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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  r ubber  and pl ast i c f l exi bl e pond 
and r eser voi r  l i ner s.

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) .

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

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on does not  cover  c l ay 
or  ot her  t ypes of  ear t h l i ner s.   Gener al  s i t e 
pr epar at i on must  be cover ed i n ot her  sect i ons,  
pr ef er abl y Sect i on 31 00 00 EARTHWORK and wher e 
r equi r ed,  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

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

**************************************************************************
NOTE:   Show t he f ol l owi ng i nf or mat i on on t he pr oj ect  
drawings:

1.   Ext ent  of  l i ner .

2.   Det ai l s  of  ear t h anchor age.

3.   Det ai l s  of  anchor age t o st r uct ur es.
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4.   Thi ckness of  ear t h cover .
**************************************************************************

PART 1   GENERAL

1. 1   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 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 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 D6214/ D6214M ( 2013)  Det er mi ni ng t he I nt egr i t y of  Fi el d 
Seams Used i n Joi ni ng Geomembr anes by 
Chemi cal  Fusi on Met hods

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 D698 ( 2012;  E 2014;  E 2015)  Labor at or y 
Compact i on Char act er i st i cs of  Soi l  Usi ng 
St andar d Ef f or t  ( 12, 400 f t - l bf / cu.  f t .  
( 600 kN- m/ cu.  m. ) )

ASTM D7002 ( 2016)  St andar d Pr act i ce f or  Leak Locat i on 
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on Exposed Geomembr anes Usi ng t he Wat er  
Puddl e Syst em

ASTM D7006 ( 2013)  St andar d Pr act i ce f or  Ul t r asoni c 
Test i ng of  Geomembr anes

ASTM D7007 ( 2016)  St andar d Pr act i ces f or  El ect r i cal  
Met hods f or  Locat i ng Leaks i n Geomembr anes 
Cover ed wi t h Wat er  or  Ear t h Mat er i al s

ASTM D7176 ( 2006;  R 2011)  Non- Rei nf or ced Pol yvi nyl  
Chl or i de ( PVC)  Geomembr anes Used i n Bur i ed 
Applications

ASTM D7272 ( 2006;  R 2018)  St andar d Test  Met hod f or  
Det er mi ni ng t he I nt egr i t y of  Seams Used i n 
Joi ni ng Geomembr anes by Pr e- manuf act ur ed 
Taped Met hods

ASTM D7408 ( 2012)  Non Rei nf or ced PVC ( Pol yvi nyl  
Chl or i de)  Geomembr ane Seams

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

ASTM D7700 ( 2015)  St andar d Gui de f or  Sel ect i ng Test  
Met hods f or  Geomembr ane Seams

GEOSYNTHETI C I NSTI TUTE ( GSI )

GSI  GRI  GM13 ( 2016)  Test  Met hods,  Test  Pr oper t i es and 
Test i ng Fr equency f or  Hi gh Densi t y 
Pol yet hyl ene ( HDPE)  Smoot h and Text ur ed 
Geomembranes

GSI  GRI  GM17 ( 2015)  Test  Met hods,  Test  Pr oper t i es and 
Test i ng Fr equency f or  Li near  Low Densi t y 
Pol yet hyl ene ( LLDPE)  Smoot h and Text ur ed 
Geomembranes

GSI  GRI  GM18 ( 2015)  Test  Met hods,  Test  Pr oper t i es and 
Test i ng Fr equenci es f or  Fl exi bl e 
Pol ypr opyl ene ( f PP and f PP- R)  
Nonr ei nf or ced and Rei nf or ced Geomembr anes

GSI  GRI  GM19 ( 2002;  R 2013)  Seam St r engt h and Rel at ed 
Pr oper t i es of  Ther mal l y Bonded Pol yol ef i n 
Geomembranes

GSI  GRI  GM21 ( 2016)  Test  Met hods,  Pr oper t i es and 
Fr equenci es f or  Et hyl ene Pr opyl ene Di ene 
Ter pol ymer  ( EPDM)  Nonr ei nf or ced and Scr i m 
Rei nf or ced Geomembr anes

GSI  GRI  GM25 ( 2009;  R 2012)  Test  Met hods,  Test  
Pr oper t i es and Test i ng Fr equency f or  
Rei nf or ced Li near  Low Densi t y Pol yet hyl ene 
( LLDPE- R)  Geomembr anes
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1. 2   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 . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  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 wi t h 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

Li ner  Syst em;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Li ner ;  G[ ,  [ _____] ]
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Seami ng Adhesi ve

