performance is induced after about 4 years
of exposure. For stress cracking performance the critical level is between 2 and 7 years.
Therefore, the middle ground is between 4 and 5 years. It is therefore, possible that any
mateﬁalthathasbeenexposedformorethanaboutsyemandthathashadatensilestrmon'
the surface, could contain stress cracks that have been initiated on the surface. Clearly, seams,
repairs, patches, protuberances, and areas of trampolining or down-drag, are particularly
susceptible to failure.  Therefore, it is recommended that material exposed for more than five
years be exposed, carefully examined, and be considered for replacement with material of

improved durability.

Tt will not be sufficient to simply cap repaired seams and apex-up folds since the added thermal
energy of seaming on a geomembrane surface that has already been well oxidized may simply
aggravate the cracking problem at the edges of the new seams. '

It must be recognized that the Project Specifications included no specifications for notched
constant tensile load stress cracking resistance nor for oxidative induction time. In 1998 the
significance of these parameters was not adequately recognized by the design engineering
community so did not feature in project specifications. However, the HDPE resin
manufacturers recognized the significance of the NCTL test from testing and research work that
had been done in the natural gas distribution pipe industry, and the geomembrane manufacturers
had been aware of stress cracking problems since about 1983. The Geosynthetic Research
Institute formally started work on stress cracking in geomembranes in 1987.

The significance of OIT was already recognized by the HDPE resin industry as evidenced by its
appearance on Union Carbide’s quality control certificates for this project. It was being '
discussed by the geomembrane industry in the late 80s. :
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CONCLUSIONS

The geomembrane has failed by a process of stress cracking which has been accelerated by
oxidation of the surface of the geomembrane. Oxidation has occurred prematurely due to the
use of an antioxidant package that has not provided adequate long-term protection for exposed
service. Specifically:

Exposed geomembrane has lbeen degraded below acceptable performance requirements
the extent that it has failed or could fail when the surface layer is stressed. :

The inadequate antioxidant package incarporated in the geomembrane has resulted in
oxidation of the surface of the geomembrane on the exposed side slopes and the initiation
of stress cracking at locations of tensile stress.

The critical exposure time before unacceptable degradation appears to be approximately
Syears. - ' -

All liner currently exposed, or covered in the last two years, should be replaced with an
HDPE geomembrane of higher stress cracking resistance containing an adequate
antioxidant package.

All remaining material that was exposed for over 5 years before covering should be

' evaluated to determine whether it has been degraded to the extent that future performance

has been unacceptably compromised.

Failed seams and folds should not be capped.

Overhesting during welding, and improper patching at a burn-through, have also contributed to
the failures, but such problems might not have occurred had a material with continued high stress

cracking resistarice during service been used.

3 TSUJEAcitrus2.doc
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APPENDIX A

LETTER REPORT AFTER FIRST SITE VISIT

-
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S April 2000

Mr. David Keough

Jones Edmunds & Associates, Inc.
730 NE Waldo Road, Building A
Gainesville, FL 32641

-

Subject: CITRUS COUNTY CENTRAL LANDFILL:.
INVESTIGATION OF LINER CRACKING
- SUMMARY OF SITE VISIT
'Dear Mr. Keough:

On 20 March 2000 you requested that I visit the Citrus County Central Landfill near Inverness,

FL. to examine cracks that have appeared in the exposed areas of the primary high density
polyethylene (HDPE) geomembrane liner and to determine their cause. I visited the site on 22
March 2000 and was assisted by Mr. Daniel Inkell of Jones Edmunds & Associates, Inc. JEA).

SITE OBSERVATIONS

The east and west slopes of the U—shaped.cell were exposed, with little or no waste at the nortth
ends and an increasing depth of waste towards the south ends of the slopes. Two recently
occurring cracks and two long cap repairs were shown to me by Ms. Susan Metcalfe, Director of

the Division of Solid Waste Management.

These cracks were at the top of the side slope on the east side. One (Figure 1) was along the
inside edge of a single track fusion seam, while the other (Figure 2) was along an opened crease .
with the apex pointing down. There are two creases in each sheet resulting from the blown film
(round die) manufacturing process. These creases appeared to be much more pronounced and
“sharper” than usual. On the east slope there was approximately an equal number of
geomembrane rolls with the apex of the creases pointing upwards and downwards. On the west
slope all creases had the apex pointing upwards.

Each seam and crease at the top of the east and west slopes was carefully examined for cracking
and other flaws. A few seams and creases were examined from the top to the bottom of the
~slopes. Some patches and extrusion bead repairs on the slopes were examined, as were the two
long cap patches on the west slope covering previously occurring cracks.

A total of 12 sets of cracking were found that effectively completely penetrated the
geomembrane. They can generally be described as follows:
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e Cracks of differing severity, partially-penetrating to completely-penetrating (Figure 3),
along creases with the apex pointing down. There were no obvious cracks in creases
with the apex pointing up. In the former case the inside surface of the crease, the one
in tension as the crease is opened up and as the liner contracts, is also exposed to
thermal and ultraviolet (UV) radiation. When the apex points upwards, the exposed
surface is under compression. _ ‘

e Cracks along the inside edge of the single track fusion seams (Figure 4), the
predominant type of seam between rolls. _

e Cracks in the lower geomembrane along the edge of extruded seam beads (Figure 5),
and along the edge of the upper bead at stop/start bead overlaps (Figure 6).

o A crack aligned with exposed grinding marks (Figdre 7) in a patch at the edge of the
extruded bead.

e Cracks in the center of a patch covering a burn-through in the original fusion seam.
The lumpy material of the burn-through had not been removed and was protruding

against the underside of the patch (Figure 8).

o Cracks within the extruded bead alongside the central deposit of extrusion seams
(Figure 9). ' '

The cracks displayed the typical geometry of stress cracks, a quasi-brittle fracture with ductile
thinning at the surface where the crack finally penetrated the complete geomembrane. They
were either longish single cracks or several small parallel but not aligned cracks that had
eventually resulted in a long crack by stepwise joining of the small cracks.

Eight samples of cracking and reference material were removed from the liner.  All holes were
patched with a thick Visqueen type of sheet. All samples were numbered at the side of the cut-
out. Remaining cracks and holes, areas of non-penetrating cracking, and other unacceptable
flaws were marked with a yellow marker

DISCUSSION

The cracks in the creases and at the protruding burn-through indicate that the geomembrane itself
has inadequate resistance to the stress cracking phenomenon. The two cracks in the patch are
oriented at 90° to each other indicating that the stresses required to initiate them have been '
caused individually by the protrusion, the geometry of the protrusion defining the orientation of
the stress and the resultant crack. However, the cracks in the creases, and most of the seam
cracks have been initiated by a stress across the slopes, rather than up and down the slopes,
probably the thermal contraction stresses when the temperature of the liner decreased. It was
noticed that the liner on the east slope was still quite taut (Figure 10) even in mid-moming under
the sun. The liner on the west slope contained many vertical wrinkles (Figure 11).
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The susceptibility of HDPE geomembranes to stress cracking is primarily a function of the resin
used to make the sheet. The stress cracking resistances of available geomembranes made from
the different HDPE resins varies by factors of up to 500 or 1000. Susceptibility to stress
cracking can be increased by overheating seams (applying several beads in one location), by
notches (creases and grinding gouges) acting as stress concentrating features, and as a result of
oxidation (consumption of antioxidants). The kinetics of stress cracking increase at elevated
temperatures — it occurs more rapidly. Thus, while an HDPE resin with marginal stress cracking
resistance may not fail when generally stressed, at creases, BOUges, overheating, and protrusions,
the synergisms between these agencies may result in small cracks of the types found. A
geomembrane resin with higher stress cracking resistance would be able to tolerate these
unavoidable features that occur during liner installation and service.

Further laboratory testing of the eight samples will be necessary, and is planned, to confirm the
cause of the cracking '

PRELIMINARY CONCLUSIONS

My preliminary opinion of the cause of failure is that the resin from which the geomembrane was
made has inadequate stress cracking resistance. For every obvious crack in the liner there will
be many more partially penetrating cracks waiting to propagate further under the right material
stress and temperature conditions.

Sincerely,
I-CORP INTERNATIONAL, Inc.

Ian D. Peggs, Ph.D., PE., PEng.
President
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APPENDIX B
TEST RESULTS FROM TRI ENVIRONMENTAL, Inc.

-
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TRI/ENVIRONMENTAL, INC.
internatonai Compan,

L LGRS e

Jurie 01, 2C00

Dr. lan Peggs -
-Corp Internationsl

8072 M. Ocsan Bivd.

Ocean Ridge, FL 33435

fax: 551-369-0885 (atin: lan Peggs)
Deaer D1, Pegge:

Thank you for consulting TRIEnvironmentai, inc. (TRI) tor you” geosynthetics testing needs.
TR I8 pleased to submit this interim report for laboretory testing in suppaort of the Citrus Cty.

project.
* TRI Job Reference Number: E213e-18-07
Date Recelved: _ 06-12-00
Material(s) Tested: Samples 1,2 and 3
Density (ASTM D.1508)
Meit Flow index (ASTM D 1236)

Carbor: Black Content (ASTM D 1603)

Carbon Biack Dispersion (ASTM D 3018/NSF 54)

Stress Crack Resistance (ASTM D 5387, App. & BAM)
Dzte Pending => Oxicative Induction Time (ASTM D 3885)

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

Sincerely,

Sam R. Allen
Vice Prasident and Division Managaer: Geasynithetlcs Testing Technologies

9063 Bee Caves Road * Austin, TX 78733-6201 ¢ (512) 263-2101 « FAX {512) 263-2558



TRI/ENVIRONMENTAL, INC.
. A Texae Resoarch intamational Company

GEOMEMBRANE TEST RESULTS
ICORP
Project Citrus County

Matorial: ROPE Geomembrane
Sample Identification: 1 e orded fo A <BA-06 fot[eo

STANDARD CQEFF.

PARAMETER TEST REPLIGATE NUMBER MEAN  DEV.  OF VAR,
1 2 S 4 ] ] 10

Carbon Black Content . .
(ASTM™ D 1603}
% Carbon Buack 268 20 =] o o

Carbon Bilack Dispersion
(ASTM D 3015/NSF 54)

Reting Moa A & a om ] x

Density
(ASTM D 1506)
Denagy (o/omY; OBS 0947 034§ @001 R

Wk Fiow Tndex
(ASTM D 1238, Method A, 190/2.16) ° zs

Msh Flow lndax (/10 min) LX) ) .
WD Machine Direction
T Traraverss Direction

Themuqhn'mhwummpmmm;naummumohummoe isteq. Testiwsults reported herem do ot apply
to pamoles cther than those teeted. TRI neither socepne reaponcibiity for nor makes claim 81 15 te finsl yse a1 purpose of tho matariel.
TRI cksarves and maintaing client confidentiaitly. TR Emits reproduction of this repart, axce 2t in hil, withaut prior approvel of TRI.

5063 Bee Caves Foad ¢ Austin, 7X 78733-6201 + (512) 253-2101 » FAX {512) 263-2558



TRI/ENVIRONMENTAL, INC.
A Texas Rusearch intematonal Company

GEOMEMBRANE TEST RESULTS - Notched Constant Load Strees Crack Resistance
ASTN D 5387/ GRI-GMSD (Single Point Test) '

CLIENT: ICORP SURFACTANT: CO-630
PRQJECT. CITRUS COUNTY SXPOSURE PERIOD: <200> hours
TRI LOG NUMBER: £2138-18-07 . STATION DESIGNATION: Xt
SAMPLE ID: 92— AL edl- . TEST TEMPERATURE: s
MATERIAL: HDPE ’ -
DATE IMMERSED: 22 MAY 00 ZVALUATION DATE: 01 JUNE 00
Transverse direclion yield stnss: 250  (psd Machgnical .Advanuge 5
x 0% €76 G 030 -sve- Weight 0.3C (bs)
x hinge thickness (in) 0.0480 (80 % of nominal sheet thicness: 3rp Wegnt 0.09 {bs)
x spetimen wiith 0.125  (0.128"

Load 4.05 (lbs)

Applisd lond = (LoRd - Laver Weight + Grip WeightyMechanicai Acvantage = un ks = [ Jorams

Raplicate Neo.: 1 2 3 . < AVG
No HounmtoFaure: [ 5200 ] 5900 ] 5200 | 5200 | »>-% ] :

ity ReviewDate: S@4 oifet]oe

40 Machine Direction
TD Traneverse Direclior

The testing hersin is based upon accepted industry practice as weli as the test muthcd Isted. Test results reported
herain do nut apply to samples other than those tested. TRI neither aczeots tesponsiblity for nor makes ¢laim as to
the final use and purpose of the material. TRI observes ano maintaing ci.nt confidentality. TRI limits reproduction

o this report, except in full, without prior approval of TRI.

