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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  an i nsul at ed under gr ound heat  
di st r i but i on syst em ( UHDS)  and/ or  condensat e r et ur n 
syst em of  t he pr e- engi neer ed t ype as cover ed i n 
TM- 5- 810- 17 " Heat i ng and Cool i ng Di st r i but i on 
Syst ems" ,  f or  st eam and hi gh t emper at ur e hot  wat er  
up t o 230 degr ees C 450 degr ees F.

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:   Not es ar e t o t he Gover nment  desi gner  or  
desi gn Ar chi t ect / Engi neer  f i r m and wi l l  not  be seen 
by t he Cont r act or  or  i t s  subCont r act or s.   The 
desi gner  wi l l  car ef ul l y  r evi ew al l  Not es;  when 
submi t t i ng t he " dr af t "  speci f i cat i on f or  r evi ew,  
Not es wi l l  r emai n i nt act .

Thi s speci f i cat i on r equi r es coor di nat i on wi t h ot her  
desi gn di sci pl i nes ( exampl es:   cat hodi c pr ot ect i on,  
t r enchi ng and backf i l l ,  s t r uct ur al  f or  coor di nat i ng 
manhol e st r uct ur es) .   The speci f i ed syst ems ar e 
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capabl e of  t r anspor t i ng st eam,  condensat e,  or  hi gh 
t emper at ur e hot  wat er .   Thi s speci f i cat i on i s f or  
syst ems oper at i ng above 120 degr ees C 250 degr ees F 
t o a maxi mum accept abl e pr essur e and t emper at ur e of  
appr oxi mat el y 2. 800 Mpa ( gage)  408 psi g and 230 
degr ees C 450 degr ees F,  r espect i vel y.   I t  shoul d be 
not ed t hat  not  al l  UHDS ar e accept abl e f or  al l  s i t e 
c l assi f i cat i ons,  t emper at ur es,  and pr essur e r at i ngs.

The Gover nment  desi gner  wi l l  est abl i sh t he s i t e,  
soi l  and gr oundwat er  condi t i ons.   The cont r act  
dr awi ngs wi l l  show t he s i ze,  pr oposed r out i ng 
( i ncl udi ng const r uct i on l i mi t s)  and est i mat ed l engt h 
of  t he syst em.   The cont r act  dr awi ngs wi l l  est abl i sh 
t he el evat i ons and show t he pr of i l es of  t he pi pe and 
t he exi st i ng and f i ni shed ear t h sur f aces.   I ndi cat e 
and i dent i f y al l  obst r uct i ons wi t hi n 8 m 25 f eet  of  
t he syst em cent er l i ne,  i ncl udi ng adj acent   or  
cr ossi ng ut i l i t i es.

Thi s gui de speci f i cat i on i s not  f or  t he desi gn of  
t he val ve manhol e and associ at ed pi pi ng and 
equi pment  i n t he val ve manhol e.   Val ve manhol es and 
t he pi pi ng and equi pment  i nsi de t he val ve manhol es 
wi l l  be desi gned and det ai l ed on t he cont r act  
dr awi ngs.   Sect i on 33 61 13. 19 VALVES,  PI PI NG,  AND 
EQUI PMENT I N VALVE MANHOLES wi l l  be i ncl uded as par t  
of  t hi s pr oj ect .   I ncl ude on t he dr awi ngs a l og of  
soi l  condi t i ons al ong t he pi pe l i ne r i ght - of - way,  at  
pi pe dept h,  whi ch gi ves,  as a mi ni mum,  soi l  
c l assi f i cat i on,  moi st ur e cont ent ,  soi l  r esi st i v i t y  
and pH,  bear i ng st r engt h and unst abl e condi t i ons.

Det ai l s  at  bui l di ng ent r i es wi l l  be pr ovi ded on t he 
cont r act  dr awi ngs t o show pi pe el evat i on,  f l oor  and 
gr ade el evat i on,  bui l di ng wal l  const r uct i on and 
exi st i ng equi pment .   I ncl ude l ocat i on of  val ve 
manhol e and/ or  val ve boxes,  br anch r unout s,  and 
i sol at i on val ves on t he cont r act  dr awi ngs.   Pr ovi de 
det ai l s  at  manhol e ent r i es on t he cont r act  dr awi ngs 
t o show pi pe el evat i ons;  f l oor ,  t op,  ent r ance,  and 
gr ade el evat i ons;  manhol e wal l  const r uct i on;  anchor  
l ocat i on and const r uct i on;  and exi st i ng equi pment  
and pi pi ng.

Al l  connect i ons t o t he UHDS di st r i but i on wi l l  occur  
onl y i n manhol es.

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

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.
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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 ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
(AASHTO)

AASHTO M 300 ( 2003;  R 2017)  St andar d Speci f i cat i on f or  
I nor gani c Zi nc- Ri ch Pr i mer

ASME I NTERNATI ONAL ( ASME)

ASME B16. 11 ( 2016)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Threaded

ASME B16. 9 ( 2012)  St andar d f or  Fact or y- Made Wr ought  
St eel  But t wel di ng Fi t t i ngs

ASME B31. 1 ( 2016;  Er r at a 2016)  Power  Pi pi ng

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments

ASTM I NTERNATI ONAL ( ASTM)

ASTM A106/ A106M ( 2014)  St andar d Speci f i cat i on f or  Seaml ess 
Car bon St eel  Pi pe f or  Hi gh- Temper at ur e 
Service

ASTM A134 ( 1996;  R 2012)  St andar d Speci f i cat i on f or  
Pi pe,  St eel ,  El ect r i c- Fusi on ( Ar c) - Wel ded 
( Si zes NPS 16 and Over )

ASTM A135/ A135M ( 2009;  R2014)  St andar d Speci f i cat i on f or  
El ect r i c- Resi st ance- Wel ded St eel  Pi pe

ASTM A139/ A139M ( 2016)  St andar d Speci f i cat i on f or  
El ect r i c- Fusi on ( ARC) - Wel ded St eel  Pi pe 
( NPS 4 and over )

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
Strip

ASTM A234/ A234M ( 2017)  St andar d Speci f i cat i on f or  Pi pi ng 
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Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Service

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 A53/ A53M ( 2012)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM C177 ( 2013)  St andar d Test  Met hod f or  
St eady- St at e Heat  Fl ux Measur ement s and 
Ther mal  Tr ansmi ssi on Pr oper t i es by Means 
of  t he Guar ded- Hot - Pl at e Appar at us

ASTM C518 ( 2017)  St andar d Test  Met hod f or  
St eady- St at e Ther mal  Tr ansmi ssi on 
Pr oper t i es by Means of  t he Heat  Fl ow Met er  
Apparatus

ASTM C533 ( 2017)  St andar d Speci f i cat i on f or  Cal c i um 
Si l i cat e Bl ock and Pi pe Ther mal  I nsul at i on

ASTM C591 ( 2017)  St andar d Speci f i cat i on f or  Unf aced 
Pr ef or med Ri gi d Cel l ul ar  Pol y i socyanur at e 
Ther mal  I nsul at i on

ASTM D2310 ( 2006;  R 2012)  Machi ne- Made " Fi ber gl ass"  
(Glass-Fiber-Reinforced 
Ther moset t i ng- Resi n)  Pi pe

ASTM D2487 ( 2011)  Soi l s f or  Engi neer i ng Pur poses 
( Uni f i ed Soi l  Cl assi f i cat i on Syst em)

ASTM D2996 ( 2017)  St andar d Speci f i cat i on f or  
Fi l ament - Wound " Fi ber gl ass"  
(Glass-Fiber-Reinforced 
Ther moset t i ng- Resi n)  Pi pe

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

I SA MC96. 1 ( 1982)  Temper at ur e Measur ement  
Thermocouples

1. 2   DEFINITIONS

The f ol l owi ng def i ni t i ons shal l  appl y t o t he wor k.

1. 2. 1   Heat  Di st r i but i on Syst em

A compl et e pr e- engi neer ed,  under gr ound [ heat  di st r i but i on]  [ and]  
[ condensat e r et ur n]  syst em i ncl udi ng al l  r equi r ed component s such as 
car r i er  pi pes,  [ st eam pi pe, ]  [ hi gh t emper at ur e hot  wat er  suppl y pi pe, ]  
[ condensat e r et ur n pi pe, ]  [ hi gh t emper at ur e hot  wat er  r et ur n pi pe, ]  and 
f i t t i ngs,  anchor s,  pi pe suppor t s,  i nsul at i on,  pr ot ect i ve casi ng,  and 
cat hodi c pr ot ect i on,  f or  t he syst em suppl i ed.   The pr e- engi neer ed syst em 
does not  i ncl ude val ve manhol es and t he pi pi ng and equi pment  i nsi de t he 
val ve manhol es;  Sect i on 33 61 13. 19 VALVES,  PI PI NG,  AND EQUI PMENT I N VALVE 
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MANHOLES shal l  be used f or  per t i nent  r equi r ement s.   The pr e- engi neer ed 
syst em shal l  i nc l ude al l  pi pi ng and component s t o a poi nt  at  l east  150 mm 6 
i nches i nsi de t he bui l di ng and val ve manhol e wal l s .   The UHDS shal l  not  use 
any par t  of  t he bui l di ng or  val ve manhol e st r uct ur e as an anchor  poi nt .

1. 2. 2   Direct-Buried

A syst em whi ch i s bur i ed,  wi t hout  t he need f or  a f i el d- f abr i cat ed 
pr ot ect i ve encl osur e such as a concr et e t r ench or  t unnel .

1. 2. 3   UHDS Types

**************************************************************************
N0TE:   Fr om t he f ol l owi ng subpar agr aphs,  sel ect  t he 
appl i cabl e t ype of  syst em t o be al l owed and r emove 
t he ot her .

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

1. 2. 3. 1   Dr ai nabl e- Dr yabl e- Test abl e ( DDT)  Di r ect - Bur i ed

A f act or y- f abr i cat ed syst em i ncl udi ng an ai r  and wat er - t i ght  out er  
pr ot ect i ve casi ng,  ai r  space and an i nsul at ed car r i er  pi pe.   Dr ai ns and 
vent s ar e pr ovi ded at  t he end pl at es of  t he syst em ( i n manhol es or  
bui l di ngs) .   The dr ai ns ar e nor mal l y capped but  t he caps can be r emoved t o 
dr ai n wat er  whi ch may l eak i nt o t he ai r  space i f  t her e i s a f ai l ur e i n t he 
casi ng or  t he car r i er  pi pe.   The vent s al l ow wat er  vapor  t o escape and 
pr ovi de a t el l - t al e s i gn of  l eakage.

1. 2. 3. 2   Wat er  Spr ead Li mi t i ng ( WSL)  Di r ect - Bur i ed

A f act or y f abr i cat ed syst em i ncl udi ng an out er  pr ot ect i ve casi ng and an 
i nsul at ed car r i er  pi pe.   The syst em i s f abr i cat ed i n sect i ons whi ch ar e 
i ndependent  f r om each ot her ;  gr ound wat er  or  condensat e whi ch l eaks f r om or  
i nt o one sect i on cannot  t r avel  i nt o t he next  sect i on.   Fi el d- assembl y of  
t he sect i ons r equi r es no wel di ng as t he sect i ons push t oget her  and ar e 
seal ed wi t h a syst em of  coupl i ngs and seal s.

1. 2. 3. 3   Wat er  Spr ead Li mi t i ng Pour ed- I n- Pl ace I nsul at i on ( PI PI )

A f i el d f abr i cat ed syst em consi st i ng of  st eel  car r i er  pi pes and suppor t s 
encased i n t he pour ed- i n- pl ace i nsul at i on ( PI PI ) .   The PI PI  consi st s of   
chemi cal l y modi f i ed cal c i um car bonat e powder .   The par t i c l es cohesi vel y 
bond wi t h each ot her  t o f or m a c l osed- cel l  i nsul at i on t hat  t her mal l y 
i nsul at es t he pi pes and pr ovi des cor r osi on pr ot ect i on.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Scope

The wor k i ncl udes t he desi gn and f abr i cat i on;  f ur ni shi ng;  i nst al l i ng,  and 
t est i ng of  a di r ect  bur i ed under gr ound [ i nsul at ed heat - di st r i but i on syst em]  
[ and]  [ i nsul at ed st eam pi pe, ]  [ i nsul at ed hi gh t emper at ur e hot  wat er  suppl y 
pi pe, ]  [ i nsul at ed st eel  condensat e r et ur n pi pe, ]  [ i nsul at ed hi gh 
t emper at ur e hot  wat er  r et ur n pi pe]  consi st i ng of  pi pi ng as i ndi cat ed,  
cat hodi c pr ot ect i on syst em ( wher e r equi r ed by t hi s  speci f i cat i on) ,  t oget her  
wi t h f i t t i ngs and appur t enances necessar y f or  a compl et e and oper abl e 
syst em.   Gl and t ype end seal s wi l l  not  be per mi t t ed.   DDT syst ems wi t h 
f i ber gl ass casi ngs wi l l  not  be al l owed.
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1. 3. 2   UHDS Desi gn

Submi t  a Cer t i f i cat e of  Sat i sf act or y Oper at i on cer t i f y i ng t hat  at  l east  3 
syst ems i nst al l ed by t he UHDS manuf act ur er  wi t hi n t he pr evi ous 5 year s ar e 
oper at i ng sat i sf act or i l y ,  not  l at er  t han [ _____]  days af t er  not i ce t o 
pr oceed.   The UHDS manuf act ur er  shal l  be r esponsi bl e f or  t he compl et e 
desi gn of  t he UHDS,  t he pr oduct  t o be suppl i ed,  f abr i cat i on,  wi t nessi ng 
i nst al l at i on and t est i ng of  t he syst em wi t hi n t he desi gn par amet er s 
est abl i shed by t he cont r act  dr awi ngs and speci f i cat i ons,  and i n compl i ance 
wi t h t he det ai l ed desi gn.   The compl et e desi gn of  t he UHDS shal l  be seal ed 
by a Pr of essi onal  Engi neer  i n t he empl oy of  t he UHDS manuf act ur er .

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

Cat hodi c pr ot ect i on shal l  be pr ovi ded f or  syst ems wi t h coat ed st eel  casi ngs 
i n accor dance wi t h par agr aph Cat hodi c Pr ot ect i on I nst al l at i on.

1. 3. 4   Oper at i ng Char act er i st i cs

**************************************************************************
NOTE:   The oper at i ng and t he r at ed char act er i st i cs 
must  be suppl i ed.   Oper at i ng char act er i st i cs shoul d 
be based on t he capabi l i t i es of  t he syst em.   The 
oper at i ng char act er i st i cs shoul d not  exceed t he 
val ues f or  t he " Rat ed Char act er i s t i cs"  of  t he 
syst em.   Rat ed char act er i st i cs ar e t o be used f or  
cal cul at i ons f or  t he syst em desi gn and r epr esent  a 
" wor st  case" .   For  r at ed char act er i st i cs f or  DDT 
syst ems i nser t  260 degr ees C 500 degr ees F and 4. 585 
MPa gage 665 psi g.   For  r at ed char act er i st i cs f or  
WSL syst ems,  whi ch ar e onl y al l owed f or  st eam and 
condensat e r et ur n syst ems,  i nser t  208 degr ees C 406 
degr ees F and 1. 723 MPa gage 250 psi g.   For  r at ed 
char act er i st i cs of  t he PI PI  syst em i nser t  249 
degr ees C 480 degr ees F and 3. 81 MPa gage 551 psi g.   
The desi gn condi t i ons f or  t he condensat e and hot  
wat er  r et ur n pi pi ng wi l l  be t he same as f or  t he 
st eam and hot  wat er  suppl y.

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

The [ [ st eam]  [ hi gh t emper at ur e hot  wat er ]  suppl y syst em shal l  have an 
oper at i ng t emper at ur e of  [ _____]  degr ees C F and an oper at i ng pr essur e of  
[ _____]  kPa psi g. ]  [ [ condensat e]  [ hi gh t emper at ur e hot  wat er ]  r et ur n syst em 
shal l  have an oper at i ng t emper at ur e of  [ _____]  degr ees C F and an oper at i ng 
pr essur e of  [ _____]  kPa psi g. ]

1. 3. 5   Rat ed Char act er i st i cs

**************************************************************************
NOTE:   The r at ed char act er i st i cs ar e t o be used i n 
t he cal cul at i ons f or  t he syst em desi gn and r epr esent  
a " wor st  case" .   The r at ed condi t i ons f or  t he hi gh 
t emper at ur e hot  wat er  r et ur n pi pi ng wi l l  be t he same 
as f or  t he suppl y.   For  " I nst al l at i on Temper at ur e"  
use t he 99 per cent  Dr y Bul b Temper at ur e Wi nt er  
Desi gn Heat i ng Dat a f r om t he weat her  t abl es i n UFC 
3- 400- 02,  Engi neer i ng Weat her  Dat a.

**************************************************************************
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Fur ni sh t her mal  expansi on cal cul at i ons f or  t he suppl y and r et ur n pi pi ng 
usi ng t he f ol l owi ng desi gn char act er i st i cs and i nst al l at i on t emper at ur e.   
The syst em desi gn condi t i ons f or  [ st eam]  [ condensat e]  [ hi gh t emper at ur e hot  
wat er ]  suppl y and/ or  r et ur n shal l  be a t emper at ur e of  232 degr ees C 450 
degr ees F and a pr essur e of  4. 58 kPa 665 psi g.   For  cal cul at i on pur poses,  
t he i nst al l at i on t emper at ur e shal l  not  be hi gher  t han t he ambi ent  
t emper at ur e at  t he s i t e:  [ _____]  degr ees C F.

1. 4   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.

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  
Submi t t al 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.

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:
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SD- 02 Shop Dr awi ngs

Heat  Di st r i but i on Syst em;  G[ ,  [ _____] ] .

SD- 03 Pr oduct  Dat a

Expansi on Loops and Bends;  G[ ,  [ _____] ] .

Cat hodi c Pr ot ect i on I nst al l at i on;  G[ ,  [ _____] ] .

I nt er r upt i on of  Exi st i ng Ser vi ce;  G[ ,  [ _____] ] .

Wor k Pl an;  G[ ,  [ _____] ] .

Qual i t y Assur ance Pl an

UHDS Manuf act ur er ' s Repr esent at i ve Repor t s

Connect i ng t o Exi st i ng Wor k;  G[ ,  [ _____] ] .

SD- 06 Test  Repor t s

Ther mal  Per f or mance Test i ng;  G[ ,  [ _____] ] .

