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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  pr essur e vessel s f or  t he st or age of  
compr essed gases.

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) .

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

PART 1   GENERAL

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on i s i nt ended t o be 
used f or  i nst al l at i on of  unf i r ed pr essur e vessel s 
f or  t he st or age of  compr essed gases such as hel i um,  
ni t r ogen,  oxygen,  and ai r  i n t he t emper at ur e r ange of
 pl us 49 degr ees C t o mi nus 40 degr ees C pl us 120 
degr ees F t o mi nus 40 degr ees F.   I t s  use i s not  
i nt ended f or  cr yogeni c f l ui ds nor  f or  commer ci al  
compr essed ai r  r ecei ver s oper at i ng at  pr essur es of  
appr oxi mat el y 2. 1 MPa 300 psi g or  bel ow.   I f  
cor r osi ve gases ar e st or ed,  speci al  t r eat ment  f or  
t he i nt er i or  of  t he vessel  wi l l  be speci f i ed.   
Li ni ng mat er i al s  such as al l oy or  epoxy coat i ngs may 
be used f or  t he i nt er i or  of  t he vessel s.   The 
dr awi ngs wi l l  show al l  pi pi ng connect i on poi nt s bot h 
i n physi cal  l ocat i on and si ze.
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**************************************************************************

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.

ASME I NTERNATI ONAL ( ASME)

ASME B16. 20 ( 2017)  Met al l i c  Gasket s f or  Pi pe Fl anges

ASME B16. 5 ( 2017)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B31. 3 ( 2016)  Pr ocess Pi pi ng

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qualifications

ASME BPVC SEC V ( 2017)  BPVC Sect i on V- Nondest r uct i ve 
Examination

ASME BPVC SEC VI I I  D1 ( 2017)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASTM I NTERNATI ONAL ( ASTM)

ASTM A182/ A182M ( 2018)  St andar d Speci f i cat i on f or  For ged 
or  Rol l ed Al l oy and St ai nl ess St eel  Pi pe 
Fl anges,  For ged Fi t t i ngs,  and Val ves and 
Par t s f or  Hi gh- Temper at ur e Ser vi ce

ASTM A193/ A193M ( 2017)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons
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ASTM A194/ A194M ( 2017a)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A240/ A240M ( 2017)  St andar d Speci f i cat i on f or  Chr omi um 
and Chr omi um- Ni ckel  St ai nl ess St eel  Pl at e,  
Sheet ,  and St r i p f or  Pr essur e Vessel s and 
f or  Gener al  Appl i cat i ons

ASTM A312/ A312M ( 2017)  St andar d Speci f i cat i on f or  
Seaml ess,  Wel ded,  and Heavi l y Col d Wor ked 
Aust eni t i c  St ai nl ess St eel  Pi pes

ASTM A320/ A320M ( 2017b)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
f or  Low- Temper at ur e Ser vi ce

ASTM A36/ A36M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A370 ( 2017a)  St andar d Test  Met hods and 
Def i ni t i ons f or  Mechani cal  Test i ng of  
St eel  Pr oduct s

ASTM A376/ A376M ( 2017)  St andar d Speci f i cat i on f or  Seaml ess 
Aust eni t i c  St eel  Pi pe f or  Hi gh- Temper at ur e 
Service

ASTM A403/ A403M ( 2018a)  St andar d Speci f i cat i on f or  Wr ought  
Aust eni t i c  St ai nl ess St eel  Pi pi ng Fi t t i ngs

ASTM E165/ E165M ( 2012)  St andar d Pr act i ce f or  Li qui d 
Penet r ant  Exami nat i on f or  Gener al  I ndust r y

ASTM E709 ( 2015)  St andar d Gui de f or  Magnet i c 
Par t i c l e Exami nat i on

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2009)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC Pai nt  21 ( 1982;  E 2004)  Whi t e or  Col or ed Si l i cone 
Al kyd Pai nt  ( Type I ,  Hi gh Gl oss and Type 
I I ,  Medi um Gl oss)

SSPC Pai nt  25 ( 1997;  E 2004)  Zi nc Oxi de,  Al kyd,  Li nseed 
Oi l  Pr i mer  f or  Use Over  Hand Cl eaned 
St eel ,  Type I  and Type I I

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AS598 ( 2012)  Aer ospace Mi cr oscopi c Si z i ng and 
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Count i ng of  Par t i cul at e Cont ami nat i on f or  
Fl ui d Power  Syst ems

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 . ] [ 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 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[ ,  [ _____] ]
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SD- 06 Test  Repor t s

Test

Pr ocedur e f or  Wel di ng Vessel s and Mani f ol ds

SD- 07 Cer t i f i cat es

Cleaning

PART 2   PRODUCTS

2. 1   MATERIALS

**************************************************************************
NOTE:   The vessel  desi gn pr essur e wi l l  det er mi ne t he 
schedul e of  pi pe,  t ype of  f l ange f aci ng,  and whet her  
pi pe or  t ubi ng and f l anges or  hi gh- pr essur e f i t t i ngs 
ar e r equi r ed.

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

Use a namepl at e on vessel s except  when st ampi ng i s  di r ect l y appl i ed.   A 
namepl at e pl ai nl y st amped i n l et t er s not  l ess t han 10 mm 3/ 8 i nch hi gh 
shal l  be per manent l y at t ached t o vessel  or  vessel  assembl y st r uct ur e at  a 
conspi cuous l ocat i on.   At t achment  t o shel l  or  head por t i ons or  ar ound t he 
nozzl e openi ngs of  vessel  shal l  be by wel di ng,  br azi ng,  sol der i ng,  or  by 
t amper - r esi st ant  mechani cal  f ast ener s of  sui t abl e met al  const r uct i on.   
At t achment  by pr essur e sensi t i ve adhesi ves of  any t ype i s not  accept abl e.   
St ampi ng shal l  show ser i al  number ,  symbol s of  t he manuf act ur er ,  
speci f i cat i on number ,  dat e of  manuf act ur e,  desi gn pr essur e,  t est  pr essur e,  
maxi mum al l owabl e wor ki ng pr essur e at  oper at i ng t emper at ur e,  mi ni mum 
wor ki ng t emper at ur e f or  vessel s t hat  oper at e,  and wat er  vol ume capaci t y i n 
cubi c f eet  t o near est  t ent h.   Mani f ol ds shal l  be i dent i f i ed by a st ai nl ess 
st eel  pl at e or  t ag at t ached by st ai nl ess st eel  bands or  c l amps and shal l  
show ser i al  number ,  i f  any,  symbol s of  t he manuf act ur er ,  speci f i cat i on 
number ,  dat e of  manuf act ur e,  desi gn pr essur e,  and t est  pr essur e.   Vessel s 
shal l  be code st amped i n accor dance wi t h ASME BPVC SEC VI I I  D1.   Asbest os 
and asbest os- cont ai ni ng pr oduct s wi l l  not  be al l owed.

2. 1. 1   Pi pi ng f or  Mani f ol ds

Pi pi ng f or  mani f ol ds shal l  be seaml ess st ai nl ess st eel  pi pe or  st ai nl ess 
st eel  t ubi ng sui t abl e f or  ser vi ce and pr essur e t hr ough a t emper at ur e r ange 
of  pl us 49 t o mi nus 87 degr ees C pl us 120 t o mi nus 125 degr ees F,  i n 
accor dance wi t h ASME B31. 3.   St ai nl ess st eel  pi pe i n t hi cknesses up t o and 
i ncl udi ng Schedul e 80S shal l  conf or m t o ASTM A312/ A312M,  Gr ade TP 304L or  
ASTM A376/ A376M,  Gr ade TP 304;  t hi cknesses gr eat er  t han Schedul e 80S shal l  
conf or m t o ASTM A376/ A376M,  Gr ade TP 304.

2. 1. 2   Fi t t i ngs f or  Mani f ol ds

Fi t t i ngs f or  mani f ol ds shal l  be seaml ess but t wel d or  socket - wel d t ype and 
of  mat er i al  conf or mi ng t o ASTM A403/ A403M,  Gr ade WP 304L,  or  i f  t ubi ng i s 
used,  f i t t i ngs shal l  be st ai nl ess st eel  posi t i ve mechani cal  hi gh- pr essur e 
t hr eaded t ype.   Fi t t i ngs shal l  be sui t abl e f or  pr essur es speci f i ed f or  
vessel s and shal l  be compat i bl e wi t h mani f ol d pi pi ng or  t ubi ng.
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2. 1. 3   Fl anges f or  Mani f ol ds

Fl anges f or  mani f ol ds shal l  be of  f or ged st ai nl ess st eel  conf or mi ng t o 
ASTM A182/ A182M,  Gr ades F 304,  F 316,  or  F 347.   Fl anges shal l  conf or m t o 
ASME B16. 5 wher e pr essur e- t emper at ur e r at i ngs f al l  wi t hi n l i mi t s 
est abl i shed t her ei n.   For  pr essur e- t emper at ur e out s i de such l i mi t s,  f l anges 
shal l  conf or m t o Appendi x 2 of  ASME BPVC SEC VI I I  D1.

