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SECTION 02105 

EROSlON CONTROL 

PART 1 GENERAL 

1.01 DESCRIPTION 

A. This section describes the gcncral rcquiremcnts for crosiotl cotltrol 
tneasures associatvd With lining materials for drainage channels. 

PART 2 PRODUCTS 

2.01 EROSION CONTROL BLANKET 

I'ermancnt T'urf TZeinforcemcnt Mat shall be SI Geosolutions 1.andlok 450, (71 

cquivalc~it. To be used in Type ID, 11 and 1V channl.ls. 

Tc~nporary Erosioti Control Mat shall be SI Geosolutions ECB CS2, ol- 
equivalent. 'To be used in Type IA channels. 

PART 3 EXECUTION 

3.01 GENERAL 

A. Grade and compact area of installation and remove all rocks, clods, 
vegetation or other obstructions so that the installed inat will have direct 
contact with soil surface. I'rrpare secdhed by loosening 2-3 inches of 
topx~iil. Iticorporatc amendments such as fertilizer into soil. 

B. For temporary erosion control mat, apply sei!ci to soil surface bcforc 
installing blankct/mat. For permanent crosioti control ~i ia t ,  apply seeding 
alter installation and prior to filling mat with soil. 

C. Tlie CONTIIACTOK shall install the permanent and temporary control 
mats i l l  accordance with tlie manufacturer's rcco~n~iieiidations. In 
gcncral tlie ins(a1lation should includc: 

1. Anclior trencliei or check slots (6-inches deep) at  30 loot intervals 
along the trench. 

02105-1 Erosion Control 
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2. Longitudinal anchor trenches (Cinches deep) to secure outside 
cdges. 

3. Anchor erosion co~itrol mat with U-shaped wire staples. Staples 
shall be a minimum of 6-inches in length and have sutficient ground 
penetration to resist pullout. Longer anchors may be required. 
Anchors for the permanent erosion control Inat sliall be installed 
with a minimum of 2 anchors per square yard. Temporary erosion 
control mats shall be installed with a minimum of 1.5 anchors per 
square yard. 

4. After installation of permanent erosion control mat, apply seed and 
apply 'h to 3/4 inches of fine soil into the mat to completely f i l l  the 
voids. Use backside of rake, or similar, to smooth soil f i l l  in order to 
just expose the top netting. 

END OF SECTION 

Erosion Control 
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SECTION 021 10 

SITE CL.EARING, CIllJBHINC AND STRII'PING 

PART 1 (;ENERAl, 

A. I ' l i is  sectioti dcscrihes tlie gc~lcra l  requirenlcnts for sitc c lcar i~ig.  grubbing and 
s t r ipp i~ ig  associated wit11 f inal  closure construction of L x d f i l l  HI') at the Ket t lc~nat l  
I l i l l s  Facil i ty 

I C'lcari~lg. g r t l hh i~ ig  and stripping sllal l  hc pcrfcx~ncd to rc~iio\,e orga~iic, sofi. loose. 
and deletcriout. materials and csposc a firm, unyielding subgrade. 

1.02 IlELATED SECTIONS 

A. Section 02200 - Eartliworh 

I .  Section 0275 1 - I4DI'E t ieoti iembranc 

PART 2 I'I1OI)IJCTS 

A. Organic. soli. loose arid dcleteriolls tnaterials includes, hut is not l imited to, vegctntive 
gro\vtli. i l o~ i -e~ ig i~ iec red  fills. al luvial deposits. sofi. loose. or satut.sted subgradc soils. 
rcfusc. alld colistruction dchris. 

PART 3 EXEClITIOP4 

3.01 I'ROTECTION 

A.  I.ocatc, idct~ti l). and protect utilities that remain li.oni daliiagc 

I .  I'rotccl g~.ou~idwater lnoll i toring wel ls and piezo~ncters. and lal idf i l l  gas extract io~i  
~ v c l l s  and 111011i1ori1ig ~r(3bes li.0111 dalnagc o r  displacclnen~. 

3.02 CLEARING 

A .  C'lcar ;Ireas required for access to sitc and c s c c ~ ~ t i o l l  o f ' uo rk  

3 ,  Eartlnrork C O N I ' R A C I O I <  shall remove al l  organic and dcletcr iol~s ~il;~tcrial. and 
t r i~s l i  l'rom tlie wbgrade surfacc. Vegetative growth greater than I inch ill d i~ne t~s i on  
shall be removed to a deptli of 6 i~ lc l ies  bclow the suhgradc surfice. 

C.  Tile Eal.thwot.k CONl 'R.4Cl 'OR sliall c o ~ ~ s i d c ~ '  t h a ~  clca~.ing. gruhbillg. a ~ i d  s1ripl)illg 
\\,ill nccessiti~te the use o f  ~ i ianual  labor to rc~ i iovc  al l  orgatiic and tlclcterious tii:~terial 
f rom the subgradc sul.facc. 

021 10-1 Site C'learitlg. (;rubbing and S t~ . i l q ) i ~~g  



l.:~~~cllill 1319 I'i11;il C'li>surc. Stiihilit! l3cr11i :ind l l ~ ~ i ~ i ; ~ ~ c  
I'r~!iccI No. 053-l'J10 

Scclir~n O? 1 10: Siie C1c;lrinr. (iruhhini,  and S i r in~ i i l t  

D. The t~,attIi\vork CONTl<AC'TOI< sliall reiiio\e soft, loose, or saturated materials as 
approved by the CQA CONSIJI.TAN'T. 'The materials shall be rctnoved until a fii-in. 
iii~yieldi~ig suhgrade, appl.oved b )  the CQA CONSI!LTANT. is exposed. 

E. All re~iio\,ed materials shall be disposed of onsitc in an area designated by the 
I'ROJICI' MANAGER. No accuinulalion of flainlnablc inaterial shall remain on or 
adjacent to tlie constr~iction area. 

F.  The Llat.tIi\~ork CONTRACTOR shall expose existing liner terminations as required 
on rhe 1)raivings. The Work may require hand excavatioi~ to aioid damage to the 
existing liner. Any damage to tlie exisriiig liner shall be repaired by the Eai~liwork 
CONTRACTOR at no additional cost to tlie OWNER. 

END OF SECTION 
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SECTION 02200 

PART 1 GENERAL 

A. .Illis section dcscrihcs tllc general rcqi l i rcmc~~ts i b r  earthworks associated \villi tlie litial 
closu~c coirstrnction of \.andtill D l 9  at tlrc Kdllcmrn~> \<ills I'ncilily. 

I .  I ' l lc E i ~ r t I ~ \ ~ o r k  CONI'IIACTOI< sh;ill l i t r ~ ~ i s l ~  all labor. ~natcrials, equiptnc111 and 
incidelitals ncccssary to pcrforni all cscav;~tion. backfilling. compaction and grading 
rc t l~~ i rc t l  to colnplctc the work showl~ all the L)ra\vings an11 specified herein. I'he M'ork 
sllall include. but tiot ncccs.;arily bc lilnifed to. suruey and staking. hot.ro\v excavation 
i~ t l d  hauli~ig. excavation for tre~lclles. fill placctllcnt and cotnpactio~i. grading. ant1 all 
!related \vork. 

C'. 'I'l~e Ila~.thn,ork CONSIIACTOK shall con~ply wit11 the safety procedures given in 
Section 01016 ofthese Spccificatio~is. 

1.02 RF:L,ATICI) SECTIONS 

A. Section 01.300 - Subti~ittals 

3 .  Secl i~in 01400 - Conslruct io~~ Qualil) Control 

. Section 021 10 - Site ('leal-ing. Grubbing and Stripping 

I). Section 02720 - Drainage I'acilitics 

I:. Section 0275 1 - I Irll'I: Cico~netiibranes 

1.03 REFERENCE STAN1)ARI)S 

A.  A~nel-ican Socicty Ibr'l'csting and Materials (AS'IM), latest editions: 

I. A S l h l  L)J22 - 'Test Mctliod for I'articlc S i x  Analysis oSSoils. 

2. AS-I'M 111556 - I'est Mcthod li1r I)clisily o f  Soil 111-Place by tllc Sand Cone 
Method. 

3. ASTM 1)1557 - 'l'est Mctliods for. Moistitre-Density Relatintis of Soils and Soil 
Aggrcgale Misturcs 1Jsing 10-lb. I I a ~ l l ~ ~ l e r  and 18-inch I)rol>. 

3. ASTM 1123 16 - Standard I'est Method Snr I.aboratory 1)cterniination o f  Water 
(Moist~lre) Contcl~t ol'Soil alld Rock by Mass 

5. AS ' IM  [)1-419 - l'cst Mcthnd for Sand t:.qui\,alent Valllc oTSoil!lzinc Aggregate. 

6. ASI'M 112497 - Stantlard Tcst Mcthod for Classilic;~tion o f  Soils fix Enginccr i~~g 
I'urlioses. 
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7. ASTM 112922 - 'Test Methods for Density o f  Soil and Soil Aggregate ill Place by 
Nuclear Methods (Shalloir Depth). 

8. A S l M  112937 - Standard Test Method for Density o f  Soil in Place by the Drive- 
Cylinder Metliod 

0 .  AS-rM L1301 7 - Water Contcnt o f  Soil and Kock in Place by Nuclear Methods 
(Sliallo\\, Depth). 

L3. Standard Specilications for I'l~blic Works Construction (SSPWC). 

A. Tlle Ealtl i~,ol-k CONTRACT011 shall adhere to the require~ne~lts o f  Section 01400 o f  
these Specifications. 

1 ,  ('o~npactio~i testing o f  engineered f i l l  and backfill shall be perfbrtned by tlie CQA 
CONSIJL'I-AN'T. l.esting shall be performed at locatio~is to be determined by the CQA 
CONSUL'IANT'. in order to determine if tlie soils meet tlie co~npaction requiremelits. 
Costs for testing to verify compactioli and soil inoisture content wi l l  be a s s ~ ~ ~ n e d  by tlie 
OWNER. l ' l ie  cost o f  retesting. should corrections to constr~lction be required. shall be 
the responsibility oft l ie Earthwork CONTRACTOR. 

C. I'he OWNER shall hale complete autliority to order immediate stoppage o f  work due 
to use o f  improper construction procedures. or for any reason that in his sole opinion. 
may result in a defective \bark. 

A. liicavation: Consists o f  the removal o f  material encountered to subgrade elevations 
and the reuse or disposal o f  inaterials re~noved. 

B. Subxrade: The surface upon which structuresIsysteii~s!fills are constructed. 

C. Bol.I.ow: Soil material obtained from other tlian the excavatio~i 

I). Unauthorized excavation colisists o f  removing materials beyond indicated subgrade 
elevations or dimensions \\ithout direction by the PROJECT MANAGER. 
Unai~thorized exca\ation. as well as remedial work directed by the PROJECT 
MANAGER. shall solely bc at the Eartli\vork CONTRACTOR'S expense. 

1:. l lt i l i t ies include on-site abo\,e ground and underground pipes. conduits. ducts. and 
cables. as \\,ell as underground services. 

1.06 SAFETY 

A. CONIRACTOR i s  solely responsible for performing work ill a safe iiianner and 
complying with all applicable local, state atid federal codes. ordinances, laws. and 
regl~lations. 

H. CONTRACTOR sl~all comply with the requirements oi'the IFlealth and Safety Pla~i. 

2200-2 Earthwork 



PART 2 I1RO1)UCTS 

I .  Structi~l';~l I'ill sllall be rc~novcd fro111 the on-site borrow itrca(s) dcsiglietcd b). the 
OM'NIX. Matcrinl sliall bc predominantly l ice from roots. \\'ood. organic matter. 
rcl i~sc or other dclclerioi~s ~iiattcr, and shall not conl8titi patliclcs over 6 itlclics in 
grcalcst di~iicnsion. 

2. 'The OWNliR Iias dcsig~ialcd on-site borro\r sourcc(s) for the CON'fIIACI'OI<. 
The CON'I'RACTOI< sl~al l  he rcspo~~sihlc for escakating. loading. hauli~ig. placing 
and compacting tllc matcl.iitl fro111 ihc designated borrou source(s). 

1 .  I'oundation l.ayer is  structural f i l l  placed \\,itliin l-foot o f  14111'11 gcotiicnihra~ie 

3.  In additioli to the stri~ctural till rcquircmc~its. Fou~idatio~i layer sllall tint contain 
particles ovcr I i ~ i c l ~  in greatest dimension and ha!,c a iiydralllic cotld~ctivi ty of 
less than or cqllal l o  I s c~li!scc as detcr~ni~ied by ASTM 115084. 

C. Vcget;itiue C o ~ c r  

I. Vegetative Cover sliall be rcmovcd ko ln  the on-site borroiv arca(sj dcsignatcd by 
tlie 0WNL:R. Matcrinl shall contain nu pa~licles over 3 inches in Xreatcst - 
dimension. 

2. I'he OWNER has designa~cd on-site borrow source(sj for the CONl'KAC'l'OII. 
The CON'IRAC7OII  shall be responsible ior cscavating. loadi~lg. Iiauling. placing 
and co~iipacting tllc malerial li.otn tlie dcsig~iated borrow sot~rcc(s). 

I .  'l 'rc~icli Uacklill shall be rcmtrvcd fi-otn tlic on-site borrou' area(s) dcsignatcd by tlie 
OWNLCR. Material shall be predomina~itly free from roots. \\nod. organic inatter. 
reiitse 01. other delcteri~iis 111atte1.. and shall not contain pailicles o\,es I inch i n  
grcstcst dil~ie~ision. 

2. The OWNER has dcsignatcd on-site bnrlo\\' soulre(s) Ibr the CONI'IZAC'I~OIZ. 
The CONI'RAC'TOR sliall be rcsponsihlc for cscavatinp. loading. hauling, placing 
and compacti~ig tllc inaterial fro111 rhc designated bon'ow sourcc(s). 

E. Water 

I .  U'ater s l l a l l  h ~ .  potable \vatcro~' ~.eclai~ned water approved lbr use by OWNER 

2 .  I'hc OWNl iK \ r i l l  provide \bates for dust control and soil preparation to tlic 
Earth\vork CON'I'I<AC1'01< at 11o cost lo tllc 13a11111cork CONTl<ACl'Ol<. 
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3.  I l i c  CONTRACTOR sliall only o b t a i ~ ~  water f ro~n  sources dcsignatcd by the 
OWNER. 

PART 3 EXECUTION 

3.01 GENERAL 

A. The Eat.th\vork C O N f R A C I O U  sliall be solely responsible for tlie satisfactory 
completio~~ o fa l l  ea~lhwork in accordance bit11 the Drawings and Specifications. 

13. Equipment used ill tlie excavation. transport. placement and co~npaction o f  all inaterials 
used in construction wi l l  be standard o f  practice grading macliiliery o f  known 
specifications suitable for performing the rcquired work in a timely and efficient 
~n~al~ner.  

C. A l l  material considered by tlie CQA CONSULTANT to be unsuitable for i~sc  in the 
construction o f  the ea~t l~work  sliall be removed. A l l  materials incorporated as part o f  
engineered f i l l  tnust be inspected and place~nent must be observed by the CQA 
CONSUI,I'AN'T. Unsuitable material shall be disposed o f  in the designated area. 

D. Where \vork i s  interrupted by heavy rains, eartl~work operations shall not be resumed 
until observations and field tcsts by the CQA CONSULTANT indicate the inoisture 
content and density o f  the ill-place f i l l s  andlor ~naterials intended for placement are 
within the specified requirements. 

1;. If any unanticipated earth conditions o f  an ad\'erse or potentially adverse nature are 
cncountered during grading. t l ~ e  Eartli\\ork CONTRACTOR shall immediately notify 
the CQA CONSULTANT. The CQA CONSULTANT and DESIGN ENGINEER shall 
investigate. a~~alyze. and make recolnmendations to mitigate these co~~d i t i o~ ls .  

F. Throughout constructio~i. all excavated andlor f i l l  areas sliall be graded to provide 
posilive drainage and prevent ponding o f  water. Surface water shall be controlled to 
avoid damage to adjoining propellies or to finishcd work on the site. 

G. No  lheavq equipment sliall be permitted to operate \\it l i in 3 feet o f  existing \\,elllleads or 
piping. Compactioli of material within these limits sliall be completed wit11 hand 
equ i l~~ icn t .  

1-1. The Earthwork CONTRACTOR shall apply water to any exposed earthen areas during 
construction to minimize airborne dust. 'This shall include active and inactive 
excavation areas; haul roads; and any nonvegetated stockpiles. The Earthwork 
CONTRACTOR sllall be responsible for complying wit11 all state and local regulations 
regarding dust andlor air qi~ality. 

I. Eal-tliwork CONTRAC'TOR shall not use "paddle-\vheel" (i.e.. Caterpillar 613 or 
cqi~ivalent) equipment to excavate soils. 

J .  Earthwork CON'I~RAC~IOR sliall provide manned traffic control (e.g.. flagman) at 
locations identified b). Owner andlor Contractor as being a potential safety hazard. 
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3.02 CONTROLOFWATER •

A. The Earthwork CONTRACTOR shall excavate and hackfill in a manner and sequence
that will provide proper drainage at all times. The Earthwork CONTRACTOR shall
remove all water, including runoff' and rUIl-OIl collected from rainwater encountered
during excavation. to a location approved by the PROJECT MANAGER. hy pumps.
drains. and other approved methods.

13. The l.arthwork CONTRACTOR shall take all necessary precautions to preclude the
accidental discharge or fuel. oil. etc. and to prevent such accidents that may endanger
the environment. The Earthwork CONTRACTOR will be responsible 1,,1' the cost or
remcdiating the results ofany such discharges or accidents.

3.03 BOIUWW

A. CONTRACTOR shall submit the proposed limits ofthe borrow area to the OWNER
for approval prior to the commencement or the Work. The maximum limits of the
borrow area are shown on the Drawings,

B. The gradients of the borrow slopes and the depth of the borrow excavation should not
exceed those specified on the Drawings. lfthe slopes are constructed steeper Dr the
depth Dr the borrow excavation is greater than that specified on the Drawings. the
CONTRACTOR shall reconstruct the slopeslrelill the bottom to the gradients/depth
specified by backfilling and compacting material in accordance with the requirements •
1'01' engineered fill in this Section. The cost to reconstruct the slopes/refill the bottom
will he borne solely by the CONTRACTOR.

C. The CONTRACTOR shall maintain a secure work site at all times.

3.04 STRUCTURAL FILL

A. Prior to placing structural fill, CONTRACTOR shall clear and grub the area in
accordance with Section 02110 of these Specifications. CONTRACTOR shall also
remove uncertified existing fills, disturbed soils and deleterious materials from the
area to the satisfaction of the CQA CONSULTANT.

B. The ground surface (i.c, areas with less than J 0% slope) to receive fill shall be over
excavated a minimum of 2 feet. The base or the excavation shall be scarified to a
depth of 8 inches. The scarified ground surface shall then he brought to within 3
percent of optimum moisture content, mixed as required. and compacted to a
minimum 01'90 percent of the maximum dry density as determined by ASTM IJJ557.
Excavated soil may be used 1'01' filling the excavation if placed in accordance with the
structural fill requirements. If the scarified zone is greater than 12 inches in depth. the
excess shall be removed. placed in loose lifts not to exceed 8 inches in loose
thickness. Prior to Jill placement. the ground surface to receive fill shall he stabilized
and inspected by the CQA CONSULTANT.

C. Fill placed against existing slopes (i.c, areas with greater than 10% slope) shall he
keyed into the slope. Keys shall extend a minimum or 6 feet horizontally into the
existing slope. The keys shall form a series of steps in the existing fill. •

2200-5 Earthwork



I). !:ill sliall be placed in loose lifts not to exceed 8-inches thick: brought to a uniform 
moisture contetit \rit l i in 4 percent o f  opti~num (3 percent for Foundation Layer). and 
compacted to 90 percent o f  tlie ~naxirnllm dr) density as determined by ASTM 
D1557. 

1.;. Wlierc tests indicate tlie moisttire content or density o f  any layer o f  fill or po i~ io i i  
thereof i s  bclo\\p the Project requil-ernents. tlie particular l a ~ c r  or portion thereof sliall 
be reworked uiit i l tlie required rnoisti~i-e or density has been attained. No  additional 
lill sliall be placed over an area iintil the prior fill lift has been tested and ~iieets the 
present requirements to the satishction of the CQA CONSIJLTANT. 

. In tlie event o f  rain or other reasoti. i f  tlie inoisture content o f  previously placed fill 
~iiaterial 01- processed soils intended for placement i s  more tlian 4 percent abo\'e 
optimum as determined by AS l 'M  D1557. tlie f i l l  material sliall be aerated by blading. 
disking. or other satisfactory method until the inoisture content complies with the 
requirements o f  this Section. Any previously compacted materials \vhicIi are 
distlirbed (aerated. bladed, etc.) to reduce or increase tlie moistllre content must be 
recompacted to tlie Specifications and to tlie satisfaction o f  the CQA CONSUIdTANT 
once specified moisture contents are attained. 

3.05 VEGETATIVE COVER 

A. Vegetative cover layer shall be placed as shown on tlie Drawings. Soils sliall not be 
placed over geosJntIietic materials at a~nbient temperatures below 41 degrees F nor 
above 100 degrees F unless otherwise specified. The soils sliall be placed in a manner 
\vliich does not cause excessive movement or \+,rinkling o f  the geosyiltlietics. 

B. Vegetative cover layer sliall be placed and co~npacted by tracking wit11 tlie low ground- 
pressure pressure dozer used for placement or other relatively light-co~npaction 
eqi~ipment wherever tlie soil thickness is  less tlian 3 feet. The equipment used to 
spread and co~npact tlie backfill shall not exert a ground pressure in excess o f  6 psi on 
n o  less tlian 1 foot o f  material. Manlially operated compaction equipment inay be 
rcqliired in constricted locations and directly adjacent to sensitive structures. 

C. I l a l~ l i ng  and spreading equipment for tlie vegetative cover layer sliall operate o n  a 
rninimi~tn o f  3 feet o f  soil above a geosynthetic layer. Lo\\.-ground prcssurc (i.e.. less 
tlian 6 psi) spreading equipment may operate on a ~niiiiiiii~iii o f  one foot o f  soil above a 
geosynthetic layer. 

11. f:ill sliall be placed in loose lifts not to exceed 8-inches thick. brought to a uniform 
moisture content within 3 percent o f  optimum, and co~npacted between 85 to 90 
percent o f  the makitnuin dry density as determined by ASTM D1557. 

E. Where tests indicate tlie tnoisture content or density o f  ally layer o f  fill or port io~i  
thcrcof i s  below tlie I'rqject reql~irements. the pd~ticular layer or pollion tliercof sliall 
be reworked until tlie required inoisture or density has been attained. N o  additional f i l l  
sliall be placed over an area until tlie prior lill l i f t  has been tested and tiieets tlie present 
requirements to the satisfactio~l of t l ic  CQA CONSULTANT. 

F. In the evelit o f  rain or otlier reason. if the moisture content o f  prc\,iously placed t i l l  
material or proccsscd soils intended for placelne~lt i s  more tlian 3 percent above 
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optiinti~n as dctcr lni~~ed by AS I 'M  111 557. the till ~liatcrial shall be ncrated by bladilig. 
disking. or otllcr satishetory 111ctllod l t ~ ~ t i l  tlle inoisturc cotltcnt is withill four percent of  
o } i t i ~ n l ~ t l ~  inoisture content es dctcriniilcd by ASI 'M D1557. Any previoitsly 
co~npncted illaterials \vhich are disturbed (aerated. hladcd. ctc.) to red~~ce  or incrcasc 
the inoisttirc colltetlt mtl.;t he rcco~npactcd to the Specifications ntitl to tlic satisliction 
ol'thc ('QA CONSlJL. ' I 'AN~~ once spccilicd moisturc co~~tcthts arc attained. 

A.  A l l  surSaces to be o\,erl:iin by gcosyi~thctics shill1 he smooth. uiiifol-mly sloped 
(t i i ini~nt im 5%). Iirln; and Srec o f  rclcks. p~.c i t r~~sio~~s.  or tieprcssio~ls greater tlian 0.5-  
inch in maxi~num di~ne~tsiol l .  'l'hc Earth\vork CON'I'RACI'OR shall consider that 
tiianual rei~~ovallrcpair of u~lacccpt;~blc areas may be required aild sliall bc considered 
inherent to tllc work dcscrihed 11erci11. 

3.07 TRENCH EXCA\'ATION A N D  BACKFILL 

A. A l l  treticlics sllall hc excavated to lines a ~ i d  grades and diiliensions indicated on t l ~ e  
1 r i 1 g s  A l l  trcncli excacaticln, backfill, and compact io~~ shall be ill accordn~lce i r i t l ~  
~ x r t i ~ l c n t  provisions of t l i is  Section. 

I .  A l l  pilie work placed insidc the trcnclics shall lhavc a minimum oi' 8-incli cleavallcc 
li.c~in any protrtisiot~s fro111 tllc trcticl~ side \valls or bottom. 

C. l l l e  Ea~ill\r.ork CON'fI1AC'fOR shall backfill exca\,atcd trenches as promptly as 
~vogrcss o f the  \\ark pcrtliits and iinmediatcly alier the pipe has been lttid..iointcd. and 
tested. 

I). 'The tretlcl~ bottom sllall be con~pactcd to provide a ttniform bet1 for thc pipe. Backli l l  
~ilaterial shall he placed aro~ind the pipe and shall be compacted by hand-tampitig. or 
rnctliods acceptahlc to the CQA CONSULI'AN'f.  

I:. I h c  Earrh\vork CONIRACTOR shall compact tlie select engiileercd lilt for t rc~lc l l  
backfill to at least 90 pcrccnt o f  the maximum dry density and \vitliin 4 percent o f  the 
optimum inoisturc content as deter~iiiiled in accordance \\ ith ASTM L)I 557. 

I:. 'Trench hacklill sllall hc placed as slio\r,n o n  the 1)rnwings. Tlic hacklill shall not he 
placcd at i111ibicnt tclttpcratllrcs below 410 1' 11or abovc 1000 F iinlcss otllcr\risc 
spcciilietl. f he  material s l~a l l  be placed in  a manncr that docs not causc ~ ~ ~ o \ e ~ n e n t  or 
excessive wrinkling of'. or induce excessive \\rinkling ol' the geos)ilthetics. Tllc 
CONT'ACI'OR sltall not operate eclliipih~cnt directly on any gcos)~ntllctics. 

A.  A l l  inaterial liniits sliall bc co~istr~cctcd within a tolerance o f i l  .O li l i ~ r  horizontal state 
p l a ~ ~  coordii~atcs. 0 to 10.1 li vel-tical for rckrencc to incan sea level (MSL), and 0 to 
+0.1 ft \r.l~erc dimensions we sho\v~l or spccilicd as a m i n i m ~ ~ l n .  I ' l ic planc o f  tile 
slcrfacc sliall not vary morc than 0.10 feet when ~ n c a s ~ ~ r e d  \\it11 a 10-foot stlxigl~t cdgc. 

