
**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                   UFGS- 33 56 19 ( May 2015)
                                                - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                      Super sedi ng
                                                UFGS- 33 56 63 ( Apr i l  2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Januar y 2019
**************************************************************************

SECTI ON TABLE OF CONTENTS

DI VI SI ON 33 -  UTI LI TI ES

SECTI ON 33 56 19

FUEL I MPERMEABLE LI NER SYSTEM

05/15

PART 1   GENERAL

  1. 1   MEASUREMENT AND PAYMENT
  1. 2   REFERENCES
  1. 3   SUBMI TTALS
  1. 4   QUALI TY ASSURANCE
    1. 4. 1   Mat er i al  and Equi pment  Qual i f i cat i ons
    1. 4. 2   Fi el d Engi neer  Qual i f i cat i ons
    1. 4. 3   I nst al l er  Qual i f i cat i ons
    1. 4. 4   Fact or y Seams
    1. 4. 5   Li ner  Manuf act ur er ' s Cer t i f i cat i on
  1. 5   DESI GN REQUI REMENTS
  1. 6   DELI VERY,  STORAGE,  AND HANDLI NG
    1. 6. 1   Del i ver y
    1. 6. 2   St or age
    1. 6. 3   Handl i ng
  1. 7   AMBI ENT CONDI TI ONS
  1. 8   WARRANTY

PART 2   PRODUCTS

  2. 1   MATERI ALS
    2. 1. 1   Fabr i c Rei nf or ced Geomembr ane Li ner
    2. 1. 2   Non- Rei nf or ced Smoot h Geomembr ane Li ner
    2. 1. 3   Non- Rei nf or ced Text ur ed Geomembr ane Li ner
    2. 1. 4   Nonwoven Geot ext i l e
      2. 1. 4. 1   Gener al  Pr oper t i es
      2. 1. 4. 2   Nomi nal  Uni t  Wei ght
      2. 1. 4. 3   Gr ab Tensi l e St r engt h
      2. 1. 4. 4   Gr ab Tensi l e El ongat i on
      2. 1. 4. 5   Punct ur e St r engt h
      2. 1. 4. 6   Tr apezoi d Tear  St r engt h
      2. 1. 4. 7   Ul t r avi ol et  ( UV)  Resi st ance
  2. 2   ACCESSORI ES
    2. 2. 1   Li ner  Fi t t i ngs
    2. 2. 2   Embedment  St r i p

SECTI ON 33 56 19  Page 1



    2. 2. 3   Bat t en /  Mount i ng St r i p Syst em
      2. 2. 3. 1   Gasket
      2. 2. 3. 2   Concr et e Anchor  Bol t s
    2. 2. 4   Seal ant
    2. 2. 5   Tempor ar y Bal l ast
    2. 2. 6   Per manent  Bal l ast
      2. 2. 6. 1   Sand Bags
      2. 2. 6. 2   Pr ecast  Concr et e Paver s
      2. 2. 6. 3   Cast  i n Pl ace Concr et e
      2. 2. 6. 4   Rock Bal l ast
    2. 2. 7   Sl i p Resi st ant  Wal ki ng Sur f ace
  2. 3   EQUI PMENT

PART 3   EXECUTI ON

  3. 1   I NSTALLATI ON
    3. 1. 1   Fi el d Engi neer
    3. 1. 2   Sur f ace Pr epar at i on
    3. 1. 3   Anchor  Tr enches
    3. 1. 4   Embedment  St r i p I nst al l at i on
    3. 1. 5   Li ner  I nst al l at i on
      3. 1. 5. 1   Li ner  Pr oj ect i ons
  3. 2   FI ELD SEAMI NG
    3. 2. 1   Tr i al  Seams
    3. 2. 2   Fi el d Seams
  3. 3   FI ELD QUALI TY CONTROL
    3. 3. 1   Vi sual  I nspect i on of  Fi el d Seams
    3. 3. 2   Non- Dest r uct i ve Fi el d Seam Test i ng
      3. 3. 2. 1   Li ner  Vacuum Box Test
      3. 3. 2. 2   Li ner  Ai r  Lance Test
      3. 3. 2. 3   Li ner  Ai r  Pr essur e Test
      3. 3. 2. 4   Li ner  Poi nt  St r ess Test
    3. 3. 3   Dest r uct i ve Fi el d Seam Test i ng
  3. 4   REPAI RS
  3. 5   PROTECTI ON AND BACKFI LLI NG
    3. 5. 1   Bal l ast  Pl acement  Equi pment
  3. 6   PERMANENT BALLAST
    3. 6. 1   Sand Bags
    3. 6. 2   Pr ecast  Concr et e Paver s
    3. 6. 3   Cast  i n Pl ace Concr et e
    3. 6. 4   Rock Bal l ast
  3. 7   SLI P RESI STANT WALKI NG SURFACE
  3. 8   PROJECT CLOSEOUT

- -  End of  Sect i on Tabl e of  Cont ent s - -

SECTI ON 33 56 19  Page 2



**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                   UFGS- 33 56 19 ( May 2015)
                                                - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                      Super sedi ng
                                                UFGS- 33 56 63 ( Apr i l  2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Januar y 2019
**************************************************************************

SECTI ON 33 56 19

FUEL I MPERMEABLE LI NER SYSTEM
05/15

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  a f uel  i mper meabl e l i ner  syst em 
i nt ended t o ser ve a di ked t ank encl osur e ( pet r ol eum 
appl i cat i ons onl y) .   The l i ner  syst em t ypi cal l y  
consi st s of  a combi nat i on of  a geomembr ane ( t o 
pr ovi de l i qui d t i ght  cont ai nment )  and geot ext i l e ( t o 
pr ot ect  t he geomembr ane) .  Thi s speci f i cat i on 
i ncl udes r equi r ement s f or  t wo t ypes of  geomembr ane:  
Non- r ei nf or ced ( HDPE -  hi gh- densi t y pol yet hyl ene)  
and f abr i c r ei nf or ced ( FML -  f l ex i bl e membr ane 
l i ner ) .   Non- r ei nf or ced ( HDPE)  i s onl y accept abl e 
f or  use wher e compl et el y cover ed wi t h a mat er i al  
( concr et e,  aggr egat e,  et c)  t o avoi d t he ef f ect s of  
t her mal  expansi on f r om t emper at ur e change,  
degr adat i on f r om UV l i ght  and envi r onment al  st r ess 
cracking.

For  l i ner  t o be i nst al l ed under  t ank bot t oms,  see 
UFGS 33 56 21. 18 SI NGLE WALL POL TANK UNDERTANK 
I NTERSTI TI AL SPACE.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************
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PART 1   GENERAL

**************************************************************************
NOTE:   Coor di nat e speci f i c  di ke and l i ner  
i nst al l at i on r equi r ement s wi t h t he l at est  publ i shed 
ver si on of  UFC 3- 460- 01.

**************************************************************************

1. 1   MEASUREMENT AND PAYMENT

**************************************************************************
NOTE:   Del et e t hi s par agr aph when l ump sum bi ddi ng 
i s used.

**************************************************************************

Measur e t he t ot al  sur f ace ar ea i n squar e met er s f eet  cover ed by l i ner  
syst em.   Fi nal  quant i t i es wi l l  be based on as- bui l t  condi t i ons.   Al l owance 
wi l l  be made f or  l i ner  syst em i n anchor  and dr ai nage t r enches;  however ,  no 
al l owance wi l l  be made f or  wast e,  over l ap,  r epai r s,  or  mat er i al s used f or  
t he conveni ence of  t he Cont r act or .   Li ner  syst em i nst al l ed and accept ed by 
t he Cont r act i ng Of f i cer  wi l l  be pai d f or  at  t he r espect i ve cont r act  uni t  
pr i ce i n t he bi ddi ng schedul e.

1. 2   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.  The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D1004 ( 2013)  I ni t i al  Tear  Resi st ance of  Pl ast i c 
Fi l m and Sheet i ng

ASTM D1505 ( 2018)  St andar d Test  Met hod f or  Densi t y of  
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Pl ast i cs by t he Densi t y- Gr adi ent  Techni que

ASTM D1603 ( 2014)  Car bon Bl ack Cont ent  i n Ol ef i n 
Plastics

ASTM D2136 ( 2002;  R 2012)  Coat ed Fabr i cs -  
Low- Temper at ur e Bend Test

ASTM D3776/ D3776M ( 2009a;  R 2017)  St andar d Test  Met hods f or  
Mass Per  Uni t  Ar ea ( Wei ght )  of  Fabr i c

ASTM D3895 ( 2014)  Oxi dat i ve- I nduct i on Ti me of  
Pol yol ef i ns by Di f f er ent i al  Scanni ng 
Calorimetry

ASTM D413 ( 1998;  R 2017)  St andar d Test  Met hods f or  
Rubber  Pr oper t y -  Adhesi on t o Fl exi bl e 
Substrate

ASTM D4218 ( 2015)  Det er mi nat i on of  Car bon Bl ack 
Cont ent  i n Pol yet hyl ene Compounds by t he 
Muf f l e- Fur nace Techni que

ASTM D4437/ D4437M ( 2016;  R 2018)  St andar d Pr act i ce f or  
Non- dest r uct i ve Test i ng ( NDT)  f or  
Det er mi ni ng t he I nt egr i t y of  Seams Used i n 
Joi ni ng Fl exi bl e Pol ymer i c Sheet  
Geomembranes

ASTM D4533 ( 2011)  Tr apezoi d Tear i ng St r engt h of  
Geotextiles

ASTM D4632/ D4632M ( 2015a)  Gr ab Br eaki ng Load and El ongat i on 
of  Geot ext i l es

ASTM D4833/ D4833M ( 2007;  E 2013;  R 2013)  I ndex Punct ur e 
Resi st ance of  Geot ext i l es,  Geomembr anes,  
and Rel at ed Pr oduct s

ASTM D5199 ( 2012)  Measur i ng Nomi nal  Thi ckness of  
Geosynthetics

ASTM D5261 ( 2010;  R 2018)  St andar d Test  Met hod f or  
Measur i ng Mass Per  Uni t  Ar ea of  Geot ext i l es

ASTM D5397 ( 2007;  R 2012)  Eval uat i on of  St r ess Cr ack 
Resi st ance of  Pol yol ef i n Geomembr anes 
Usi ng Not ched Const ant  Tensi l e Load Test

ASTM D5596 ( 2003;  R 2016)  St andar d Test  Met hod For  
Mi cr oscopi c Eval uat i on of  t he Di sper si on 
of  Car bon Bl ack i n Pol yol ef i n Geosynt het i cs

ASTM D5641/ D5641M ( 2016)  St andar d Pr act i ce f or  Geomembr ane 
Seam Eval uat i on by Vacuum Chamber