8063 Bee Caves Road » Austin, TX 7873 +6201 » :5'2) 203-2101 « FAX (512) 263-2558



TRI/ENvIRONMENTAL, INC.
A Texas Resaarch insemational Company :

ogosd.

GEOMEMBRANE TEST RESULTS - Notched Constant Load Stress Crack Reslstance

ASTM D 8367/ GRI-GM5D (Sing'e Point Test)

CLIENT: ICORP SUKFACTANT: CO-630

PROJECT: CITRUS COUNTY ' EXPOSURE PERIOD: <200> hours

TR! LOG NUMBER: E2138-1807 - STATION DESIGNATION, BOX 1

SAMPLE ID: #1 = R TEST TEMPERATURE: 60C

MATERIAL: HOPE s v - _

DATE IMMERSED: 22 MAY 00 EvALLATIONDATE: €1 JUNE 00

Transverse direction yield stress: 3054 (psd Mschanica: Advantage 8
x 30% 816 (xC.30: Laver Weight 030 (ibe)
X hinge thickness (In) 0.0480 (B0 % of nominui sheel hicks ess) Grg Weight 008 (o)
X speciman width - 0125 (01259 ' L

load 980 (ibe)
Applied load = (Load - Lever Weight + Grip Waeight)/Mechanical Advartags = 106 s = ' 480 Igramn

~ AVG

Repiicate No.: 1 2 3 4 5 o
No.HourstoFaiue: [ 1217 ] 1105 | 1138 ] 1388 [ 1932 ]

Quality ReviewDate: ~ _SRA~ 06 ot ec

MD Machine Divection
TO Trangverse Direction

The testing herein is based upon accepted industry praciice < wall as the te:t method listed. Test ccults reported
herein do not apply to samples other than those tested. TRI ~either accepts 1asponsibility for nor make s clakm as to
the final use and purpose of the material. TR! obsenes and mainiains client cmﬁdenﬁahty TRI limi's reproduction

of this repori, except in full, without prlor approval of TRI.

9063 Bee Caves Road » Austin, TX 78733-8201 « (£12) 263-2- 91 ¢ FAX (512) 283-2558



TRI/ENVIRONMENTAL, INC.
™~ A Texas Assearch lnmhangl Compeany

GEOMEMBRANE TEST RESULTS - Notched Constanf Loed Stress Crack Resistance
ASTM D 5387 (modified for Toxtured Geomembranes viz BAM Procecure)

CLENT: ICORP QUHFACTANT: CA-720
PROJECT CITRUS COUNTY _ EXPTSURE PERIOD: <200> hours
TRI LOG NUMBER: E2138-1 STATION DESIGNATION: BOX 2
SAMPLE ID: EWQ# . TESTTEMPERATURE: 8C
MATERIAL: HDPE Textured 1 - —_—
DATE MNMERSED: 17 MAY 00 EVALUATION DATE:
Applied Stress 580 (03} rAechanical Aovantage &

" x thickness () C.08 (nominal thickess) Laver Waight 030  (ws)

x width (in) specimen 1 0.200 Grip Waight 017 (ibs)

Losd ___17TA0 _(bs)
Applied losd = (Load - Lever Weight + Grip Weightiechanical Advaniage = 345, lbr = grams

Replicate No.:

1 2 3 s 5 AVG
No. Hours to Fellure: [ 5200|5200 | 200 ] >20c ] >200 ] o]

Awalty Review/Date: s °E/°‘_/“

The testing herein is based upor: eccepted industry Lractice 36 we.. as the iest methoa listed. Test results reported
harein do not 2pply to sampies other than those tested. TRI neithe: accepts responsibility for nor makes claim as to
the final use and purpose of the material. TRI cpserves and mainta-:s client confidentiality. TRI limits reproduction

of this report, except In full, without prior approval of TR

0063 Bee Caves Road ¢ Austin, TX 76733-6.0" » (5:2) 263-2101 » FAX {512) 263-2568



_ TRI/ENVIRONMENTAL, INC.
8\ A Texas Research intemational Company

GEOMEMBRANE TEST RESULTS - Notched Constant Load Stress Crack Resistance
AETM D 5397 (modlfied for Textured Geomembranes via BAM Procecure)

CLIENT: ICORP SURFACTANT. CA-720

PROJECT. CITRUS COUNTY =XPOSURE PERIOD: <2093> hours

TRILOG NUMBER:  E2138-18-07 ” N ZTATION DESIGNATION: BOX 2

SAMPLE ID; #1 (\ TEST TEMPERATURE: 80C

MATERIAL: MDI -

DATE IMMERSED: 17 MAY D0 EVALUATION DATE:

Appiiad Etreas 880 (psh Mechamicai Advantage B

‘% thiekness (in) 0.06 {nominal thickness) ever Weight 20 )
X width (in) specimen 1 0.50C Srp Weight 0.7 (ibs)

Load 1740  (ibs)

Appiked lord = (Load - Lever Weight + Grip WeightVMechanica) Acvantage = 346 b = 5 Jorems
Repticate No.: 1 i 3 s 5 AVG : |
No. Howro o Failure: | 991|420 | 861 | 3:6 ] B0 | %

CQuaity Review/Date: S&A— o Jot /oa '

The testing hereln is based upon accepted industry practice as well as the tes! methad listed Test resuits reported
herein de not apply to semples other than thoss tested. TR neither accepts respensibilly for nor makes ciaim as to
the final ues 2nd purpose of the material. TRJ observes anc meintains client sonfidentiality. TRI limits reproduction
of this report, except In full, without prior approval of TR

8063 Bee Caves Road * Austin, TX 78733-6201 « (51_. 263-2101 « FAX (512, .63-2558
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APPENDIX C

POLY-FLEX TEST RESULTS

-
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86/89/2820 88:86 527-1204 SOLID WASTE MGMT : PAGE 82
06/08/00 09:23 - TFe72 883 8331 FULY-FLEL {NC. ) @ vl

POLY-FLEX, INC.

2000 W. MARSHALL DRIVE GRAND FRAIRIB, TEXAS 75051 - Usa
886-765-9359, ext. 7371 972-337-T371 FAX: JT2-337-8374

fostA !
F-_-__@EI_V’_I —t
FAX TRANSMISS1ON COVER SHEET AN fraaS
- T 50l 3690895
DATE: June 6, 2000 Fem DAY LD \
- Pncnes ;S,z-:ﬂ ;-27’ ,
TO: Sudan Metcalfe Citrus County 352-52%7 .eun
FROM:  Parrick Kamesch EXT 73

NUMBER OF PAGES (INCLUDING COVER): . 2

Susan, all raating is now complete. Plesse let me Lnow whea the independsat test 1g
‘results aue avnilable
Streas crack tost (NCTL) from the fusion weld sample taken by lan Peggn.

" The 239hrs indicares exposed liner and = 78hrs indizates non-exposcd liner.

Patrick Kamesch



idoo2

PAGE @3

SOLID WASTE MGMT

POLY-FLEX INC.

572 6388 3331

527-1284

00:24

BE/89/2388 BE: 086

TEST SHEET DATE:  yiay a0, 2000 POLY-FLEX, INC.
o ) 2000 W. Marsha¥ Drive
PROJECT NO: 89329 Grand Prairie, Texas 75051
R
® e g ®
g ; gﬂ aﬁ gk
5 5 | 84 | 36| 48|38
TESTDESCRIPTION] & 5 $ o | MF | o
ASTM METHOD| D3595 | D1238 | D53s7 | D638 | D63t | D638 | D638
" (modifications) ' ' '
UNITS| min. dg/cc hrs ppi % pol %
SPECIFICATION ‘ '
ROLL NUMBER | Sampie iD |
C2-6-59-1057-4 { 0 0.17 188 17 210 s77
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== TRI/ENVIRONMENTAL, INC.

A Texas Research International Company

April 9, 1999

o R
Ms. Susan Metcalfe . "(~}_____@___'~:..__.——-— X [i\|
Citrus County Solid Pt m

iy, |-A’\|
Waste Management i ..ll APR |9 Lt \
P.O. Box 340 Lo

' ' NTY OGP

Lecanto, Fl 34460 souocgﬁgTSE Ch?;L‘INAGEMENT ov |
Dear Ms. Metcalfe, -

This letter reports to you the results of our investigation of the samples you provided from the seam
failure experienced at your site.

Description of Samples

Sample 1 - This sample was 28" wide, and had 2 14" long extrusion seam down the center of the
sample. Panel 8 was on the left and Panel 7 was on the right. It was taken from the anchor trench
and represents an unexposed sample.

Sample 2 - This sample was 10" wide and had a 26" long single track fusion seam down the center
of the sample. Panel 8 was on the left and Panel 7 was on the right. This sample was taken from a
location between the tear and the anchor trench. This sample is representative of the seam away from
the tear. The overlap of the top sheet (Panel 8) was cut off from the top.of the sample to about 6"
from the bottom of the sample. Near the bottom, the overlap was so short, that cutting was not
necessary.

Sample 3 - This sample was 7" wide and had a 26" long tear on the right side of the sample. About
S" from the bottom, the tear moved away from the edge of the seam into the sheet (panel 7). So, the
bottom 8" had a tear along the edge of the seam, and the remaining 18" had a tear in the sheet about
1/8" from the edge of the seam.

Microscopic Evaluation -

Four specimens were examined microscopically. The first two were the failure surfaces in two
locations. The tear along the seam edge was compared to the tear that had moved away from the
sheet. Photograph 1 shows the failed surface of the specimen where the tear was away from the seam.
This is a typical example of a physical tear. Notice that there are many locations where the plastic
has been stretched before it broke. This stretching is typical of a physical tear. This is contrasted by
Photograph 2. This was from the part of the tear that was at the seam edge. Notice that there is very
little stretching, and that the only place stretched plastic is seen is near the top edge. This is a typical
example of a stress crack caused by slow crack growth. There is no tearing until the crack grows
nearly through the thickness of the sheet. Then, the sheet is so thin that it tears apart. These
photographs strongly suggest that the initial cause of the tear was a stress crack at the seam edge.
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Photograph 3. Thin Cross Section of the Outside Track of
the Intact Seam Sample 2 (mag.=1] 0x)
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Itis my opinion-that the slow crack grew first, then after it formed an
the sheet and created the remainder of the tear. '

opening, wind got underneath
Photographs 3 and 4 show thin cross-sections of the intact seam
can see how short the top sheet overlap was in these pictures. It
Crack started by growing along the Squeeze-out bead, then turned
This mode of failure is typical for fusion seams that fail by slow
Crease in the top sheet part-way into the seam. This crease was fo
It venrecents the edge of the drive wheels and demonstrates that
deform under the pressure of the wheels 1 i
only one track, about 1" wide. Seams like these are no longer commo
in the early 1990's When the fusion seam was new technology.

(3) and the cracked seam (4). One
is clear from photograph 4 that the
and ran through the bottom sheet.
crack growth. One can also see a
rmed during the seaming operation,

Sheet Properties
anchor trench) was compared to Sample 3 (tear). All the tests wer

rom Panel 8. The results of the tests are shown in Table ].