9200-7 I:arth\\ ork 



3.09 EXCAVATION I3ELOW GRADE 

A. A l l  excavation shall be perforined \I ithin tlie limits o f t l ie  work to tlic lines. grades, and 
clc\,ations indicated and specified herein. '['he Eatt l~work CONTIIACTOR shall not 
cxcavate or remove materials heyond indicatcd subgrade elevations or dimensions 
without the approval o f  the PROJLCI' MANACitJR. 'l'hc I'.artli\+ork CONTRACTOR 
sllall backfill and cornp:lct any unautl~orizcd excavation to tlie satisfaction o f  the 
PIIOJECT MANAGER at no additional cost to the OWNER. 

B. When acceptable to the PROJECT MANAGER. lean concrete may be used to bring the 
bottom elevation of excacations i ~ n d e ~  footiiigs or trencl~es to correct elevations. 

EN11 OF SECTION 
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SECTION 02270 

PART 1 GENERAL 

A,  l ' l ~ i s  section dcsc~.ihcs tllc general reql~ircnients for the placcnlent ol' riprap associated 
\ v i t l ~  tlie f j l ~a l  closurc constrl~ction at tllc Kettlcmnn l l i l l s  Facility 1.a11dIill B - l  0. 

1 .  I ' l ic C:ONfRACIOII sl~all li11-1iis1i all labor, ii~aterials, lools. equiptnellt. super\ ,ISIOII. '.' 

transpolli~tion, n ~ a n c ~ l i ~ c t u r i n  and i~istallatic>~~ services nccessar), to filmis11 and!or 
plncc the riprap as sl~o\vti on tllc D r a ~ i n g s  i ~ ~ c l u d i l ~ g  tlic e~ca\at ion and hackfill as 
requi~.ed. 

1.02 KEI.ATEI) SECTIONS 

A. Section 01300 - Submittals 

3 Section 02200 - Eallliwork 

A .  Stale o f  Calilhrnia l )e l>a~I t~ ie~~t  o f  T ~ ~ s t r t i t i o r ~  (CAIXRANS) Standard 
Spccilicatio~~s. latcst editions. 

L3. Ati~crican Socicly for lest ing and Materials (AS'[-M) most cilrrcnt version, latest 
editiotls. 

. At l ler icn~~ Associaliol~ o f  Statc liigli\v;ly and 'franspot.latioll Ollicinls (AASIi.10). 
latest ctlitiol~s. 

A. Submit t1ic riprap gradation and durability certilication f'ro~n Supplicr a i~i ini tnl lm o f  2 
\vccks prior to tiiatcl'ii~l placcl~ient for I-e\;ic\v by t l ~ c  C'QA Consultant. 

3 Submit the g t~~nu lar  liltcr gl.ad~tion and ciurability certif icatio~~ t'ro111 Supplier a 
r n i l ~ i ~ i i ~ ~ m  of'? weeks prior to tiii~terial plac~1iie111 fi)r review h) tlic C'QA COIISLII~~III. 

C. Submit the ~nalillfactl~l.cts quality colitrol (QC) ccrtilicate(s) for tllc geotcstile. <)C 
ce~liticatcs shall i l~clude roll n1111ibel.s and identification. sampling proccdurcs. nnd 
rcsults of quality c o ~ ~ t r o l  tests verilying that each o f  tllc propc~lics listed ill 'l'ablc 
02170-2 is met. 

I). Sub~nitlals sl~all be in accordance \*'itll Section 01300. 
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1.05 QUALITY ASSIJRANCE 

A. Riprap Source 

I .  Set up riprap source location inspection meeting with the CQA CONSULTANT 
and source inlaterial owner prior to delivering ~narerials to prqject site. 

7 .  Identify stock pil ing procedure. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and stockpile enough stone onsite for project. 

B. Prevent contamination of'the stone surfaces nit11 clays or si~l l i lar materials 

C. Remove any stonr that does not conform to this specification 

1. The Engineer may rqjeet any stones not conforming to this specificatio~l. 

PART 2 PRODUCTS 

A. Kiprap shall co~isist o f  material that is tnechanically stable and che~nically inert. In 
general. hard rock types such as basalt and granite are preferred: siltstones. mi~dsto~les. 
and carbonate rocks are not acceptable. Riprap shall be free from spoil and inorganic 
material. 

B. Riprap inaterial shall consist o f  sub-a~igular to angular material. Kiprap shall conform 
to the gradation specified in Table 02270.1: 

Table 02270-1 
Kiprap Gradation 

D9 = 12 

90-1 00% passing 

Rock Size 

24-inch 

I1 

2.02 BEIIDING MATERIALS 

Dso = 6 inch"' 

100% passing 

I?-inch 

6-inch 

A. C;eoteslilc Filter 

I .  The rock slope protection geotestile shall he inon\voven fabric. 

I 
90- 100 % passing 

30-50% passing 0-5% passing 

3-inch 

30.50% passing 

0.5% passing 

I 
I 

Note: " '  Caltrans Facing Rip-rap may be substituted"' Caltrans Light Riprdp may be substituted 
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2. The gcotcxtilc shall be manufactured from polyester. nylon. polypropylene, 01'
polyvinylidcnc material. The material shall have the following minimum
properties:

Tablc 02270-2
Ccotextile Filter Requirements

[p~oPel'ty
- - '.

Test Method Requirement

Grab Tcnsi le. Ibs ASTM D46J2 J60 - nonwoven
--------,

-----1Teal' Strength. Ibs ASTM D45JJ 55 -nonwovcn
c--'-,------ '-- -- ------.._-

Puncture Strength. Ibs. ASTM D48JJ 55 -nonwovcn
f-- --

Pcrmittivitv, l/scc ASTM D4491 0.5
e-------- " - --- ------, -,

Apparent Opening Size (U.S. Sieve) ASTM D475] 70 - lOf)
-----, -

Ultraviolet Stability ASTM D4J55 SO percent
,- ---

3.01 PREPARATION

}\. Install surface and ground water control measures as needed to perform work in dry
conditions. Water control measures include, but arc, not limited to diversions.
culverts. sumps with pumps or other means necessary to maintain the level of
groundwater below subgradc elevation and to divert surface water H\Vay from the

\\ ark area.

PART 3 EXEClJTION

•
B. Remove all topsoil. loose excavated materials. trees. timber debris. soft yielding

material and concrete debris. and other objectionable materials from beneath the
areas where the grouted riprap is to be placed and as shown on the Drawings. Do not
block natural drainage layers 01' horizons within the channel bottom.

C. Notify the CQA CONSULTANT before placing riprap clements over gcotextilc.

3.02 PLACEMENT OF GEOTEXTILE

A. The gcotcxtile shall be placed directly on the prepared surface prior to the placement
of riprap, The geotextilc shall be placed parallel to slope: horizontal scams on the
slopes steeper than 5 horizontal to I vertical arc not permitted.

[3. Geotcxtile seams shall be joined by overlapping a minimum 01'2 feet. in the direction
of water now, at the edges and pinning the overlapped strip with LJ-shaped wire pins
01' similar fasteners. Fasteners shall be inserted through both strips of overlapped
fabric at increments approximately 4 feet along the overlap. Additional pins shall be
installed as necessary (0 prevent displacement of the fabric, •

02270 - 3 Riprap
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C. She geotextile sliall bc anchored along tlie leading and trailing edges as shown on tlie 
C)ra\\ ings. 

[). The CON'I-RAC'TOR shall be responsible for lield handling. storing. deploying, 
seaming or connecting. temporary rcstvaining (against witid). anclioring. and other 
aspects (if geotestilc itistallation. .I'he CONTRACTOR shall accept and retain filll 
responsibility for all materials and installation and shall be held responsible for any 
defects in tlie colnpleted system. 

I:. N o  eqi~ipment sliall operate directly on tlie geotextile. 

I;. Use sandbags or otlier acceptable anchorage to prevent \\ind uplift 

. Kcpair damaged geotestile by placing a geotestile patch, cx te~ id i~ ig  3 feet in all 
directions beyond tlie damaged area. Damaged geotextile sliall be repaired or 
replaced at no expense to the OL+;NER. 

I .  After tlic geotestile has been installed. tlie riprap may be placed ovel- tlie completed 
sectiotis. 

I .  Tlie CONTRAC-fOR shall use a placement method for tlie riprap tliat does not 
damage tlie utidcrlying geotestile. The riprap sliall be placed from the bottom of t l ie  
slope to tlic top. 

.I. Tlie riprap dial l  be placed to tlie extents and to tlie thickness shown on the Dra\viligs. 

3.03 PLACEMENT OF RIPRAP 

A. Tlie CONTRACIOK may place tlie riprap over colnpleted sections o f  tlie geotestile. 
A geotcstile section i s  considered cotnplete once the CQA CONSULTANT verities 
tliat the geotestile material meets the requirements o f  this Section o f  tlie 
Specifications. 

I The riprap sliall be placed to tlie limits and thickness sho\vti on the drawings 

C. Tlie riprap need not be compacted. but sliall be placed to grade as slio\vn on the 
Drawings. Tlie riprap sliall be placed in such a manner as to etisure tliat tlie larger 
rock fragnients are uniformly distributed and tlie smaller rock fragments f i l l  tlie voids 
hetbveen tlie larger rock fi-agtnents to pl-oduce a well-keyed. densely-placed. uniform 
layer o f  riprap o f  the spccified thickness. Iland placing \+ill be required only to the 
extent necessary to secure the results specified above. 

D. Place all stones in a dry condition beginning at the toe o f  tlie slope or otlier l o ~ e s t  
{l<lillt. 

END OF SECTION 
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SECTION 02370 

VEGETATION 

I'AHT 1 GENERAI, 

A. I ' l i is scctio~l descrihcs tlie general requircrnu~~ts for vegctatirig areas associated \\ it l i  the 
final closurc construction at the Kcttlcm;~n I li l ls l'acility 1,andfill 13- 19. 

13. 'She C'ONTRAC'I'OII sllnll l i ~ t n i s l ~  a l l  labor, n~ateri;~ls. tools. eq~ripmerit. super\ ision. 
transportatiori. rnanufactllrir~g arid i~lstallatio~i services necessary to vegetate areas o f  
t l ~ c  lirial covcr as required. 

1.02 IlELATEI) SECTIONS 

A. Section 01300 -Submittals 

3 Section 02200 - Eartl~work 

A. State of California i)cpa~-t~iicnt o f  rranspol.tation (CALTRAUS) Standerd 
Spccilications, latest cditio~ls. 

A Submit the seed niis a ~ i i i r i im i~m o f  2 \+ceks prior to stalling o f  vcgetarion work for 
rcvie\v by tlie CQA Consultant. 

13. Suhrnittels shall he in accortla~icc 11 it11 Scc t io~~ 01300 

1.05 QUALITY ASSUItANCE 

C'QA Consultant to verify adeq~~ate secd apl)lication 

I'ART 2 1'ROI)UCI'S 

A .l'he secd shall be a ii1istu1.c of%orro I'cscue (Fest~~ca ~ncgalura) at a rate of4.0 lbsiacre 
and I'anoclic lled l3rome (Ilrtrmtrs rlrbcns) as a retc o f  12.0 lbsiacrc. 

I .  Fertili/cr shall he either 15-1 5-1 5 or 16-20-0 applied at a rate of500 lbslacre 

02.370 - I Vegetation 



PART 3 EXECUTION 

A. The area to be seeded sl~ould be \veed fee and a firm seed bed w l~ ic l i  has 
previously been roughened by scarifying. disking. Iharrowing. or otherwise morked to 
a depth o f  two to four i~lclies. The seed bed may bc prepared when earth moving 
\vork i s  cotnpleted., 

D. I'lie vegetated soil layel. should be seeded with the secd mix listed in Section 2.01 

C. 'The vegetated soil layer sl~ould be fertilized \+it11 the fe~l i l izer  listed in Section 2.01. 
Tlic fertilizer sliould be distributed unifor~nly over the secd bed and incorporated 
into tlic soil. Incorporation o f  tlie fertilizer ]nay be done as pal l  o f  tlie seedbed 
111-eparation or as part of the seeding operation unless tlle seed i s  broadcast. If 
fe~-tili/itig i s  a pal? o f  the seed bed preparation, i t  should not be pcrfot.med inore than 
15 days prior to seeding. 

D. A straw mulch shall be applied at a rate o f  4.000 lbslacre to stabilize the soil and 
retain nloisture during seed germination. At least 50 percent o f  the applied straw 
should he tnore than six inches in length. The rl~irlcll should be applied im~ncdiately 
alier secding. 1.0 prcvcnt reriioval o f  straw by nind. tlie mulch shall be anchored 
~ ~ s i t i g  cithcr mulching rollers or disks. If disks are used for anchoring they should be 
dull and run straight. 

END OF SECTION 
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SEC'I'ION 02720 

('MI' I)OWNI)IIAINS 

1.01 SllMMAllY 

A. 'l'liis section shall apply to the inatcri;ils and npcrations rccl~~ircd li)r tlic installalion 
o f  CMI' dow~~dra ins .  

I ,  .l'lic extent oftlic w~ork is inilicatcd on the contract clrawings. 

C. Rclatcd Sections: IleScr to the Sollowiiig sections I1)r related work: 

1 .  Section 02200. "l:i~rtl~work", 

2. Section 03300. "Cast-in-l'lacc Concrete". 

1 .02 S~Jl~Ml~1"l 'Al.S 

A. Suhmit i~nclior detail with supporting documcntnlio~l o l ' spaci~~g.  

A 'l'lic materials and practices comprising the work shall conSortii to iliis and other 
rcli.rcnccd standard spccilications. 

I'iping matcrials shall he ~ ~ n l i n c d  corrugated nictal pipe (CMI') with 2-21.3 by 112-i1ich or 
3 hy 1-inch corrugations. or cquivalcnt. 'l'hc mi~ii~iiurn wall thickness shall he 0.004 
inches. 1:acb scction shall be 111a1.kcd with ;I pwmimcnt label which i~llows idcntilication 
of class and type of material. In addition, pipc matcrials shall conforin to the Sollowing 
rcq~~ircmcnts: 

A. (:orr~~gatcd Stccl I'ipc and 1:ittiligs: M;~lcrii~ls ll)r the C'MI' including base inctal. 
rivets and spcltcr coating slinll be as spccilicd in AASII'I'O M 36. ('MI' sliall be 
~ ~ s c d  for tlic construction of stortnwatcr diiundruins and shirll hc 36'  in dianlctcr. 
~ttilcss otlicrwisc shown o n  the drawings. 

13. I'ipc ;~ncliors shall be as rcco~nlncndcd by the rnan~~lhcl~ircr  li)r the pipc size 
installed. Ilccotnmcnda[ioiis shall include type and spacing (not  to cxccctl I0 feel). 

02720- 1 C'MI' I)OWNI)I<AINS 
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<:. Special sections, s ~ ~ c h  as elbows. tees and wycs sliall be of tlic sanic gage as thc 
conduit to which they arc joined. and shall conform to applicable rccluirements of 
ASI'M M3h. 

.loints sliall be supplied witli the pipc or litting. Gasket materials sliall he stored in 
accordance with AS'1.M C: 443. 111 addition. tlic joints shall conlbrlii to tlic following 
requirements: 

A. .joints thr corrugated steel pipe sliall have joining hands which arc the same gauge and 
matcrial as tlic pipc. 

I Wlicn nictal end sections arc required. tlie following requi~.cmcnts shall pertain: 

a. Metal cnd sections shall he oftlie satnc gage as the conduit 

b. '1 he end ol'tlie pipc shall be li~rnislied witli annular corrugations to conlhmi to 
metal end scctions so the no leakage results from the connection; however. 
otlicr dcsigns {nay be ~lscd ifapprovcd by the Engirieer. 

c. Wlle~l connector scctions arc ~lscd tlic connector section sliall be liclical or 
annular as required to match the type of pipc used. 

PART 3 - I~XL:<'IJ~I'ION 

A. (iencral: I'rovidc drainage pipe of tlie s i x ,  and class indicatcd and install at the 
locations and elevations indicatcd on tlic contract drawings. 

13. I'ipc installation shall he in accordance witli the pipe manufilcturer's written 
installation illstructions and with the applicable provisio~ls or requircmcnts of the 
Ibllowing rcfercnccd handbooLs and standard spccilications: 

C)rrugatcd Steel Pipc: "llandbooh of Steel Drainage & llighway Constr~~ction 
I'roducts". 

C. I'ipc sliall be laid on a smoothly-graded, prepared subgradc soil ibundation true to 
align~nclit and grade as indicated on tlic contract drawings. I3cll holcs shall he 
hand-excavated so that the bottom of the pipe is in continuous contact with the 
surlicc oftlie prepared subgrade material. 

1). I'ipc laying sliall proceed upstrcam with tlie spigot ends pointing in the direction of  
flow. I'ipe shall not be laid in standing water or when trench or weather conditions 
arc dcc~iied ~~nsuitahlc by the Owncr or CQA 1:ngineer. 

1:. Approved backlill matcrial shall be spadcd and compacted into tlic "liauncli" area 
under each side oftlic pipc so that all void spaces undcr~ieatli the pipc arc tilled witli 
compactcd backtill material. 

CMI' IlOWNl>IIAINS 
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I:. Approved h;icklill m;itcri;ll shall bc placed in the trench along the sidc of the pipc 

and comnactcd bv hand un to tllc ton of the nine. Annrovcd backlill inaterial shall • . . 8 .  

hc l ~ l a c c i  ancl co~;l~>actcd A minimun; of 12" above the top oftlic pipc. 

A. I'rior to laying pipc, the interior ofcach pipc scction shall be cleaned o f  all soil and 
debris. 

I Alier laying and backlilling, all pipe interiors shall he lice ol'all ibrcign nlatcrial 
such as soil. ccmcnt mortar, joint compounds. ctc. If large amounts of material 
liavc accum~ilatcd. the Owner may require ilushing of the pipc. If Hushing is 
r cq~~i rcd ,  any outlets into existing lincs will he blocked so that no li~rcign matcrial is 
discharged into existing lincs. 

A. 11p011 arrival at the job sire. each scction of pipc shall be inspected l i ~ r  compliance 
with tile i~l>l)licablc piping materials product rcquircmcnts listed in I'ilrt 2 of this 
sl>ccilication. Any scction ol' pipe I'ound to he dcfcctivc shall bc i~nmcdiatcly 
removed finin thc job site and shall be replaced by the Contractor at n o  additional 
cost to the Owner. 

I .  Iinmcdiatcly prior to laying. each pipc scction shall be visually inspcctcd li>r dcli.cts 
or damage. Any damaged or dckctivc pipc shall not bc ~iscd.  

( ,  I'ipc r o ~ ~ n d n c s s  shall not vary li.om a true circle by Inore than 5%) of the pipe's 
nornlal diainctcr and deviation l'rom straight line parallel to pipc length shall not 
exceed Ill(," per linear lirot measured on the concave sidc. 

l:Nl) 0 1 :  S I X 7  ION 



SECTION 02725 

HDPE PIPE 

P A I U  1 GENERAL 

1.01 DESCRIPTION 

A. I l i is  scctio~i describes the reqc~ircmenls for tlie manufacture; supply; installation. and 
quality control (QC) of'liigli density pol)eth) lene (IIDI'E) pipes. fittings and co~inections. 

1.02 SUBMITTALS 

A. Prior to tlie delivery of  any IlDPE pipc to tlie site. EatlIi\vork CONTRACl'OII shall 
submit to tNGINI<CR fbr recie\b and approval complete. detailed shop drawings of  all 
IlDPE pipe and fittings. a list of  materials to be filrnislied. the name of  tlie pipe 
~nanufacturel-. and tlie tnanufacturer's recom~nendations for handling. storage. and 
installation. 

B. Eartli\vork CONTRACTOR shall also submit tlie pipe manufacturer's ce~titication of  
compliance witli tlie Specifications. including certification that stress regression testing 
has been performed in accordance with ASTM D 3837. for all t lDPE pipe materials 
delivered to tlie site. 

C. In addition to the ce~lification cited above, Ea~-tli\bork CONTRACTOR sliall submit in 
writing the following documentation of tlie pipe ma~lufacturer on tlie raw tilaterials nsed to 
t i ian~~facture tlie pipe and Fittings: 

I ,  certificate of compliance stating tlie specific resin: its source. and tlle information 
required by ASTM D 3350: if in-plant blending of  the resin is perfol.~ned. tlie pipe 
tnanufacturer shall provide a certificate of  co~npliance stating that tlie blended resin 
lneets tlie req~~irements  ofAS1-M D 3350: and 

3. certificate o f co~np l i a~ i ce  stating that no recycled [resin was used in manuf'acturin tlie 
pipe except for a small percentage (i.e.. less than I0 percent) of resin generated in tlie 
pipc manufactl~rer's own plan fro111 production using tlie same resin as tlie recycled 
niaterial. 

1.03 REFERENCES 

A. The A~iicrican Society for Testing and Materials (ASTM). latest editions: 

I. ASTM D 1603 -Standard 'Test Metliod for Carbon Black ill Olefin Plastics 

2.  AS'TM 1) 1693 - Standard Test Method for Environme~ital Stress-Cracking of 
Ethylene Plastics 

3.  ASlFM 1) 2657 - Standard Practice fbr tleat-Joining for Polyolefin Pie and Fittings 

4. ASTM U 3837 - Test Method fhr Obtaining Hydrostatic Design Basis for 
'I'licrmoplastic Pipe Materials 
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5. AS I 'M  D 3350 Sts~ndard Specific;~tion Ihr I'olyell~ylcne I'lastics I'ipc aiid I'ittiligs 
klatcri i~ls 

6. ASI 'M 1' 7 11 - Sti~ntlard Specification for I'olyetliylcne (1'1;) I'lastics Pipc (SDR-I'R) 
I3asctl on Olitsidc 1)ianicter 

PART 2 PRO1)UCTS 

A I IDI'I: pipc shall be o f  the di;ttnctcr and SDI< rating (per ASTM f714) as indicated oil the 
pl~ll ls. 

13. I l i e  I 11)111: pipe and fittings shall be manufictured from  tic^. high molecular weight, high 
tlet~sity polyctliylelie (II1)I'E) resin confi>riiiing to AS'I'M D 3350 ('Sypc Ill. Class C 
Category 5. (3r:lde 1' 64). pipe cell classilication PL: 345464C according to ASTM 1) 3350. 
and hal ing a I'lastic Pipc Instit~ite (PPI) Rating o f  PE 3408. The rcsiti shall be prc- 
c o i ~ i l ~ ( ~ t ~ ~ c l c d .  In plaiit hlctiditig o f  t~on-cotnpoundcd resins sliall be pcrinitted if tlic 
manufacturer provides a certificate of compliance that the blcndetl resin con(i)rnis to tlic 
rcquirei~~ents o f  tlie Speciticatiotis. Pipe and fittings shall be n~;~nufact l~rcd from tlic same 
1.csit1 aiitl hy tlle same manufacturer. 

C'. 'l'hc polycthylcnc cotnpound sliall contain a niinitiiuln o f  ? percent carbon black (per 
ASTM D1603) to Lrithstand olitdoor exposlire \\~itholtt loss ofpropertics. 

D. Tlie polyctl~ylene cotnpound shall 11;lvc a t i i in im~lm resistance o f  5.000 hours \vl~eti tested 
for environ~nc~ital stress crack in accordance \\,it11 rcquiretnents o fAS. fM L)l693. 

2.02 HI)I'E PIPE AND I'II'E FI'II'INGS 

A. I:arth\ro~h CONI'KACTOR shall pt-ovitlc I I I IPE pipe Ihavii~g the notnilla1 diaincters 
specilicd hcrciti and shown oil the 1)ratr ings. 

1 I II)IrI: pipe ant1 fittings shall liave a minimum l~ydrostatic design hasis (111)B) o f  1.600 
~XNIII~S per sqti;~rc inch (psi) \\hen detcrinined in accordzti~ce with ASI 'M 1) 1837 unless 
othcr\visc indicated liercin or on the 1)sawings. 

( .  I IDl'li lpipc sliall hc supplied in stilt~dslrd laying Ictlgths tnot exceeding 50 kc t .  

I). I II)I'C pipcs ant1 littings sliall he homogcneoc~s 111rougliout atid free o f  visible ct-itcks. 
Iiolcs, (i.c.. other than intcntiol~al nia~iufkcturcd lperforatiotis). Ibrcign inclusitrt~s. or otlicr 
deleterious effects. and shall be unifo1.111 in  color. densit>. tnclt indes. ant1 other physical 
prolxrlics, 

II. I'ittii~gs at each end o f  pipcs shall cotisist o f  I IDI'II cntl caps iti~less itidicated ot l~cr\\ isc 
licrcin (11. on the l)ra\vings. 
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A. The follo\\,ing shall be continuousl~ indent-printed on the I iDPE pipe. or spaced at 
intcrcals 11ot exceeding 5 ke t :  

I .  name and/or trademark o f  thc pipe ~na~~ufacture~.: 
2 ,  nomilla1 pipe s i x  
3. pipe stiffhcss: 
4. tlie letters PE followed by the polyethylene grade per ASTM D 3350. and by the 

tlydrostatic Dcsign Basis in 100's o f  psi (c.g.. PE 3408): 
5 .  test method references (e.g.. ASTM D 2412): and 
6.  a production code from which tlie date and place o f  inanufacture can be determined. 

PART 3 EXECUTION 

3.01 GENERAL 

A.  Transpol-tatio~l o f  lI[)PE pipe and fittings sliall be the responsibility o f  Ean11~'ork 
CON'TRACTOR. Ea1111wo1-k CONTKAC-TOR sliall be liable for all damage incurred 
prior to and during transpo~lation to the site. 

B. Iiandling. storage. and care o f  the IEIDPE pipe and fittings prior to and follo\ving 
installation at tlie site is  the responsibility o f  Eal-thuork CONTRACTOR. E a ~ ~ h w o r k  
CON'rRACTOR shall bc liable ibr all damage to tlie inaterial incurred prior to final 
acceptance o f  the project by OWNER. 

C. L:a~-tliwork CONTRACTOR shall be responsible fiir storage o f  HDPE pipe and fittings at 
the sitc. Pipe and fitt i~lgs shall be stored on clean level ground. preferable turf or sand. 
free o f  sharp objects ~ I i i c h  could tlamage the pipe. Stacking shall be limited to a height 
that wi l l  not cause excessive deformation o f  the bottom layers o f  pipe under anticipated 
temperature conditions. M'here necessary. due to ground conditions. the pipe sliall be 
stored on wooden sleepers, spaced suitable and o f  such width as not to allo\\' defor~natio~l 
of t l le  pipe at the point o f  contact \+ it11 the sleeper or between sc~ppo~ls. Thc pipe shall be 
stored out o f  direct sut~ligllt (i.e.. to minimize pipe bowing). Earthwork CONTRACTOR 
sliall also comply \\,it11 tlie pipe manufacturer's reco~nmendations for handling. storage. 
and itlstallatio~~ o f  HDI'E pipc and fittings. 