ASTM D5721 ( 2008;  R 2013)  Ai r - Oven Agi ng of  
Pol yol ef i n Geomembr anes
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ASTM D5820 ( 1995;  R 2018)  St andar d Pr act i ce f or  
Pr essur i zed Ai r  Channel  Eval uat i on of  Dual  
Seamed Geomembr anes

ASTM D5884/ D5884M ( 2004a;  R 2015;  E 2015)  St andar d Test  
Met hod f or  Det er mi ni ng Tear i ng St r engt h of  
I nt er nal l y Rei nf or ced Geomembr anes

ASTM D5885/ D5885M ( 2017)  St andar d Test  Met hod f or  Oxi dat i ve 
I nduct i on Ti me of  Pol yol ef i n Geosynt het i cs 
by Hi gh- Pr essur e Di f f er ent i al  Scanni ng 
Calorimetry

ASTM D5893/ D5893M ( 2016)  St andar d Speci f i cat i on f or  Col d 
Appl i ed,  Si ngl e Component ,  Chemi cal l y 
Cur i ng Si l i cone Joi nt  Seal ant  f or  Por t l and 
Cement  Concr et e Pavement s

ASTM D5994/ D5994M ( 2010;  R 2015;  E2015)  St andar d Test  Met hod 
f or  Measur i ng Cor e Thi ckness of  Text ur ed 
Geomembranes

ASTM D6241 ( 2014)  St andar d Test  Met hod f or  t he St at i c 
Punct ur e St r engt h of  Geot ext i l es and 
Geot ext i l e- Rel at ed Pr oduct s Usi ng a 50- mm 
Probe

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D6392 ( 2012;  R 2018)  St andar d Test  Met hod f or  
Det er mi ni ng t he I nt egr i t y of  Nonr ei nf or ced 
Geomembr ane Seams Pr oduced Usi ng 
Ther mo- Fusi on Met hods

ASTM D6693/ D6693M ( 2004;  R 2015;  E 2015)  St andar d Test  
Met hod f or  Det er mi ni ng Tensi l e Pr oper t i es 
of  Nonr ei nf or ced Pol yet hyl ene and 
Nonr ei nf or ced Fl exi bl e Pol ypr opyl ene 
Geomembranes

ASTM D696 ( 2016)  St andar d Test  Met hod f or  
Coef f i c i ent  of  Li near  Ther mal  Expansi on of  
Pl ast i cs Bet ween - 30 degr ees C and 30 
degr ees C Wi t h a Vi t r eous Si l i ca 
Dilatometer

ASTM D7238 ( 2006;  R 2012)  St andar d Test  Met hod f or  
Ef f ect  of  Exposur e of  Unr ei nf or ced 
Pol yol ef i n Geomembr ane Usi ng Fl uor escent  
UV Condensat i on Appar at us

ASTM D7466 ( 2010)  St andar d Test  Met hod f or  Measur i ng 
Asper i t y Hei ght  of  Text ur ed Geomembr anes

ASTM D751 ( 2006;  R 2011)  Coat ed Fabr i cs

ASTM E228 ( 2017)  St andar d Test  Met hod f or  Li near  
Ther mal  Expansi on of  Sol i d Mat er i al s wi t h 
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a Push- Rod Di l at omet er

ASTM E96/ E96M ( 2016)  St andar d Test  Met hods f or  Wat er  
Vapor  Tr ansmi ssi on of  Mat er i al s

ASTM G152 ( 2013)  Oper at i ng Open Fl ame Car bon Ar c 
Li ght  Appar at us f or  Exposur e of  
Nonmet al l i c  Mat er i al s

ASTM G153 ( 2013)  Oper at i ng Encl osed Car bon Ar c Li ght  
Appar at us f or  Exposur e of  Nonmet al l i c  
Materials

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
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desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

I nst al l at i on;  G[ ,  [ _____] ]

Li ner  Pr oj ect i ons;  G[ ,  [ _____] ]

As- Bui l t  Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Fabr i c Rei nf or ced Geomembr ane Li ner ;  G[ ,  [ _____] ]

Non- Rei nf or ced Smoot h Geomembr ane Li ner ;  G[ ,  [ _____] ]

Non- Rei nf or ced Text ur ed Geomembr ane Li ner ;  G[ ,  [ _____] ]

Nonwoven Geot ext i l e;  G[ ,  [ _____] ]

Li ner  Fi t t i ngs;  G[ ,  [ _____] ]

Embedment  St r i ps;  G[ ,  [ _____] ]

Mount i ng St r i p Syst em;  G[ ,  [ _____] ]

Seal ant ;  G[ ,  [ _____] ]

Per manent  Sand Bags;  G[ ,  [ _____] ]

Pr ecast  Concr et e Paver s

Rock Bal l ast

Sl i p Resi st ant  Wal ki ng Sur f ace

Manuf act ur er ' s War r ant y

I nst al l er ' s  War r ant y

SD- 04 Sampl es

Dest r uct i ve Fi el d Seam Test  Sampl e;  G[ ,  [ _____] ]

SD- 05 Desi gn Dat a

Wi nd Upl i f t  Cal cul at i ons;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Tr i al  Seam Logs

Non- Dest r uct i ve Fi el d Seam

Dest r uct i ve Fi el d Seam
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SD- 07 Cer t i f i cat es

Fi el d Engi neer  Qual i f i cat i ons

I nst al l er  Qual i f i cat i ons

Fabr i cat or  Cer t i f i cat i on

Li ner  Manuf act ur er ' s Cer t i f i cat i on

Sur f ace Pr epar at i on

SD- 08 Manuf act ur er ' s I nst r uct i ons

Li ner  Manuf act ur er ' s I nst al l at i on I nst r uct i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Geomembr ane Li ner ;  G[ ,  [ _____] ]

1. 4   QUALI TY ASSURANCE

1. 4. 1   Mat er i al  and Equi pment  Qual i f i cat i ons

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  t hat  
ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   Mat er i al s and equi pment  
must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  a mi ni mum 2 
year s pr i or  t o bi d openi ng.   The 2 year  per i od must  i ncl ude appl i cat i ons of  
t he equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  
s i ze.   Mat er i al s  and equi pment  must  have been f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng 
t he 2 year  per i od.   Pr oduct s havi ng l ess t han a 2 year  f i el d ser vi ce r ecor d 
wi l l  be accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  
f or  not  l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y 
t est s,  can be shown.

1. 4. 2   Fi el d Engi neer  Qual i f i cat i ons

**************************************************************************
NOTE:   I ncl ude any l ocal  r egul at or y r equi r ement s 
t hat  must  be met  by t he Cont r act or .

**************************************************************************

Pr ovi de a f i el d engi neer  who has successf ul l y  compl et ed manuf act ur er ' s 
t r ai ni ng on handl i ng and i nst al l i ng of  t he f uel  i mper meabl e l i ner  t o be 
i nst al l ed.   Demonst r at e t hat  t he engi neer  has at  l east  one mi l l i on squar e 
f eet  of  l i ner  i nst al l at i on exper i ence.   Submi t  a l et t er  pr ovi di ng evi dence 
of  t he f i el d engi neer ' s exper i ence,  t r ai ni ng,  and l i censi ng.   I n r egar d t o 
t he f i el d engi neer ' s exper i ence,  i ncl ude i n t he submi t t al  a poi nt  of  
cont act ,  a phone number ,  t he addr ess,  t he t ype of  i nst al l at i on,  and t he 
cur r ent  st at us of  each i nst al l at i on ment i oned.

1. 4. 3   I nst al l er  Qual i f i cat i ons

The i nst al l er  i s  r esponsi bl e f or  f i el d handl i ng,  depl oyi ng,  seami ng,  
anchor i ng,  and f i el d Qual i t y Cont r ol  ( QC)  t est i ng of  t he geomembr ane.   
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Demonst r at e t hat  t he i nst al l er  has i nst al l ed t he pr oposed geomembr ane 
mat er i al  f or  at  l east  5 compl et ed pr oj ect s and a t ot al  mi ni mum ar ea of  
[ 93, 000]  [ _____]  squar e met er s [ 1]  [ _____]  mi l l i on squar e f eet .   At  l east  
one seamer  must  have exper i ence seami ng a mi ni mum of  [ 46, 500]  [ _____]  
squar e met er s [ 500, 000]  [ _____]  squar e f eet  of  t he pr oposed geomembr ane 
usi ng t he same t ype of  seami ng equi pment  and same geomembr ane speci f i ed f or  
t hi s pr oj ect .

1. 4. 4   Fact or y Seams

**************************************************************************
NOTE:   Fact or y seami ng onl y appl i es t o f abr i c 
r ei nf or ced geomembr anes whi ch can be r ol l ed or  
f ol ded af t er  f abr i cat i on pr i or  t o shi ppi ng t o t he 
pr oj ect  s i t e f or  depl oyment .   Due t o t he st i f f  
nat ur e of  non- r ei nf or ced ( HDPE)  geomembr anes,  
f act or y seami ng/ f abr i cat i on i s not  possi bl e.

**************************************************************************

Wher e possi bl e,  use geomembr ane f act or y f abr i cat ed t o pr oj ect  speci f i c  
panel s i n or der  t o mi ni mi ze f i el d seams.   Fabr i cat or  must  conduct  v i sual  
i nspect i ons on compl et ed seams,  as wel l  as non- dest r uct i ve and dest r uct i ve 
t est i ng t o ver i f y compl i ance wi t h t he seam st r engt h r equi r ement s st at ed i n 
Tabl e [ 1] [ 2] [ 3] .   Pr ovi de f abr i cat or  cer t i f i cat i on of  f act or y seams,  
i ncl udi ng document at i on of  and r esul t s f r om qual i t y  cont r ol  t est i ng 
conducted.

1. 4. 5   Li ner  Manuf act ur er ' s Cer t i f i cat i on

Fol l owi ng t he successf ul  i nst al l at i on and t est i ng of  t he l i ner ,  an 
aut hor i zed r epr esent at i ve f r om t he l i ner  manuf act ur er  must  submi t  a l et t er  
cer t i f y i ng t hat  t he l i ner  i nst al l at i on and t est i ng r esul t s ar e sat i sf act or y 
and t hat  each meet s t he company' s qual i t y  expect at i ons and war r ant y.   The 
l et t er  must  al so cer t i f y  t hat  t he l i ner  i nst al l ed i s compat i bl e wi t h and 
r ecommend f or  use wi t h t he f uel  t o be st or ed.   I nc l ude i n t he l et t er  t he 
r epr esent at i ve' s name,  addr ess,  phone number ,  and qual i f i cat i ons f or  bei ng 
a manuf act ur er ' s  r epr esent at i ve.

