
**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA             UFGS- 33 56 21. 18 ( November  2018)
                                          - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   NAVFAC               Super sedi ng
                                          UFGS- 33 56 13. 15 ( August  2015)

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 21. 18

SI NGLE WALL POL TANK UNDERTANK I NTERSTI TI AL SPACE

11/18

PART 1   GENERAL

  1. 1   REFERENCES
  1. 2   SUBMI TTALS
  1. 3   RELATED REQUI REMENTS
  1. 4   QUALI FI CATI ONS
    1. 4. 1   Qual i f i cat i ons of  FML Fi el d Engi neer
  1. 5   QUALI TY ASSURANCE
    1. 5. 1   Fl exi bl e Membr ane Li ner  Dr awi ng Requi r ement s
    1. 5. 2   FML Manuf act ur er ' s Repr esent at i ve
  1. 6   Li ner  Manuf act ur er ' s Cer t i f i cat i on

PART 2   PRODUCTS

  2. 1   STEEL PI PE AND FI TTI NGS
  2. 2   LEAK DETECTI ON TELL- TALE PI PE
    2. 2. 1   Fi ber gl ass Pi pe,  Fi t t i ngs,  and Adhesi ve
    2. 2. 2   Leak Det ect i on Tel l - Tal e Pi pe Wel l  Scr een
  2. 3   CP/ TRACER PI PE
    2. 3. 1   PVC Pi pe,  Fi t t i ngs,  and Adhesi ve
    2. 3. 2   CP/ Tr acer  Pi pe Wel l  Scr een
  2. 4   FLEXI BLE MEMBRANE LI NER ( FML)
    2. 4. 1   Job Lot  of  FML
    2. 4. 2   FML Sampl es
    2. 4. 3   FML Fact or y Test
    2. 4. 4   FML Component s
    2. 4. 5   Fuel s f or  Test i ng FML
      2. 4. 5. 1   Mot or  Gasol i ne ( Mogas)
      2. 4. 5. 2   Di esel
      2. 4. 5. 3   No.  2 and No.  4 Fuel  Oi l s
      2. 4. 5. 4   JP- 4 and JP- 5
      2. 4. 5. 5   JP- 7
      2. 4. 5. 6   JP- 8
      2. 4. 5. 7   ASTM Fuel  B
  2. 5   GEOTEXTI LE FABRI C
    2. 5. 1   Geot ext i l e

SECTI ON 33 56 21. 18  Page 1



    2. 5. 2   Manuf act ur i ng Qual i t y  Cont r ol  Sampl i ng and Test i ng
  2. 6   FI LTER FABRI C
  2. 7   BATTEN BAR
  2. 8   FML RI NGWALL SEALANT
  2. 9   SAND CUSHI ON

PART 3   EXECUTI ON

  3. 1   CONSTRUCTI ON
    3. 1. 1   Sand Cushi on
    3. 1. 2   I NSTALLATI ON OF FML
      3. 1. 2. 1   Fi el d Engi neer
      3. 1. 2. 2   Pr epar at i on
      3. 1. 2. 3   Sur f ace Pr epar at i on
      3. 1. 2. 4   FML Layout  and I nst al l at i on
    3. 1. 3   Cat hodi c Pr ot ect i on
    3. 1. 4   Leak Det ect i on Tel l - Tal e Pi pe
    3. 1. 5   CP/ Tr acer  Pi pe
    3. 1. 6   Leak Si mul at i on Pr obe
    3. 1. 7   Fi l t er  Fabr i c Wr ap
    3. 1. 8   CP/ Tr acer  Pi pe I nst al l at i on Test
    3. 1. 9   Leak Si mul at i on Pr obe[  and Leak Det ect i on Tel l - Tal e Pi pe]  

Test[s]
  3. 2   FI ELD QUALI TY CONTROL
    3. 2. 1   FML I nspect i ons
      3. 2. 1. 1   FML I ni t i al  Vi sual  I nspect i on
      3. 2. 1. 2   Sampl e Fi el d Seam I nspect i on
    3. 2. 2   FML Test s
      3. 2. 2. 1   FML Seam Pul l  Test
      3. 2. 2. 2   FML Vacuum Box Test
      3. 2. 2. 3   FML Ai r  Lance Test s
    3. 2. 3   FML Accept ance I nspect i on
    3. 2. 4   Manuf act ur er ' s Fi el d Ser vi ce
    3. 2. 5   Sand Cushi on Test s -  Pr i or  t o Del i ver y
    3. 2. 6   Sand Cushi on Test s -  Post  Del i ver y
    3. 2. 7   Ret est i ng
    3. 2. 8   Phot ogr aphi c Const r uct i on Document at i on of  t he Under t ank 

I nt er st i t i al  Space

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

SECTI ON 33 56 21. 18  Page 2



**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA             UFGS- 33 56 21. 18 ( November  2018)
                                          - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   NAVFAC               Super sedi ng
                                          UFGS- 33 56 13. 15 ( August  2015)

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 21. 18

SI NGLE WALL POL TANK UNDERTANK I NTERSTI TI AL SPACE
11/18

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on i s i nt ended t o be 
used i n conj unct i on wi t h Sect i on 33 56 21. 17 SI NGLE 
WALL ABOVE GROUND FI XED ROOF STEEL POL STORAGE TANK.

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:   The f ol l owi ng i nf or mat i on must  be shown on 
t he pr oj ect  dr awi ngs:

1.   The ext ent  of  t he wor k i ncl uded i n t he pr oj ect  
shoul d be i ndi cat ed on dr awi ngs showi ng t he s i t e 
l ayout  and ot her  dat a r equi r ed f or  desi gn by t he 
Contractor.

2.   I f  concr et e f oundat i on wor k i s pr ovi ded under  a 
separ at e cont r act ,  Gover nment  wor k shoul d i ncl ude 
f oundat i ons,  set t i ng anchor  bol t s  and ot her  
per t i nent  wor k such as pi l es and r i ngwal l  
penetrations.

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

**************************************************************************
NOTE:   For  st eel  and st ai nl ess st eel  pi pi ng,  pi pe 
f i t t i ngs,  f l anges,  gasket s,  and bol t i ng,  r ef er  t o 
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Sect i on 33 52 43. 13 AVI ATI ON FUEL PI PI NG or  Sect i on 
33 52 40 FUEL SYSTEMS PI PI NG ( NON- HYDRANT) .

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

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.