2. 1. 4   Bol t s,  St uds,  and Nut s f or  Fl anges

Bol t s and st uds f or  f l anges f or  st ai nl ess st eel  mani f ol ds shal l  be st r ai n 
har dened and shal l  conf or m t o ASTM A320/ A320M,  Gr ade B8 or  equi val ent  
age- har dened mat er i al .   Nut s shal l  conf or m t o ASTM A194/ A194M,  Gr ade 4,  and 
shal l  be hexagonal  Amer i can St andar d Heavy Ser i es.   For  manways and f or  
ot her  t han st ai nl ess st eel  f l anges,  bol t s and st uds shal l  conf or m t o 
ASTM A193/ A193M,  Gr ade B7,  and nut s shal l  conf or m t o ASTM A194/ A194M,  Gr ade 
2H.

2. 1. 5   Fl ange Gasket s

Gasket s f or  r i ng t ype j oi nt  f l anges shal l  be oct agonal ,  f ul l y  anneal ed 
st ai nl ess st eel  r i ng t ype gasket s wi t h di mensi ons conf or mi ng t o ASME B16. 20.   
Gasket s f or  hel i um ser vi ce shal l  be oval  t ype.

2. 1. 6   Suppor t s and At t achment s

St r uct ur al  st eel  f or  suppor t s or  st r uct ur al  at t achment s shal l  conf or m t o 
r equi r ement s speci f i ed f or  vessel  or  t o ASTM A36/ A36M.   Wher e l egs of  
ASTM A36/ A36M st eel  ar e at t ached t o st ai nl ess st eel  vessel s,  pads of  
ASTM A240/ A240M st eel  shal l  be used t o make t he at t achment .

2. 1. 7   Vessels

Vessel s shal l  be const r uct ed of  s t eel s whi ch meet  t he r equi r ement s f or  
desi gn pr essur e and t emper at ur es.   No st eel  shal l  be used whi ch does not  
meet  t he f ol l owi ng mi ni mum r equi r ement s at  r oom t emper at ur e:   el ongat i on i n 
50 mm 2 i nches,  mi ni mum 15 per cent ;  r educt i on of  ar ea,  mi ni mum 40 per cent .   
Wher e heat  t r eat ment  i s  empl oyed,  r eheat  t r eat ment  wi l l  be per mi t t ed.   
Suppor t i ng i nf or mat i on shal l  be f ur ni shed at t est i ng t o chemi cal  composi t i on 
and mechani cal  pr oper t i es based on t est  r esul t s of  t he st eel  used f or  t he 
desi gn of  t he vessel s.   Wher e ASME BPVC SEC VI I I  D1 i s appl i cabl e t o 
mat er i al  f r om whi ch t he pr essur e vessel s ar e f abr i cat ed,  r equi r ement s of  
ASME BPVC SEC VI I I  D1 shal l  be adher ed t o,  except  as modi f i ed i n t hi s 
section.

2. 2   SPECI AL REQUI REMENTS

2. 2. 1   Mul t i pl e- Layer ed or  Banded Vessel s

Longi t udi nal l y- wel ded seams i n i ndi v i dual  l ayer s shal l  be spaced i n an 
of f set  pat t er n so t hat  cent er s of  t he wel ded l ongi t udi nal  j oi nt s of  
adj acent  l ayer s ar e separ at ed c i r cumf er ent i al l y  by a di st ance of  at  l east  5 
t i mes t he l ayer  t hi ckness.   Thi ckness of  c i r cumf er ent i al  wel ds f or  
at t achi ng heads or  f l anges,  and t he combi ned t hi ckness of  c i r cumf er ent i al  
wel ds f or  l ayer s,  shal l  not  be l ess t han mi ni mum r equi r ed t hi ckness of  a 
hemi spher i cal  head di v i ded by t he ef f i c i ency of  head- t o- shel l  j oi nt .   
Longi t udi nal  seam wel ds on i nner  shel l  and al l  i nt er medi at e l ayer s shal l  be 
gr ound f l ush bef or e appl i cat i on of  next  l ayer .
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2. 2. 1. 1   Slag

Sl ag shal l  be r emoved af t er  each wel d l ayer  i n bot h l ongi t udi nal  and 
c i r cumf er ent i al  wel d j oi nt s,  and each l ayer  of  wel d shal l  be v i sual l y 
i nspect ed f or  under cut ,  l ack of  f usi on,  i r r egul ar i t y of  wel d deposi t ,  s l ag 
i ncl usi ons,  and por osi t y.   Cor r ect i ons shal l  be made bef or e next  wel d l ayer  
i s  deposi t ed.

2. 2. 1. 2   Post - Wel d Heat  Tr eat ment

Post - wel d heat  t r eat ment  shal l  be accompl i shed i n accor dance wi t h 
ASME BPVC SEC VI I I  D1.   Heads shal l  be st r ess r el i eved af t er  f or mi ng 
oper at i ons and at t achment s by wel di ng have been compl et ed,  and bef or e 
assembl y t o vessel .   I nner  shel l  shal l  be st r ess r el i eved af t er  compl et i on 
of  l ongi t udi nal  wel ds.

2. 2. 1. 3   I nner  Shel l  Thi ckness Less Than One- Hal f  Head Thi ckness

Wher e t hi ckness of  i nner  shel l  i s  l ess t han one- hal f  t he r equi r ed head 
t hi ckness and l ayer s ar e 10 mm 3/ 8 i nch t hi ck or  l ess,  vessel  shal l  conf or m 
t o t he f ol l owi ng:

a.   Mul t i pl e- l ayer ed shel l s i n whi ch l ayer s ar e wel ded ci r cumf er ent i al l y  i n 
whi ch each l ayer  may be made of  one or  mor e pl at es shal l  have hol es 
dr i l l ed r adi al l y  f r om t he out s i de of  vessel  t o i nner  shel l .   Each l ayer  
pl at e shal l  have at  l east  t wo vent  hol es of  6 mm 1/ 4 i nch mi ni mum 
di amet er .   Hol es shal l  not  penet r at e i nner  shel l  of  vessel .   Dr awi ngs 
shal l  show such hol es i n det ai l .

b.   Af t er  l ongi t udi nal  seam of  each l ayer  has been wel ded,  t he l ayer  shal l  
be hammer  t est ed f or  cont act  wi t h l ayer  under neat h.   A l oose ar ea 
gr eat er  t han 300 mm 12 i nches c i r cumf er ent i al l y  and 600 mm 24 i nches 
l ongi t udi nal l y wi l l  not  be accept ed.   A maxi mum si ngl e r adi al  gap of  3 
mm 0. 120 i nch bet ween any t wo l ayer s,  as measur ed at  t he ends of  t he 
shel l  sect i ons at  r i ght  angl es t o vessel  axi s,  wi l l  be accept abl e.   A 
gap of  1. 5 mm 0. 060 i nch shal l  be l i mi t ed t o a l engt h of  100 mm 4 i nches;  
a gap of  1 mm 0. 040 i nch shal l  be l i mi t ed t o 150 mm 6 i nches;  a gap of  
0. 508 mm 0. 020 i nch shal l  be l i mi t ed t o 300 mm 12 i nches.   I n event  of  
mor e t han one l oose ar ea c i r cumf er ent i al l y  i n any 600 mm 24 i nch 
l engt h,  t ot al  of  such ar eas shal l  not  exceed t he ar ea pr escr i bed by t he 
above l i mi t s.

2. 2. 1. 4   I nner  Shel l  Thi ckness Gr eat er  Than One- Hal f  Head Thi ckness

Wher e t hi ckness of  i nner  shel l  i s  gr eat er  t han one- hal f  r equi r ed head 
t hi ckness,  vessel  shal l  conf or m t o one of  t he f ol l owi ng r equi r ement s,  as 
applicable.

a.   Ti ght ness of  l ayer s havi ng a nomi nal  t hi ckness of  10 mm 3/ 8 i nch and 
under  shal l  be est abl i shed as speci f i ed.

b.   Ti ght ness of  vessel s wi t h l ayer s over  10 mm 3/ 8 i nch nomi nal  t hi ckness,  
i n whi ch i nner  l ayer  i s  expanded t o out er  l ayer ,  shal l  be det er mi ned by 
demonst r at ed el ast i c behavi or  as subst ant i at ed by pr essur e vol ume cur ve 
dur i ng r epr essur i zat i on,  af t er  expansi on t o t he desi gn pr essur e t o 
demonst r at e t hat  t he l ayer s act  t oget her .

c.   The t i ght ness of  vessel s wi t h l ayer s over  10 mm 3/ 8 i nch nomi nal  
t hi ckness,  i n whi ch out er  l ayer  or  l ayer s ar e shr unk over  i nner  l ayer  
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or  l ayer s,  shal l  be det er mi ned by measur i ng t he di amet er  or  
c i r cumf er ence of  l ayer s i n col d condi t i on t o show t hat  t her e i s 
suf f i c i ent  i nt er f er ence bet ween l ayer s t o demonst r at e t hat  t he l ayer s 
act  t oget her .