Penet r at i on Assembl i es;  G[ ,  [ _____] ]

Fi l t er  Fabr i c;  G[ ,  [ _____] ]

Sealants

SD- 07 Cer t i f i cat es

Li ner ;  G[ ,  [ _____] ]

Fi l t er  Fabr i c

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

Li ner ;  G[ ,  [ _____] ]

Seami ng Adhesi ve

Sealants

SD- 11 Cl oseout  Submi t t al s

Manuf act ur er ' s War r ant y;  G[ ,  [ _____] ]

I nst al l at i on War r ant y;  G[ ,  [ _____] ]

1. 3   DELI VERY AND STORAGE

Del i ver  l i ner  [ and f i l t er  f abr i c]  t o s i t e i n l ar gest  s i zes possi bl e t o 
mi ni mi ze f i el d seami ng.   Pr ot ect  f r om sunl i ght  and ot her  ul t r avi ol et  l i ght  
sour ces dur i ng st or age.   Keep cement s and adhesi ves f r om ext r eme col d or  
heat .   Keep mat er i al s c l ean and dr y.

1. 4   QUALI TY ASSURANCE

1. 4. 1   Requi r ed Dr awi ng

Submi t  dr awi ng of  l i ner  syst em i ndi cat i ng sheet  and seam l ayout ,  anchor age 
det ai l s ,  and penet r at i on det ai l s .

1. 5   WARRANTY

**************************************************************************
NOTE:  Manuf act ur er s t ypi cal l y  pr ovi de pr or at ed 
mat er i al  war r ant i es r angi ng f r om 1 t o 30 year s 
dependi ng on t he speci f i c  appl i cat i on.  I nst al l at i on 
war r ant i es ar e gener al l y speci f i ed as one t o f i ve 
year s i n l engt h.

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

1. 5. 1   Manuf act ur er ' s War r ant y

Pr ovi de t he Manuf act ur er ' s War r ant y t o t he Cont r act i ng Of f i cer .   Ensur e 
War r ant y i s val i d f or  a mi ni mum of  [ 2]  [ 5]  [ _____]  year s f r om t he dat e of  
pr oj ect  c l oseout ,  showi ng t he Gover nment  as war r ant y r eci pi ent .
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1. 5. 2   I nst al l at i on War r ant y

Pr ovi de t he I nst al l at i on War r ant y t o t he Cont r act i ng Of f i cer ,  al ong wi t h 
f i nal  t est  r epor t s.   Ensur e War r ant y i s val i d f or  a mi ni mum of  [ 2]  [ 5]  
[ _____]  year s f r om t he dat e of  pr oj ect  c l oseout ,  showi ng t he Gover nment  as 
war r ant y r eci pi ent .

PART 2   PRODUCTS

2. 1   LINER

**************************************************************************
NOTE:   Thi s speci f i cat i on cover s r ubber  and pl ast i c 
r ei nf or ced and unr ei nf or ced geomembr anes.   Pl ast i c  
l i ner s i ncl ude pol yet hyl ene,  et hyl ene copol ymer ,  
Hi gh Densi t y Pol yet hyl ene,  Li near  Low Densi t y 
Pol yet hyl et hyl en,  Fl exi bl e Pol ypr opyl ene.  Rubber  
l i ner s i ncl ude Et hyl ene Pr opyl ene Di ene Ter pol ymer .   
Al l ow use of  as many of  t he above t ypes of  mat er i al s 
as desi gn consi der at i ons al l ow.   Such consi der at i ons 
i ncl ude cost ,  f oundat i on condi t i ons,  chemi cal  
compat i bi l i t y  bet ween l i ner  and st or ed pr oduct .   
Fabr i c r ei nf or ced l i ner s ar e avai l abl e and ar e 
usef ul  wher e ext r a st r engt h i s needed.   Do not  use 
t he ext r a st r engt h of  f abr i c r ei nf or cement  as a 
r epl acement  f or  an appr opr i at e t hi ckness of  subgr ade 
or  base.

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

2. 1. 1   Hi gh Densi t y Pol yet hyl ene ( HDPE)

[ Smoot h]  [ Text ur ed]  HDPE manuf act ur ed i n accor dance wi t h and conf or mi ng t o 
GSI  GRI  GM13,  [ _____]  mm mi l s t hi ck.

2. 1. 2   Li near  Low Densi t y Pol yet hyl ene ( LLDPE)

[ Smoot h]  [ Text ur ed]  LLDPE manuf act ur ed i n accor dance wi t h and conf or mi ng t o 
GSI  GRI  GM17,  [ _____]  mm mi l s t hi ck.