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  St d 650 ( 2013;  Er r at a 1 2013;  Addendum 1 2014;  
Er r at a 2 2014;  Addendum 2 2016;  Addendum 3 
2018)  Wel ded Tanks f or  Oi l  St or age

ASTM I NTERNATI ONAL ( ASTM)

ASTM B221 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM B221M ( 2013)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes ( Met r i c)

ASTM C1218/ C1218M ( 2017)  St andar d Test  Met hod f or  
Wat er - Sol ubl e Chl or i de i n Mor t ar  and 
Concrete

ASTM C1580 ( 2015)  St andar d Test  Met hod f or  
Wat er - Sol ubl e Sul f at e i n Soi l

ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggregates
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ASTM C88 ( 2018)  St andar d Test  Met hod f or  Soundness 
of  Aggr egat es by Use of  Sodi um Sul f at e or  
Magnesi um Sul f at e

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

ASTM D2665 ( 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Dr ai n,  
Wast e,  and Vent  Pi pe and Fi t t i ngs

ASTM D3389 ( 2016)  St andar d Test  Met hod f or  Coat ed 
Fabr i cs Abr asi on Resi st ance ( Rot ar y 
Pl at f or m,  Doubl e- Head Abr ader )

ASTM D396 ( 2018)  St andar d Speci f i cat i on f or  Fuel  Oi l s

ASTM D4354 ( 2012)  Sampl i ng of  Geosynt het i cs f or  
Testing

ASTM D4491/ D4491M ( 2017)  St andar d Test  Met hods f or  Wat er  
Per meabi l i t y  of  Geot ext i l es by Per mi t t i v i t y

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 D471 ( 2016a)  St andar d Test  Met hod f or  Rubber  
Pr oper t y -  Ef f ect  of  Li qui ds

ASTM D4751 ( 2016)  St andar d Test  Met hod f or  
Det er mi ni ng Appar ent  Openi ng Si ze of  a 
Geotextile

ASTM D4759 ( 2011;  R 2018)  St andar d Pr act i ce f or  
Det er mi ni ng t he Speci f i cat i on Conf or mance 
of  Geosynt het i cs

ASTM D4814 ( 2018d)  St andar d Speci f i cat i on f or  
Aut omot i ve Spar k- I gni t i on Engi ne Fuel

ASTM D4972 ( 2018)  St andar d Test  Met hods f or  pH of  
Soils

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

ASTM D814 ( 1995;  R 2014)  Rubber  Pr oper t y -  Vapor  
Tr ansmi ssi on of  Vol at i l e Li qui ds
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ASTM G187 ( 2018)  St andar d Test  Met hod f or  
Measur ement  of  Soi l  Resi st i v i t y Usi ng t he 
Two- El ect r ode Soi l  Box Met hod

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-DTL-38219 ( 1998;  Rev D;  Not i ce 1 2016)  Tur bi ne Fuel ,  
Low Vol at i l i t y ,  JP- 7

MIL-DTL-5624 ( 2016;  Rev W)  Tur bi ne Fuel ,  Avi at i on,  
Gr ades JP- 4 and JP- 5

MIL-DTL-83133 ( 2015;  Rev J)  Tur bi ne Fuel s,  Avi at i on,  
Ker osene Type,  JP- 8 ( NATO F- 34) ,  NATO F- 35 
and JP- 8 + 100 ( NATO F- 37)

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 52557 ( 2001;  Rev A;  Not i ce 1)  Fuel  Oi l ,  Di esel ;  
f or  Post s,  Camps and St at i ons

UNDERWRI TERS LABORATORI ES ( UL)

UL 971 ( 1995;  Repr i nt  Mar  2006)  UL St andar d f or  
Saf et y Nonmet al l i c  Under gr ound Pi pi ng f or  
Fl ammabl e Li qui ds

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  
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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

Fl exi bl e Membr ane Li ner ;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Fi ber gl ass Pi pe,  Fi t t i ngs,  and Adhesi ve;  G[ ,  [ _____] ]

Leak Det ect i on Tel l - Tal e Pi pe Wel l  Scr een;  G[ ,  [ _____] ]

PVC Pi pe,  Fi t t i ngs,  and Adhesi ve;  G[ ,  [ _____] ]

CP/ Tr acer  Pi pe Wel l  Scr een;  G[ ,  [ _____] ]

Fl exi bl e Membr ane Li ner  ( FML) ;  G[ ,  [ _____] ]

Geot ext i l e Fabr i c;  G[ ,  [ _____] ]

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

Al umi num Fl at  Bar ;  G[ ,  [ _____] ]

FML Ri ngwal l  Seal ant ;  G[ ,  [ _____] ]

Sand Cushi on;  G[ ,  [ _____] ]

SD- 04 Sampl es

FML Sampl es;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

CP/ Tr acer  Pi pe I nst al l at i on Test

FML I nspect i ons

FML Test s

Sand Cushi on Test s -  Pr i or  t o Del i ver y

SECTI ON 33 56 21. 18  Page 7



Sand Cushi on Test s -  Post  Del i ver y

Phot ogr aphi c Const r uct i on Document at i on of  t he Under t ank 
I nt er st i t i al  Space

SD- 07 Cer t i f i cat es

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

FML Manuf act ur er ' s Repr esent at i ve

Li ner  Manuf act ur er ' s Cer t i f i cat i on;  G[ ,  [ _____] ]

Cer t i f i cat e of  Sur f ace Pr epar at i on;  G[ ,  [ _____] ]

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

Fl exi bl e Membr ane Li ner  ( FML)

SD- 09 Manuf act ur er ' s Fi el d Repor t s

FML Fact or y Test ;  G[ ,  [ _____] ]

1. 3   RELATED REQUI REMENTS

Pr oduct  t o be st or ed i n t he t ank i s [ JP- 5]  [ JP- 8]  [ _____] .

1. 4   QUALIFICATIONS

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

**************************************************************************
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 .

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

The Cont r act or  must  meet  t he l i censi ng r equi r ement s of  t he St at e i n whi ch 
t he wor k i s t o be per f or med.   The Cont r act or  must  pr ovi de a f i el d engi neer  
f ul l  t i me t o t hi s pr oj ect  dur i ng FML i nst al l at i on and t est i ng.   The f i el d 
engi neer  must  have successf ul l y  compl et ed manuf act ur er ' s t r ai ni ng f or  
handl i ng and i nst al l i ng FML syst ems,  as wel l  as have at  l east  100, 000 
squar e met er  one- mi l l i on squar e f eet  of  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 Cont r act or ' s and t he f i el d engi neer ' s 
exper i ence,  t r ai ni ng,  and l i censi ng.   St at ement s of  pr evi ous FML j ob 
exper i ence must  be pr ovi ded wi t h a poi nt  of  cont act ,  a phone number ,  
addr ess,  t he t ype of  i nst al l at i on,  and t he cur r ent  st at us of  t he 
installation.