Oper at i onal  Test ;  G[ ,  [ _____] ] .

Test s;  G[ ,  [ _____] ] .

Test  of  WSL Syst ems f or  St eam Ser vi ce;  G[ ,  [ _____] ]

Test  of  WSL Syst ems f or  Condensat e Ret ur n Ser vi ce;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Manuf act ur er ;  G[ ,  [ _____] ] .

Manuf act ur er ' s Repr esent at i ve;  G[ ,  [ _____] ] .

UHDS Desi gn;  G[ ,  [ _____] ]

Cer t i f i cat e of  Compl i ance;  G[ ,  [ _____] ] .

Test i ng Fi r m

Welding

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

Heat  Di st r i but i on Syst em;  G[ ,  [ _____] ] .

1. 5   QUALI TY ASSURANCE

1. 5. 1   Manufacturer

The UHDS manuf act ur er  i s  t he company r esponsi bl e f or  t he desi gn and 
manuf act ur e of  t he pr e- engi neer ed syst em.   The Cont r act or  shal l  submi t  
cer t i f i cat i on of  past  exper i ence st at i ng t hat  t he UHDS manuf act ur er  
r egul ar l y and cur r ent l y manuf act ur es di r ect - bur i ed syst ems,  and t hat  t he 
desi gns of  t he syst em and equi pment  t o be pr ovi ded f or  t hi s pr oj ect  conf or m 
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t o speci f i cat i on r equi r ement s.   Thi s cer t i f i cat i on shal l  be an or i gi nal  
s i gned by a pr i nci pal  of f i cer  of  t he UHDS manuf act ur er  and shal l  be 
submi t t ed at  l east  [ 2 weeks]  [ _____]  pr i or  t o t he st ar t  of  wor k;  t he 
cer t i f i cat e shal l  i ndi cat e t he l ocat i on,  t ype of  syst em,  s i ze of  syst em,  
poi nt  of  cont act  ( POC)  i ncl udi ng phone number ,  f or  i nf or mat i on 
ver i f i cat i on.   The UHDS manuf act ur er  di r ect s t he i nst al l at i on of  t he syst em 
and has a r epr esent at i ve on t he j obsi t e.   The manuf act ur er  shal l  submi t  a 
Wor k Pl an i ndi cat i ng when var i ous i t ems of  wor k and t est s ar e t o be car r i ed 
out  and when i t s  r epr esent at i ve wi l l  be pr esent  at  j ob s i t e.   The 
Cont r act or  shal l  submi t  a pr oposed schedul e of  act i v i t i es,  not  l at er  t han 
[ _____]  days af t er  not i ce t o pr oceed.   The manuf act ur er  shal l  submi t  a l i s t  
of  char act er i st i cs i ndi cat i ng what  def ect s or  damage wi l l  necessi t at e 
r epl acement .   The manuf act ur er  shal l  submi t  a Qual i t y Assur ance Pl an not  
l at er  t han [ _____]  days af t er  not i ce t o pr oceed f or  f abr i cat i on,  del i ver y,  
st or age,  i nst al l at i on and t est i ng of  t he syst em.   The manuf act ur er  shal l  
submi t  dat a sheet s f or  al l  coat i ngs and i ndi cat i ng t hi cknesses of  
i nsul at i on f or  car r i er  pi pes.

1. 5. 2   Manuf act ur er ' s Repr esent at i ve

Submi t  a l et t er  f r om t he syst em manuf act ur er ,  at  l east  [ 2 weeks]  [ _____]  
pr i or  t o t he st ar t  of  wor k,  l i s t i ng t he exper i ence and t r ai ni ng of  t he 
manuf act ur er ' s r epr esent at i ve,  who shal l  be a per son who r egul ar l y per f or ms 
t he dut i es speci f i ed,  i s  cer t i f i ed i n wr i t i ng by t he UHDS manuf act ur er  t o 
be t echni cal l y qual i f i ed and exper i enced i n t he i nst al l at i on of  t he syst em,  
and shal l  be aut hor i zed by t he manuf act ur er  t o make and si gn t he dai l y 
r epor t s speci f i ed.   The UHDS manuf act ur er ' s r epr esent at i ve shal l  be under  
t he di r ect  empl oy and super vi s i on of  t he UHDS manuf act ur er .

1. 5. 3   Cor r osi on Engi neer

Cor r osi on engi neer  r ef er s t o a per son who,  by knowl edge of  t he physi cal  
sci ences and t he pr i nci pl es of  engi neer i ng and mat hemat i cs acqui r ed by 
pr of essi onal  educat i on and r el at ed pr act i cal  exper i ence,  i s  qual i f i ed t o 
engage i n t he pr act i ce of  cor r osi on cont r ol .   Such per son may be a l i censed 
pr of essi onal  cor r osi on engi neer  or  cer t i f i ed as bei ng qual i f i ed by t he 
Nat i onal  Associ at i on of  Cor r osi on Engi neer s ( NACE) ,  i f  such l i censi ng or  
cer t i f i cat i on i ncl udes 3 year s exper i ence i n cor r osi on cont r ol  on 
under gr ound met al l i c  sur f aces of  t he t ype under  t hi s cont r act .   NACE 
cer t i f i cat i on shal l  be t echnol ogi st ,  cor r osi on speci al i s t ,  or  cat hodi c 
pr ot ect i on speci al i s t .   The cor r osi on engi neer  shal l  make at  l east  3 v i s i t s 
t o t he pr oj ect  s i t e.   The f i r st  of  t hese v i s i t s shal l  i ncl ude obt ai ni ng 
soi l  r esi st i v i t y  dat a,  acknowl edgi ng t he t ype of  pi pel i ne coat i ngs t o be 
used and r epor t i ng t o t he Cont r act or  t he t ype of  cat hodi c pr ot ect i on 
r equi r ed.   Once t he submi t t al s ar e appr oved and t he mat er i al s del i ver ed,  
t he cor r osi on engi neer  shal l  r evi s i t  t he s i t e t o ensur e t he Cont r act or  
under st ands i nst al l at i on pr act i ces and l ayi ng out  t he component s.   The 
t hi r d v i s i t  shal l  i nvol ve t est i ng t he i nst al l ed cat hodi c pr ot ect i on syst ems 
and t r ai ni ng appl i cabl e per sonnel  on pr oper  mai nt enance t echni ques.   The 
cor r osi on engi neer  shal l  super vi se,  i nspect ,  and t est  t he i nst al l at i on and 
per f or mance of  t he cat hodi c pr ot ect i on syst em.

1. 5. 4   Test i ng Fi r m

Submi t  a Cer t i f i cat e of  Qual i f i cat i on f r om t he i ndependent  t est i ng f i r m or  
f i r ms,  not  l at er  t han [ _____]  days af t er  not i ce t o pr oceed.   The Test i ng 
Fi r m must  be abl e t o cer t i f y  t hat :   wel d exami nat i on met hods and 
pr ocedur es,  and t he i nt er pr et at i on of  r adi ogr aphi c f i l ms wi l l  be per f or med 
i n accor dance wi t h ASME B31. 1;  t he f i r m i nt ends t o ut i l i ze t he pr oper  f i l m 
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exposur e,  t echni ques,  and penet r amet er  t o pr oduce densi t y and geomet r i c 
shar pness i n suf f i c i ent  c l ar i t y  t o det er mi ne pr esence of  def ect s;  and t hat  
al l  r adi ogr aphi c f i l ms wi l l  be r evi ewed and i nt er pr et ed,  and r eadi ng 
r epor t s s i gned,  by not  l ess t han a Cer t i f i ed Amer i can Soci et y f or  
Nondest r uct i ve Test i ng Level  I I I  Radi ogr apher .

1. 5. 5   Cont r act  dr awi ngs

The cont r act  dr awi ngs accompanyi ng t hi s speci f i cat i on pr ovi de i nf or mat i on 
on:

a.   The si ze of  car r i er  pi pes,  appr oxi mat e l engt h,  and si t e l ocat i on of  
t he syst em.

b.   The r out i ng and el evat i on of  t he pi pi ng al ong t he r out e.

c.   Locat i on and desi gn of  manhol es.

d.   The obst acl es t hat  must  be avoi ded al ong t he pat h.

e.   Locat i on of  pi pi ng anchor s ( anchor s wi l l  be no c l oser  t han 1 m 3 
f eet  or  f ur t her  t han 1. 5 m 5 f eet  f r om ent r ance t o manhol es or  
bui l di ngs)  at  manhol es and/ or  bui l di ngs.   The UHDS manuf act ur er  shal l  
i ncor por at e anchor s as needed f or  t he syst em.

f .   Oper at i ng pr essur e and t emper at ur e of  syst em.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Equi pment  and mat er i al  pl aced on t he j ob shal l  r emai n i n t he cust ody of  t he 
Cont r act or  unt i l  f i nal  accept ance whet her  or  not  t he Cont r act or  has been 
r ei mbur sed f or  t he equi pment  and mat er i al  by t he Gover nment .   The 
Cont r act or  i s  sol el y r esponsi bl e f or  t he pr ot ect i on of  t he equi pment  and 
mat er i al  agai nst  damage f r om any sour ce whi l e st or ed or  dur i ng 
i nst al l at i on.  Pr ot ect  mat er i al s agai nst  damage f r om UV l i ght ,  and ent r y of  
wat er  and mud,  by i nst al l i ng wat er t i ght  pr ot ect i on on open ends at  al l  
t i mes.   I mmedi at el y r epl ace sect i ons of  t he casi ng or  car r i er  pi pi ng f ound 
t o have been subj ect ed t o f ul l  or  par t i al  submer gence i n wat er  ( whi ch woul d 
al l ow t he i nsul at i on t o become wet ) .   Mat er i al s awai t i ng i nst al l at i on shal l  
be cover ed t o pr ot ect  f r om UV degr adat i on.

1. 7   SI TE CONDI TI ONS

**************************************************************************
NOTE:   A s i t e sur vey must  be made of  t he pr oposed 
r out i ng of  t he UHDS.   I t  i s  i mpor t ant  t hat  t he s i t e 
sur vey r epor t  i ncl ude t he i dent i f i cat i on,  l ocat i on,  
and dept h of  al l  exi st i ng under gr ound ut i l i t i es and 
st r uct ur es as wel l  as al l  abovegr ound ut i l i t i es,  
r oadways,  st r uct ur es,  et c.   Cl assi f i cat i on of  t he 
s i t e condi t i ons wi l l  be used t o det er mi ne t he t ype 
of  syst em t o be used:  a dr ai nabl e,  dr yabl e,  t est abl e 
( DDT)  syst em shoul d be al l owed i n sever e,  bad,  and 
moder at e s i t e condi t i ons;  a wat er - spr ead- l i mi t i ng 
( WSL)  syst em shoul d be al l owed i n bad and moder at e 
s i t e condi t i ons f or  st eam and condensat e r et ur n 
syst ems onl y.   Check wi t h CECW- ETV bef or e i ncl udi ng 
WSL syst em i n a pr oj ect  speci f i cat i on.   A PI PI  
syst em shoul d be al l owed i n moder at e s i t e 
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condi t i ons.   PI PI  syst ems may al so be used i n bad 
si t es wher e t he wat er  t abl e i s expect ed t o never  
r i se above t he syst em.   Remove t hese par agr aphs i f  
t he sur vey wi l l  be done by t he Gover nment .

A soi l s engi neer ,  f ami l i ar  wi t h t he under gr ound 
wat er  condi t i ons onsi t e,  shoul d be empl oyed t o 
est abl i sh t he s i t e c l assi f i cat i on.   Si t e par amet er s 
ar e def i ned i n TABLE A.   I f  under gr ound wat er  
condi t i ons at  t he s i t e ar e not  avai l abl e,  a det ai l ed 
s i t e c l assi f i cat i on sur vey wi l l  be made and TABLE B 
wi l l  be ut i l i zed t o est abl i sh t he s i t e 
c l assi f i cat i on.   Thi s sur vey shoul d be conduct ed 
wi t hi n t he f r amewor k of  t he f ol l owi ng gui del i nes:

a.   The sur vey wi l l  be made af t er  t he gener al  l ayout  
of  t he syst em has been det er mi ned and shoul d cover  
t he ent i r e l engt h of  t he pr oposed syst em.

b.   The sur vey shoul d be conduct ed dur i ng t he t i me 
of  t he year  when t he wat er  t abl e i s at  i t s  hi ghest  
poi nt .   I f  t hi s i s  not  possi bl e,  wat er  t abl e 
measur ement s shoul d be cor r ect ed t o i ndi cat e 
condi t i ons l i kel y t o exi st  at  t he t i me of  year  when 
t he wat er  t abl e i s at  i t s  hi ghest  poi nt .

c.   I nf or mat i on on gr oundwat er  condi t i ons,  soi l  
t ypes,  t er r ai n,  and soi l  moi st ur e cont ent  i n t he 
ar ea of  t he syst em wi l l  be col l ect ed.   I nf or mat i on 
on t er r ai n,  pr eci pi t at i on r at es and i r r i gat i on 
pr act i ces wi l l  be obt ai ned i f  not  avai l abl e f r om 
r ecor ds at  t he i nst al l at i on.

d.   Requi r ed i nf or mat i on wi l l  be obt ai ned t hr ough 
bor i ng,  t est  pi t s,  or  ot her  sui t abl e expl or at or y 
means.   Gener al l y,  a bor i ng or  t est  pi t  shoul d be 
made at  l east  ever y 30 m 100 f eet  al ong t he l i ne of  
t he pr oposed syst em,  and each expl or at or y hol e 
shoul d ext end t o a l evel  at  l east  1. 5 m 5 f eet  bel ow 
t he ant i c i pat ed el evat i on of  t he bot t om of  t he 
system.

e.   Under gr ound and abovegr ound ut i l i t i es and 
obst r uct i ons wi l l  be l ocat ed.

The l oad- bear i ng qual i t i es of  t he soi l  i n whi ch t he 
syst em wi l l  be i nst al l ed wi l l  be i nvest i gat ed by an 
exper i enced soi l s engi neer  ( pr ef er abl y t he same 
engi neer  r esponsi bl e f or  ot her  soi l s  engi neer i ng 
wor k) ,  and t he l ocat i on and nat ur e of  pot ent i al  soi l  
pr obl ems wi l l  be i dent i f i ed.
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TABLE A
SI TE CLASSI FI CATI ON DEFI NI TI ON BASED ON KNOWN UNDERGROUND WATER CONDI TI ONS

Site 
Classification

Gener al  Condi t i ons f or  Cl assi f i cat i on

Severe The wat er  t abl e i s expect ed t o be f r equent l y above t he bot t om of  
t he syst em and sur f ace wat er  i s expect ed t o accumul at e and r emai n 
f or  l ong per i ods i n t he soi l  sur r oundi ng t he syst em.

OR

The wat er  t abl e i s expect ed t o be occasi onal l y above t he bot t om 
of  t he syst em and sur f ace wat er  i s expect ed t o accumul at e and 
r emai n f or  l ong per i ods i n t he soi l  sur r oundi ng t he syst em.

Bad The wat er  t abl e i s expect ed t o be occasi onal l y above t he bot t om 
of  t he syst em and sur f ace wat er  i s expect ed t o accumul at e and 
r emai n f or  shor t  per i ods ( or  not  at  al l )  i n t he soi l  sur r oundi ng 
t he syst em

OR

The wat er  t abl e i s expect ed never  t o be above t he bot t om of  t he 
syst em but  sur f ace wat er  i s expect ed t o accumul at e and r emai n f or  
shor t  per i ods i n t he soi l  sur r oundi ng t he syst em.

Moderate The wat er  t abl e i s expect ed never  t o be above t he bot t om of  t he 
syst em but  sur f ace wat er  i s expect ed t o accumul at e and r emai n f or  
shor t  per i ods ( or  not  at  al l )  i n t he soi l  sur r oundi ng t he syst em.

OR

The wat er  t abl e i s expect ed never  t o be above t he bot t om of  t he 
syst em but  sur f ace wat er  i s expect ed t o accumul at e and r emai n f or  
br i ef  or  occasi onal  per i ods i n t he soi l  sur r oundi ng t he syst em.

OR

The wat er  t abl e i s expect ed never  t o be above t he bot t om of  t he 
syst em and sur f ace wat er  i s not  expect ed t o accumul at e or  r emai n 
i n t he soi l  sur r oundi ng t he syst em.
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TABLE B
SI TE CLASSI FI CATI ON CRI TERI A BASED ON SUBSURFACE SOI L I NVESTI GATI ON

Si t e Cl assi f -
ication

Wat er  Tabl e Level Soi l  Types Terrain Precipitation 
Rat es or  
Irrigation 
Pr act i ces i n Ar ea

SEVERE Wat er  t abl e wi t hi n 300 
mm 1 f oot  of  bot t om of  
system

Any Any Any

OR

Wat er  t abl e wi t hi n 
1500 mm 5 f oot  of  
bot t om of  syst em

GC,  SC,  CL,  
CH,  OH

Any Any

BAD Wat er  t abl e wi t hi n 
1500 mm 5 f oot  of  
bot t om of  syst em

GW,  GP,  SW,  
SP

Any Any

OR

No gr oundwat er  
encountered

GC,  SC,  SW,  
CH,  OH

Any Equi val ent  t o 75 mm
 3 i n.  or  mor e i n 
any 1 mont h or  500 
mm 20 i n.  or  mor e 
i n 1 year .
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TABLE B
SI TE CLASSI FI CATI ON CRI TERI A BASED ON SUBSURFACE SOI L I NVESTI GATI ON

Si t e Cl assi f -
ication

Wat er  Tabl e Level Soi l  Types Terrain Precipitation 
Rat es or  
Irrigation 
Pr act i ces i n Ar ea

MODERATE No gr oundwat er  
encountered

GM,  SM,  ML,  
OL,  MH

Any Equi val ent  t o 75 mm
 3 i n.  or  mor e i n 
any 1 mont h or  500 
mm 20 i n.  or  mor e 
i n 1 year .

OR

No gr oundwat er  
encountered

GC,  SC,  CL,  
CH,  OH

Any
except

l ow ar eas

Equi val ent  t o 75 mm
 3 i n.  or  mor e i n 
any 1 mont h or  500 
mm 20 i n.  or  mor e 
i n 1 year .

OR

No gr oundwat er  
encountered

GW,  GP,  SW,  
SP

Any Any

OR

No gr oundwat er  
encountered

GM,  SM,  ML Any Equi val ent  t o 75 mm
 3 i n.  or  mor e i n 
any 1 mont h or  500 
mm 20 i n.  or  mor e 
i n 1 year .