1. 5   DESI GN REQUI REMENTS

**************************************************************************
NOTE:   I ncl ude t he f ol l owi ng par agr aph wher e t he 
l i ner  i s  i nt ended t o be l ef t  exposed wi t hout  f ul l  
cover age by concr et e,  aggr egat e,  or  ot her  bal l ast  
material.

**************************************************************************

Pr ovi de cer t i f i ed engi neer i ng wi nd upl i f t  cal cul at i ons t o det er mi ne 
r equi r ed pl acement  of  per manent  [ sandbags]  [ pr ecast  concr et e paver s]  
[ _____]  based upon t he pr oposed l i ner  and bal l ast  mat er i al s.  

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s  t o pr event  damage bef or e 
and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .
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1. 6. 1   Delivery

The QC i nspect or  must  be pr esent  dur i ng del i ver y and unl oadi ng of  t he 
geomembr ane.   Label  each geomembr ane r ol l / panel  wi t h t he manuf act ur er ' s 
name,  pr oduct  i dent i f i cat i on number ,  r ol l / panel  number ,  and r ol l / panel  
dimensions.

1. 6. 2   Storage

St or e geomembr anes and geot ext i l es el evat ed of f  of  t he gr ound and cover ed 
t o pr ovi de pr ot ect i on f r om pr eci pi t at i on,  sunl i ght / ul t r avi ol et  l i ght ,  
punct ur e/ abr asi on,  undesi r abl e chemi cal s ( as r ecommended by t he 
manuf act ur er ) ,  and f l ames/ wel di ng spar ks.   St or age i n t emper at ur es bet ween 
32 degr ees F 0 degr ees C and 160 degr ees F 71 degr ees C,  or  as r ecommended 
by t he manuf act ur er .   St or age must  not  r esul t  i n cr ushi ng t he cor e of  r ol l  
goods or  f l at t eni ng of  t he r ol l s .   Do not  st or e r ol l s  mor e t han t wo hi gh.   
St or e pal l et ed mat er i al s on l evel  sur f aces and not  st acked on t op of  one 
anot her .   Remove damaged geomembr ane f r om t he s i t e and r epl ace wi t h 
geomembr ane t hat  meet s t he speci f i ed r equi r ement s.

1. 6. 3   Handling

Do not  dr ag,  l i f t  by one end,  or  dr op r ol l s  and panel s.   Use a pi pe or  
sol i d bar ,  of  suf f i c i ent  st r engt h t o suppor t  t he f ul l  wei ght  of  a r ol l  
wi t hout  s i gni f i cant  bendi ng but  smal l  enough t o be easi l y i nser t ed t hr ough 
t he cor e of  t he r ol l ,  f or  al l  handl i ng act i v i t i es.   Li nk t he ends of  t he 
pi pe or  bar  t o t he ends of  a spr eader  bar  wi t h chai ns.   Use a spr eader  bar  
wi de enough t o pr event  t he chai ns f r om r ubbi ng agai nst  t he ends of  t he 
r ol l .   Al t er nat i vel y,  a st i nger  bar  pr ot r udi ng f r om t he end of  a f or k l i f t  
or  ot her  equi pment  may be used.   Use a st i nger  bar  at  l east  t hr ee- f our t hs 
t he l engt h of  t he cor e and capabl e of  suppor t i ng t he f ul l  wei ght  of  t he 
r ol l  wi t hout  s i gni f i cant  bendi ng.   I f  r ecommended by t he manuf act ur er ,  a 
s l i ng handl i ng met hod ut i l i z i ng appr opr i at e l oadi ng st r aps may be used.

1. 7   AMBI ENT CONDI TI ONS

Do not  depl oy or  f i el d- seam geomembr ane i n t he pr esence of  excess moi st ur e 
( i . e. ,  r ai n,  f og,  dew) ,  i n ar eas of  ponded wat er ,  or  i n t he pr esence of  
wi nds above 20km/ hr  12 mph.   The r el at i ve humi di t y  must  be l ess t han 80 
per cent ,  and t emper at ur e above t he dew poi nt .   Unl ess aut hor i zed by t he 
Cont r act i ng Of f i cer ,  do not  at t empt   pl acement  or  seami ng at  ambi ent  
t emper at ur es bel ow 5 degr ees C 40 degr ees F or  above 40 degr ees C 104 
degr ees F.   Measur e ambi ent  t emper at ur e at  a hei ght  no gr eat er  t han 150 mm 
6 i nches above t he gr ound or  geomembr ane sur f ace.   Seami ng i s onl y al l owed 
bel ow 5 degr ees C 40 degr ees F i f  r ecommended by t he geomembr ane 
manuf act ur er  and i f  dest r uct i ve t est s of  t r i al  seams at  t he pr oposed 
t emper at ur e meet  t he seam pr oper t y r equi r ement s l i s t ed i n Tabl e [ 1] [ 2] [ 3] .

1. 8   WARRANTY

St at e i n t he manuf act ur er ' s war r ant y t hat  t he i nst al l ed geomembr ane l i ner  
i s  war r ant ed f or  10 year s agai nst  det er i or at i on as i nst al l ed f or  
cont ai nment  of  t he i nt ended l i qui d.   St at e i n t he i nst al l er ' s  war r ant y t hat  
t he geomembr ane l i ner  won' t  f ai l  due t o i mpr oper  i nst al l at i on wi t hi n 2 
years.
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PART 2   PRODUCTS

2. 1   MATERIALS

**************************************************************************
NOTE:   I ndi cat e on t he dr awi ngs t he exact  t ype of  
f uel  t hat  each l i ner  syst em wi l l  be expect ed t o 
contain.

The l i ner  t ypes speci f i ed her ei n i s compat i bl e wi t h 
a var i et y of  f uel s and l i qui ds.   Not e t hat  t he l i ner  
i s  speci f i cal l y  compat i bl e wi t h Jet  A,  JP- 4,  JP- 5,  
JP- 8,  di esel  f uel ,  mot or  gasol i ne,  ker osene,  No.  2 
Fuel  Oi l ,  and No.  6 Fuel  Oi l .   I f  any ot her  f uel  i s  
t o be cont ai ned by t he l i ner  syst em,  speci f i cal l y  
coor di nat e wi t h t he l i ner  manuf act ur er s f or  any 
addi t i onal  r equi r ement s t hat  may need t o be added.

I f  mul t i pl e l i ner  syst ems ar e r equi r ed,  c l ear l y 
i ndi cat e wher e each l i ner  syst em i s r equi r ed.

**************************************************************************

2. 1. 1   Fabr i c Rei nf or ced Geomembr ane Li ner

Pr ovi de a f l exi bl e,  i nt er nal l y f abr i c r ei nf or ced geomembr ane l i ner  t hat  i s  
f act or y f abr i cat ed i nt o wi dt hs t hat  ar e desi gned t o mi ni mi ze f i el d 
f abr i cat ed seams.   Make f act or y seams wi t h a 50 mm 2 i nch over l ap pl us or  
mi nus 6 mm 1/ 4- i nch.   Pr ovi de l i ner  t hat ,  as a mi ni mum,  meet s t he physi cal  
pr oper t i es i n Tabl e 1.   I ncl ude l i ner ' s r out i ne mai nt enance r equi r ement s as 
wel l  as pr ocedur es f or  l i ner  r epai r  and t r oubl eshoot i ng.

TABLE 1 -  FABRI C REI NFORCED GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Over al l  Fi ni shed 
Thi ckness ( mi ni mum)

0. 76 mm30 mi l s ASTM D751 or  ASTM D5199

Base Fabr i c Mat er i al ar ami d f i br e,  pol yest er ,
or  nyl on

Base Fabr i c Wei ght  
(minimum)

254 g/ m27. 5 oz/ yd2 ASTM D3776/ D3776M

Fabr i c Coat i ng 
Adhesi on ( mi ni mum)

2. 6 kN/ m15 l bf / i nch ASTM D751 or  ASTM D413

Tensi l e St r engt h,  
Gr ab  ( mi ni mum)

2. 67 kN 600 l bf  i n bot h
war p and f i l l  di r ect i ons

ASTM D751,  Gr ab Test  Met hod

Bur st i ng St r engt h 
(minimum)

3. 55 kN800 l bf ASTM D751,  Bal l  Ti p Met hod

Hydrostatic 
Resi st ance ( mi ni mum)

5515 kN/ m2800 psi ASTM D751,  Pr ocedur e A

Tr api zoi d Tear i ng 
St r engt h ( mi ni mum)

0. 22 kN 50 l bf  i n bot h t he
war p and f i l l  di r ect i ons

ASTM D4533 or  ASTM D751,
Tr apazoi dal  Tear  Met hod

Punct ur e St r engt h 
(minimum)

1. 11 kN250 l bf ASTM D4833/ D4833M
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TABLE 1 -  FABRI C REI NFORCED GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Tear i ng Resi st ance 
(minimum)

0. 53 kN120 l bf ASTM D5884/ D5884M

Low Temper at ur e Bend 
(minimum)

- 34 degr ees C- 30 degr ees F ASTM D2136

Vapor  Tr ansmi ssi on 
(maximum)

3. 78 ml / m2 0. 0119 oz/ f t 2
over  24 hour s

ASTM E96/ E96M,  Pr ocedur e BW,
I nver t ed Wat er  Met hod,  usi ng

ker osene i nst ead of  wat er

Coef f i c i ent  of  
Ther mal  Expansi on 
(maximum)

0. 000038 cm/ cm/ degr ee C
0. 000021 i n/ i n/ degr ee F

ASTM E228 or  ASTM D696

Weat her i ng Resi st ance No appr eci abl e changes,
st i f f eni ng or  cr acki ng of
coat i ng f or  a mi ni mum of

8000 hour s

ASTM G152 or  ASTM G153

Bonded Seam Shear  
Strength(minimum)

2. 33 kN525 l bf ASTM D751

Bonded Seam Peel  
St r engt h ( mi ni mum)

88. 9 N20 l bf ASTM D413

Dead Load Seam Shear  
St r engt h ( mi ni mum)

1110 N at  21 degr ees C;
555 N at  71 degr ees C250
l bf  at  70 degr ees F;  125

l bf  at  160 degr ees F

ASTM D751

2. 1. 2   Non- Rei nf or ced Smoot h Geomembr ane Li ner

**************************************************************************
NOTE:   Non- r ei nf or ced ( HDPE)  i s onl y accept abl e f or  
use wher e compl et el y cover ed wi t h a mat er i al  t o 
avoi d t he ef f ect s of  t her mal  expansi on f r om 
t emper at ur e change and degr adat i on f r om UV l i ght .