I). l:artli\\ork CONTRACTOR shall exercise care \\hen transpo~ling. ha~ldl ing and placing 
1iDPE pipe and fittings such that they \\ill not be cut. kinked, twisted. or otlier\vise 
damaged. Ropes, fabl-ic. or rubber-protected slings and straps sllall be used when 
Iiandling pipe. Slings. straps. etc.. shall not be positioned at butt-fused joints. Chains. 
cables or hooks sliall liot be inserted into the pipc ends as a means o f  handling pipe. Pipe 
or tittings sllall ]lot be droppcd onto rocky or nnprcpared ground. Under no circu~nstances 
sllall pipe or fittings be dropped into trenches, or dragged over sharp objects. 

E. Eart1iwo1-k CONTRACTOR sllall carefi~lly examine all pipe and iinings for cracks. 
damage, or defects before installation. Defective or damaged materials shall be 
immediately removed from the site and replaced at no additional cost to OWNER. 

F. 'l'lic masiml~nl allowable depth ofcuts. gougcs or scratches on the exterior surface o f  pipe 
or littings i s  I 0  percent o f  the \\al l  thickness. The interior o f  the pipe aitd fittings shall he 
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fi-cc ofcuts. gouges and scratches. CQA CONSIII.~TAN'I' \ ~ i l l  inspect all pipes. Scctiolis 
o f  pilic \ r i t l ~  excessive cuts. gouges or scratcl~cs \rill he rqjcctcd and F.;~~Ihworl\ 
CONII<AC1'011 s l i ~ ~ l l  lie rcquil.ed to rc~i iovc :111d r(?placc tlic rejected pipc. at no 
additio~l:~l cost to OWNI:l<. 

i ,  M1licnc\cr pipc lay i t~g i s  not activcl) in  progress. the open end o f  pipe tliat lias bcc~ i  
placed sli;lll be closetl using a \\atertight cap. 

11. I l i c  interior o f  all pipe and fittings sliall he inspected and any foreign material shall be 
cottiplctcly re~iiovcd li.0111 tlie pipe interior bcforc i t  is ~ i iovcd into final position. 

I. 1-icltl-cutting o f  pipcs, \rlicn rcq~~iret l .  sh i~ l l  be milde with a macliinc spccilically dcsiglicd 
Ihr cutting pipc. ( ' ~ ~ t s  shall be carel i~l ly riiadc. \vitliout damage to pipe or l i~i i l ig. SO as to 
lcavc a stnootli end at right angles to tile asis o f  pipe. Cutter elids shall be tapered and 
sllarp edge5 li lcd oll'111ooth. I:la~iie cutting \$ill liot be allowed. 

.I. N o  pipe shall be laid i~ t i t i l  CQA CONSUI.'I AN'I has ohscrved [ l i e  conditioli o f thc pilie 

I<. N o  ~ i i l i c  shall be hro~lght illto posit iol~ u ~ i t i l  the preceding lcngtli lias been bedded and 
secured in its l inal piisition. 

I.. I3locking [lndcr piping sh:~ll not he peI'mittcd i~li lcss specifically accepted by I'liO.ll:CI' 
MANA(;Lili ( i~r special conditiclns or as indicated on the llramings. 

M .  I'ipc \\'ill he inspcctcd in tlie field be(i>re and :~ftcr plncctncnt in tlie trc~icl i .  If upon 
inspection, pipc is found not to he in complia~ice wit11 the Specifications. i t  shall he 
sub.jec1 to rejection. Ally corrcctivc \vork sliall he ;~pproved by CQA CONSUl~'1'AN'I'. 
'I'l~e costs for tlic corrective \vork shall be at l iartl~\vork CONTRAC~l'Ol<'s solc cxpctise. 
I'ilx sllall be laid to tlie line alid grade sho\zli on tlie IIra\riligs, wit11 u~iifcirl i i  bcarilig 
1111cr c f l   ti t l i c  a r c  t i c  c Any pipe trliich is IIO~ ill ~IIIC a l i g ~ l ~ i i e ~ i t  or 
sho\\s any 1111tluc scttlc~ne~it alicr laying s l i i~ l l  he taken up and relaid at lla~?li\vor!i 
CON I'RAC.fOR's solc espelise. Tlie j o i l i i ~ i g  o f  the pipe sliall bc ill accordance witl i the 
~iianufi~cturc~.'s \witten i~istructions and the Specifications. as appro\,cd by I'ROJECI' 
MANAi;I'I<. 

N. A l l  pl;lccd pipes sliall be surue)ed along tllc top o f  tile pipc to complete the record 
dra\\,ings 111-ior to backfillit~g. A l l  stall points, atiglc jo i~ l ls .  ,jllnctions. connections. and 
end points o f  tlie pipe shall he surveyed. A l l  survey ~ o r k  sliall confiirtn to tlie quality and 
~xacticc required b) CQA C'ONSUI.'I A N I .  specified herei~i. and ill the CQA I'lan. 

0. Botli during the const r i~c t io~~ period and inimcdiately prior to acceptance o f  the 
co~lst r~~ct iot i  \\ark hy 0M'NI:R. Eartlnvork C'ON~I'l<AC'l'OK sliall keep t l ~ c  pipc fiec- 
draining and fi-ec oi'rocks. soil. and debris. 

1'. I:arth\vork CON1'RACI'OR sliall provide all necessary adapters a~ldlol. pipe connection 
pieces rctluircd \\hen conl~cctil ig d i f i r e ~ i t  types and sizes o f  pipe or \ r l ie~ i  conticcting liipc 
~iiatlc by dii'fcrc~it ~ i ian~~l i lc lurcrs.  Eartliwork CONTRACTOR sli;~ll \+,cld llanges to 
cxistitig Stai~iless Stccl pipes ill Pliasc I 1  for connection o f ~ i e w  IIDI'I: pipc. 



Q. I1DI'E pipe shall be jointed with butt fusion joints or eletro-fllsion couplers. A l l  ,joints 
shall be iiiade in strict compliance with the pipe tnan~~facturer's recommendations and 
AS'I'M 02657. Use ofadhesives or solvents in tlie joints wi l l  not he allo\ved. 

R. Testing o f  the I iDPE pipe after hacktilling and compaction shall be required, 1-esting 
shall he perforliied by L l a t ~ l i ~ o r k  CONTRACl'OK and shall include pulling a test mandwl 
tlirougli tlie pipe. as specified in Section 306-1 . ? . I2  o f  tlie SSPWC. This test \rill be used 
to ctisure that tlie pipe lias not been escessi\~ely defol-med, crushed. 01- blocked during 
backfilling. Alternative test procedures wi l l  require approval b?. PROJECT MANAGER. 
Al ly corrections required due to test Fdilure as e\,aluated by CQA CONSULI'AN'T. shall 
be at Earthwork CONTRACIOR's sole expense. 

END OF SECTION 



SECTION 02751 

I'ART 1 GENERAL 

1.01 SUMMARY 

A. I ' l i is section describes tlic r cq~~ i r cmc~ i t s  l i ~ r  tlie man~~l;tctilrc. supply, inslallatiori. arid 
quality control (QC) o f  high tlc~isity polyctliyle~ic (Ii11I'I:) gcotiie~nbrane associatcd 
\vitli tlic liliiil c10s~11.e ~c~~ is I r~ rc t i o r i  at tlic Kcttlcriiall I li l ls Facility, Landfil l  B-10. 

A [.atest Version oi'Ariicric;~n Society for festing and Materials (AS' IM) staridards: 

I .  ASTM 11638 - I cst Mctliod fol.I'cnsile I'roperties o f  Plastics 

2. ASTM 11702 - Specific Gra\ ity (Relative ilerisity) and 1)ensity ofl'lastics 

3. ASTM [)I004 - l e s t  Mctliod for Initial l'car llesistance o f  Plastic File and 
Sliecling 

4. ASTM 111238 - Test Mcthoci for I.'low iI;ttcs o r  l'hermoplastics by Extrusion 
I'lastonietcr 

5. A S f M  I l l 505  - Test Method for Density o f  I'lastics by l1ensity-Gradient 
I~ecliniquc 

6. ASTM Dl603 - Test Method for Carboll Black in Olcfin I'laslic\ 

7. ASI 'M  D3895 - 'l'est Method for Oxidative Induction I ' i lne o f  I'olyolcfins by 
I ' l ier~nal Analysis 

8 .  ASl -M D421X - Tcst Method for Dctcrmination o f  Carhori Black Content in 
I'olyctliylcnc Cornpounds by tlic Mulfle-Furnitcc Tcclinique 

9. ASI 'M D4833 - l e s t  Mctliod for Indcs Puticu~re Resistalicc o f  Gcotcxtilcs. 
(;comcmhrancs and [Iclated I'roducts 

10. ASTM 115199 - fest  Method for Measllrirtg Nominal i l i ick~iess o f  Geotcstiles 
and Gcomcmbra~ics 

I I .  AS ' fM  115321 - Tcst Method for De tc r t~ i i ~ i i ~ ig  tlie Cocfticicnt o f  Soil and 
Gcosyntlictic or Geosytitliclic and (;eosynthclic Friction by the Direct Shear 
Mctliod 



I?. ASTM D 5397 - I'rocedure to Perform a Single Point Notched Cantelit Tensile 
Load A p p e n d i x  (SP-KC'I'L) Test 

13. ASTM 05596 - Test Method for Microscopic Evaluation of tlie Dispersion of 
Carbon Black in I'olyoletin (iec~synthetics 

14. ASTM 05721 - Practice for Air-Oven Aging of Pol)olefin <jeomembranes 

15. ASTM D5885 - Test Method of Oxidatibe Induction Ti~ne of Polyolefin 
Geosyntlietics by I ligli I'rcssure Dimel-ential Scanning Colorimetry 

16. AS'I'M 115994 - Test Method fol- Measuring Core Thickness of Testurcd 
Geomcmbranes 

B. Cjeosyntlietics Research Institute (GRI): 

I. GRI-GM 10 - Specificatio~i for tlie Strcss Crack Resistance of Gcotnenrbrane 
Sliect 

2. GI<I-GMI 1 - Accelerated Weatliering of Geomembranes Using a Fluorescent 
UVA - Condensation Exposure Device 

3. GI<I-GM I2 - Measurement of tlie Asparit! Height of Textured (;eomembra~ies 
Using a Ileptli Gage. 

4. GRI-GM 13 - Test l'ropetties. Testing I'requency and llecommended Warranty 
for High Ilensity Polyethylene (HDPE) Smooth and Textured Geonlembranes 

1.04 PRE-QUALIFICATION 

A. The Geosyntlietic CON-fRAC.1 OK sliall pre-qualify for gcomembrane installation by 
providing tlie following docu~nentation: 

I .  'l'lic Geosy~ithetic CONTRACTOR sliall have a mini~nu~ii of 10.000.000 square 
feet (sf) of polyetliylene geo~ne~nbrane cun~ulative installation experie~ice. 

2. The Geosyntlietic CONI'RACTOR sliall provide at least three references fro~n 
prior installation projects in excess of 500.000 sf including tlie follo\ving 
i~ifor~iiation: 

a. Clicnt's name. address. plione nutnber and contact or representatives name. 

b. I'roject site atid description. 

c .  (;cotnembrane type and quantity installed 

1.05 SUBMITTALS 

A. Submittals shall bc pro\ided in general accordance \\it11 Sectiotl 01300 
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B. 1II)I'II IIesi11: F~'ur~iisli the fiillo\zing ill \ \r i t i t lg to the CQA CONSUI.TAIV'I' tt 

t i i ini~iiuti i o f  sevol calelidar days prior to gcorne~nbra~ic sliipnic~it to tile sitc: 
a 

1 .  St;~tetnelit o f  productioti (late5 and origi11 [if resill I I S C ~  111 t i~a~i~~i 'acture tile 
gcomcrnbratie for tlic project. 

2. Ccll i l ication stating all rcs i~ i  is Sroln the satne tilanufacturcr and tli;lt no 
reclai~tted polylner was added to tlie resin during thc riianufttcturing o f  rhc 
gcomembranc atid tliat recycled polynier docs tlot exceed 2 percent by \keiglit. 

3. Copies ol' the quality control cei?ificatcs issucd by the manufacturer and resin 
supplier illdicatitig that tlie resin used to manufacture tlic geotiiernhra~ic tiiects 
tliesc specifications. Tllcsc shall contain tnanuf;tcl~~ritig quality control tcst 
rcsults including specific gravity ( A S I M  11792 or 111505) and melt i11dt.s 
(AS'I 'M Dl238. Co~ldit ion I:). 

C. Milnl~factt l r i t~g Oua l i~y  Control: A copy o f  tlic ma~iufiicturer's q ~ ~ a l i t y  colltrol 
program sliall he submitted to tllc CQA CONSULI'AN I' a ininimum o f  seven 
calendar days priol. to gccitiiembratie sliipmctit to tlie sitc. Quality control testing sllnll 
be pcrhrlned by tlic ~i ial i~l facturcr in accorda~tce with GRI-GM 13 and as approved by 
tlie CQA CONSlJI.TANI'. Prior to deli\'er). tlie follo\ring sltall he subt~iitted to thc 
CQA C'ONSlJl.'I'ANl' for review: 

1 . Certificates for each shift's production ofgeo~iiembr;rne. 

2. Copies ol'quality control ccrtilicatcs isstled by tlic ~ i~n~iufacturcr ,  r l i c  quality 
control ce~.tilicates sliall iliclude: 

a. Roll t i~~tnbers and idelttitication: 

h. Sa~iipling procedures: and 

c. Results o f  qi~al i ty control tests. i~icluding descriptions oS the tcst tnetliods 
11sed. 

3 .  ' lhe results o f  the tlianuSactu~.ing qu;~lity control tests sltall tncct or cscccd the 
property values listed in Table 02751-1. 

4. Gco~iieliibranc delivery. storage. Ilandlitig and installation i~lstructio~is. 

5. Estrl~datc IJeads and/or Rod: 

a. Ststetnetit ofpr~)duction tlatcs 

b. ('et-tification stating all cstrudate is f inm one ~nanul'acturer. is the same resin 
type. and was ohtailled firm tlic same resin supplier as tlie resit] used to 
tnatiufactc~re tltc gcomelnbranc rolls. 

c. Copies o f  qllality control certilic;ttes issucd by tlie ~natiuf:,lctl~l.er includillg 
tcst results li>r specific gra\:ity AS'SM U702 mid ltlelt illdex AS'I'M 1288 
Cotidition I .  
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D. Geomembrane Installer: Prior to mobilization of the Gcosynthctic CONTRACTOR to
the site, the following information shall be submitted:

1. Shop drawings indicating panel layout and field seams 14 calendar days prior to
installation of geomembrane.

2. Installation schedule.

3. Copy of Geosynthetic CONTRACTOR's letter of approval or license by the
geomembrane manufacturer.

4. Installation capabilities. including:

a. Information on equipment proposed for this project:

b. Average daily production anticipated for this project: and

c. Quality control procedures.

5. Provide copies of the quality control/quality assurance program for the
manufacturer of the geomembrane liner.

6. Resume of the superintendent to be assigned to this project, including dates and
duration of employment.

7. Resumes of all personnel who will perform seaming operations on this project.
including dates and duration of employment.

8. The installation crew shall have the following experience.

a. The superintendent shall have supervised the installation of a minimum of
2,000.000 Ii' of polyethylene geomembrane and 500.000 Ii' of geotextile.

b. The master seamer shall have experience seaming a minimum of 1.000.000
Ii' of polyethylene geomembrane using the same type of seaming apparatus
to be used at this site.

e. All other seaming personnel shall have seam cd at Icast 100.000 ft' of
polyethylene geomembrane using the same type of seaming apparatus to be
used at this site. Personnel who have seamed less than 100.000 ft' of
polyethylene geomembrane shall be allowed to seam only under the direct
supervision of the master searner or Superintendent.

E. During the installation. the Geosynthetic CONTRACTOR shall be responsible
for the timely submission to the CQA CONSULTANT of subgrade acceptance
certificates, signed by the Installer. 1,11' each area to be covered by geomembrane.

F. Thc Geosynthetic CONTRACTOR shall furnish the OWNER upon completion
of the project:
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I .  A warratity provided by tlie ~ i ia~ iuhc turc r  in accordalice n i t h  (I I I I-GM 13 
apainst ddi.cts ill ~iiatcrial. M1arr:lnty conditio~is conccr~iing limits o f  

a 
liability w i l l  be evaluated atid ~ i i ( ~ s t  be acceptable to the OMlh'l:l< 

1. A I-year \bi trr i~~ity ~pru\'ided hy t l i e  iiror).ntlietic COKT'KACI'OR i~gziinst 
tlefccts in \r.ork~iii~nsliip. Warrn~ity co~id i t io~is concer~iing l i~ i i i t s  01' liahilit) 
\\i l l bc c\aluatcd and must he acccpt;tblc to tlie OM'NIIR. 

3 .  A s - h i l t  panel drawings in coliipliancc \r,itli Section 0 1400. 

I. Ccrtilicatc o f  c;rlih~.ation lcss tlirln I ?  months old sliall be suh~nittcd prior to 
i~istttllation 1i)r all l iclt l te~isio~neters. 

1.06 QlJALlTY ASSURANCE 

A.  l 'crfor~ii work in accordalice \\,ith Scctio~i 01400. the Geosy~itlietic CONI'IIAC'I'OK's 
Quality Control I'rogra~ii. and C'QA Plilli. 

PART 2 PRO1)UCTS 

2.01 MATERIALS 

A. f h c  gcomcrnhr;tnc shall bc co11il)rised of' liigli density polyethylcnc ( I  II)I'E) niatcrial 
as indicated oti tlic dl.a\\i~tgs. ma~iulsctured o f  new. l i rs t -q~~al i ty   products designctl 
slid ~ii;~nc~Sacturcd specifically lor tlie pltrpose of liquid contain~i iet i~ in hydraulic 
str~~ctures. a 

I 'I'lie geotiicmhr;~nc shall hc produced free ol'holus. blisters. i~~ i~ l i spcrscd I.;I\V ~iiatcrials, 
or any sign o f  contatiiination hy foreign tilatter, Ally sucli defect sliall he repaircd in  
accortlance with tlie repair procetlurcs in  Article 3.06. 

C'. I l i c  gco~ncnibrit~ic s l~al l  be ~iiaii~~l:~c!ured \\it11 a ~i i ini t i ium o f  15.0 k c t  seamless 
~ i d t l i .  .l'licre shall be no fz~etory scalns. 

I). I 'hc  gco~iic~nhranc shall be I IDI'I 80-liiil thick and textured on both sides as indicated 
011 tlic I)ra\\itigs. 

I:. 'r'lie gco~i ie~i lhra~ic shall hc supplied ill rolls. I:olds w i l l  not be per.lnitted 

I.'. Sl~ccifications for'the I II)I'L:, gco~nemh~.anc propertics arc presented in 'fable 0275 1 - 1  

I .  Shall be II1)I'I:. new. first qltality, compounded and ~ i ian i~ lkc t~~ l .ed  specilically 
lijr producing III)l'1I geo~iie~iibrane. 

2. 110 not inlcrmis resin types. 

3.  SliaII iiicct (lie Sollo\4i1ig additional rccl~~irc~iictits: 



Notes: 
(1) Resin witli~ut carbon black 

1 
I Test 

Specific Gravity"' 
Melt Indch 

H. Extrudale Rod or Bead: 

I. Sllall be made from same resin as  the geomembrane 

Tost Designation 

AS'TM D 702 Metliod A 
ASlM D I238 Condition E 

2 .  Additives shall be thoroughl) dispersed 

3. Sliall be free of contamination h) moisture or foreign matter. 

Minimum 
Freqnct~cy 

( 2 )  
(3 

4. Sliall meet tllc followi~ig rcqitire~ne~its: 

Requircmcots 

2 0.932 
5 I .OgperI0 

i 
/ 
! 
I 

! ' 

. . 
~iiiiiutes 

Notes: 
( I )  I test per resin hatch. 

I 

I 

1 
Cal.bon Black 
Contcnt 

2.02 DELIVERY, STORAGE ANL) HANDLING 

Test 

Specific Gravity 

A. I l a ~ ~ d l i ~ ~ g .  storage. and care of  tlie geo~iiemhrane following transportation to the site 
shall be the responsibility of tlie Geosynthetic CONI'KAC'I'OR. The Geosy~lthetic 
CONI'KACTOK sl~all  be liable for all damage to the inaterials incurred prior to filial 
acceptance of the liner system by tlie CQA ENGINEEII. 

Minimum 
Freqae~icy 

( 1 )  

Test 1)csignation 

AS-lM D 792 Metliod A 

AS'1.M D 1603 

ASTM D 1238 Condition E 

B. ConSorm to the ~iianufactu~er 's requirements to prevent damage to geomembrane 

- 1 

Requirements 

2 0.940 

C. Delivery: 

( 1 )  

( 1 )  

I. Dcli\er ~naterials to tlie site only after the CQA CONSULTANT and tlie 
OWNER approve required subniittals. 

2-33', 

5 O p c r  I0 

2. All rolls of gcolnembrane delivel-ed to tlie site shall be identified at tlie factory 
wit11 tlic fbllo\ving: 

a .  Ma11ufacti11-er's name 

b. Product identification and thickness 



u. Roll dilnct~siolls 

3. Separate damaged rolls li.0111 undamaged roll< and store at locations dcsignalcd 
by 1l1c OWKl-:R u n t i l  p~.opcr ciisposition of n~alcrial is clctet~nincd b) the 
OMINI:II the CQA CONSUl.'I'AN'I . 

3. 1 Iic 0WNI;R \4 i l l  be the final a u t l ~ o ~ . i t ~  regarding damage. 

5. Scl~a~.ntc rolls \ r i t l~o~it  propct docitmcnt;ltion and store until C(JA 
C'ONS11I21'AN'I' appl.o\al is rcccivc-d. 

3. Protect fi.oni punctul.~. dirt. grease, \vales. lnoisturc. 1n1td. n-leclianical abrasions. 
cscessive heat or other da~iiapc. 

3. Stol-c on Ic\~cl ~ ~ ' e p a r c d  s~11.1'ace (1101 on uoodcn pallets). 

4. Stack per i n a n ~ ~ f i c t u ~ ~ c ~ . ' ~  rccolnmendntion but no more than tlircc 1.011s lligli 

tf. On-Site I landling: 

I , llsc appropriate hatldling cqi~ipl~icrlt to lo:~d. luo\/e or deploy geoinembranc rolls. 
App~.opriatc l~nndling cquip~nent includes clolh cllc)kc~.s and spreader bar Tor 
loading. .;prcadcr and rot\ bars fhr cleplo~mcnt. \)ragging pancls on ground 
sirrf'acc \ + i l l  not he pel.~nittcd. 

2 .  130 nor fold geomcmbrrrnc 1natc1.ial: fbldcd material shall bc rcjcctcd. 

3.  l'kc Gcosynthctic C'C>NI'KAC?'OK is rcspol~siblc I'c>r storage. and transportiog 
~llarcrial fi.o~n storage arca to lillc~. i'aciliv. 

2. [)an~agctl geo~numbranc shall bc I-cpaired, i f '  possible, in  accordance \vilh thcsc 
spwif?catiolis or sllall be replaced at no additional cost in thc OWNER.  

A. Welding cquipmct~t and acccsso~-ies sllall nicct thc ibllon~ing requirements: 

I . 1.quippcd tr it11 gauges silo\+ ing tempcraturcs both in a p p a r a t ~ ~ s a ~ i d  at n o ~ 7 l c  
(e~trusicln tvcldcl.) 0 1 -  at \vetlge ( I l r s io~~ ti cldcr). 



2 .  Maintain adequate n l~~ i i be r  o f  \+elding apparatus to avoid delaying work 

3. Use poser source capable o f  pro\ iding constant boltage under combined-line 
load. 

4. I'rovide secondary co~itainment to catch spilled file1 i~nder electric generator. if 
located oli gcomembrane. 

U. I'rovidc calibrated tensio~iieter capable o f  quantitatively measuring gcomcmbrane 
strength: 

1 .  Eq~lipped witl i gauge accurate to * ? Ibs per i~ i c l i  o f  geomembrane \\idtl i atid 
capable o f  p l~ l l ing  at 2 i~iclies per minute and 20 inches per mini~te. 

2. Pro\'idc one ilicli die for cut l i~ ig sample specitnells. 

3. PI-o\ ide certificate o f  te~isiometer calibration ~ r i t l i i n  the past 12 montlis. 

PART 3 EXECUTION 

3.01 EXAMINATION 

A. l ' l ic Gcos)~nthetic CONTRACTOR sliall docu~iient in \\,riling that the surhce on 
\vhicli the geomembrane wi l l  be i~istalled i s  acceptable. 111 so doing tlie Geosyntlietic 
CON'I'KACTOR shall assuliie fi~ll liability for the accepted surface. 

13. .l.lie beginning o f  installation means acceptance o f  existing conditio~is. The 
Geosynthetic CONIRACI 'OK sllall be responsible for mai~itenance o f  tlie 
geomembrane covered subglade once i~lstallation o f  geomcmbrane begins. 

A .  Maintain the surface suitabilit) and integrity until tlie l i ~ i i ~ i g  i~lstallatioli i s  completed 
and acccptcd. 

I .  Repair rough areas and any damase to tlie subgrade caused by installation o f  tlie 
lining and f i l l  any ruts in subgrade causcd by equipment prior to geomemhrane 
deployment. 

C. l ' o  avoid sliarl, bends in tlie gcomc~nbrane. bevel tlie leading edges o f  tlie anclior 
trench. 

I). Subgrade shall be smootli. u~iiform. firm and f k e  from rocks or otliel. debris. For 
deployment over soil subgrade. 110 rocks or pt.otrl~sions greater than 0.5 ilicli in  
'diameter shall be exposed at tlie subgrade sul-face. 

A. Geomembrane shall not be dcplo~ed: 

1. I ) l ~ r i ~ i g  precipitation: 
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In the presence of excessive moi sture:

3. In areas of ponded water:

4. In the presence 01" excessive winds (i.c., greater than 20 mph); and

5. In excessive heat (i.c .. greater than 110" F) or cold (i.e.. less than 40" F).

13. Each panel shall be marked with an "identification code" (number or letter) consistent
with the layout plan. The identilieation code shall be simple and logical. The number
01" panels deployed in one day shall be limited by the number of panels which can be
seamed on the same day. 1\11 deployed panels shall be seamed to adjacent panels by
the end 01" each day.