Table 1. Test Results

Property | Test Method Anchor Trench Tear % Difference
I (Sample 1) - (Sample 3)
Yield Strength ASTM D638 | 2887 =4 { 2987 = 29 ’ 3.3
(psi) ]
‘ 0.0 I +1.1
Yield Strain ASTM D638 f 17808 18.0+0. :
(%)
Break Stress ASTM D638 3738+ 163 3067 = 952 -18
(ps1) - _ 9
Break Strain ASTM D638 637+ 13 518+ 148 | -1 |
(%) ‘ .
Melt Flow ASTM D1238 0.182 % 0.003 0.156 = 0.003 -14
10 min _
dex (g/10 min) 5 — - -
xidative Induction ASTM D389 . |
Time (min) =
34+ 14 141 £ 15
Stress Crack ASTM D5‘3'97 23
Resistance (Hrs) Appendix




“wese results are not surprising for a geomembrane that has been exposed for nine years. There is
_ssentially no change in the yield properties. This is because yield properties are mostly related to
the basic crystallinity of the polyethylene and do not change unless severe degradation has occurred.
The break properties show that some aging has occurred resulting in losses of strength and
elongation. However, the material is still strong and ductile. The melt flow results suggest that some
degradative cross-linking has occurred, although not a great deal. The Oxidative Induction Time
results show that there are still antioxidants present to protect the sheet. A typical value for new
sheet is around 100 minutes. So, the anchor trench sample shows that it is nearly new, and the aged
sample shows the presence of additives. The largest change seen was in the stress crack resistance.
The most commonly specified value for this property is 200 hours. There is very little information
in the literature concerning the effects of aging on stress crack resistance. Therefore, this is new and
valuable information. The fact that the stress crack resistance has changed may be indicative of the
possibility of stress cracks forming, especially at the edge of seams. _

Seam Stress Crack Resistance
The stress crack resistance of the intact seam was evaluated by the Bam Procedure, which has been
developed and used in the author’s laboratory (1). Five replicates of sample 2 were loaded in shear

and placed in the stress cracking solution at 80°C. The results from the test are shown in Table 2.

Table 2. Seam Stress Crack Results

Sample Inside Track Outside Track
Failure Time (Hrs) Failure Time (Hrs)
Intact Seam 1223.5 21.5+6.1
(Sample 2) ,

Notice that the inside track (Panel 8) failed more quickly than the outside track (Panel 7). The field
failure occurred on the outside track. It is not known why the inside track did not fail in the field if
it truly is more susceptible to a crack. However, nothing is known about the lateral force that was
on the seam to cause the failure. It may have been loaded primarily‘'on the Panel 7 side. Additionally,
these results show that both sides of the seam have poor resistance to stress cracking. A survey of
23 fusion seams taken from the field in 1995 and 1996 showed that 88% of the seams had failure time
greater than SO hours in this test and 54% of them failed in times greater than 300 hours (1). The
fusion seam that failed the most quickly in that study lasted 39 hours in the test.

Conclusions
This investigation showed that the cause of the tear in the geomembrane was a stress crack that

started at the edge of the seam on the panel 7 side. It is suspected that once the slow crack opened
up, wind caused the remainder of the tear to grow. !

“1) Thomas, R.W., “Evaluating the Stress Crack Resistance of HDPE Seams”, Proceedings of the 6th International

onference on Geosynthetics, Atlanta, Vol. 1, pp. 349-352, 1998.
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The results of the tests on the geomembrane showed some effects of aging, but also showed that the
membrane is in reasonable good shape. There were some reduction in properties, but the sheet is still
strong, flexible, and contains protective anti-oxidants. -

~ The property that changed the most was the resistance to stress cracking. This may be a concern
because the reduction in this property may make the remaining seams more susceptible to crack
formation. It is therefore recommended that all the seams above the waste be periodically inspected
for the presence of cracks. Additionally, it may be useful t6 collect seam samples from around the
site and evaluate their resistance to stress cracking. One of the unknowns is whether the seam that
failed is typical of the seams at the site, or if there. was something unique about it that caused it to fail.
I hope that you have found this information useful. Please feel free to call on me if you have any
questions or need any additional information. '

Sincerely,

i 7

Richard W. Thomas
Vice President and
Technical Director
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" Subject: . - CITRUS COUNTY CENTRAL LANDFILL:
: ~ INVESTIGATION OF LINER CRACKING
- SUMMARY OF SITE VISIT
Dear Mr. Keough:

On 20 March 2000 you requested that I visit the Citrus County Central Landfill near Inverness,
FL. to examine cracks that have appeared in the exposed areas of the primary high density '
polyethylene (HDPE) geomembrane liner and to determine their cause. I visited the site on 22

~ March 2000 and was assisted by Mr. Daniel Inkell of Jones Edmunds & Associates, Inc. (JEA).

SITE OBSERVATIONS

The east and west slopes of the U-shaped cell were exposed, with little or no waste at the nortth
ends and an increasing depth of waste towards the south ends of the slopes. Two recently
occurring cracks and two long cap repairs were shown to me by Ms. Susan Metcalfe, Director of

the Division of Solid Waste Management. \ :

These cracks were at the top of the side slope on the east side. One (Figure 1) was along the
inside edge of a single track fusion seam, while the other (Figure 2) was along an opened crease
with the apex pointing down. There are two creases in each sheet resulting from the blown film
(round die) manufacturiné process. These creases appeared to be much more pronounced and
“sharper” than usual. On the east slope there was approximately an equal number of
geomembrane rolls with the apex of the creases pointing upwards and downwards. “On the west .
slope all creases had the apex pointing upwards. ' 3

Each seam and crease at the top of the east and west slopes was carefully examined for cracking
and other flaws. ~ A few seams and creases were examined from the top to the bottom of the
slopes. Some patches and extrusion bead repairs on the slopes were examined, as were the two
long cap patches on the west slope covering previously occurring cracks.

A total of 12 sets of cracking were found that effectively completely penetrated the
geomembrane. They can generally be described as follows:

worddocs\REPOR' site visi "
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e Cracks of differing severity, partially-penetrating to completely-penetrating (Figure 3),
along creases with the apex pointing down. There were no obvious cracks in creases
with the apex pointing up. In the former case the inside surface of the crease, the one
in tension as the crease is opened up and as the liner contracts, is also exposed to
thermal and ultraviolet (UV) radiation. When the apex points upwards the exposed
surface is under compression.

" e Cracks along the inside edge of the single track fusion seams (Figure 4), the
predominant type of seam between rolls. '

e Cracks in the lower geomembrane along the edge of extruded seam beads (Figure 5),
and along the edge of the upper bead at stop/start bead overlaps (Figure 6).

e A crack aligned with exposed grinding marks (Figure 7) in a patch at the edge of the
extruded bead.

e Cracks in the center of a patch covering a burn-through in the original fusion seam.
- The lumpy material of the burn-through had not been removed and was protruding
against the underside of the patch (Figure 8).

e Cracks within the extruded bead alongside the central deposit of extrusion seams
(Figure 9). |

The cracks displayed the typical geometry of stress cracks, a quasi-brittle ﬁ'acture with ductile
thinning at the surface where the crack finally penetrated the complete geomembrane. They
were either longish single cracks or several small parallel but not aligned cracks that had
eventually resulted in a long crack by stepwise joining of the small cracks.

Eight samples of cracking and reference material were removed from the liner. All holes were
patched with a thick Visqueen type of sheet. All samples were numbered at the side of the cut-
out. Remaining cracks and holes, areas of non-penetrating cracking, and other unacceptable
flaws were marked with a yellow marker

DISCUSSION

The cracks in the creases and at the protruding burn-through indicate that the geomembrane itself
has inadequate resistance to the stress cracking phenomenon. The two cracks in the patch are
oriented at 90° to each other indicating that the stresses required to initiate them have been
caused individually by the protrusion, the geometry of the protrusion defining the orientation of
the stress and the resultant crack. However, the cracks in the creases, and most of the seam
cracks have been initiated by a stress across the slopes, rather than up and down the slopes,
probably the thermal contraction stresses when the temperature of the liner decreased. It was
noticed that the liner on the east slope was still quite taut (Figure 10) even in mid-morning under
the sun. The liner on the west slope contained many vertical wrinkles (Figure 11). '

\\Server\worddocs\REPORTSUVJEA site visit.doc
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The susceptibility of HDPE geomembranes to stress cracking is primarily a function of the resin
used to make the sheet. The stress cracking resistances of available geomembranes made from
the different HDPE resins varies by factors of up to 500 or 1000. Susceptibility to stress '
cracking can be increased by overheating seams (applying several beads in one location), by
notches (creases and grinding gouges) acting as stress concentrating features, and as a result of '
oxidation (consumption of antioxidants). The kinetics of stress cracking increase at elevated
temperatures — it occurs more rapidly. Thus, while an HDPE resin with marginal stress cracking
resistance may not fail when generally stressed, at creases, gouges, overheating, and protrusions,
the synergisms between these agencies may result in small cracks of the types found. A
geomembrane resin with higher stress cracking resistance would be able to tolerate these
unavoidable features that occur during liner installation and service.

Further laboratory testing of the eight samples will be necessary, and is planned, to confirm the |
cause of the cracking ' ' ' - o

PRELIMINARY CONCLUSIONS

My preliminary opinion of the cause of failure is that the resin from which the geomembrane was
made has inadequate stress cracking resistance. For every obvious crack in the liner there will
be many more partially penetrating cracks waiting to propagate further under the right material
stress and temperature conditions. : '

_ N
Ian D. Peggs, PhD., PE, P.F/( .
President
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PHOTOGRAPHS
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Figure 1. Crack along inside edge of fusion seam at top of east slope. Location 8.
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Figure 2. Crack along crease at top of east slope
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Figure 3. Penetrating crack (arrowed) along crease. Location 6.
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Figure 4. Cracking (arrowed) along inside edge of fusion seam at top of east slope. Location 5.
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Figure 5. Cracking (arrowed) along edge of extruded bead repair. Location 4.
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Figure 6. Crack (arrowed) at extrusion bead repair stop/start on west slope. Location 10.
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Figure 7. Crack (arrowed) at grinding marks in repair patch. Location 7.
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Figure 8. Cracks (arrowed) on patch at burn through protrusions. Location 12.
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Figure 9. Cracks (arrowed) within extrusion bead. Location 11.
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Figure 10. East slope liner looking north (top) and south (bottom).
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Figure 11. West slope liner looking north (top) and south (bottom).
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SECTION 02077
GEOSYNTHETIC CLAY LINER (GCL)

Part 1 - GENERAL

1.01 DESCRIPTION

A. The WORK specified in this Section includes manufacturing and installation of the
GCL components of the liner system as specified herein.

B. All maternals shall conform to the following requirements and shall be of new
stock of the highest grade available, free from defects, and recently
manufactured.

C. The CONTRACTOR shall coordinate the progress of GCL installation with the
subgrade excavation and grading, and with installation of the geomembrane and
geocomposite components of the liner system.

D. All installation shall be in conformance with manufacturer’s recommendations and
with current industry standards.

1.02 SUBMITTALS

A. The MANUFACTURER shall provide the CQA Consultant with the Manufacturer
- Quality Assurance/Manufacturer Quality Control (MQA/MQC) certifications for
each shipment of GCL. The certifications shall be signed by a responsible party
employed by the manufacturer such as the MQA/MQC Manager, Production
Manager, or Techmical Services Manager. The MQA/MQC certifications shall
include:

1. GCL lot and roll numbers (with corresponding shipping information).
2. The results of quality assurance/quality control testing performed by the
manufacturer. At a minimum, the following tests shall be performed:

TEST PROCEDURE FREQUENCY
Grab Strength ASTM D6768 200,000 SF
Permeability ASTM D5887  Weekly, min. 20

values reported
Mass Per Unit Area ASTM D5993 40,000 SF

B. The Manufacturer shall provide, in writing, the proper size equipment, loading,
unloading, and handling procedures for all products delivered to the project.

C. The Manufacturer shall provide proper storage procedures for keeping the GCL from
begin damaged or pre-hydrated by weather or outdoor exposure.

Revised GEOSYNTHETIC CLAY LINER (GCL)
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D. Installation Plan as submitted by the CONTRACTOR, including:

1. Quality Control Plan. Plan shall be site-specific, and shall designate all
personnel, responsibilities, and lines of authority.

2. Panel layout plan with panel location, orientation and identification.

3. Complete set of forms used to record installation quality control data.

4. Copies of the warranties to be provided at the completion of installation.

The Installation Plan shall be submitted for approval at least 7 days prior to delivery
of the GCL materials to the site. ENGINEER reserves the right to require changes to
the Installation Plan.