2. 1. 3   Fl exi bl e Pol ypr opyl ene ( f PP and f PP- R)

[ Unr ei nf or ced]  [ Rei nf or ced]  f PP manuf act ur ed i n accor dance wi t h and 
conf or mi ng t o GSI  GRI  GM18,  [ _____]  mm mi l s t hi ck.

2. 1. 4   Et hyl ene Pr opyl ene Di ene Ter pol ymer ( EPDM)

[ Unr ei nf or ced]  [ Rei nf or ced]  EPDM manuf act ur ed i n accor dance wi t h and 
conf or mi ng t o GSI  GRI  GM21, [  1. 12 mm 45 mi l s] [  1. 5 mm 60 mi l s]  t hi ck.

2. 1. 5   Rei nf or ced Li near  Low Densi t y Pol yet hyl ene ( LLDPE- R)

Rei nf or ced LLDPE- R manuf act ur ed i n accor dance wi t h and conf or mi ng t o 
GSI  GRI  GM25,  [ _____]  mm mi l s t hi ck.

2. 1. 6   Pol yvi nyl  Chl or i de ( PVC)

PVC manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM D7176,  [ _____]  mm
 mi l s t hi ck.
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2. 2   ACCESSORIES

2. 2. 1   ADHESIVE

Pr ovi de seami ng adhesi ve compat i bl e wi t h t ype of  l i ner  used as r ecommended 
by manuf act ur er .

2. 2. 2   SEALANT

Pr ovi de seal ant s compat i bl e wi t h t he t ype of  l i ner  used as r ecommended by 
manuf act ur e.   The use of  s i l i cone seal ant  i s  not  al l owed wi t h PVC l i ner  
materials.

2. 2. 3   PENETRATIONS

Pr ovi de manuf act ur er ' s st andar d f act or y f abr i cat ed penet r at i on assembl i es.   
Make penet r at i on assembl i es of  t he same base mat er i al  as l i ner  and at  l east  
1. 12 mm 45 mi l s t hi ck.

2. 3   FI LTER FABRI C

**************************************************************************
NOTE:   Fi l t er  f abr i c i s  a usef ul  mat er i al  t o 
pr ovi de:   1)  a bet t er  subgr ade;  2)  a pat h f or  wat er  
or  gas mi gr at i on;  3)  and a conveni ent  mat er i al  f or  
dr ai nage when a doubl e l i ner  syst em i s used.  Speci f y 
c l ot h t hat  r et ai ns t he soi l  bei ng pr ot ect ed,  yet  has 
openi ngs l ar ge enough t o per mi t  dr ai nage and pr event  
c l oggi ng.   Sel ect  t he " equi val ent  openi ng s i zes"  
( EOS)  and " per cent  open ar ea"  based on t he f ol l owi ng 
criteria:

1.   Fi l t er  c l ot h adj acent  t o gr anul ar  mat er i al s 
cont ai ni ng 50 per cent  or  l ess by wei ght  f i nes 
( mat er i al s passi ng 75 mi cr omet er s ( No.  200)  s i eve) :

a.   The 85 per cent  s i ze of  t he soi l ,  di v i ded by t he 
near est  openi ng s i ze of  EOS si eve ( near est  U. S.  
St andar d Si eve)  i s  equal  t o or  gr eat er  t han one.

b.   Open ar ea not  t o exceed 36 per cent .

2.   Fi l t er  c l ot hs adj acent  t o al l  ot her  t ype soi l s :

a.   EOS no l ar ger  t han t he openi ngs i n t he U. S.  
St andar d Si eve 212 mi cr omet er s No.  70.

b.   Open ar ea not  t o exceed 10 per cent .

To r educe t he chance of  c l oggi ng,  speci f y c l ot h wi t h 
an open ar ea equal  t o or  gr eat er  t han 4 per cent  or  
an EOS wi t h openi ngs equal  t o or  gr eat er  t han t he 
openi ngs of  a U. S.  St andar d Si eve Si zed 150 
mi cr omet er s No.  100.

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

Pr ovi de a per meabl e,  synt het i c bar r i er  sheet  r esi st ant  t o mi l dew,  chemi cal s 
i n soi l ,  s t abl e under  f r eeze- t haw cycl es,  whi ch wi l l  not  shr i nk or  expand 
under  wet  condi t i ons,  and wi l l  not  unr avel  or  become cl ogged dur i ng use.   