C. The following is the acceptable method of deployment:

I. Usc equipment which will not damage geomembrane by handling, trafficking,
leakage of hydrocarbons or other means.

2. Do not allow personnel working on geomembrane to wear damaging shoes, or
engage in activities that could damage geomembrane,

3. Smoking on the liner is prohibited.

4. Round sharp corners of clamps and other metal tools used in the work area.

5. Do not allow clamps and other metal tools to be tossed or thrown.

6. Unroll panels with a method that protects geomembrane from scratches and
crimps and protects soil surface and underlying gcotcxtilc jj'0111 damage.

7. Usc a method to minimize wrinkles, especially differential wrinkles between
adjacent panels.

8. Place adequate hold-downs to prevent uplift by wind.

9. Use hold-downs that will not damage geomembrane such as sandbags.

10. Usc continuous hold-downs along leading edges to minimize risk of wind flow
under panels.

I I. Panels shall be deployed perpendicular to slope elevation contours and the
generation 01" seams shall be minimized.

12. Protect geomembrane in heavy traffic areas by georcxtile, extra geomembrane or
other suitable materials.

13. Do not allow vehicular traffic on geomembrane surface.

14. Panels deployed on grades steeper than 12% shall extend a minimum of 3 feet
beyond the crest or toe 01" that grade.

•

•

•
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15. Sliingles or oberlap pa~lels ill a do\\n\+ard direction to facilitate drainage. 

16. Rub' sheets used during installation sllall be removed prior to placement o f  
subsequent panels. 

I). Visually inspect 511cet surface during unrolling o f  geo~nembrane and inark faulty or 
suspect areas for repair or test. Replace fanlty (requires more than one patch per 100 
square fcct) gcomelnbra~~e stock at no additional cost to the OWNER. 

A .  Orient scams perpe~ldicular to slope elevation contours. i t . .  orient do\+li (not across) 
slope and use seatn numbel-ing system compatible \*.it11 panel number systcm. 

I .  Minimize tlie nu~nber o f  field seams in corllcrs. odd-shaped geometric locations. 
sumps. and outside corners. 

C. Overlap panels by a minimutn o f  3 inches for extrusion welding and 4 inches for 
f i~siol l  welding. Use procedures to temporarily hond ad.jacent pancls together that do 
]lot daniage the geo~ne~nbra~le and that are not detri~nental to seam weld inaterial for 
extension \velding. 

I). Do tlot LISC sol\,e~lt or adhesive unless product is  approved in \ \r i l ing by tlie OWNER. 

I:. No horizontal seams shall be allo\\.cd on grades steeper than 11% or \\'ithin 3 feet o f  
the crcst or toe ofslopes. A horizontal seam i s  defined as more than half o f  tlie panel 
\vidtli. 

I- Clean surface o f  grease. ~noisture. dust. dirt. debris or other foreign material 

<;. I'rior to any e~trusion wclding. the geomcmbrane seam or repair shall be prepared as 
r o l l o \ ~ ~ :  

I .  ('lean surface o f  oxidat io~~ by disc gl-inder or eql~ivalcnt not more than one hour 
before seaming: use ncl~nber 80 grit sandpaper for thc disc grinder. Bevel edges 
oigeo~nernbrane before bonding and provide continuous tacking in repair areas. 

2. Repair area \\here c~cessive grinding substantially reduces sheet thickr~ess by 
more than 4 inils beyond extent of\veld. 

3. Clean grinding dust around \veld area after grinding. 

4. ' l l ic follo\ving procedure shall be follo\ved for wrinkles and f is l~~nout l~s .  

a. Cut along the ridge o f  the wrinkle or fishmouth 

b. Overlap a minimum o f 3  inches and seam 



c. An!, portion \i.lierc rl~c o\,crl;-lp is less than 3 inches shall be patched \+it11 

oval or 1.oi111d patch of gco~nclnh~.anc that cstcrlds a n~irlimum of' 6 it~clics 
bcyond thc C L I ~  in all directions. 

5 .  I f '  rcq~~i~.cd.  a l11.m. ril.) \l~hctr:ltc (piece of' gcc~rncmb~.i~ne or 01 licr materi:~l) l i ing 

bc placcd dircctl~ I I I I ~ ~ I .  the seam o\~crlap to achic\c prol?c~. si~ppor.t. 

6 .  Kccp water frot11 illtercepting thc \+old during and i~ntnediately allel- utlding thc 
bCall1. 

7. ]:or csistillg \\.clds. or ~sclds that arc over 3 nlini~tes old, gi.ind the existing weld 
t n o  inchcs back ti.0111 point oftcrminntion and restall welding on grou~~d  ue ld .  

t-I. At least one spare opc~.nbtc seaming appa~~itus shall bc ~naintaincd for c\~c~.y threc 
seaming tcallls. I'lacc pi.otcctivc fabric or piece of gcomcmbranc bcncatll I~ot \+elding 
a p p a ~ ~ ~ t u s  \+hen resting o n  gconlcmb~.ane lining and i~sc  an clcctric gcncrator capable 
of pro\ idi~ig constant \joltage L I I I ~ C I -  co~iibi~icd tine load. 'She clectric genrl.atol. shall 
ge~ic~.allq be located oi~tsidc of lincr. Provide prolcctive l in i~~g  and seco~ida~~y 
containn~ent large cnough to ca~ch spillcd file1 undcr electric pcncrato~.~ wl~cn locntctl 
on the lincr. 'I'lic M clding apparatus shall be equipped iifith gairgcs giving 
teulpcvalHres in apparatus nrld at nozzle. 

I .  f'or cst~.uxion \r.ctding. p ~ ~ r g e  \vcldinp apparatus of' heat-dcgradcd cs t r~~datc  bclbrc 
wcldilig if'cstrudcr is stopped for longer than l?vc minutes, All purged cxtrudare shall 
hc disposed of' ol'f t l~c  geo~nctnbi.anc. E;~cll esr~.uder slioc slli~ll bc inspected de i 13 1b1. 
urea!. to assure that its off'sct is the sallle iis tho gcorncmbraue thickness. Itcpair 01. 

rcplacc \\,om sliocs. da~nagetl or ~nisalig~lcd al-~iiattIre brushes. rloz~le contamination, 
or other \r.orn o r  dam;igcd parts. Aioid stop-start \velding. Rernovc cxtrudatc ~.od 
li.0111 \+elder lien not itsing \vcldcr ibr long pcr.iod (over two 11oi11.s). N o  \\elding 
rnay com~nciicc on the !incr until the ticld trial seam sample, ~nadc  hy that cquipmunt 
and scamel., passes dcstructive testing. 

J .  -l'cst and set "hot air sjsrc111" using scrap nlaterial a1 leas1 each day prial- to 
comtt~cncing sc:umi~~g ii11d adillst hot air vclocity to  p~.ecludc wind ellkcts. Ad.ji~st 
coutact prcssure ~.ollers to p~.c\icnt siu.hcc ripples i n  shect. No cq~r ip~ncnt shall be 
i~sed li)r \vcldirlg the gconicmbranc u n t i l  a iicld vial seani sa~llple riiadc by that 
cq~~ilx~ictlt lias passed d c s t ~ . ~ ~ c t i ~ c  tcsti~lg. 

K. In per'li>nning hot wedge M clding, the welding uppxati~ssshal l bu autonia~ed yell iculi~r 
moi~iltcd dc\iiccs egt~ippcd wit11 gaugcs giving applicable teml~cratures and pressures. 
'l'he cclgc of cross scams sllall be grc~und to a sn~ooth i~iclitlc (top and bottom) PI-iot to 
\velding, A stliootli insulating plate or fal~ric shalt he placed bcncath the hot \vclding 
appa~.ati~s alier usage. 1'1.otcct against moist~rrc buildup betweet1 sllccts. If welding 
across cross seanls. cotldtrct field lcst sealiis at least e\/cly t\ro 1iot11.s. otl~cr\r isc oncc 
prior to start of' \ + / O I . ~  and oiicc ilt mid-day. N o  cquipincr~t is allo\\,ed to commence 
welding on geonlcmhra~~c until rhc ficltl trial scam sample rnadc by that eqitipnient 
lias passed destructive tcsting. 

I,. I.iclcl trial scams shall be conducted. per seaming apparatus and per scamer. on picccs 
of gco~ncmbranc liner to verify adequate scanling condilio~~s at tllc follo\r,ing 
li-cqucllc),: 



I .  At beginning o f  e:~cli seaming period 

2 .  At least once every like hours, 

3 .  At tlie discrctioli oft l ie CQA C O N S l J L I A N ~ r .  

M. Make tlie trial seams at area o f  seaming and in contact \+it11 subgradc or GCL (same 
conditio~i as tlie liner to be seamed). The seain sample sliall be at least 42-inches long 
and I?-i~iches wide with tlie seam ccntered lengtli\+ise. A one foot length o f  each trial 
seain sample sllall he sub~iiincd to the CQA CONSlI12.TANT for archive. Cut three I -  
inch wide speciinens and test two ib r  peel adhesion. and one for bonded seam stre~igtli 
(shear). Each double wedge f11sio11 scam specimen shall be lested fbr peel on both 
sides of the weld. A specimen passes wlicn: 

1. Tlie break i s  fill11 tearing bond (FIB) conforming to National Sanitation 
Fou~idatio~i (NSI') Standard 54. I lelinition 2.15. 

2. The break i s  ductile. 

3 The strengtli ofbreahs for the trial seani testing shall coiiform to tlie \dues listed 
in Table 0275 1-1. included at tlie end oft l i is section. 

N. A trial seaiii saml~le passes when al l  specimclis liave passing results in peel and sliear 
tests. If a specimeil fails (one o f  the speci~iie~is fails in either peel or sliear iiiode). tlie 
trial seain procedure sliall be repeated in its entirety. If the repeated trial seam fails. 
the seaming apparatus or operator may not \veld until tlie deficiencies or coiiditions 
are corrected and t\zo conseccltive passing field tl-ial seains are acliieved. 

0 .  T11e fnl lowi~ig procedures sliall by follo\red dlrritig cold \\earlier co~ id i l i o~~s .  

I .  Gcomeinbrane surface temperatures sliall be detertiiined by the CQA 
CONSIJLTANT at i~iter\als o f  at lease once per 100 feet o f  seam length to 
determine if preheating i s  required. 1-or extrusion weldiiig. prelieating i s  requii-ed 
if tlie surhce telnperatlire of the geo~ncmbrane is be lo^ 31" F. 

2. For fllsion \\elding. preheating may he \raked by tlie OWNER based upon a 
recomiiiendation by tlie CQA COiVSUI.TAN1'. if tlie C;eos)ntlictic 
CONTIIACTOR demonstrates to tlie CQA CONSULTANT'S satisfaction tliat 
welds o f  equivalent quality may be obtained \\itliout prclicating at tlie expected 
temperature o f  i~istallation. 

3 .  If preheating i s  required. tlie CQA CONSUL.'TAN'I w i l l  observe all areas o f  
gcomcmbrane that liave bcen preheated by a hot air device prior to seaming. to 
ensure that they lia\,e not bcen overheated. 

4. Care sliall be taken ro confirtn tliat tlie surface tempe~~atures are not lo\\,ered 
below the miliimum surface temperatiires specified for  eld ding due to winds or 
otlier adverse conditions. I t  inay be necessary to provide h ind  protection for the 
seaiii area. 



5 .  A l l  prclieatitrg de\:iccs sliall recci\,c apl>ro\'al hy the CQA C'ONSlJI.'I'AK\'I' prior 
l o  use. 

6 .  Additiotial destrltctive tests w i l l  he t;the~i at ;III i~rterv;~l between 250 atid 500 l>ct 
ol'sc;~ni Icngtli. at t l ~ c  discretio~i oi'tlic ('QA CONS1 I1,I'AN'I'. 

7 .  Slieet grinding tiray be pcrl i~r lncd bclbrc preheating. il'applicahlc. 

8. I ' r ial  scz~~iiing s l i i ~ l l  be co~iductetl under the satiie iimbicnt temperatllrc atid 
prelicati~rg col id i t iu~~s as tlic productio~r scatiis. LJndcr cold we:rtlicr conditions. 
new trial scams shall be conducted i f  tlie atiibictit te~i iperat~~rc drops by inorc 
than 10" 1; fin111 the initial trial seam tcst cotitlitiotis. Suclr new trial scams sliall 
be conducted 111x)1i cotlipletion ofsea~i is  in progrcss t lur i~ ig the tclnpcrat~trc drop. 

P. I l i c  follo\ving proccdurcs shall by follo\vcd during \\.arm \\'eather conditions. 

I. At aliihient tctnpcraturcs ahove 104" 1:. no seaming o f  tlie geomembranc shell be 
~~crt i i i l tcci  utilcss tlic Geosyntlictic CONIRACI 'OR can tlc~iiotistratc to the 
satisfactioti o f  [lie CQA CONSIJI.TANT that [lie geomcmbrane scan1 quality is 
1101 cotiiproniiscd. I r i a l  seaming sliall be conducted utidcr tlie same a~iihietit 
t e ~ i i ~ ~ e r a t ~ ~ r ~  cn~iditiotis as tlrc prod~~ct ion scams. At the option o f  tlie <'QA 
CONS1II.I 'AN~I. ;~dditio~ial dcstr~~ctivc rcsti~ig tilay hc rcquirctl for iiny s~~spccted 
ilre;ls. 

3.05 FIE1.1) QLIA1,ITY CONTROL 

A. 'Tlic (;eosy~itlictic CONII IA( '~ l 'OI< sliall designate a ful l - t i~i ie quality control (QC) 
tcclinician trl io sliall be responsible Tor super\,isitig ntidior cotiductitig the field quality 
c t i t r o  r g r a i i .  r l i c  QC teclitiicia~i tilay 110t be rcplaccd \\itlioltt \\rittcn 
au t l i o r i~a t i o~~  by the OWNl lR.  

13. Notr-I)cstructi\c Scam I'cbting 

I .  'l'hc (icosy~itlictic CONI ' I<ACrOR sliall non-dcstructi\ely test t icld \\$elds fix 
contil i l~ity tlieir l i~ l l  length using \acu~tni test utiits. I ' l ie t~on-dcstructi\c 
testing sliall be pcrlbrtncd concurrctitly \\'it11 sca~iring \r,orh progress, not at tlie 
cotnplctioti o f  all sea~iring. Any dcfccts located in tlie seam sliall be rcpairetl in 
accnrdnncc \\ it11 Article 3.06. The follo\ving non-destrucli\c tcstilig procedures 
sliall be itsctl 10 tcst tlie lield seatiis for co~ i t i l~c~ i ty .  

a. Vacuuln hok tcs l i~ ig for e x t r ~ ~ s i o t ~  \\'elds. 

h. A i r  ~)rcss~urc testitig for doublc f ~ ~ s i o n  scatiis. 

a. .l'lie v;tcullm box testi~ig eql~ipliicnt s l i i t l l  comprise l l ic l i~l lo\ving. 

i. l l igid housing: transparent \+wing \vindo\v: a sofi rubber gasket 
attached to hottom o f  liousi~ig: porthole or vttlvc assctiibly: and a 
\,itcultm gauge. 
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. . 
1 1 .  A \acuu~i i  puliip capable o f  appl!,ing 5 psi gage pressure o f  vacuum to 

the bos. 
iii. A bucket o f  soapy solution arid applicator. 

b. 'I'lie procedure Tor vacuu111 testing is  as follo\vs: 

i. Cleat1 \vindow. gasket surfcices. and check for leaks. 
ii. Energize vaculltii p ~ l ~ i i p  and reduce tank pressure to approxi~nately 5 

psi. . , . 
III. Wet a strip o f  geomembrane apprositnately I1 inches by 30 inches 

(length o f  box) \vitli soapy solution. 
it). Place box over wetted area and compress. 
. Close bleed value and open vacuum valve. 
i .  Ensure lh:~t a leak tight seal i s  created. 
vii. Esa~n i~ ie  icngtli o f  \veld through viewing \vindo\v for presencc o f  soap 

bubbles for a period o f  no1 less t l ia~ i  I 0  seconds. 
vi i i .  If no bubbles appeal aftel- 10 seconds. close \'acuilm \,al\,e and open 

bleed \alve. move box over nest adjoining area \\it11 ~ninimum three 
i~iclies overlap and repeat process. 

ix. Areas \\#here soap bubbles appear uill be inarked b). tlie CQA 
CONSLJLTANT with a defect code. Tlie Gcos)nthetic 
CONTRACTOR shall tlien repair tlie area in accordance \r it11 Article 
3.06 and retest the repaired area. 

3. Air  Presstcre Testing (Double 1-usion Seams Onl)) 

a. 7 lie air pressure testing equipment shall comprise tlie f o l l o ~ i n g .  

i. An air pump eq~tipped wit11 pressul-t. gauge \r ill1 an accuracy o f  I psi. 
capable o f  generating and sustaining a pressure between 25 to 30 psi 
and mounted on a cushion to protect geome~nbsane. 

i i. Rubber hose \\it11 fittings and colinections. ... 
111.  Sharp hollow needle or otlier pressure feed device approved by tlie 

OWNLR. 

h. To pcrl'or~n tlie test: 

i. Seal both elids o f  tlie seam to be tested. 
ii. Insert a needle or other approved pl.essure feed device into tunnel 

created by double hot hedge seaming and inscrt a protective cushion 
bet\+ee~i air punip and gcomembrane. ... 

111. Energize air pump to 25 to 30 psi. close valve. atid sustaili pressure for 
a tn in i~~ ium o f  five minutes. 

iv. If loss o f  pressure exceeds 1 psi or does not stabilize. locate f;~ulty area 
and repair in accordance \\ it11 Allicle 3.06. 

v. Release pressure at opposite elid o f  seam from gauge to \cr i fy  that tlie 
seam i s  not blocked. 

i Remove approved pressure feed dejice and seal pe~ietratio~i lioles by 
estrusion i\~elditig. 



C. Dcstrltctivc Seatii Testing 

I .  I'or tlcslructive scatn tcstitig. the CQA ( '0NSUI.TAN' I '  sli;~ll he pro\,idcd with a 
r n i ~ l i r n ~ ~ m  o f o l i c  sample per 500 ofscntn length by each \+elding apparat~~s. 
' l ' l~e loc i~t ic i~ i  \\,ill bu selected by the C Q A  CONSUI.TANT and the (;eos~.nthetic 
CONI 'KAC~ I 'O I I  \\ill ~ i o t  be in l ixmcd o f  tlic sample location i n  adva~icc, l l i c  
( ieosy~lt l ietic CON'I 'RACTOR sllall v isu i~ l ly  obser\c. 1n;irk and repair suspect 
\velds before release o f  a section to tlic [ Q A  CONSUI.TAN'1' Sor destri~cti\:e 
sa~nple marking. Cut destructive sati~ples as seaniitig and no~idestructive testing 
~vugresses. pr ior to co~nplet ion o f  liner installation. ' f l i c  C O A  C O N S U L ' f A N I '  
\ \ i l l  inark dcs t r~~c t i ve  sanlples w i th  consecutive numbcri~lg.  location, apparatus 
I.I).. technician I.1).. I:ngi~lcer I.D.. and apperatils settings and date. Record, in  
\vr i t te~l  form, v e l d  and tcst date. time. location. seam n l~mbcr ,  atnbic~l f  
te~ll l)erat~res. t i lacll i~le settitigs, techtiiciatl I.D., appilratus I.D.. and pass or fail 
tlescription. 'l'hc Gcosqntllctic C O N f R A C T O R  sllall immcdintcly repair lloles in  
gco tnc t~~hr i~ t i c  rcsull i t ig l i nm  obtaining destructive satriples atltl vacuum tcst 
pi~tcl ies. 'l'lle s i x  o f  dcstrl~ctive samples sllall he I ?  inches \\ idc by  44 itiches 
lotig \\ it11 seal11 centered le~lgthwise. 

2 .  I ' w o  I- i t ic l l  \vide specitlie~is sllall be taken Sro~n cacli side o f  tlie srrniple and 
tested by tlie Geosynthetic CONT'RAC'I 'OII fiir peel sl id sl~ear i n  the l i c ld  priot. 
to C()A tlcstrl~ctivc testing. I f  ally o f  tliese specitnens fail, the Ceosytitliclic 
C O N I R A C I O I l  shall track tlie failure itnmediatclv. 'l'hc rcmaininrr sa~nnle sllall 

L 

be cut into tllrcc 14-inch long hy 12 inclies wlde pieces and distril;uted 21s 
fi)llo\vs: 

a. 'So tlie C Q A  CONSIJI.TANT for dcstructi\,e testing 

b. I'o tlie CQA CONSIJI. I A N T  for archive 

c. '1'0 the (ieosynthetic CONTRACTOR for its ~ tse  

3.  Ten I- inch \ \ idc spccimcns shall be taken li.ci~n one piece. Five spccimctls sllall 
be tested h r  peel atid f ive for shear in  accordance wit11 fllc C Q A  I'lan, \\it11 tcst 
r c s ~ ~ l t s  ~ l ieet i l lg  the requirenic~lts o f  Table 01751-1. included at the ctid o f  this 
sectio~l. In the event ofi'ail11rc. the p roccd~~rcs  for failed seam tracking are: 

a. Retrace \ve ld i~ ig  pat11 a r n i ~ l i r n l ~ m  o f  I 0  feet in  both directiotls li.om the 
failed tcst l o c a t i o ~ ~  and retnove (at tllcse locations) a otlc inch \z ide speci~l icn 
l h r  testing. Ilepeat tracking proccdurcs unt i l  the (jeosytltlietic 
C O N I I I A C f O I I  is conlident o f  sea111 quality. 

h. Ohtain destructive samples fi.om each side of tlie welding liatll and g i \ c  
sanlples to the C Q A  C0KSIJL .TANr  for destructivc tcsfing. 

c .  Repeat process i faddit iot la l  tests f i ~ i l .  

tl. Reconstruct scan1 b e t ~ c c n  passing test locations to satisfilctiun o f t l l c  CQA 
CONSIII .  I A N I ' .  

c. IIccotlstr~tction may be otie o f t h c  f o l l o ~  itlg: 



i. Cut out old scam. reposition panel and re-seam. 
. . 
11. Add cap strip. 

1: Cut additiolial dcstrilctive samples from I-econstruction at discretioll o f  CQA 
CONSULTANI'. 

g. If additional destructive sample results are not acceptable. repeat process 
ulitil reconstructed seam i s  judged satisfactor> by tlic CQA 
CONSULTANT. 

[I. 1-or final seaming inspection: check tlie seams and surface o f  geomembrane for 
defects. Iioles, blisters, undispersed ra\r' materials. or signs o f  conta~ninatioll by 
foreign m;itter. UI-usli. blow. or wash geomembrane surface if dirt inhibits inspection. 
I l i e  CQA CONSUI.TANT shall dccidc if cleaning o f  geonlembrane surface and 
\velds i s  needed to facilitate inspection. Distinctibely mark repair areas and indicate 
required type o f  repair. 

3.06 REPAIR PROCEDURES 

A.  The geomcmbrane wi l l  be inspected before and after sea~ni~ig fol- evidence ofdefects. 
liolcs. blisters. undispcrsed rau ~naterials. and any sign o f  contaminatioti by foreign 
matter. 'I'lie surface o f  the geomembrane shall be clean at the t i~ i ie  o f  inspection. ~l' l ic 
geomernbrane surface sliall be s\\cpt or washed by tlie Gcos~nthetic CONTRACTOR 
if surfhce co~itamitiation inhibits illspection. Tlic Geosyntlictic CONI-RAC'TOR shall 
ellsure tliat a11 inspection o f  the geolnembralie precedes any seaming o f  tliat section. 

U. Relnove damaged geomembrane and replace \\it11 acceptable geomembranc materials 
if damage callnot be satisfactorily repaired. 

C. Ilepair. removal and I-eplacement sliall be at the Geosyntlietic CONTRACTOR'S 
e\pcnse. 

1). Ilcpair any portion o f  tlie geolnemhralie elhibiting a flaw. or failing a destrtlcti\,e or 
null-destructive test. Tlle Geosynthetic CONTRAC7'OR shall be responsible for 
repair o f  dalnagcd or defective oreas. Agreement upon the appropriate repair method 
shall be decided between the CQA CONSIJLTANT and the C;eosy~ltlietic 
CONI'RACTOR. Procedures available include: 

I .  I'atcliing: Used to repair liolcs (ovel- 114-inch diameter). tears (o\,er 113 inch 
looe). undispersed raw materials. and contaliiinatioli by foreign inalter. 

2. Grillding and welding: Used to I-epair pinholes, blcmislies and over-grinding. 

3.  Ca1)pilig: Used to repair large lengths o f  failed sealiis. 

4. Rcmoving tlie seam and replacing w it11 a strip o f  net\, material 

E. In addition. the following procedures shall be observed 

I. Gci~lnctnbl.ane surfaces to be repaired sliall be abraded (extrusion uelds only) no 
Inore than 112 Ihour prior to the repair. 
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3,. A g c ~ ~ i b r a ~  s~~rl 'accs sl~;iIl bc C~C"LIII  i~nd  dry at the timc of'rcpair 

1 '  
-7.  1 he rep:lil- j~rocedt~re~ .  1natc1.ials. and ~cchniqucs shall bc al,pso\ cd it1 atl\ance of 

the spccilic ~.cl~:ril+ hy the C'QA CONSIJ1,l'AN I . 

4. Ilslcnd pstclics 01- caps at leas1 6 inchcs beyond tllc cdgc of'thc dcfcct. i.e.. be a 
~iiinitliu~n of' 12 inchcs in ciinnlctcr. and ~.ound all corncrs of' rtiate~+iat to be 
paccllcd. 

5 .  Ilc\cl the edge ol'thc patcli and do 1101 cul patch \\ it11 repair shcct i n  co~itact \+f i r11  
gcon~crnbra~ic. I'onlpor'nr) boild tlie patch to tlic gcomeml~rnrle wit11 an apps~n~ed  
method. c~ t~ .u s ion  ncld thc patch and 111~11 vaculrni tcsl tllc repair. 

I .  Nunibc~ and log cacli patch ~.cpai~. (pcr,fhl.lncd by thc CQA COI\;SUI.'I'Al\iT). 

3. N o ~ ~ - d ~ s t ~ . ~ ~ c t i ~ c I y  test each rcpait ~ ~ s i ~ i g  mclliods specified in t h i s  Section. 

3 .  Pro\ idc daily ducu~ncntation of non-dcilructivr: and dc';tructi\r: testing 10 tlic 
CQA CONSUI. I'AN I . -1'hc dnct~~iicrltatio~t shall identilL scalns that it~itiiilly 
failed thc test and include the c\ iduncc tllat tliesc scanll; u'crc rc.pai~.cd and 
rcleslcd st~cccssf~illy. 

A. I'lic C;cosynthctic C0N.I IIAC'TOII sl1a11 1.ctni11 OWNCRSI l l f '  and resportsibility for 
tlic gco~ncmhsatic until acceptance by the 0WNI:IZ. 

1 .  Vosification of' atlcqiracy o f  licld scalli\. repairs and tcsting by the CQA 
CONSUI ,TAN 1%. 