" E. Documentation to verify the installer's experience in GCL.
1.03 REFERENCES
A. American Society of Testing and Matenials (ASTM):

1. D2216- Lab Determination of Water (Moisture) Content in Soil and Rock.
. D4632 - Grab Breaking Load and Elongation of Geotextiles

3. D4643 - Determination of Water (Moisture) Content of Soil by the Microwave
Oven

4. DA833 - Index Puncture Resistance of Geotextiles, Geomembranes, and Related
Products

5. D5199 - Measuring Nominal Thickness of Geotextiles and Geomembranes

6. D5084 - Measurement of Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter.

7. D5321- Standard Test Method for Determining the Coefficient of Soil and
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct
Shear Method

8. D5887- Standard Test Method for Measurement of Index Flux Through
Satrurated Geosynthetic Clay Liner Specimens Using a Flexible Wall
Permeameter

9. D5890- Swell Index of Clay Mineral Component of Geosynthetic Clay Liners

10. D5891 - Fluid Loss of Clay Component of Geosynthetic Clay Liners

11. D5993 - Measuring Mass Per Unit Area of Geosynthetic Clay Liners

12. D6243- Standard Test Method for Determining the Internal and Interface Shear
Resistance of Geosynthetic Clay Liner by the Direct Shear Method

Part 2 - PRODUCT

2.01 MATERIALS

A. The GCL shall be comprised of new, first-quality products designed and
manufactured specifically for the purpose intended. The GCL shall be stitch-bonded
or a needle-punched, reinforced product. Adhesive or glued GCL’s are not

Revised GEOSYNTHETIC CLAY LINER (GCL) '
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acceptable. The product shall be Claymax 200R as manufactured by CETCO Lining
Technologies or approved equal. : '

B. The GCL shall be so produced as to be free of holes, blisters, or contamination by
foreign matter. .

1.

The sodium bentonite utilized in the manufacture of the GCL, as well any
accessory bentonite provided for seaming and detail work, shall be granular
sodium bentonite with the properties listed below:

TEST PROCEDURE VALUE
Swell Index ASTM D5890 24 ml/2g (min.)
Fluid Loss ASTM D5891 18 ml (max.)

The finished GCL shall have the physical properties listed below.

TEST PROCEDURE VALUE

Mass/Area (psf) - D5993 0.75 (at 0% moisture)
Grab Strength (Ibs/in) D6768 25

Permeability (cm/sec) D5887 5x107 *

* At 80 psi cell pressure, 77 psi headwater pressure, and 75 psi tailwater
pressure.

D. Conformance Testing Requirements(CQA testing to be conducted by the
CONTRACTOR upon delivery of material to the site):

a. Mass Per Unit Area (ASTM 5993)(One test per 40,000 square feet).
b. Bentonite Swell Index (ASTM D5890)(One test per 100,000 square feet).
c. Permeability (ASTM D5887). (One test per 100,000 square feet)

The CONTRACTOR shall inform, in writing, the COUNTY 14 days prior to the
actual date of shipment of material to the site.

Conformance sample(s) of the GCL will be collected and tested, by the CQA
Consultant. If the material is shipped to the project and does not meet the project

specifications, then all cost associated with collecting, testing, and shipping
samples from the project will be CONTRACTOR’S responsibility.

2.02 PANEL DIMENSIONS

A. The dimensions of the full-size panels shall be a minimum width of 12 feet,and a
minimum length of 150 feet. '

2.03 SEAM OVERLAP LINES

Revised
August 26, 2004
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A. A 6-inch “lap” line and a 9-inch “match” line shall be marked on both edges of the
upper geotextile component of the GCL as a means for providing quality assurance
of the overlap. Lines shall be printed in easily visible, non-toxic ink.

2.04 LABELING, PACKING

A. Eachroll shall be given prominent, unique, indelible, identifying labeling indicating
the following characteristics:

1. Product identification information (manufacturer name and address, brand

name, product code).
2. Lot number and roll number.
3. Date of fabrication.
4. Roll length and width.
5. Total roll weight.
6. Proper direction of unrolling and/or unfolding to facilitate layout and

positioning in field.
B. Each roll shall be individually packaged and protected to prevent damage during
shipment. Each package shall be prominently identified in the same manner as the

product within and showing the date of shipment.

C. Allrolls shall be labeled and bagged in packaging that is resistant to degradation by
ultraviolet (UV) light, and is moisture resistant.

Part 3 - EXECUTION

3.01 SHIPPING AND HANDLING

A. The CONTRACTOR shall provide the proper equipment and labor to unload the
material upon delivery to the project. All costs associated with providing unloading

of the material and return of equipment and labor are to be included in the price for
the materal.

B. The manufacturer shall identify, in writing, the proper equipment and methods for
loading, shipping, and unloading materials to the project.

C. The manufacturer shall provide, in writing, the proper storage procedures for the
products delivered to the site. Prior to departing the site, the manufacturer or
manufacturers representative will inspect the storage of the material for compliance
with the procedures outlined by the manufacturer.

3.02 STORAGE

A. Storage of the GCL rolls shall be the responsibility of the CONTRACTOR. A
dedicated storage area shall be selected at the job site that is away from high traffic
areas and is level, dry, and well-drained.

Revised GEOSYNTHETIC CLAY LINER (GCL)
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3.03

B. Rolls should be stored in a manner that prevents sliding or rolling from the stacks and
may be accomplished by the use of chock blocks or by use of the dunnage shipped
between rolls. Rolls should be stacked at a height no greater than the lifting
apparatus can be safely handled (typically no higher than two or three rolls).

C. All stored GCL matenials and the accessory bentonite must be covered with a plastic
sheet, waterproof cover or tarpaulin until their installation.

D. Rolls that exhibit swelling or partial hydration during storage may be rejected by the
ENGINEER.

SUBGRADE PREPARATION

A. The subgrade upon which the GCL is installed will be prepared by the County.

B. It shall be the CONTRACTOR’s responsibility to indicate to the ENGINEER any

change in the condition of the subgrade that could cause the subgrade to be
unacceptable for GCL deployment.

3.04 GCLPLACEMENT

Revised

A

Placement of the GCL shall be conducted in accordance with the approved
Installation Plan and Drawings, and manufacturer’s recommendations.

The use of equipment capable of freely suspending the GCL roll is required. A
spreader bar and core pipe are also required for supporting the roll and allowing it to

unroll freely. The core pipe and spreader bar shall not bend or flex excessively when
a full roll is hifted.

Unless otherwise instructed by the ENGINEER, GCL panels shall be placed as
follows:

Non-woven geotextile facing down.

To facilitate drainage in the event of precipitation.

Free of tension or stress yet without wrinkles or folds.

It is not permissible to stretch the GCL in order to fit a designated area.
Panels shall not be dragged across the subgrade into position except where
necessary to obtain the correct overlap for adjacent panels.

APl ol b i

Panels shall not be placed during adverse weather conditions, including rain, high
wind, or any other weather conditions which might be deleterious to the subgrade,
materials, or the installation. :

GEOSYNTHETIC CLAY LINER (GCL)
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3.05

3.06

Revised

F. The CONTRACTOR shall unwrap and install only as much GCL in one working

day as can be covered with a geomembrane. In no case shall the GCL be exposed to
the elements at the end of the day.

G. Cover as soon as possible to protect the GCL from hydration, environmental effects

and damage.

H. Remove and replace panels hydrated or partially hydrated without geomembrane

COVET.

GCL PANEL SEAMING

A. All GCL seams shall be formed in accordance with manufacturer’s

recommendations. A continuous bead of powdered bentonite shall be placed in
seams to ensure that a continuous seal 1s achieved between panels.

. A 6-inch to 9-inch overlap should exist at seam locations. The lap line and match

lines marked on the panels shall be used to assist in obtaining this overlap. The edges
of the GCL panels should be adjusted to smooth out any wrinkles, creases, or
“fishmouths” to maximize contact with the underlying panel.

. After the overlying panel is placed, its edge shall be pulled back to expose the

overlap zone. Any soil or debris present in the overlap zone or entrapped in the
geotextiles shall be removed. A fillet of granular bentonite shall then be poured in a
continuous manner along the overlap zone (between the edge of the panel and the 6-
inch line), at a rate of at least one-quarter pound per linear foot.

DAMAGE REPAIR

A. Any damage in the form of cuts or tears in the GCL or hydrated areas, shall be

identified and repaired by the installer by cutting a patch from undamaged GCL and
placing it over the affected area.

. All dirt and debris shall be removed from the damaged area. A patch of GCL shall

be cut to fit over the damaged area and to extend one foot in all directions around it.
Accessory bentonite shall then be placed around the perimeter of the affected area at
the rate of one-half pound per linear foot, and the patch shall be placed over the
damage. An epoxy-based adhesive shall be used to keep the patch in position during
backfill operations.
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3.07 DETAIL WORK

3.08

Revised

A. Detail Work, defined as the WORK necessary to seal the liner to pipe penetrations,

foundation walls, drainage structures, spillways, and other appurtenances, shall be
performed as recommended by the GCL Manufacturer. Recommended installation
details shall be provided in the Installation Plan. The installer shall provide
reasonable assurance to the ENGINEER of an acceptable installation.

PLACEMENT OF OVERLYING MATERIALS

A.

During placement of geomembrane upon the GCL, precautions shall be taken to
prevent damage the GCL by restricting heavy equipment traffic. Unrolling the
geomembrane can be accomplished through the use of lightweight, rubber-tired
equipment such as a 4-wheel all-terrain vehicle (ATV). No vehicles larger than a
ATV are allowed in direct contact with the GCL. This vehicle can be driven directly
on the GCL, provided the ATV makes no sudden stops, starts, or turns.

Any leading edge of panels left uncovered shall be protected at the end of the

working day with a waterproof sheet which is adequately secured with sandbags or
other ballast.

When textured geomembrane is installed over the GCL, a temporary geosynthetic
slip sheet can be used to minimize friction during placement of the geomembrane.
The slip sheet shall be removed completely upon placement of the geomembrane.

END OF SECTION
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SECTION 02110 - SITE CLEARING, GRUBBING, AND DEMOLITION

PART 1 - GENERAL
1.01 GENERAL

A. The work specified in this section includes removal of materials by clearing,
grubbing or demolition, those materials which are understood by generally
accepted practice not to be suitable for construction of the WORK as shown on
the Contract Drawings and specified herein.

1. Clearing is defined as removal of vegetative materials found on the surface
of the ground such as trees, brush, etc.

2. Grubbing is defined as removal of materials at, or protruding from, the
surface of the ground such as grass, stumps, roots, rocks, etc.

3. Demolition is defined as the deconstruction and removal of existing storm
water system culverts, pipes, and access road and the removal and
relocation of existing overhead electric lines and poles along the north side
of the Phase 2 area.

B. The CONTRACTOR shall provide necessary protection as required to prevent
damage to existing improvements indicated to remain in place, (i.e., monitoring
wells, fences, etc.) as noted on the Drawings.

C. The CONTRACTOR shall control fugitive dust in accordance with local and state
requirements.

D. Prior to site clearing operations, the CONTRACTOR shall implement appropriate
temporary erosion and sedimentation controls.

E. CONTRACTOR shall pay all costs associated with disposal of clearing, grubbing,
and demolition debris. Open burning shall not be allowed.

1.02 SUBMITTALS

A. CONTRACTOR shall submit the name and location of all proposed disposal sites
for the clearing, grubbing, and demolition debris to the ENGINEER for approval
prior to transporting any materials off-site.

PART 2 - PRODUCTS

Not used.
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PART 3 - EXECUTION

3.01 SITE CLEARING

A.

Site clearing activities shall be conducted to minimize interference with roads,
streets, walks, and other adjacent facilities. CONTRACTOR shall not close or
obstruct streets, walks or other facilities.

All trees within the limits of the WORK shall be removed except where noted on
the Drawings. Trees noted on the Drawings to remain shall be protected.

Tree removal shall include removal of stumps and roots to a minimum depth of 2
ft. below original ground level.

Depressions caused by clearing and grubbing operations shall be filled with soil
material as specified by the Contract Documents, unless further excavation or
earthwork is indicated.

3.02 DISPOSAL OF SITE CLEARING MATERIALS

The CONTRACTOR shall transport and dispose of all landclearing debris at no

A.
additional cost to the OWNER. Disposal shall conform to all County, State and
Federal regulations. Open burning shall not be allowed.
B. All surplus soils shall be removed from the site. All soils shall be used in WORK
or removal from the project site at no additional cost to OWNER.
END OF SECTION
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SECTION 02212 - LOW PERMEABILITY SOIL

PART 1 - GENERAL

1.01 SUMMARY

A

C.

The WORK specified in this Section includes installation and acceptance of the
low permeable (1x10 = cm/sec) soil comprising the Prepared Subbase as shown
on the Drawings and as specified herein. Installation of the soil may include
transporting, stockpiling, mixing, and moisture conditioning and shall include
spreading, compacting, grading, rolling, testing, inspection, and repairing the
Prepared Subbase as needed to comply with the Contract Documents.