2. 2. 2   Seaml ess Cyl i nder s

**************************************************************************
NOTE:   End connect i ons wi l l  be det er mi ned by pi pi ng 
syst em t o whi ch vessel s wi l l  be connect ed and by t he 
desi gn pr essur e.

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

Seaml ess cyl i nder s shal l  be of  a t ype and si ze sui t abl e f or  mani f ol di ng 
t oget her  t o meet  gaseous- st or age vol ume r equi r ement s.   Seaml ess cyl i nder s 
shal l  have t wo out l et s,  one at  each end on l ongi t udi nal  cent er l i ne;  each 
out l et  shal l  be a mi ni mum of  50 mm 2 i nches i n di amet er  f or  connect i on t o 
pi pi ng or  mani f ol d and f or  i nspect i on pur poses.   Vessel  connect i ons f or  
seaml ess vessel s shal l  be [ adapt ed f or  and connect ed t o i n accor dance wi t h 
ASME B16. 5]  [ sui t abl e f or  connect i on of  st ai nl ess st eel  posi t i ve mechani cal  
hi gh- pr essur e t hr eaded t ype f i t t i ngs] .   Connect i ons shal l  be sui t abl e f or  
pr essur es speci f i ed f or  vessel s.   Af t er  f abr i cat i on,  seaml ess cyl i nder s 
shal l  be nor mal i zed or  l i qui d- quenched and t emper ed.

2. 3   DESI GN AND FABRI CATI ON

Desi gn and f abr i cat i on of  vessel s shal l  conf or m t o ASME BPVC SEC VI I I  D1, 
except  as modi f i ed her ei n.   Vessel s shal l  be wel ded cyl i nder s or  spher es,  
seaml ess cyl i nder s,  or  cyl i nder s of  mul t i pl e- l ayer ed or  banded 
const r uct i on.   Vessel s shal l  be sui t abl e f or  st at i onar y,  abovegr ound 
[ hor i zont al ]  [ ver t i cal ]  i nst al l at i on,  exposed t o at mospher i c el ement s.   
Capaci t i es of  vessel s shal l  be as shown.

2. 3. 1   Desi gn Pr essur e

Desi gn vessel s f or  a pr essur e of  [ _____]  kPa psi g.

2. 3. 2   Desi gn Temper at ur e

Desi gn vessel s f or  a t emper at ur e r ange of  pl us 49 t o mi nus 40 degr ees C 
pl us 120 t o mi nus 40 degr ees F.

2. 3. 3   Outlets

**************************************************************************
NOTE:   The dr awi ngs wi l l  i ndi cat e hi gh- pr essur e 
t hr eaded t ype f i t t i ngs wher e r equi r ed,  based on 
desi gn pr essur e.

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

2. 3. 3. 1   Nozzles

Nozzl es or  out l et s f or  wel ded monobl oc,  mul t i pl e- l ayer ed,  and banded 
vessel s shal l  be a mi ni mum of  t wo i n number ,  one at  each end on t he 
l ongi t udi nal  cent er l i ne f or  connect i on t o pi pi ng or  mani f ol d,  and f or  
i nspect i on pur poses and shal l  have a mi ni mum di amet er  of  50 mm 2 i nches.   
Nozzl es and out l et s shal l  be f ul l y  r ei nf or ced r egar dl ess of  s i ze.   Fl anged 
out l et s shal l  conf or m t o ASME B16. 5 or  t o ASME BPVC SEC VI I I  D1.   Nozzl es 
or  out l et s shal l  be sui t abl e f or  t he pr essur es speci f i ed f or  vessel s.   
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Mat er i al  f or  nozzl es,  out l et s and f l anges pr ef er abl y shal l  be t he same as 
t hat  of  t he vessel ,  but  may be of  any ot her  mat er i al  t hat  i s  compat i bl e 
wi t h vessel  mat er i al .   [ Wher e shown,  out l et s shal l  be sui t abl e f or  
connect i on t o st ai nl ess st eel  posi t i ve mechani cal  hi gh- pr essur e t hr eaded 
t ype f i t t i ngs. ]

2. 3. 3. 2   Manhol es and Handhol es

**************************************************************************
NOTE:   Manhol es and handhol es f or  i nt er nal  
i nspect i on of  t he vessel s wi l l  be speci f i ed i f  
required.

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

Manhol es and handhol es shal l  conf or m t o t he r equi r ement s of  subsect i ons 
UG- 36 t hr ough UG- 46 of  ASME BPVC SEC VI I I  D1 as appl i cabl e.

2. 3. 3. 3   Dr ai ns and Vent s

**************************************************************************
NOTE:   Dr ai ns and vent s t o f aci l i t at e c l eani ng of  
t he vessel s wi l l  be speci f i ed i f  r equi r ed.

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

Pr ovi de l eakpr oof  dr ai ns and vent s t o f aci l i t at e c l eani ng of  vessel s.

2. 3. 4   Mul t i pl e Vessel s

**************************************************************************
NOTE:   To pr ovi de f or  maxi mum compet i t i on and 
l at i t ude by t he Cont r act or  i n s i z i ng t he pr essur e 
vessel s,  t he t ot al  vol ume of  each syst em wi l l  be 
speci f i ed i n cubi c f eet  ( wat er  vol ume)  and ampl e 
physi cal  space al l ocat ed t o accommodat e var i ous 
ar r angement s and si zes of  pr essur e vessel s.

The dr awi ngs wi l l  show t he pi pi ng connect i on poi nt  
bot h i n physi cal  l ocat i on and si ze.

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

Mani f ol d mul t i pl e- vessel  assembl i es t oget her  t o f ur ni sh r equi r ed 
gaseous- st or age vol ume.   Ter mi nat e mani f ol d at  t he pi pi ng connect i on poi nt  
as i ndi cat ed.   The t ot al  cr oss- sect i onal  ar ea of  mani f ol d pi pi ng i n a 
syst em must  be not  l ess t han 1. 5 t i mes t he cr oss- sect i onal  ar ea of  t he 
pi pi ng connect i on poi nt .

2. 3. 5   St r uct ur al  At t achment s

Per manent  st r uct ur al  at t achment s,  i ncl udi ng l i f t i ng l ugs and er ect i on 
br acket s,  shal l  not  be wel ded t o vessel  par t s subj ect  t o pr essur e st r ess,  
unl ess ot her wi se appr oved.   I f  appr oved,  such wel ds shal l  be f ul l  
penet r at i on and shal l  have wel ded l ayer s i nspect ed pr ogr essi vel y by t he 
magnet i c par t i c l e met hod.   No wel di ng shal l  be per f or med af t er  f i nal  st r ess 
r el i ef  or  hydr ost at i c t est i ng.

2. 3. 6   Shel l  and Head Thi ckness

**************************************************************************
NOTE:   I f  vessel s ar e used f or  t he st or age of  
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compr essed ai r ,  an appr opr i at e cor r osi on al l owance 
on t he shel l  and head t hi ckness wi l l  be i ncl uded.

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

Shel l  and head t hi ckness shal l  be cal cul at ed i n conf or mance wi t h 
ASME BPVC SEC VI I I  D1.

2. 3. 7   Pr ocedur e f or  Wel di ng Vessel s and Mani f ol ds

Wel di ng pr ocedur es shal l  conf or m t o r equi r ement s of  ASME BPVC SEC I X and t o 
r equi r ement s speci f i ed bel ow.   I nf or mat i on r equi r ed by r ecommended For m 
QW- 483,  Ar t i c l e I V,  of  ASME BPVC SEC I X shal l  be submi t t ed f or  appr oval .   
Submi t  cer t i f i ed copi es of  per f or mance t est  r ecor ds i ndi cat i ng t hat  t he 
wel der s have passed qual i f i cat i on t est  i n conf or mance wi t h ASME BPVC SEC I X, 
pr i or  t o wor k on pi pi ng or  vessel  f abr i cat i on.   Wher e such t est  r ecor ds ar e 
not  f ur ni shed,  per f or m qual i f i cat i on t est s wi t nessed by Cont r act i ng 
Of f i cer .   Each wel der  shal l  be qual i f i ed f or  t he posi t i on and t ype of  
mat er i al  assi gned.   Requal i f i cat i on t est s wi l l  be r equi r ed when wor k of  t he 
wel der  cr eat es a r easonabl e doubt  as t o t he wel der ' s pr of i c i ency.   Such a 
r et est  may i ncl ude bot h r adi ogr aphi c and mechani cal  t est s.   Wel der s f ai l i ng 
a r equal i f i cat i on t est  wi l l  not  be per mi t t ed t o wor k.   An i ner t - gas 
shi el ded wel di ng pr ocess wi t h an i ner t - gas backup shal l  be used f or  t he 
f i r st  pass of  al l  mani f ol d wel ds.   Separ at e qual i f i cat i on t est s shal l  be 
made on maxi mum j oi nt  t hi ckness of  each mat er i al  and each pr ocedur e used i n 
pr oduct i on of  doubl e- wel ded but t  j oi nt s and si ngl e- wel ded j oi nt s.   
Pr ocedur es qual i f i ed f or  t hi ckness gr eat er  t han t hose speci f i ed shal l  be 
accept abl e wi t hout  r equal i f i cat i on.   Joi nt  desi gn used i n t est  pl at es shal l  
be t he same as f or  j oi nt s used i n pr oduct i on.   A r equal i f i cat i on t est  shal l  
be made f or  any change i n t he nomi nal  wel d met al  composi t i on and f or  
changes i n any essent i al  var i abl es l i s t ed i n ASME BPVC SEC I X.   A separ at e 
qual i f i cat i on t est  shal l  be made f or  each j oi nt  desi gn.   For  
mul t i pl e- l ayer ed or  banded vessel s,  t he t ensi on and gui ded- bend t est s shal l  
be per f or med on i nner  shel l  and out er  l ayer  t hi cknesses.   For  gi r t h wel ds 
bet ween mul t i pl e- l ayer ed shel l s and heads,  t he t est  speci men shal l  i ncl ude 
head mat er i al  as wel l  as l ayer ed shel l  mat er i al .   I n addi t i on t o t est s 
speci f i ed i n ASME BPVC SEC I X,  pr ocedur e qual i f i cat i on t est  pl at es shal l  be 
r adi ogr aphed f ol l owi ng t he same heat - t r eat i ng pr ocedur e used i n 
pr oduct i on.   Usi ng r adi ogr aphi c pr ocedur es speci f i ed f or  pr oduct i on wel ds,  
r adi ogr aphs shal l  conf or m t o r equi r ement s speci f i ed.