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

Cl assi f i cat i on of  t he s i t e condi t i ons f or  t he UHDS shal l  be based on 
ASTM D2487 and t he f ol l owi ng cr i t er i a:  [ _____] .

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de f or  t hi s  pr oj ect  a desi gned syst em and equi pment  whi ch i s of  
cur r ent  pr oduct i on and t hat  essent i al l y  dupl i cat e syst ems t hat  have been i n 
sat i sf act or y use f or  at  l east  5 year s pr i or  t o bi d openi ng at  3 l ocat i ons.   
Pr ovi de syst ems t hat  have been oper at ed under  pr essur e,  t emper at ur e and 
si t e char act er i s t i cs whi ch ar e equal  t o or  mor e sever e t han t he oper at i ng 
condi t i ons i n t hi s speci f i cat i on and t hat  have di st r i but ed t he same 
medi um.   The syst em shal l  be suppor t ed by a ser vi ce or gani zat i on t hat  can 
r each t he s i t e af t er  a ser vi ce cal l  wi t hi n [ 48]  [ _____]  hour s.

2. 2   FACTORY FABRI CATED,  DI RECT- BURI ED DDT SYSTEMS

2. 2. 1   DDT St eam and Hi gh Temper at ur e Hot  Wat er  Car r i er  Pi pes

Requi r ement s shal l  be i n accor dance wi t h par agr aph HEAT DI STRI BUTI ON PI PI NG.
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2. 2. 2   DDT Condensat e Car r i er  Pi pes

Car r i er  pi pi ng f or  condensat e r et ur n syst ems shal l  be st eel ,  schedul e 80.   
Pi pe r equi r ement s shal l  be i n accor dance wi t h par agr aph HEAT DI STRI BUTI ON 
PI PI NG.   Condensat e car r i er  pi pes shal l  not  be l ocat ed i n condui t  casi ngs 
whi ch cont ai n st eam pi pes or  any ot her  pi pi ng.

2. 2. 3   DDT Car r i er  Pi pe I nsul at i on

Car r i er  pi pe i nsul at i on shal l  conf or m t o mi ni mum t hi cknesses and t ype 
l i s t ed i n Tabl es 1 and 2 as r equi r ed f or  t emper at ur e speci f i ed under  
par agr aph Rat ed Char act er i st i cs.

2. 2. 4   I nsul at i on Bandi ng and Scr i m

St ai nl ess st eel  bands and cl i ps,  at  l east  13 mm 1/ 2 i nch wi de,  conf or mi ng 
to ASTM A167 ( 304 st ai nl ess st eel ) ,  at  a maxi mum spaci ng of  460 mm 18 i nches
 shal l  be used over  t he scr i m t o secur e t he i nsul at i on ont o t he car r i er  
pi pe;  a mi ni mum of  2 bands shal l  be used f or  each 1300 mm 4 f oot  sect i on of  
i nsul at i on.   Scr i m shal l  be v i nyl - coat ed f i ber gl ass wi t h 18 x 16 mesh 
( number  of  f i l ament s per  25 mm 1 i nch)  and made of  0. 335 mm 0. 013 i nch 
di amet er  v i nyl - coat ed f i br ous gl ass yar n.

2. 2. 5   Casing

Casi ng shal l  be smoot h- wal l  st eel ,  el ect r i c  r esi st ance spi r al  wel ded,  
conf or mi ng t o ASTM A134, ASTM A135/ A135M,  or  ASTM A139/ A139M and t he val ues 
t abul at ed bel ow.   Eccent r i c connect or s shal l  be pr ovi ded bet ween casi ng 
sect i ons as needed t o pr ovi de dr ai nage of  casi ng sect i on bet ween manhol es 
and bet ween manhol es and bui l di ngs.

Casi ng Di amet er  ( mm)  ( i nches) Mi ni mum Thi ckness ( mm)  ( i nch)

150 -  660 6 -  26 6. 35 0. 250

675 -  900 27 -  36 6. 35 0. 250

940 -  1050 37 -  42 6. 35 0. 250

1170 46 6. 35 0. 250

2. 2. 6   Casi ng End Pl at es,  Vent s,  and Dr ai ns

**************************************************************************
NOTE:   Desi gner  must  accommodat e 25 mm 1 i nch vent  
pi pe i n t he desi gn of  t he manhol e.

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

End pl at es shal l  be made of  ASTM A36/ A36M st eel ,  mi ni mum t hi ckness 13 mm 
1/ 2 i nch f or  condui t  pi pe s i zes above 300 mm 12 i nches and 9. 5 mm 0. 375 
i nches f or  condui t  pi pe s i zes 300 mm 12 i nches and l ess.   A 25 mm 1 i nch 
ASTM A53/ A53M,  Sch 40,  gal vani zed vent  r i ser  pi pe shal l  be pr ovi ded on end 
pl at e vent  openi ng.   Vent  pi pe shal l  ext end t o t op of  manhol e and t er mi nat e 
300 mm 12 i nches above gr ade wi t h a 180 degr ee bend.   A 25 mm 1 i nch dr ai n 
shal l  be pr ovi ded at  t he bot t om and vent  at  t he t op.   Br ass pl ugs and hal f  
coupl i ng,  const r uct ed wi t h wel ded st eel  and wel ded t o t he end pl at e,  shal l  
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be f ur ni shed;  dr ai ns shal l  be pl ugged;  vent s shal l  not  be pl ugged.

2. 2. 7   Ai r  Space

Cont i nuous 25 mm 1 i nch mi ni mum ai r  space shal l  be pr ovi ded bet ween car r i er  
pi pe i nsul at i on and casi ng.

2. 2. 8   Casi ng Coat i ng

Coat i ng shal l  be r at ed by manuf act ur er  f or  cont i nuous ser vi ce f or  at  l east  
25 year s at  t emper at ur es of  110 degr ees C 230 degr ees F.   Coat i ng shal l  be 
appl i ed i n accor dance wi t h t he coat i ng manuf act ur er ' s i nst r uct i ons,  shal l  
be f act or y i nspect ed f or  hol i days and r epai r ed as necessar y.

2. 2. 8. 1   Fusi on- Bonded Epoxy

Casi ng coat i ng shal l  be f usi on- bonded epoxy,  mi ni mum t hi ckness 1 mm 0. 04 
inches.

2. 2. 8. 2   Ur et hane El ast omer

Coat i ng shal l  be ur et hane el ast omer ,  mi ni mum t hi ckness 1 mm 0. 04 i nches.

2. 2. 9   Coat i ng of  End Pl at es and Condui t  Ext endi ng i nt o Manhol es

End pl at es and condui t  ext endi ng i nt o manhol es shal l  be coat ed wi t h a 
z i nc- r i ch coat i ng conf or mi ng t o AASHTO M 300 Type I A,  except  t hat  vol at i l e 
or gani c compounds shal l  not  exceed 0. 34 kg/ L 2. 8 pounds/ gal l on.   The 
zi nc- r i ch coat i ng shal l  be appl i ed i n accor dance wi t h t he coat i ng 
manuf act ur er ' s r equi r ement s i ncl udi ng sur f ace pr epar at i on.   No addi t i onal  
t op coat  shal l  be appl i ed.

2. 2. 10   Car r i er  Pi pe Gui des

Car r i er  pi pe gui des shal l  be spaced 3 m 10 f eet  on cent er s maxi mum,  no mor e 
t han 1. 5 m 5 f eet  f r om pi pe ends,  wi t h a mi ni mum of  3 gui des per  el bow 
sect i on.   Gui des shal l  be desi gned t o al l ow t her mal  expansi on wi t hout  
damage,  t o pr ovi de pr oper  pi pe gui di ng,  and t o al l ow hor i zont al  movement  i n 
2 di r ect i ons as r equi r ed at  expansi on l oops and bends.   Desi gn of  suppor t s 
shal l  per mi t  f l ow of  wat er  t hr ough t he suppor t .   Pi pe i nsul at i on shal l  
ext end t hr ough t he pi pe gui des and be pr ot ect ed by st eel  s l eeves.   Desi gn 
of  gui des shal l  negat e met al - t o- met al  cont act  bet ween t he casi ng and t he 
car r i er  pi pe.   I nsul at i on or  non- met al l i c  mat er i al  used t o ensur e no 
met al - t o- met al  cont act  shal l  not  be compr essed by t he wei ght  of  t he car r i er  
pi pe when f ul l  of  wat er .

2. 2. 11   Anchor  Pl at es

Anchor  pl at e shal l  be ASTM A36/ A36M st eel ,  wel ded t o car r i er  pi pe and 
casi ng,  13 mm 1/ 2 i nch mi ni mum t hi ckness,  wi t h passages f or  ai r  f l ow and 
wat er  dr ai nage t hr u t he annul ar  ai r  space i n t he syst em.   Ext er i or  sur f ace 
of  t he anchor  pl at e shal l  be coat ed wi t h t he same coat i ng mat er i al  as t he 
casing.

2. 2. 12   Fi el d Connect i on of  Casi ng Sect i ons

Fi el d connect i on of  casi ng shal l  be made usi ng a compat i bl e st eel  sect i on,  
wel ded t o casi ng sect i ons,  coat ed on al l  sur f aces wi t h UHDS manuf act ur er ' s 
coat i ng f i el d r epai r  compound,  and cover ed wi t h a 1. 3 mm 0. 05 i nch mi ni mum 
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t hi ckness pol yet hyl ene shr i nk s l eeve desi gned f or  a ser vi ce t emper at ur e 
exceedi ng 80 degr ees C 176 degr ees F.

2. 2. 13   Manuf act ur er ' s I dent i f i cat i on

Embossed br ass or  st ai nl ess st eel  t ag,  hung by br ass or  st ai nl ess st eel  
chai n at  each end of  each condui t  or  i nsul at ed pi pi ng i n t he manhol es and 
bui l di ngs,  shal l  be pr ovi ded.   The t ag shal l  i dent i f y UHDS manuf act ur er ' s 
name,  dat e of  i nst al l at i on,  Gover nment  cont r act  number ,  and manuf act ur er ' s 
pr oj ect  number .

2. 3   FACTORY FABRI CATED,  DI RECT- BURI ED WSL SYSTEM

**************************************************************************
NOTE:   Cont act  HQ bef or e al l owi ng t hi s syst em t o be 
i n t he cont r act .

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

2. 3. 1   WSL St eam and Car r i er  Pi pes

Pi pe mat er i al  r equi r ement s shal l  be i n accor dance wi t h par agr aph HEAT 
DI STRI BUTI ON PI PI NG.   The pi pe shal l  be st eel  wi t h t he ends machi ned and 
met al l i zed t o pr ovi de a sat i sf act or y seal i ng sur f ace f or  t he seal i ng 
r i ngs.   The met al l i z i ng shal l  be a hi gh ni ckel  al l oy appl i ed t o an excess 
t hi ckness and t hen machi ned t o t he r equi r ed OD.

2. 3. 2   WSL Condensat e Car r i er  Pi pes

Car r i er  pi pi ng f or  condensat e r et ur n syst ems shal l  be st eel ,  schedul e 80.   
Pi pe r equi r ement s shal l  be i n accor dance wi t h par agr aph HEAT DI STRI BUTI ON 
PI PI NG.   Condensat e pi pi ng shal l  not  be l ocat ed i n casi ngs whi ch cont ai n 
any ot her  pi pi ng.

2. 3. 3   Casi ng f or  St eam and Condensat e

The casi ng shal l  be r ei nf or ced t her moset t i ng r esi n pl ast i c ( RTRP)  pi pi ng 
manuf act ur ed by t he f i l ament  wi ndi ng pr ocess.   The casi ng pi pe shal l  be 
wound t o meet  ASTM D2310 cl assi f i cat i on RTRP and ASTM D2996.   The r esi n 
shal l  be a pol yest er  i sot hal i c r esi n.   The out er  sur f ace shal l  be coat ed 
wi t h a pi gment ed,  pr ot ect ed r esi n cont ai ni ng a par af f i nat ed wax and 
ul t r avi ol et  i nhi bi t or s.   Casi ng t hi ckness shal l  be as f ol l ows:

Car r i er  Pi pe Si ze ( mm)  ( I nches) Caasi ng Thi ckness ( mm)  ( I nches)

50  2 5 0. 185

80  3 5 0. 185

100 4 5 0. 185

150 6 6. 5 0. 250

200 8 6. 5 0. 250

250 10 6. 5 0. 250
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Car r i er  Pi pe Si ze ( mm)  ( I nches) Caasi ng Thi ckness ( mm)  ( I nches)

300 12 6. 5 0. 250

2. 3. 4   Pi pe Coupl i ng,  St eam

Coupl i ng shal l  be of  a mul t i - st age seal  desi gned t o accommodat e t he 
expansi on and cont r act i on of  t he syst em i n t he coupl i ng.   Coupl i ngs shal l  
be of  cor r osi on r esi st ant  mat er i al s capabl e of  handl i ng t he desi gn 
char act er i st i cs of  t he syst em l i s t ed i n par agr aph Rat ed Char act er i s t i cs.   
The annul ar  seal s and car r i er  pi pe ends shal l  be speci f i cal l y  desi gned t o 
pr ot ect  t he seal s and r esi st  abr asi on due t o l at er al  l oads i n t he syst em.

2. 3. 5   Pi pe Coupl i ng,  Condensat e

Coupl i ng shal l  be a s i ngl e st age seal  desi gn t o accommodat e t he expansi on 
and cont r act i on of  t he adj acent  pi pes.   Coupl i ng shal l  be of  cor r osi on 
r esi st ant  mat er i al s capabl e of  handl i ng t he desi gn char act er i st i cs of  t he 
syst em l i s t ed i n par agr aph Rat ed  Char act er i st i cs.   The annul ar  seal s and 
car r i er  pi pe ends shal l  be speci f i cal l y  desi gned t o pr ot ect  t he seal s and 
r esi st  abr asi on due t o l at er al  l oads i n t he syst em.

2. 3. 6   WSL Car r i er  Pi pe I nsul at i on

I nsul at i on shal l  conf or m t o mi ni mum t hi cknesses and t ype l i s t ed f or  WSL 
syst ems i n Tabl es 1 and 2 as r equi r ed f or  t emper at ur e i n car r i er  pi pe.   
I nsul at i on shal l  consi st  of  an i nner  l ayer  of  hi gh t emper at ur e cal c i um 
si l i cat e and an out er  l ayer  of  pol yur et hane f oam.

2. 3. 6. 1   Cal c i um Si l i cat e f or  St eam Syst ems

The cal c i um si l i cat e i nsul at i on shal l  be a hydr ous mat er i al  sat i sf act or y 
f or  t emper at ur es t o 650 degr ees C 1200 degr ees F.   Cal c i um si l i cat e 
i nsul at i on shal l  conf or m t o ASTM C533.   The physi cal  pr oper t i es shal l  be as 
follows:

a.   Densi t y ( dr y) :   208 kg/ cubi c met er  13 pcf  ( mi ni mum) .

b.   Compr essi ve St r engt h t o pr oduce 5 per cent  compr essi on:   1723 kPa 250 psi
 ( For  37 mm 1. 5 i nch t hi ck sampl e) .

c.   Maxi mum l i near  shr i nkage af t er  24 hour  soaki ng per i od at  650 degr ees C 
1200 degr ees F:   1. 1 per cent

d.   Maxi mum Ther mal  Conduct i v i t y k:   k = W/ ( met er * K)  k = 
BTU- I N/ HR- FT2- DEG. F) .   Wher e k var i es wi t h t emper at ur e as shown:

Mean Temp ( degr ees C F) k

38 100 0. 04 0. 38

93 200 0. 04 0. 41

149 300 0. 04 0. 44
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Mean Temp ( degr ees C F) k

204 400 0. 04 0. 48

2. 3. 6. 2   Pol yur et hane Foam f or  St eam and Condensat e Syst ems

Pol yur et hane f oam shal l  conf or m t o ASTM C591.   The pol yur et hane f oam shal l  
compl et el y f i l l  t he annul ar  space bet ween t he cal c i um si l i cat e i nsul at i on 
and t he casi ng f or  t he st eam pi pe and bet ween t he car r i er  pi pe and t he 
casi ng f or  condensat e r et ur n syst em.   Pol yur et hane f oam i nsul at i on shal l  
al so meet  t he f ol l owi ng r equi r ement s:

a.   Type:   Two component  ur et hane.

b.   Compr essi ve St r engt h:   172 kPa 25 psi  par al l el  t o r i se ( mi ni mum at  50 
per cent  compr essi on) .

c.   Shr i nkage:   None at  - 1 t o 21 degr ees C 30 t o 70 degr ees F.

d.   Fr ee Ri se Densi t y:   32 kg/ cubi c met er  2 pcf .

e.   Maxi mum aged k ( 32 degr ees C 90 degr ees F 90 per cent  RH f or  72 hour s) :   
0. 02 W/ mK 0. 14 ( BTU- I N/ HR FT2- DEG.  F)  at  24 degr ees C 75 degr ees F,  
when t est ed i n accor dance wi t h ASTM C518.

f .   Mi ni mum Cl osed Cel l  Cont ent :   90 per cent

2. 3. 6. 3   I nsul at i on Concent r i c i t y

Car r i er  pi pe shal l  be concent r i c i n r el at i on t o t he casi ng pi pe.   The 
al l owabl e maxi mum devi at i on f r om cent er  l i ne of  t he car r i er  pi pe shal l  be 
pl us or  mi nus 6 mm 1/ 4 i nch at  t he casi ng cent er  poi nt  and pl us or  mi nus 
1. 5 mm 1/ 16 i nch at  t he end seal s.

2. 3. 6. 4   I nsul at ed Fi t t i ngs

Fi t t i ngs shal l  be pr e- i nsul at ed by manuf act ur er  us i ng t he same i nsul at i on 
t hi ckness and casi ng as t he st r ai ght  sect i ons.

2. 3. 6. 5   Coupl i ng I nsul at i on f or  St eam Syst ems

The mat er i al  whi ch l ocks t he br onze coupl i ng i n t he casi ng shal l  be 
composed of  r ef r act or y composi t e.   The appr oxi mat e mi ni mum  conduct i v i t y of  
t hi s mat er i al  shal l  be 0. 2 W/ ( m* K)  1. 6 ( BTU/ HR/ F/ I N DEG. F)  at  a mean 
t emper at ur e of  1260 degr ees C 2300 degr ees F.