1. 5   QUALI TY ASSURANCE

1. 5. 1   Fl exi bl e Membr ane Li ner  Dr awi ng Requi r ement s

Submi t  dr awi ngs of  t he FML i nst al l at i on i ndi cat i ng t he l ocat i ons of  f i el d 
seams,  penet r at i ons,  cont our s,  and t r ansi t i ons and det ai l s  of  penet r at i ons,  
boot s,  and mi scel l aneous component s.
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1. 5. 2   FML Manuf act ur er ' s Repr esent at i ve

Submi t  a l et t er ,  pr i or  t o pl aci ng t he FML,  f r om t he FML manuf act ur er  nami ng 
t hei r  aut hor i zed r epr esent at i ve compl et e wi t h t hei r  addr ess,  phone number ,  
and a poi nt  of  cont act .

1. 6   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 ,  submi t  a 
l et t er  s i gned by t he l i ner  manuf act ur er ' s aut hor i zed r epr esent at i ve 
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.   
I ncl 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.

PART 2   PRODUCTS

2. 1   STEEL PI PE AND FI TTI NGS

St eel  and st ai nl ess st eel  pi pe and f i t t i ngs must  be pr ovi ded i n accor dance 
wi t h Sect i on 33 52 43. 13 AVI ATI ON FUEL PI PI NG or  Sect i on 33 52 40 FUEL 
SYSTEMS PI PI NG ( NON- HYDRANT)  and API  St d 650.

2. 2   LEAK DETECTI ON TELL- TALE PI PE

**************************************************************************
NOTE:   Si nce a l eak i n t he under t ank t el l - t al e pi pe 
coul d r esul t  i n cont ami nat i on of  gr ound wat er  and 
PVC manuf act ur er s have been unabl e t o cer t i f y  t hat  
PVC adhesi ve i s sui t abl e f or  use i n j et  f uel ,  PVC i s 
not  an accept abl e mat er i al  f or  t he under t ank dr ai n 
t el l - t al e pi pe.

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

2. 2. 1   Fi ber gl ass Pi pe,  Fi t t i ngs,  and Adhesi ve

Fi ber gl ass pi pe and f i t t i ngs must  be f i ber  r ei nf or ced pl ast i c pi pe per  
UL 971 St andar d f or  Saf et y Nonmet al l i c  Under gr ound Pi pi ng f or  Fl ammabl e 
Li qui ds.   Fi ber gl ass adhesi ves must  be as r ecommended by t he manuf act ur er  
f or  use wi t h j et  f uel  and wat er .

2. 2. 2   Leak Det ect i on Tel l - Tal e Pi pe Wel l  Scr een

Wel l  scr een must  be f i ber gl ass pi pe as speci f i ed above.   The 100 mm 4- i nch 
wel l  scr een must  have f our  r ows of  0. 25 mm 0. 010- i nch wi de s l ot s wi t h a net  
open ar ea of  at  l east  102 squar e cent i met er s/ met er  4. 8 squar e i nches/ f oot .

2. 3   CP/ TRACER PI PE

2. 3. 1   PVC Pi pe,  Fi t t i ngs,  and Adhesi ve

CP/ t r acer  pi pe and l eak s i mul at i on pr obe pi pe,  f i t t i ngs,  and wel l  scr een 
must  be ASTM D2665 SCH 40 PVC Pi pe.   PVC adhesi ves must  be as r ecommended 
by t he manuf act ur er .

2. 3. 2   CP/ Tr acer  Pi pe Wel l  Scr een

CP/ Tr acer  Gas Det ect i on wel l  scr een must  be PVC pi pe as speci f i ed above and 
must  have t hr ee r ows of  0. 25 mm 0. 010- i nch wi de s l ot s.   CP/ Tr acer  Gas 
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Det ect i on pi pi ng must  be s l ot t ed,  st ar t i ng at  600 mm 2 f eet  wi t hi n t he 
r i ngwal l  on one si de of  t he t ank and cont i nui ng under  t he t ank bot t om t o 
wi t hi n 600 mm 2 f eet  of  t he f oundat i on r i ngwal l  on t he ot her  s i de of  t he 
tank.

2. 4   FLEXI BLE MEMBRANE LI NER ( FML)

The secondar y cont ai nment  ( under - t ank- bot t om)  FML must  demonst r at e t he 
accept abl e l i mi t s of  t he pr oper t i es l i s t ed under  Tabl e 1.   The FML must  be 
f act or y pr oduced f r om a base f abr i c t hat  i s  compl et el y cover ed wi t h a 
pol ymer .   The base f abr i c must  be made of  ar ami d ( kevl ar ) ,  pol yest er ,  or  
nyl on.   Fact or y seams must  be made wi t h a 50 mm 2- i nch over l ap,  pl us or  
mi nus 6 mm 1/ 4- i nch,  by an aut omat i c t her mal  hi gh- pr essur e wel di ng 
pr ocess.   The FML must  r et ar d t he gr owt h of  mi l dew and be capabl e of  
cont ai ni ng t he l i qui d st or ed,  wi t hst andi ng t emper at ur es up t o 71 degr ees C 
160 degr ees F,  and wi t hst andi ng humi di t y up t o 100 per cent  r el at i ve 
humidity.

2. 4. 1   Job Lot  of  FML

A j ob l ot  of  FML i s def i ned by t hi s speci f i cat i on as t he amount  of  FML 
pr oduct  t hat  can be pr oduced f r om a s i ngul ar  mi xt ur e of  chemi cal s.   Any FML 
mat er i al  cr eat ed f r om a new or  al t er ed mi xt ur e of  chemi cal s must  be 
consi der ed a new j ob l ot .

2. 4. 2   FML Sampl es

Twent y f our  sampl es must  be cut  f r om ever y j ob l ot  of  FML.   Each sampl e 
must  be appr oxi mat el y 216 by 280 mm 8- 1/ 2 by 11 i nches i n s i ze.   Ei ght  of  
t he sampl es must  be cut  acr oss f act or y seams.

2. 4. 3   FML Fact or y Test

Each manuf act ur er ' s j ob l ot  of  FML must  have each of  t he FML pr oper t i es 
ver i f i ed by t he f act or y t est  pr ocedur es and met hods l i s t ed bel ow.   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.   Each 
separ at e ver i f i cat i on of  a pr oper t y must  be made on a separ at e sampl e.   The 
FML must  demonst r at e t hr ough f act or y t est i ng t he accept abl e l i mi t s of  t he 
f ol l owi ng pr oper t i es l i s t ed i n Tabl e 1.   The pr oper t i es must  be ver i f i ed by 
each of  t he t est  st andar ds l i s t ed.

**************************************************************************
NOTE:   I ncl ude t est i ng f or  per meabi l i t y  usi ng t he 
l i qui d st or ed i n addi t i on t o Fuel  B.