2. 3. 7. 1   Wel d Layer  Thi ckness

I ndi v i dual  l ayer  t hi ckness of  pr oduct i on wel ds shal l  not  exceed 1. 1 t i mes 
t hat  of  i ndi v i dual  l ayer  t hi ckness deposi t ed i n t he per f or mance 
qualification.

2. 3. 7. 2   Cont i nui t y of  Backi ng Ri ng

Backi ng r i ngs shal l  be per mi t t ed onl y f or  c i r cumf er ent i al  wel d j oi nt s 
whi ch,  due t o access l i mi t at i ons,  cannot  be wel ded f r om bot h s i des.   I f  a 
backi ng bar ,  st r ap,  or  r i ng i s used on i nsi de of  s i ngl e but t wel d j oi nt s,  
ends of  backi ng bar  shal l  be wel ded t o pr oduce a cont i nuous backi ng el ement .

2. 3. 8   Joi nt  Ef f i c i ency

A j oi nt  ef f i c i ency not  gr eat er  t han 0. 95 shal l  be used f or  st agger ed 
but t wel ded l ongi t udi nal  seams of  mul t i pl e- l ayer ed or  banded vessel s,  
pr ovi ded wel ds i n i nner  shel l  and adj acent  l ayer  ar e f ul l y  r adi ogr aphed and 
t he f i ni shed wel d i n each of  t he subsequent  l ayer s i s f ul l y  
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magnet i c- par t i c l e i nspect ed and i s 7 mm 9/ 32 i nch or  l ess i n t hi ckness.   A 
penet r omet er  t hi ckness not  mor e t han 1 per cent  of  t ot al  wal l  t hi ckness 
bei ng r adi ogr aphed shal l  be used when r adi ogr aphi ng adj acent  l ayer .   Joi nt  
ef f i c i ency f or  ot her  but t wel ded seams shal l  conf or m t o ASME BPVC SEC VI I I  D1.

2. 3. 9   Pr essur e Rel i ef  Devi ces

Al l  vessel s,  r egar dl ess of  s i ze or  i nt er nal  pr essur e,  shal l  be pr ovi ded 
wi t h pr ot ect i ve pr essur e r el i ef  devi ces conf or mi ng t o t he desi gn 
r equi r ement s of  par t s UG- 125 t hr ough UG- 136 of  ASME BPVC SEC VI I I  D1.

2. 4   TESTING

Not i f y t he Cont r act i ng Of f i cer  [ _____]  days bef or e t he per f or mance and 
f abr i cat i on t est s ar e t o be conduct ed.   Per f or m t est s i n t he pr esence of  
t he Cont r act i ng Of f i cer .

2. 4. 1   Not ched- Bar  I mpact  Test s f or  Mat er i al

Mat er i al s f or  shel l s,  heads,  nozzl es,  and ot her  vessel  par t s subj ect  t o 
st r ess due t o pr essur e shal l  be i mpact  t est ed at  mi nus 40 degr ees C mi nus 
40 degr ees F i n accor dance wi t h r equi r ement s of  ASME BPVC SEC VI I I  D1,  wi t h 
t he f ol l owi ng modi f i cat i ons:

2. 4. 1. 1   I mpact  Speci mens

2. 4. 1. 1. 1   Test  Pl at es f or  Wel ded Vessel s

I n addi t i on t o r equi r ement s of  ASME BPVC SEC VI I I  D1,  one set  of  i mpact  
speci mens shal l  be t aken f r om t he head- t o- shel l  wel d wi t h not ch i n adj acent  
head met al  i n heat - af f ect ed zone.   Test  speci mens shal l  be t aken f r om 
mi d- l engt h of  t est  pl at es.

2. 4. 1. 1. 2   Mul t i pl e- Layer ed Pl at e Mat er i a

I n mul t i pl e- l ayer ed vessel s whi ch use pl at es 10 mm 3/ 8 i nch or  l ess i n 
t hi ckness,  excl usi ve of  t he i nner  shel l ,  t he r equi r ement s f or  t est i ng 
pl at es shal l  be met  by t est i ng at  l east  one set  of  i mpact  speci mens f or  each
 600 mm 2 f eet  of  cyl i ndr i cal  l engt h of  each vessel .

2. 4. 1. 1. 3    Seaml ess Vessel s

The r equi r ement s f or  t est i ng i mpact  speci mens shal l  be met  by t est i ng one 
set  of  speci mens f r om a t est  sampl e of  t he l ot  i t  r epr esent s.   A l ot  
consi st s of  a maxi mum of  s i x vessel s havi ng t he same i nsi de di amet er  and 
wal l  t hi ckness i n a heat - t r eat  f ur nace char ge f r om t he same heat  of  st eel .   
Subj ect  t he mi ni mum 600 mm 24 i nches l ong t est  sampl e t o t he same wor ki ng,  
nor mal i z i ng or  quenchi ng,  and t emper i ng and heat  wi t h t he l ot  of  pr oduct i on 
vessel s.   Cut  i mpact  t est  speci mens f r om t he cent r al  300 mm 12 i nchesof  t he 
t est  sampl e.

2. 4. 1. 2   Mi ni mum I mpact  Val ue

I n l i eu of  r equi r ement s i n ASME BPVC SEC VI I I  D1,  each speci men of  t he set  
of  t hr ee 10 by 10 mm 3/ 8 by 3/ 8 i nch speci mens shal l  have a speci f i ed 
mi ni mum i mpact  val ue of  20 J 15 f oot  pounds f or  mat er i al  t hi ckness of  13 mm 
1/ 2 i nch or  gr eat er .   For  t hi nner  mat er i al ,  a s i mi l ar  speci men shal l  be 
used,  except  t hat  t he di mensi on al ong t he axi s of  t he not ch and t he 
speci f i ed mi ni mum i mpact  val ue shal l  be r educed t o t he l ar gest  possi bl e of :
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 7. 5 mm and 17 J 12. 5 f oot  pounds mi ni mum.

 5. 0 mm and 14 J 10 f oot  pounds mi ni mum.

 2. 5 mm and 7 J 5 f oot  pounds mi ni mum.

I f  t he val ue of  onl y one of  t he speci men i s l ess t han t he speci f i ed val ue,  
a r et est  wi l l  be per mi t t ed,  i n whi ch case al l  t hr ee r et est  speci mens shal l  
have an i mpact  val ue of  not  l ess t han t he speci f i ed val ue.

2. 4. 1. 3   Addi t i onal  Test s of  Wel ded and Seaml ess Vessel s

a.   Mat er i al s and wel d met al  shal l  be t est ed at  t he l owest  t emper at ur e at  
whi ch pr essur e wi l l  be appl i ed t o t he vessel ,  or  t he desi gn 
t emper at ur e,  whi chever  i s  l ower ,  and shal l  meet  t he f ol l owi ng:

( 1)   Speci men shal l  be i n accor dance wi t h ASTM A370 f or  Char py I mpact  
Test.

( 2)   Mi ni mum val ues ar e as gi ven bel ow:

Si ze of  Speci ment Base Met al  and
Heat - Af f ect ed Zone

( j oul es)  ( f oot - pound)

Wel d Met al  ( j oul es)
(foot-pound)

10 mm x 10 mm 41 30 34 25

10 mm x 7. 5 mm 34 25 27 20

10 mm x 5 mm 27 20 22 16

10 mm x 2. 5 mm 14 10 11 8

I f  t he val ue of  onl y one of  t he speci mens i s l ess t han t he speci f i ed val ue,  
a r et est  wi l l  be per mi t t ed,  i n whi ch case al l  t hr ee r et est  speci mens shal l  
have an i mpact  val ue of  not  l ess t han t he speci f i ed val ue.

b.   For  wel ded vessel s,  one set  of  Char py Test s shal l  be made wi t h not ch 
l ocat ed i n base met al  at  l east  50 mm 2 i nches f r om wel d,  one set  wi t h 
not ch l ocat ed i n heat - af f ect ed zone of  shel l ,  and one set  wi t h not ch 
l ocat ed i n wel d met al .

c.   For  seaml ess vessel s,  t est s shal l  be per f or med on base met al  onl y,  i n 
t he same quant i t i es as r equi r ed above f or  seaml ess vessel s.