3. "As-bllilt" dsa\i ings. approved and fi~lal dt:iwings submitted. 

5 .  1:inal ticld inspection 

6, Warranty signed over to the 0WNl:R.  

C.  I:ieId Insl~ccrio~~s:  Inspcct the conlplcled \co~.k with tlie 0Wh'l:li: dcfccts. wrinkles. 
s~~spic ic~us  looking welds sllnll be  notcd and maskcd; docu~ncnt. correct and arl.angc 
li11tJ1er ticld it~spections until nu  cosrcctivc i~ctioll i s  necessary. 



TABLE 02751-1 
I<EOIIIHEI) PHYSICAL P1IOI'E:RTIES OF 40 and 60-MII, 

TEXTURED HDPE GEOMEMRRANE 
- ' - i K G E ~ ~ ~  I METHOD I 40 mi1 

I - 36 lo\\est indiv. calue f'or 8 
1 o ~ r t  of 10 specj~ncns 
I - 34 lo\+est ind i l .  value Sol. 

-- 
ASI 'M 11 792 or 0.940 

- 
- 

' I 1  / AS'I'M 1) 6693 
I'cnsion at Yield (Iblin) 
StrailiatYicld(%) 
7~cnsion a1 Break (Ibiit~) 1 - -  Strailiat[3reak('Yo) - 100 

1 ear Resistance. Ibs. (~n in .  ai,c.) 1 ASTM 111 003. 1 3 8 

60 mil 
- 57 mininil1111 a\.erage 
- 5.1 lowesl indiv, valuc for 8 
nu1 of 10 specimens 
- 5 1 lo\ves~ indiv. value for 
any of the 10 speci~iiens 

0.940 

Osida~ivc Itiduction .l'ilno (01'1') 
(rniti. avc.) 

Standard OI.I-. o r  
I-l@scssurc 01-1- 

Oven Aging a t % ~  
Standard OIT (111in. ave.). 
% rctained alicr 90 days. 
0s 
I ligti Pl-essul.e 017- (~n in .  
a\ c.). O/o setailicd aficr 90 

ASTM El3805 
AS'I'M U5885 

AS7'M D.5 72 1 
ASThl D3895 
ASTM D5885 

I00 niiiiutcs 
400 minutes 

I00 min~ttcs 
400 minutes 

--- 

I ligli Pressure 01'1 (min. 
avc.) 

Stress Crack Resista~ice (niiti. 
11uul-s with no failul-es) 
Puncture licsistatice. Ibs. (min. 

- 
GRI-C;M I I 
ASTM D5885 

ASTM D3397 

-- - 

Carbon Black Co~ltent (aio\r,able / AS3.M Dl 603 I 
I 

N o ~ u ,  ( I  ) I - l o ~ ~ f ; ~ t ~ o n  ;I[ \ lcld . I I I ~  cl irnfai~r~ri ;I[ hrcak sl~all hc calcularcd LI\III: a ?aft  lc11:t11 of' 1 .> rl~cllcs :11ld 7.0 iricllca 
rc>pccli\~cI! 

END OF SECTION 

(Appendix) 
AS' fM I34833 

2.0 - 3.0 
raligc in pel-cent)- 
Carbon 13lacL L) i ipcl.sio11 

Scat11 Strength 
I'cel (lb/in) (f~lsionl ext.) 
Sliear (Iblin) 

02751-18 HDPE Geo1ne11ib1-anes 

50% 

300 

60 

7.0 - 3.0 

5 0% 

3 00 

ASTM 115596 

ASTM D4437 

- minimu~n 9 out of 10 
specimens it1 category 1 or 3 
- all I0 specimens in 
Category 1 .  7. 01 3 

6 5  / 52 
8 1 

- minilnit111 9 out of 10 
specimens i1.r ca tcgoq  I or 2 
- 811 10 spccilncns 
Category I .  2. o r  3 

98 178  
12 1 



A. I'liis section dcscrihes tlic gctic~.al requirements l iw tlie m ; ~ n u l a c t ~ ~ ~ ~ . .  supply, installation. 
;~nd ql~alit) control (QC) ol'scotcxtilcs. 

13. Scctioti 0775 I - 1 II)I'I (;co~iic~libratics 

1.03 REFERLNCES 

A.  I.;lte>t version ol'tlic Anicrica~i Society fbr Testing and Materials (AS'I'M) st;~nd:~rds: 

I .  A S I M  111355. St;~li~lard I'cst Method fbr Ileteriot.ittion o f  (;cotcxtilcs by 1:sposurc 
to 1.igl1t. Moist l~rc and I lent it1 a Xe~ lon Arc l y p c  Apparatus. 

2. ASI 'M  114632. Stitndard 'l'cst Mctliotl for I3rci1hi1ig 1,oad and Elongation o f  
Gcotcstilcs ((irab Method) 

3. A S I M  114833. Test hletliod ihr Index I'unct~~rc Resistance ol' (ieotestilcs. 
(icomenibl.ancs. and l<clatcd I'roducts 

4. A S I M  114873. Stztlidard (iuide for Idelltilication. Stot-age. and llandlit ig o f  
(icolextilcs. 

5 .  ASI 'M  115 190. Standard 'l'cst Method for Mcnsul-ing Geotcxtiles 

6. A S I M  11.5261. St;~lidnrd .lest Melliod li)r Mcilsuri~ig Mass Per [Jnit Area o f  
(icotextilcs. 

A.  Q~la l i ty  Co~i t ro l  Suhlnittals: 

1. A coliy o f t l ie  1iiatiuf8ct11rcr's quality control (OC) plz~n 

2. Mer111f;tcturing QC ccrtilicates fill. cacli production run. I l i c  ccrtilicatcs sliall identify 
[lie orisill mid tlie matiuhctl~rer o f  tlie resin. ' l l ic certificates shall be sig~icd hq 
rc~poni ib lc  liartics elnploycd by the ~ i i a n ~ ~ f a c t ~ ~ r e ~ -  (such as tlic prc~duction matiagur). 
I'csts sli;~ll be lpcrfhrlncd at the fi'cquency intlic;~tcd in the ma~ iu f i c t~~ re r ' s  QC I'lan. 

3. I ' l le QC ccrtilicatcs s l i i ~ l l  i~icludc roll nl~li ihcrs and idcntilication. s:lmpling 
~proccdures. and results o f  cl~tality control tests vcrit:\.ing that cacli o l ' t l ~ c  propcl?ics 



listed ill Table 02752-1 i s  ~ i i c t .  Saliiples sliall be tested at a miniiiiilm ficquency o f  
once a e r y  100.000 s t  The manufactl~rer quality colitrol tests to be perfol-tned 
include the tests specilied in Article 2.01 ofthis section. 

3 .  Manut'acturer's ccrtilication that tlie geotc\tilc products meet or exceed specified 
requirements and are 100% free of iicedlcs. 

B. I l i e  Gcosynthctic CONIRAC~I'OR sliall subliiit tlie foI lo\+~i~ig 

I .  Installation plan: and 

C. Sub~nittals shall be in accorda~ice with Section 01300 

1.05 QUALITY ASSUllANCE 

A.  I'erforin work in accordance nit11 tlie CQA Plan 

1.06 QUALIFICATIONS 

A. Cieotcstilc sliall be supplied by a geotestile manufhcturer nieeting the following 
clualification require~iients: 

1. The geotestile manufactut.er sliall be responsible for tlie production and delivery o f  
gcotestile rolls and sliall be a \+ell-established fir111 with more than two ),ears 
experience in tlie manufacture o f  geotcstiles. Tlic gcotestile ~nant~facturer sliall 
submit a statement to tlie CQA CONSUL'I'ANT listing: 

a. Certilied minimum averase roll property values o f  tlie proposed geotextiles arid 
tlie test mctliods used to determine those properties. 

b. Prqjected deli\,er) date o f  tlie inaterial for this prqject. 

B. l 'he Geosyntlietic COKI'RACTOR sliall meet tlie requireliients of the CQA Pla~i ,  



I'AKT 2 PR0I)UCTS 

2.01 MATERIALS 

A Non-\vovc~i geotcxtilcs sliall lia\,c [lie follo\ving ~ n i n i l n ~ ~ m  alcragc roll value (MARV)  
proputies: 

TABLE 02752-1 

IIEQUIREI) I'IIYSICAL PROPERTIES OF GEOTEXTILE 

Notcr: ( I  ) Ma11ul:dcturcr may clccl l o  provide cc~ l i f i ca t io~ i  ofvalucs for gcolcstiles 
(2) Aftcr 500 I io~lrs o f  esposurc. 

Fabric Property 

Mass Per Utiit Arcn (~ i i i n .  ave.) 
C;r;ib Strcngtli (tiiin. avc.) 
l'u~icturc Strcliglli ( t i i i~ i .  ave.) 
UV Rcsistalicc 

I C;eotestilc sliall hc no~i-woveli, ~~ccdle-pu~icl ied i>olycsler or polytlrop)'lene fhbric fi.cc 
from needles or ollier forcign in:ltcrial. 

2.02 I)ELIVER\', STORACE, AN11 HANDLING 

ASI'M 
Test Method 

11-5261 
1)-4632 
11-4833 
11-4355 

A .  Handlitig. storage. and care o f  tlie gcc~testilcs follo\ving t ra~ispo~~at iot i  to tlie site sliall he 
the responsibility o f  tllc CONTKACT'OR. I ' l ic CONTIIAC'I'OR sllall be liable for all 
dnniage to the ~iiatcrials iticurrcd prior to linal acceptance o f t l ie  lilicr systcni by the CQA 
CONSlJI.~TAN'I'. 

13. .fhc CONI I IACTOR sl i i~ l l  be rcsponsihlc f (~ r  storage o f  tlie geotcstilc at tlie site alicr [lie 
matcriol is delivered. I 'he gcotcstile shall be stored o f f  the groilnd and out ol' dircct 
suliliglit, atid sliall be protected f iom i i i~ ld.  dirt. dust. anci ally additional storage 
~)rocedurcs required by the (;cotestile nia~i l~fact l~rer. 

Manufacturer QC 
Tcst Frequency 'I1 

I per 100.000 sf 
I per 100.000 sf 
I 1"'. 100.000 s f  

I ~ x r  rcsiii liirmulation 

C, A l l  rolls o f  gcote\tile sliall be idclitified at [lie filetory \\ i l l1 the following: 

- 
llcquiretl Test 

Values 
12 ozlsy 
300 lbs 
180 lhs 

70 percent " '  

4. I lo l l  number 

5. I<oll dimelisions 

I). (icotcstiles shall be liandlcd in a ~ i i a ~ i ~ i e r  :IS l o  ensure they arc not daliiagctl in any \vay. 



1;. Precautioris sllall be taken to prebent darnage to i~nder l y ing  materials dur ing place~ncl i t  o f  
the geotestile. 

I-. A l i c r  unwrapping tlie yeotestile f rom its cover. the geotextile sliall not be left exposed for 
a period ill excess o f 3 0  days. 

3.01 INSTALLATION 

A.  Cicotcstilc seams sllall be c o ~ i t i ~ i i ~ o u s l y  sewn 01. lieat bonded. Geotextile seams sllall he 
ovcl-lapped a r i i i n i~num o f  6 inches pr ior to se\ving. N o  l ior izo~i ta l  seams sliall be allowed 
011 slopes steeper than 5 horizontal t o  I \ e~ l i ca l .  

U .  I'olyrncric thread. \\,it11 chemical resistance properlies equal to o r  exceeding those o f t l i e  
geotcstilc. sliall be used for a l l  sewing. The seams sliall be sewn u s i ~ i g  Stitch Type 401. 
f l i e  seal11 t!'pe sliall be Federal Standard Type SSa-I . 

C. f l i c  C O N I ~ R A C l ' O R  sliall esaniine the entire geotextile surface after installation to 
ensure that 110 pote~lt ia l ly l i a rm f i ~ l  foreign objects are present. Such fi)rcign objects sliall 
be rcnloved and damaged geotestile sliall be repaired or replaced at n o  cost to OWNER.  

I). I lse care not to da~i iage uliderl) ing material5 dur ing installation. 

I:. l'~.evetit tlie geotestile fi.o~n accir~nulating excessive dust 

I:. l ' l i e  CONTRACTOR shall be responsible for f ield liandling. storing. deploying. seaming 
or connecting. teriiporary restraining (against wind). anchoring. and otlier aspects o f  
gcotestile installation. Specificall). the CONTRACTOR shall f o l l o ~ v  tlie gi l idel i~ies in  
A S l M  1) 4873 regarding the placement. handling and storage or geotextiles. 

G .  l h e  CON~ fRAC ' I 'O I I  sllall accept and retain fill1 responsibility for al l  materials and 
installation and sliall be held responsible for ariy defects in  tlie co~npleted system. 

I I. N o  equipmerit hliall operate directl) on tlie gcotextile 

I. Use sandbags or other acceptable anchorage t o  prevent w ind  uplift. 

3.02 REI'AIRS 

A .  Any  l iolcs o r  tears i n  the geotextile sliall be repaired using a geotextile patch coiisisting o f  
the same geotextile. 

I .  O n  slopes inclined steeper tlian 10 liorizontal to 1 vertical. patches sliall be sewn into 
place wi th  a min imum 6-inch overlap. 

2. On slopes inclined at I 0  liorizontal to 1 ve~ l i ca l  or less. patches may be heat-bontled 
~ ' i t l i  a 6-inch overlap in  al l  directions. 

END OF SECTION 
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Scc l io~ t  0.3300: C':~>t.iU'l;tcc C'ot~crcfc --- .. -p 

SECTION 03300 

CAST-IN-I'LACE CONC11E'rE 

PART 1 C.I<NERAI. 

A. Tllis section covers all cast-it?-pl;~cc concrctc. i~lcluding reitlforci~ig stccl. linishing, 
curing. and otllcr appurtctlatlt nork.  

I .l'llc I-:nrth\vork ('ON'I'IIACI'OK i l la l l  litr1iisI1 all li~bot-. eqit ip~i le~lt .   materials and 
i~ i c i dc~ l t i ~ l s  necessary to complete all co~lcrctc \r:ork as sllo\rn on the I)ra\bitigs and 
specified licrein. 

C. A l l  concrcle designs s11t111 be based o n  1000 psi cot~crctc. f hc  tniti i tn~tm allo\vable 
corlcretc strctlgtll s l l i~l l  be 4000 psi. 

A.  L'cept :IS otlicr\a'isc indicated on the l)ra\vitigs or stated ill tllesc Specifications, 
~materials, eqi~ipmet~t. details. atid constri~ction tnetllods sllall cotnply \r i th tllc 
applicable provisions o f  the Standard Spccificatio~ls for I ' l~blic Works Cotlstruct io~~ 
(SSI'M'C). 

IJ. A l l  collcretc \\or!i sllall hc in  conforniancc \\,it11 the rccommcntlcd practices o f  
American Cotlcrcte lristit~tlc (ACI-301). A l l  concrctc tlcsign and (letails sllall conform 
to t-cquil.crl~ctlts o f  latest pi~blication o f  AC'I-318. A l l  steel rci~llbrcernc~its sliall 
colllply bit11 thc Concrete Rci~iforcing Steel l~lstit i l tc (CIISI) "Manual o f  Stiltidard 
I'racticcs." 

A.  I 'he sol~rcc and quality ol'ctrtlcretc ~llaterials and the coticreie proposed for the work 
shall he sub~nittcd to thc CQA CONSI!L.l'AN'I for re\ic\v lirior to any concrctc 
placement. 

H. Submit \\,rillen reports tci CQA CONSUI.'I'AN'I' ofcach l)ro~oscd  mix fi)r CRCII class 
ol'concrctc at least 15 days prior to start o f  Wcisk. Ilo 1101 begin concrete productioti 
~ tn l i l  1)roposed mix dcsig~is l ia\c been rcvicwccl by CQA CONSU121'ANT. 

C. Suhtnitt;~ls shall be in accordance u i t l l  Sectioli 01.300 o f  these Spccific;~tions. 

1.04 QUALITY ASSURAYCEICONTROL 

A. l ' l l e  l:artliwork C 'ONrKACIOR sl l i i l l  iidlicrc lo  Sectiotl 01 100 o f  these Spccilicatio~ls. 



11. .lhe CQA CONSLI.1Ahl~l shall monitor the placement of the reinforcing steel and 
concrete. CONl-RAC'rOR shall prepare and test three (3) test cylinders for ever) 50 
cubic lard of concrete delivered to the site. One ( I )  test cylinder shall be tested at 7 
days and t ~ o  (2) test cyli~ldc~-s sllall be tested at 28 days. in accordance ~ i t l i  ASTM 
( '30,  I'hc average oftlie 78-day results sllall not be less than the specified strength. 

PART 2 MATERIALS 

2.01 MATERIAL REQUIREMENTS 

I .  1;ilie Aggregate - Clean natural sand, ASI'M C33 

<'. Coarse Aggregate - Crushed rock. \\aslied gravel, or other inell grani~lar material 
conl'orming to ASTM C33. 

I) .  Water - Potable. clean and free from deleterious substances. ASTM C94 

I.:. Reinforcing Steel - AS'fM ,4615. deformed. Grade 60. Wit-e fabric sliall conform to 
AS1.M A 185. 

1'. Menibranc Curing Colnpoulid - Federal Specification TT-C-800. Type I. Class 1 :  
~ n n i t n i ~ i i i ~ ~ i i  18 perce~it solids: IIOII-yello\\itlg: i111it ~noisture loss 0.039 gmicln? Inas: 
(;ifford-Hill "Sealco 800." ProSoCo "Kure and Seal." I'rotcx "Acrychlor." or 
Sonneborn "Ki~re-N-Seal." 

(i. I'olyetliylene Fillin - PSI 7: 6 mil. 

I I. I'ly Ash - ASTM C618. '1ypc F 

.I. 'Tie M'ire: Minimclm 16 gauge. annealed type. 

2.02 MIX DESIGN 

A. Prepare and submit design mixes for each type and strength of concrete by either 
laboratory trial batch or field e~perience lnetliods as speciiied in ACI 3 10. For the 
trial batch n~etliod, use an independent testing agency acceptable to CQA 
CONSLILTANT for preparing and reporting proposed mix designs. 

H ,  llsc water-reducing admixture or high-range water-reducing adniixture 
(superplasticizer) in concrete. as required, for placement and workability. as approved 
by Construction Manager. 

C. llnlcss otherwise specified. concrete ]nix shall be controlled within the following 
limiting requirelnlents: 



I .  C'oi~ent ( 'o~i tc~i t  - N o t  lcss than 550 pou~ltls pcr cubic yard. 
2. Watcr to Ce~ i i c~ i t  R;~ti(l - Not to cscced 0.50. 
3. ('onsistcncy - L\'orliablc. \vitliout segrcg:~tin~i. \\it11 slutlip ~ i o t  more than 5 inches 

\vl iel~ corlcrctc is pli~ccd. 
4. Mixir ig - 'I'liorciuglily in a hntcli 111iser for not lcss tIi:ln 4 niin~ltcs n1 high spccd. 
5 .  Coriilvcssi\~c Strc~igtli - 3000 psi at 18 days in accorda~ice \vith A S f M  C39. 
6 .  M a s i ~ i i i ~ m  Aggrcgatc Sizc - I-iriclr, 

2.03 CONCRE'I'I< FORMS 

A. I'or~iis s l i i~ l l  be designctl to producc l iardc~~cd colicrctc l ia\ing the sli;lpc. lilies, alirl 
dinlensions i11dic:ltcd on the dri~\\inps. I 'or~iis shall be substn~~tial and sufficiently 
riglit to prevent lcahage and shall bc niai~~t:~inct l  in proper position and nccutxtc 
align~ncnt. I'orms sliall be thoro~~g l i l y  clc;~t~cd :~nd oilctl hel'orc concrete is placed and 
shall not he removed until the colicretc ha5 hardened sul'liciently to support all loi~tls 
\\ ithout damage. 

I I'ornis Sor lisposctl lFinis11 Concrctc: l ' l ~ ~ o o d .  metal. ~iictnl-f'r:~~ncd pl!.\r,ood faccd. 
or other acccpt;lble pnncl-type materials to provitlc conti~~uous. straight. sniootl~, 
csposctl surlilces. I :~~rnisl i  in 1;llgcst practicable s i ~ e s  lo  ~i i inimizc nl~mbcr o f  joints 
ant1 to confor111 to joint s~stctn sIio\\n on tlrawi~igs. 

I .  l lsc pl).\vood camplyitig \r.ith 0. S .  Product Standard I'S-l "B-I3 Concrete Form) 
I'l>\\ood." <'lass I. listcrior Ctxdc or hcltcr. ~i i i l l -oi led a ~ i d  edge-scaled. u i t h  
each lliccc hearing legible i~ispectiotl trade~iiark. 

C. I:orms fi)r I:nc\poscd 1:inisli Concrete: I'ly\vood. lu~nhcr. metal. or othcr accept:~ble 
~natcrial. Ill-ovide Iurilbcr dressed 011 at IC:IS~ t\\o cdgcs i~ t i d  otic side Sor tight l it. 

1). I'or111 I<clcase Agc~i t :  I'rovitlc co~i i~ i icrc ie l  li>rml~lation l i ~ r~ i i  releilsc agent u i t l i  a 
~ n a s i n i ~ ~ n i  o f  350 ~ i i g l l  \,oli~tilc org:111ic c o ~ i i l i ~ ~ ~ ~ ~ d s  (VOCs) lliat \\ill tiot bond \+itli. 
stain, or acl\el.scly afli.cl concrete surhccs a~ i t l  \\'ill not i~i ipair subscqi~ent trcottiiet~ts 
ol'concrctc surf;nccs. 

PART 3 EXECUTION 

3.01 FORMS 

A. Construct lorlns to sizcs. shapes; lines. and dinicnsiolis show11 and to obtain accurate 
alignlne~it. Iocatio~i. gratlcs. Icvel. and p1u111b \ror!i in finished st r i~ct~~rcs.  

C. C1iatnli.r csposed corner.; anti cdgcs as indicated.  sing wood. ~netal. I'VC. or rubber 
cha111fi.r strips lhbricatcd to producc u~~i l 'nrt i i  s~ i i (~o t l i  lines and tiglit cdgc joints. 

I). Cleaning ant1 'l'ightcning: ' I l iorougl~ly clean ihr~i is  and ad.jaccnt surlilccs to receive 
co~icrctc. I<c~iiove chips. \\ood. sa\\dust. dirt. or othcr dchris lust hcforc p iac i~ ig 



concrete. Retighten ib r~ i is  and bracing before placitig concrete. as required, to pre\.elit 
morlar leaks and maintain proper alignmelit. 

A. General: Co~i ip ly \+it11 Concrete Reinforcing Steel Institute's reco~nmcnded practice 
for "l'lacing Reinforcing Bars." for details and iiietliods o f  reinforcetncnt placement 
and si~pl>orts and as specified. 

B.  Clean reinforcement o f  loose rust and mi l l  scale. earth. ice_ and otlier ~naterials tliat 
reduce or destroy bond with concrete. 

C. Accurately position. suppo~t. and secure reinfbrceliie~it against displacement. Locate 
arid support reillforcing by iiietal chairs, runners. bolsters. spacers, and hangers. as 
appro\ed b\ Constrilction Manager. 

11. ['lace rei~iforcetiicnt to maintain ~i i ini tnum coverage as indicated for concrete 
protection. Arrange. space, and securely tie bars and bar suppo~ls to lioltf 
reinforcement in position during concrete placement operations. Set \\ire ties so ends 
are directed into coricrete. not tonard exposed concrete surfaces. 

11. A l l  concrete slabs and foundations sliall have a minimum steel content o f  %-inell 
diameter bar at 18-inches on center r~tiless otlier\vise slio\r.n oti the Drawings. 

3.03 PLACEMENT OF CONCRETE 

A. Inspectioli: Before placing concrete; inspect and complete fortii\vork installation. 
reinforcing steel. and items to be embedded or cast in. Notitj. other trades to permit 
i~lstallation oft l ieir ivc~rk. 

U. Gc~ieral: C o ~ i i p l j  \+it11 ACI 304, "Guide for Measuring. Mixing. I'ranspo~ting, and 
I'laci~ig Concrete". and as specified. 

C. 1)eposit concrete conti l i~~ously or in layers o f  sucli thickness tliat no ne\\ concrete \\ill 
be placed on concrete tliat lias hardened sufficiently to cause seams or planes o f  
\veak~iess. 

1). Concrete sliall be conveyed to the point o f  filial dcposit and placed by methods \~.liicli 
\+ill prebent the separation or loss of the ingredients. 

11. Re-tempering o f  concrete or niortar \vIiicli slitrws evide~ice o f  initial set sliall not be 
per~liitted. Si~cl i  concrete or tnonar materials are unacccptablc and sliall be disposed 
away li'om the work site or as dit-ected by tlie ENGINEER. 

I:. Appropriate meclialiical vibration sliall be used in order to tliorouglily work concrete 
around reinforce~iielit and embedded fixtures and into corners o r  tlie forms during 
placing operations. 



I.a~idlill III'I IFinal L'lo~urc. Siohilil! tkvm iiiid 1)roiwapc 
I'rqiccl So. 053-IL)IO 

Scctioli 03300: (':~~i-i!i-I'l;~cc C o r n  

( ,  lJtilcss ~~ t l l c rw i se  autliurizcd, com)>actioii hliall use itnmersion-type vibrators. 
C ' o ~ i l l ) i i ~ t i o ~ i  sllall result i n  concrete li.cc o i ' \o ids.  Esercisc care to cotnpact concrete 

a 
vigoroitsly a ~ i d  l l i o r o ~ ~ g h l y  to obtain n l a x i ~ i i l ~ n i  density. Concrete sliall he 
constilitlated \r i t l i in 15 minittes alicr its placcme~it i t )  the l i ~ r l ns .  

I+ .  Whcrc tlepositing concrete hy cllute. provide cquipmcnt o f  sucli siyc and design as to 
ensure a c o l ~ l i n i ~ o ~ t s  I1o\v in  tlie ch l~ tc .  I'rovidc tile discliargc etld ol ' t l ic cllutc \r i th a 
bai'tlc plate to prevent scgreg;ition. I'osition tlie ch i t~e  so that tlic concrete w i l l  not 
need l o  i lo \v  more tlian 5 fcet horizontally. 

110 t l t i t  drop concrete fro111 tl ic cl id o f  a c l i ~ ~ l c  a distance greater than 3 times the 
Iiorizontal tliickncss o f  tllc layer being deposited. wi th  a tiiaxiniltm distance o f  5 fcet. 
Wllerc the distance li.olii tlic ctid o f  the c l l~ t tc  to tlic sul.Sace o f  tlic co~icrcte exceeds 
these disti~nces. ilsc a spout (tremic) i111d ~nait i ta i t i  t l ic lower c ~ i d  as ticar to the SLI~IICL: 
o f  deposits as practical. When the operation is  inter~nittcnt. discharge the cliotc into a 
llc)p1>cr, 

I .  C'oncrctc sllnll hu discharged at tlie j o b  wirhil l  1.5 hours after tllc cetiictir lias hccn 
addetl to tile water o r  the ;~ggrcgatcs. except \\lie11 the air tetnpcrat~~re cscecds 85" 1'. 
the t ime sllall he rcduccd t o  45 mitilttes. 