2. 3. 6. 6   Coupl i ng I nsul at i on f or  Condensat e

The coupl i ng shal l  be i nsul at ed wi t h pol yur et hane f oam as speci f i ed.   The 
i nsul at i on t hi ckness shal l  be equal  t o t he car r i er  pi pe i nsul at i on.   The 
coupl i ng shal l  be encased i n t he same casi ng as t he pi pe.

2. 3. 7   Manuf act ur er ' s I dent i f i cat i on

Pr ovi de an embossed br ass t ag hung by a br ass chai n,  or  a st ai nl ess st eel  
t ag hung by a st ai nl ess st eel  chai n,  at  each end of  each casi ng or  
i nsul at ed pi pi ng i n t he manhol es and bui l di ngs.   The t ags shal l  i dent i f y 

SECTI ON 33 61 13  Page 23



UHDS manuf act ur er ' s name and dat e of  i nst al l at i on.

2. 3. 8   End Seal s

Each pr ei nsul at ed sect i on of  pi pi ng shal l  compl et el y seal  t he i nsul at i on,  
pr ovi di ng a per manent  wat er  and vapor  seal  at  each end.   Pr ei nsul at ed 
f act or y f abr i cat ed sect i ons of  pi pi ng modi f i ed i n t he f i el d shal l  be 
pr ovi ded wi t h an end seal  whi ch i s equi val ent  t o t he end seal s f ur ni shed 
wi t h t he pr ei nsul at ed sect i on of  pi pi ng.   Test s shal l  be conduct ed by t he 
UHDS manuf act ur er  t o demonst r at e t hat  casi ngs,  coupl i ngs and end seal s ar e 
capabl e of  r esi st i ng penet r at i on of  wat er  i nt o t he casi ng and i nsul at i on 
under  r at ed condi t i ons.   The t est s shal l  be per f or med on each t ype of  
pr e- f abr i cat ed syst em t o be f ur ni shed,  and t he t est  r esul t s shal l  be 
ver i f i ed by an i ndependent  t est i ng l abor at or y.   The st eam and condensat e 
r et ur n syst ems shal l  be t est ed and cer t i f i ed i n accor dance wi t h par agr aph 
Assembl y Test  of  WSL Syst ems f or  Condensat e Ret ur n Ser vi ce.

2. 3. 8. 1   End Seal s f or  St eam Ser vi ce

End seal s shal l  be el ast omer - r i ng t ype desi gned and di mensi oned t o f i t  i n 
t he annul ar  space bet ween t he casi ng and t he car r i er  pi pe.   Tape used f or  
cover i ng f i el d r epai r  j oi nt s shal l  be mul t i - pol ymer  al l oy f i l m t ype and 
shal l  be compat i bl e wi t h synt het i c el ast omer i c t ape,  sui t abl e f or  col d 
application.

2. 3. 8. 2   End Seal s f or  Condensat e Ret ur n Ser vi ce

End seal s pr ovi ded shal l  be one of  t he f ol l owi ng t ypes:

a.   Car r y i ng t he out er  casi ng over  t aper ed pi pe i nsul at i on ends and 
ext endi ng i t  t o t he car r i er  pi pe.   Suf f i c i ent  sur f ace bondi ng ar ea 
shal l  be pr ovi ded bet ween t he casi ng and t he car r i er  pi pe.

b.   Usi ng speci al l y  desi gned mol ded caps made of  pol yet hyl ene or  r ubber  of  
st andar d manuf act ur ed t hi ckness.   A mi ni mum 40 mm 1- 1/ 2 i nch sur f ace 
bondi ng ar ea shal l  be pr ovi ded bet ween t he cap and bot h t he casi ng and 
car r i er  pi pe.

c.   Usi ng el ast omer - r i ng end seal s desi gned and di mensi oned t o f i t  i n t he 
annul ar  space bet ween t he casi ng and t he car r i er  pi pe.

d.   Usi ng a wat er pr oof  mast i c seal  vapor  bar r i er  over  t he exposed 
i nsul at i on ends.

e.   Shr i nk s l eeves.

2. 3. 9   Test  of  WSL Syst ems f or  St eam Ser vi ce

The t est s shal l  demonst r at e t hat  t he WSL syst em wi l l  oper at e successf ul l y  
f or  25 year s under  t ypi cal  oper at i ng condi t i ons.   The t est s shal l  be 
conduct ed i n bot h a dr y and wet  envi r onment .   The WSL syst em shal l  be as 
descr i bed i n t he manuf act ur er ' s br ochur e.   The t est i ng pr ogr am descr i bed 
bel ow shal l  be conduct ed at  t he expense of  t he WSL syst em manuf act ur er .   
Test s shal l  be wi t nessed and ver i f i ed by an i ndependent  t est i ng 
l abor at or y.   The ent i r e pr e- i nsul at ed t est  sect i on shal l  be hydr ost at i cal l y  
t est ed,  wi t h wat er ,  t o 2600 kPa 375 psi g ( 1. 5 t i mes t he r at ed pr essur e)  
bef or e and af t er  t emper at ur e cycl i ng.   The t est s shal l  be conduct ed i n a 
dr y envi r onment  f or  60 cycl es f ol l owed by a t est  i n a wet  envi r onment  f or  
60 cycl es f or  a t ot al  of  120 cycl es.   The t est  i n t he wet  envi r onment  
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demonst r at es r esi st ance t o gr ound wat er  i nf i l t r at i on.   Al l  t est s shal l  be 
conduct ed on 1 t est  sect i on and al l  t est i ng shal l  be compl et ed i n 1 t i me 
per i od ( appr oxi mat el y 6 weeks)  and t he 120 t est i ng cycl es shal l  be 
cont i nuous except  f or  weekend t i me per i ods.

2. 3. 9. 1   Apparatus

A cur ved bot t om t est  t ank at  l east  3. 7 m 12 f eet  l ong,  0. 8 m 32 i nches 
wi de,  0. 8 m 32 i nches deep shal l  be used.   The t ank shal l  be f i t t ed wi t h a 
gasket ed and bol t ed cover  t o pr essur i ze t he t ank t o 60 kPa 8. 67 psi g.   The 
t ank shal l  have a dr ai n at  t he l owest  poi nt  and a vent  at  t he hi ghest  
poi nt .   Manhol e ent r ance sl eeves ( i . e.  wal l  s l eeves t hr ough t he ends of  t he 
t ank t o s i mul at e manhol e ent r i es i n act ual  f i el d condi t i ons)  shal l  be 
cent r al l y  l ocat ed on each end of  t he t ank.   Auxi l i ar y equi pment  shal l  
i ncl ude:   St eam suppl y wi t h suf f i c i ent  capaci t y t o sat i sf y t est i ng 
r equi r ement s,  makeup wat er  t ank and pump,  and a means f or  cont i nuousl y 
r ecor di ng t emper at ur es and pr essur es at  needed l ocat i ons.   Ther mocoupl es 
shal l  be used t o r ecor d t emper at ur es and pr essur e at  t he f ol l owi ng poi nt s:

a.   Car r i er  pi pe at  t ank i nl et  ( i n t her mowel l ) .

b.   Casi ng at  mi d- poi nt  i n pi pe l engt h ( on casi ng) .

c.   Casi ng at  anchor  poi nt  ( above FRP over wr ap on pl at e) .

d.   Casi ng at  f i el d j oi nt  ( r epai r ,  on casi ng) .

e.   Casi ng at  coupl i ng mi d- poi nt  ( on casi ng) .

f .   End seal  f l ange at  coupl i ng ( on el ast omer ) .

g.   Out er  edge of  new end pl at e ( at  st eel  pl at e and FRP wr ap) .

h.   Car r i er  pi pe at  speci men out l et  end ( i n t her mowel l ) .

i .   I nt er f ace of  cal c i um- si l i cat e and pol yur et hane i nsul at i ons.

j .   I nt er f ace of  cal c i um- si l i cat e and pol yur et hane i nsul at i ons.

k.   Car r i er  pi pe i nt er nal  pr essur e,  at  i nl et  t o t est  speci men.

l .   Pr essur e at  t est  t ank.

Sur f ace t her mocoupl es shal l  be epoxi ed t o t he sur f ace of  t he casi ng.   The 
cal i br at i on of  t he t her mocoupl es shal l  be checked and r ecor ded pr i or  t o 
i nst al l at i on and t he r ecor der  shal l  r ecor d wi t hi n 0. 06 degr ee C 0. 1 degr ee F
resolution.

2. 3. 9. 2   Test  Sect i on

A 100 mm 4 i nch st eel  car r i er  pi pe t est  sect i on consi st i ng of  8 m 27 f eet  
of  pr e- i nsul at ed pi pe meet i ng speci f i ed mat er i al s and desi gn r equi r ement s 
shal l  be pr ovi ded.   Appr oxi mat el y 3. 7 m 12 f eet  of  t he t est  sect i on shal l  
be encased wi t hi n t he t ank as descr i bed bel ow.   The t est  sect i on wi t hi n t he 
t ank shal l  consi st  of  an expansi on coupl i ng,  f i el d r epai r  j oi nt ,  anchor  
pl at e,  anchor  bl ock and end seal s.   The t est  sect i on shal l  be i nst al l ed ( as 
di r ect ed)  on at  l east  280 mm 11 i nches of  f i r ml y t amped sand.   Sand shal l  
sur r ound t he casi ng,  and t op sur f ace of  t he sand shal l  not  be any f ar t her  
t han 100 mm 4 i nches f r om t he t op of  t he t ank.   The t est  sect i on shal l  be 
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anchor ed t o t he t ank wal l  at  one end and t he bui l di ng f l oor  at  t he ot her  
end on t he por t i on of  t he pi pe ext er nal  t o t he t ank.   The expansi on 
coupl i ng shal l  be mi sal i gned by 1. 5 degr ees i n t he hor i zont al  pl ane.   Sand (
118 mL 4 f l ui d oz)  shal l  be i nt r oduced i nt o t he car r i er  pi pe and di sbur sed 
t hr oughout  t he t est  l oop at  st ar t up.

2. 3. 9. 3   Resi st ance t o Wat er  Damage and Joi nt  Leakage

Thi s t est  shal l  s i mul at e t he oper at i on of  t he WSL syst em t o assur e t he 
syst em wi l l  pr ovi de successf ul  ser vi ce l i f e t hr u i t s  expect ed l i f e span.   
The syst em shal l  be t est ed i n st eam ser vi ce by cycl i ng f or  an ext ended 
per i od of  t i me,  as descr i bed bel ow.   Syst em per f or mance shal l  be deemed 
successf ul  i f  t her e i s no j oi nt  l eakage,  def or mat i on of  t he casi ng,  
det er i or at i on of  t he end seal s,  or  any ot her  del et er i ous ef f ect s.

a.   The pi pi ng syst em shal l  be subj ect ed t o 60 cycl es of  st eam i nt r oduced 
i nt o t he syst em whi l e at  ambi ent  t emper at ur e 38 degr ees C 100 degr ees F 
up t o a t emper at ur e of  207 degr ees C 406 degr ees F ( as measur ed at  t he 
cor e pi pe at  t he t ank i nl et  and t ank out l et )  and back t o ambi ent  
t emper at ur e.   The syst em shal l  be hel d at  207 degr ees C 406 degr ees F 
mi ni mum f or  a mi ni mum of  30 mi nut es,  each cycl e.   Thi s cycl i ng shal l  
cont i nue f or  60 cycl es i n dr y sand f ol l owed by 60 cycl es i n a sat ur at ed 
envi r onment .   The r educt i on i n t emper at ur e t o 38 degr ees C 100 degr ees F
 shal l  occur  nat ur al l y  wi t h no ar t i f i c i al  means of  cool i ng used.

b.   Resul t s shal l  conf or m t o par agr aph Cr i t er i a f or  Sat i sf act or y Resul t s 
and Repor t i ng.

2. 3. 9. 4   Resi st ance t o Mechani cal  or  St r uct ur al  Damage

Thi s t est  shal l  s i mul at e l oads i nduced by t r uck t r af f i c  over  pi pe,  whi ch 
may occur  under  act ual  oper at i ng condi t i ons.   Thi s t est  shal l  be conduct ed 
commenci ng wi t h t he 41st  cycl e of  t he Resi st ance t o Wat er  Damage and Joi nt  
Leakage t est  and cont i nue t hr ough t he 60t h cycl e.   Ot her  aspect s of  t he 
Resi st ance t o Wat er  Damage and Joi nt  Leakage t est  shal l  cont i nue 
s i mul t aneousl y wi t h t hi s t est .

2. 3. 9. 4. 1   Apparatus

Same as f or  appar at us used i n Resi st ance t o Gr ound Wat er  I nf i l t r at i on t est  
wi t h t he addi t i on of  a 96 kPa 2000 psf  l oadi ng devi ce.   A hydr aul i c  j ack 
shal l  be used t o appl y t he t est  pr essur e agai nst  a 500 by 500 mm 18 by 18 
i nch pl at e bear i ng on t he sand di r ect l y over  t he coupl i ng i n t he t ank.

2. 3. 9. 4. 2   Procedure

A st eady and const ant  ver t i cal  l oad of  96 kPa 2000 psf  shal l  be appl i ed t o 
t he pl at e f or  14 days dur i ng t he t est .   The t est  sect i on shal l  be i nst al l ed 
as i n t he Resi st ance t o Gr ound Wat er  I nf i l t r at i on t est .   Dur i ng t he 14 day 
l oadi ng per i od,  st eam shal l  be c i r cul at ed t hr ough t he car r i er  pi pe 
al t er nat el y at  ambi ent  and 207 degr ees C 406 degr ees F as i n ear l i er  t est .

2. 3. 9. 4. 3   Results

Requi r ement s shal l  be i n accor dance wi t h par agr aph Cr i t er i a f or  
Sat i sf act or y Resul t s and Repor t i ng.
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2. 3. 9. 5   Resi st ance t o Gr ound Wat er  I nf i l t r at i on

Thi s t est  shal l  be t he wet  envi r onment  t est  conduct ed dur i ng t he second 3 
weeks ( 61st  t o 120t h cycl es)  of  t he t est  per i od t o show t hat  t he WSL syst em 
wi l l  r esi st  t he penet r at i on of  gr ound wat er  i nt o t he syst em.

2. 3. 9. 5. 1   Apparatus

Same as f or  basi c appar at us used i n Resi st ance t o Wat er  Damage and Joi nt  
Leakage phase t est ,  pl us t he f ol l owi ng:

a.   One 200 L 50 gal l on wat er  r eser voi r  wi t h a 0 t o 206 kPa 0 t o 30 psi g 
pr essur e gauge and compr essed ai r  connect i on.

b.   Pr ovi s i ons t o i nt r oduce pr essur i zed r ed dye i nt o t he cur ved bot t om t est  
t ank.   The wat er / dye sol ut i on shal l  be mi xed t o a concent r at i on i n 
accor dance wi t h t he dye manuf act ur er ' s r ecommendat i on f or  maxi mum 
detectability.

c.   One pr essur e t ank wi t h 0 t o 206 kPa 0 t o 30 psi g st at i c pr essur e gauge.

2. 3. 9. 5. 2   Procedure

Thi s phase shal l  s t ar t  on t he 61st  cycl e and cont i nue unt i l  t he 120t h 
cycl e.   The t est  sect i on of  pi pe shal l  be t he same t est  segment  used i n t he 
pr evi ous t est s.   The t ank cover  shal l  be bol t ed i n pl ace and t he Resi st ance 
t o Gr ound Wat er  I nf i l t r at i on t est  shal l  begi n.   The wat er / dye sour ce shal l  
be at t ached t o t he f i l l  f i t t i ng and a sur ge t ank shal l  be at t ached t o t he 
vent  wi t h a t ee f i t t i ng.   The pr essur e t ank shal l  have a 0 t o 206 kPa 0 t o 
30 psi g st at i c pr essur e gauge at t ached.   The ot her  br anch of  t he t ee 
f i t t i ng shal l  empl oy a shut - of f  val ve.   Wi t h t he shut - of f  val ve open,  t he 
wat er / dye mi xt ur e shal l  be admi t t ed i nt o t he t ank t hr ough t he f i l l  f i t t i ng 
unt i l  t he t ank i s f ul l  and wat er / dye r uns f r eel y f r om t he open val ve.   The 
val ve shal l  be c l osed and t he f i l l i ng shal l  cont i nue unt i l  t he pr essur e 
r eaches 60 kPa 8. 67 psi g.   The t ank pr essur e shal l  be mai nt ai ned t hr oughout  
t he t est  per i od.   St eam shal l  be c i r cul at ed t hr ough t he car r i er  pi pe and 
cycl ed f r om ambi ent  t o 207 degr ees C 406 degr ees F as i n t he pr evi ous 
t est .   At  t he end of  t he t est ,  t he pr essur e shal l  be r el i eved by openi ng 
t he vent  val ve and t he wat er / dye shal l  be dr ai ned f r om t he t ank t hr ough t he 
dr ai n f i t t i ng.

2. 3. 9. 5. 3   Results

Requi r ement s shal l  be i n accor dance wi t h par agr aph Cr i t er i a f or  
Sat i sf act or y Resul t s and Repor t i ng.

2. 3. 9. 6   Cr i t er i a f or  Sat i sf act or y Resul t s  and Repor t i ng

2. 3. 9. 6. 1   Reporting

Logs of  t i mes and t emper at ur e shal l  be r ecor ded t o assur e compl i ance wi t h 
t est  r equi r ement s and pr ocedur es.   Compl et e phot ogr aphi c document at i on of  
t he const r uct i on and oper at i on of  t he t est  f aci l i t y ,  as wel l  as t he pi pi ng 
syst em component s bef or e and af t er  t est i ng,  shal l  be pr oduced.   Dat a shal l  
be anal yzed t o assur e compl et e compl i ance wi t h t est  obj ect i ves.

2. 3. 9. 6. 2   Drawing

A dr awi ng showi ng det ai l s  of  t he t est  appar at us and t est  speci men shal l  be 
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provided.

2. 3. 9. 6. 3   Resi st ance t o Wat er  Damage and Joi nt  Leakage Test

Joi nt s and end seal s shal l  be r emoved f or  exami nat i on,  i mmedi at el y upon 
compl et i on of  al l  t est  cycl es.   Successf ul  r esul t s  shal l  show t hat  st eam 
has not  l eaked out  of  t he car r i er  pi pe and t hat  t he component s show no 
si gns of  det er i or at i on.

2. 3. 9. 6. 4   Resi st ance t o Mechani cal  or  St r uct ur al  Damage Test

The casi ng shal l  not  be damaged or  def or med enough t o i mpai r  f unct i oni ng of  
t he syst em.   The casi ng shal l  not  be r upt ur ed and shal l  not  be def or med 
mor e t han 25 mm 1 i nch i n any di r ect i on.   I n casi ngs wi t h pi pe anchor s,  
t her e shal l  be no separ at i on bet ween t he casi ng and t he pi pe anchor  
interface.