2. 4. 2   Mechani cal  Pr oper t y Test s

2. 4. 2. 1   Wel ded Vessel s

Two t ensi on t est s and one bend t est  shal l  be made f r om each par ent  pl at e as 
r ol l ed f r om a s l ab or  i ngot .   Pl at es whi ch ar e quenched and t emper ed by 
st eel  suppl i er  shal l  be t est ed by per f or mi ng one bend t est  f r om each par ent  
pl at e as r ol l ed f r om a s l ab or  i ngot ,  and t wo t ensi on t est s f r om each pl at e 
as heat - t r eat ed.   I n addi t i on,  one t ensi on t est  shal l  be made on each 
quenched and t emper ed pl at e used f or  vessel  shel l s  and heads when t he 
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heat - t r eat ment  i s  per f or med by f abr i cat or .

2. 4. 2. 2   Seaml ess Vessel s

One i mpact  speci men t ensi on t est  shal l  be made f r om t est  sampl e f or  each 
l ot .   Test  speci men shal l  be t aken f r om t he cent r al  300 mm 12 i nches of  
t est  sampl e.

2. 4. 3   Hydr ost at i c Test i ng

Hydr ost at i c t est i ng shal l  be per f or med af t er  f abr i cat i on and heat  
t r eat ment .   Pr essur e vessel s and mani f ol ds shal l  be hydr ost at i cal l y  t est ed 
i n accor dance wi t h ASME BPVC SEC VI I I  D1,  except  t hat  hol di ng t i me at  t est  
pr essur e shal l  not  be l ess t han 6 hour s.

2. 5   I NSPECTI ON AND REPAI R OF DEFECTS

2. 5. 1   Per sonnel  Qual i f i cat i ons

Radi ogr aphi c,  l i qui d penet r ant  and magnet i c par t i c l e i nspect i ons of  
but t wel ded pi pe j oi nt s and wel ded vessel s l i s t ed bel ow shal l  be per f or med 
by per sonnel  qual i f i ed i n accor dance wi t h appl i cabl e por t i on of  
ASME BPVC SEC V as appr opr i at e.   Cer t i f i ed t est  r esul t s shal l  be submi t t ed 
by t he r evi ewi ng i nspect or .   Submi t  t est  r epor t s f or  r adi ogr aphi c,  magnet i c 
par t i c l e,  l i qui d penet r ant ,  i mpact ,  and hydr ost at i c t est s per f or med t o 
pr ove compl i ance wi t h speci f i ed cr i t er i a,  upon compl et i on and t est i ng of  
t he i nst al l ed syst em.

2. 5. 2   Radi ogr aphy of  But t wel ded Pi pe Joi nt s

But t wel ded pi pe j oi nt s shal l  be r adi ogr aphed 100 per cent .   Radi ogr aphi c 
t echni que and i nt er pr et at i on shal l  conf or m t o ASME B31. 3,  except  as 
modi f i ed.   The negat i ves and i nt er pr et at i on r epor t  shal l  be submi t t ed f or  
exami nat i on wi t hi n 24 hour s af t er  t aki ng r adi ogr aphs.   Unaccept abl e ar eas 
of  j oi nt s shal l  be cut  out ,  r emade,  and r er adi ogr aphed.   The negat i ves 
shal l  be accessi bl e f or  exami nat i on by t he Cont r act i ng Of f i cer .

2. 5. 3   Radi ogr aphy of  Wel ded Vessel s

Ext ent  of  r adi ogr aphy shal l  be based on j oi nt  ef f i c i enci es used f or  desi gn 
pur poses.   Radi ogr aphi c t echni que and i nt er pr et at i on shal l  conf or m t o 
ASME BPVC SEC VI I I  D1.   Radi ogr aphi c f i l m shal l  be t he f i ne gr ai n or  ext r a 
f i ne t ype.   Radi ogr aphi c negat i ves and i nt er pr et at i on shal l  be submi t t ed 
f or  appr oval  at  f abr i cat or ' s pl ant .   Unaccept abl e wel ds shal l  be r epai r ed 
and r er adi ogr aphed.   A compl et e set  of  r adi ogr aphs and r ecor ds f or  each 
vessel  or  vessel  par t  shal l  be r et ai ned by t he manuf act ur er  unt i l  t he 
Manuf act ur er ' s Dat a Repor t  has been si gned by t he i nspect or .

2. 5. 4   Magnet i c Par t i c l e I nspect i on

Except  f or  i nsi de sur f ace of  c l os i ng gi r t h seam,  accessi bl e sur f aces of  
wel ds,  i ncl udi ng al l  l ayer s of  mul t i pl e- l ayer ed or  banded vessel s,  shal l  be 
magnet i c- par t i c l e i nspect ed dur i ng f abr i cat i on i n accor dance wi t h ASTM E709, 
usi ng dc di r ect  pr obe onl y.   I n addi t i on,  i nspect i on of  accessi bl e out s i de 
sur f ace of  wel ds shal l  be made af t er  hydr ost at i c t est i ng.   Swaged ends of  
seaml ess vessel s shal l  be magnet i c- par t i c l e i nspect ed af t er  f or mi ng and 
heat  t r eat ment .   Cr acks shal l  be r epai r ed.   Li near  def ect s,  except  l i near  
i ncl usi ons not  exceedi ng 6 mm 1/ 4 i nch f or  t hi cknesses up t o 19 mm 3/ 4 i nch,  
8 mm 1/ 3 i nch f or  t hi cknesses 19 mm 3/ 4 i nch t o 57 mm 2- 1/ 4 i nches,  and 19 
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mm 3/ 4 i nch f or  t hi cknesses over  57 mm 2- 1/ 4 i nches,  shal l  be r epai r ed.

2. 5. 5   I nspect i on f or  Lami nat i ons

Lami nat i ons f ound at  edges of  pl at es shal l  be chi pped or  gr ound out  t o 
dept h of  t he l ami nat i on or  13 mm 1/ 2 i nch,  whi chever  i s  l ess,  and t he 
r esul t i ng gr oove shal l  be r epai r ed by wel di ng.   Li near  def ect s 75 mm 3 
i nches or  l ess i n l engt h whi ch ar e par al l el  t o pl at e sur f ace shal l  not  be 
consi der ed as l ami nat i ons and ar e accept abl e.   Li near  def ect s over  75 mm 3 
i nches i n l engt h whi ch ar e par al l el  t o pl at e sur f ace shal l  be consi der ed as 
l ami nat i ons and shal l  be r epai r ed.

2. 5. 6   Dye Penet r ant  I nspect i on

Pi pi ng and seal  wel ds shal l  be l i qui d- penet r ant  i nspect ed at  t he r oot  and 
f i nal  wel d l ayer s.   Cr acks and l i near  i ndi cat i ons,  except  mi nor  i nc l usi ons,  
shal l  be el i mi nat ed.   I nspect i on pr ocedur e shal l  be i n conf or mance wi t h 
ASTM E165/ E165M.

2. 5. 7   Repai r  of  Def ect s

Def ect s shal l  be r epai r ed i n accor dance wi t h appr oved pr ocedur es.   Wher ever  
a def ect  i s  r emoved and r epai r  by wel di ng i s not  r equi r ed,  af f ect ed ar ea 
shal l  be bl ended i nt o t he sur r oundi ng sur f ace so as t o avoi d shar p not ches,  
cr evi ces,  or  cor ner s.   Af t er  a def ect  i s  r emoved,  and pr i or  t o maki ng 
r epai r s,  t he ar ea shal l  be exami ned by sui t abl e met hods t o ensur e t hat  t he 
def ect  has been el i mi nat ed.   Af t er  r epai r s have been made,  t he r epai r ed 
ar ea shal l  be r e- exami ned by t he same met hods t hat  wer e or i gi nal l y r equi r ed 
f or  t he ar ea.   Any i ndi cat i on of  a def ect  shal l  be r egar ded as a def ect  
unl ess r eeval uat i on by nondest r uct i ve met hods and/ or  by sur f ace 
condi t i oni ng shows t hat  no unaccept abl e def ect  i s  pr esent .

2. 6   CLEANING

Submi t  a cer t i f i ed r ecor d of  sat i sf act or y c l eani ng of  s i mi l ar  vessel s or  a 
r ecor d cer t i f y i ng not  l ess t han 2 year s of  exper i ence i n chemi cal  c l eani ng 
t o s i mi l ar  st andar ds and f or  s i mi l ar  ser vi ce.   No or gani zat i on per f or mi ng 
c l eani ng wi l l  be consi der ed qual i f i ed unl ess such pr oof  of  c l eani ng 
exper i ence i s submi t t ed.