CONTRACTOR shall follow excavation, segregation, and stockpile specifications
described in this section and Section 02220; however, neither the OWNER nor the
ENGINEER warrants the accuracy and it is incumbent of the CONTRACTOR to
review and confirm the accuracy. Should the CONTRACTOR determine that the
sufficient amounts of low permeability materials are not available, the
CONTRACTOR shall structure its bid price accordingly.

CONTRACTOR may choose to use material from approved sources.

1.02 QUALITY CONTROL/QUALITY ASSURANCE

A.

Construction Quality Control (CQC) will be performed by an independent
geotechnical consultant retained by the CONTRACTOR. All reports, inspections,
testing and related activities of the CQC Consultant shall be at the
CONTRACTORS expense. The CQC consultant shall not be the same consultant
retained by the OWNER for Construction Quality Assurance. The CQC
consultant shall oversee all low permeability soil installation activities and the
quality control testing as specified herein. The CQC consultant shall prepare a
final report certifying the Prepared Subbase and installation are in accordance
with the Contract Documents. The final report shall be signed and sealed by a
professional engineer licensed in the State of Florida.

Construction Quality Assurance (CQA) will be performed by an independent
geotechnical consultant retained by the OWNER.

The CONTRACTOR shall schedule his work to provide sufficient time required
to complete CQC and CQA field testing and shall keep the laboratory informed of
the progress.
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1.03 SUBMITTALS

A. The CONTRACTOR shall submit to the ENGINEER field and laboratory test
data prior to importing and/or prior to any construction using the low permeability
soil. Soils shall not be imported and/or used for construction on the project until
approved by the ENGINEER.

B. Qualifications of the CQC Consultant shall be submitted to the ENGINEER prior
to any geotechnical testing of the borrow source of the low permeability soil
materials. The CQC Consultants qualifications shall be submitted to the
ENGINEER as required in Section 02220.

C. Borrow Source Qualification: The CONTRACTOR shall notify the ENGINEER
in writing of the individual borrow source(s) for the low permeability soil at least
7 calendar days prior to the date of anticipated construction use of such material.
Notification of individual borrow source(s) shall include:

1. Supplier's name and borrow location.
2. Verification that adequate quantities are available to complete the work.

3. At the time of submittal of the above notification, the CONTRACTOR
also shall furnish three representative samples of the proposed low
permeability soil at no additional cost to the OWNER. The three samples
shall consist of 1-gallon, individually sealed containers of the proposed
low permeability soil.

4. Laboratory testing shall be performed on the proposed low permeability
soil borrow source by the CQC consultant with the results submitted to the
ENGINEER at least 7 calendar days prior to test strip installation.
Representative samples shall be collected from a minimum of 3 locations
in the proposed borrow source and submitted to the CQC consultant for
testing. The following series of tests shall be performed on each of the
samples:

a. Leachate compatibility test results in accordance with U.S. EPA
Test Method 9100, one representative sample using leachate from
the Citrus County Central Landfill.

b. Standard Proctor compaction testing (ASTM D-698), one test per
representative sample.

C. Flexible-wall permeability testing (ASTM D-5084) on remolded
soil samples. For each sample, the samples shall be prepared and
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tested to cover a range of molding conditions (moisture content
and dry density) to meet the project permeability requirements.
The soil samples shall be compacted to a minimum of 92 percent
of the Standard Proctor Density and a range of moisture contents.
Generally moisture contents range from minus one (-1) percent
below the optimum moisture content (OMC) to plus three (+3)
percent above the OMC. The test report shall indicate the percent
compaction and moisture content of the test sample. Harvard
miniature method shall be used in remolding. Hydraulic gradients
as recommended in ASTM D 5084.

Atterberg Limits testing (ASTM D-4318) one test per sample.

Grain size (gradation) analysis (ASTM D-422), one test per
sample.

Natural Moisture Content, in-place at the borrow source (ASTM
D- 2216), one test per sample.

The CONTRACTOR shall notify the ENGINEER in writing a
minimum of 3 working days prior to sampling and shall coordinate
the ENGINEER's observation of borrow source sampling.
ENGINEER reserves the right to obtain independent samples.
Rejection by the ENGINEER of the low permeability soil for not
meeting the Specification requirements shall not relieve the
CONTRACTOR of submitting the required data for an alternate
borrow source. Additional costs or delays resulting from the
rejection of a soil shall be at no cost to the OWNER.

Borrow Source Report: The CONTRACTOR shall submit three
copies of the CQC consultant's borrow source analysis. The report
shall be signed by a professional engineer registered in the State of
Florida to certify the soil furnished for the Prepared Subbase
complies with the Specification requirements and include all
borrow source information and test result data.

D. Test Section Report: The CONTRACTOR shall submit three copies of the CQC
consultant's test section analysis prior to full-scale installation of the low
permeability soil for Prepared Subbase. The report shall be signed by a
professional engineer registered in the State of Florida. The report shall include
laboratory results, and proposed full-scale installation methods (e.g., equipment,
number of passes, moisture conditioning, destructive testing repair methods, etc.)
based upon the results of the test section as described in Part 3.02, this Section.
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Project Report: The CONTRACTOR shall submit three copies of the CQC
consultants test results for the installed Prepared Subbase upon project
completion. During Prepared Subbase installation, the CQC Consultant shall
provide in writing to the ENGINEER preliminary laboratory test results to
monitor conformance with the project specifications by the CQA Consultant. The
CQC Consultant shall record all test locations on a test location map. The
laboratory test results shall be identified, numerically, alphabetically or a
combination thereof, in the report. A location map shall correlate the laboratory
test identification with test location by use of a key or legend. Laboratory tests
are outlined in Table 02212-1. The location map shall be of the same scale as the
Drawings and accurately depict field test locations. The report shall be signed and
sealed by a professional engineer registered in the State of Florida.

PART 2 - PRODUCTS

2.01 MATERIALS

A.

The low permeability soil shall be a fat clay (CH), clayey sand (SC) or lean clay
(CL) as classified by the Unified Soil Classification System.

On-site material may meet requirements of this Section. Material to be reused
must be excavated and stockpiled as described in Section 02220. Stockpiled
material shall be maintained (wetted, disked, etc.) to stay within three percent of
its average natural moisture content as determined by the CONTRACTOR’s CQC
representative.

The low permeability soil shall be free from organics, roots, rubbish and debris,
rocks (greater than 1/4-inch in any dimension), sticks ( greater than 1/4-inch in
diameter), calcareous deposits, and any other deleterious material. The
CONTRACTOR shall remove any materials that the ENGINEER considers
objectionable in the low permeability soil at no additional cost to the OWNER.

Testing for final acceptance shall be performed by the CQC consultant in
accordance with these specifications.

Prepared Subbase, which does not meet the specifications shall be reworked,
retested, and replaced if required at no additional cost to the OWNER.

Undisturbed samples, for hydraulic conductivity testing, shall be obtained using a
thin-walled Shelby tube (ASTM D-1587) or drive cylinder sampler (ASTM D-
2937) from the completed Prepared Subbase and shall be collected by the CQC
consultant. Locations for sample collection shall be approved by the ENGINEER.
Test samples for the soil properties in Table 02212-1 shall be obtained using a
thin-walled Shelby tube or drive-cylinder sampler or nuclear density machine.
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G. At a minimum, the following data shall be submitted to the ENGINEER with the
results of each permeability test:

Dates samples collected.

Sample number and location.

Sampling method.

Specimen length and diameter.

Specimen dry unit weight and in situ moisture content.
Hydraulic gradient.

Degree of saturation.

Maximum cell pressure and back pressure.

Calculated permeability.

0.  Name and signature (with date) of person performing quality assurance
check for the CQC consultant.

=000 NN L B W

TABLE 02212-1. PROPERTIES OF LOW PERMEABILITY SOIL

. Note
Description %,l; ;cl:eﬁed Method llj;requency
Minimum fines passing No. 200 20 ASTM D-1140 | 4 per acre/
sieve (percent) or D-421/D-422 | Lift"*?
Atterberg Limits:
Liquid Limit (percent) 20<LL<80 | \ o0\ D-4318 | 4 per acre/ Lift
Plasticity Index (percent) 10<PI<40
4 per acre / Lift,
Organic Content (percent) 1 ASTM D-2974 and W.h en
organics are
visually evident
Maximum Permeability (cm/sec) s .
by Flexible-wall Permeameter M*° 1.0x 10 ASTM D-5084 | 2 per acre/ Lift
Thickness (inches) ggsetf'tlcti ve
(Minimum regardless of survey 6 inches total 8 per acre / Lift
tolerance) Tests (Total
Thickness Only)
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Note

Description Specified Method lF;requency
Value ’
3 at beginning
of low
Maximum Dry Density and permeability
Optimum Moisture Content by Note 3,7 2§¥ﬁ g'gg? 6 soil installation,
Standard Proctor Method i and for each

visual change in
borrow source

Field Moisture as related to Standard Proctor Method Results (percent)

Laboratory Method Note 3,7 ASTM D-2216

Nuclear Densiometer Method Note 3,4,7 ASTM D-3017 4 /Lift
Direct Heating Method Note 3,4,7 ASTM D-4959 peracte /L1
Calcium Carbide Gas Method Note 3,4,7 ASTM D-4944

Field Density as a Percent of Standard Proctor Method Results (percent)

Drive Cylinder Method Note 3,7 ASTM D-2937 4 I Lift
Nuclear Densiometer Method Note 3,57 | ASTMD-2922 | “Peracre/

Notes for Table 02212-1:

1.

2.
3.

Frequency of testing is two times the regulatory requirement because the project is less than 5
acres.

Lift is defined as a 6-inch compacted in-place thickness.

Required range of moisture content to be determined as a result of the laboratory and test
section. The anticipated moisture range is between -1 percent to +3 percent of the optimum
moisture content. ”[;he minimum percent compaction shall be 92 percent of the Standard
Proctor.

Nuclear, Direct Heat, and Calcium Carbide Gas Method determination of field moisture
contents may be used only after correlation with laboratory results have been established. In
the event of conflict, the laboratory results will govern.

Nuclear determination of field density may be used only after correlation with Direct
Cylinder Method has been established. In event of conflict, the Direct Cylinder Method
results will govern.

See Part 3.03 (F), this Section, for the necessary testing requirements to repaired or reworked
areas.

See Part 3.04 (A), this Section, for the necessary testing requirements of the soil backfill in
confined areas.

At least one test shall be conducted in the bottom of the sump and on the sideslope of the
sump area.
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2.02 WATER

A.

The water used for laboratory testing or for field moisture conditioning of the low
permeability soil shall be clean and uncontaminated, and shall be obtained at no
additional cost to the OWNER. Laboratory water can be distilled or tap water.
Saltwater shall not be used.

203 LEACHATE

A.

The leachate used as a permeant in the EPA Test Method 9100 testing shall be
obtained from the Citrus County Central Landfill during normal operating hours.
The CONTRACTOR shall be responsible for all the labor, equipment, and
associated costs necessary to obtain, contain, and transport the leachate to the
CQC Consultants laboratory. EPA Test Method 9100, Section 2.11, outlines the
procedures for using the leachate as a permeant.

PART 3 - EXECUTION

3.01 SUBGRADE

A.

Prior to the installation of the low permeability soil, the CONTRACTOR shall
clear and grub the area and demolish the existing stormwater pipes and culverts
and relocate existing overhead electrical lines and poles as shown on the
Drawings. The CONTRACTOR shall backfill and compact the soil to the grades
as shown on the Drawings. Subgrade preparation activities shall be performed in
accordance with Sections 02110 and 02220.

Rocks (greater than 1/2-inch in any dimension), sticks (greater than 1/4-inch in
diameter), roots, debris and other deleterious materials shall not be permitted
within 6 inches of the surface upon which the low permeability soil will be
installed.

The subgrade surface shall be free of irregularities, loose soil, and abrupt changes
in grade.

The subgrade surface shall be inspected by the ENGINEER prior to installation of
low permeability soil. If subgrade conditions do not meet the requirements as
specified, including grades, density, moisture, or deleterious materials, corrective
action by the CONTRACTOR shall be completed prior to proceeding with the
installation of the low permeability soil at no additional cost to the OWNER.
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3.02 TEST SECTION

A. A test section shall be constructed by the CONTRACTOR prior to the installation
of the low permeability soil of the Prepared Subbase to verify that the proposed
soil and construction techniques will consistently achieve the specified parameters
as presented in Table 02212-1.

B. The dimensions of the test section shall be not less than 50 feet wide by 200 feet
long. The test section shall be located within the construction area over which the
Prepared Subbase will be installed.