**************************************************************************

Pr ovi de non- r ei nf or ced smoot h geomembr ane l i ner  of  unr ei nf or ced hi gh 
densi t y pol yet hyl ene ( HDPE) ,  manuf act ur ed as wi de as possi bl e t o mi ni mi ze 
f act or y and f i el d seams.   Geomembr ane sheet s must  be uni f or m i n col or ,  
t hi ckness,  and sur f ace t ext ur e.   The sheet s must  be f r ee of  and r esi st ant  
t o f ungal  or  bact er i al  at t ack and f r ee of  cut s,  abr asi ons,  hol es,  bl i s t er s,  
cont ami nant s and ot her  i mper f ect i ons.   Pr ovi de l i ner  meet i ng t he physi cal  
pr oper t i es of  Tabl e 2.

Make r esi n used i n manuf act ur i ng geomembr ane sheet s of  v i r gi n 
uncont ami nat ed i ngr edi ent s.   Use no mor e t han [ 10]  [ _____]  per cent  r egr i nd,  
r ewor ked,  or  t r i m mat er i al  i n t he f or m of  chi ps or  edge st r i ps t o 
manuf act ur e t he geomembr ane sheet s.   Al l  r egr i nd,  r ewor ked,  or  t r i m 
mat er i al s must  be f r om t he same manuf act ur er  and exact l y t he same 
f or mul at i on as t he geomembr ane sheet  bei ng pr oduced.   Do not  use post  
consumer  mat er i al s or  wat er - sol ubl e i ngr edi ent s t o pr oduce t he 
geomembr ane.   For  geomembr anes wi t h pl ast i c i zer s,  use onl y pr i mar y 
pl ast i c i zer s t hat  ar e r esi st ant  t o mi gr at i on.   Submi t  a copy of  t he t est  
r epor t s and QC cer t i f i cat es f or  mat er i al s used i n t he manuf act ur i ng of  t he 
geomembr ane shi pped t o t he s i t e.
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TABLE 2 -  SMOOTH HDPE GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Thi ckness ( mi n ave) [ 1. 50]  [ _____]  mm[ 60]  
[ _____]  mi l s

ASTM D5199

Lowest  i ndi v i dual  of  10 val ues - 10 per cent ASTM D5199

Densi t y ( mi n) 0. 940 g/ cc ASTM D1505

Tensi l e Pr oper t i es( 1) ( mi n ave) ASTM D6693/ D6693M
Type I V

Yi el d St r engt h [ 22]  [ _____]  kN/ m[ 126]  
[ _____]  l b/ i n

Br eak St r engt h [ 40]  [ _____]  kN/ m[ 228]  
[ _____]  l b/ i n

Yi el d El ongat i on [ 12]  [ _____]  per cent

Br eak El ongat i on [ 700]  [ _____]  per cent

Tear  Resi st ance ( mi n ave) [ 187]  [ _____]  N[ 42]  
[ _____]  l b

ASTM D1004

Punct ur e Resi st ance( mi n ave) [ 480]  [ _____]  N[ 108]  
[ _____]  l b

ASTM D4833/ D4833M

St r ess Cr ack Resi st ance ( 2) [ 300]  [ _____]  hr ASTM D5397 
(Appendix)

Car bon Bl ack Cont ent 2. 0- 3. 0 per cent ASTM D1603 ( 3)

Car bon Bl ack Di sper si on Not e ( 4) ASTM D5596

Oxi dat i ve I nduct i on Ti me ( OI T) ( mi n 
ave)(5)

St d OI T 100 mi n ASTM D3895

Hi gh Pr es OI T 400 mi n ASTM D5885/ D5885M

Oven Agi ng at  85 deg C 185 deg F ( mi n 
ave)  ( 5) ,  ( 6)

ASTM D5721

St d OI T 55 per cent  at  90 days ASTM D3895

or            Hi gh Pr es OI T 80 per cent  at  90 days ASTM D5885/ D5885M

UV Resi st ance ( mi n ave)  ( 7) ASTM D7238

Hi gh Pr es OI T( 8) ( 9) 50 per cent  at  1600 hour s ASTM D5885/ D5885M

Seam Shear  St r engt h ( mi n)  Hot  Wedge,  
Hot  Ai r ,  Ul t r asoni c,  Ext r usi on Fi l l et  
(10)(12)

[ 525]  [ _____]  N/ 25mm
[ 120]  [ _____]  l b/ i n

ASTM D6392
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TABLE 2 -  SMOOTH HDPE GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Seam Peel  St r engt h ( mi n)  Hot  Wedge,  
Hot  Ai r ,  Ul t r asoni c ( 10) ( 11) ( 12)

[ 398]  [ _____]  N/ 25mm[ 91]  
[ _____]  l b/ i n

ASTM D6392

Seam Peel  St r engt h ( mi n)  Ext r usi on 
Fi l l et  ( 10) ( 11) ( 12)

[ 340]  [ _____]  N/ 25mm[ 78]  
[ _____]  l b/ i n

ASTM D6392

( 1)  Base mi ni mum aver age machi ne di r ect i on and mi ni mum aver age cr oss machi ne 
di r ect i on val ues on 5 t est  speci mens i n each di r ect i on.   For  HDPE geomembr ane,  
y i el d el ongat i on i s cal cul at ed usi ng a gauge l engt h of  33 mm 1. 3 i nches.   For  HDPE 
geomembr ane,  br eak el ongat i on i s cal cul at ed usi ng a gauge l engt h of  50 mm 2. 0 i nches.

( 2)  For  HDPE geomembr ane,  use t he manuf act ur er ' s mean val ue yi el d st r ess used t o 
cal cul at e t he appl i ed l oad f or  t est  met hod ASTM D5397 ( Appendi x) .

( 3)  Ot her  met hods such as ASTM D4218 or  mi cr owave met hods ar e accept abl e i f  an 
appr opr i at e cor r el at i on t o ASTM D1603 can be est abl i shed.

( 4)  Car bon bl ack di sper si on f or  10 di f f er ent  v i ews:
             -  mi ni mum 8 of  10 i n Cat egor i es 1 or  2
             -  al l  10 i n Cat egor i es 1, 2,  or  3

( 5)  The manuf act ur er  has t he opt i on t o sel ect  ei t her  one of  t he OI T met hods t o 
eval uat e t he ant i oxi dant  cont ent .

( 6)  Eval uat e sampl es at  30 and 60 days and compar e wi t h t he 90 day r esponse.

( 7)  The condi t i on of  t he t est  must  be a 20 hour  UV cycl e at  75 degr ees C 167 
degr ees F f ol l owed by a 4 hour  condensat i on cycl e at  60 degr ees C 140 degr ees F.

( 8)  Do not  use t he st andar d OI T t est  ( ASTM D3895)  i n det er mi ni ng UV r esi st ance.

( 9)  UV r esi st ance i s based on per cent  r et ai ned val ue r egar dl ess of  t he or i gi nal  
HP- OI T val ue.

( 10)  Seam t est s f or  peel  and shear  must  f ai l  i n t he Fi l m Tear  Bond mode.   Thi s i s a 
f ai l ur e i n t he duct i l e mode of  one of  t he bonded sheet s by t ear i ng or  br eaki ng 
pr i or  t o compl et e separ at i on of  t he bonded ar ea.

( 11)  Wher e appl i cabl e,  t est  bot h t r acks of  a doubl e hot  wedge seam f or  peel  
adhesion.

( 12)  For  f i ve sampl es t est ed,  f our  must  meet  or  exceed t he gi ven val ue,  wi t h t he 
f i f t h wi t hi n 80 per cent  of  t he gi ven val ue.
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2. 1. 3   Non- Rei nf or ced Text ur ed Geomembr ane Li ner

**************************************************************************
NOTE:   Non- r ei nf or ced ( HDPE)  i s onl y accept abl e f or  
use wher e compl et el y cover ed wi t h a mat er i al  t o 
avoi d t he ef f ect s of  t her mal  expansi on f r om 
t emper at ur e change and degr adat i on f r om UV l i ght .   

Text ur ed Geomembr ane shoul d be speci f i ed wher e 
s l opes ar e 1V on 5H or  gr eat er ,  such as on s l oped 
di kes.   

**************************************************************************

Pr ovi de non- r ei nf or ced t ext ur ed geomembr ane l i ner  composed of  unr ei nf or ced 
hi gh densi t y pol yet hyl ene ( HDPE) ,  uni f or m i n col or ,  t hi ckness,  and sur f ace 
t ext ur e,  manuf act ur ed as wi de as possi bl e t o mi ni mi ze f act or y and f i el d 
seams.   For  s l opes gr eat er  t han or  equal  t o 1V on 5H,  t ext ur e sheet s on 
bot h f aces.   Pr ovi de  t ext ur ed sur f ace f eat ur es consi st i ng of  r aw mat er i al s 
i dent i cal  t o t hat  of  t he par ent  sheet  mat er i al  and uni f or m over  t he ent i r e 
f ace of  t he geomembr ane.   The sheet s must  be f r ee of  and r esi st ant  t o 
f ungal  or  bact er i al  at t ack and f r ee of  cut s,  abr asi ons,  hol es,  bl i s t er s,  
cont ami nant s and ot her  i mper f ect i ons.   Pr ovi de l i ner  meet i ng t he physi cal  
pr oper t i es of  Tabl e 3.

Use vi r gi n uncont ami nat ed i ngr edi ent s r esi n i n manuf act ur i ng geomembr ane 
sheet s.   Use no mor e t han [ 10]  [ _____]  per cent  r egr i nd,  r ewor ked,  or  t r i m 
mat er i al  i n t he f or m of  chi ps or  edge st r i ps t o manuf act ur e t he geomembr ane 
sheet s.   The same manuf act ur er  r egr i nds,  r ewor ks,  or  t r i ms mat er i al s,  usi ng 
exact l y t he same f or mul at i on as t he geomembr ane sheet  bei ng pr oduced.   No 
post  consumer  mat er i al s or  wat er - sol ubl e i ngr edi ent s may be used t o pr oduce 
t he geomembr ane.   For  geomembr anes wi t h pl ast i c i zer s,  use onl y pr i mar y 
pl ast i c i zer s t hat  ar e r esi st ant  t o mi gr at i on.   Submi t  a copy of  t he t est  
r epor t s and QC cer t i f i cat es f or  mat er i al s used i n t he manuf act ur i ng of  t he 
geomembr ane shi pped t o t he s i t e.