1. Immediately a(icr co~nl)lction of tro\vcl finish. surfaces sliall be slightly rougliened b) 
b r i t s h i ~ ~ g  M i t l i  a fiber-ht-istlc hrusll it1 the directing ol'draillagc. 

K .  Imniediatcly f o l l o u i ~ i g  co lnp lc t io~ i  o f  f i~ i i sh ing  ope l i~~ io t i s  and aficr concrete has take11 
init ial set. the f loor shall be covcred to prevent ciaporation o f  water fi'om tlie 
co~ic~.ctc. cur ing shall be accomplislied by tllc l i i l lo\r , i~ lg metliods. 

a 
I.. "Curing Cotnpound" - When pending or wetting  neth hod i s  not possible hecause o f  

csse~lt ial c o ~ i s t r ~ ~ c t i o ~ l  opcratiolis. tlie use ol 'a colorless curing compo~ind conlbrmit ig 
to ASTM C309 \+ill be acceptahlc. Application allall he in  accordance w i th  rl lc 
~ i ~ a t i ~ ~ f a c t ~ ~ r e r ' s  i ~ l s t ~ . ~ ~ c t i o ~ i s .  

M. A l l  foot i~ igc sliall be placed i n  u ~ i d i s t ~ ~ r b e d  nat i \c  soil or apprc~vcd conip;~ctcd liII 

3.04 FINISHING 

A ,  l i n s  and other surface PI-o.jcctio~is sliall he rctno\'cd Srotii a l l  f o r~ i i cd  surfi~ccs except 
surt'accs illat w i l l  he in  contact \zit11 eallh backl i l l .  Surface voids and recesses 
rcsult i l lg f rom reti1ov:il o f  t'or~ii ties shall he l i l l cd  u i t h  mortar, l 'orn~s shall not 
damage thc concrete u lien rcnioved. 

3.05 CURING 

A .  Concrete sliall he maititaincd in  a moist condition and protected froni loss ofmois t i t rc  
f i i r  at least se\jcn da),s by polyctl iylcnc f i lm or ~liernhrane c n r i ~ l g  cornpoutid. 
Memhr;~ne cur ing cc~mpound shall he applied as rccotiitiicndctl hy t l lc n i a t i i ~ f i ~c tu re~~ .  
Concretc sliall liot be pernlitted to li.ccze lo r  at least scvc~ i  days fo l lo \ \~ i t ig  placcnlent. 



3.06 JOINTS 

A.  C'onstrl~ction .Joints: Locatc and install construction joints so they do not itnpair 
strength or appearance of tlie structt~re. as acceptable to Construction Manager. 

U .  I'lacc construction joints perpendicular to main reinforcement 

C. Expansion joints bet~rcen structural concrete and drainage chanliels shall be 112-inch 
thick closed cell iieoprene or cork. Surface of expansion joint sliall be sealed to 
prevent intrusion o f~ra t e r .  

3.07 INSTALLING EMREDDEI) ITEMS 

A. General: Set and build into forrn%ork anchorage devices and other embedded items 
required for orhcr work that is attached to or supported by cast-in-place concrete. Use 
setting dl~lwi~lgs. diagrams. instructions. and directions provided by suppliers of items 
to be attached. 

B. Fornis for Slabs: Set edge forms. bulkheads. and intermediate screed strips for slabs to 
achieve rcquircd elc\,ations and co~~tour s  in finished surfaces. Provide and secure 
units to s~lpport scrccd strips using strike-offte~i~plates or co~npacting-type screeds. 

END OF SECTION 



Part 1 GENERAL 

1.01 Scopr 

A 'l'his specilication cclvcrs the r cq~ l i r e~ l l c~ i t s  for the ~ l p r i g l ~ t  6,1 00 galloll Icach;~te collcctiun 
and removal system (LCRS) rank. 'file t a ~ l k  shall be nloldcd in  one-piece seamlcss 
col lstr l~ct iol l  by rotwticit~al lllolding. 'I'llc ta~ iks  s l ~a l l  hc designed for ahove-ground. vertical 
i~ istal lat ion a11d be cal~ahle o fcon ta i t~ ing  cllcmicals at atmosphe~.ic pressure. I 'hc tank shall 
be single-walled tvitli ati open top. 111cI~ded arc r c q ~ ~ i r c ~ ~ ~ e ~ i t s  h r  ~ i i a l c r i ~ l s ,  l ? rop~~~ t i es .  
design. co l~s t r~ lc t io~ i .  dilnc~lsions, tolel.ances. \vorklnansliip. and appeararice. 

D 6 I  X Conditioning Plastics and Electrical Insulating Materials li>r l'esting 
11638 I cns i l c  I'rolicllies o f  I'lastics 
D790 I ~ l c x ~ ~ r a l  Properties LIC i l ~ ~ r c i n f b r c e d  and Rcitlforced I'lastics and 

I l lcct~.ical I l~sulat ing Materials 
0883 L)elinitions o f  'l'crlns l le lat i l lg to I'lastics 
111 505 Density o f  Plastics hy the Density-Gradient lec l in iquc 
I) 1525 'l'cst Mctl iod for Vicat So l i cn i~ ig  l 'clnperatl~re o f  I'lastics 
D l  6% Test Mcl l iod for Cnviron~iiental Stress-C'racki~lg o f  EtI1) Icnc I'lastics 
1) 1998 Stalldart1 Spcc i f ic~~t ion for I 'o lyethylc~~c Upright Storage 'I'anks 
I)2765 [)cgrcc o f  Crosslinking in Crosslinked I'thylenc I'lastics as 

I)cter~ii ined hy Solvent Ix t ract io t l  
112837 Method Ibr Obtaining Ilydrostatic I lcsign Basis for Thcr~i ic~plnst ic Pipe Materials 

II. AI<M (Association o f  Rotational Molders) Standards: 

L.o\\, ' l 'e~iipcrature lnipact llcsist;~ncc (Fal l ing [)art Test I'roccdure) 

C. ANS I  Standards: 

13- 16.5 I'ipc i:l;t~igcs and l:la~lged Fittings 

29 CI : l l  191 0.106 Occupational Safety and I lcal th Adnlinistratioll. I lammahlc  and 
Combtlstihle I.iqilids 

I .  UHC CC)I)L': 

Unif 'or~l i  I l u i l d ing  Code 1997 I'dition 

1.03 Classification 

A .  'l'allks sllall be classilicd as follows: .l),pr I - l a n k s  molded f iotn cross-l i~lkahle po lye l l~y lcnc 
resi11. 



Part 2 Protlucts 

2.01 Materials 

A.  I'lic ~iiatcrial used sliall be vitgin polycthylenc rcsin as co~npounded and certified by t l ie  
man~~l'acturer. 'lype I tanks sliall be made from crosslinked polyethylene resin as 
nlanitfact~~rcd by L~:sxonMobil Clie~nical. or resin o f  equal pllysical and chemical properties. 

E3. A l l  polyetliylctie resin material shall colltai~i a m i n i ~ i i u ~ n  o f  a U.V.  8 stabilizer as 
cc~rnpol~tlded by tlie resin manufacturer. Pigtnetits may be added at t l ie purchaser's request. 
but s l ia l l  ]lot exceed 0.25% (dry blended) of t l ie  total weight. 

C. Mechanical Properties ofType I tank material: 

PROPERTY ASTM VALUE 
Ilcnsity (Resin) Dl505 0.938-0.946 g!cc 
Tensilc (Yield Stress ?"lmin) D638 3000 PSI 
1:longation at Break (2"Itnin.) D638 >300% 
ESCR (1 00% Igepal. Cond. A, F50) D 1693 > 1000 hours 
ESCK (10% Igepal. Cond. A, F50) D 1693 > 1000 hours 
Vicat Softelling Degrees F. Temperature D l  525 250 
I'lcsitral M o d u l ~ ~ s  D790 100.000 PSI 

2.02 Design Hcquiremcnts 

A .  The minimum required wall thickness of the cylindrical shell at any fluid level shall be 
deter~nincd by the follo\vitig equation, but sliall not be less than 0.187 in. thick. 

T = P s O.D.12 SD = 0.433 s S.G. s H s O.D.!? SD 

1' = wall thickness 
SD = hydrostatic design stress. PSI 
P = pt.essure (.433 s S.G. x H), PSI 
Ii = fluid llead, fi. 
S .  = specific gra~ i ty .  gIcmn3 
O.D. = outside diameter. in. 

I .  The hydrostatic design stress shall be determined by rnt~ltiplying tlie 1l)drostatic design 
basis. determined by AS'TM D2837 using rotatio~ially molded samples. with a service factor 
selected fortl ie application. I l i e  hydrostatic design stress is  600 PSI at 73 degrees 
Falire~iheit for Type I and Type I1 materials. In accordance with the formilla in 6.1. the tank 
sliall ha\c a stratiform (tapered wall tliicktless) wall. 

2. The llydrostatic design stress shall be derated for service abobc 100 degrees Falircnlieit 
and for mechanical loading o f  t l ie tank. 

3. The standard design specific gravity shall he 1.5 or 1.9 

B, l'lie minimum required wall thickness for the cll inder straight shell must be sufticirnt to 
support i t s  own weight in an upright position \\'itIioitt ally external suppotl. Flat areas s l ia l l  be 
provided to allow locating large fittings on tlie c) lindcr straight shell. 



t:,~~jdtitl t % - t c l  I:ilii\l Clos~~rc .  S l ~ i t ~ i l i l !  t\cr~)i :III~ l)r i~i$~t~gc 
I'~<I.,cc~ Ti<>. ~15~-1~110 

Sccliori 13200: I.C'RS S ~ O ~ I I ~ ~ ~  -- 
C. I ' l i c  top l ic i~ t l  11111st he inlcgrilll). molded wi th  the cylinder sliell. Tl ic m i n i m u ~ n  tliickncss o f  

the top heed shall hc e q ~ ~ a l  t o  t l ic top o f t h e  straight \\.all. 'I'lic top he t~d  o f  tanks u,itli 2000 o r  
more g : ~ l l o n  o f  capacity sh;~ll he dcs ig~lcd to provide a m in i n i l ~ l n  ol' 1300 squarc inclies o f  
flat area liir f i t l ing localiolls. 

I). 'l'anks \\.ill1 2000 or 1110re pallolls ofc;rpncity shall liavc a r n i ~ i i ~ i i u l n  o f 3  I i l i ing lugs 
i l i tcgr i~ l ly  ~no ldcd  i l l to the top head. I i lc l i l i i t lg  lugs shall hc dcsignctl to allo\\ erection o f  
a11 c~ i i p t y  t i ~ ~ i k .  

I:. T l ic  tank shall he dcsiglied to pro\,idc a mi l l in ium 01.4 tie-do\+n lugs itltcgrally molded i l l to 
the to11 head. 'The tic-do\vn lugs shall hc designed to ;rllo\v lank r e t e~ l t i o~ l  ill w i ~ l d  and 
scis~i i ic loading s i t l ~ a t i o ~ ~ s  u itlrout lank tla~iiirgc. 1lefi.r to scctioli 2.06 ih r  t a~ i k  tic-do\r'n 
acccssorics. 

A .  A l l  dillicnsiolis w i l l  bc tahcli w i t l i  the tank ill the \,ertical position. l l l i i i l led. 'I'allk 
dinic l ls io~is w i l l  r e ~ ~ r c s e ~ i t  the exterior IIIC~SLI~~II~CII~S. 

I .  Tl ic tcilcrn~lcc l iv tllc outside diamctcr, i l icluding out o f rou~ ld~ less .  sllall bc [per AS'I 'M 
l)IO9X. 

2. ' f l ic  tolcr:rncc for f i t t ing placements shall bc ti- 0.5 in. i n  clc\.ation and 2 degrees radial 
irt a l l lh ic~ i t  tclnpcwturc. 

2.04 Test Methods 

A .  Test specitnells shall he take11 fi-om f i t t ing location arcas or piggy-back test niolds. 

I .  l'est spccimcns slinll be co~ldi t io l icd at -40 degrees talireti l ieit l i)r a ~ n i ~ ~ i r n ~ ~ r n  o f  2 hours. 

2. f l i c  test spccilnctis sllall hc impactcd ill accordance wit11 the staridard testing mctliods as 
found it1 A S T M  111998. I'est spccimcns < I /?"  thicklicss sllnll be tested at 100 fi.- lb. l 'cst 
specimens > 112" thickness shall he tested at 200 St.-lh. 

C. Degrcc o f  Crosslinking 'lest (%Gel  - 'I'ypc I Only)  

1 .  I ' l i c  test mctliotl l ~ s c d  is to he the o-slcne illsoluhle fraction (gel test) per A S l M  112765 
Metl iod C. I ' l i is  test ~ i ie t l iod is for dctcrlnill:rtioll ol ' t l ic o ~ ~ l i o - x l e n c  inst~luhlc f i x t i o n  (gel) 
o f  crossl i~ikcd polyetliylcnc. 

2 .  'l'lic percc~it  gel lcvcl  Tor 'l'ype I tanks on tl lc insidc 118 ill. o f t l i e  \ \a l l  sllall he ;I lnil l irnum 
01'65%. 

I). Illtrasonic ' I 'a~lk l ' l l ickncss I 'cst 

I .  A l l  tanks 2000 gallolls o r  larger sllall be ~ileasurcd for tank wzrll t l~ickness at 6". l ii., 
?fi. and 3ft. o l i  the tank side\\all l icigl i t  at 0" and 180" around the t a ~ i k  c i r c~ r~~ i l c r encc  \+it11 
0" hcing the tatik manway and going cou~itcr-clockwise per A N S I  standard dral i ing 
spcci f ict~t io~ls.  A l l  tanks shall lnect desigti tliickncss requi rc~~ie l i ts  and tolcrallccs. 

1:. I ' l i c  tank shall bc visually illspcclcd to dctcr~ i i inc  such qualities as arc discussetl ill Scctioll 
7.05. 
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I'rr!iccl No. 053-1910 

Scction 13200: l.('I<S Storiiec I i111h 

A.  1.1ie finished tank \?al l  sliall be fite. as comniercially practicable, ofvisual defects such as 
I'oreign inclusions. air hubhles. pi~ilioles, pimples. cra~ing. cracking and delan~inations tliat 
\\ill inipair tlie serviccahilit) of tlie vcssel. 

13, Al l  cut cdgcs wlicre opcnings are cut into the tanks sliall he tritnmcd smooth 

2.06 Tank Acccssorics 

A. 'ralik Accessories - Tie I lo \ \n  Sysle~ns 

I .  'l'lic t i e  do\r.li system sliall he designed to \\,itlistand 1 1  0 MPI4 wind loads. Tie do\an 
systetiis must meet scistnic zone 4 requirements per I!HC 1997 code. Ally anclior bolts sliall 
bc provided by tlie CONTRACTOR per tlie instri~ctions and the base plates for the system. 

2. The tic down systetii sliall be ~ n i l d  steel 

3. Mi ld  steel parts sliall be deburred and galvanized 

2.07 Marking, Packing and Packaging 

A. I ' l ic tanks sliall be marked to identi f j  tlic product. date (month and year) o f  manufacture, 
capacity. atid serial number. The tank sliall be shipped with a 3 o f  9. HRI bar code lahel 
containing tank description, manufacturing order n~lmber. part number, serial iiulnber. 
mati~tfacturer. and date. 

U. The proper caution or warning signs as prescribed by OSHA standard 29 CFR 19 10.106 
sliall he customer determitied and supplied. 

C. A l l  packing. packagitig. and marking provisions o f  ASI'M Practice 113893 sliall apply to 
this standard. 

D. Al l  fittings tliat do not intel-fere \kith tank sliipment sliall be installed itnless ot l ie l -~ ise 
specified. Fittings and accessories that interfere \%it11 tank sliipnient or could be broken 
during shipment are shipped separately. 

P A R 1  3 EXECUTION 

A. l ' l le  placctiient and installation o f  tlie tank sliall be tlic responsibility o f  tlie CON'I'RAC~I'OR. 

R .  Iiandling. storage and care o f  tlie tank prior to and follo\\ing installatioti at the site is tlie 
I-csponsihility of the Eattli\vork CONI'RACTOK. Earthwork CONTRACTOR sliall be 
liable for all damage incurred prior to final acceptance o f  tlie project by the OWNER. 

C. Eart l i~.ork CONTRACTOR sliall exercise care when transporting, handling and placing tank 
s~tch tliat the tank wi l l  liot be kinked. t\\istcd. nicked orotIiel.\r.ise damaged. 

I). Install tank and tie-downs in accordance with Ma~ii t facture~~s instructioiis. 
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- 
END 01' SECTION 
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1 1 Sheet: 1 o f t  1 Reviewed By: SGS 

. Kettleman k ills Facility Landfill B-19 Closure Plan Update 

To estimate the leachate generation rate and infiltration through the separation liner overlying the 
Class I waste in Landfill 6-19. 

chld&y 
'As- - 

The Hydrologic Evaluation of Landfill Performance (HELP) Model Version 3.07 will be used to 
estimate the leachate generation and infiltration through the separation liner. The HELP model will 
be used to evaluate the 12-acre "control unit" of the Class 111111 Landfill which will be operated in a 
"dry" state. Golder also reviewed the analysis be ShawIEmcon (2006) for the Joint Technical 
Document (JTD) for the bioreactor to evaluate the leachate generation and flow through the 
geocomposite, including head on the separation liner. Based on Shaw's calculations Golder 
estimated infiltration for the 4 acre portion of the bioreactor that overlies the separation liner. 

- 

Made By: JB 

Checked By: RH 
-. . ~~ ~ ~ - ~~ 

I Assumptions: 

-. 

The HELP model was setup in a similar manner to the analysis used in the RUST 1997 Closure 
Plan where a 40 foot layer of waste was modeled over the separation liner. This is the control unit 
of the bioreactor. The model was setup to use synthetically generated climate data for Bakersfield, 
California. The model was setup to run a 30-year simulation. The layers of the model also used 
default parameters for the soil cover and waste, as follows: 

The relevant portions of the Leachate Collection and Removal Calculations report prepared by 
Shaw (2006) are attached. This report evaluates the impact of the bioreactor on the separation 
liner as well as the Class IIIIII LCRS. The conclusions of this report are summarized below. 

Layer 1 - I '  cover soil - Soil Type 10 
Layer 2 - 20' waste - Material Type 19 
Layer 3 - 1' cover soil - Soil Type 10 
Layer 4 - 20' waste - Material Type 19 
Layer 5 - 2' operations layer - Soil Type 10 
Layer 6 - Geocomposite Drainage Layer Material Type 20, k = 10 cmlsec 
Layer 7 - 60 mil HDPE geomembrane - Material Type 35, conservatively assumed to have 

4 pin holes per acre and 4 installation defects per acre. 
Layer 8 - 2' foundation layer, k = IxlOE-5 cmlsec 

I For the control portion of the landfill the base grades were assumed to be 4% (constructed at 5%) 
m a  350 foot long flow path to the LCRS gravel in Phase 1A. 

Golder Associates 



Results: 

The computer simulation indicates that for the 12 acre area an annual average of 32,154 cubic feet 
(241,000 gallons) of leachate will be generated from the control cell. The separation liner will have 
a head of approximately 0.02 inches. The liner will percolatelleak an average of 0.172 cubic feet 
per year or I .3 gallonslyear to the Class I waste. 

Based on historic monitoring records Landfill B-19 is currently producing (for the entire Class IIIIII 
landfill) less than 20,000 gallons per year, significantly less than predicted by HELP. 

Conclusions: 

The control unit of the Class Illlfl landfill has historically produced less leachate than estimated by 
the HELP model, Even with the higher flows estimated by HELP the estimated percolation/leakage 
through the separation liner is less than 1 gallon per year. 

The bioreactor portion of the site that overlies the separation liner will generate significantly higher 
volumes of leachate. ShawIEmcon (2006) have performed calculations for this portion of the 
separation liner. Based on the modeling, up to 40,000 gallons per acre per day of leachate may be 
generated (conservative). Assuming this volume of leachate is generated, the geocomposite 
drainage layer would be able to convey the flow without development of greater than 0.25 inches of 
head. The head level within the geocomposite remains very low and therefore Golder estimated 
the percolationlleakage through the separation liner would also remain very low (estimated to be 
less than 1 gallon per year) to the Class I waste. 

Once the bioreactor has ceased and the final cover has been constructed the amount of leachate 
and subsequently the amount of percolationlleakage through the separation liner will diminish. 

Based on the analysis, the amount of leachate percolating from the Class IIlI1I waste to the Class I 
waste is very minimal. 

053-1810 Catc Shect HFLP M O ~ E  l0lROGdor. Golder Associates 



Kettlcrnan I-Iills 1:acility 1,andfill S-19 Closul-o Plan tlpdate 
1-IE1,P Model Rcsulls 

..I .t, .. ,. HYDROLOGIC EVALUATION OF L A N D F I L L  PERFORMANCE .-. ., .,. ,, 
.t. .*. ,, ., HELP MODEL VERSION 3 . 0 7  (1 NOVEMBER 1997) .-. ,. .#. ,. 
.a. .a. ., ,< DEVELOPED BY ENVIRONMENTAL LABORATORY .*. ,, .#. ,. 
_*. .I. ,, ,> USAE WATERWAYS EXPERIMENT STATION ..- ,. .I_ *, 

f J, 
,> ,~ FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY .*. ,. -3. ,. 

-3. ,. ... 
.> ,% 

2. .. ,. 
J. .a. 
r. ,, .a. a. .. ,, 
a. ...... d. d. a. >. ............ * d. ................. 2. .a. .I. ..................... ,. ............... 3. 2. 2. 2. .......a. 2. ......... a. ... ,. ..................... .*. ......... 2. 9: ..~ .*. -7. a. .................. 0. d. A. ... d. a. .................................. ,< ........,... .% ,... .................. ., ......,. .. ..,. ......,. .% .............................................. 

P R E C I P I T A T I O N  DATA F I L E :  C : \ H E L P ~ \ D A T A ~ . D ~  
TEMPERATURE DATA F I L E :  C : \ H E L P ~ \ D A T A ~ . D ~  
SOLAR R A D I A T I O N  DATA F I L E :  C : \ H E L P 3 \ D A T A l j . D 1 3  
EVAPOTRANSPIRATION DATA: C : \ H E L P 3 \ D A T A l l . D 1 1  
S O I L  AND DESIGN DATA F I L E :  C : \ H E L P ~ \ D A T A ~ ~ ~ ~ . D ~ ~  
OUTPUT DATA F I L E :  C : \ H E L P ~ \ ~ ~ ~ ~ O . O U T  

T I M E :  12 :  18 DATE: 1 0 / 1 8 / 2 0 0 6  

T I T L E  : ~ a n d f i  11 B - 1 9  M o d i f i e d  c l o s u r e  - separa t ion  L i n e r  ( C o n t r o l )  

......... 2. 2. 3. >. 2. ...... 4. .........-.. a. ........................ J. ....................................... J. ......... J. 2. ......... >. J. ...... >. ............ J. 2. a.  .a. 2 ........................ d. 4. d. ...... d. ..,a. ... .................................................. - .................................................................... ,< .................................. 

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

- 
N o t e :  I t e m s  i n   old T e x t  have been added by G o l d e r  t o  t h e  HELP 
m o d e l  ou tpu t  f i l e ,  B o x e s  p laced around t e x t  have a l so  been added 

Lbt;ol der  t o  e m p h a s i z e  key ou tpu t  data.  

TYPE I - VERT ICAL  PERCOLATION LAYER 
MATERIAL  TEXTURE NUMBER 10 

THICKNESS - - 
- 

1 2 . 0 0  INCHES 
POROSITY - 

- 
0 . 3 9 8 0  VOL/VOL 

F I E L D  CAPACITY - 
- 

0.2440 VOL/VOL 
W I L T I N G  P O I N T  - 0 . 1 3 6 0  VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0.1644 VOL /VOt  
EFFECT IVE  SAT. HYD. COND. = 0.119999997000~-03 CM/SEC 
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Kcttlenian Ilills I:ncility 1.andlill 1 3 - 1 9  Closure I'lan IJpda~e 
HELP Model I<csul~s 

LAYER ? 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 1 9  

THICKNESS = 2 4 0 . 0 0  INCHES 
POROSITY 
F I E L D  CAPACITY 
W I L T I N G  POINT  =! 0 . 0 1 9 0  VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0 . 0 7 3 0  VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 . 1 0 0 0 0 0 0 0 5 0 0 0 ~ - 0 2  CM/SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

THICKNESS - - 
- 

1 2 . 0 0  INCHES 
POROSITY - 

- 0 . 3 9 8 0  VOL/VOL 
F I E L D  CAPACITY - 

- 
0 . 2 4 4 0  VOL/VOL 

W I L T I N G  POINT  - 0 . 1 3 6 0  VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0 . 2 4 4 0  VOL/VOL 
EFFECT IVE  SAT. HYD. COND. = 0 . 1 1 9 9 9 9 9 9 7 0 0 0 ~ - 0 3  CM/SEC 

LAYER 4 

TYPE 1 - VERT ICAL  PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 19 

THICKNESS = 2 4 0 . 0 0  INCHES 
POROSITY 
F I E L D  CAPACITY 
W I L T I N G  POINT  - - 0 . 0 1 9 0  VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0 . 0 7 3 0  VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 . 1 0 0 0 0 0 0 0 5 0 0 0 ~ - 0 2  CM/SFC 

LAYER 5 

TYPE 1 - VERT ICAL  PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

THICKNESS - - 
- 1 2 . 0 0  INCHES 

POROSITY - 
- 

0 . 3 9 8 0  VOL/VDL 
F I E L D  CAPACITY - 

- 
0 . 2 4 4 0  VOL/VOL 

W I L T I N G  POINT  - 0 . 1 3 6 0  VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0 . 2 4 7 6  VOL/VOL 
EFFECT IVE  SAT. HYD. COND. = 0 . 1 1 9 9 9 9 9 9 7 0 0 0 E - 0 3  CM/SEC 
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Kettleman llills Facility Landfill R-19 Closure Plan Update 
HELP Model Results 

LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS - - 0.30  INCHES 
POROSITY - - 

- 
0.8500 VOL/VOL 

F I E L D  CAPACITY - 
- 

0.OlOO VOL/VOL 
W I L T I N G  POINT  - 0.0050 VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0.0132 VOL/VOL 
EFFECTIVE SAT.  HYD. COND. = 10.0000000000 
SLOPE 
DRAINAGE LENGTH 

LAYER 7 

PERCENT 
FEET 

TYPE 4 - F L E X I B L E  MEMBRANE L I N E R  
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0 .06  INCHES 
POROSITY - - ~ . ~ ~ O ~  VOL/VOL 
F I E L D  CAPACITY - - 0.0000 VOL/VOL 
W I L T I N G  POINT  - - 0.0000 V O L ~ V O L  
I N I T I A L  S O I L  WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. CONO. = 0.199999996000~-12 CM/SEC 
FML PINHOLE DENSITY  - - 4.00 HOLES/ACRE 
FML I N S T A L L A T I O N  DEFECTS - - 4.00 H O L E S ~ A C R E  
FML PLACEMENT QUAL ITY  = 2 - EXCELLENT 

LAYER 8 

TYPE 3 - BARRIER S O I L  L I N E R  
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 24.00 INCHES 
POROSITY - - 

- 
0.4190 VOL/VOL 

F I E L D  CAPACITY - 
- 

0.3070 VOL/VOL 
W I L T I N G  POINT  - 0.1800 VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0.4190 VDL/VOL 
EFFECTIVE SAT.  HYD. COND. = 0.999999975000E-05 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE # l o  WITH BARE 
GROUND CONDITIONS.  A SURFACE SLOPE OF 2 . %  AND 
A SLOPE LENGTH OF. 350. FEET.  