SECTI ON 33 47 13  Page 9



Fi l t er  c l ot h must  have a mi ni mum t ensi l e st r engt h of  534 N 120 pounds.   
Al l owabl e open ar ea must  not  exceed [ 36]  [ _____]  per cent  and must  not  be 
l ess t han [ 4]  [ _____]  per cent .   Per cent  open ar ea i s def i ned as t he 
summat i on of  open ar eas di v i ded by t ot al  ar ea of  f i l t er  c l ot h.   Equi val ent  
Openi ng Si ze ( EOS)  must  not  be f i ner  t han t he U. S.  St andar d s i eve [ 212]  
mi cr omet er s [ _____]  No.  [ 70]  [ _____] .

PART 3   EXECUTI ON

3. 1   SURFACE PREPARATI ON

3. 1. 1   Soi l  or  Gr anul ar  Subgr ade

**************************************************************************
NOTE:   Ear t h subgr ades shoul d be s l oped f r om 0. 5 t o 
1. 0 per cent .   Sl oped subgr ade pr ovi des a pat h f or  
wat er  or  gas escape par t i cul ar l y i f  f i l t er  f abr i c or  
a doubl e l i ner  wi t h dr ai nage syst em i s used.

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

Pr epar e subgr ade i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Remove 
veget at i on,  boul der s and r ocks l ar ger  t han 20 mm 3/ 4 i nch i n s i ze and ot her  
shar p obj ect s.   Fi l l  i n hol es,  i ncl udi ng st ake hol es.   I nspect  subgr ade 
sur f ace and cor r ect  def ect s pr i or  t o cont i nui ng const r uct i on.

3. 1. 2   Concrete

Pr ovi de concr et e sur f aces and pi pe anchor ages i n accor dance wi t h Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.   Pr ovi de smoot h sur f aces wi t h no shar p 
pr oj ect i ons or  abr upt  sur f ace changes.   Compact  ear t h wi t hi n 300 mm 12 
i nches of  any concr et e sur f aces t o 100 per cent  maxi mum densi t y,  i n 
accor dance wi t h ASTM D698.

3. 2   CLEANI NG OF LI NER SHEET

**************************************************************************
NOTE:   Some l i ner  mat er i al s ar e manuf act ur ed wi t h a 
sur f ace bl oom or  sur f ace cur e t hat  must  be r emoved 
pr i or  t o maki ng seams.   Consul t  wi t h l i ner  
manufacturers.

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

Cl ean l i ner  sheet s of  dust ,  di r t ,  and ot her  f or ei gn mat t er .   Car ef ul l y  
c l ean ar ea ( bot h mat i ng sur f aces)  of  seams.   [ Remove sur f ace [ bl oom]  or  
[ cur e]  wi t h sol vent  r ecommended by manuf act ur er . ]

3. 3   FI LTER FABRI C I NSTALLATI ON

**************************************************************************
NOTE:   Use br acket ed sent ence when f i l l  i s  pl aced 
bet ween f i l t er  f abr i c and pl ast i c  or  r ubber  l i ner .

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

Pl ace synt het i c f i ber  f i l t er  f abr i c on pr epar ed subgr ade.   Repai r  damaged 
f abr i c by pl aci ng an addi t i onal  l ayer  of  f abr i c t o cover  t he damaged ar ea a 
mi ni mum of  900 mm 3 f eet  over l ap i n al l  di r ect i ons.   Over l ap f abr i c  at  
j oi nt s a mi ni mum of  900 mm 3 f eet .   [ Obt ai n appr oval  of  f i l t er  f abr i c 
i nst al l at i on bef or e pl aci ng f i l l .   Pl ace f i l l  on f abr i c i n t he di r ect i on of  
over l aps and compact  as speci f i ed i n Sect i on [ 31 00 00 EARTHWORK] [
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31 23 00. 00 20 EXCAVATI ON AND FI LL] ] .   Fol l ow manuf act ur er ' s r ecommended 
i nst al l at i on pr ocedur es.

3. 4   LI NER I NSTALLATI ON

3. 4. 1   Placement

**************************************************************************
NOTE:   Addi t i onal  wor di ng may be needed when sur f ace 
bel ow l i ner  coul d cause damage or  ar eas wher e wi nd 
condi t i ons or  pond geomet r y wi l l  cause obvi ous 
pr obl ems dur i ng pl acement .   Ti me i n br acket ed c l ause 
can be var i ed dependi ng upon cl i mat i c condi t i ons.