C. Identical soil, materials, equipment, and procedures shall be used to construct the
test section as those proposed for the Prepared Subbase.

D. The low permeability soil shall be placed and then compacted and tested as
required herein. The total in-place compacted Prepared Subbase thickness shall
be a minimum of 6 inches.

E. The CQC consultant shall observe the construction of the test section and
document equipment and methods used during test section construction,
including:

1. Placement and spreading.

2. Resulting loose lift thickness.

3. Uniformity of soil after spreading.

4. Incorporation of water (i.e. moisture conditioning).

5. Equipment type, weight, configuration, and number of passes.
6. Repair of deficiencies due to quality assurance sampling.

F. The CQC consultant shall perform and report all necessary sampling and testing
of the test section to determine the optimum percent compaction and
corresponding moisture content (and range) in order to achieve a coefficient of
permeability less than or equal to that specified in Table 02212-1. At a minimum,
tests shall include:

1. Five samples of the soil delivered to the site shall be tested for natural
moisture content (ASTM D-2216), percent fines (ASTM D-1140) and
Atterberg limits (ASTM D-4318).
2. Five field density, moisture content (ASTM D-2216), and thickness tests
shall be performed per lift on the compacted test section.
3. Five Shelby tube or drive cylinder samples shall be obtained from the test
section for laboratory permeability testing (ASTM D-5084).
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4, The test locations shall be selected by the ENGINEER.

Additional testing shall be conducted on the test section if any construction
techniques (e.g., addition of moisture, additional passes of equipment, different
equipment) are altered.

Additional test sections shall be required if any modifications to the Prepared
Subbase installation techniques are introduced subsequent to the ENGINEER
approving the results of the test section, including soils, material, equipment, and
procedures. Testing and inspecting the new test section will be at no additional
cost to the OWNER. New test sections shall be constructed and tested at no
additional cost to the OWNER.

Compaction requirements for soil shall be established by the CQC consultant
based upon the test section results and pre-construction laboratory test results.
Requirements shall be, at a minimum, as specified in this section.

3.03 LOW PERMEABILITY SOIL

A.

F.

The CONTRACTOR shall be responsible for maintaining the low permeability
soil stockpile at the landfill site by sloping and compacting it to maintain moisture
content and not become saturated or desiccated.

Installation procedures developed during test section construction shall be utilized
for the entire Prepared Subbase.

Testing methods and frequencies shall be in accordance with Table 02212-1. See
Notes on Table 02212-1.

At the time of compaction, the moisture content in the soil shall be within the
range determined by the test section results.

1. For soil that is above the optimum soil moisture content range as
determined by the CQC consultant, the CONTRACTOR shall spread, dry,
and rehomogenize the soil in order to meet the specifications.

2. For soil that is below the optimum soil moisture content range as
determined by the CQC soils testing laboratory, the CONTRACTOR shall
add water uniformly over the soil, then homogeneously mix and knead to
achieve a uniform moisture content throughout.

Adjacent soil strips shall be scarified at the end and overlapped to assure adequate
bonding.

REWORKING OR REPAIRING AREAS:
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1. The results of all permeability tests performed on undisturbed samples of
the Prepared Subbase shall be less than or equal to the value in Table
02212-1. In the event the permeability is greater than specified, the
CONTRACTOR shall, at no additional expense to the OWNER, rework
the represented area. Reworking may include moisture conditioning,
scarifying and recompacting, or removal and replacement of in-place soil.

2. If replacement is required, the limits of replacement shall be approved by
the ENGINEER prior to removal. The ENGINEER shall randomly select
additional locations for testing. A minimum of four additional
permeability tests shall be conducted for each area of the Prepared
Subbase to be re-tested. The CQC consultant shall perform Atterberg
limits, gradation, and permeability testing on each re-tested sample, at no
additional cost to the OWNER. For areas less than 1 acre, a minimum of
one test to verify compaction shall be conducted.

3. If desiccation or surficial crusting occurs, the area shall be scarified to the
depth necessary to expose sufficiently moist soil, and the scarified soil
shall be brought to the correct moisture content, remixed and homogenized
prior to recompaction. The Prepared Subbase shall be deemed acceptable
only when it is completely free from desiccation to any depth or from
surface crusting.

G. Upon completing the Prepared Subbase, the surface shall be visually inspected by
the ENGINEER. Areas, which appear to be inadequately installed, will be
sampled, tested, and reworked if necessary to achieve the specified properties, at
no additional cost to the OWNER. The CONTRACTOR is responsible for
protecting the Prepared Subbase from drying, cracking, or other damage until the
overlying protective soil is installed.

H. A flexible membrane liner may be used as temporary protection for the completed
Prepared Subbase. The membranes shall be overlapped by 1 foot and properly
anchored in place by sandbags or partial soil backfill.

L The CONTRACTOR shall maintain the surface of the Prepared Subbase, and
prevent it from becoming softened due to precipitation, desiccating or cracking
due to lack of moisture, or damage by erosion due to stormwater runoff. The
secondary geomembrane layer shall not be installed over damaged Prepared
Subbase until repairs have been completed and the area has been approved by the
ENGINEER.

J. The CONTRACTOR shall bring the final grades, elevations, and contours of the
Prepared Subbase to within the project specifications and as indicated on the
Drawings while maintaining a minimum thickness of 6 inches for the installed
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N.

Prepared Subbase. Only when each lift of the low permeability soil has been
brought to the final grades, elevations, and contours shall the tests outlined in this
section be conducted.

Perforations, test holes and depth probes of the Prepared Subbase shall be over-
excavated with minimum 45 degree side-slopes, and repaired by backfilling the
hole with maximum 3-inch lifts of low permeability soil and bentonite powder.
Each lift in the repair shall be compacted using a heavy, blunt-ended object in
such a manner that the soil is well compacted, and well blended with the adjacent
soil. Moisture condition the soil whenever necessary.

Reworked areas, at any time during the course of construction, shall be fully
repaired and tested, as outlined in Table 02212-1 with the exception as specified
in Part 3.03.F, at no additional cost to the OWNER.

Where completed compacted areas are disturbed by subsequent construction
operations or adverse weather, scarify the surface, reshape, re-wet as needed,
rehomogenize and compact to the required density prior to further construction, at
no additional cost to the OWNER. The reworked area shall be retested, at no
additional expense to the OWNER, at the frequency specified in Table 02212-1
with the exception as specified in Part 3.03.F. Installation of the reworked area
shall be governed by the methods determined during the test section.

The CONTRACTOR shall be responsible for backfilling all settled areas, which
may occur within the maintenance period as stipulated in the General Conditions.

3.04 CONFINED AREAS

A

Low permeability soils in confined areas, such as adjacent to structures or in areas
where heavy equipment operation is limited, shall be placed and compacted in
lifts to meet the project specifications. Soils placed in these areas shall not have
clumps exceeding 1/2 inch in any dimension. The soil shall be placed in lifts not
to exceed 3 inches. The soil shall be compacted using hand tools or pneumatic
mechanical devices to compact each successive lift in place. The CQC Consultant
shall define the compaction procedures with the approval of the ENGINEER. A
representative density and permeability test shall be conducted by the CQC
Consultant to verify the procedure.

3.05 LABORATORY HYDRAULIC AND LEACHATE CONDUCTIVITY TESTING

A.

Hydraulic Conductivity Test Using Water

1. Hydraulic Conductivity test samples, using water, shall be encapsulated
within a flexible latex membrane and mounted in triaxial-type
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permeameters per ASTM D 5084. The test specimens shall then be
consolidated under an isotropic consolidation stress of no greater than 10
psi and permeated with water under an adequate back pressure to achieve
saturation of the test specimens. The inflow and outflow from the samples
shall then be monitored and the coefficient of permeability calculated for
each recorded flow increment using the constant head method. The tests
shall continue until steady-state flow is achieved as evidenced by values of
inflow and outflow that do not differ by more than 20 percent, and by
stable values of the coefficient permeability. Time and flow data shall be
recorded for at least one day beyond the time when the inflow and outflow
rates meet the above criterion, at which time the pressures may be relieved
and physical measurements of the specimens obtained for calculations.
Hydraulic gradients shall be in accordance with the values in ASTM D-
5084 unless otherwise approved by the ENGINEER.

2, De-aired potable water shall be used in laboratory hydraulic conductivity
tests.

B. Hydraulic Conductivity Test Using Leachate (EPA Test Method 9100)

1. Hydraulic Conductivity test samples, using leachate, shall be encapsulated
within a flexible latex membrane and mounted in triaxial-type
permeameters per ASTM D 5084. The test specimens shall then be
consolidated under an isotropic consolidation stress of no greater than 10
psi and permeated with water under an adequate back pressure to achieve
saturation of the test specimens. The inflow and outflow from the samples
shall then be monitored and the coefficient of permeability calculated for
each recorded flow increment using the constant head method. The tests
shall continue until steady-state flow is achieved as evidenced by values of
inflow and outflow that do not differ by more than 20 percent, stable
values of the coefficient permeability have been achieved, and a minimum
of two pore volumes have passed through the sample after stabilization.
Time and flow data shall be recorded for at least one day beyond the time
when the inflow and outflow rates meet the above criterion, at which time
the pressures may be relieved and physical measurements of the specimens
obtained for calculations. Hydraulic gradients shall be in accordance with
the values in ASTM D-5084 unless otherwise approved by the
ENGINEER.

2. De-aired leachate shall be used in leachate hydraulic conductivity tests.

C. If tests conducted by the CQC Consultant indicate that the material does not meet
specification requirements, the soil material shall be rejected. CONTRACTOR

CITRUS COUNTY, FLORIDA LOW PERMEABILITY SOIL
PHASE 2 EXPANSION 02212-12
December 16, 2002



shall be responsible for all additional costs for testing and inspection as a result of
failure of the material to meet specification requirements.

3.06 CERTIFICATION OF COMPLETION

Upon completion of the Prepared Subbase, the CQC consultant shall certify that:

The Prepared Subbase was constructed in accordance with the approved
project Drawings and specifications.

The Prepared Subbase meets all requirements of the approved project
Drawings and specifications.

Any damage to the Prepared Subbase from any construction operation has
been repaired as specified herein.

3.07 FINAL ACCEPTANCE

A.

The CONTRACTOR shall retain the ownership and responsibility for the
Prepared Subbase until it is covered by the geomembrane. The CONTRACTOR
is responsible for achieving the required permeability, minimum field compaction,
and moisture range stated in Table 02212-1 of this section.

The Prepared Subbase shall be accepted by the OWNER when:

1.

2.

All installation activities are completed.

All documentation of installation is completed and the CQC laboratory's
final report is submitted to the ENGINEER.

All documents presented in Part 1.03, this Section have been submitted to
the ENGINEER and approved.

END OF SECTION
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SECTION 02220 - EXCAVATION, BACKFILL, FILL, AND GRADING

PART 1 - GENERAL

1.01 GENERAL

A.

The work specified in this section includes excavating, trenching, shoring,
transporting, stockpiling, placing, backfilling, compacting, grading, disposing
materials, field testing, and quality control/quality assurance laboratory services
required for the construction as shown on the Drawings and described in the
Specifications.

CONTRACTOR shall be responsible for controlling stormwater runoff from the
adjacent landfill slope through the use of berms, dikes, and swales to direct
stormwater away from construction areas and to areas where CONTRACTOR
shall remove stormwater from the excavation through the use of temporary pumps
or other means and methods.

Excavation, backfilling, sampling, and testing shall be performed by the
CONTRACTOR only when the ENGINEER is present. A minimum of 24-hours
prior notice shall be given to the ENGINEER.

Excavated fill that does not contain refuse, as determined by the ENGINEER,
may be used as general backfill if it meets the requirements of this Section.
Excavated fill, which contains waste, shall be disposed at the landfill during
regular business hours at no cost to the CONTRACTOR.

Upon identification, the CONTRACTOR shall notify the ENGINEER in writing
if the site conditions encountered during construction differ from that indicated on
the Drawings. Notification shall include an explicit description of the differences.

Construction Quality Control (CQC) will be performed by an independent
geotechnical consultant retained by the CONTRACTOR. The CQC consultant
cannot be the same consultant retained by the OWNER for Construction Quality
Assurance. The CQC Consultant shall oversee all geotechnical activities and the
quality control testing as specified herein. The CQC Consultant shall prepare a
final report certifying the geotechnical activities performed on this project are in
accordance with the Contract Documents. The final report shall be signed and
sealed by a professional engineer licensed in the State of Florida.