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

TABLE 1.   St andar ds and Li mi t s f or  FML Pr oper t i es ( Met r i c)

Property Mi ni mum Accept abl e Val ue

Base Fabr i c Wei ght  ( nomi nal ) 441 g/ m2
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TABLE 1.   St andar ds and Li mi t s f or  FML Pr oper t i es ( Met r i c)

Property Mi ni mum Accept abl e Val ue

Fi ni shed Coat ed Wei ght  ASTM D751 1085 g/ m2

plus  70 g/ m2

Thickness ASTM D751 0. 86 mm

Gr ab Tensi l e ASTM D751 3338 N

St r i p Tensi l e ASTM D751 Pr ocedur e B 490 daN/ 5cm

Adhesion ASTM D751 Di el ect r i c Wel d 18 daN/ 5cm

Hydr ost at i c Resi st ance ASTM D751 Pr ocedur e A 5. 52 MPa

Bur st i ng St r engt h ASTM D751 Bal l  Ti p 5340 N

Low Temper at ur e ASTM D2136 3 mm mandr el ,  4 
hour

Pass mi nus 46 degr ees C

Abr asi on Resi st ance ASTM D3389 H22 
wheel / 1000 g l oad

10, 000 cycl es ( mi n)  bef or e f abr i c exposur e

Permeability ASTM D814 Fuel  B and [ _____] 19. 1 mL/ m2/ 24 hr

TABLE 1.   St andar ds and Li mi t s f or  FML Pr oper t i es ( Engl i sh)

Property Mi ni mum Accept abl e Val ue

Base Fabr i c Wei ght  ( mi ni mum) 13. 0 oz/ yd2

Fi ni shed Coat ed Wei ght  ASTM D751 30 oz/ yd2

Thickness ASTM D751 0. 034 i nches

Gr ab Tensi l e ASTM D751 750 l bf /in

St r i p Tensi l e ASTM D751 Pr ocedur e B 550 l bf /in

Adhesion ASTM D751 Di el ect r i c Wel d 20 l bf /in
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TABLE 1.   St andar ds and Li mi t s f or  FML Pr oper t i es ( Engl i sh)

Property Mi ni mum Accept abl e Val ue

Hydr ost at i c Resi st ance ASTM D751 Pr ocedur e A 800psi

Bur st i ng St r engt h ASTM D751 Bal l  Ti p 1200 l bf

Low Temper at ur e ASTM D2136 1/ 8 i nch 
mandr el ,  4 hour

Pass mi nus 50 degr ees F

Abr asi on Resi st ance ASTM D3389 H22 
wheel / 1000 g l oad

10, 000 cycl es ( mi n)  bef or e f abr i c exposur e

Permeability ASTM D814 Fuel  B and [ _____] 0. 05 f l .  oz/ f t 2/ 24 hr

2. 4. 4   FML Component s

Component s,  such as s l eeves,  boot s,  must  be f act or y pr ef abr i cat ed f r om t he 
FML mat er i al  and have t he same f abr i cat i on char act er i st i cs.

2. 4. 5   Fuel s f or  Test i ng FML

Ot her  mat er i al s,  i n addi t i on t o t he FML,  must  be r esi st ant  t o t he f uel  or  
f uel s bei ng st or ed.   Fuel s,  as r equi r ed or  ment i oned by t hi s speci f i cat i on,  
must  be i n accor dance wi t h t he f ol l owi ng:

2. 4. 5. 1   Mot or  Gasol i ne ( Mogas)

Mogas must  be i n accor dance wi t h ASTM D4814 REV B.

2. 4. 5. 2   Diesel

Di esel  must  be i n accor dance wi t h CI D A- A- 52557.

2. 4. 5. 3   No.  2 and No.  4 Fuel  Oi l s

Oi l s must  be i n accor dance wi t h ASTM D396.

2. 4. 5. 4   JP- 4 and JP- 5

Fuel s must  be i n accor dance wi t h MIL-DTL-5624 .

2. 4. 5. 5   JP-7

Fuel  must  be i n accor dance wi t h MIL-DTL-38219 .

2. 4. 5. 6   JP-8

Fuel  must  be i n accor dance wi t h MIL-DTL-83133 .

2. 4. 5. 7   ASTM Fuel  B

ASTM Fuel  B as r ef er enced i n t hi s  sect i on must  be i n accor dance wi t h 
ASTM D471.
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2. 5   GEOTEXTI LE FABRI C

Pr ovi de geot ext i l e f abr i c bet ween sand and under si de of  f l exi bl e membr ane 
l i ner  under  t he t ank bot t om wi t h t he f ol l owi ng pr oper t i es:

PROPERTY TEST VALUE TEST METHOD

Uni t  Wei ght  g/ sq.  met er  ( oz/ yd2) 335 mi n.  ( 10) ASTM D5261

El ongat i on at  Br eak,  Per cent 50 ASTM D4632/ D4632M

Appar ent  Openi ng,  mm ( mi l ) 0. 15 max.  ( 6) ASTM D4751

Per mi t t i v i t y,  sec- 1 1. 2 max. ASTM D4491/ D4491M

Punct ur e,  N ( l bs) 710 mi n.  ( 160) ASTM D6241

Gr ab Tensi l e,  N ( l bs) 1110 mi n.  ( 250) ASTM D4632/ D4632M

Tr apezoi dal  Tear ,  N ( l bs) 445 mi n.  ( 100) ASTM D4533

2. 5. 1   Geotextile

Geot ext i l e must  be a woven or  nonwoven ( as not ed)  per vi ous sheet  of  
pol ymer i c mat er i al  and must  consi st  of  l ong- chai n synt het i c pol ymer s 
composed of  at  l east  95 per cent  by wei ght  pol yol ef i ns,  pol yest er s,  or  
pol yami des.   The use of  woven,  s l i t - f i l m geot ext i l es ( i . e.  geot ext i l es made 
f r om yar ns of  a f l at ,  t ape- l i ke char act er )  wi l l  not  be al l owed.   
St abi l i zer s [ and] [ or ]  i nhi bi t or s must  be added t o t he base pol ymer ,  as 
needed,  t o make t he f i l ament s r esi st ant  t o det er i or at i on by ul t r avi ol et  
l i ght ,  oxi dat i on,  and heat  exposur e.   Regr i nd mat er i al ,  whi ch consi st s of  
edge t r i mmi ngs and ot her  scr aps t hat  have never  r eached t he consumer ,  may 
be used t o pr oduce t he geot ext i l e.   Post - consumer  r ecycl ed mat er i al  may 
al so be used.   Geot ext i l e must  be f or med i nt o a net wor k such t hat  t he 
f i l ament s or  yar ns r et ai n di mensi onal  st abi l i t y  r el at i ve t o each ot her ,  
i ncl udi ng t he sel vages.   Geot ext i l es and f act or y seams must  meet  t he 
r equi r ement s speci f i ed i n Tabl e 1.   Wher e appl i cabl e,  Tabl e 1 pr oper t y 
val ues r epr esent  mi ni mum aver age r ol l  val ues ( MARV)  i n t he weakest  
pr i nci pal  di r ect i on.