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

Posi t i on l i ner  on pr evi ousl y pr epar ed sur f ace [ or  f i l t er  f abr i c]  as 
i ndi cat ed.   Unr ol l  or  unf ol d car ef ul l y .   Avoi d st r et chi ng.   Al l ow l i ner  t o 
l i e i n a r el axed st at e [ f or  a mi ni mum of  1/ 2 hour ]  pr i or  t o seami ng.

3. 4. 2   Seams and Laps

**************************************************************************
NOTE:   Dur i ng desi gn,  consi der  conf i gur at i ons t hat  
r equi r e as f ew seams as possi bl e,  wi t h no seams 
l ocat ed i n ar eas of  maxi mum st r ess.   Cer t ai n t ypes 
of  l i ner s,  par t i cul ar l y cur ed r ubber  sheet i ng,  may 
r equi r e seal i ng edges of  suppor t ed l i ner s wi t h 
seami ng adhesi ve and l i ner .   Seal i ng edges of  
suppor t ed l i ner s wi t h seami ng adhesi ve i s r equi r ed 
wher e scr i m i s exposed.   I ncl ude addi t i onal  saf et y 
r equi r ement s appr opr i at e f or  i ndi v i dual  t ypes of  
seami ng adhesi ve speci f i ed.

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

Pr ovi de per sonnel  handl i ng or  appl y i ng seami ng adhesi ve wi t h pr ot ect i ve 
c l ot hi ng and ot her  appr opr i at e saf et y equi pment .   Appl y seami ng adhesi ve 
and make f i el d seam.   Make l ap or  seam [ _____]  [  150 mm 6 i nches]  wi de.   
Seal  l ap or  seam usi ng r ol l er s or  hand pr essur e r emovi ng any wr i nkl es at  
t hat  t i me.   A pl ank or  boar d may be used f or  back- up dur i ng seal i ng but  
r emove pr i or  t o compl et i on of  i nst al l at i on.   [ For  suppor t ed l i ner s appl y 
spl i c i ng cement  t o cut  edges of  l i ner  and seal  wi t h a st r i p of  unsuppor t ed 
l i ner  of  same mat er i al  as l i ner . ]   [ For  suppor t ed l i ner s appl y spl i c i ng 
cement  t o cut  edges ( exposed scr i m)  of  l i ner . ]

3. 4. 3   Repairs

Make r epai r s t o l i ner  wi t h same mat er i al  as l i ner .   Ext end pat ch 150 mm 6 
i nches i n al l  di r ect i ons f r om punct ur e.   Use same met hod as f or  seams.

3. 5   ANCHORAGE

3. 5. 1   Ear t h Anchor age

**************************************************************************
NOTE:   Ear t h anchor age at  per i met er  of  r eser voi r  i s  
t he pr ef er r ed met hod of  pr ovi di ng anchor age.   Wher e 
concr et e i s used as t r ench backf i l l  modi f y par agr aph 
accordingly.

**************************************************************************
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Make per i met er  t r ench [ a mi ni mum of  300 mm 12 i nches wi de by 300 mm 12 
i nches deep]  [ as i ndi cat ed] .   Af t er  i nst al l at i on of  l i ner  i n r eser voi r  i s  
compl et e,  pl ace l i ner  i n per i met er  t r ench and backf i l l  t r ench.

3. 5. 2   Anchor age t o St r uct ur es

**************************************************************************
NOTE:   Pl acement  of  st r uct ur es wi t hi n l i ner  ar ea and 
penet r at i on of  l i ner  by pi pi ng i s  not  r ecommended.  
Wher e such i t ems ar e r equi r ed,  c l ose at t ent i on t o 
det ai l s  of  desi gn and const r uct i on ar e r equi r ed.

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

Remove cur i ng compounds and coat i ngs f r om st r uct ur es i n j oi nt  ar eas.   Use 
bondi ng adhesi ve r ecommended by manuf act ur er  t o make j oi nt s.   Make j oi nt  t o 
st r uct ur es [ at  l east  300 mm 12 i nches wi de. ]  [ t he wi dt h i ndi cat ed.   Use 
bat t en st r i ps of  st ai nl ess st eel  bar s t o r ei nf or ce j oi nt . ]

3. 6   BACKFI LL OVER LI NER

**************************************************************************
NOTE:   Wher e ear t h cover i ng i s used,  s i de s l opes of  
3: 1 or  l ess ar e gener al l y r equi r ed.