2. 3. 9. 6. 5   Resi st ance t o Gr ound Wat er  I nf i l t r at i on Test

The wat er / dye sol ut i on shal l  not  have ent er ed t he i nsul at i on.   Thi s shal l  
be det er mi ned by r emovi ng and i nspect i ng al l  j oi nt s and seal s f or  dye 
penet r at i on at  t he end of  t he t est .   Resul t s wi l l  be deemed successf ul  i f  
no sol ut i on i s evi dent  i n t he i nsul at i on.

2. 3. 9. 6. 6   Evi dence of  Test  Resul t s

Af t er  compl et i on of  al l  t est s,  t he t est  appar at us shal l  be di smant l ed f or  
v i sual  i nspect i on of  al l  cr i t i cal  component s subj ect ed t o t he heat  cycl i ng,  
wat er  i nf i l t r at i on and l oadi ng t est s.   Al l  par t s wi l l  be exami ned 
t hor oughl y f or  any det r i ment al  af f ect s.   Exami nat i ons i dent i f i ed shal l  be 
conduct ed.   Log sheet s,  t est  dat a and col or  phot ogr aphs shal l  be kept  on 
f i l e and made avai l abl e as r equi r ed t o document  and subst ant i at e compl i ance 
t o t he t est  r equi r ement s.

2. 3. 9. 6. 7   Report

Submi t  a r epor t  f r om t he i ndependent  t est i ng agency.   The r epor t  must  
i ncl ude t he l abor at or y anal ysi s of  t he condi t i on of  t he t est  sect i on and 
at t est  t hat  t he t est i ng condi t i ons wer e f ol l owed.

2. 3. 10   Test  of  WSL Syst ems f or  Condensat e Ret ur n Ser vi ce

Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f act or y and f i el d t est s 
per f or med t o pr ove compl i ance wi t h t he speci f i ed per f or mance 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.   Test i ng and cer t i f i cat i on 
pr ocedur es by an i ndependent  t est i ng l abor at or y shal l  demonst r at e t hat  
casi ngs and end seal s ar e capabl e of  r esi st i ng penet r at i on of  wat er  i nt o 
t he casi ng and i nsul at i on.   The t est  shal l  be per f or med on t he t ype of  
pr ef abr i cat ed syst em t o be f ur ni shed.   I f  mor e t han one t ype of  
pr ef abr i cat ed syst em i s t o be used,  t he t est s shal l  be per f or med on each 
t ype.   The t est  shal l  consi st  of  hot  and col d cycl e t est i ng f ol l owed by 
i mmer si on i n a wat er  f i l l ed chamber  wi t h a head pr essur e.   The hot  and col d 
cycl e t est i ng shal l  consi st  of  14 days of  t emper at ur e cycl i ng.

a.   A f l ui d wi t h a t emper at ur e of  5 degr ees C 40 degr ees Fshal l  c i r cul at e 
t hr ough t he car r i er  pi pe,  al t er nat i ng ever y 24 hour s wi t h a f l ui d wi t h 
a t emper at ur e of  95 degr ees C 200 degr ees F c i r cul at i ng t hr ough t he 
car r i er  pi pe f or  a l ow t emper at ur e hot  wat er  or  dual  t emper at ur e 
ser vi ce,  or  24 degr ees C 75 degr ees F f or  a chi l l ed wat er  ser vi ce.
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b.   Whi l e t he hot  and col d cycl e t est  i s  bei ng per f or med,  t he t est  sampl e 
shal l  be ei t her  bur i ed or  encased i n dr y beddi ng sand wi t h a mi ni mum of  
300 mm 12 i nches of  sand al l  ar ound t he t est  sampl e.   The car r i er  pi pe 
s i ze of  t he t est  sampl e shal l  be 75 mm 3 i nches i n di amet er  and shal l  
be r est r ai ned dur i ng t he t est  per i od.   The i nsul at i on t hi ckness shal l  
not  exceed t he maxi mum t hi ckness pr ovi ded f or  t he pi pi ng i n t he pr oj ect .

c.   Tr ansi t i on t i me f or  t emper at ur e cycl e t est i ng shal l  not  exceed 15 
mi nut es i n goi ng f r om col d t o hot  and 30 mi nut es i n goi ng f r om hot  t o 
col d.   The f l ui d i n t he car r i er  pi pe may be wat er ,  oi l  or  heat  t r ansf er  
f l ui d.   Fol l owi ng t he hot  and col d cycl i ng t est ,  t he t est  sampl e shal l  
be i mmer sed i n a wat er  f i l l ed chamber .   The pr essur e on t he hi ghest  
poi nt  of  t he t est  sampl e shal l  not  be l ess t han 60 kPa 20 f eet  of  wat er  
head pr essur e subj ect ed over  t he ent i r e l engt h of  t he 2. 4 m 8 f oot  t est  
sampl e of  pr ef abr i cat ed pi pe.

d.   The wat er  shal l  cont ai n a dye penet r ant ,  whi ch shal l  be used t o check 
f or  end seal  l eakage.   The pr essur e i n t he chamber  shal l  be hel d f or  
not  l ess t han 48 hour s.   Upon compl et i on of  t hi s pr essur e t est ,  t he 
t est  sampl e shal l  be cut  open.   Wi t h t he use of  a l i ght  t hat  wi l l  
r eadi l y show t he pr esence of  t he dye t hat  was i n t he wat er ,  t he t est  
sampl e shal l  be i nspect ed.   Evi dence of  t he dye i nsi de t he t est  sampl e 
shal l  i ndi cat e t hat  t he end seal  i s  not  accept abl e and cannot  be 
certified.

2. 4   WATER SPREAD LI MI TI NG POURED- I N- PLACE I NSULATI ON ( PI PI )  SYSTEM

2. 4. 1   PI PI  St eam and Hi gh Temper at ur e Hot  Wat er  Car r i er  Pi pes

Requi r ement s shal l  be i n accor dance wi t h par agr aph HEAT DI STRI BUTI ON PI PI NG.

2. 4. 2   PI PI  Condensat e Car r i er  Pi pes

Car r i er  pi pi ng f or  condensat e r et ur n syst ems shal l  be st eel ,  schedul e 80.   
Pi pe r equi r ement s shal l  be i n accor dance wi t h par agr aph HEAT DI STRI BUTI ON 
PIPING.

2. 4. 3   PI PI  Car r i er  Pi pe I nsul at i on

Car r i er  pi pe PI PI  shal l  conf or m t o mi ni mum t hi ckness and t ype l i s t ed i n 
Tabl e 3 as r equi r ed f or  t emper at ur e speci f i ed under  par agr aph Rat ed 
Characteristics.

2. 4. 4   Pour ed- i n- Pl ace I nsul at i on -  Physi cal  Pr oper t i es

The pour ed- i n- pl ace i nsul at i on shal l  consi st  of  cal c i um car bonat e powder  
chemi cal l y modi f i ed t o be hydr ophobi c wi t h no par t i c l es exceedi ng 1 mm i n 
any di mensi on.   The i nst al l ed densi t y shal l  f al l  i n t he r ange of  960 t o 992 
kg/ cubi c met er  40 t o 62 l b/ cubi c f oot .

2. 4. 5   Pour ed- i n- Pl ace I nsul at i on -  Ther mal  Pr oper t i es

The t her mal  conduct i v i t y of  t he PI PI  shal l  not  exceed 0. 083 W/ mK 0. 58 
Bt u- i n/ hr - squar e f oot - degr ee F at  37. 8 degr ees C 100 degr ees F,  and 0. 099 
W/ mK 0. 68 Bt u- i n/ hr - squar e f oot - degr ee F at  149 degr ees C 300 degr ees F,  
when t est ed i n accor dance wi t h ASTM C177.
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2. 4. 6   Pour ed- i n- Pl ace I nsul at i on -  El ect r i cal  Pr oper t i es

The el ect r i cal  r esi st i v i t y of  t he PI PI  shal l  not  be l ess t han 1 by 10 t o 
t he 12t h power  ohm- cm.

2. 4. 7   PI PI  Syst em Pi pi ng Anchor s,  Suppor t s,  and Gui des

The desi gn and l ocat i on of  pi pe anchor s,  pi pe suppor t s,  pi pe gui des,  and 
expansi on cushi ons shal l  be i n compl i ance wi t h t he most  r ecent  desi gn 
manual  avai l abl e f r om t he PI PI  manuf act ur er .

2. 4. 8   PI PI  Envel ope Penet r at i ons

The desi gn of  penet r at i ons t hr ough t he PI PI  envel ope shal l  be i n compl i ance 
wi t h t he most  r ecent  desi gn manual  avai l abl e f r om t he PI PI  manuf act ur er .   
Al l  pi pe anchor s,  pi pe suppor t s,  pi pe gui des and manhol e wal l s t hat  come i n 
cont act  wi t h t he PI PI  shal l  be coat ed wi t h a mast i c compound.   For  pi pe 
ser vi ce t emper at ur es up t o 204 degr ees C 400 degr ees F t he mast i c compound 
shal l  be bi t umast i c coal  t ar .   For  pi pe ser vi ce t emper at ur es i n excess of  
204 degr ees C 400 degr ees F s i l i cone gr ease shal l  be used.

2. 5   PI PE I NSULATI ON TYPE AND MI NI MUM THI CKNESS

**************************************************************************
NOTE:   Del et e i nappl i cabl e col umns i n Tabl es 1 and 2.

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

Compl y wi t h EPA r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Mat er i al s cont ai ni ng asbest os wi l l  not  be 
per mi t t ed.   The mi ni mum t hi ckness of  i nsul at i on f or  t he heat  di st r i but i on 
syst em shal l  be i n accor dance wi t h Tabl es 1 and 2 i n whi ch t he i nsul at i ons 
l i s t ed have passed t he 96 hour  boi l i ng wat er  t est .

TABLE 1
MI NI MUM PI PE I NSULATI ON THI CKNESS ( mm)  ( I nches)

For  St eam ( 100 t o 2, 800 kPa ( gage) )  ( 16 t o 408 psi g)  and Hi gh Temper at ur e Hot  Wat er
Suppl y and Ret ur n ( 120 t o 230 degr ees C)  ( 250 t o 450 degr ees F)

I NSULATI ONS f or  Dr ai nabl e/ Dr yabl e Syst ems I NSULATI ONS f or  Ot her
Pr e- Engi neer ed Syst ems

Nomi nal  Pi pe
Di amet er  ( mm)

(inches)

Delta Theromo-12
Super  Cal t emp

MPT-PF
MPT-PC

Calcium
Silicate

WSL
Polyurethane

251.0 652.5 1004.0 502.0 N/A N/A

401.5 652.5 1004.0 502.0 N/A N/A

502.0 853.5 1104.5 652.5 N/A N/A

652.5 853.5 1104.5 652.5 N/A N/A

803.0 1004.0 1255.0 753.0 251.0 +31+1.23
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TABLE 1
MI NI MUM PI PE I NSULATI ON THI CKNESS ( mm)  ( I nches)

For  St eam ( 100 t o 2, 800 kPa ( gage) )  ( 16 t o 408 psi g)  and Hi gh Temper at ur e Hot  Wat er
Suppl y and Ret ur n ( 120 t o 230 degr ees C)  ( 250 t o 450 degr ees F)

I NSULATI ONS f or  Dr ai nabl e/ Dr yabl e Syst ems I NSULATI ONS f or  Ot her
Pr e- Engi neer ed Syst ems

Nomi nal  Pi pe
Di amet er  ( mm)

(inches)

Delta Theromo-12
Super  Cal t emp

MPT-PF
MPT-PC

Calcium
Silicate

WSL
Polyurethane

1004.0 1004.0 1255.0 753.0 251.0 +31+1.23

1255.0 1004.0 1255.0 753.0 N/A N/A

1506.0 1104.5 1355.5 853.5 351.5 +34+1.34

2008.0 1104.5 1355.5 853.5 502.0 +30+1.21

25010.0 1255.0 1506.0 1004.0 652.5 +33+1.31

30012.0 1255.0 1506.0 1004.0 502.0 +32+1.29

35014.0 1255.0 1506.0 1004.0 N/A N/A

40016.0 1255.0 1506.0 1004.0 N/A N/A

45018.0 1255.0 1506.0 1004.0 N/A N/A

1)  Del t a i s avai l abl e f r om Rockwool  i n Leeds,  Al abama.

2)  MPT i s avai l abl e f r om Mi ner al  Pr oduct s of  Texas i n Houst on,  TX

3)  Ther mo- 12 and Super  Cal t emp ar e avai l abl e f r om Johns Manvi l l e i n
         Denver ,  Col or ado.

TABLE 1A
MI NI MUM PI PI  THI CKNESS ( mm)  ( I nches)

For  St eam ( 100 t o 2, 800 kPa ( gage) )  ( 16 t o 408 psi g)  and Hi gh Temper at ur e Hot  Wat er
Suppl y and Ret ur n ( 120 t o 230 degr ees C)  ( 250 t o 450 degr ees F)

Nomi nal  Pi pe
Di amet er  ( mm)

(inches)

Si des and Bot t om Bet ween Pi pes Above Pi pes

251.0 1004.0 502.0 1255.0

401.5 1004.0 502.0 1255.0

502.0 1004.0 502.0 1255.0

652.5 1004.0 502.0 1255.0
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TABLE 1A
MI NI MUM PI PI  THI CKNESS ( mm)  ( I nches)

For  St eam ( 100 t o 2, 800 kPa ( gage) )  ( 16 t o 408 psi g)  and Hi gh Temper at ur e Hot  Wat er
Suppl y and Ret ur n ( 120 t o 230 degr ees C)  ( 250 t o 450 degr ees F)

Nomi nal  Pi pe
Di amet er  ( mm)

(inches)

Si des and Bot t om Bet ween Pi pes Above Pi pes

803.0 1004.0 502.0 1255.0

1004.0 1255.0 502.0 1506.0

1255.0 1255.0 753.0 1757.0

1506.0 1506.0 753.0 1757.0

2008.0 1506.0 1004.0 2008.0

25010.0 1506.0 1004.0 2008.0

30012.0 1757.0 1004.0 25010.0

35014.0 1757.0 1004.0 25010.0

40016.0 2008.0 1255.0 25010.0

45018.0 2008.0 1255.0 25010.0

TABLE 2
MI NI MUM PI PE I NSULATI ON THI CKNESS ( mm)  ( I nches)  CONDENSATE RETURN

I NSULATI ONS f or  Dr ai nabl e/ Dr yabl e Syst ems I NSULATI ONS f or
Other

Pre-Engineered
Systems

Nomi nal  Pi pe
Di amet er  ( mm)

(inches)

Delta Ther omo- 12 Super
Caltemp

MPT-PF
MPT-PC

Polyurethane

251.0 502.0 753.0 351.5 N/A

401.5 502.0 753.0 351.5 N/A

502.0 502.0 753.0 351.5 190.77

652.5 502.0 753.0 351.5 N/A

803.0 632.5 853.5 502.0 261.05

1004.0 632.5 853.5 502.0 261.05
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TABLE 2
MI NI MUM PI PE I NSULATI ON THI CKNESS ( mm)  ( I nches)  CONDENSATE RETURN

I NSULATI ONS f or  Dr ai nabl e/ Dr yabl e Syst ems I NSULATI ONS f or
Other

Pre-Engineered
Systems

Nomi nal  Pi pe
Di amet er  ( mm)

(inches)

Delta Ther omo- 12 Super
Caltemp

MPT-PF
MPT-PC

Polyurethane

1255.0 632.5 853.5 502.0 N/A

1506.0 763.0 1104.5 632.5 301.32

2008.0 763.0 1104.5 632.5 N/A

25010.0 1004.0 1255.0 763.0 N/A

30012.0 1004.0 1255.0 763.0 N/A

35014.0 1004.0 1255.0 763.0 N/A

40016.0 1004.0 1255.0 763.0 N/A

45018.0 1004.0 1255.0 763.0 N/A

1)  Del t a i s avai l abl e f r om Rockwool  i n Leeds,  Al abama.

2)  MPT i s avai l abl e f r om Mi ner al  Pr oduct s of  Texas i n Houst on,  TX

3)  Ther mo- 12 and Super  Cal t emp ar e avai l abl e f r om Johns Manvi l l e i n
         Denver ,  Col or ado.

TABLE 2A
MI NI MUM PI PI  THI CKNESS ( mm)  ( I nches)

CONDENSATE RETURN
HI GH TEMPERATURE HOT WATER RETURN SYSTEM

Nomi nal  Pi pe Di amet er  ( mm)  ( i nches) Si des and Bot t om

251.0 753.0

401.5 753.0

502.0 753.0

652.5 1004.0

803.0 1004.0

1004.0 1004.0
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TABLE 2A
MI NI MUM PI PI  THI CKNESS ( mm)  ( I nches)

CONDENSATE RETURN
HI GH TEMPERATURE HOT WATER RETURN SYSTEM

Nomi nal  Pi pe Di amet er  ( mm)  ( i nches) Si des and Bot t om

1255.0 1004.0

1506.0 1004.0

2008.0 1255.0

25010.0 1506.0

30012.0 1506.0

35014.0 1757.0

40016.0 1757.0

45018.0 1757.0

Not e:  1)  For  r et ur n l i nes onl y t he si de di mensi on i s pr ovi ded as ot her  di mensi ons 
ar e t aken f r om t he t abl es f or  t he suppl y s i ze and oper at i ng condi t i ons.

2. 6   HEAT DI STRI BUTI ON PI PI NG

2. 6. 1   St eam and Hi gh Temper at ur e Hot  Wat er  Pi pe

Pi pe mat er i al  shal l  be st eel ;  seaml ess ASTM A53/ A53M,  Gr ade B or  
ASTM A106/ A106M,  Gr ade B;  or  el ect r i c  r esi st ance wel ded ASTM A53/ A53M, 
Gr ade B;  Schedul e 40.   St andar d wei ght  wi l l  be per mi t t ed f or  pi pe s i zes 300 
mm 12 i nches and above.   ASTM A53/ A53M,  Type F f ur nace but t  wel ded pi pe 
wi l l  not  be al l owed.   Joi nt s wi l l  not  be al l owed i n f act or y f abr i cat ed 
st r ai ght  sect i on of  car r i er  pi pes.   Fact or y f abr i cat ed pi pi ng sect i ons,  as 
par t  of  an expansi on l oop or  bend,  shal l  have al l  wel ded j oi nt s 100 per cent  
r adi ogr aphi cal l y  i nspect ed i n accor dance wi t h ASME B31. 1.   Radi ogr aphs 
shal l  be r evi ewed and i nt er pr et ed by a Cer t i f i ed Amer i can Soci et y f or  
Nondest r uct i ve Test i ng ( ASNT)  Level  I I I  r adi ogr apher ,  empl oyed by t he 
t est i ng f i r m,  who shal l  s i gn t he r eadi ng r epor t .