2. 5. 2   Manuf act ur i ng Qual i t y Cont r ol  Sampl i ng and Test i ng

Manuf act ur i ng qual i t y  cont r ol  sampl i ng and t est i ng must  be per f or med i n 
accor dance wi t h t he manuf act ur er ' s appr oved qual i t y  cont r ol  manual .   As a 
mi ni mum,  geot ext i l es must  be r andoml y sampl ed f or  t est i ng i n accor dance 
with ASTM D4354 Pr ocedur e A.   Accept ance of  geot ext i l e must  be i n 
accor dance wi t h ASTM D4759.   Test s not  meet i ng t he speci f i ed r equi r ement s 
must  r esul t  i n t he r ej ect i on of  appl i cabl e r ol l s .

2. 6   FI LTER FABRI C

Wr ap Leak Det ect i on Tel l - Tal e and CP/ Tr acer  Pi pe wel l  scr een,  wi t h f i l t er  
f abr i c.   Fi l t er  f abr i c must  be needl e- punched,  non- woven geot ext i l e wi t h a 
t ypi cal  wei ght  of  200 g/ squar e met er  6 oz/ squar e yar d wi t h t he f ol l owi ng 
qualities:
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PROPERTY TEST VALUE TEST METHOD

El ongat i on at  Br eak,  Per cent 50 ASTM D4632/ D4632M

Appar ent  Openi ng,  mm ( U. S.  Si eve) 0. 212 max.  ( 70) ASTM D4751

Per mi t t i v i t y,  sec- 1 2. 1 max. ASTM D4491/ D4491M

Punct ur e,  N ( l bs) 240 mi n.  ( 55) ASTM D6241

Gr ab Tensi l e,  N ( l bs) 400 mi n.  ( 90) ASTM D4632/ D4632M

Tr apezoi dal  Tear ,  N ( l bs) 175 mi n.  ( 40) ASTM D4533

2. 7   BATTEN BAR

The FML must  be i nst al l ed usi ng a bat t en bar  bol t ed t o t he concr et e 
r i ngwal l  as i ndi cat ed.   Bat t en bar  must  be ASTM B221M ASTM B221 aluminum 
f l at  bar  r ol l ed t o t he i nsi de di amet er  of  t he r i ngwal l  f oundat i on.   Anchor  
bol t ,  nut ,  and washer  must  be gal vani zed st eel .   Neopr ene mount i ng pad must  
be r at ed wi t h a Shor e A har dness of  not  mor e t han 40.

2. 8   FML RI NGWALL SEALANT

The FML- t o- r i ngwal l  seal ant  must  be f uel  and wat er  r esi st ant  and as 
r ecommended by t he FML manuf act ur er .

2. 9   SAND CUSHI ON

Sand must  be f i ne sand aggr egat e i n accor dance wi t h ASTM C33/ C33M,  except  
maxi mum al l owabl e per cent age passi ng a 150 mi cr on s i eve and a 300 mi cr on 
s i eve must  be r educed t o 5 and 15 per cent ,  r espect i vel y.   Cushi on must  
cont ai n no mor e t han 300 par t s per  mi l l i on ( ppm)  chl or i des i n accor dance 
with ASTM C1218/ C1218M,  no mor e t han 150 ppm sul f at es i n accor dance wi t h 
ASTM C1580,  and have a pH gr eat er  t han 7 i n accor dance wi t h ASTM D4972.   
Cushi on must  have a mi ni mum el ect r i cal  r esi st i v i t y  of  35, 000 ohm- cm 13, 780 
ohm- i nch i n accor dance wi t h ASTM G187.   Magnesi um sul f at e must  be used i n 
the ASTM C88 soundness t est .

PART 3   EXECUTI ON

3. 1   CONSTRUCTION

3. 1. 1   Sand Cushi on

Pr ovi de compact ed c l ean sand above and bel ow t he FML as i ndi cat ed.   
Thor oughl y compact  t he sand cushi on bel ow each of  t he i nt er st i t i al  space 
component s ( i . e.  l i ner ,  CP anodes,  l eak det ect i on t el l - t al e pi pe,  CP/ t r acer  
pi pe) .   Gr ade sand t o mat ch s l ope of  t he t ank bot t om and pr ot ect  f r om 
cont ami nat i on and di st ur bance unt i l  af t er  t he t ank bot t om i s i nst al l ed.   
Pr ovi de sel f - dr ai ni ng pr ot ect i ve cover i ng over  t he t op of  any sand pl aced 
on t op of  FML and keep sand dr y at  al l  t i mes dur i ng const r uct i on.

**************************************************************************
NOTE:   I ncl ude t he f i r st  br acket ed par agr aph f or  
sel f  anchor ed t anks.   I ncl ude t he second br acket  
par agr aph f or  anchor ed t anks.
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**************************************************************************

[ For  anchor ed t anks,  bui l d up t he s l oped sand pad so t hat  t he t ank bot t om 
wi l l  r est  on t he sand and t he f oundat i on r i ngwal l  shi ms. ]  [ For  unanchor ed 
t anks,  bui l d up t he sand so t hat  t he t ank bot t om wi l l  r est  on t he sand and 
t he f oundat i on r i ngwal l  gasket . ]   Do not  use or  pl ace f i ber boar d on t op of  
t he f oundat i on r i ngwal l  or  on t op of  t he sand.

3. 1. 2   I NSTALLATI ON OF FML

3. 1. 2. 1   Fi el d Engi neer

The f i el d engi neer  must  super vi se t he compl et e i nst al l at i on of  t he FML and 
per f or m each FML i nspect i on and t est .

3. 1. 2. 2   Preparation

Pr i or  t o l ayi ng out  t he FML,  t hr ee sampl e f i el d seams must  be per f or med.   
Each seam must  be 1500 mm 5 f eet  i n l engt h.   Seams must  be made onl y when 
t he ambi ent  t emper at ur e and t he t emper at ur e of  t he FML ar e bot h mi nus 4 
degr ees C 25 degr ees F or  hi gher .