SCS RUNOFF CURVE NUMBER - - 
- 

93.80 
FRACTION OF AREA ALLOWING RUNOFF - 100.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 12.000 ACRES 
EVAPORATIVE ZONE DEPTH - - 12 .0  INCHES 
I N I T I A L  WATER I N  EVAPORATIVE ZONE = 1.973 INCHES 

Page 3 of  8 Ocrobel. 2006 



Kettlcnian Ilills 1:ncility I.andlill 13-19 C'losurc Plan 1.lpdatc 
I-IELI' Modcl Results 

UPPER L I M I T  OF EVAPORATIVE STORAGE = 4 . 7 7 6  INCHES 
LOWER L I M I T  OF EVAPORATIVE STORAGE = 

- 1 . 6 3 2  INCHES 
INITIAL SNOW WATER - n.nnn T N C H F ~  - .  - - "  
I N I T I A L  WATER I N  LAYER MATERIALS = 

- 
5 2 . 9 7 2  INCHES 

TOTAL I N I T I A L  WATER - 
- 

5 2 . 9 7 2  INCHES 
TOTAL SUBSURFACE INFLOW - 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
BAKERSFIELD CAL IFORNIA  

STAT ION LAT ITUDE = 3 5 . 4 2  DEGREES 
MAXIMUM LEAF AREA INDEX = 0.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 4 4  
END OF GROWING SEASON (JULIAN DATE)-' = 3 3 1  
EVAPORATIVE ZONE DEPTH = 1 2  .O TNCHFs -- - . - . . - - 
AVERAGE ANNUAL WIND SPEED = 6.40 MPH 
AVERAGE 1ST  QUARTER R E L A T I V E  H U M I D I T Y  = 6 7 . 0 0  % 
AVERAGE 2ND QUARTER R E L A T I V E  HUMID ITY  = 4 2 . 0 0  % 
AVERAGE 3RD QUARTER R E L A T I V E  HUMID ITY  = 3 8 . 0 0  % 
AVERAGE 4TH QUARTER R E L A T I V E  H U M I D I T Y  = 63.00 % 

NOTE: P R E C I P I T A T I O N  DATA WAS SYNTHETICALLY GENERATED USING 
COEFF IC IENTS  FOR BAKERSFIELD C A L I F O R N I A  

NORMAL MEAN MONTHLY P R E C I P I T A T I O N  (INCHES) 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED US ING 
COEFFICIENTS FOR BAKERSFIELD C A L I F O R N I A  

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

NOTE: SOLAR RADIAT ION DATA WAS SYNTHETICALLY GENERATED USING 
COEFF IC IENTS  FOR BAKERSFIELD C A L I F O R N I A  

AND STAT ION LAT ITUDE = 3 5 . 4 2  DEGREES 

.. ,. .< .. 9: i< ,: ,, 
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Kettlclnan Ilills I'acility I,a~idfill B-19 Closure Plan llpdatc 
HEI,I' Modcl Rcsults 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 30 
--.-------------.---------------------------------------------.----..-.---.---. 

l A N / l U L  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
- - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  

P R E C I P I T A T I O N  

TOTALS 

STD. DEVIAT IONS 0.70 0 . 6 1  0 . 6 1  0.42 0.32 0.06 
0 . 0 1  0 .10  0.18 0.46 0.74 0.35 

RUNOFF 

TOTALS 0.079 0.036 0.047 0.010 0.004 0.000 
0.000 0.000 0 .001  0.019 0.092 0.009 

STD. DEVIAT IONS 0.107 0 .058  0 . 0 9 1  0.014 0.010 0.000 
0.000 0 . 0 0 1  0.002 0.044 0.170 0.023 

EVAPOTRANSPIRATION 

TOTALS 0.633 0 .921  0.833 0.628 0.408 0.216 
0.127 0.088 0 .081  0.088 0.276 0.272 

STO. DEVIAT IONS 0.502 0 . 6 3 1  0.568 0.422 0.152 0.090 
0 . 1 2 1  0.104 0.088 0.076 0.404 0.223 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 
--.-------.----------------------------- 

TOTALS 

STD. DEVIAT IONS 0.1695 0.2271 0.2015 0.1487 0.1105 0.0156 
0.0126 0 .0001  0.0005 0.0053 0.0231 0.1382 

TOTALS 

STD. DEVIAT IONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AVERAGES OF MONTHLY AVERAGED D A I L Y  HEADS (INCHES) 

D A I L Y  AVERAGE HEAD ON TOP OF LAYER 7 

AVERAGES 

STD. DEVIAT IONS 0.0008 0.0012 0.0010 0.0008 0.0006 0.0001 
0.0001 0.0000 0.0000 0.0000 0 .0001  0.0007 
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Kcttlcman Ilills I.'acility I.andlill 13-10 C1osul.c I'lan 1Jpd:ltc 
I IELP Model Rcsul~s  

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30 
.---.-----.--.---.-------.---.-----.----.---------.---------.--------..------- 

I N C H E S  CU. FEET PERCENT 
-----------------.- -.----------- -- - - - - - - -  

P R E C I P I T A T I O N  5.64 ( 1.614) 245707.5 100.00 

RUNOFF 0.296 ( 0.1962) 12881.98 5.243 

EVAPOTRANSPIRATION 4.571 ( 1.1998) 199107.77 81.034 
~- .  . . -- 

DRAINAGE COLLECTED 0.73817 ( -0 ;%974)  32154.621 
LAYER 6 - Leachate t o  - Phase 1A .- = . 241,000 gal lons/year  (annual t o t a l )  

-- 
0.00000 ( 0.00000) 0.172 0 . 0 ~ 0 ~  

t o  Class I Waste = 1 . 3  gal lons/year  
- - -~ i 

AVERAGE HEAD ON TOP 
OF LAYER 7 

CHANGE I N  WATER STORAGE 0.036 ( 0.7537) 1562.89 0.636 



Kettleman I fil ls I'acility 12andiill 0-19 Closure Plan Update 
tlEl.1' Modcl llesults 

............................................................................................................................................................................................................ ...................................... .,,< .................................................................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

RUNOFF 

(INCHES) (CU. FT.) 
- - - - - - - - - -  - - - - - - - - - - - - -  

1 .54  67082.398 

DRAINAGE COLLECTED FROM LAYER 6 0.05111 2226.56738 
peak ~ a i l y  ~ e a c h a t e  t o  phase 1~ - 16,700 g a l l o n s  

PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.01057 
Peak - D a i l y  Leachate t o  Class I - 0 . 1  ga l lons /day  o r  0 .01  ga l lons/ac/day 

AVERAGE HEAD ON TOP OF LAYER 7 0.008 

MAXIMUM HEAD ON TOP OF LAYER 7 0 . 0 2 1  

LOCATION OF MAXIMUM HEAD I N  LAYER 6 
(DISTANCE FROM DRAIN) 0 .0  FEET 

SNOW WATER 0.14 6112.1191 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 

.,. .,. .,. ...... Maximum heads a r e  computed us ing  McEnroe's equa t ions .  *"" 

Reference: Maxitnum Sa tu ra ted  Depth over  L a n d f i l l  L i n e r  
bv Bruce M. McEnroe. u n i v e r s i t v  o f  Kansas 
A ~ C E  Journa l  o f  ~ n v i  ronmental i n g i n e e r i n g  
Vo l .  119, No. 2 ,  March 1993, pp. 262-270. 



Kettle~nsn I lills l:acility 1.andtill R - I9  Closure I'lan i!pdatc 
HELI' Modcl llesults 

F I N A L  WATER STORAGE AT EN0 OF YEAR 3 0  

LAYER (INCHES) (VOL/VOL) 
- - - - -  - - - - . - - - - - - - - - - - . 

1 3 . 0 9 3 4  0 . 2 5 7 8  

SNOW WATER 0.000 







Leachate Collection and Removal System Calculations 

This section evaluates the adequacy of the existing primary leachate collection and 
removal system (LCRS) for the Class 111111 waste disposal area to support the proposed 
bioreactor unit operations. No liquids will be added to the control unit of the Class II/III 
disposal area or the existing, inactive Class I disposal unit. This evaluation is based on 
experience from other bioreactor projects implemented by Waste Management, Inc. 
(WM) in terms of the flow of liquids through waste, and the theoretical analysis of the 
LCRS using the Hydrologic Evaluation of Landfill Performance (HELP) Model. The 
function of the leachate and liquids management system, including the LCRS is described 
in Section 8.1. 

Existing LCRS System Background 
The base liner and LCRS were constructed in 1998 to allow Class 111111 waste disposal in 
Landfill B-19. The capacity of the LCRS was designed for "dry cell" conditions, where 
peak leachate production was based primarily on the percolation of storm water through 
the waste during the operating stages of the landfill. An analysis was performed for the 
northeastern sump serving 30' acres and the southeast sump serving the remaining 
proposed Class 111111 area. The HELP analysis by Rust Environmental and Infrastructure 
estimated that the worst-case peak daily head on the liner would be less than 12 inches2, 
and occur during the Phase 3 waste filling sequence. The estimated peak daily leachate 
production was calculated to be 17,209 gallons per day3 for the 30 acres served by the 
northeastern sump (equating to an average of approximately 573 gallons per acre per day, 
(gpad)). 

To date, Phase 3 filling operations have been completed. The actual leachate collection 
from the Class 111111 LCRS (B191AP) has been much less than predicted by the HELP 
modeling performed by Rust in 1998. Excluding the month of initial filling in November 
1998, the maximum monthly leachate collection from the primary LCRS up to the end of 
2002 (See Attachment A) for the Class 111111 area has been 9,886 gallons4. This variance 
between the HELP analysis and the actual leachate collected is not unexpected. The 
HELP model has been shown to conservatively predict leachate generation 
(overestimate), particularly in dry climates. 

The northeastern LCRS sump (See Drawing 5, "Leachate Collection Sump") was 
constructed in 1998, and will collect leachate flows from the drainage layer of both the 
bioreactor unit (18.23 acres) and control unit (1 1.73 acres). This is the same total 30 
acres that the sump was initially designed to handle in the 1998 "dry cell" design. The 

' Kitst Environment and Infrastructure, 8130197; Page 1 of 12, Appendix E, Attachment 4; 18.4 and 11.6 
acres for northeastern sump. 

Approxilnately 3.15 inches; Section 5.2.4.3 of JTD, Rev. I ,  February 1998. The analysis was based on a 
simulation of 40 feet of waste in place over % of the Class I area. 
' Based on a simulation case where 80 feet of waste would be in place. 

For the month of April 1999. 

I.(:IIS calculations rcv4 
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southem 11.6 acrcs o f  Class II/IIl disposal, planned in 1998 to receive waste and use thc 
southeastern sump, is not proposed to receive waste. 

Leachate Flow Conditions in the Bioreactor Unit 

In addition to liquid entering the waste mass fro111 st01111 events, liquids will be added to 
the bioreactor unit on a regular basis to increase the moisture content o f  thc waste. 
Leachatc will also bc collected from the LCRS and reintroduced into the waste, i.e. 
recirculated. The goal o f  the operation is to raise and maintain the moisture content o f  
the waste to "field capacity", which is the condition beyond which any excess moisture 
begins to leach out from the waste due to gravity. Experience at other bioreactor landfills 
suggests that the moisture content o f  the waste near field capacity promotes the most 
rapid decomposition o f  the waste. Based on testing o f  the waste in Landfill B-19 and 
expericncc with other bioreactor projects and analysis, WM estimates that roughly 60 
gallons o f  liquids per in-place cubic yard o f  fresh waste in Landfill B-19 should be added 
to bring the waste to field capacity. 

Liquids are proposed to bc placed in horizontal injection galleries, vertical injection wclls 
and trenchcs in the upper portion o f  the landfill to introduce nloisture to the cxisting 
waste in lower portions o f  the Landfill B-19 Class 1I11II wastc as well as waste to be 
placed in the future. Leachate will percolate from the upper injection zones to Iowcr 
portions o f  the exisling waste in the landfill, and ulti~iiately to the LCRS once iield 
capacity o f  thc waste is reached. Some liquld introduced into the waste may iind 
preferential pathways through the waste and migrate to the LCRS sooner. 

The maximum amount o f  liquids that can be addcd to the bioreactor unit will vary over 
time based on the potential o f  the waste to absorb liquids. The maximum amount o f  
liquids, which can be delivered from off-site to be injected to the bioreactor unit, is 
approximately 170,000 gallons per day. This quantity is based on a proposed maximum 
o f  34 trucks delivering liquids in 5,000-gallon loads. The figure o f  34 trucks was 
proposed based on the expected liquid needed to bring 2,000 tons per day (TI'D) o f  solid 
wastc from initial moisture conditions to field capacity, by the addition o f  60 gallons per 
cubic yard o f  waste (assumed to be at a density o f  1,350 Ibslcy). This operating condition 
is based on the proposed project to increase the disposal tonnage to 2,000 TPD and 
implement bioreactor operations. Figure 9 within this JTD presents a schematic o f  the 
liquids management system proposed for the bioreactor unit. 

It is esti~ilatcd that i f  bioreactor operations are implemented in early 2006, roughly 80% 
o f  the proposed bioreactor unit capacity will already be filled under "dry cell conditions". 
The liquids additions that follow to this existing waste will percolate down to increase the 
moisture o f  the waste and ultimately generate leachate that will be collected in thc LCRS. 



Analysis of LCRS Capacity 

HELP Analysis of LCRS Drainage Layer Flow Conditions Under Proposed 
Bioreactor Conditions 

Base Liner Gravel LCRS 
EMCON/OWT performed HELP analysis in order to determine the capability of the 
existing LCRS to serve the proposed bioreactor operations. This analysis focused on the 
capability of the LCRS gravel drainage layer to maintain less than 12 inches of head over 
thc base lincr per regulatory requirements. Table 1 summarizes the results of the HELP 
analysis simulations5. 

The following general criteria and simulations were used in the HELP analysis and are 
summarized in Table 1 (refer to printout for detailed parameters): 

1. A test result from the gravel used in the construction of the LCRS for Cell B-19 
prcsented a hydraulic conductivity (k) for this material of 6 cm/sec6. A sensitivity 
analysis was run using fractions of this figure in the HELP Model analysis. In the 
analysis, the hydraulic conductivity of the gravel drainage layer was reduced to 
0.3 cmisec (5 percent), and 0.6 cm/sec (10 percent) to account for variations in the 
conductivity and the potential for biological and/or chemical clogging. We 
believe these fractions used are conservative. 

2. The HELP analysis assumed that waste is placed in 20 foot lifts with a one-foot 
thick cover soil layer placed on top of each lift. Four lifts were assumed for case 
one (a total of 80 foot waste thickness). Case two was modeled assuming eight 
lifts, or a 160 foot thickness of waste that resembles later portions of Phase 4, 
when the landfill nears final grades. 

3. A range of "recharge" rates (leachate infiltration flow rates in gpad) was assumed 
to represent the moisture flow conditions in the landfill. The ability of moisture 
to flow from injection points through the waste to the LCRS will depend on many 
factors, including the initial waste moisture content and the permeability of waste. 
The permeability of the waste will decrease as it decomposes and compresses due 
to overburdell pressures. As the recharge rate increases or becomes too high, 
perching of the liquids may occur which could lead to lateral movement of liquid, 
reduction in the actual recharge rate, and leachate seeps appearing on the landfill 
side slopes. These conditions will be closely monitored to limit their occurrence. 
Recharge rates of 3,000 and 10,000 gpad were used in the HELP analysis. It is 
possible that perching of liquids will occur in this range (i.e., above rates of 3,000 
to 5,000 gpad7), thus limiting the actual flow to the LCRS below this amount. 
The assumed figure of 10,000 gpad of recharge is judged as a worst case because 

+ 
of the potential for preferential pathways and short-circuiting as liquid migrates 
though the waste and the maximum amount of liquid deliveries, discussed below. 

5 HELP analysis was performed for a period of 10 years. 
" Based on test data dated August 20, 1998, provided by CWMI. 
' Expected rates are 3,000 to 5,000 gpad for waste placed at 1,350 lbs./cy; based on telephone conversation 
with Gary Hater, WM director of bioreactor research, April 21,2004 



The quantities of leachate generated as shown in Table J, column 2, are based on
applying this range of recharge rate using the entire 18,23-acre footprint proposed
for the bioreactor operations". The resulting maximum 182,300 gpd shown in
Table I is based on a 10,000 gpad assumed maximum recharge rate over the
entire bioreactor footprint of 18,23 acres, It is also noted that the maximum liquid
addition is limited to 170,000 GPD based on a maximum of 34 trucks, As a
substantial portion of the landfill reaches field capacity, leachate recirculation
alone would maintain the landfill waste mass ncar field capacity,

TABLE l' SUMMARY OF HELP CALCULATIONS
NO Foot Thickness of Waste

gpd over IlU3 acre Head on liner (inches) J Gravel Drainage

Recharge, (grad) I
footprint 2

Layer Permeability LCRS r:low (gpad)
Avg. Annual Peak Daily 10k" (em/sec) 4

3,000 54,{J90 0.89 2.64 0.3 3,083

3,000 54,690 045 1.37 0.6 3,084

10,000 182,300 2,91 6,74 0.3 10,074

10,000 182,300 1,46 3.59 0.6 10,073

160 Foot Thickness of Waste

gpd over 18.23 acre
Head on liner (inches) Gravel Drainage

Recharge, (grad) Layer Penncubiluy LCRS Flow (gpad)
footprint

Avg. Annual Peak Daily "k'' (em/sec)

3,000 54,690 0.89 2.42 03 3,082

3,000 54,090 0,45 124 0.6 3,082
10,000 182,300 2.91 6.49 03 10,079

10,000 182,300 1,46 3,43 0.6 10,079

Noles:
1. Recharge Rate shown includes total recharge Irom leachate recirculation and liquid injection; stnnnwatcr

infiltration is additional
2, Recharge in gpd shown is conservatively based on column 1 x 18.63 acres of biorcactor unit footprint.

J, llcad on Lincr is maximum head calculated from IIEI ,1' analysis
4. Gravel drainage layer permeability has been tested during installation to be <> em/sec. Fractions of this permeability

have been used in the analysis to account for clogging and other factors that may reduce the actual permeability.

Initial Case - 80 Foot Waste Depth
This case represents the thinnest waste depth in the bioreactor unit. The results of the
HELP calculations indicate that the theoretical maximum depth that liquid could reach in
the LCRS would be approximately seven (6,74) inches above the liner, assuming a
recharge rate of 10,000 gpad in addition to storm water infiltration; and a gravel drainage
layer hydraulic conductivity in the LCRS of 0.3 em/sec or 5°;(1 of the test value,
However, it should be noted that this recharge event could not occur because flows in the
LCRS will not substantially increase until the existing waste in the bioreactor reaches
field capacity from the addition of liquids, It is estimated that if the maximum daily
amount of 170,000 gpd of liquids were added consistently to the bioreactor unit six days

~ The control unit is ignored in analysis because it will generate less than I% of LCRS flows. The
maximum monthly LCRS flow up to 2003 in B191AP of9,886 gallons occurred in April 1999 over
approximately 25 acres. This corresponds to a tlow of 13 gpad, (Most other monthly flows are far less.) •
This is 0.43% and 0.13%, respectively, of the range ofLCRS flows of 3,084 and 10, 079 gpad analyzed
below in cases of bioreactor infiltration rates of3,OOO and 10,000 gpad.

LCRS calculations rev4 4
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per week, it would take approximately 2.5 years before the entire mass of waste in the 
landfill would reach field capacity9. Therefore, the actual depth of flow in the LCRS for 
this case, which will take place at the initial stages of bioreactor operations, is anticipated 
to be no more than 1.37 inches, assuming that the recharge from liquid additions is 3,000 
gpad and the LCRS gravel is functioning at 10% of the actual reported hydraulic 
conductivity. 

Final Case - 160 Foot Waste Depth 
This case represents the conditions in the final phase of operations (Phase 4). The results 
of the HELP modeling for this scenario indicate that the theoretical maximum depth that 
liquid could reach in the LCRS would be approximately six (6.49) inches above the liner, 
assuming a recharge rate of 10,000 gpad plus storm water infiltration, and assuming that 
the permeability of the gravel in the LCRS is 0.3 cmisec, or 5 percent of the actual 
sample. This case is also considered to be conservative given that the hydraulic 
conductivity of the gravel drainage layer has been reduced by 95 percent of the actual 
reported hydraulic conductivity. Additionally, this case assumes that 10,000 gpad is 
injected into the landfill waste mass. This 10,000 gpad is believed to be a maximum that 
can be applied (both recirculated and liquid additions) to the waste mass. It is not 
anticipated that this flow rate will be sustained over the operating life of the landfill; 
therefore, the peak daily head on the base liner for this condition is believed to be a 
consewative estimate. However, it is noted that the analysis above is theoretical based on 
uniform recharge conditions. The actual conditions of leachate flow and channelization in 
the bioreactor can vary, which will lead to variation of flow depths over the area of the 
base LCRS drainage system. 

Seoaration Liner Geocomposite LCRS 
A separation liner was placed over the side slope of the existing Class I waste fill to 
provide a barrier between the Class I waste and the Class 111111 waste. The separation 
liner is con~prised of the following components from top to bottom of: 

24 inch thick operations layer 
Geocomposite drainage layer 
60 mil HDPE geomembrane 
24 inch thick foundation layer (kSlx10-5 cmlsec) 

To ensure that the operations of the bioreactor over this liner would not create head build 
up over the regulatory mandated maximum of 12 inches, the geocomposite drainage layer 
was analyzed to determine its performance under increased leachate flow. 

Two recirculation rates, 3,000 gpad and 10,000 gpad, were analyzed to judge the 
adequacy of the existing geocomposite. For each recirculation rate two hydraulic 
gradients, 5 and 26 percent, with flow lengths of 150 and 300 feet, respectively, were 

9 Assuming that 60 gallons per CY is required to reach field capacity and that moisture addition to the 
bioreactor waste include infiltration of l/, of the average rainfall (3.25 inches) plus the addition of 170,000 
gallons per day of liquids. This is based on in-place and incoming waste tonnage conditions and addition 
of liquids from mid-2006 to 2009. 



used to simulate the existing separation liner co~iditions within the bioreactor unit. The 26 
percent gradient is located on the upper portion o f  the separation liner slope within the 
bioreactor unit, and the 5 percent gradient is located near the bottom o f  the separation 
liner"'. 

The flow adequacy was detennincd based on the following refcrcnccs: 

1. Koerncr, R.M., (1 998). Designing with Geosy~ithetics, Fourth Edition. 
2. Geosynthetic Research Institute. (2001). GRI Stundurd - GC8 
3. Giroud, J.P., Zornberg, J.G., and Zhao, A. (2000). "Hydraulic Design o f  
Geosynthetic and Granular Liquid Collection Layers", Geosynthetlc I~~ternutio~iul, 
Vol.  7. Nos. 4-5. 

The calculations use published reduction factors for geocomposite creep, intrusion, and 
biological and chemical clogging. Based on the geometry o f  the site; the normal load, 
slope inclination and the length are input. These values along with the reduction factors 
are used to calculate two required geocomposite flow rates. For a geocomposite, the flow 
rate is expressed as a transrnissivity value. First, the required transmissivity is calculated 
based on the geometric conditions at the site. A second transmissivity is calculated based 
on a reduction o f  the design transmissivity by the reduction factors. A total reduction 
Factor o f  7.1 (TSF or total serviceability factor) i s  used for the analysis, to yield a 
required "index transmissivity". This index transmissivity is then compared against the 
reported manufacturer transmissivity and/or confonnance transmissivity testing data 
performed on the geocomposite at the time o f  installation to determine ihe flow 
adequacy. The index transmissivity was used in calculations to check the capability o f  the 

v 
in-place geocomposite drainage layer at the recharge rates o f  3,000 and 10,000 gpad, 
modeled above. A manufacturer reported transmissivity o f  5x10 .~  m2/sec is used as a 
standard for analysis based on the product data sheet (Attachment B ;  8 ozlyd2 
geocon~~osite") for the geocomposite installed for the separation liner. This 
transmissivity was also tested and verified during construction quality assurance with a 
rcsult o f  8 . 7 ~ 1 0 . ~  m2/sec12, which is greater than the manufacturer's reported 
transmissivity. The geocomposite Fabrinet HF produced by GSE is 250 mils thick, as 
shown on the product data sheet. 

Tables 2 and 3, at the end o f  this report, show calculations using a recharge ratc o f  3,000 
gpad and hydraulic gradients o f  5 and 26 percent. These results indicate that the existing 
geocomposite on the separation liner should transmit this flow to the base liner gravel 
drainage layer without head build-up above o f  the thickness o f  the geocompositc. The 
calculated index transmissivity required to convey recharge rates assu~ued are presented 
below. 

"See Drawing 5 and Section A-A of JTD. 
" Data sheet provided by email from Fred l'aap, CWMI, Febtuary 17,2006. 
I' Based on test data ptovided by Scott Sumner, Golder Associates, Inc., via elnail 



Required Index Manufacturer's Tested 
Recharge Rate 1 Gradient 1 Transmissivity ~ransmissivity(') ~ransmissivity'~) 

1. Transmissivity based on 10 percent gradient and 10,000 psf normal load. 
2. Transmissivity based on 10 percent gradient and 10,000 psf normal load. 

Based on the results presented above, the index transmissivity required for a recharge rate 
of 3,000 gpad is less than the transmissivity reported by the geocomposite manufacturer 
and the actual tested transmissivity of the material installed at the site, therefore, the 
calculations indicate that the flows for this condition would be contained within the 
thickness of the geocomposite drainage layer. 