2. 6. 1. 1   Condensat e Pi pe

Pi pe shal l  be st eel ;  seaml ess ASTM A53/ A53M,  Gr ade B or  ASTM A106/ A106M, 
Gr ade B,  schedul e 80;  el ect r i c  r esi st ance wel ded ASTM A53/ A53M,  Gr ade B;  
Schedul e 80.   ASTM A53/ A53M,  Type F f ur nace but t  wel ded pi pe wi l l  not  be 
al l owed.   Joi nt s wi l l  not  be al l owed i n t he f act or y f abr i cat ed st r ai ght  
sect i on of  t he car r i er  pi pe.   Fact or y f abr i cat ed pi pi ng sect i ons,  as par t  
of  an expansi on l oop or  bend shal l  have al l  wel ded j oi nt s 100 per cent  
r adi ogr aphi cal l y  i nspect ed i n accor dance wi t h ASME B31. 1.   Radi ogr aphs 
shal l  be r evi ewed and i nt er pr et ed by an ASNT Cer t i f i ed Level  I I I  
r adi ogr apher ,  empl oyed by t he t est i ng f i r m,  who shal l  s i gn t he r eadi ng 
report.
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2. 6. 1. 2   Joints

Joi nt s shal l  be but t - wel d except  socket - wel d j oi nt s wi l l  be per mi t t ed f or  
pi pe s i zes 50 mm 2 i nches and smal l er .   Dye penet r ant  may be used i n pl ace 
of  100 per cent  r adi ogr aphi c i nspect i on f or  pi pe s i zes 50 mm 2 i nches and 
bel ow.   Locat i on and el evat i on of  al l  f i el d j oi nt s shal l  be i ndi cat ed on 
det ai l ed desi gn l ayout  dr awi ngs.   Spl i t - r i ng wel di ng r i ngs may be used.

2. 6. 2   Fittings

Wel ds i n f act or y f i t t i ngs shal l  be r adi ogr aphi cal l y i nspect ed.   Radi ogr aphs 
shal l  be r evi ewed and i nt er pr et ed by a Cer t i f i ed ASNT Level  I I I  
r adi ogr apher ,  empl oyed by t he t est i ng f i r m,  who shal l  s i gn t he r eadi ng 
r epor t .   The Cont r act i ng Of f i cer  may r evi ew al l  i nspect i on r ecor ds,  and i f  
any wel ds i nspect ed ar e f ound unaccept abl e i n accor dance wi t h ASME B31. 1, 
t he f i t t i ng shal l  be r emoved,  r epl aced,  and r adi ogr aphi cal l y r eexami ned at  
no cost  t o t he Gover nment .

2. 6. 2. 1   Butt-Welded

Fi t t i ngs shal l  be st eel ;  ASTM A234/ A234M,  Gr ade B or  ASME B16. 9,  same 
schedul e as adj oi ni ng pi pe.   El bows shal l  be l ong r adi us unl ess ot her wi se 
i ndi cat ed.   Tees shal l  be f ul l  s i ze or  r educi ng as r equi r ed,  havi ng 
i nt er i or  sur f aces smoot hl y cont our ed.   Spl i t - r i ng wel di ng r i ngs may be used.

2. 6. 2. 2   Socket-Welded

Fi t t i ngs shal l  be f or ged st eel  ASME B16. 11;  13, 800 kPa 2000 pound cl ass 
shal l  be used f or  pi pe s i zes 50 mm 2 i nch and bel ow.   Dye penet r ant  
i nspect i on may be used i n l i eu of  r adi ogr aphi c i nspect i on of  wel ded 
f i t t i ngs f or  pi pe s i zes 50 mm 2 i nches and bel ow.

2. 7   EXPANSI ON LOOPS AND BENDS

St r esses shal l  be l ess t han t he maxi mum al l owabl e st r ess f r om t he Power  
Pi pi ng Code ( ASME B31. 1) .   Submi t  pi pe- st r ess and syst em- expansi on 
cal cul at i ons f or  each expansi on compensat i on el bow usi ng a f i ni t e el ement  
comput er  gener at ed 3 di mensi onal  anal ysi s,  not  l at er  t han [ 7 days]  [ _____]  
af t er  not i ce t o pr oceed.   Demonst r at e wi t h cal cul at i ons t hat  pi pe st r esses 
f r om t emper at ur e changes ar e wi t hi n t he al l owabl e r equi r ement s i n ASME B31. 1
 and t hat  t he anchor s and t he gui des wi l l  wi t hst and t he r esul t ant  f or ces.   
Det ai l ed desi gn l ayout  dr awi ngs shal l  i ncl ude al l  anal ysi s node poi nt s.   As 
a mi ni mum,  comput er  anal ysi s r esul t s shal l  i ncl ude node st r esses,  f or ces,  
moment s and di spl acement s.   Cal cul at i ons shal l  be st amped by a r egi st er ed 
Pr of essi onal  Engi neer  i n t he empl oy of  t he UHDS manuf act ur er .   Det ai l ed 
desi gn l ayout  dr awi ngs and st r ess and anchor  f or ce cal cul at i ons shal l  be 
pr ovi ded f or  al l  l oops and bends.   Locat i ons of  al l  anchor s,  gui des and 
suppor t s shal l  be shown.   The cal cul at i ons shal l  be based on desi gn 
char act er i st i cs ( pr essur es and t emper at ur es)  speci f i ed f or  bot h t he suppl y 
and r et ur n l i nes.

PART 3   EXECUTI ON

3. 1   PREPARATION

3. 1. 1   Job Condi t i ons

Phasi ng of  [ demol i t i on and const r uct i on]  [ const r uct i on]  shal l  be as shown 
on cont r act  dr awi ngs.
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3. 1. 2   I nt er r upt i on of  Exi st i ng Ser vi ce

Submi t  schedul e of  pr oposed out ages and i nt er r upt i ons of  exi st i ng ser vi ces,  
[ 14 days]  [ _____]  i n advance.   Ar r ange,  phase and per f or m wor k and pr ovi de 
t empor ar y f aci l i t i es,  mat er i al s,  equi pment ,  and connect i ons t o ut i l i t i es,  
t o ensur e adequat e heat  di st r i but i on ser vi ce f or  exi st i ng i nst al l at i ons at  
al l  t i mes.   Onl y necessar y i nt er r upt i ons r equi r ed f or  maki ng connect i ons 
wi l l  be per mi t t ed,  and onl y at  t i mes when appr oval  i s  obt ai ned f r om t he 
Cont r act i ng Of f i cer .   Set  al l  i nt er r upt i ons t o be [ bet ween t he hour s of  
[ _____]  and [ _____] ]  [ as appr oved by t he Cont r act i ng Of f i cer ] .

3. 1. 3   Grading

Unl ess ot her wi se shown on t he cont r act  dr awi ngs or  t he det ai l ed desi gn 
l ayout  dr awi ngs,  st eam/ condensat e and hi gh t emper at ur e hot  wat er  
suppl y/ r et ur n l i nes shal l  be gr aded uni f or ml y downwar d not  l ess t han 40 mm 
i n 10 met er s 5. 0 i nches i n 100 f eet  t o t he l ower  poi nt  of  ent r y bet ween 
manhol es and/ or  bui l di ng ent r i es.

3. 1. 4   Connect i ng t o Exi st i ng Wor k

**************************************************************************
NOTE:   Any connect i ons t o t he UHDS di st r i but i on wi l l  
onl y occur  i n manhol es.   Desi gner  must  ensur e t hat  a 
t hor ough sur vey of  t he abovegr ound and under gr ound 
condi t i ons i s per f or med.   The cont r act  dr awi ngs must  
i dent i f y al l  pot ent i al  i nt er f er ences or  conf l i c t s.

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

Submi t  changes r equi r ed t o t he UHDS desi gn due t o i nt er f er ences or  
conf l i c t s,  upon r eal i zat i on of  i nt er f er ences or  conf l i c t s.   Connect  new 
wor k t o exi st i ng wor k i n a neat  and wor kmanl i ke manner .   Make connect i ons 
onl y i n manhol es.   Wher e an exi st i ng st r uct ur e must  be cut  or  exi st i ng 
ut i l i t i es i nt er f er e,  such obst r uct i ons shal l  be bypassed,  r emoved,  r epl aced 
or  r el ocat ed,  r est or ed and r epai r ed.   Any changes r equi r ed t o t he UHDS 
desi gn as a r esul t  of  i nt er f er ences or  conf l i c t s shal l  be appr oved by t he 
UHDS desi gner  and t he Cont r act i ng Of f i cer .   Wor k di st ur bed or  damaged shal l  
be r epl aced t o i t s  pr i or  condi t i on.

3. 1. 5   Coordination

The l ocat i on of  al l  i t ems of  equi pment  and wor k of  al l  t r ades shal l  be 
coor di nat ed.   Oper abi l i t y  and mai nt ai nabi l i t y  of  t he equi pment  and syst ems 
shal l  be mai nt ai ned.

3. 1. 6   Variations

Any var i at i ons f r om t he appr oved,  det ai l ed desi gn l ayout  dr awi ngs shal l  be 
submi t t ed t o t he Cont r act i ng Of f i cer  f or  appr oval .   Var i at i ons shal l  be 
s i gned and seal ed by t he UHDS manuf act ur er s '  pr of essi onal  engi neer  
r esponsi bl e f or  t he compl et e desi gn of  t he UHDS.

3. 2   DEMOLITION

**************************************************************************
NOTE:   Ensur e t hat  Sect i on 02 41 00 DEMOLI TI ON AND 
DECONSTRUCTI ON i s i ncl uded i n pr oj ect  
speci f i cat i ons.   Demol i t i on wor k shoul d be wel l  
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def i ned i n t he dr awi ngs and speci f i cat i ons;  
phot ogr aphs shoul d be i ncl uded i n t he cont r act  
package,  i f  avai l abl e.

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

3. 2. 1   Demol i t i on Pr ocedur es

Wor k shal l  be per f or med i n accor dance wi t h r equi r ement s f or  phasi ng.   Pi pe,  
val ves,  f i t t i ngs,  i nsul at i on,  and hanger s,  i ncl udi ng t he connect i on t o t he 
st r uct ur e and any f ast eni ngs,  shal l  be r emoved.   Openi ngs i n manhol e or  
bui l di ng wal l s shal l  be seal ed af t er  r emoval  of  pi pi ng.   Mat er i al  and 
equi pment  r emoved shal l  become t he pr oper t y of  t he Cont r act or  and shal l  be 
r emoved f r om Gover nment  pr oper t y wi t hi n 1 week and shal l  not  be st or ed i n 
oper at i ng ar eas.   Fl ame cut t i ng shal l  be per f or med wi t h adequat e f i r e 
pr ot ect i on f aci l i t i es avai l abl e as r equi r ed by saf et y codes and Cont r act i ng 
Officer.

3. 2. 2   Asbest os Removal

**************************************************************************
NOTE:   Exi st i ng syst ems may i ncl ude asbest os 
cont ai ni ng mat er i al s.   Pr ovi s i ons must  be made f or  
an asbest os sur vey t o be per f or med and abat ement  
measur es t o be i ncl uded i n pr oj ect  speci f i cat i on i f  
necessary.

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

Asbest os r emoval  shal l  conf or m t o Sect i on 02 82 13. 00 10 ASBESTOS ABATEMENT.

3. 3   PI PE,  PI PI NG JOI NTS AND FI TTI NGS

3. 3. 1   Joi nt  Pr epar at i on

Pi pe and f i t t i ngs shal l  be c l eaned i nsi de and out s i de bef or e and af t er  
assembl y.   Di r t ,  scal e,  and ot her  f or ei gn mat t er  shal l  be r emoved f r om 
i nsi de t he pi pi ng by use of  a pi pe swab or  pi pe pi g bef or e connect i ng pi pe 
sect i ons,  val ves,  equi pment  or  f i t t i ngs.   Eccent r i c connect or s shal l  be 
used as needed bet ween casi ng sect i ons t o pr ovi de dr ai nage of  casi ng 
sect i on bet ween manhol es and bet ween manhol es and bui l di ngs.

3. 3. 2   Di r ect i on Changes

Changes i n di r ect i on shal l  be made wi t h f act or y- bui l t  r ei nf or ced f i t t i ngs.   
Fi el d- f abr i cat ed f i t t i ngs and mi t er s wi l l  not  be per mi t t ed.

3. 4   WELDING

Submi t  Cer t i f i cat i on of  Accept abi l i t y  of  al l  wel ds made i n t he f i el d,  upon 
compl et i on of  t he pr oj ect .   Thi s cer t i f i cat i on shal l  consi st  of  a l et t er ,  
s i gned by an of f i c i al  of  t he i ndependent  t est i ng f i r m or  f i r ms exami ni ng 
wel ds,  st at i ng t hat  al l  pr ovi s i ons of  t hi s speci f i cat i on have been compl i ed 
wi t h,  and t hat  al l  wel ds i nspect ed r adi ogr aphi cal l y have met  t he speci f i ed 
accept abi l i t y  st andar ds.   The Cont r act or  wi l l  be r esponsi bl e f or  wel di ng 
qual i t y  and shal l :

a.   Conduct  t est s of  t he wel di ng pr ocedur es used i n t he wor k,  det er mi ne t he 
sui t abi l i t y  of  t he pr ocedur es used,  det er mi ne t hat  t he wel ds made wi l l  
meet  t he r equi r ed t est s,  and det er mi ne t hat  t he wel di ng oper at or s have 
t he abi l i t y  t o make sound wel ds under  st andar d condi t i ons.
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b.   Compl y wi t h ASME B31. 1.

c.   Per f or m al l  wel di ng oper at i ons r equi r ed f or  const r uct i on and 
i nst al l at i on of  t he heat  di st r i but i on syst em.

3. 4. 1   Qual i f i cat i on of  Wel der s

Rul es of  pr ocedur e f or  qual i f i cat i on of  al l  wel der s and gener al  
r equi r ement s f or  f usi on wel di ng shal l  conf or m wi t h t he appl i cabl e por t i ons 
of ASME B31. 1,  and as out l i ned bel ow.

3. 4. 2   Exami ni ng Wel der s

Exami ne each wel der  t o det er mi ne t he abi l i t y  of  t he wel der  t o meet  t he 
r equi r ed qual i f i cat i ons.   Wel der s shal l  be t est ed f or  wel ds i n al l  
posi t i ons,  i ncl udi ng wel ds wi t h t he axi s hor i zont al  ( not  r ol l ed)  and wi t h 
t he axi s ver t i cal .   Each wel der  shal l :

a.   Wel d onl y i n posi t i ons i n whi ch t hey have qual i f i ed.

b.   I dent i f y wel ds wi t h t he speci f i c  code mar ki ng s i gni f y i ng name and 
number  assi gned.

3. 4. 3   Exami nat i on Resul t s

Fur ni sh a l i s t  of  wel der ' s names and cor r espondi ng code mar ki ngs.   Wel der s 
whi ch f ai l  t o meet  t he pr escr i bed wel di ng qual i f i cat i ons shal l  be 
r et est ed.   Wel der s who f ai l  t he second t est  shal l  be di squal i f i ed f or  wor k 
on t hi s pr oj ect .

3. 4. 4   Beveling

Fi el d and shop bevel s shal l  be done by mechani cal  means or  by f l ame 
cut t i ng.   Wher e bevel i ng i s done by f l ame cut t i ng,  sur f aces shal l  be 
t hor oughl y c l eaned of  scal e and oxi dat i on j ust  pr i or  t o wel di ng.

3. 4. 5   Alignment

Spl i t  wel di ng r i ngs shal l  be used f or  f i el d j oi nt s on car r i er  pi pes above 
50 mm 2 i nches t o assur e pr oper  al i gnment ,  compl et e wel d penet r at i on,  and 
pr event i on of  wel d spat t er  r eachi ng t he i nt er i or  of  t he pi pe.   Fi el d j oi nt s 
50 mm 2 i nches and smal l er  shal l  be made wi t h wel di ng socket s.

3. 4. 6   Erection

Pi pi ng shal l  not  be spl i t ,  bent ,  f l at t ened,  or  ot her wi se damaged bef or e,  
dur i ng,  or  af t er  i nst al l at i on.   Wher e t he pi pe t emper at ur e f al l s  t o 0 
degr ees C 32 degr ees F or  l ower ,  t he pi pe shal l  be heat ed t o appr oxi mat el y 
38 degr ees C 00 degr ees F f or  a di st ance of  300 mm 1 f oot  on each s i de of  
t he wel d bef or e wel di ng,  and t he wel d shal l  be f i ni shed bef or e t he pi pe 
cool s t o 0 degr ees C 32 degr ees F.

3. 4. 7   Def ect i ve Wel ds

Def ect i ve wel ds shal l  be r epl aced and r ei nspect ed i n accor dance wi t h 
ASME B31. 1.   Repai r i ng def ect i ve wel ds by addi ng wel d mat er i al  over  t he 
def ect  or  by peeni ng wi l l  not  be per mi t t ed.   Wel der s r esponsi bl e f or  
def ect i ve wel ds shal l  be t est ed f or  qual i f i cat i on.
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3. 4. 8   Electrodes

El ect r odes shal l  be st or ed i n a dr y,  heat ed ar ea,  and shal l  be kept  f r ee of  
moi st ur e and dampness dur i ng f abr i cat i on oper at i ons.   El ect r odes t hat  have 
l ost  par t  of  t hei r  coat i ng shal l  not  be used.