TABLE 3 -  TEXTURED HDPE GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Nomi nal  Thi ckness [ 1. 50]  [ _____]  mm[ 60]  
[ _____]  mi l s

Thi ckness ( mi n ave) - 5 per cent  of  nomi nal ASTM D5994/ D5994M

Lowest  i ndi v i dual  f or  8 out  of  
10 val ues

- 10 per cent  of  nomi nal ASTM D5994/ D5994M

Lowest  i ndi v i dual  of  10 val ues - 15 per cent  of  nomi nal ASTM D5994/ D5994M

Asper i t y Hei ght  ( mi n ave)  ( 13) 0. 25 mm10 mi l s ASTM D7466 ( 14)

Densi t y ( mi n) 0. 940 g/ cc ASTM D1505
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TABLE 3 -  TEXTURED HDPE GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Tensi l e Pr oper t i es( 1) ( mi n ave) ASTM D638
Type I V or  
ASTM D6693/ D6693M

Yi el d St r engt h [ 22]  [ _____]  kN/ m[ 126]  
[ _____]  l b/ i n

Br eak St r engt h [ 16]  [ _____]  kN/ m[ 90]  
[ _____]  l b/ i n

Yi el d El ongat i on [ 12]  [ _____]  per cent

Br eak El ongat i on [ 100]  [ _____]  per cent

Tear  Resi st ance ( mi n ave) [ 187]  [ _____]  N[ 42]  
[ _____]  l b

ASTM D1004

Punct ur e Resi st ance( mi n ave) [ 400]  [ _____]  N[ 90]  
[ _____]  l b

ASTM D4833/ D4833M

St r ess Cr ack Resi st ance ( 2) [ 300]  [ _____]  hr ASTM D5397 ( Appendi x)

Car bon Bl ack Cont ent 2. 0- 3. 0 per cent ASTM D1603 ( 3)

Car bon Bl ack Di sper si on Not e ( 4) ASTM D5596

Oxi dat i ve I nduct i on Ti me 
( OI T) ( mi n ave) ( 5)

St d OI T 100 mi n ASTM D3895

or            Hi gh Pr es OI T 400 mi n ASTM D5885/ D5885M

Oven Agi ng at  85 deg C 185 deg F 
( mi n ave)  ( 5) ,  ( 6)

ASTM D5721

St d OI T 55 per cent  at  90 days ASTM D3895

or            Hi gh Pr es OI T 80 per cent  at  90 days ASTM D5885/ D5885M

UV Resi st ance ( mi n ave)  ( 7) ASTM D7238

Hi gh Pr es OI T( 8) ( 9) 50 per cent  at  1600 hour s ASTM D5885/ D5885M

Seam Shear  St r engt h ( mi n)  Hot  
Wedge,  Hot  Ai r ,  Ul t r asoni c,  
Ext r usi on Fi l l et  ( 10) ( 12)

[ 525]  [ _____]  N/ 25mm[ 120]  
[ _____]  l b/ i n

ASTM D6392
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TABLE 3 -  TEXTURED HDPE GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

Seam Peel  St r engt h ( mi n)  Hot  
Wedge,  Hot  Ai r ,  Ul t r asoni c 
(10)(11)(12)

[ 398]  [ _____]  N/ 25mm[ 91]  
[ _____]  l b/ i n

ASTM D6392

Seam Peel  St r engt h ( mi n)  
Ext r usi on Fi l l et  ( 10) ( 11) ( 12)

[ 340]  [ _____]  N/ 25mm[ 78]  
[ _____]  l b/ i n

ASTM D6392

( 1)  Base mi ni mum aver age machi ne di r ect i on and mi ni mum aver age cr oss machi ne di r ect i on 
val ues on 5 t est  speci mens i n each di r ect i on.   For  HDPE geomembr ane,  y i el d el ongat i on 
i s cal cul at ed usi ng a gauge l engt h of  33 mm 1. 3 i nches.   For  HDPE geomembr ane,  br eak 
el ongat i on i s cal cul at ed usi ng a gauge l engt h of  50 mm 2. 0 i nches.

( 2)  For  HDPE geomembr ane,  use t he manuf act ur er ' s mean val ue yi el d st r ess t o cal cul at e 
t he appl i ed l oad f or  t est  met hod ASTM D5397 ( Appendi x) .

( 3)  Ot her  met hods such as ASTM D4218 or  mi cr owave met hods ar e accept abl e i f  an 
appr opr i at e cor r el at i on t o ASTM D1603 can be est abl i shed.

( 4)  Car bon bl ack di sper si on f or  10 di f f er ent  v i ews:
             -  mi ni mum 8 of  10 i n Cat egor i es 1 or  2
             -  al l  10 i n Cat egor i es 1, 2,  or  3

( 5)  The manuf act ur er  has t he opt i on t o sel ect  ei t her  one of  t he OI T met hods t o 
eval uat e t he ant i oxi dant  cont ent .

( 6)  Eval uat e sampl es at  30 and 60 days and compar e wi t h t he 90 day r esponse.

( 7)  The condi t i on of  t he t est  must  be a 20 hour  UV cycl e at  75 degr ees C 167 degr ees F
 f ol l owed by a 4 hour  condensat i on cycl e at  60 degr ees C 140 degr ees F.

( 8)  Do not  use t he st andar d OI T t est  ( ASTM D3895)  i n det er mi ni ng UV r esi st ance.

( 9)  UV r esi st ance i s based on per cent  r et ai ned val ue r egar dl ess of  t he or i gi nal  
HP- OI T val ue.

( 10)  Seam t est s f or  peel  and shear  must  f ai l  i n t he Fi l m Tear  Bond mode.   Thi s i s a 
f ai l ur e i n t he duct i l e mode of  one of  t he bonded sheet s by t ear i ng or  br eaki ng pr i or  
t o compl et e separ at i on of  t he bonded ar ea.

( 11)  Wher e appl i cabl e,  t est  bot h t r acks of  a doubl e hot  wedge seam f or  peel  adhesi on.

( 12)  For  f i ve sampl es t est ed,  f our  must  meet  or  exceed t he gi ven val ue,  wi t h t he 
f i f t h wi t hi n 80 per cent  of  t he gi ven val ue.
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TABLE 3 -  TEXTURED HDPE GEOMEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHOD

( 13)  Of  10 r eadi ngs;  8 out  of  10 must  be 0. 18 mm 7 mi l ,  and l owest  i ndi v i dual  r eadi ng 
must  be 0. 13 mm 5 mi l .

( 14)  Al t er nat e t he measur ement  s i de f or  doubl e s i ded t ext ur ed sheet .

2. 1. 4   Nonwoven Geot ext i l e

**************************************************************************
NOTE:   I ncl ude t he f ol l owi ng par agr aphs wher e a 
geot ext i l e i s  r equi r ed above or  bel ow t he 
geomembr ane l i ner  syst em.  I nst al l at i on of  a 
geot ext i l e under neat h t he secondar y cont ai nment  
l i ner  i s  r equi r ed i f  t he subgr ade i s r ough or  shar p 
i n nat ur e ( i . e. ,  shar p l i mest one or  gr ani t e r ock,  
r ough gunni t e,  r ough or  exposed concr et e aggr egat e,  
et c. ) .     I ncl ude t he i nst al l at i on of  a geot ext i l e 
above t he secondar y cont ai nment  l i ner  wher e t he 
l i ner  i s  not  l ef t  exposed t o pr ot ect  t he l i ner  f r om 
cover  mat er i al s and f r om equi pment  dur i ng t he 
pl acement  of  cover  mat er i al .

**************************************************************************

Pr ovi de a nonwoven,  pol ypr opyl ene,  needl e punched geot ext i l e f abr i c .   
Pr ovi de geot ext i l e havi ng t he f ol l owi ng physi cal  pr oper t i es as a mi ni mum.   
No subst i t ut e met hods ar e al l owed f or  ver i f i cat i on of  any pr oper t y.

2. 1. 4. 1   Gener al  Pr oper t i es

Ret ar d t he gr owt h of  mi l dew and be compat i bl e wi t h t he soi l  i n cont act .

2. 1. 4. 2   Nomi nal  Uni t  Wei ght

Pr ovi de a nomi nal  uni t  wei ght  of  407 g/ m2 12 oz/ yd2 as measur ed i n 
accor dance wi t h ASTM D5261.

2. 1. 4. 3   Gr ab Tensi l e St r engt h

Pr ovi de a mi ni mum gr ab t ensi l e st r engt h of  1335 N 300 l bf  when t est ed i n 
accor dance wi t h ASTM D4632/ D4632M.

2. 1. 4. 4   Gr ab Tensi l e El ongat i on

Pr ovi de a mi ni mum gr ab t ensi l e el ongat i on of  50 per cent  when t est ed i n 
accor dance wi t h ASTM D4632/ D4632M.

2. 1. 4. 5   Punct ur e St r engt h

Pr ovi de a mi ni mum punct ur e st r engt h of  620 N 140 l bf  when t est ed i n 
accor dance wi t h t he pi n st r engt h met hods of  ASTM D4833/ D4833M,  or  3. 56 kN 
800 l bf  when t est ed i n accor dance wi t h t he CBR met hods of  ASTM D6241.
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2. 1. 4. 6   Tr apezoi d Tear  St r engt h

Pr ovi de a mi ni mum t r apezoi d t ear  st r engt h of  512 N 115 l bf  when t est ed i n 
accor dance wi t h ASTM D4533.

2. 1. 4. 7   Ul t r avi ol et  ( UV)  Resi st ance

Mai nt ai n 70 per cent  of  i t s  or i gi nal  st r engt h af t er  500 hour s of  t est i ng i n 
accor dance wi t h ASTM D7238.

2. 2   ACCESSORIES

2. 2. 1   Li ner  Fi t t i ngs

Pr ovi de l i ner  f i t t i ngs ( f or  exampl e,  boot s and sl eeves)  t hat  ar e f act or y 
pr ef abr i cat ed component s pr oduced f r om t he same manuf act ur er  t hat  pr oduces 
t he f uel  i mper meabl e l i ner  and havi ng t he same f abr i cat i on char act er i st i cs 
as t he l i ner .

2. 2. 2   Embedment  St r i p

Pr ovi de embedment  st r i ps f or  at t achment  t o new cast - i n- pl ace concr et e 
st r uct ur es by t he same manuf act ur er  as t he geomembr ane,  and made of  t he 
same mat er i al s as t he geomembr ane t o be used or  ot her wi se be cer t i f i ed by 
t he manuf act ur er  f or  use wi t h t he geomembr ane.

2. 2. 3   Bat t en /  Mount i ng St r i p Syst em

**************************************************************************
NOTE:   Show mount i ng st r i ps ar ound t he per i met er  of  
l i ner  t er mi nat i ons on exi st i ng or  pr ecast  concr et e 
st r uct ur es.   The st r i ps pr event  t he nut  on t he 
concr et e anchor  f r om penet r at i ng and damagi ng t he 
liner.

**************************************************************************

Pr ovi de [ mi ni mum 5 mm 1/ 4- i nch t hi ck by 50 mm 2 i nches wi de st ai nl ess 
st eel ]  [ or ]  [ mi ni mum 9 mm 3/ 8- i nch t hi ck by 50 mm 2 i nches wi de al umi num]  
mount i ng st r i ps.   Pr ovi de pr e- punched bol t  hol es i n t he st r i p at  maxi mum 
300 mm 12 i nches on cent er  t o accommodat e t he concr et e anchor  bol t s .