The calculation using a recharge rate of 10,000 gpad (Tables 4 and 5, at the end of this 
report) show that the existing geocomposite can transmit this flow to the base liner gravel 
drainage layer without head build up above the liner of greater than the thickness of the 
geocomposite drainage layer. This finding for a gradient of 5 percent is based on the 
tested t r a n s m i s ~ i v i t ~ ' ~  of the geocomposite installed and not the minimum manufacturers 
reported value. 

Analysis of Flow Capacity of Leachate Sump Gravel to Support Proposed 
Bioreactor Operations 

In addition to checking the drainage layer of the LCRS, calculations regarding the 
capacity of flow through the drainage gravel in the sump were performed. Using similar 
analysis provided by ~ u s t ' ~  for the design of the sump in the Class 111111 disposal area, 
and updating the permeability "k" value (6 cmlsec) as provided by CMWI test data; the 
flow capacity of the gravel in the LCRS and flow to the pipe in the LCRS sump through 
the gravel was checked. The calculations are in Attachment C. The calculations assumed 
flow conditions at 50% of the test "k" value for permeability. The result indicates a flow 
capacity of approximately 220,000 gallons per day. Therefore, the sump extraction rate 
(220,000 gpd) exceeds the expected maximum leachate flow rate from the HELP 
modeling (182,300 gpd) as described, above. 

" It should also be noted that the actual transmissivity of the geocomposite at 5 percent would be greater 
than the tested transmissivity, which was measured at 10 percent, because turbulent flow is reduced at the 
lesser slope, providing a greater transmissivity. 
l 4  JTD, Rev. 1, February 1998; Appendix E, Attachment 4; pages 6 and 7, with updated "k" value. 
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CONCLUSIONS 

Based on the HELP modeling, caIculatiolls for the base liner drainage gravel and capacity 
calculations for thc sump, thc lcvcls in the LCRS should 1101 exceed the 12-inch I~cad 
limitation required by Title 27 CCR. (A copy of the HELP model output files is in 
Attachment D). The HELP modeling predicts that the maximum peak daily head on thc 
base liner would not exceed 6.74 inches. This analysis has been performed by assuming 
conservative LCRS hydraulic conductivity values and a recharge rate of 20,000 gpad 
consistent with the maximum liquid injection rates proposed. 

The adequacy of the 250 mil geocolnposite drainage layer over the separation liner was 
evaluated using ~nanufacturcr and CQA transmissivity data and industry accepted flow 
reduction factors. This a~ialysis included calculatiorls for recharge rates of 3,000 gpad and 
10,000 gpad and hydraulic gradients of 5 and 26 percent. The 10,000 gpad figure 
represents the worst case bioreactor infiltration rate. 

These analyses were perfonned using assumptions and the factors of safety noted to 
demonstrate that the LCRS for the bioreactor wilI perform in accordance with Title 27 
CCR. The actual conditions in the landfill and LCRS will be more complex as 
channelization of liquid nlay occur. The actual achievable recharge rate will valy 
considcrably over the landfill and over time. We rccornmend the quantities of liquid 
pumped fro111 the sump be monitored daily. Should the quantity of leachate pumped from 
thc sump exceed 220,000 gpd or the depth in the sump indicates that greater than 12 
inches of Ieachate head has built up on the liner, addition of liquid to the landfill should 
cease until liquid can be evacuated and the head reduced. Analysis and regular 
monitoring should also bc performed to determine if the landfill has reached field 
capacity and to develop a relationship between liquid injections and LCRS sump 
performance so that injections can be controlled to ii~aintain proper operating conditions. 
As the landfill reaches field capacity and recirctilation of lcachate increases, the amount 
of outside liquids introduced will nced to be monitored and adjusted such that the head on 
the liner is maintained below 12 inches and leachate docs not build up causing seeps or 
unstable conditions. 



Table 2 
Geocomposite Transmissivity Calculations 

Based on Infiltration (3,000 gpad, 5% Gradient) 

II Prcparcd By: R. Wail 

Date: 2/26/2006 

RE UIRED: Transmissivity of gcocornposite drain based on infiltration rate I t -  
Checked By: MJUMK 

Date: 2/28/2006 

ZEFERENCES: 
1.  Koerner, R.M., (1 998). Designing with Geosynthetics, Fourth Edition. 
2. Geosynthctic Rescarch Institute. (2001). GRI Standard - GC8 
3. Giroud, J.P., Zornberg, J.G., and Zhao, A.  (2000). "Hydraulic Design of Geosynthetic and 

Granular Liquid Collection Layers", Geosynthetic International, Vol. 7,  Nos. 4-5. 
)ESICN DATA: 

Infiltration rate in to the geocomposite drain 
or 

Slopc Icngth mcasurcd horizontally 
(from crest of slope to toe of slopc) 

Maximum waste height 
Wastc unit weight 
BasclIner/geocomposite slope: 

Geocompositc thickncss 
Thickness of the liquid collection layer for geocomposite 

REDUCTION FACTORS: 
Global factor of safety 

0.05 radians 
-mil 

0.0064 rn 

(1) The values of RF;,,, RF,,, RF,,, and RFbc below may be selected based Koerner (1998) 
(2) The value of RF,, can also be determined using GRI Standard GCX 

Reduction factor for intrusion due to elastic deformation RFi, = 

Reduction factor for creep deformation RF,, = 

Reduction factor for chemical clogging/precipi tation RF,, = 

Reduction factor for biological clogging RFbc = 

Total scrviceab~lity factor (TSF) 
TSF = FS x RFi, x RF,, x RF,, x RFbc TSF = 7.1 

XLCULATIONS: 
Totat flow at the toe of geocornposite, 

q = e x L  4 = 1.53E-06 m2/scc 

Required transmissivity, 

Required irldcx tta:~nsrnissi\.il.j~, based on test using 
1 5-minute seating time using rigid boundary conditions, 

G ~ o c o ~ ~ J o s I ~ c ~ ~ ~ ~  gpad -5 pcrcenl 1 o f 2  7/25/04 



Table 2 (cont'd) 
Geocomposite Transmissivity 

Calculations (3,000 gpad, 5% Gradient) 

Prepared By. 1%. Wall 

Dalc: 2/2(l/Z00h 

Chccked Uy: 

Date: 

Check using Giroud et a1.(2000) equation: 

r 1 
e L 

O I 5  = TSF - 
- 2.2E-04 rn2/sec 

sin p + 
Required design i~ai~snrissivity based on test using 
100-hour seating with site-spccific boundary conditions, 

~ I O O = ~ I ~ J R F ~ .  %oo= 1.2E-04 m21scc 

CONCLUSIONS: 

The proposed gcocomposite should satisfy a index transmissivity (q,,) of 2.2~-04 m2/scc 
when tcsted undcr r~g id  boundary conditions with seating time of 15 minutes 

nndior 

The proposed geocomposite should satisfy a design transmissivity (q,,,,) of 1.2~-04 m2/sec 
when tcsted undcr site-specific boundary conditions with seating time of 100 hours 

IMATERIAI ,  PROPERTIES: 

A GSE Fabrinet I-IF has an adversized indcx transmissivity of 5E-04 rn2/sec (gradient of 0.1 with a 10,000 psf load) 

GSE Febrinct I-IF installcd in Landfill B-19 had a tested transmissivity of R.7E-04 m21sec (gradient of 0.1 with a 10,000 psf load) 



Table 3 
Geocomposite Transmissivity Calculations 

Based on Infiltration (3,000 gpad, 26% Gradient) 

Prcpared I3y: R. Wall 

Dare: 2/26120(N 

Checked By: MJUNK 

llate:'-1 

//REQUIRED: Transmissivity ofgeocomposite drain based on infiltration ratc I1 
REFERENCES: 

1. Kocmer, R.M., (1 998). Designing with Gcosynthetic.~, Fourth Edition. k 
2. Gcosynthetic Research Institute. (2001). GRIStandard - GC8 
3.  Giroud, J.P., Zornbcrg, J.G., and Zhao, A. (2000). "Hydraulic Design of Geosynthetic and 

Granular Liquid Collection Layers", Geosynlhetic International, Vol. 7,  Nos. 4-5. 
DESIGN DATA: 

Infiltration ratc in to thc geocomposite drain 
or 

Slope lcngth measured horizontally 
(from pipe to the crest of slope) 

Maximum waste height 
Waste unit weight 
Baseliner/geocomposite slope: 

Gcocomposite thickness 
Thickness of the liquid coltection layer for geocornposite 

REDlJCTION FACTORS: 
Global factor of safety 

gpad 
0.1 1 inchiday 

3.34E-08 mlsec 

I 300(ft 
9 1.5 m/sec 

0.25 radians 

Note: 
( I )  The values of RFi,, RF,,, RF,,, and RFbc below may be selected based Koerner (1998) 
(2) Thc valuc of RF,, can also be determined using GRI Standard GCX 

Reduction factor for intrusion due to clastie deformation RFi, = 

Reduction factor for creep deformation RF,, = 

Rcduction Fdctor for chcrnical cloggingiprecipitation RF,, = 

Reduction factor for biological clogging RFb, = 

Total serviceability factor (TSF) 
TSF = FS x RF,,, x RF,, x RF,, x RFb, TSF = 7.1 

CALCULATIONS: 
'Total flow at the toe of geocomposite, 

q = e x L  4 ' 3.05E-06 mZ/sec 

Required transmissivity, 

q = qlsin b 9 = 1.21 E-05 m2/sec 

Required i t ~ t l e x  tr;~nsrnissi~ ily, based on test using 
15-minute seating time using rigid boundary conditions, 

q , ,  - q  x TSF q15' ~ . ~ E - o s  rnZ/sec 

Cieocornpos1tc300U gpad -26 perccnt 1 of2  7/25/04 



Table 3 (cont'd) 
Geocomposite Transmissivity 

Calculations (3,000 gpad, 26% Gradient) 

I1l.epal.cd ny: I< Wall Checked By: 

[late: 2126120116 Dale: 

Clicck using Giroud et a1.(2000) cquation: 

e L 
O , ,  = TSF - 

- 8.7E-05 m2isec 

Required dcsigrr t ~ , a ~ ~ s n ~ i s v i v i t y  bascd on test using 
100-hour seating with site-specific boundary conditions, 

cl I 00 = 9 1 JRFin 

CONCI,USIONS: 

Tlic proposed geocompositc should satisfy a index transmissivity (q,,) of 8.7~-05 m2/sec 
whcn tested under rigid bo~~ndary  conditions with scating tinie of 15 minutes 

and/or 

The proposed gcocompositc should satisfy a design transmissivity (q,,,) of 4.8E-05 m'lscc 
when tested under site-spccific boundary conditions with scating time of 100 hours 

MATERIAL PROPERTIES: 

GSE Fabrinet HF  has an adversized indcx transmissivity of 5E-04 m2/scc (gradient of 0.1 with a 10,000 psf load) 

GSE Fabrtnet HF  i~~stal lcd in Landfill B-19 had a tested transn~issivity of 8.7E-04 m2/scc (gradient of 0.1 with a 10,000 psf load) 

Actual lranslnissivity conformance tcst rcsults pcrfortncd on material tnstallcd = 8.728-04 n?/scc (gradient of 0.1 
with a 10,000 psf load) 

lir11con1pnsi1c3000 ypad -26 pcrcent 2 0 f 2  7:25/04 



Table 4 
Geocomposite Transmissivity Calculations 

Based on Infiltration (10,000 gpad, 5% Gradient) 

I 
l'rcpared Ry: R. Wall 

Ualc: 2/26/2006 

Checked By: MJLIINK 

Date: 2/28/2006 

REQUIRED: Transmissivity of geocomposite drain based on infiltration rate 

REFERENCES: 
I. Kocmcr, R.M., (1998). Deslgnlr~g witlr Geosynthetics, Fourth Edition. 
2. Geosynthetic Research Institute. (2001). GRIStandard - GC8 
3. Giroud, J.P., Zornberg, J.G., and Zhao, A. (2000). "Hydraulic Design of Geosynthetic and 

Granular Liquid Collection Layers", Geosyntheiic International , Vol. 7, Nos. 4-5. 
DESIGN DATA: 

Infiltration rate In to the geocomposite drain 4 = m I g p a d  
or e = 0.37 inchlday 

- - 1.09E-07 mlsec 

Slopc length measured horizontally 
(from crcst of slope to toe of slope) 

Maximum waste height I-l = 

Wastc unit weight gt = 85 pef 
Baseliner/geocomposite slope: i = 5 % 

b =  tzzd 0.05 radians 
Gcocompositc thickness t ,  = 1-mil 
l'hickncss of the liquid collection layer for geocomposite ~ C L C  = 0.0064 m 

REDUCTION FACTORS: 
Global factor of safcty 

Note: 
( I )  Thc values of RF;,, RF,,, RF,,, and RF,, below may be selected based Koctner (1998) 
(2) The value of RF,, can also be determined using GRI Standard GC8 

Reduction factor for intrusion due to elastic deformation RF. ~n = 

Reduction factor fbr creep deformation RF,, = 

Reduction factor for chemical cloggingiprccipitation RF,, 
Reduction factor for biological clogging RF,, = 

Total serviccability factor (TSF) 
TSF = FS x RF,, x RF,, x RF,, x RF,, TSF = 7.1 

CALCULATIONS: 
Tolat flow at the toe of geocomposite, 

q = e x L  4 = 4.998-06 m2/sec 

I<equired transmissivity, 

q = qisin b 

Rcquircd intlcs trailsnlissivity, based on test using 
15-minute seating time uslng rigid boundary conditions, 

q , ,  = q x TSF 91s= 7.1 E-04 ~ n ~ l s e c  

(icocornpositc 10000 gpad -5  percent 1 o f 2  7/25/04 



Table 4 (cont'd) 
Geocomposite Transmissivity 

Calculations (10,000 gpad, 5% Gradient) 

I'lcptirctl Ily K.  Wall Checked Ry: 

Ilaic: 2/26/2006 Ilatc: 

Check using Giroud ct n1.(2000) equatioli: 

e l, 
01, = TSF - - 7.1 E-04 m2/sec 

sin ,8 +--- 
Required desigll l r ; ~ n s ~ n i ~ s i v i t )  bascd on tcst using 
100-liour seating with site-specific boundary conditions, 

~ I O O  = q15/Rpif, q , o o =  4.OE-04 m2/scc 

CONCLUSIONS: 

The proposed gcocompositc should satisfy a index transmissivity (q,,) of 7.1 13-04 m2/sec 
when tcstcd undcr rigid boundary conditions with seating time of 15 minutes 

andlor 

The proposed gcocompositc should satisfy a dcsigrl tl.ansmissivity (q,,,) of 4.OE-04 m2/sec 
when tcstcd under site-specific boundary conditions witli seating time of 100 liours 

'TEST CONDITIONS: 

GSE Fabrinet HI; l ~ a s  an advcrsizcd indcx trans~nissivity of 5E-04 mZ/scc (gradient of 0.1 with a 10,000 psf load) 

GSE Fabrinct IIF installed in Landfill 0-19 had a tcstcd transmissivity of 8.7E-04 m2/scc (gradicnt of 0.1 with a 10,000 psf load) 

Actual lransmissivity conformance test results performed on niatcrial installed - 872E-04 m2/scc (gradicnt of 0.1 with 
21 10,000 psf load) 

a 



Table 5 
Geocomposite Transmissivity Calculations 

Based on Infiltration (10,000 gpad, 26% Gradient) 

I [I 
Prcparcd D y  I< .  Wall Checked By: M J U N K  

Dale: 212612006 Date: 212812(106 

RE UIRED: Transmissivity of geocomposite drain based on infiltration rate k 
EFERENCES: 

1 .  Kocmer. R.M.. (1998). Desianinw wifh Geosvnfhetics, Fourth Edition . . - 
2. Geosynthetic Research Institute. (2001). GRIStandard- GC8 
3. Giroud, J.P., Zomberg, J.G., and Zhao, A. (2000). "Hydraulic Design of Geosynthetic and 

Granular Liquid Collection Laycrs", Geosynthetic Internutional , Vol. 7 ,  Nos. 4-5. 
ESlGN DATA: 

Infiltration rate in to the gcocomposite drain 9 = gpad 
or e = 0.37 inchlday 

- - 1.09E-07 d s e c  

Slopc lcngtli measured horizontally 
(from pipc to the crest of slope) L = -1 f t  

- - 91.5 d s c c  

Maximum waste hcight 100 f t  
Waste unit weight gt = 8.5 pcf 

Basclinerlgeocompositc slopc: j H =  = E l  20 % 
b = 0.25 radians 

Gcocomposite thickness t, = -mil 
Thickness of thc liquid collection layer for gcocompositc ~ C L C  = 0.0064 m 

Global factor of safcty 

Note: 
( 1 )  The values of RF;., RF,,, RF,,, and RF,, below may be selected based Koemer (1998) 
(2) The value of RF,, can also be determined using GRI Standard GC8 

Rcduction factor for intrusion due to clastic deformation RF,, = 

Reduction factor for creep deformation RF,, = 

Reduction factor for chemical clogginglprecipitation RF,, = 

Reduction factor for biological clogging RF,, = 

Total serviccabil~ty factor (TSF) 
TSF = FS x RF;,, x RF,, x RF,, x RF,, TSF = 7.1 

ZALCULATIONS: 
Total flow at the toe of gcocomposite, 

q = c x L  q = 9.98E-06 m21sec 

Rcquircd transmissivity, 

q = qlsin b 

Required i11dt:x t r i~ns ln is~i \  it)., based on test using 
15-minute scating timc using rigid boundary conditions, 

q,, = q x TSF q15= 2.8E-04 m21sec 

Gcocon1positc101100 gpnd -26 percent I of2 7125104 



Table 5 (cont'd) 
Geocomposite Transmissivity 

Calculations (10,000 gpad, 26% Gradient) 
I 

l'rcparcd I l y :  It. Wall 

Llnte: 2/26/2000 

II Chcck using Ciroud ct a1.(2000) cquation: II 

Requircd rlcsijir~ (r.a~rsn~issivity based on test using 
100-hour scatlng with sitc-specific boundary conditio~is, 

UONCLUSIOKS: 

proposcd gcocompositc should satisfy a i ~ ~ d c x  transt~~issivlty (q,,) o f  2.8E-04 ,n2/scc 
when tested under rigid boundary conditions with seating time of 15 minutes 

and/or 

The proposetl gcocompositc sl~ould satisfy a design transmissivity (q ,,,) of 1.6E-04 m2/scc 
whet] tcstcd undcr sitc-specific boundary conditions with scating timc of 100 hours II 

I IATERI  A[. PROPERTIES: I+ 
GSE Fabrinct I IF has  an adversizcd indcx trans~nissivity of 5E-04 m2/scc (gradient of 0.1 with a 10,000 psf load) 

CXE Fabrinet HI: installcd in Landfill 13-19 had a testcd transtnissivity of 8.7E-04 m2/sec (gradient of 0. I with a 10,000 psf load) 

Acc~ral transmissivity confbrmancc tcst rcsults pcrfol.lncd on material installcd = 8.72E-04 rn2/scc (gradicnt of 0.1 

(icocoml10~1lc 10000 gpad -26 perccnl 2 o f 2  7/25/04 



ATTACHMENT A 

HISTORICAL LCRS REMOVAL VOLUMES - CLASS 111111 WASTE [B191A] 

LCRS calculations rev4 
Last printed 212812006 1 1  :48:00 AM 



KHF Landfill 6-19 Phae I A  (Was8 II & C l a u  Ill W-) 
Llonthly Leachate Pumpud IGalions) and Rplnfall (Inches) 

Nor98 Dee58 
8'191AP W,740 3.212 

B191AS 0 0 

BlSIAV 0 0 
Rainfall 0.70 0.45 

.kn-SS F.b-es ?&&9 my-99 Jun-99 J u l e  Aug-gS -99 (Xt-99 Nov-99 D.e-BP 
BIS1AP 0 2.622 7,888 9,886 2,490 0 0 1,876 0 0 0 0 
BlSlAS 0 0 0 0 0 0 0 0 0 0 0 0 

BlWAV 0 0 0 0 0 0 0 0 0 0 0 0 
Rainhll 1.60 0.18 0.96 0.74 0.00 0.W 0.00 0.00 O S O  0.W 0.07 OM 

~m-oo F&W mrm ~pr-00 Jun4O J U I ~  ~ u g - 0 0  ScpQO Oct-90 Nov-00 OQe-Db 
B19%AP 1.824 6,723 9.285 0 8sD 0 0 0 2,237 0 0 0 

B731AS 0 0 0 0 0 0 0 0 0 0 0 0 

BlSlAV 0 0 0 0 0 0 0 0 0 0 0 0 

Rainfall 1.38 1.W O~w 08a 0.w 0.22 0.00 Ow 0.00 0.41 0.02 0.13 

JwM Febdl Mar* Apr* May-01 JunQl Jul-M AugW Sop41 OctM Naval DOC41 
Wa AP 0 0 4.WO 0 0 2,140 0 0 0 WS 0 0 

~ 1 9 1 ~ ~  o o o a D o o o o o o 0 

8191AV 0 0 0 0 0 0 0 0 U 0 0 0 

Rainfall 1.80 2.41 1.55 0 6 6  om 0.00 0.W 0.M 0.00 0.18 1.55 1.21 

~ a n - 0 ~  F m  Marm np.02 M P ~ . Q Z  dun92 &JM Ayl.02 9ep02 C+2tn2 HovQ.? Dm42 
RIWAP 0 0 0 1,755 0 0 0 818 0 0 I) 0 

Ei91AS 216 0 0 87 0 0 73 5 0 0 0 0 

BI9iAV 0 0 0 n 0 0 0 0 0 0 0 0 

Rsinnll 0.87 0.15 0.84 o.m an 0.m 0.m 0.w oco OW 0.w 3.13 

P = Primary LCRS 
S = Seconda~ LCRS 
V = VKlose LCRS 

LCRS calculations rev? 
Lmt@ 212812006 l l48:OO AM 



ATTACHMENT B 

LCRS SUMP CAPACITY CALCULATIONS 

LCRS calculations rev4 
Last printed 2/28/2006 11 :48:00 AM 



CAPACITY OF SUMP GRAVEL- PERIMETER NEAR BASE OF SUMP 

Slope of liner, I 
head on liner, h 
Neglect sideslope to sump 

5.0% 
1.0 ft maximum 

Q=k*I*A 
Test k, Hyd Conductivity = 6 cmlsec 
Assumed k, Hyd Conductivity = 3 cmlsec 
A = L * h  70 sf 
L = sum perimeter 70 ft 

50% of  test 

Conversions 0.0328083 cm = 1 ft 
86400 day= sec 

7.48052 cf=gal 

Q= 29,764 cflday 
222,648 Gallons per day 

CAPACITY OF FLOW TO PIPE THROUGH SUMP GRAVEL 
(Assumed Pipe and pump capacity greater than flow reaching pipe through gravel) 

Assumes Darcy's Law is valid to estimate quantity through flow net. 
Use flow diagram for Nf, Nd; and L and H (page M2, Rust). 

head on liner, h 
Nf 
Nd 

1.0 ft maximum 
5.0 
3.0 

Q=kkH*(Nf/Nd)*L 
Test k, Hyd Conductivity = 6 cmlsec 
Assumed k, Hyd Conductivity = 3 cmlsec 
H= depth of sump gravel plus h 5.0 ft 
L = Length of Perforated pipe 8 ft 

Conversions 0.0328083 cm = 1 ft 
86400 day= sec 

7.48052 cf=gal 

Q= 566,927 cflday 
4,240,912 Gallons per day 

50% of  test 

LCKS calculal~ons rev4 
last 111 iclted 2I2Rl2llOO I I :4X:OO A M  



ATTACHMENT C 

SEPARATION LINER GEOTEXTILE DRAINAGE LAYER 
TRANSMISSIVITY TEST INFORMATION 

C:\Dacuments and Settings\mark.urquharRMy Dacummts\prajects\WMI - Kettlman\Permit docsUTD\reg agency comments & 
responses -start act  2005\after 2-13-06 meeting at B-I9\LCRS\LCRS calculations rev4.doc 
2117104 Last ~ r i i t t d  212812006 I I :48:00 A M  



Product Oata Sheet 
Ilr 

~ ~ Q M P W O I  GSE FabdNut l f F  Grtrccmrporl~~ 

GSE Fobi tN~ HF gaocompwik wnrlrk d GSE HW.t HF gmnat haaclominatad on one or bolh side8 with cr GSE 
n ~ w o v r n  needlrpunchd gwh*tik+ CiSE tlyp.rNd HF ha a 250 mil thick usonst mnufactursd from a pmmium gmds 
high dmrlty pdydhyians msin. For fhr purpau, d bmrmtion fo grcr-, GSE oanwm n4lspun~hhd ge&Ohr  
om woilablr in mas per unit at- mngs d 4 al/yd' (200 e/rnfi) to 16 or/@ (560 ~/rny.  GSE FrrbrsNo~ HF gso. 
compad~~~, nra darigned and formufod to p e h  dmlnagr h m m n  wdrr a rangr of antltiparrd rib bods, grcrdk 
anis and boundary condltiaru. Index proprtir b k p d u c l  on provkbd In ho tobk below. Pleare contact GSE for 
bdw infrxmdHon regarding prfarmnncs unhr iik8plClhc condirianr, 
Product S p u & u f h r  

TESTED PROPERTY TEST MaHOO FREQUENCY MINtMUM AVERAGE ROLL V A L U P  

C:\Documents alitl Settii~gs\milrk.u~'qihia~.t\My [)ocumcnts\projects\WMl - Kctll~nan\l'ermit docsUTD\rcg agcncy ct)mmcnts & 
responses -star1 oct 2005\aJicr 2-  13-06 meeting a1 U- I9\LCRS\I.CRS calculations rev4.doc 
2/17/04 Last prililed 212X/200d I I :4X.00 AM 



'@a Transmi.vsivity Report 
Y--.- ASTM D4716 RON No. 131136955 

ROLL IDENTIPICATION CIISTOMER 1NPOR)IATlON 

Roll Number 131136955 Order Number 32L116 
J'r~ducl Nome F52~~00M)S Cwlamcr Name WMI 

f r~ / rer  N0ma WMI CWM Kelllsmm HilU Can 619 
Produalon Do16 ilneJ2oO3 Loe~lbn  KMIIeWO CKy, CA 

LOI# D30821440 

Prurvra Tmnsrn&sIvt& Resnlls Seal Ihnc 
(pro Cradirnl NrUComporirr (m,/IbC, (#sh,dfl, 

ImW 
Baumdrqv 

f ODM 0 I0 Corn)r~U@ 0.72E01 4.02 15 SS PUlaS 

C:\Documcnts and Settings\mark.urquharhMy Documents\projects\WMI - Kettiman\Permit docsUTD\mg agency comments & 
responses -start oct 2005\alier 2-13-06 meeting at B-19\LCRS\LCRS calculations rev4.doc 
2/17/04 1.ast printed 212812006 I I 48:UU AM 