3. 4. 9   Radi ogr aphi c Test i ng

An appr oved i ndependent  t est i ng f i r m r egul ar l y engaged i n r adi ogr aphi c 
t est i ng shal l  per f or m r adi ogr aphi c exami nat i on of  100 per cent  of  t he f i el d 
wel ds i n t he car r i er  pi pi ng of  di r ect - bur i ed syst ems i n accor dance wi t h 
ASME B31. 1.   The f ol l owi ng shal l  be f ur ni shed:  a set  of  f i l ms showi ng each 
wel d i nspect ed,  a r eadi ng r epor t  eval uat i ng t he qual i t y  of  each wel d,  and a 
l ocat i on pl an showi ng t he physi cal  l ocat i on wher e each wel d i s t o be f ound 
i n t he compl et ed pr oj ect ,  pr i or  t o i nst al l i ng casi ng f i el d j oi nt s,  
backf i l l i ng and hydr ost at i c t est i ng.   Al l  r adi ogr aphs shal l  be r evi ewed and 
i nt er pr et ed by a Cer t i f i ed Amer i can Soci et y f or  Nondest r uct i ve Test i ng 
Level  I I I  r adi ogr apher ,  empl oyed by t he t est i ng f i r m,  who shal l  s i gn t he 
r eadi ng r epor t .   The Cont r act i ng Of f i cer  may r evi ew al l  i nspect i on r ecor ds,  
and i f  any wel ds i nspect ed ar e f ound unaccept abl e t hey shal l  be r emoved,  
r ewel ded,  and r adi ogr aphi cal l y r eexami ned at  no cost  t o t he Gover nment .

3. 5   HEAT DI STRI BUTI ON SYSTEM I NSTALLATI ON

Submi t  a compl et e descr i pt i on of  t he desi gn and assembl y of  t he syst em,  
mat er i al s of  const r uct i on and f i el d i nst al l at i on i nst r uct i ons,  not  l at er  
t han [ 21 days]  [ _____]  pr i or  t o t he st ar t  of  f i el d measur ement s.   I ncl ude 
suf f i c i ent  syst em det ai l s  t o show t hat  t he speci f i ed mi ni mum i nsul at i on 
t hi ckness has been met .   A det ai l ed desi gn l ayout  of  t he syst em ( pl an and 
el evat i on v i ews)  showi ng s i ze,  t ype,  el evat i ons and l ocat i on of  each 
component  t o be used i n t he syst em,  t he desi gn and l ocat i on of  anchor s,  
pi pe gui des,  pi pe suppor t s,  expansi on l oops,  Z- bends,  L- bends,  end seal s,  
l eak pl at es,  j oi nt  l ocat i ons,  pi pe and i nsul at i on t hi ckness and si zes,  
t ypes,  and movement s,  connect i on t o manhol e and bui l di ng wal l  penet r at i ons,  
and i ncl udi ng,  i f  appl i cabl e,  det ai l s  of  t r ansi t i on poi nt  t o abovegr ound or  
ot her  t ype syst ems.   Al so,  i f  appl i cabl e,  t ype and det ai l s  of  t he cat hodi c 
pr ot ect i on syst em t o be used.   Det ai l ed desi gn l ayout  dr awi ngs shal l  be 
st amped by a r egi st er ed Pr of essi onal  Engi neer .   The UHDS manuf act ur er ' s 
r epr esent at i ve shal l  over see t he del i ver y,  st or age,  i nst al l at i on and 
t est i ng of  t he syst em.   Wor k shal l  be i n accor dance wi t h t he r equi r ement s 
speci f i ed and wi t h t he pr i nt ed i nst r uct i ons of  t he manuf act ur er .   These 
speci f i cat i ons shal l  t ake pr ecedence over  t he pr i nt ed i nst r uct i ons i f  
conf l i c t s ar i se.   Pr i nt ed i nst r uct i ons shal l  be submi t t ed t o t he 
Cont r act i ng Of f i cer  pr i or  t o syst em i nst al l at i on.   Submi t  oper at i on and 
mai nt enance manual  l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  pr ocedur es f or  r ecor di ng condui t  t emper at ur es 
bi annual l y,  and t r oubl eshoot i ng gui des,  bef or e compl et i on of  wor k.   I ncl ude 
i n t he Manual  as- bui l t  pi pi ng l ayout  of  t he syst em wi t h f i nal  el evat i ons.

3. 5. 1   Ver i f i cat i on of  Fi nal  El evat i ons

For  t he PI PI  syst em,  pr i or  t o cover i ng t he t op of  t he pi pe wi t h PI PI ,  
measur e and r ecor d t he el evat i on of  t he t op of  each pi pe at  each f i el d 
j oi nt ,  1/ 3 poi nt s al ong each pi pe sect i on,  and t he t op of  each el bow.   For  
t he PI PI  syst em,  el evat i ons of  t he t op of  each pi pe shal l  be measur ed and 
r ecor ded.   El evat i ons shal l  be t aken at  ever y compl et ed f i el d j oi nt ,  1/ 3 
poi nt s al ong each pi pe sect i on and t op of  el bows.   These measur ement s shal l  
be checked agai nst  t he cont r act  dr awi ngs and shal l  conf i r m t hat  t he condui t  
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syst em has been i nst al l ed t o t he el evat i ons shown on t he cont r act  
dr awi ngs.   Sl ope shal l  be uni f or m t o wi t hi n 0. 1 per cent .   These 
measur ement s shal l  be r ecor ded by t he Cont r act or ,  i ncl uded i n t he UHDS 
manuf act ur er ' s r epr esent at i ve dai l y r epor t ,  and gi ven t o t he Cont r act i ng 
Of f i cer  pr i or  t o cover i ng t he casi ng wi t h backf i l l  mat er i al .

3. 5. 2   Excavat i on,  Tr enchi ng,  and Backf i l l i ng

**************************************************************************
NOTE:   The desi gner  must  coor di nat e t he t ype of  sand 
t o be used wi t h Sect i on 31 00 00 EARTHWORK.   Do not  
al l ow beach sand or  any sand wi t h l ar ge amount s of  
chl or i des t o be speci f i ed.

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

Excavat i on,  t r enchi ng,  and backf i l l i ng shal l  be per f or med as r equi r ed by 
t he UHDS manuf act ur er ' s desi gn and as speci f i ed i n Sect i on [ 31 00 00 
EARTHWORK] .   Pi pe shal l  l ay on a 305 mm 12 i nch mi ni mum sand bed and shal l  
be backf i l l ed wi t h sand on al l  s i des t o a mi ni mum of  150 mm 6 i nches as 
measur ed f r om out si de of  casi ng.   Thi s sand beddi ng r equi r ement  does not  
appl y t o t he PI PI  syst em.   Foundat i on f or  syst em shal l  be f i r m and st abl e.   
Foundat i on and backf i l l  shal l  be f r ee f r om r ocks or  subst ances whi ch coul d 
damage t he syst em coat i ng.   Concr et e anchor  and t hr ust  bl ocks shal l  be 
i nst al l ed i n undi st ur bed ear t h.   Backf i l l i ng shal l  not  commence unt i l  
syst em has been sat i sf act or i l y  pr essur e t est ed ( bot h hydr ost at i c t est  of  
car r i er  and ai r  t est  of  casi ng) .   Mi ni mum dept h of  bur i al  t o t he t op of  t he 
casi ng ( or  PI PI  envel ope)  shal l  be 1 m 39 i nches.   Maxi mum dept h of  bur i al  
t o t he t op of  t he casi ng ( or  PI PI  envel ope)  shal l  be 3 m 10 f eet .

3. 5. 3   UHDS Manuf act ur er ' s Repr esent at i ve Responsi bi l i t i es

The UHDS Manuf act ur er ' s r epr esent at i ve shal l  be pr esent  at  t he j ob s i t e and 
wi t ness when t he f ol l owi ng t ypes of  wor k ar e bei ng per f or med:

a.   I nspect i on and unl oadi ng ( not  appl i cabl e t o PI PI ) .

b.   I nspect i on of  t r ench pr i or  t o commenci ng i nst al l at i on of  syst em.

c.   I nspect i on of  concr et e anchor s and t hr ust  bl ocks.

d.   Pneumat i c and Hydr ost at i c t est i ng.

e.   Fi el d j oi nt  c l osur e wor k ( not  appl i cabl e t o PI PI ) .

f .   Ai r  t est  of  casi ng ( not  appl i cabl e t o al l  WSL syst ems) .

g.   Hol i day t est  of  condui t  coat i ng ( not  appl i cabl e t o al l  WSL syst ems) .

h.   Repai r  of  any coat i ng ( not  appl i cabl e t o al l  WSL syst ems) .

i .   I nst al l at i on of  cat hodi c pr ot ect i on syst em ( not  appl i cabl e t o al l  WSL 
systems).

j .   I ni t i al  backf i l l  up t o 250 mm 10 i nches above t he t op of  t he casi ng.

k.   Ver i f i cat i on of  f i nal  el evat i ons.   El evat i on r eadi ngs shal l  be 
wi t nessed and r ecor ded.

l .   Test i ng of  cat hodi c pr ot ect i on syst em ( not  appl i cabl e t o al l  WSL 
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systems).

m.   Oper at i onal  t est s.

The UHDS manuf act ur er ' s r epr esent at i ve shal l  not i f y  t he Cont r act or  
i mmedi at el y of  any pr obl ems.   The UHDS manuf act ur er ' s r epr esent at i ve shal l  
not i f y  t he Cont r act i ng Of f i cer  of  pr obl ems r equi r i ng i mmedi at e act i on;  
ot her wi se,  t he dai l y r epor t s shal l  not e any pr obl ems encount er ed and 
i ndi cat e t he cor r ect i ve act i ons t aken.

3. 5. 4   UHDS Manuf act ur er ' s Repr esent at i ve Repor t s

The UHDS manuf act ur er ' s r epr esent at i ve shal l :   pr epar e and si gn a wr i t t en 
dai l y r epor t ;  pr esent  t he or i gi nal  dai l y  r epor t  t o t he Cont r act i ng Of f i cer  
no l at er  t han one wor ki ng day af t er  i t  i s  pr epar ed;  and f or war d 1 copy t o 
t he manuf act ur er ' s mai n of f i ce.   The r epor t  shal l  s t at e whet her  or  not  t he 
condi t i on and qual i t y  of  t he mat er i al s used and t he del i ver y,  st or age,  
i nst al l at i on and t est i ng of  t he syst em ar e i n accor dance wi t h t he dr awi ngs,  
speci f i cat i ons,  and manuf act ur er ' s pr i nt ed i nst r uct i ons and ar e 
sat i sf act or y i n al l  r espect s.   When any wor k connect ed wi t h t he 
i nst al l at i on i s unsat i sf act or y,  t he r epor t  shal l  s t at e what  cor r ect i ve 
act i on has been t aken or  shal l  cont ai n t he UHDS manuf act ur er ' s 
r ecommendat i ons f or  cor r ect i ve act i on.   The r epor t  shal l  i dent i f y any 
condi t i on t hat  coul d r esul t  i n an unsat i sf act or y i nst al l at i on,  i ncl udi ng 
such i t ems as open condui t  ends l ef t  i n t he t r ench over ni ght  and i mpr oper  
manhol e ent r i es.   The dai l y r epor t s shal l  be r evi ewed,  s i gned and seal ed,  
on a weekl y basi s,  by t he r egi st er ed engi neer  r esponsi bl e f or  t he syst em 
desi gn.   Si gned and seal ed copi es of  t he dai l y r epor t s shal l  be submi t t ed 
wi t h t he payment  r equest .   Request s f or  payment  wi l l  be deni ed i f  t he 
weekl y r evi ew i s  not  accompl i shed.   Upon compl et i on of  t he wor k and bef or e 
f i nal  accept ance,  a not ar i zed Cer t i f i cat e of  Compl i ance,  s i gned by a 
pr i nci pal  of f i cer  of  bot h t he manuf act ur i ng and t he cont r act i ng f i r ms,  
st at i ng t hat  t he i nst al l at i on i s sat i sf act or y and i n accor dance wi t h 
dr awi ngs,  speci f i cat i ons,  and manuf act ur er ' s i nst r uct i ons shal l  be 
del i ver ed t o t he Cont r act i ng Of f i cer .   The UHDS manuf act ur er  shal l  r et ai n a 
copy of  al l  dai l y  r epor t s and t he Cer t i f i cat e of  Compl i ance f or  5 year s 
af t er  f i nal  accept ance of  t he syst em by t he Gover nment .

3. 5. 5   Protection

Casi ng coat i ng shal l  be pr ot ect ed f r om damage dur i ng unl oadi ng,  st or age,  
r i ggi ng and i nst al l at i on.   Casi ng and car r i er  pi pe ends shal l  be pr ot ect ed 
f r om wat er  i nt r usi on dur i ng unl oadi ng,  st or age,  r i ggi ng and i nst al l at i on.   
Pi pi ng and accessor i es shal l  be pr ot ect ed f r om damage due t o exposur e t o UV 
light.

3. 5. 6   Def ect i ve Mat er i al

The UHDS manuf act ur er ' s r epr esent at i ve shal l  t ake pr ompt  act i on t o r emove 
f r om t he s i t e al l  damaged or  def ect i ve mat er i al ,  subj ect  t o r ej ect i on i n 
accor dance wi t h t he qual i t y  assur ance pr ovi s i ons i ncl uded i n t he 
manuf act ur er ' s submi t t al s and pr i nt ed i nst r uct i ons,  and shal l  or der  pr ompt  
r epl acement  of  such mat er i al .

3. 5. 7   Cat hodi c Pr ot ect i on I nst al l at i on

**************************************************************************
NOTE:   Desi gner  must  i ndi cat e on t he cont r act  
dr awi ngs t hat  di el ect r i c  separ at i on i s shown wher e 
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UHDS ent er  bui l di ngs or  above t r ansi t i on f r om 
under gr ound t o abovegr ound pi pi ng.

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

Pr ovi de cat hodi c pr ot ect i on f or  al l  s t eel  casi ng syst ems and al l  bur i ed 
exposed met al .   Assume t hat  25 per cent  of  t he ext er i or  of  t he UHDS i s 
exposed met al .   Submi t  desi gn l i f e cal cul at i ons f or  t he cat hodi c pr ot ect i on 
syst em,  not  l at er  t han [ 7 days]  [ _____]  af t er  not i ce t o pr oceed.   
Cal cul at i ons shal l  be st amped by an NACE qual i f i ed cor r osi on engi neer .   
Cat hodi c pr ot ect i on syst ems shal l  have a mi ni mum desi gn l i f e of  25 year s 
and shal l  conf or m t o Sect i on [ 26 42 14. 00 10 CATHODI C PROTECTI ON SYSTEM 
( SACRI FI CI AL ANODE) ]  [ or ]  [ 26 42 17. 00 10 CATHODI C PROTECTI ON SYSTEM 
( I MPRESSED CURRENT) ] .   Di el ect r i c  pi pe f l anges and wat er ways,  and i sol at i on 
devi ces shal l  be pr ovi ded at  al l  poi nt s necessar y.   Test  st at i ons at  gr ade 
shal l  be pr ovi ded on each sect i on of  t he pi pi ng syst em.   Di el ect r i c  
wat er ways shal l  have t emper at ur e and pr essur e r at i ng equal  t o or  gr eat er  
t han t hat  speci f i ed f or  t he connect i ng pi pi ng.   Wat er ways shal l  have met al  
connect i ons on bot h ends sui t ed t o mat ch t he connect i ng pi pi ng.   Di el ect r i c  
wat er ways shal l  be i nt er nal l y l i ned wi t h an i nsul at or  speci f i cal l y  desi gned 
t o pr event  cur r ent  f l ow bet ween di ssi mi l ar  met al s.   Di el ect r i c  f l anges 
shal l  meet  t he per f or mance r equi r ement s descr i bed her ei n f or  di el ect r i c  
waterways.

3. 6   TESTS

Submi t  a pr oposed t est  pr ocedur e and pr oposed sampl es of  t est  dat a sheet s 
f or  each r equi r ed t est ,  30 days pr i or  t o t he pr oposed t est  dat e.   The 
pr ocedur e shal l  cont ai n a compl et e descr i pt i on of  t he pr oposed t est  wi t h 
cal i br at i on cur ves or  t est  r esul t s f ur ni shed by an i ndependent  t est i ng 
l abor at or y of  each i nst r ument ,  met er ,  gauge,  and t her momet er  t o be used i n 
t he t est s.   The t est  shal l  not  commence unt i l  t he pr ocedur e has been 
appr oved.   Leak- t i ght ness of  al l  pi pi ng syst ems shal l  be demonst r at ed by 
per f or mi ng pr essur e t est s ( hydr ost at i c,  pneumat i c)  and oper at i onal  t est s.   
Heat  di st r i but i on syst em shal l  be pr essur e t est ed i n conf or mance wi t h 
speci f i ed r equi r ement s and pr i nt ed i nst r uct i ons f or  t he syst em suppl i ed;  
t est s shal l  i ncl ude car r i er  pi pi ng and casi ng.   The car r i er  pi pe shal l  be 
hydr ost at i cal l y  t est ed.   Casi ngs of  DDT syst ems shal l  be pneumat i cal l y  
t est ed.   Casi ng and end seal s of  WSL syst em shal l  be t est ed f or  i nt r usi on 
of  wat er  i nt o t he casi ng and i nsul at i on.   Mer cur y shal l  not  be used i n 
t her momet er s r equi r ed f or  t he t est s.

3. 6. 1   Hol i day Test i ng of  Di r ect - bur i ed Syst em St eel  Casi ngs

Ent i r e ext er i or  sur f ace of  t he casi ng,  i ncl udi ng t he bot t om ext er i or  
sur f ace,  shal l  be t est ed f or  f aul t s i n coat i ng af t er  i nst al l at i on i n 
t r ench,  pr i or  t o backf i l l i ng,  usi ng t est  met hod and vol t age r ecommended by 
coat i ng manuf act ur er .   I f  any hol i days ar e f ound,  t hey shal l  be r epai r ed 
and t he coat i ng r et est ed.   Syst em shal l  not  be backf i l l ed unt i l  al l  
hol i days ar e el i mi nat ed.

3. 6. 2   Pneumat i c,  Hydr ost at i c and Oper at i onal  Test s

Bef or e conduct i ng heat  di st r i but i on syst em t est s,  l i nes shal l  be f l ushed 
wi t h hi gh pr essur e wat er  unt i l  [ di schar ge shows no f or ei gn mat t er ]  [ t he 
Cont r act i ng Of f i cer ,  af t er  exami ni ng t he di schar ge,  st ops t he f l ush] .