2. 2. 3. 1   Gasket

Pr ovi de a mi ni mum 6 mm 1/ 4- i nch t hi ck by 50 mm 2- i nches wi de ni t r i l e gasket  
on one or  bot h s i des of  t he geomembr ane as r ecommended by t he geomembr ane 
manuf act ur er  at  mount i ng st r i p l ocat i ons t o seal  and pr ot ect  t he 
geomembr ane f r om t he concr et e and t he mount i ng st r i p.

2. 2. 3. 2   Concr et e Anchor  Bol t s

Use mi ni mum 9 mm 3/ 8- i nch di amet er  mechani cal  wedge- t ype concr et e anchor s,  
const r uct ed of  t ype 304 or  316 st ai nl ess st eel .   Pr ovi de nut s,  washer s,  and 
ot her  accessor i es of  t he same mat er i al s.

2. 2. 4   Sealant

Use seal ant  conf or mi ng t o ASTM C920,  Type S,  Gr ade NS,  Cl ass 25 or  bet t er ,  
or   ASTM D5893/ D5893M,  Type NS,  or  ot her  seal ant  r ecommended by t he 
geomembr ane manuf act ur er .   Seal ant  used must  be compat i bl e wi t h t he 
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mat er i al  bei ng st or ed,  as r ecommended by t he seal ant  manuf act ur er .

2. 2. 5   Tempor ar y Bal l ast

Tempor ar y bal l ast  used dur i ng geomembr ane i nst al l at i on may i ncl ude 
sandbags,  t i r es,  or  ot her  mat er i al  as r ecommended by t he geomembr ane 
manuf act ur er .   Use non- abr asi ve mat er i al ,  f r ee of  shar p edges or  ot her  
f eat ur es t hat  may damage t he geomembr ane l i ner .

2. 2. 6   Per manent  Bal l ast

Pr ovi de per manent  bal l ast  as i ndi cat ed [ bel ow] .

**************************************************************************
NOTE:   Sel ect  per manent  bal l ast  mat er i al s f r om t he 
f ol l owi ng sect i on.   Del et e opt i ons t hat  ar e not  
desi r ed on t hi s pr oj ect .   I f  al t er nat e bal l ast  
mat er i al s ar e desi r ed,  i ncl ude speci f i c  
r equi r ement s,  and ensur e t hat  t he pr oposed mat er i al  
pr ovi des adequat e bal l ast  wi t hout  damagi ng t he 
geomembr ane l i ner .

**************************************************************************

2. 2. 6. 1   Sand Bags

**************************************************************************
NOTE:   Suggest  bags be f i l l ed wi t h dr y,  c l ean sand 
however  i f  sand i s not  r eadi l y avai l abl e at  t he 
pr oj ect  s i t e,  t hen r equi r e t he bags t o be f i l l ed 
wi t h anot her  mor e i ndi genous mat er i al .   The mat er i al  
sel ect ed shoul d not  have any shar p poi nt s or  edges.

**************************************************************************

Per manent  sand bags f abr i cat ed of  t he same mat er i al  as t he l i ner .   Pr ovi de 
appr oxi mat el y 23 kg 50 l bs of  [ dr y,  c l ean sand]  [ _____]  i nsi de of  each 
bag.   Compl et el y seal  each bag usi ng t he same f i el d seam wel d pr ocedur es 
used on t he l i ner ' s f i el d seams.

2. 2. 6. 2   Pr ecast  Concr et e Paver s

Pr ovi de pr ecast  concr et e paver s t hat  have a smoot h f i ni sh wi t h r ounded 
edges wher e i n cont act  wi t h t he l i ner  and ar e f r ee of  shar p poi nt s or  
pr ot r usi ons t hat  may damage t he geomembr ane l i ner .

2. 2. 6. 3   Cast  i n Pl ace Concr et e

Pr ovi de concr et e cover  over  t he cont ai nment  geomembr ane i n accor dance wi t h 
Sect i on 32 13 15. 20 CONCRETE PAVEMENTS FOR CONTAI NMENT DI KES.

2. 2. 6. 4   Rock Bal l ast

Pr ovi de r ock bal l ast  consi st i ng of  c l ean,  wel l  gr aded r i ver  r ock or  cobbl e 
st one,  s i zed 3. 81 cm t o 7. 62 cm 1- 1/ 2 i nch t o 3 i nch.   Use r ock f r ee of  
shar p poi nt s,  pr ot r usi ons,  or  edges.

2. 2. 7   Sl i p Resi st ant  Wal ki ng Sur f ace

**************************************************************************
NOTE:     I ncl ude t he f ol l owi ng par agr aph wher e t he 
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l i ner  i s  i nt ended t o be l ef t  exposed wi t hout  f ul l  
cover age by concr et e,  aggr egat e,  or  ot her  bal l ast  
mat er i al .  The desi gn dr awi ngs shoul d i ndi cat e t he 
pat hways wher e non- sl i p sur f aces ar e r equi r ed

**************************************************************************

Pr ovi de an addi t i onal  l ayer  of  geomembr ane wi t h an i nt egr al  s l i p- r esi st ant  
coat i ng or  spr ayed on s l i p- r esi st ant  coat i ng f or  s l i p r esi st ant  wal k i ng 
sur f aces.   Wel d addi t i onal  geomembr ane l ayer s t o t he base geomembr ane.   Use 
ppr ayed on coat i ngs r ecommended by bot h t he geomembr ane and coat i ng 
manuf act ur er  f or  combi ned use and adhesi on.

2. 3   EQUIPMENT

Ut i l i ze equi pment  i n per f or mance of  t he wor k i n accor dance wi t h t he 
geomembr ane manuf act ur er ' s r ecommendat i ons and mai nt ai n i n sat i sf act or y 
wor ki ng condi t i on.

PART 3   EXECUTI ON

3. 1   INSTALLATION

Make equi pment / par t s subj ect  t o degr adat i on or  r equi r i ng adj ust ment ,  
i nspect i on or  r epai r  accessi bl e and capabl e of  conveni ent  r emoval .   Pr i or  
t o any f abr i cat i on or  er ect i on,  submi t  det ai l ed i nst al l at i on dr awi ngs t hat  
show t he pr oposed panel  l ayout  of  t he l i ner  over  t he ent i r e cont ai nment  
ar ea.   As a mi ni mum,  i ndi cat e t he di r ect i on and l ocat i on of  f act or y and 
f i el d f abr i cat ed seams,  t he t er mi nat i on of  t he panel s at  t he per i met er  of  
l i ned ar eas,  det ai l s  and met hods of  seal i ng ar ound penet r at i ons,  det ai l s  
and met hods f or  anchor i ng,  [ pl acement  of  per manent  [ sandbags] [ pr ecast  
concr et e paver s]  [ _____]  f or  bal l ast ,  ] and any appl i cabl e s i t e speci f i c  
i nst al l at i on i nst r uct i ons.

3. 1. 1   Fi el d Engi neer

Pr ovi de a f i el d engi neer  t o super vi se t he compl et e i nst al l at i on of  t he 
l i ner  and per f or m each l i ner  i nspect i on and t est .

3. 1. 2    Sur f ace Pr epar at i on

**************************************************************************
NOTE:   I ncl ude t he br acket ed sent ences i f  a 
geot ext i l e i s  r equi r ed beneat h t he geomembr ane f or  
t he pr oj ect .

**************************************************************************

Pr epar e sur f aces i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Sur f aces 
t o be cover ed must  be f r ee of  veget at i on,  gr avel ,  r ocks,  debr i s,  et c. ,  
gr aded t r ue,  compact ed,  and be smoot h wi t h no abr upt  pr oj ect i ons.   [   
I nst al l  t he geot ext i l e i n di r ect  cont act  wi t h t he exi st i ng subgr ade t o be 
cover ed.   I nst al l  t he geot ext i l e i n st r i c t  accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.   I nst al l  geot ext i l e t o c l osel y f i t  ar ound pr oj ect i ons ( f or  
exampl e,  pi pe penet r at i ons,  concr et e f oundat i ons/ pads,  condui t  
penet r at i ons,  et c. ) . ]   Submi t  a s i gned l et t er  f r om t he f i el d engi neer ,  
pr i or  t o pl aci ng any geot ext i l e or  l i ner ,  t hat  st at es t he subgr ade and 
sur f ace pr epar at i on wer e adequat e and i n accor dance wi t h t he l i ner  
manuf act ur er ' s r ecommendat i ons.
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3. 1. 3   Anchor  Tr enches

Wher e an anchor  t r ench i s r equi r ed,  pl ace i t  [ 610]  [ _____]  mm [ 24]  [ _____]  
i nches back f r om t he edge of  t he s l ope t o be cover ed.   Make t he anchor  
t r ench [ 600]  [ _____]  mm [ 24]  [ _____]  i nches deep and [ 300]  [ _____]  mm [ 12]  
[ _____]  i nches wi de,  unl ess ot her wi se r ecommended by t he geomembr ane 
manuf act ur er .   I f  t he anchor  t r ench i s excavat ed i n cohesi ve soi l  
suscept i bl e t o desi ccat i on,  excavat e onl y t he amount  of  anchor  t r ench 
r equi r ed f or  pl acement  of  geomembr ane i n a s i ngl e day.   Remove ponded wat er  
f r om t he anchor  t r ench whi l e t he t r ench i s open.   Sl i ght l y r ound t r ench 
cor ner s t o avoi d shar p bends i n t he geomembr ane.   Remove l oose soi l ,  r ocks 
l ar ger  t han [ 13]  [ _____]  mm [ 1/ 2]  [ _____]  i nch i n di amet er ,  and any ot her  
mat er i al  whi ch coul d damage t he geomembr ane f r om t he sur f aces of  t he 
t r ench.   Ext end t he geomembr ane down t he f r ont  wal l  and acr oss t he bot t om 
of  t he anchor  t r ench.   Backf i l l  and compact  t he anchor  t r ench i n accor dance 
wi t h Sect i on 31 00 00 EARTHWORK.

3. 1. 4   Embedment  St r i p I nst al l at i on

I nst al l  embedment  st r i ps i n new cast - i n- pl ace concr et e st r uct ur es usi ng 
met hods and mat er i al s r ecommended by t he embedment  st r i p/ geomembr ane 
manuf act ur er .   Ext r usi on wel d al l  j oi nt s and i nt er sect i ons of  embedment  
mat er i al  t oget her  or  ot her wi se j oi n as r ecommended by t he manuf act ur er  t o 
pr ovi ded a cont i nuous sur f ace f or  at t achment  of  t he geomembr ane.   Fi l l  any 
hol es t hr ough t he f ace of  t he embed mat er i al  r esul t i ng f r om t he concr et e 
f or mi ng or  pl acement  pr ocess wi t h mat er i al  r ecommended by t he manuf act ur er .