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

The sur f aces t o be cover ed must  be concr et e or  c l ean sand,  as speci f i ed i n 
t he par agr aph SAND CUSHI ON,  f r ee of  r ocks,  debr i s,  and smoot h wi t h no 
abr upt  pr oj ect i ons of  any k i nd.   Submi t  a cer t i f i cat e of  sur f ace pr epar at i on
 s i gned by 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 ,  
st at i ng t he subgr ade was adequat el y pr epar ed per  t he speci f i cat i on and t he 
l i ner  manuf act ur er ' s r ecommendat i ons.   Pr i or  t o l ayi ng t he FML,  cover  
pr epar ed sur f aces wi t h geot ext i l e f abr i c as i ndi cat ed.

3. 1. 2. 4   FML Layout  and I nst al l at i on

Af t er  successf ul  compl et i on of  t he FML vi sual  i nspect i on,  t he FML must  be 
l ai d out .   I nst al l  FML over  geot ext i l e f abr i c.   Layi ng out  and wel di ng of  
FML must  onl y be done when t he ambi ent  t emper at ur e and t he t emper at ur e of  
t he FML ar e bot h mi nus 4 degr ees C 25 degr ees F or  hi gher .  Fi el d seams must  
have a 50 mm 2- i nch over l ap,  pl us or  mi nus 6 mm 1/ 4- i nch.   Panel s or  sheet s 
of  FML t o be seam wel ded t oget her  must  be l ai d out  pr i or  t o wel di ng f i el d 
seams.   The over l apped ar eas must  be c l eaned and pr epar ed accor di ng t o t he 
i nst al l at i on i nst r uct i ons and pr ocedur es.   Wel ds must  be t i ght l y bonded.   
Seal  t he FML ar ound t he penet r at i ons usi ng pr ef or med boot s.   Use f uel  
r esi st ant  adhesi ve seal ant  bet ween t he boot  and t he penet r at i on.   Cl amp t he 
boot s t o t he penet r at i ons usi ng st ai nl ess st eel  hose cl amps as i ndi cat ed.   
Pr epar e and wel d t he boot s t o t he FML usi ng t he same pr epar at i on and 
wel di ng met hods used t o wel d t he FML seams.

3. 1. 3   Cat hodi c Pr ot ect i on

Pr ovi de t he under si de of  t he t ank bot t om wi t h i mpr essed cur r ent  cat hodi c 
pr ot ect i on.   I nst al l  t he cat hodi c pr ot ect i on anodes,  s l ot t ed PVC t ube f or  
por t abl e r ef er ence cel l ,  and por t abl e r ef er ence cel l  i n t he sand bet ween 
t he FML and t he t ank bot t om i n accor dance wi t h Sect i on 26 42 19. 00 20 
CATHODI C PROTECTI ON BY I MPRESSED CURRENT.

3. 1. 4   Leak Det ect i on Tel l - Tal e Pi pe

**************************************************************************
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NOTE:   I ncl ude ver bi age i n t he coat i ng speci f i cat i on 
and on t he dr awi ng t o pr ovi de,  on t he l ower  300 mm 
one f oot  of  t he shel l ,  50 mm 2- i nch hi gh bl ack 
st enci l  l et t er i ng wi t h an ar r ow,  poi nt i ng down,  over  
t he " Leak Det ect i on Tel l - Tal e" ,  t he " Leak Si mul at i on 
Pr obe" ,  and t he CP/ Tr acer  Pi pe.   I dent i f y t he l at er  
as " Tr acer  Gas/ CP Sl i der  Tube"  and i dent i f y t he 
CP/ Tr acer  pi pe by i t s  uni que number .   Ref er  t o 
par agr aph CP/ TRACER PI PE I NSTALLATI ON f or  addi t i onal  
i nf or mat i on on CP/ Tr acer  Pi pe i dent i f i cat i on.

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

Pr i or  t o st eel  t ank const r uct i on,  i nst al l  l eak det ect i on t el l - t al e pi pe 
t hr ough t he r i ngwal l  and i n t he sand bel ow t he pl anned l ocat i on of  t he t ank 
bot t om as i ndi cat ed.   Syst em pi pi ng must  s l ope evenl y downwar d ( gr avi t y 
dr ai ni ng)  f r om t he i nt er i or  t er mi nat i on poi nt  at  t he t ank bot t om FML sump 
t o t he ext er i or  t er mi nat i on poi nt  as i ndi cat ed.   I nt er i or  t er mi nat i on poi nt  
must  be f i ber gl ass wel l  scr een as i ndi cat ed and cover ed wi t h t wo wr aps of  
f i l t er  f abr i c hel d i n pl ace wi t h nyl on t i es or  st r aps.   Ext er i or  
t er mi nat i on poi nt  must  be as i ndi cat ed.

3. 1. 5   CP/ Tr acer  Pi pe

**************************************************************************
NOTE:   Locat e t he CP/ Tr acer  gas det ect i on wel l  
scr eens,  wi t h one wel l  scr een at  600 mm 2 f eet  of f  
f r om t ank cent er ,  no gr eat er  t han 13411 mm 44 f eet  
apar t  and wi t h al l  ar eas of  t he t ank bot t om wi t hi n 
6700 mm 22 f eet  of  at  l east  one wel l  scr een.

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

Pr i or  t o st eel  t ank const r uct i on,  i nst al l  t he CP/ t r acer  pi pe and wel l  
scr een pi pi ng t hr ough t he r i ngwal l  and i n t he sand bel ow t he t ank bot t om as 
i ndi cat ed.   Cover  wi t h t wo wr aps of  f i l t er  f abr i c hel d i n pl ace wi t h nyl on 
t i es or  st r aps.   The mat er i al ,  number ,  and l engt hs of  t he wel l  scr eens and 
pi pe must  be as i ndi cat ed.

3. 1. 6   Leak Si mul at i on Pr obe

**************************************************************************
NOTE:   Locat e t he end of  t he l eak s i mul at i on pr obe 
under  t he t ank appr oxi mat el y 3000 mm 10 f eet  f r om 
t he r i ngwal l  f oundat i on and as f ar  f r om a CP/ Tr acer  
gas wel l  scr een as pr act i cal .

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

Pr i or  t o st eel  t ank const r uct i on,  i nst al l  t he l eak s i mul at i on pr obe t hr ough 
t he r i ngwal l  and i n t he sand bel ow t he t ank bot t om as i ndi cat ed.   I nt er i or  
t er mi nat i on poi nt  ( under  t ank bot t om)  must  be an open ended coupl i ng wi t h 
t wo wr aps of  f i l t er  f abr i c hel d i n pl ace wi t h nyl on t i es or  st r aps.