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

Cover  i nst al l ed l i ner  wi t h ear t h t o dept h [ i ndi cat ed. ]  [ of  450 mm 18 i nches. ]   
[ Cover  l i ner  wi t hi n t i me l i mi t s speci f i ed by l i ner  manuf act ur er . ]   Pl ace 
ear t h on l i ner  usi ng r ubber  t i r ed or  t r acked vehi c l es.   Dr i ve onl y on ear t h 
cover .   Cor r ect  any damage t o l i ner  caused by cover i ng oper at i ons.

3. 7   FI ELD QUALI TY CONTROL

3. 7. 1   Tests

Use ASTM D7700 t o det er mi ne appr opr i at e t est  met hods necessar y t o eval uat e 
geomembr ane seams f or  mat er i al s l i s t ed i n t hi s speci f i cat i on.   [ Take one 
dest r uct i ve f i el d seam sampl e per  [ 500 met er s 1640 f eet ]  [ _____]  met er s f eet
 of  seam. ]   [ Per f or m an el ect r i cal  l eak det ect i on sur vey. ]

3. 7. 1. 1    Nondest r uct i ve t est i ng ( NDT)

3. 7. 1. 1. 1    Nonr ei nf or ced t est i ng

Per f or m NDT i n accor dance wi t h ASTM D4437/ D4437M.   For  HDPE,  LLDPE,  f PP and 
PVC use ASTM D7006 f or  ul t r asoni c t est i ng of  mat er i al s and seams.   For  PVC,  
ASTM D7006 i s onl y appl i cabl e t o f act or y seam t est i ng.

3. 7. 1. 1. 2   Rei nf or ced t est i ng

Per f or m NDT i n accor dance wi t h ASTM D4437/ D4437M.

3. 7. 1. 2    Dest r uct i ve t est i ng

Per f or m dest r uct i ve t est i ng i n accor dance wi t h GSI  GRI  GM19.

3. 7. 1. 2. 1   Nonr ei nf or ced t est i ng

For  HDPE,  LLDPE,  and f PP per f or m dest r uct i ve t est i ng i n accor dance wi t h 
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ASTM D6392.

[ For  EPDM per f or m dest r uct i ve t est i ng i n accor dance wi t h ASTM D7272.

][ For  PVC per f or m dest r uct i ve t est i ng i n accor dance wi t h ASTM D7408.

] 3. 7. 1. 2. 2   Rei nf or ced t est i ng

For  r ei nf or ced geomembr anes mat er i al s l i s t ed i n t hi s speci f i cat i on per f or m 
dest r uct i ve t est i ng i n accor dance wi t h ASTM D751, ASTM D6214/ D6214M,  and 
ASTM D6392.

[ 3. 7. 1. 3   Adhesi on t o Fl exi bl e Subst r at e

For  EPDM per f or m adhesi on t est  i n accor dance wi t h ASTM D413.

] 3. 7. 1. 4   El ect r i cal  Leak Locat i on

For  HDPE,  LLDPE,  f PP and PVC pr ovi de el ect r i cal  l eak l ocat i on i n accor dance 
with ASTM D7002 and ASTM D7007.

3. 7. 1. 5   Leakage Test i ng

**************************************************************************
NOTE:   Use t hi s par agr aph when r equi r ed t o det er mi ne 
whet her  l i ner  has an accept abl e amount  of  l eakage.   
A l i ner  wi t h no l eakage i s i n a pr act i cal  sense,  not  
possi bl e.   Al so,  t he cost  of  per f or mi ng l eakage 
t est i ng may be hi gh dependi ng on t he s i ze of  t he 
pond or  r eser voi r .

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

Test  pond or  r eser voi r  f or  l eakage.   Det er mi ne l eakage r at e.   Leakage r at e 
( Q)  must  not  exceed t he l esser  of  4 l i t er s 1 gal l on per  mi nut e or  t he 
amount  gi ven by t he f ol l owi ng f or mul a.   Q ( Leakage r at e i n gal l ons per  
mi nut e)  equal s A ( Ar ea of  l i ner  i n t housands of  squar e f eet )  mul t i pl i ed by 
t he squar e r oot  of  H ( Dept h of  l i qui d i n f eet ) ,  t he pr oduct  t hen di v i ded by 
80.

3. 7. 2   Inspection

I nspect  compl et ed l i ner  f or  pi nhol es,  punct ur es,  and t ear s.   I nspect  seams 
and j oi nt s f or  unbonded ar eas.   Repai r  def ect s as speci f i ed her ei n.

        - -  End of  Sect i on - -
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