3. 1. 5   Li ner  I nst al l at i on

See par agr aph AMBI ENT CONDI TI ONS.   Pl ace t he l i ner  over  t he pr epar ed 
sur f ace i n accor dance wi t h t he l i ner  manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.   The pr ocedur es and equi pment  used cannot  el ongat e,  wr i nkl e,  
scr at ch,  or  ot her wi se damage t he geomembr ane,  [ geot ext i l e,  ] or  t he 
under l y i ng subgr ade.   Pl ace t he l i ner  i n such a manner  as t o assur e mi ni mum 
handl i ng and f i el d seams.   Use sand bags ( or  ot her  manuf act ur er  appr oved 
means)  t o hol d t he l i ni ng down i n posi t i on dur i ng i nst al l at i on.   Do not  
dr ag or  s l i de mat er i al s,  equi pment  or  ot her  i t ems acr oss t he sur f ace of  t he 
l i ner  at  anyt i me.   Do not  al l ow per sonnel  wal k i ng or  wor ki ng on t he l i ni ng 
t o damage i t .   Repl ace or  r epai r  geomembr ane damaged dur i ng i nst al l at i on.   
Al l ow adequat e s l ack i n t he geomembr ane t o pr event  t he cr eat i on of  t ensi l e 
st r ess and avoi d " t r ampol i ni ng"  or  " br i dgi ng" .   Do not  exceed a wr i nkl e 
hei ght  t o wi dt h r at i o of  0. 5 f or  i nst al l ed geomembr ane.   I n addi t i on,  
geomembr ane wr i nkl es must  not  exceed 75 mm 3 i nches i n hei ght .   Cut  and 
r epai r  wr i nkl es t hat  do not  meet  t he above cr i t er i a i n accor dance wi t h 
par agr aph REPAI RS.

3. 1. 5. 1   Li ner  Pr oj ect i ons

I nst al l  l i ni ng sheet s t o c l osel y f i t  ar ound l i ner  pr oj ect i ons ( f or  exampl e,  
pi pe penet r at i ons,  concr et e f oundat i ons/ pads,  condui t  penet r at i ons,  et c. ) .   
I nst al l  and cent er  manuf act ur er  suppl i ed s l eeves/ boot s ar ound l i ner  
pr oj ect i ons i n st r i c t  accor dance wi t h manuf act ur er ' s r ecommendat i ons.   
Compr ess t he end of  pi pe s l eeves t o a pi pe wi t h a st ai nl ess st eel  band 
cl amp assembl y.   For  l i ner  anchor age t o pr ecast  or  exi st i ng concr et e,  
i nst al l  a bat t en /  mount i ng st r i p ar ound t he l i ner  edge and mount  wi t h 
concr et e anchor  bol t s.   Appl y seal ant  t o t he per i met er  edge of  exposed 
l i ner  t o i ncl ude t he edge of  s l eeves/ boot s.   For  l i ner  anchor age t o new 
cast - i n- pl ace concr et e,  i nst al l  an embedment  st r i p i n t he concr et e usi ng 
met hods and mat er i al s r ecommended by t he embedment  st r i p/ geomembr ane 
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manufacturer.

3. 2   FI ELD SEAMI NG

3. 2. 1   Tr i al  Seams

Make t r i al  seams under  f i el d condi t i ons on st r i ps of  excess geomembr ane.   
Make t r i al  seams each day pr i or  t o pr oduct i on seami ng,  whenever  t her e i s a 
change i n seami ng per sonnel  or  seami ng equi pment  set t i ngs,   whenever  
envi r onment al  condi t i ons change s i gni f i cant l y ( mor e t han 10 degr ees 25 
degr ees) ,  and at  l east  once ever y f our  hour s,  by each seamer  and each pi ece 
of  seami ng equi pment  used t hat  day.   Col l ect  and t est  t r i al  seam sampl es i n 
accor dance wi t h [ ASTM D6392 f or  non- r ei nf or ced l i ner ]  [ or ]  [ ASTM D751 and 
ASTM D413 f or  f abr i c- r ei nf or ced l i ner ] .   Obt ai n one sampl e f r om each t r i al  
seam.   Thi s sampl e must  be at  l east  450 mm l ong by 305 mm wi de 18 i nches 
l ong by 12 i nches wi de wi t h t he seam cent er ed l engt hwi se.   Cut  t en r andom 
speci mens f r om t he sampl e,  25. 4 mm 1 i nch wi de.   Fi el d t est  f i ve seam 
speci mens f or  seam shear  st r engt h and f i el d t est  5 seam speci mens f or  seam 
peel  adhesi on.   To be accept abl e,  4 out  of  5 r epl i cat e t est  speci mens must  
meet  seam st r engt h r equi r ement s speci f i ed i n Tabl e [ 1] [ 2] [ 3] .   I f  t he f i el d 
t est s f ai l  t o meet  t hese r equi r ement s,  r epeat  t he ent i r e oper at i on.   I f  t he 
addi t i onal  t r i al  seam f ai l s ,  do not  use t he seami ng appar at us or  seamer  
unt i l  t he def i c i enci es ar e cor r ect ed by t he i nst al l er  and 2 consecut i ve 
successf ul  t r i al  seams ar e achi eved.   Mai nt ai n l ogs of  t r i al  seams,  whi ch 
i ncl ude dat e,  t i me,  weat her ,  seami ng per sonnel ,  seami ng equi pment ,  
equi pment  set t i ngs,  and t r ai l  seam f i el d t est  r esul t s.  Submi t  t r i al  seam 
l ogs f ol l owi ng t he compl et i on of  i nst al l at i on.

3. 2. 2   Fi el d Seams

Seam panel s i n accor dance wi t h t he geomembr ane manuf act ur er ' s 
r ecommendat i ons.   Compl y wi t h t he geomembr ane manuf act ur er ' s r ecommnedat i on 
f or  t he over l ap bet ween panel s bei ng seamed t oget her ;  however ,  i n no 
over l ap l ess t han 50 mm 2 i nches.   I n sumps,  cor ner s and odd- shaped 
geomet r i c l ocat i ons,  mi ni mi ze t he number  of  f i el d seams.   Ext end seami ng  
t o t he out s i de edge of  panel s.   Compact  sof t  subgr ades pr i or  t o seami ng.   
Pr ovi de a c l ean and f r ee of  moi st ur e,  dust ,  di r t ,  debr i s,  mar ki ngs,  and 
f or ei gn mat er i al  ar ea at  t he t i me of  seami ng.   Compl et el y unr ol l  and l ayout  
adj acent  l i ner  panel s/ sheet s bef or e per f or mi ng f i el d seam wel ds.   Repai r  
f i sh mout hs i n seams.

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   Vi sual  I nspect i on of  Fi el d Seams

Vi sual l y i nspect  each f i el d seam t o conf i r m t hat  t he seams ar e t i ght l y 
bonded.   Per f or m t he i nspect i on of  a seam wi t hi n 30 hour s af t er  t he 
manuf act ur er ' s suggest ed appl i cat i on,  cur i ng,  and cool i ng t i me.   Repai r  and 
r e- i nspect  seams f ound t o be def ect i ve i n accor dance wi t h manuf act ur er ' s 
recommendations.

3. 3. 2   Non- Dest r uct i ve Fi el d Seam Test i ng

Per f or m non- dest r uct i ve t est i ng on al l  f i el d seams over  t he f ul l  seam 
l engt h and on any ot her  ar eas showi ng damage or  ot her  di st r esses.   
Al l owabl e met hods ar e st at ed bel ow.   Al t er nat e met hods appr oved by t he 
geomembr ane manuf act ur er  may be submi t t ed upon appr oval  by t he Cont r act i ng 
Of f i cer .   Submi t  non- dest r uct i ve f i el d seam t est  r epor t s f ol l owi ng t he 
compl et i on of  i nst al l at i on and pr i or  t o cover i ng t he geomembr ane l i ner .
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3. 3. 2. 1   Li ner  Vacuum Box Test

Per f or m a vacuum box t est  i n accor dance wi t h ASTM D5641/ D5641M on each 
f i el d seam,  t he ar ea ar ound t he seams,  and each l i ner  sur f ace showi ng 
i nj ur y due t o scuf f i ng,  penet r at i on by f or ei gn obj ect s,  or  di st r ess f r om 
r ough subgr ade.   I f  t he vacuum box t est  i ndi cat es a cont i nuous st r eam of  
bubbl es on r epeat ed t est i ng at  t he same l ocat i on,  t hen t he ar ea bei ng 
t est ed i s consi der ed damaged and must  be r epai r ed and r et est ed.   Per f or m 
r epai r s i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.

3. 3. 2. 2   Li ner  Ai r  Lance Test

Per f or m an ai r  l ance t est  on seams t o det ect  an unbonded ar ea i n accor dance 
with ASTM D4437/ D4437M.   Per f or m t he t est  usi ng a mi ni mum 345 kPa 50 psi g 
j et  of  ai r  r egul at ed and di r ect ed t hr ough a 5 mm 3/ 16- i nch di amet er  
nozzl e.   Appl y t he j et  of  ai r  t o t he l i p of  a seam i n a near  per pendi cul ar  
di r ect i on t o t he l engt h of  t he seam.   Hol d t he nozzl e a maxi mum of  100 mm 2 
i nches f r om t he seam and t r avel  at  a r at e of  not  t o exceed 12 mpm 40 f pm.   
I nf l at i on of  any sect i on of  t he seam by t he i mpi ngi ng ai r  st r eam i s 
i ndi cat i ve of  an unbonded ar ea.   Repai r  unbonded ar eas i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and r et est .

3. 3. 2. 3   Li ner  Ai r  Pr essur e Test

Per f or m ai r  pr essur e t est i ng i n accor dance wi t h ASTM D5820.   Upon 
compl et i on of  t he t est ,  r el i eve pr essur e f r om t he opposi t e end of  t he seam 
bei ng t est ed t o ver i f y cont i nui t y  of  t he seam.

3. 3. 2. 4   Li ner  Poi nt  St r ess Test

Wher e ot her  non- dest r uct i ve t est  met hods ar e not  possi bl e,  per f or m poi nt  
st r ess t est i ng i n accor dance wi t h ASTM D4437/ D4437M.