1. Qualifications for the geotechnical CQC Consultant shall be submitted to
the ENGINEER at least 7 calendar days prior to conducting any project-
related geotechnical laboratory or field testing. The submittal shall
contain at a minimum the following information:
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a. The resumes of key personnel involved in the geotechnical testing
and observation activities. Key personnel shall include field
personnel, laboratory personnel, and immediate supervisors. The
CQC Consultant shall have a minimum experience of one prior
similar landfill project within the last 5 years.

b. Written confirmation that the project specifications have been
received for the project and compliance with the project
specifications shall be followed in strict accordance.

C. Written confirmation that the CQC Consultant has sufficient
personnel and equipment available to meet the project schedule.

1.02 SUBMITTALS

A. Health and Safety Plan:

1.

The CONTRACTOR shall submit to the ENGINEER for review a Health
and Safety Plan. The Health and Safety Plan shall include descriptions of
the methods, equipment, and safety procedures to be used during
construction activities, including dewatering, excavating, backfilling, and
compacting. In preparing the Health and Safety Plan, the CONTRACTOR
shall consider the various materials (municipal solid waste (MSW),
industrial waste, solvents, petroleum hydrocarbons, caustics, medical
wastes, animal carcasses, asbestos, etc.) that may be encountered while
conducting all operations necessary to complete the work.

Activities related to excavating and backfilling shall be conducted in strict
accordance with the approved Health and Safety Plan. Work shall be
performed in compliance with all applicable Occupational Safety and
Health Administration (OSHA) regulations. At a minimum, the
supervisor overseeing the excavation and other construction activities will
be OSHA-trained, in accordance with 29 CFR 1910.120, Hazardous Waste
Operations and Emergency Response.

The CONTRACTOR shall have a Health and Safety officer, with requisite
qualifications and experience, on site during all intrusive activities
associated with landfill materials. After all intrusive activities into the
landfill have been completed, the Health and Safety officer shall
periodically inspect site activities, including leading a weekly site safety
meeting for all on-site personnel.

A copy of the document titled A Compilation of Landfill Gas Field
Practices and Procedures - SWANA Health and Safety Section, (1992), is
included by reference.

The review of the Health and Safety Plan by the ENGINEER shall be for
method only. The CONTRACTOR shall retain responsibility for the
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application, adequacy, and safety of the methods. However, construction
shall not begin until the Health and Safety Plan has been submitted and
reviewed by the ENGINEER.

B. Excavation Plan:

1. Prior to beginning work, the CONTRACTOR shall provide a detailed
excavation plan for addressing excavation, soil segregation, backfilling,
compacting, and grading construction.

2. Plan shall include methods of excavation, stormwater run-on control, slope
stabilization, shoring, stockpiling, dewatering, stormwater removal, and
backfilling techniques.

3. Plan shall address safety issues in consideration of OSHA, Federal, State,

and local safety requirements, and the document, “A Compilation of
Landfill Gas Field Practices and Procedures - SWANA Health and Safety
Section (1992)” included by reference.

4. Plan shall include temporary controls for stormwater runoff and erosion
control in full conformance with all existing permits. CONTRACTOR is
responsible to direct, control and manage stormwater runoff from all areas
surrounding the construction including runoff from the landfill slopes.

5. Plan shall be submitted to the ENGINEER for review and approval prior
to starting construction activities.

6. The CONTRACTOR shall be responsible for vehicle traffic safety and
shall coordinate with the OWNER to determine site-specific safety
concerns.

7. The CONTRACTOR shall sweep or wash paved roadways, which become
covered with soil. The CONTRACTOR shall provide all equipment,
water, and personnel necessary to clear the paved roads. This activity
shall be performed at a minimum of once per week or as the OWNER
directs.

C. For any off-site borrow sources, the CONTRACTOR shall notify the ENGINEER
in writing of the material source for each soil type specified within Part 2 of this
Section at least 14 calendar days prior to the date of anticipated use of such
material. Notification shall include:

1. Supplier's name.

2. Borrow location.
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3. Documentation confirming adequate quantities is available to complete the
work.

4. A representative sample of the proposed material, consisting of one 5-
gallon, sealed container.

5. Test results as required within Part 2 of this Section.

The CONTRACTOR shall submit to the ENGINEER field and laboratory test
data prior to incorporating any materials into the project. Materials shall not be
incorporated into the project until approved by the ENGINEER.

The CONTRACTOR shall submit the qualifications of the CQC Consultant as
noted in Part 1.01 E.

PART 2 - PRODUCTS

2.01 GENERAL FILL

A.

Provide well-drained soil fill material reasonably free of sticks, roots, organic
matter, and stones larger than 1-inch in any dimension. Remove material that
cannot be made to compact readily and replace with suitable material. Soil shall
be free of MSW, as determined by the ENGINEER.

General fill soils shall be poorly-graded sand (SP), silty-clayey sand (SM-SC), or
clayey sand (SC) as classified by the Unified Soil Classification System, or other
soil as approved by the ENGINEER.

Soil materials excessively wet or dry are considered unsuitable. Allow such
material to dry, or moisten, as required, to bring material generally within 3
percent of optimum moisture content range for specified compaction.

Laboratory testing shall be performed on the borrow soils by the
CONTRACTOR. The CONTRACTOR shall submit the results of the following
laboratory testing for at least two representative samples of the borrow soils to the
ENGINEER at least 7 calendar days prior to beginning backfilling operations:

1. Standard Proctor compaction test (ASTM D-698).
2. Atterberg Limits test (ASTM D-4318).
3. Particle size (gradation) analysis (ASTM D-422, w/o hydrometer).

2.02 SUBGRADE

A. Soils may be natural, in-place materials or placed and recompacted material.
Recompacted material shall be placed in 1-ft. thick lifts, compacted, and tested as
described in Table 02220-1 of this Section. Recompacted material shall consist of
poorly graded sand (SP), silty-clayey sand (SM-SC), or Clayey Sand (SC). All
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subgrade soils shall be well-drained soil fill material reasonably free of sticks,
roots, organic matter, and stones larger than 1-inch in any dimension. Remove
material that cannot be readily compacted.

Soils, which yield or exhibit pumping due to excessive moisture, shall be
excavated and replaced with general fill or materials as approved by the
ENGINEER.

Soil materials excessively wet or dry are considered unsuitable. Allow such
material to dry, or moisten, as required, to bring material generally within 3
percent of optimum moisture content range for specified compaction.

Laboratory testing shall be performed on the subgrade soils by the
CONTRACTOR. The CONTRACTOR shall submit the results of the following
laboratory testing for at least two representative samples of the subgrade soils to
the ENGINEER at least 7 calendar days prior to beginning backfilling operations:

1. Standard Proctor compaction test (ASTM D-698).
2. Atterberg Limits test (ASTM D-4318).
3. Particle size (gradation) analysis (ASTM D-422, w/o hydrometer).

2.03 LOW PERMEABILITY SOIL - See Section 02212.

2.04 SELECT SAND

A.

Sand for the protective and drainage layer installed on top of the geosynthetic
bottom liner system shall be a silica sand with a minimum hydraulic conductivity
of 1x10? cm/sec, when compacted to 90 percent of the Standard Proctor. The
silica sand shall be chemically compatible with typical landfill leachate (i.c., have
a minimal calcium content). The sand shall contain less than 2 percent fines (No.
200 sieve) and less than 1 percent organic matter.

The Contractor shall be responsible for providing and paying for laboratory tests
of the sand to verify that it meets the minimum requirements stated above.
Results of CQC testing for hydraulic conductivity, percent fines and percent
organic matter shall be provided for the proposed source of material at least seven
days prior to placement and one sample per acre of placement.

2.05 LEACHATE COLLECTION SYSTEM GRAVEL

A. The gravel of the leachate collection system shall be rounded river rock, washed
and free of deleterious material. Calcareous materials are not acceptable.

B. The gravel gradation shall comply with the requirements for aggregate sizes as
specified in the Florida Department of Transportation’s, Standard Specifications
for Road and Bridge Construction (1991), Section 901, Table 1, or other materials
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as approved by the ENGINEER. Certified gradation analysis shall be provided by
the gravel supplier.

206 TOPSOIL

A. Provide fertile, natural soil, typical of the locality, free from MSW, rocks
(exceeding 2-inch in any dimension) roots or sticks (exceeding 1/4-inch
diameter), clay, and weeds, and obtained from naturally well-drained areas. It
shall not be excessively acid or alkaline nor contain material harmful to plant
growth.

B. Upon request by the ENGINEER, submit representative samples for use in
sodding and seeding operations and results of analysis by a private laboratory to
determine nutrient deficiencies at no additional cost to the OWNER.

C. Mulched Yard Waste may be available on-site for use by CONTRACTOR.
CONTRACTOR may make use of on-site mulch to augment soils to produce a
material meeting this requirement.

PART 3 - EXECUTION

3.01 EXCAVATION
A. GENERAL EXCAVATION

1. CONTRACTOR is responsible for layout of all excavations and
establishment of grades as shown on the Drawings. CONTRACTOR shall
replace existing survey markers to original location if disturbed or
destroyed at no additional cost to OWNER. Layout work shall be
performed by a licensed land surveyor registered in the State of Florida.

2. CONTRACTOR shall provide drainage at all times during construction by
shaping excavated areas and maintaining ditches and berms. See Section
02140, for specific requirements for handling stormwater and groundwater
that must be removed from the construction areas. CONTRACTOR will
protect graded areas against action of elements and re-establish grades
where settlement, washouts, or erosion damage occurs. Damaged areas
shall be repaired at no additional cost to the OWNER.

3. When excavation has reached prescribed depths, the ENGINEER shall be
notified that an inspection of the excavation may be performed.

4. If the bottom of any excavation is removed below the limits shown on the
Drawings or as directed by the ENGINEER, it shall be backfilled at the
CONTRACTOR'S expense with ENGINEER-approved material.
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5. The CONTRACTOR shall not leave any excavations, boreholes, or
trenches open at the completion of work each day. All open holes shall be
backfilled flush with existing grade or covered, at the ENGINEER's
direction, with acceptable material prior to leaving the site.

6. All excavations shall conform to the Health and Safety Plan submitted
under Part 1.02, of this Section.

3.02 PLACEMENT OF BACKFILL AND FILL MATERIALS

A

B.

Place fill materials to the lines and grades shown on Drawings.

The Phase 2 subgrade shall be compacted to a depth of 6-inches at the specified
density. Proof-rolled area shall be accepted by the ENGINEER prior to beginning
backfilling.

Place and compact pipe backfill in maximum 12-inch compacted lifts.
Compaction effort shall be in accordance with Part 3.04, this Section.

Maintain proper drainage during grading operations until final acceptance. Repair
any fill or grading materials which may be lost or displaced as a result of natural
causes such as storms, squalls, etc., or as a result of movement, consolidation or
settlement of the ground or foundation upon which embankment is placed, with
acceptable material. Repair shall be performed at no additional cost to the
OWNER.

Foundations for structures including concrete drainage inlet structures, leachate
collection manifold, box culvert, and valve vaults, shall include a minimum of 12-
inches of bedding gravel to extend a minimum of 12-inches beyond the footprint
of the structure.

3.03 COMPACTION REQUIREMENTS

A. The CONTRACTOR shall place backfill and fill materials to achieve an equal or
"higher" degree of compaction than undisturbed materials adjacent to the work;
however, in no case shall the degree of compaction fall below minimum
compaction specified in Table 02220-1, of this Section.