2. 6. 1   I nt er nal  Cl eani ng

**************************************************************************
NOTE:   I f  t hi s speci f i cat i on i s used f or  t he 
pr ocur ement  of  vessel s,  but  not  f or  i nst al l at i on,  
t he t i me of  f i nal  i nspect i on wi l l  be r evi sed.

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

I nt er nal  sur f aces of  each vessel  and mani f ol d shal l  be c l eaned unt i l  
per mi ssi bl e cont ami nat i on l i mi t s ar e compl i ed wi t h and t hen shal l  be dr i ed 
and pr ot ect ed.   Cl eani ng pr ocedur es as necessar y t o compl y wi t h per mi ssi bl e 
cont ami nat i on l i mi t s speci f i ed shal l  be empl oyed.   Cl eani ng,  except  dur i ng 
f abr i cat i on,  shal l  be per f or med at  pl ace of  manuf act ur e or  at  i nst al l at i on 
s i t e.   Cl eani ng sol vent s t hat  cont ai n chl or i ne shal l  not  be used on 
st ai nl ess st eel  vessel s.   I nspect i on and t est s wi l l  be wi t nessed by t he 
Cont r act i ng Of f i cer  at  t i me of  f i nal  accept ance.
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2. 6. 2   Per mi ssi bl e Cont ami nat i on Li mi t s

**************************************************************************
NOTE:   Each i ndi v i dual  vessel  and i t s appl i cat i on 
has t o be consi der ed f r om t he st andpoi nt  of  t he 
cont r ol  syst em and end use of  t he pr oduct .  
Per mi ssi bl e cont ami nat i on l i mi t s wi l l  be i nser t ed t o 
sui t  r equi r ement s.   The l i mi t s speci f i ed wi l l  not  be 
mor e st r i ngent ;  f or  economi cal  r easons,  t he l i mi t s 
wi l l  be r el axed wher ever  possi bl e.

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

Per mi ssi bl e cont ami nat i on l i mi t s f or  vessel s and mani f ol ds shal l  not  exceed 
t he f ol l owi ng:

a.   No hydr ocar bon as evi denced by v i sual  and ul t r avi ol et  l i ght  i nspect i ons.

b.   No sol i d or  f i br ous par t i c l e concent r at i on gr eat er  t han [ 54]  [ _____]  
mg/ squar e m [ 5]  [ _____]  mg/ psf  as measur ed i n ef f l uent  on f i nal  r i nse 
or  [ 10]  [ _____]  ppm by wei ght  of  sampl e.

c.   No par t i c l es gr eat er  t han [ 150]  [ _____] - mi cr omet er  s i ze.

d.   No f i ber s gr eat er  i n s i ze t han [ 150]  [ _____] - mi cr omet er  di amet er  by 
[ 1, 000]  [ _____] - mi cr omet er  l engt h.

2. 6. 3   Mi scel l aneous Requi r ement s

2. 6. 3. 1   Nomi nal - Rat ed Fi l t er s

Fi l t er s shal l  r emove 98 per cent  by wei ght  of  par t i c l es whose t wo smal l est  
di mensi ons ar e gr eat er  t han openi ngs i n f i l t er  medi a.   Fi l t er s made by 
powder  met al l ur gy pr ocesses shal l  not  be used.

2. 6. 3. 2   Cl ean Wat er

Wat er  shal l  be col or  f r ee and shal l  cont ai n no v i s i bl e suspended par t i c l es 
or  hydr ocar bons.

2. 6. 3. 3   Dr y Ai r

Ai r  shal l  be oi l - f r ee ai r  whi ch has been pr ocessed t hr ough a dehydr at or  so 
t hat  t he dew poi nt  i s  mi nus 53 degr ees C mi nus 63. 5 degr ees F at  101 kPa 
( one at mospher e)  one at mospher e or  a maxi mum of  26. 3 ppm wat er  vapor  by 
volume.

2. 6. 3. 4   Nitrogen

Ni t r ogen must  have been f i l t er ed t hr ough a 40- mi cr omet er  absol ut e- r at ed 
f i l t er  wi t h an el ement  const r uct ed of  st ai nl ess st eel  dut ch t wi l l  weave.   
Fi l t er  shal l  be c l eaned so as not  t o cont ami nat e t he syst em i n excess of  
f i l t er  r at i ng.

2. 6. 3. 5   Hydrocarbon

Hydr ocar bon must  be a combust i bl e compound cont ai ni ng car bon and hydr ogen.
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2. 6. 3. 6   Sol i d Par t i c l e

Sol i d par t i c l e shal l  be sol i d mat er i al  whi ch cannot  be c l assi f i ed as a 
f i ber .   Si ze of  a sol i d par t i c l e shal l  be det er mi ned by l ongest  di mensi on.

2. 6. 3. 7   Fiber

Fi ber  shal l  be a t hr eadl i ke st r uct ur e composed of  any mat er i al .

2. 6. 3. 8   Whi t e Met al

" Whi t e met al "  shal l  have sur f ace of  a gr ay whi t e,  uni f or m met al l i c  col or .  
Sur f ace,  when vi ewed wi t hout  magni f i cat i on,  shal l  be f ound f r ee of  v i s i bl e 
mi l l  scal e,  r ust ,  cor r osi on,  oxi des,  pai nt ,  or  ot her  f or ei gn mat t er .

2. 6. 4   Cl eani ng Pr ocedur es

Cl eani ng pr ocedur es shal l  be as f ol l ows,  and addi t i onal  pr ocedur es shal l  be 
empl oyed as necessar y t o compl y wi t h t he per mi ssi bl e cont ami nat i on l i mi t s.

2. 6. 4. 1   Cl eani ng Dur i ng Fabr i cat i on

Dur i ng vessel  f abr i cat i on,  sur f aces and wel ds of  vessel s and mani f ol ds 
whi ch wi l l  be exposed t o gas shal l  be t hor oughl y c l eaned t o whi t e met al .  
Wi r e br ushes used on st ai nl ess st eel  shal l  be of  s t ai nl ess st eel .   Gr i ndi ng 
di scs t hat  have been used on car bon st eel  shal l  not  be used on st ai nl ess 
st eel  vessel s.   Descal i ng may be accompl i shed pr i or  t o wel di ng of  f i nal  
seam.   When per f or med af t er  c l eani ng,  st r ess r el i evi ng shal l  be per f or med 
usi ng an i ner t  gas wi t hi n t he vessel .

2. 6. 4. 2   Af t er  Cl eani ng

Af t er  c l eani ng,  sur f aces shal l  be t r eat ed t o i nhi bi t  r ust .

2. 6. 5   Drying

Dr yi ng of  vessel s shal l  be by heat i ng or  vacuum evacuat i on.   Mani f ol ds 
shal l  be dr i ed by pur ge wi t h gaseous ni t r ogen or  dr y ai r  at  a mi ni mum of  60 
degr ees C 140 degr ees F.   Vessel s and mani f ol ds shal l  be consi der ed dr y 
when t he dew poi nt  appar at us shows t hat  t he pur gi ng medi um has a dew poi nt  
no hi gher  t han t he dew poi nt  of  i nf l uent  gas whi ch i s not  above mi nus 53 
degr ees C mi nus 63. 5 degr ees F at  101 kPa ( one at mospher e)  one at mospher e 
or  26. 3 ppm wat er  vapor  by vol ume.   I f  vacuum evacuat i on i s used,  vessel  
shal l  be consi der ed dr y when pr essur e i s mai nt ai ned at  1. 69 kPa ( 0. 5 i nch 
of  mer cur y absol ut e)  0. 5 i nch of  mer cur y absol ut e f or  a mi ni mum of  5 
mi nut es at  a t emper at ur e of  15. 6 degr ees C 60 degr ees F or  hi gher  
t emper at ur e or  at  such l ower  pr essur e whi ch i s 96 per cent  of  t he vapor  
pr essur e of  wat er  f or  t he vessel  t emper at ur e.   For  exampl e,  f or  a vessel  at  
4 degr ees C 40 degr ees F a pr essur e of  804 Pa ( 0. 238 i nch of  mer cur y 
absol ut e)  0. 238 i nch of  mer cur y absol ut e shal l  be mai nt ai ned f or  5 
mi nut es.   Dr y gas used f or  pur gi ng and dr yi ng shal l  be f i l t er ed t hr ough a 
10- mi cr on nomi nal  r at ed f i l t er .

2. 6. 6   Test i ng of  Cl eaned Vessel s and Mani f ol ds

Test s dur i ng or  af t er  c l eani ng shal l  be conduct ed so as not  t o cont ami nat e 
vessel s or  mani f ol ds.   Shoul d t est i ng cont ami nat e vessel s and mani f ol ds,  
r ecl eani ng shal l  be per f or med.
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2. 6. 7   Inspection

Each vessel  and mani f ol d shal l  be i nspect ed f or  compl i ance wi t h per mi ssi bl e 
cont ami nat i on l i mi t s speci f i ed her ei n.   Cer t i f i ed r esul t s of  such 
i nspect i ons shal l  be submi t t ed f or  appr oval .   I nspect i ons,  t est s,  and 
sampl i ng shal l  be per f or med i n t he or der  l i s t ed bel ow.   Any vessel  or  
mani f ol d whi ch i s r ej ect ed i n any one of  t hese i nspect i on pr ocedur es shal l  
be r ecl eaned or  r ewor ked t o t he ext ent  necessar y t o meet  r equi r ement s 
specified.