3. 6. 2. 1   Pneumat i c Test

The casi ng of  DDT syst ems shal l  be pneumat i cal l y  t est ed af t er  wel di ng and 
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bef or e f i el d coat i ng usi ng ai r  as t he t est  medi um.   The t est  pr essur e shal l  
be 103 kPa 5 psi g.   Per sons not  wor ki ng on t he t est  oper at i ons shal l  be 
kept  out  of  t he t est i ng ar ea whi l e t est i ng i s pr oceedi ng.   The t est  shal l  
be made on t he syst em as a whol e or  on sect i ons t hat  can be i sol at ed.   
Joi nt s i n sect i ons shal l  be t est ed pr i or  t o backf i l l i ng when t r enches must  
be backf i l l ed bef or e t he compl et i on of  ot her  pi pel i ne sect i ons.   The t est  
shal l  cont i nue f or  24 hour s f r om t he t i me of  t he i ni t i al  r eadi ngs t o t he 
f i nal  r eadi ngs of  pr essur e and t emper at ur e.   The i ni t i al  t est  r eadi ngs of  
t he i nst r ument  shal l  not  be made f or  at  l east  1 hour  af t er  t he casi ng has 
been subj ect ed t o t he f ul l  t est  pr essur e,  and nei t her  t he i ni t i al  nor  f i nal  
r eadi ngs shal l  be made at  t i mes of  r api d changes i n at mospher i c 
condi t i ons.   Ther e shal l  be no i ndi cat i on of  r educt i on of  pr essur e dur i ng 
t he t est  af t er  cor r ect i ons have been made f or  changes i n at mospher i c 
condi t i ons i n conf or mi t y wi t h t he r el at i onshi p T( 1) P( 2)  = T( 2) P( 1) ,  i n 
whi ch T and P denot e absol ut e t emper at ur e and pr essur e,  r espect i vel y,  and 
t he number s denot e i ni t i al  ( 1)  and f i nal  ( 2)  r eadi ngs.   Pr essur e shal l  be 
measur ed wi t h a pr essur e gauge conf or mi ng t o ASME B40. 100.   A t hr ot t l i ng 
t ype needl e val ve or  a pul sat i on dampener  and shut of f  val ve may be 
i ncl uded.   The di amet er  of  t he f ace shal l  be at  l east  114 mm 4. 5 i nches 
wi t h a measur abl e r ange of  0 t o 103 kPa 0 t o 15 psi g and gr aduat i ons of  at  
l east  0. 5 kPa 0. 5 psi g.   Dur i ng t he t est ,  t he ent i r e syst em shal l  be 
compl et el y i sol at ed f r om al l  compr essor s and ot her  sour ces of  ai r  
pr essur e.   Each j oi nt  shal l  be t est ed whi l e under  t est  pr essur e by means of  
soap and wat er  or  an equi val ent  nonf l ammabl e sol ut i on pr i or  t o backf i l l i ng 
or  conceal i ng any wor k.   Al l  l abor ,  mat er i al s and equi pment  f or  conduct i ng 
t he t est s shal l  be f ur ni shed by t he Cont r act or  and shal l  be subj ect  t o 
i nspect i on at  al l  t i mes dur i ng t he t est s.   Mai nt ai n pr oper  saf et y 
pr ecaut i ons f or  ai r  pr essur e t est i ng at  al l  t i mes dur i ng t he t est s.

3. 6. 2. 2   Hydr ost at i c Test

Car r i er  pi pi ng shal l  be t est ed hydr ost at i cal l y  bef or e i nsul at i on i s  appl i ed 
at  f i el d j oi nt s and shal l  be pr oved t i ght  at  a pr essur e 1. 5 t i mes t he heat  
di st r i but i on suppl y pr essur e of  [ _____]  kPa psi g f or  2 hour s.   Ther e shal l  
be no i ndi cat i on of  r educt i on of  pr essur e dur i ng t he t est .   Pr essur e shal l  
be measur ed wi t h a devi ce cal i br at ed t o be r ead i n i ncr ement s not  gr eat er  
t han 1 kPa 0. 1 psi .

3. 6. 2. 3   Oper at i onal  Test

Pr i or  t o accept ance of  t he i nst al l at i on,  subj ect  syst em t o oper at i ng t est s 
s i mul at i ng act ual  oper at i ng condi t i ons t o demonst r at e sat i sf act or y 
f unct i onal  and oper at i ng ef f i c i ency.   These oper at i ng t est s shal l  cover  a 
per i od of  not  l ess t han 6 hour s f or  each por t i on of  syst em t est ed.   Submi t  
f or  appr oval  a schedul e of  t he t est s t o be per f or med [ 14 days]  [ _____]  i n 
advance.   Pr ovi de cal i br at ed i nst r ument s,  equi pment ,  f aci l i t i es and l abor ,  
at  no addi t i onal  cost  t o t he Gover nment .   When f ai l ur es occur ,  pr obl ems 
shal l  be r epai r ed and t est  r epeat ed.

3. 6. 3   Deficiencies

Def i c i enci es di scover ed shal l  be cor r ect ed at  t he Cont r act or ' s expense.   
Maj or  def i c i enci es,  or  f ai l ur e t o cor r ect  def i c i enci es,  may be consi der ed 
cause f or  r ej ect i ng t he ent i r e i nst al l at i on.

3. 7   VALVE MANHOLES

**************************************************************************
NOTE:   I ncl ude a sect i on based on Sect i on 33 61 13. 19
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 VALVES,  PI PI NG,  AND EQUI PMENT I N VALVE MANHOLES as 
par t  of  t he cont r act  speci f i cat i ons f or  t hi s j ob.   
I ncl ude seal i ng of  pi pe penet r at i ons t hr ough manhol e 
wal l s i n t he desi gn of  t he manhol e.

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

Val ve manhol es,  pi pi ng,  and equi pment  i n val ve manhol es shal l  be i n 
accor dance wi t h t he cont r act  dr awi ngs and Sect i on 33 61 13. 19 
VALVES, PI PI NG,  AND EQUI PMENT I N VALVE MANHOLES.

3. 8   BURI ED UTI LI TY WARNI NG AND I DENTI FI CATI ON

3. 8. 1   Pl ast i c Mar ki ng Tape

Pol yet hyl ene pl ast i c t ape manuf act ur ed speci f i cal l y  f or  war ni ng and 
i dent i f y i ng bur i ed ut i l i t y  l i nes shal l  be suppl i ed and i nst al l ed.   Tape 
shal l  be bur i ed above t he pi pe dur i ng t he t r ench backf i l l i ng oper at i on and 
shal l  be bur i ed appr oxi mat el y 300 mm 12 i nches bel ow gr ade.   Tape shal l  be [
0. 1 mm 0. 004 i nch t hi ck pol yet hyl ene]  [ pol yet hyl ene wi t h a met al l i c  cor e] .   
Tape shal l  be aci d-  and al kal i - r esi st ant  and shal l  have a mi ni mum st r engt h 
of  12 MPa 1750 psi  l engt hwi se and 10. 3 MPa 1500 psi  cr osswi se wi t h an 
el ongat i on f act or  of  350 per cent .   The t ape shal l  be manuf act ur ed wi t h 
i nt egr al  wi r es,  f oi l  backi ng or  ot her  means t o enabl e det ect i on by a met al  
det ect or  when t he t ape i s bur i ed up t o 1 m 3 f eet  deep.   The met al l i c  cor e 
of  t he t ape shal l  be encased i n a pr ot ect i ve j acket  or  pr ovi ded wi t h ot her  
means t o pr ot ect  i t  f r om cor r osi on.   The t ape shal l  be of  a t ype 
speci f i cal l y  manuf act ur ed f or  mar ki ng and l ocat i ng met al l i c  under gr ound 
ut i l i t i es.   Tape shal l  be 150 mm 6 i nches wi de and pr i nt ed wi t h a caut i on 
and i dent i f i cat i on of  t he pi pi ng syst em over  t he ent i r e t ape l engt h.   Tape 
shal l  be yel l ow wi t h bol d bl ack l et t er s.   Tape col or  and l et t er i ng shal l  be 
unaf f ect ed by moi st ur e and ot her  subst ances cont ai ned i n t he backf i l l  
material.

3. 8. 2   Mar ker s f or  Under gr ound Pi pi ng

**************************************************************************
NOTE:   I ndi cat e t he l ocat i on of  t he mar ker s on t he 
cont r act  dr awi ngs f or  pr oj ect s t hat  r equi r e 
mar ker s.   Del et e t he par agr aph i f  not  needed i n t he 
project.

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

Mar ker s f or  under gr ound pi pi ng shal l  be l ocat ed al ong t he di st r i but i on and 
ser vi ce l i nes.   Mar ker s shal l  be pl aced as i ndi cat ed appr oxi mat el y 600 mm 2 
f eet  t o t he r i ght  of  t he di st r i but i on syst em when f aci ng i n di r ect i on of  
f l ow i n t he suppl y l i ne.   The mar ker  shal l  be concr et e 150 mm 6 i nch squar e 
or  r ound sect i on [ 600]  [ 900]  mm [ 2]  [ 3]  f eet  l ong.   The t op edge of  t he 
mar ker  shal l  have a mi ni mum 13 mm 1/ 2 i nch chamf er  al l  ar ound.   The l et t er s 
[ STEAM]  [ HTHW]  [ CONDENSATE]  shal l  be i mpr essed or  cast  on t he t op,  and on 
one si de of  t he mar ker s t o i ndi cat e t he t ype of  syst em t hat  i s  bei ng 
i dent i f i ed.   Each l et t er  shal l  be f or med wi t h a V- shaped gr oove and shal l  
have a wi dt h of  st r oke at  l east  6 mm 1/ 4 i nch at  t he t op and dept h of  6 mm 
1/ 4 i nch.   The t op of  t he mar ker  shal l  pr ot r ude not  mor e t han [ 25]  [ 50]  
[ 75]  [ 100]  mm [ 1]  [ 2]  [ 3]  [ 4]  i nches above f i ni shed gr ade.

3. 9   THERMAL PERFORMANCE TESTI NG

**************************************************************************
NOTE:   The t emper at ur es i n Tabl e 3 ar e based on 
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cal cul at i ons t hat  assume 85 per cent  of  t he t her mal  
r esi st ance of  a new pr oper l y f unct i oni ng syst em i s 
i n t he i nsul at i on and t hat  a degr adat i on of  up t o 50 
per cent  of  t he or i gi nal  t her mal  r esi st ance wi l l  be 
al l owed.   A soi l  t emper at ur e of  15 degr ees C 60 
degr ees F was al so assumed i n t he cal cul at i ons.

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

The equi pment  and pr ocedur es speci f i ed shal l  be used t o ensur e accept abl e 
t her mal  per f or mance of  t he i nst al l ed syst em.   Submi t  manuf act ur er ' s  dat a 
sheet s on al l  UHDS component s and t he i nst r ument at i on r equi r ed f or  t her mal  
per f or mance t est i ng,  [ _____]  days af t er  not i ce t o pr oceed.   Because of  i t s  
geomet r y,  t he PI PI  syst em i s exempt  f r om t he t her mal  per f or mance t est  
r equi r ement ;  t he t est  r esul t s shal l  be submi t t ed f or  appr oval .   Al l  
mat er i al s and pr ocedur es descr i bed f or  t hi s t est  shal l  be i ncl uded as 
del i ver abl es of  t he const r uct i on cont r act  f or  t he syst em,  unl ess ot her wi se 
not ed.   Due t o i t s  geomet r y,  t he PI PI  syst em i s exempt  f r om t hi s 
requirement.

3. 9. 1   Equipment

3. 9. 1. 1   Casi ng Temper at ur e Measur ement

Bef or e backf i l l i ng,  and af t er  f i el d j oi nt  c l osur es have been wel ded t o t he 
casi ng and t he coat i ng has been appl i ed and cur ed,  t emper at ur e sensor s 
shal l  be at t ached t o t he ext er i or  of  ever y ot her  f i el d j oi nt  c l osur e.   The 
sensor s shal l  be at t ached wi t h epoxy sui t abl e f or  use at  260 degr ees C 500 
degr ees F.   A sensor  shal l  be adher ed wi t h epoxy t o t he coat ed casi ng near  
t he mi dpoi nt  of  ever y ot her  pi pe sect i on bet ween f i el d j oi nt s.   The sensor  
shal l  not  be l ocat ed c l oser  t han 1. 5 m 5 f eet  f r om any gui de i n t he 
i nt er i or  of  t he casi ng.   Af t er  t he sensor s have been adher ed t o t he casi ng,  
2 compl et e wr aps of  duct  t ape shal l  be used t o secur e and pr ot ect  t he 
sensor .   The r adi al  posi t i on of  t he sensor s shal l  be l ocat ed 45 degr ees 
f r om t he t op cent er  of  t he casi ng,  at  ei t her  t he 1: 30 or  10: 30 posi t i on,  
away f r om t he adj acent  heat  di st r i but i on syst em pi pe i f  pr esent .   Al l  
sensor s shal l  be t ype T t her mocoupl es i n accor dance wi t h I SA MC96. 1 copper  
const ant an 20 gauge t her mocoupl es,  made f r om speci al  l i mi t s gr ade 
t her mocoupl e wi r e,  0. 5 degr ees C or  0. 4 per cent  maxi mum er r or ,  wi t h each 
conduct or  i nsul at ed and an over al l  j acket  on bot h conduct or s.   I nsul at i on 
on t he t her mocoupl e wi r es shal l  be sui t abl e f or  ser vi ce at  260 degr ees C 
500 degr ees F.   The t her mocoupl e wi r e bet ween sensor  l ocat i on and 
t er mi nat i on poi nt  shal l  be cont i nuous wi t h no spl i c i ng or  ot her  
connect i ons.   Each sensor  shal l  be shown wi t h a speci al  symbol  on t he 
det ai l ed desi gn l ayout  dr awi ngs and shal l  be i dent i f i ed by a number  and/ or  
l et t er  code,  st ar t i ng f r om t he upst r eam manhol e.

3. 9. 1. 2   Car r i er  Pi pe Temper at ur e Measur ement

Car r i er  pi pe t emper at ur e shal l  be measur ed wi t hi n t he manhol e wher e t he 
panel  box i s l ocat ed.   Car r i er  pi pe t emper at ur e shal l  be measur ed by a 
sensor  adher ed wi t h epoxy di r ect l y t o t he ext er i or  of  t he car r i er  pi pe.   
Al l  sensor s shal l  be t ype T t her mocoupl es i n accor dance wi t h I SA MC96. 1 
copper  const ant an 20 gauge t her mocoupl es,  made f r om speci al  l i mi t s gr ade 
t her mocoupl e wi r e,  0. 5 degr ees C or  0. 4 per cent  maxi mum er r or ,  wi t h each 
conduct or  i nsul at ed and an over al l  j acket  on bot h conduct or s.   I nsul at i on 
on t he t her mocoupl e wi r es shal l  be sui t abl e f or  ser vi ce at  260 degr ees C 
500 degr ees F.   The t her mocoupl e wi r e bet ween sensor  l ocat i on and 
t er mi nat i on poi nt  shal l  be cont i nuous wi t h no spl i c i ng or  ot her  
connect i ons.   The l ocat i on of  t hi s sensor  shal l  be at  ei t her  t he 1: 30 or  
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10: 30 posi t i on.   At  t he l ocat i on of  t he sensor ,  t he car r i er  pi pe shal l  be 
i nsul at ed wi t h cal c i um si l i cat e i nsul at i on at  l east  125 mm 5 i nches t hi ck.   
Thi s i nsul at i on shal l  ext end at  l east  150 mm 6 i nches on each si de of  t he 
act ual  sensor  l ocat i on and shal l  be c l ad wi t h an al umi num j acket .

3. 9. 1. 3   Terminals

The wi r es f r om each casi ng or  car r i er  pi pe t emper at ur e sensor  shal l  be 
ext ended i nt o t he near est  manhol e and t er mi nat ed i n a panel  box.   The panel  
box shal l  be a NEMA Type 4 wat er pr oof  encl osur e,  of  sui t abl e s i ze,  mount ed 
near  t he t op of  t he manhol e at  a l ocat i on near  t he manhol e ent r ance,  
accessi bl e wi t hout  ent r ance i nt o t he manhol e,  wher e possi bl e.   The 
t er mi nat i on of  t he sensor  wi r es shal l  be wi t h an appr oved connect or  of  t ype 
[ OMEGA Mi ni at ur e Jack Panel  ( MJP- * - * - T) ]  [ _____] .   The t her mocoupl e j ack 
panel  shal l  be mount ed t o t he back pl at e of  t he panel  box.   The t emper at ur e 
sensor s shal l  be l abel ed at  t hei r  t er mi nat i on wi t hi n t he panel  box;  a 
dr awi ng showi ng t he l ocat i on of  each t emper at ur e sensor  shal l  be l ami nat ed 
and at t ached t o t he i nsi de of  t he panel  box.   Al l  t emper at ur e sensor s shal l  
be ver i f i ed as oper at i onal  by an i ndependent  l abor at or y,  hi r ed by t he 
Cont r act or ,  af t er  backf i l l i ng i s compl et e but  bef or e t he syst em i s accept ed.

3. 9. 2   Ther mal  Per f or mance Test

Af t er  t he syst em const r uct i on i s compl et e,  i ncl udi ng backf i l l i ng,  and t he 
syst em has r eached oper at i ng condi t i on f or  at  l east  30 days,  al l  of  t he 
t emper at ur e sensor s shal l  be r ead by an i ndependent  l abor at or y wi t h 
exper i ence and equi pment  appr opr i at e f or  t he sensor s used.   The t emper at ur e 
shal l  be r ecor ded f or  each sensor .   The t emper at ur es shal l  be t abul at ed and 
submi t t ed i n accor dance wi t h speci f i ed r equi r ement s.   I f  t emper at ur es 
exceed val ues i n Tabl e 3,  t hat  por t i on shal l  be r epai r ed and t emper at ur es 
agai n measur ed and r ecor ded.

TABLE 3

Car r i er  Pi pe Temper at ur e -  TP
( degr ees C F)

Accept abl e Casi ng Temper at ur e -  TC
( degr ees C F)

121 250 43 110

135 275 47 116

149 300 50 123

163 325 54 129

177 350 58 136

204 400 65 149

218 425 68 155

232 450 72 162

The f ol l owi ng equat i ons wer e used t o cal cul at e t he above val ues:
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TABLE 3

Car r i er  Pi pe Temper at ur e -  TP
( degr ees C F)

Accept abl e Casi ng Temper at ur e -  TC
( degr ees C F)

T,  <( 0. 261)  X ( TP)  + 11. 5 T@ <( 0. 261)  X ( TP)  + 44. 3

For  car r i er  pi pe t emper at ur es bet ween t hose gi ven i n Tabl e 3,  t he maxi mum 
accept abl e casi ng t emper at ur e may be ei t her  i nt er pol at ed f r om t he val ues i n 
Tabl e 3 or  cal cul at ed usi ng t he equat i ons above.

       - -  End of  Sect i on - -
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