3. 1. 7   Fi l t er  Fabr i c Wr ap

Pr i or  t o st eel  t ank const r uct i on,  cover  al l  of  t he wel l  scr een pi pe 
segment s wi t h t wo wr aps of  f i l t er  f abr i c hel d i n pl ace wi t h nyl on t i es or  
st r aps pl aced 300 mm one f oot  on cent er .
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3. 1. 8   CP/ Tr acer  Pi pe I nst al l at i on Test

Af t er  i nst al l at i on of  t he CP/ t r acer  pi pe and wel l  scr een i s compl et e,  pr ove 
t hat  each of  t he CP/ t r acer  pi pes i s c l ear  ( wi t hout  obst r uct i ons or  bends)  
i n t he pr esence of  t he cont r act i ng of f i cer  usi ng a cont i nuous l engt h 
( i ncl udi ng coupl i ngs)  of  25 mm one- i nch PVC pi pe at  l east  as l ong as t he 
pi pe bei ng t est ed pl us 1 met er  3 f eet .   The t est  must  be per f or med by 
passi ng t he 25 mm one- i nch PVC pi pe t hr ough each of  t he 50 mm 2- i nch 
CP/ t r acer  pi pes and r emovi ng t he 25 mm one- i nch PVC pi pe f r om t he opposi t e 
end of  t he 50 mm 2- i nch pi pe on t he ot her  s i de of  t he r i ngwal l .   Not i f y t he 
cont r act i ng of f i cer  at  l east  24 hour s pr i or  t o t he t est .

3. 1. 9   Leak Si mul at i on Pr obe[  and Leak Det ect i on Tel l - Tal e Pi pe]  Test [ s]

Repeat  t he " CP/ Tr acer  Pi pe I nst al l at i on Test "  f or  t he Leak Si mul at i on 
Pr obe;  exer ci se car e not  t o damage t he f i l t er  f abr i c wr ap at  t he end. [   For  
el evat ed f oundat i on t ype t anks,  r epeat  t he " CP/ Tr acer  Pi pe I nst al l at i on 
Test "  f or  t he Leak Det ect i on Tel l - Tal e Pi pe but  use a 65 mm 2- 1/ 2 i nch PVC 
pi pe.   Exer ci se car e not  t o damage t he end. ]

3. 2   FI ELD QUALI TY CONTROL

The Cont r act or  must  per f or m al l  t r i al  oper at i ons and f i el d t est s and 
pr ovi de al l  l abor ,  equi pment ,  and i nci dent al s r equi r ed f or  t est i ng.   The 
FML manuf act ur er  aut hor i zed r epr esent at i ve must  be pr esent  f or  al l  FML 
t est s.   The r epr esent at i ve must  super vi se and appr ove al l  FML t est s.   The 
r epr esent at i ve must  pr ovi de det ai l ed t est  r esul t s.   Not i f y and pr ovi de t he 
Cont r act i ng Of f i cer  wi t h t he oppor t uni t y t o wi t ness al l  f i el d t est s at  
l east  24 hour s i n advance of  t hei r  per f or mance.

3. 2. 1   FML I nspect i ons

3. 2. 1. 1   FML I ni t i al  Vi sual  I nspect i on

The vi sual  i nspect i on must  ver i f y  t he f i ni shed sur f ace t o be cover ed wi t h 
t he FML i s pr oper l y gr aded and compact ed.   A v i sual  i nspect i on of  t he FML 
must  be per f or med on each FML panel  or  sheet  as i t  i s  unr ol l ed.   The 
Cont r act i ng Of f i cer  must  be not i f i ed of  any damage det ect ed.

3. 2. 1. 2   Sampl e Fi el d Seam I nspect i on

Fi el d seam sampl es must  be subj ect ed t o a v i sual  i nspect i on per f or med 
wi t hi n 30 hour s af t er  t he seam has been made,  cur ed,  and cool ed.

3. 2. 2   FML Test s

3. 2. 2. 1   FML Seam Pul l  Test

Just  pr i or  t o vacuum box t est i ng t he FML f i el d seams,  per f or m manual  pul l  
t est i ng of  t he FML f i el d seams at  t en l ocat i ons sel ect ed by t he Cont r act i ng 
Of f i cer .   The t est  must  be per f or med by appl y i ng at  l east  222 N 50 pounds 
of  f or ce acr oss t he sel ect ed seams and mai nt ai ni ng f or  at  l east  60 seconds.

3. 2. 2. 2   FML Vacuum Box Test

Af t er  successf ul  compl et i on of  t he FML vi sual  i nspect i on,  a vacuum box t est  
must  be per f or med on al l  f i el d seams,  t he ar ea ar ound t he seams,  and al l  
FML sur f aces showi ng 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.   A gl ass t opped vacuum box,  whi ch has a neopr ene 
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seal i ng gasket ,  must  be used.   The vacuum box t est  must  be per f or med as 
follows:

a.   A commer ci al  bubbl e f or mi ng sol ut i on must  be appl i ed t o t he ar ea t o be 
tested.

b.   The vacuum box must  be posi t i oned over  t he ar ea and a vacuum sl owl y 
appl i ed unt i l  a di f f er ent i al  pr essur e of  7 kPa one psi  i s  achi eved and 
hel d f or  at  l east  5 seconds whi l e obser vi ng t he sol ut i on f or  bubbl e 
formation.

c.   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 must  
be consi der ed damaged and must  be r epai r ed and r et est ed.

d.   I f  t he vacuum box t est  does not  i ndi cat e a l eak,  t hen t he vacuum must  
be s l owl y i ncr eased unt i l  a maxi mum di f f er ent i al  pr essur e of  14 kPa 
pl us 0. 0 or  mi nus 2 kPa 2 psi  pl us 0. 0 or  mi nus 0. 25 psi  i s  achi eved 
and hel d f or  at  l east  20 seconds.   I f  t he 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 must  be consi der ed damaged and must  be r epai r ed and 
r et est ed.   Car e must  be t aken t o l i mi t  t he vacuum t o no mor e t han t he 
maxi mum di f f er ent i al  pr essur e because,  i f  i t  i s  exceeded by mor e t han 2 
kPa 0. 25 psi ,  t he FML must  be consi der ed damaged and must  be r epl aced 
and r et est ed.

3. 2. 2. 3   FML Ai r  Lance Test s

Af t er  successf ul  compl et i on of  t he FML vacuum box t est ,  an ai r  l ance t est  
must  be per f or med on al l  seams not  accessi bl e wi t h a vacuum box t est  ( i . e.   
smal l  seams ar ound penet r at i ons,  i r r egul ar  pat ches) .   The ai r  l ance t est  
wi l l  be per f or med usi ng a 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 i ed t o t he upper  edge of  an 
over l apped seam or  r epai r ed ar ea t o det ect  an unbonded ar ea.   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 must  be i ndi cat i ve of  
an unbonded ar ea.   Unbonded ar eas must  be r epai r ed and r et est ed.