2. 6. 7. 1   I nspect i on No.  1,  Fi nal  Ri nse

Dur i ng f i nal  r i nse and pr i or  t o dr y i ng oper at i on,  a 1- l i t er  sampl e of  
ef f l uent  shal l  be exami ned by Mi l l i por e met hod or  equi val ent  met hod i n 
accor dance wi t h SAE AS598.   For  t hi s pur pose,  r i nse shal l  be per f or med 
usi ng c l ean wat er  and a pr essur e spr ay nozzl e on i nt er i or  sur f aces t o 
ensur e di s l odgement  of  par t i c l es.   Ef f l uent s cont ai ni ng cont ami nat i on i n 
excess of  per mi ssi bl e cont ami nat i on l i mi t s shal l  be cause f or  r ecl eani ng 
and r ei nspect i on.

2. 6. 7. 2   I nspect i on No.  2,  Vi sual

Vessel s and mani f ol ds shal l  be exami ned f or  evi dence of  cor r osi on pr oduct s 
i ncl udi ng r ust ,  met al  chi ps,  scal e,  wel d scal e,  oi l ,  gr ease,  pai nt s,  
pr eser vat i ves,  decal s,  or  ot her  f or ei gn mat t er .   Speci al  devi ces such as 
i nspect i on mi r r or s or  bor e scopes shal l  be used t o v i sual l y exami ne 
i naccessi bl e ar eas of  vessel s or  mani f ol ds.   Cont ami nat i on i n excess of  
per mi ssi bl e cont ami nat i on l i mi t s shal l  be cause f or  r ecl eani ng and 
reinspection.

2. 6. 7. 3   I nspect i on No.  3,  Ul t r avi ol et  Li ght

Vi sual  i nspect i on wi t h ai d of  an ul t r avi ol et  l i ght  shal l  be accompl i shed on 
accessi bl e sur f aces t o det er mi ne t he pr esence of  pet r ol eum t ype 
hydr ocar bons.   Wi pe pads shal l  al so be i nspect ed by ul t r avi ol et  l i ght .  
I nspect or s shal l  be qual i f i ed t o use t he ul t r avi ol et  l i ght .   Cont ami nat i on 
i n excess of  per mi ssi bl e cont ami nat i on l i mi t s shal l  be cause f or  r ecl eani ng 
and r ei nspect i on.   Ul t r avi ol et  l i ght  used f or  t hi s  i nspect i on and 
l i ght - i nt ensi t y met er  shal l  conf or m t o t he f ol l owi ng:

a.   Li ght  sour ce shal l  be 100- wat t  spot  mer cur y and bul b 250 t o 370 
nanomet er s ( 2500 t o 3700 Angst r om uni t s)  2500 t o 3700 Angst r om uni t s.

b.   Tr ansf or mer  shal l  meet  t he r ecommendat i ons of  bul b manuf act ur er .

c.   Fi l t er  shal l  be appr oxi mat el y 127 mm 5 i nches i n di amet er ,  convex and 
round.

d.   Bul b shal l  be r epl aced when i nt ensi t y of  ul t r avi ol et  l i ght  t hr ough 
f i l t er  i s  l ess t han 550 mi cr owat t s per  squar e cent i met er  when measur ed 
600 mm 24 i nches f r om out si de sur f ace of  f i l t er ,  or  af t er  500 hour s of  
use,  whi chever  occur s f i r st .

2. 6. 7. 4   I nspect i on No.  4,  Wi pe Test

Wi pe t est  shal l  be made at  each end of  each cl eaned sect i on of  pi pe and on 
i nt er i or  sur f aces of  vessel s and mani f ol ds whi ch ar e accessi bl e wi t h a 
pr obe.   Cl ean f i l t er  paper  shal l  be used.   I nt er i or  sur f aces ar e t o be 
wi ped on a r andom basi s or  as i ndi cat ed by t he r esul t s of  v i sual  
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i nspect i on.   Test  shal l  consi st  of  a l i near  movement  of  f i l t er  paper  over  a 
di st ance appr oxi mat el y 600 mm 2 f eet  l ong when l ar ge ar eas ar e bei ng 
t est ed.   Smal l er  ar eas,  such as mani f ol d ends,  shal l  r ecei ve a f ul l  
c i r cul ar  wi pe.   Fi l t er  paper  shal l  t hen be exami ned under  c l ean- r oom 
condi t i ons.   Cont ami nat i on i n excess of  per mi ssi bl e cont ami nat i on l i mi t s 
shal l  be cause f or  r ecl eani ng and r ei nspect i on.

2. 7   SEALING

2. 7. 1   Seals

Vessel s and mani f ol ds shal l  be seal ed i mmedi at el y af t er  passi ng t he 
c l eani ng i nspect i ons.   Seal s shal l  be t i ght  enough t o pr event  cont ami nat i on 
and shal l  be pr ot ect ed so t hat  t hey wi l l  not  be br oken or  war ped.   Tape f or  
seal i ng pr ocedur es shal l  not  l eave any r esi due on connect i ons when r emoved.

2. 7. 2   Fl anged Openi ngs

**************************************************************************
NOTE:   Compar abl e t ype c l osur es wi l l  be speci f i ed 
f or  ot her  t ype connect i ons.

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

Fl anged openi ngs shal l  be seal ed wi t h a sui t abl e f ul l - f ace bl ank gasket  3. 2 
mm 1/ 8 i nch t hi ck or  di sk at  l east  1. 6 mm 1/ 16 i nch t hi ck consi st i ng of  
pol yt et r af l uor et hyl ene or  ot her  nonf l ammabl e,  noncont ami nat i ng mat er i al  and 
a bol t ed bl ank f l ange of  al umi num or  cor r osi on- r esi st i ng st eel  at  l east  6 mm
 1/ 4 i nch t hi ck.   St ai nl ess st eel  bol t s shal l  be used i n cont act  wi t h 
st ai nl ess st eel s.   Cadmi um- pl at ed bol t s maybe used i n cont act  wi t h al umi num 
but  shal l  not  be used i n cont act  wi t h st ai nl ess st eel s.   A bol t  cor r ect l y 
t or qued t o cor r espond t o par t i cul ar  bl ank f l ange and gasket  desi gn shal l  be 
pl aced i n each bol t  hol e.   Gasket s and f l anges shal l  be c l eaned as 
specified.

2. 7. 3   Thr eaded Openi ngs

Thr eaded openi ngs shal l  be seal ed wi t h appr opr i at el y c l eaned caps or  pl ugs 
made of  cor r osi on- r esi st i ng st eel .

2. 8   CERTIFICATE

Cer t i f i cat e of  i nspect i on i ndi cat i ng conf or mance t o r equi r ement s speci f i ed 
shal l  be at t ached t o each i t em.   Cer t i f i cat e shal l  show t he dat e of  
i nspect i on and t he s i gnat ur e of  t he Cont r act or ' s i nspect or .

2. 9   PRESSURIZING

Vessel s shal l  be pr essur i zed t o 103 kPa 15 psi g wi t h ni t r ogen i mmedi at el y 
f ol l owi ng c l eani ng i nspect i ons and seal i ng of  vessel s.   Vessel s shal l  be 
mai nt ai ned at  posi t i ve pr essur e up t o and dur i ng t he t i me of  f i nal  
accept ance.   Vessel s shal l  be equi pped wi t h a shut of f  val ve and gauge f or  
pr essur i z i ng.   The gauge shal l  be capabl e of  103 kPa 15 psi g mi ni mum wi t h 
10 kPa 1. 5 psi g i ncr ement s bet ween 0 t o 34 kPa 0 t o 5 psi g.   A pr ot ect i ve 
met al  cover  shal l  be pr ovi ded ar ound t he gauge and val v i ng.   Compl et e l oss 
of  pr essur e shal l  be cause f or  r ei nspect i on and r ecl eani ng as necessar y t o 
meet  per mi ssi bl e cont ami nat i on l i mi t s by and at  t he expense of  t he 
Contractor.
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2. 10   PAINTING

2. 10. 1   Ext er i or  Sur f aces

Ext er i or  sur f aces of  al l  vessel s,  i ncl udi ng suppor t s but  excl udi ng 
st ai nl ess st eel  sur f aces,  shal l  be c l eaned and pai nt ed i n t he shop.   
Abr aded or  cor r oded spot s shal l  be wi r e br ushed and t ouched up wi t h t he 
same mat er i al  as t he pai nt  coat .