3. 3. 3   Dest r uct i ve Fi el d Seam Test i ng

Obt ai n a  mi ni mum of  one dest r uct i ve t est  sampl e per  [ 230]  [ _____]  m [ 500]  
[ _____]  f eet  of  f i el d seam at  l ocat i ons speci f i ed by t he Cont r act i ng 
Of f i cer .   Recommended l ocat i ons i ncl ude t he ends of  seams or  anchor  
t r enches,  so as t o mi ni mi ze t he i mpact  of  r equi r ed r epai r s t o t he 
geomembr ane;  however ,  f i nal  sampl e l ocat i ons wi l l  be det er mi ned by t he 
Cont r act i ng Of f i cer .   Sampl e l ocat i ons wi l l  not  be i dent i f i ed pr i or  t o 
seami ng.   Col l ect  sampl es a mi ni mum of  305 mm 12 i nches wi de by 910 mm 36 
i nches l ong wi t h t he seam cent er ed l engt hwi se.   Ci t  each sampl e i nt o t wo 
equal  pi eces,  wi t h one pi ece r et ai ned by t he i nst al l er  f or  f i el d t est i ng 
and t he r emai ni ng dest r uct i ve f i el d seam t est  sampl e gi ven t o t he 
Cont r act i ng Of f i cer  f or  QA t est i ng and/ or  per manent  r ecor d.   Number  each 
sampl e and cr oss r ef er ence t o a f i el d l og whi ch i dent i f i es:   ( 1)  panel  
number ;  ( 2)  seam number ;  ( 3)  dat e and t i me cut ;  ( 4)  ambi ent  t emper at ur e 
wi t hi n 150 mm 6 i nches above t he geomembr ane;  ( 5)  seami ng uni t  desi gnat i on;  
( 6)  name of  seamer ;  and ( 7)  seami ng appar at us t emper at ur e and pr essur es 
( wher e appl i cabl e) .   Fi el d t est  i n accor dance wi t h [ ASTM D6392 f or  
non- r ei nf or ced l i ner ]  [ or ]  [ ASTM D751 and ASTM D413 f or  f abr i c- r ei nf or ced 
liner] .   Cut  t en 25 mm 1 i nch wi de r epl i cat e speci mens f r om t he i nst al l er ' s  
sampl e.   Test  f i ve speci mens f or  shear  st r engt h and 5 f or  peel  adhesi on.   
Jaw separ at i on speed must  be i n accor dance wi t h t he appr oved QC manual .   To 
be accept abl e,  4 out  of  5 r epl i cat e t est  speci mens must  meet  t he seam 
st r engt h r equi r ement s speci f i ed i n Tabl e [ 1] [ 2] [ 3] .   I f  t he f i el d t est s 
f ai l ,  r epai r  t he seam i n accor dance wi t h par agr aph REPAI RS.   Repai r  hol es 
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f or  dest r uct i ve seam sampl es t he same day t hey ar e cut .   Submi t  dest r uct i ve 
f i el d seam t est  r epor t s f ol l owi ng compl et i on of  i nst al l at i on and pr i or  t o 
cover i ng t he geomembr ane l i ner .

3. 4   REPAIRS

Pat ch damaged ar eas,  dest r uct i ve t est i ng ar eas,  or  ot her  ar eas r equi r i ng 
r epai r  wi t h t he geomembr ane mat er i al .   Round t he cor ner s of  t he pat ch 
mat er i al  and ext end a mi ni mum of  150 mm 6 i nches i n each di r ect i on f r om t he 
damaged ar ea.   Smal l  hol es or  snags l ess t han 6 mm 1/ 4 i nch i n di amet er  may 
be r epai r ed by ext r usi on wel di ng wher e such pr ocess i s appr oved by t he 
geomembr ane manuf act ur er .

3. 5   PROTECTI ON AND BACKFI LLI NG

**************************************************************************
NOTE:   Ret ai n t he br acket ed par agr aph i f  t he 
geomembr ane l i ner  i s  t o be cover ed wi t h per manent  
bal l ast  mat er i al ,  such as concr et e or  r i ver  r ock.  

**************************************************************************

Pr i or  t o i nst al l at i on of  per manent  bal l ast  mat er i al ,  t he depl oyed 
geomembr ane must  be i n i nt i mat e cont act  wi t h t he under l y i ng sur f ace,  wi t h 
no ar eas i n suf f i c i ent  t ensi on t o f or m " br i dges"  or  " t r ampol i nes" .   
Mi ni mi ze waves/ wr i nkl es i n t he geomembr ane pr i or  t o pl acement  of  bal l ast  
mat er i al s;  i n no case al l ow wr i nkl es t o f ol d over  dur i ng pl acement  of  
bal l ast  mat er i al s. [   I nst al l  t he cover  geot ext i l e i n di r ect  cont act  wi t h 
t he geomembr ane l i ner  t o be cover ed,  i n st r i c t  accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.   I nst al l  geot ext i l e t o c l osel y f i t  ar ound 
pr oj ect i ons ( f or  exampl e,  pi pe penet r at i ons,  concr et e f oundat i ons/ pads,  
condui t  penet r at i ons,  et c. ) .   Cover  t he depl oyed and seamed geomembr ane 
wi t h t he speci f i ed per manent  bal l ast  mat er i al  wi t hi n [ 14]  [ _____]  cal endar  
days of  accept ance.   Do not  dr op bal l ast  mat er i al  ont o t he geomembr ane or  
over l y i ng geot ext i l e f r om a hei ght  gr eat er  t han 1 m 3 f eet .   Push t he 
mat er i al  out  over  t he geomembr ane i n an out war d/ upwar d t umbl i ng mot i on.   
Pl ace bal l ast  mat er i al  f r om t he bot t om of  t he s l ope upwar d. ]

3. 5. 1   Bal l ast  Pl acement  Equi pment

**************************************************************************
NOTE:   The use of  const r uct i on equi pment  on t he 
depl oyed geomembr ane shoul d be avoi ded as much as 
possi bl e t o avoi d pot ent i al  damage.   I ncl ude t he 
f i r st  br acket ed opt i on wher e geomembr ane i s t o be 
l ef t  uncover ed or  wher e t he cover ed cont ai nment  
ar eas ar e suf f i c i ent l y smal l  t o al l ow pl acement  of  
cover  mat er i al  ut i l i z i ng equi pment  posi t i oned 
out s i de of  t he geomembr ane cover ed ar ea,  such as a 
cr ane,  backhoe,  or  concr et e pump t r uck.   I ncl ude t he 
second br acket ed opt i on wher e use of  smal l  equi pment  
( ski dl oader  or  s i mi l ar )  f or  pl acement  of  t he cover  
mat er i al  i s  necessar y.

**************************************************************************

[ Pl ace bal l ast  mat er i al  ut i l i z i ng const r uct i on equi pment  t hat  i s  posi t i oned 
of f  of  t he depl oyed geomembr ane.   Do not  dr i ve const r uct i on equi pment  on or  
above t he geomembr ane at  any t i me. ] [ Equi pment  wi t h gr ound pr essur es l ess 
t han 50 kPa 7 psi  may be used t o pl ace t he bal l ast  mat er i al  over  t he 
geomembr ane;  do not  dr i ve equi pment  exceedi ng t hi s  pr essur e on t he 
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geomembr ane.   Do not  abr upt l y st op equi pment  pl aci ng bal l ast  mat er i al ,  make 
shar p t ur ns,  spi n wheel s,  or  t r avel  at  speeds exceedi ng [ 2. 2]  [ _____]  m/ s 
[ 5]  [ _____]  mph.   Oper at e equi pment  dr i v i ng on t he geomembr ane on a cushi on 
l ayer  of  bal l ast  mat er i al  wi t h a mi ni mum t hi ckness of  150 mm 6 i n over  t he 
geomembr ane;  at  no t i me oper at e equi pment  di r ect l y  on t he geomembr ane or  
geotextile.]

3. 6   PERMANENT BALLAST

**************************************************************************
NOTE:   Del et e i nappl i cabl e bal l ast  mat er i al s.

**************************************************************************

3. 6. 1   Sand Bags

**************************************************************************
NOTE:   For  l i ner s exposed t o t he el ement s,  show bags 
t o be per manent l y pl aced on t op of  t he l i ner  at  
r egul ar l y spaced i nt er val s i n or der  t o keep t he 
l i ner  hel d down i n t he event  of  s t r ong wi nds.   A 
t ypi cal  l ocat i on f or  such bags woul d be at  t he base 
of  a di ke wal l / ber m.

**************************************************************************

Det er mi ne sand bag pl acement  and spaci ng by wi nd upl i f t  cal cul at i ons as 
speci f i ed i n par agr aph DESI GN REQUI REMENTS.

3. 6. 2   Pr ecast  Concr et e Paver s

Det er mi ne paver  pl acement  and spaci ng by wi nd upl i f t  cal cul at i ons as 
speci f i ed i n par agr aph DESI GN REQUI REMENTS.   I nst al l  an addi t i onal  l ayer  of  
geomembr ane under  each paver ,  wel ded t o t he base geomembr ane.

3. 6. 3   Cast  i n Pl ace Concr et e

Pl ace concr et e cover  over  cont ai nment  geomembr ane i n accor dance wi t h 
Sect i on 32 13 15. 20 CONCRETE PAVEMENTS FOR CONTAI NMENT DI KES.

3. 6. 4   Rock Bal l ast

Compact  r ock bal l ast  wi t h t wo passes of  a wal k- behi nd v i br at or y compact or .   
Pr ovi de bal l ast  t hi ckness[  as i ndi cat ed] [  200 mm 8 i nches f or  t he 
cont ai nment  ar ea f l oor ] [  and] [  150 mm 6 i nches f or  di ke s l opes] .

3. 7   SLI P RESI STANT WALKI NG SURFACE

**************************************************************************
NOTE:   I ncl ude t he f ol l owi ng par agr aph wher e t he 
l i ner  i s  i nt ended t o be l ef t  exposed wi t hout  f ul l  
cover age by concr et e,  aggr egat e,  or  ot her  bal l ast  
mat er i al .  The desi gn dr awi ngs shoul d i ndi cat e t he 
pat hways wher e non- sl i p sur f aces ar e r equi r ed

**************************************************************************

I nst al l  s l i p r esi st ant  wal k i ng sur f ace mat er i al s [ i n t he ar eas i ndi cat ed]  
[ on t op of  di ke s l opes and bet ween t he di ke st ai r s  and t ank concr et e apr on] .
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3. 8   PROJECT CLOSEOUT

Pr ovi de As- Bui l t  Dr awi ngs whi ch show t he as const r uct ed panel  l ayout ,  
f act or y and f i el d seam l ocat i ons,  penet r at i ons,  dest r uct i ve f i el d seam 
t est i ng l ocat i on,  and r epai r  l ocat i ons.   Pr ovi de oper at i on and mai nt enance 
dat a package f or  t he geomembr ane l i ner  t o i ncl ude mat er i al  cut  sheet s,  
l i ner ' s r out i ne mai nt enance r equi r ement s as wel l  as pr ocedur es f or  l i ner  
r epai r  and t r oubl eshoot i ng.

       - -  End of  Sect i on - -
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