3. 2. 3   FML Accept ance I nspect i on

As soon as pr act i cabl e af t er  successf ul  compl et i on of  t he FML vacuum box 
t est  and t he ai r  l ance t est s,  an accept ance i nspect i on must  be per f or med.  
I f  t he i nspect i on r eveal s any def ect s i n t he wor k,  such def ect s must  be 
r epai r ed or  t he unsat i sf act or y wor k r epl aced bef or e accept ance.   The cost  
of  such r epai r s and r epl acement s must  be bor ne by t he Cont r act or .   The 
Cont r act or  must  not i f y t he Cont r act i ng Of f i cer  at  l east  48 hour s i n advance 
of  t he accept ance i nspect i on.

3. 2. 4   Manuf act ur er ' s Fi el d Ser vi ce

I f  any pr obl ems ar e not i ced i n any i nspect i on of  an FML seam,  t he 
Cont r act i ng Of f i cer  must  be not i f i ed i mmedi at el y.   The FML manuf act ur er ' s 
poi nt  of  cont act  must  al so be cont act ed by t el ephone and e- mai l  and 
i nf or med t hat  t he i nst al l at i on of  t hei r  pr oduct  cannot  be adequat el y 
compl et ed.   Af t er  t he FML manuf act ur er  and t hei r  aut hor i zed r epr esent at i ve 
have i dent i f i ed t he pr obl em and devel oped and exer ci sed a sol ut i on,  anot her  
set  of  sampl e f i el d seams must  be made and r ei nspect ed.
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3. 2. 5   Sand Cushi on Test s -  Pr i or  t o Del i ver y

Sampl e and t est  t he sand pr i or  t o del i ver y and demonst r at e t hat  t he sand 
meet s t he r equi r ement s of  ASTM C33/ C33M as wel l  as f or  ot her  pr oper t i es 
descr i bed under  t he par agr aph SAND CUSHI ON.

For  each sampl e,  al ong wi t h t he r equi r ement s of  ASTM C33/ C33M,  ver i f y t he 
amount  of  chl or i des ( ppm)  and sul f at es ( ppm)  and det er mi ne t he pH val ue of  
t he sand and t he r esi st i v i t y.

3. 2. 6   Sand Cushi on Test s -  Post  Del i ver y

Sampl e and t est  t he sand af t er  del i ver y and demonst r at e t hat  t he sand meet s 
t he r equi r ement s of  ASTM C33/ C33M as wel l  as f or  ot her  pr oper t i es descr i bed 
under  t he par agr aph SAND CUSHI ON.

Dur i ng del i ver y,  st ockpi l e t he sand f or  each i ndi v i dual  st or age t ank bot t om 
i nt o separ at e st ockpi l es.

Take one sampl e f r om each t ank bot t om st ockpi l e,  and t est .   The Cont r act or  
must  not i f y t he Cont r act i ng Of f i cer  at  l east  48 hour s i n advance of  t he 
sand del i ver y f or  each t ank i n or der  t o al l ow t he Cont r act i ng Of f i cer  t he 
oppor t uni t y t o wi t ness t he sampl i ng.   The sand cushi on( s)  may be pl aced 
bef or e t he r esul t s of  t he past  del i ver y t est i ng have been submi t t ed.

For  each sampl e,  al ong wi t h t he r equi r ement s of  ASTM C33/ C33M,  ver i f y t he 
amount  of  chl or i des ( ppm)  and sul f at es ( ppm)  and det er mi ne t he pH val ue of  
t he sand and t he r esi st i v i t y.

Del i ver i es and st ockpi l es of  sand f ound not  t o conf or m t o t he r equi r ement s 
speci f i ed i n t he par agr aph SAND CUSHI ON must  not  be used t o const r uct  t he 
sand cushi on,  but  must  be pr ompt l y r emoved f r om t he s i t e.   Thi s must  be t he 
case even i f  t he st ockpi l ed sand has been pl aced and t he t ank i s par t i al l y  
or  compl et el y const r uct ed.

3. 2. 7   Retesting

Def i c i enci es f ound must  be r ect i f i ed and wor k ef f ect ed by such def i c i enci es 
must  be compl et el y r et est ed.

3. 2. 8   Phot ogr aphi c Const r uct i on Document at i on of  t he Under t ank I nt er st i t i al  
Space

Pr ovi de phot ogr aphi c document at i on of  t he const r uct i on of  t he under t ank 
i nt er st i t i al  space and t he i nst al l at i on of  t he FML l i ner .   Mar k- up a pl an 
v i ew of  t he l i ner  r i ngwal l  penet r at i ons i dent i f y i ng each penet r at i on by a 
uni que number  st ar t i ng c l ockwi se of  t he f i l l  nozzl e and pr oceedi ng 
c l ockwi se.   I dent i f y t he FML penet r at i on i n each phot ogr aph by t he same 
number  shown f or  t hat  penet r at i on on t he mar ked- up dr awi ng speci f i ed 
above.    Submi t  t he mar ked- up pl an r evi ew of  t he penet r at i ons and al l  
phot ogr aphs t o t he Cont r act i ng Of f i cer  i n di gi t al  f or m at  hi gh r esol ut i on 
( 1MB per  pi ct ur e,  mi ni mum)  on t he medi a t ype chosen by t he Cont r act i ng 
Of f i cer .   As Basi s of  Bi d,  pr ovi de t hem on compact  di sc( s)  i n JPEG f or mat .   
Take t he phot ogr aphs pr i or  t o pl acement  of  t he sand cushi on.   I ncl ude 
phot ogr aphs of  t he i nst al l at i on of  al l  r i ngwal l  penet r at i ons by under t ank 
pi pi ng,  [ i ncl udi ng f oundat i on dr ai ns, ]  and cat hodi c pr ot ect i on.   Par t i cul ar  
at t ent i on must  be pai d t o t he way t he FML i s seal ed t o t he pi pe and condui t  
penet r at i ons.   Number  al l  r i ngwal l  penet r at i ons c l ockwi se f r om t ank f i l l  
l i ne nozzl e and document  al l  penet r at i ons usi ng t he penet r at i on number .   
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Each penet r at i on must  have at  l east  t hr ee phot ogr aphs:  l ef t  s i de,  r i ght  
s i de,  and cl ose- up f r om t he open end of  t he boot  seal ,  showi ng t he caul k 
and cl amp ar r angement .

Par t i cul ar  at t ent i on must  al so be pai d t o t he way t he FML i s seal ed t o t he 
i nt er i or  t ank r i ngwal l  [ and t o t he t ank col umn base] ;  phot ogr aph t he 
compl et ed FML/ bat t en bar  i nst al l at i on at  1 met er  3 f oot  i nt er val s.

        - -  End of  Sect i on - -
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