2. 10. 2   Cl eani ng and Pr epar at i on of  Sur f aces

Ext er i or  sur f aces shal l  be c l eaned bef or e appl y i ng pai nt .   Oi l ,  gr ease,  
di r t ,  l oose dust ,  l oose mi l l  scal e,  and ot her  f or ei gn subst ances shal l  be 
r emoved.   Removal  of  oi l  and gr ease shal l  be accompl i shed bef or e mechani cal  
c l eani ng i s st ar t ed,  usi ng mi ner al  spi r i t s  or  ot her  par af f i n- f r ee sol vent s 
havi ng a f l ash poi nt  hi gher  t han 37 degr ees C 100 degr ees F.   Cl eani ng 
shal l  be accompl i shed wi t h c l ean cl ot hs,  f l ui d emul si ons,  st eam,  f l ame 
cl eani ng,  hi gh- speed power  wi r e br ushi ng,  bl ast  c l eani ng,  or  ot her  appr oved 
met hods.   Use of  chi ppi ng t ool s t hat  pr oduce cut s,  bur r s,  and ot her  f or ms 
of  excessi ve r oughness wi l l  not  be per mi t t ed.   Ti ght  mi l l  scal e t hat  cannot  
be r emoved by appl y i ng a shar p kni f e t o any edge and mi nor  amount s of  
r esi dual  r ust  not  r emovabl e except  by t hor ough bl ast  c l eani ng wi l l  be 
permitted.

2. 10. 3   Pai nt i ng of  Sur f aces

A pr i mer  coat  of  pai nt  conf or mi ng t o SSPC Pai nt  25 shal l  be appl i ed t o 
ext er i or  sur f aces of  t he vessel .   Vessel  shal l  be f i ni shed wi t h t wo coat s 
of  gr ay enamel  conf or mi ng t o SSPC Pai nt  21.   Pai nt  shal l  be appl i ed under  
dr y and dust - f r ee condi t i ons when an ambi ent  t emper at ur e i s not  bel ow 4 
degr ees C 40 degr ees F.   Pai nt i ng shal l  be done so as t o pr oduce an even 
f i l m of  uni f or m t hi ckness.   The t hr ee- coat  pai nt  syst em shal l  be appl i ed so 
t hat  t hei r  dr y f i l m t hi ckness at  any poi nt  shal l  be not  l ess t han 0. 10 mm 
4. 0 mi l s,  wi t h t he pr i mer  havi ng a mi ni mum dr y f i l m t hi ckness of  0. 04 mm 
1. 5 mi l s.   Edges,  cor ner s,  cr evi ces,  and j oi nt s shal l  be t hor oughl y c l eaned 
and pai nt ed.

PART 3   EXECUTI ON

3. 1   FOUNDATIONS

Foundat i ons shal l  be desi gned by t he Cont r act or .   Desi gn shal l  be based on 
t he soi l s i nvest i gat i on pr ovi ded by t he Gover nment .   Any addi t i onal  
i nf or mat i on r equi r ed shal l  be speci f i ed by t he Cont r act or  and obt ai ned by 
t he Gover nment .   Foundat i ons f or  t he pr essur e vessel  [ and mani f ol d]  shal l  
be const r uct ed of  [ 21]  [ _____]  MPa [ 3000]  [ _____]  psi  concr et e,  r ei nf or ced 
wher e necessar y,  and const r uct ed i n conf or mance wi t h t he appl i cabl e 
r equi r ement s of  Sect i on 03 30 00. 00 10 CAST- I N- PLACE CONCRETE,  except  as 
shown or  speci f i ed her ei n.

3. 1. 1   Excavat i on,  Fi l l i ng,  and Gr adi ng

Excavat i ng,  f i l l i ng,  and gr adi ng shal l  conf or m t o t he appl i cabl e 
r equi r ement s of  Sect i on 31 00 00 EARTHWORK.

3. 1. 2   Anchor  Bol t s

Anchor  bol t s shal l  be set  accur at el y and shal l  be of  adequat e l engt h t o 
i nst al l  t he pr essur e vessel .   When embedded i n concr et e,  anchor  bol t s shal l  
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be pr ovi ded wi t h pl at es wel ded on t he head and shal l  be pr ot ect ed agai nst  
damage unt i l  t he equi pment  i s  i nst al l ed.

3. 2   INSTALLATION

Submi t  dr awi ngs showi ng t he l ocat i ons of  wel d seams,  s i zes and t ypes of  
wel ds,  pi pi ng ar r angement s,  nozzl e r ei nf or cement ,  met hod of  nozzl e 
at t achment ,  pl at e and head t hi cknesses,  vessel  wei ght s,  det ai l s  of  gas 
r el i ef  hol es i n mul t i pl e- l ayer ed shel l s,  l i f t i ng l ugs [ manways]  [ det ai l s  of  
dr ai ns and vent s]  det ai l s  r equi r ed f or  f abr i cat i on of  t he vessel s,  and a 
compl et e l i s t  of  mat er i al s.   I ncl ude desi gn cal cul at i ons f or  vessel s and 
mani f ol ds wi t h t he dr awi ngs,  i ncl udi ng chemi cal  composi t i on and mechani cal  
pr oper t i es of  t he st eel s used,  and i ncl udi ng r ef er ence t o 
ASME BPVC SEC VI I I  D1.   Loadi ng,  l i f t i ng,  shi ppi ng,  unl oadi ng,  f i el d 
t est i ng,  and i nst al l at i on i nst r uct i ons,  pr i or  t o compl et i on of  
f abr i cat i on.   [ I nst al l at i on dr awi ngs f or  pi pi ng mani f ol ds showi ng f i el d 
pi ece mar ki ngs. ]  [ The pr essur e vessel  f oundat i on desi gn dr awi ngs. ]

3. 2. 1   Equipment

Al l  t anks and equi pment  shal l  be i nst al l ed i n accor dance wi t h f abr i cat or ' s 
i nst r uct i ons and r ecommendat i ons.   Al l  vessel s shal l  be bol t ed i n pl ace on 
concr et e f oundat i ons.   Car e shal l  be exer ci sed dur i ng t he pl acement  of  
vessel  on f oundat i on so as not  t o scr at ch or  dent  vessel ,  or  cr ack 
foundation.

3. 2. 2   Piping

Al l  i nt er connect i ng pi pi ng shal l  be assembl ed i n accor dance wi t h 
f abr i cat or ' s dr awi ngs and i nst r uct i ons.   Al l  pi pi ng shal l  conf or m t o t he 
r equi r ement s of  ASME B31. 3.   Adequat el y suppor t  i nt er connect i ng pi pi ng t o 
avoi d pr oduci ng l ar ge st r esses on t he pi pe or  t he vessel  nozzl es.   Pi pe 
hanger s and suppor t s shal l  conf or m t o MSS SP- 58.   Pi pi ng suppor t s shal l  
al l ow f or  movement  of  t he pi pe f r om t her mal  expansi on or  cont r act i on.   Pi pe 
suppor t  spaci ng and i nst al l at i on shal l  conf or m t o t he r equi r ement s of  
MSS SP- 58.

3. 3   FI ELD TESTI NG

Upon compl et i on of  al l  r el at ed wor k and pr i or  t o accept ance,  subj ect  t he 
pr essur e vessel  and associ at ed pi pi ng and i nst r ument at i on t o a pr essur e 
t est  t o demonst r at e syst em per f or mance.   Not i f y t he Cont r act i ng Of f i cer  
[ _____]  days pr i or  t o conduct i ng t he t est .   The Cont r act i ng Of f i cer  shal l  
be pr esent  dur i ng t he t est i ng.

3. 3. 1   Test i ng Mat er i al s

Fur ni sh al l  equi pment ,  i nst r ument s,  mat er i al s,  and per sonnel  r equi r ed t o 
per f or m t he t est .   The Gover nment  wi l l  suppl y t he ut i l i t i es t o per f or m t he 
t est  such as [ ni t r ogen, ]  [ wat er , ]  [ and]  el ect r i c  power .

3. 3. 2   Procedure

The t est  medi um shal l  be c l ean,  dr y ni t r ogen.   Pi pi ng t est  pr essur e shal l  
be not  l ess t han 1. 2 nor  mor e t han 1. 5 t i mes t he desi gn pr essur e.   The t est  
pr essur e shal l  be cont i nuousl y mai nt ai ned f or  a mi ni mum of  10 mi nut es,  and 
t he r equi r ed t est  pr ocedur e shal l  be i n accor dance wi t h ASME B31. 3.   To 
pass t he pr essur e t est ,  t he pi pi ng syst em shal l  show no evi dence of  l eaki ng 
at  al l  j oi nt s and connect i ons by soap bubbl e or  equi val ent  met hod.   I f  
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syst em does not  pass t he pr essur e t est ,  t he pr obl em wi l l  be cor r ect ed and 
t he syst em wi l l  be r et est ed.   Any r et est i ng wi l l  be per f or med by t he 
Cont r act or  at  t he Cont r act or ' s expense.   I f  pi pi ng t est  pr essur e i s  above 
t he pr essur e vessel  t est  pr essur e,  t he pr essur e vessel  wi l l  be i sol at ed 
f r om t he pi pi ng t est .

3. 4   TOUCHUP PAI NTI NG

Per f or m t ouchup pai nt i ng t o equi pment  [ and pi pi ng mani f ol d]  as r equi r ed 
f r om t he i nspect i on of  t he Cont r act i ng Of f i cer .  Pai nt i ng mat er i al s and 
pr ocedur e shal l  conf or m t o t he r equi r ement s of  par agr aph PAI NTI NG.

        - -  End of  Sect i on - -
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