B. Location of field moisture-density tests required in Part 2.01, of this Section shall
be approved by the ENGINEER.

C. The CONTRACTOR shall comply with minimum compaction criteria as
contained within Table 02220-1, of this Section.
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3.04 FINAL GRADING
A. Grading in preparation for topsoil shall be performed, to the lines, grades, and
elevations shown in the Drawings.
B. The ENGINEER reserves the right to make adjustments or revisions in lines or
grades as the work progresses while still achieving the intent of the grading plan.
3.05 PLACEMENT OF SELECT SAND
A. CONTRACTOR shall place a 24-inch thick layer of select sand as a drainage
layer over the geosynthetic bottom liner system as shown on the Drawings. If,
prior to project acceptance, fines and/or organic matter accumulate on the surface
of the select sand placed within the landfill cell, CONTRACTOR shall remove the
fines and organic matter at no additional cost to OWNER. Refer to Section 02930
for additional requirements.
3.06 TOLERANCES
A. The CONTRACTOR shall bring final grading to within an accuracy of 0.2 feet
vertical and 0.5 feet horizontal to the lines and grades as shown on the Drawings.
3.07 SETTLEMENT
A. The CONTRACTOR shall anticipate subgrade settlements due to consolidation
associated with construction activities. The CONTRACTOR shall provide survey
documentation of the settlements, if significant, to quantify volumes. The
additional documentation shall be at no additional cost to the OWNER.
3.08 DUST CONTROL
A.  The CONTRACTOR shall limit airborne dust by spraying water over the
construction area, or as directed by the ENGINEER.
TABLE 02220-1 - COMPACTION CRITERIA
MINIMUM
LOCATION COMPACTION TESTING
FREQUENCY
2 tests per acre or
General Fill 95% of Standard Proctor Iz)ii)e;ts per lift for 50 feet of
(Pipe backfill) (ASTM D 698) (Lifi=1 foot compacted
thickness)
Suberade 95% of Standard Proctor 2 test per acre / Lift
&t (ASTM D 698) (Lift = 1 foot compacted
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MINIMUM

MINIMUM

LOCATION TESTING
COMPACTION FREQUENCY
thickness)
Select Sand None Required None required

Low Permeability Soil

See Specification 02212

See Specification 02212

Leachate Collection
System Gravel

None Réquired

None required
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SECTION 02250 - EROSION CONTROL

PART 1 - GENERAL

1.01 GENERAL

A.

The WORK specified in this Section shall include installing and maintaining
erosion controls as necessary or as indicated on the drawings. All erosion controls
shall be installed and approved by the ENGINEER prior to beginning construction
of each phase or sequence of the WORK. All existing and foreseeable conditions
that affect the WORK both inside and outside the construction limits shall be
CONTRACTOR's responsibility.

Erosion controls shall include the following, but are not limited to:

1. Grassing, mulching, sodding, netting, watering and reseeding on-site
surfaces and soil and borrow area surfaces.

2. Providing turf reinforcement mats at those locations which will ensure that
erosion will be either eliminated or maintained within acceptable limits of
applicable laws and regulations, and as approved by the ENGINEER.

At no time will runoff that has contacted excavated waste be allowed to discharge
to the stormwater system. CONTRACTOR shall plan waste activities to assure
that off-site discharge does not occur.

CONTRACTOR shall be solely responsible for all costs (including investigation,
sampling, testing, analysis, engineering and remedial construction) related to off-
site discharge of leachate or contaminated stormwater resulting from ineffective
control of leachate or stormwater discharge by CONTRACTOR.

CONTRACTOR shall install additional erosion control measures deemed
necessary by the ENGINEER as a result of variations in the CONTRACTOR’s
operations, or shall perform repairs to existing system as directed by the
ENGINEER. Additional controls or repairs shall be installed at no additional cost
to OWNER.

PART 2 - PRODUCTS

201 EROSION CONTROL

A.

Turf Reinforcement Mat - Multimat 100, as manufactured by Tenax or
ENGINEER approved equal. See characteristics in Table 02250-1 below.
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TABLE 02250-1

. TENAX MULTIMAT 100

MATERIAL TEST UNIT DATA
CHARACTERISTICS METHOD
STRUCTURE 3 BI-ORIENTED GRIDS SEWN
POLYMER TYPE POLYPROPYLENE
CARBON BLACK ASTM D1603 1.0%
CONTENT
TECHNICAL TEST UNIT MULTIMAT 100 Note
CHARACTERISTICS METHOD MD TD
PEAK TENSILE ASTM D4595 Ib/ft (’N/m) | 685(10) | 1027 (15) a,c
STRENGTH
YIELD POINT ASTM D4595 % 20 15 b,c
ELONGATION
UV RESISTANCE @ 500 ASTM D4355 % Retained 85 a
hrs
POROSITY % 90 b,d
MASS PER UNIT AREA ASTM D5261 | oz/yd’ (g/m?) 9.4 (320) b
|
DIMENSIONAL TEST UNIT MULTIMAT 100 Note
CHARACTERISTICS METHOD |
THICKNESS ASTM D5199 mils (mm) 700 (17.8) b
FILAMENT THICKNESS mils (mm) 15 (0.38) a
ROLL WIDTH fi (m) 72(2.2) b
ROLL LENGTH ft (m) 100 (30.5) b
ROLL AREA f*(m’) 710 (66) b
GROSS ROLL WEIGHT Ib (kg) 53 (24) b
NOTES:
a) 95% Lower confidence limit value ¢) MD: machine direction; TD: transverse direction
b) Typical Value d) Calculated value
B. "Fabriform" Unitmat Revetment

1.
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General - The surfaces to be protected shall be prepared and graded to
such an extent that they are normally stable in the absence of erosive
forces. A fabric envelope in a mat configuration shall be positioned over
these surfaces and filled with a pumpable sand/cement slurry in such a
way as to form a stable mat of suitable weight and configuration.

The Contractor shall furnish records of past successful experience in
performing this type of work. The contractor shall save the Owner
harmless from liability of any kind arising from the use of any patented or
unpatented invention in the performance of this work.
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2. Fabric Design - Fabric forming material shall consist of double-layer, open
salvage fabric joined in a mat configuration. Fabric shall be woven of
100% continuous multifilament nylon of which at least 50% by weight
shall be bulk textured fiber. Staple yarn shall be not allowed.

The combined tensile strength and spacing of cords used to control
thickness of the finished revetment shall be such as to provide resistance
to bursting of the fabric mat during fine aggregate concrete injection.

Unimat fabric, designed as shown on the drawings, shall be woven in such
a manner as to provide a finished thickness of approximately 4 inches.
Thickness shall be measured as described in Part 3 of this specification.

3. Fabric porosity - Fabric porosity is essential for the successful execution
of this work. At the direction of the Engineer, the Contractor shall
demonstrate the suitability of fabric design by injecting the proposed
slurry into 5-1/2" diameter sleeves. The sleeves shall be constructed of a
single layer of the same basic fabric material. Test cylinders. 12" long,
shall be cut from each specimen and tested in accordance with ASTM C-
39.

4. Relief of Hydrostatic uplift - Where ground water conditions require
provision for relief of hydrostatic uplift, 7/8" i.d. weep hole assemblies
shall be inserted through the fabric. These weep hole assemblies shall be
held in place during slurry injection by means of a step on collar attached
to the lower end of the weep hole assembly. If the revetment has not been
placed over a geotextile filter cloth, the lower end of the weep hole
assembly shall be covered with a piece of such filter cloth. They shall be
located as called for on the plans.

5. Fabric Assembly - Adjacent fabric panels shall be connected by sewing or
by means of zippers. The two top layers of fabric and the two bottom
layers of fabric shall be joined separately permitting full mat thickness
between the two parallel seams. A single seam in which all four layers of
fabric are joined at one point will not be permitted. If required, grout
stops may be installed parallel to and in between individual mill widths at
predetermined intervals to regulate the flow of fine aggregate concrete.
Grout stops shall be so designed as to produce full mat thickness along the
full length of the grout stop.

6. Fine Agrigate Concrete - Fine aggregate concrete shall consist of a
mixture of portland cement, fine affregate and water so proportioned and
mixed as to provide a readily pumpable slurry. Admixtures and/or a
pozzolan may be used with the approval of the Engineer. Use of
superplasticizers and/or silica furne require special precautions. the
hardened fine affregate concrete shall exhibit a compressive strength of
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2,000 psi at 28 days when specimens are made and tested according to the
provisions of ASTM C-31,and C-39.

The average compressive strength of FABRIFORM cast test cylinders, as
described in Paragraph C above, shall be at least 20% higher at 7 days than
that of companion test cylinders made in accordance with ASTM C-31,
and not less than 2,500 psi at 29 days.

C. Articulating Concrete Block Revetment System - Cellular concrete blocks shall be
ARMORFLEX® as manufactured and sold by Armortec (Phone (800) 305-0523,
Bowling Green, KY, or an Engineer-approved substitution.

The ARMORFLEX® cellular concrete blocks shall have the following nominal

characteristics:

. Class AF 40 ArmorFlex

o Open Cell

° Nominal Dimensions 16”L x 12 W x 4.5 H.
o Area coverage = 1.33 sq. ft.

o Unit Weight = 37-40 Ibs/sq. ft.

) Open Area = 35%

PART 3 - EXECUTION

3.01 TURF REINFORCEMENT MAT

A. Surface Preparation

1.

4.

5.

Smooth and grade the slope to be covered with turf reinforcement mat.
Place and compact fill in all low areas. Prepare seed bed for effective
germination.

Remove all large rocks and other debris that may damage the turf
reinforcement mat.

Prepare surface further according to manufacturer's recommendations.
Apply seed to effectively prepared soil surface before mat placement.

Prior to placing mat, prepared slope shall be inspected by the ENGINEER.

B. Mat Placement

1. Excavate small anchor trenches according to manufacturer's
recommendations.
2. Place mat according to manufacturer's recommendations.
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C.

Fill Placement and Seeding

L. Place fill and seed over turf reinforcement mat per manufacturers
recommendations.

3.02 '"FABRIFORM'" UNIMAT REVENTMENT

A.

Fabric Storage - Immediately following receipt of fabric on the job site, fabric
shall be inspected and stored in a clean dry area where it will not be subject to
mechanical damage or exposure to moisture or direct sunlight.

Fabric Placement - Prior to fine aggregate concrete injection, the dual-walled
fabric shall be positioned over a geotextile filter fabric, as specified by the
Engineer at its approximate design location, making appropriate allowance for
contraction of the fabric which will occur as a result of fine aggregate concrete
injection.

Panels of fabric may be factory assembled in predetermined sizes and joined
together side-by-side at the job site by field sewing or by means of zipper closures
attached to the upper and lower layers of fabric. If joining of panels, as described
above, is impractical, adjacent panels may be overlapped a minimum of two feet
(0.6mm), subject to Engineer's approval. In no case will simple butt joints
between panels be allowed.

Fine Agrigate Injection - Following placement of dual-walled fabric over the
geotextile filter, fine aggregate concrete shall be injected between the top and
bottom layers of fabric through small slits cut in the upper layer of fabric. The
injection pipe shall be wrapped tightly at the pint of injection with a strip of
burlap during pumping. After pumping, the burlap shall be pushed into he slit as
the injection pipe is withdrawn in order to minimize spillage of fine aggregate
concrete on the surface of the revetment. The sequence of fine aggregate concrete
injection shall be such as to insure complete filling of revetment-forming fabric to
the thickness specified by the fabric manufacturer.

Foot traffic will not be permitted on the freshly pumped mat when such traffic
will cause permanent indentations in the mat surface. Wall boards shall be used
where necessary. Excessive fine aggregate concrete which has been inadvertently
spilled on the mat will not be permitted. If any weeps holes have been
contaminated with spilled fine aggregate concrete, they shall be carefully cleaned.

During fine aggregate concrete injection, the mat thickness may be measured by
inserting a short piece of stiff wire through the mate at several locations from the
crest to the toe of the slope. Any mat measuring less than 90% of the average of
all thickness measurements shall be reinject until average thickness has been
attained.
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3.03 ARTICULATING CONCRETE BLOCK

A

Foundation Preparation

General. Areas on which filter fabric and cellular concrete blocks are to be
placed shall be constructed to the lines and grades shown on the Contract
Drawings and to the tolerances specified in the Contract Documents, and
approved by the Engineer.

Grading. The slope shall be graded to a smooth plane surface to ensure that
intimate contact is achieved between the slope face and the geotextile (filter
fabric), and between the geotextile and the entire bottom surface of the cellular
concrete blocks. All slope deformities, roots, grade stakes, and stones which
project normal to the local slope face must be regraded or removed. No holes,
"pockmarks", slope board teeth marks, footprints, or other voids greater than
1.0 inch in depth normal to the local slope face shall be permitted. No grooves
or depressions greater than 0.5 inches in depth normal to the local slope face
with a dimension exceeding 1.0 foot in any direction shall be permitted. Where
such areas are evident, they shall be brought to grade by placing compacted
homogeneous material. The slope and slope face shall be uniformly compacted,
and the depth of layers, homogeneity of soil, and amount of compaction shall be
as required by the Engineer.

Excavation and preparation for anchor trenches, side trenches, and toe trenches
or aprons shall be done in accordance to the lines, grades and dimensions shown
in the C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>