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    3. 13. 4   Suppor t  Spaci ng
      3. 13. 4. 1   Accept abl e Li mi t s f or  Met al l i c  Pi pi ng
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    3. 15. 3   Pi pe Leakage Test s
    3. 15. 4   Test i ng New t o Exi st i ng Connect i ons
    3. 15. 5   Val ve Test i ng
  3. 16   FI NAL CLEANI NG
    3. 16. 1   I nt er i m Cl eani ng
    3. 16. 2   Fl ushi ng
    3. 16. 3   Di s i nf ect i on
  3. 17   WASTE WATER DI SPOSAL
  3. 18   TABLES
  3. 19   MANUFACTURER' S FI ELD SERVI CES

- -  End of  Sect i on Tabl e of  Cont ent s - -
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
USACE /  NAVFAC /  AFCEC UFGS- 40 05 13 ( Oct ober  2007)

Change 2 -  02/ 20

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pr epar i ng Act i v i t y:   USACE Super sedi ng
UFGS- 40 05 13 ( Apr i l  2006)

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

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Apr i l  2024
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SECTI ON 40 05 13

PI PELI NES,  LI QUI D PROCESS PI PI NG
10/ 07,  CHG 2:  02/ 20

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  above and bel ow gr ade l i qui d 
pr ocess pi pi ng l ocat ed bot h i nsi de and out si de of  
t r eat ment  pl ant s.

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

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

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:  Show t he f ol l owi ng i nf or mat i on on t he pr oj ect  
dr awi ngs:  

a.   Locat i on of  pi pel i nes i ndi cat i ng pi pe 
desi gnat i on,  di amet er  and val ves.

b.   Pi pe schedul e r el at i ng pi pe desi gnat i on and 
ser vi ce.

c.   Val ve schedul e i ndi cat i ng val ve desi gnat i on and 
ser vi ce.

d.   Pi pi ng det ai l s.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. 1   UNI T PRI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph does not  appl y t o i nvi t at i on 
f or  bi d ( I FB)  cont r act s.   I f  i t  i s  det er mi ned t hat  a 
l ump sum cont r act  may be mor e advi sabl e,  t hi s 
par agr aph wi l l  be del et ed.   I f  a uni t  pr i ce cont r act  
i s  t o be used,  t he bi d i t ems f or  t he uni t  pr i ce 
cont r act  wi l l  be def i ned f or  each uni t  t o be 
f ur ni shed and i nst al l ed.

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

Measur ement  and payment  wi l l  be based on compl et ed wor k per f or med i n 
accor dance wi t h t he dr awi ngs,  speci f i cat i ons and t he cont r act  payment  
schedul es.   No payment  wi l l  be made under  t hi s sect i on f or  excavat i on,  
t r enchi ng,  or  backf i l l i ng.   Payment  f or  such wor k wi l l  be made under  
Sect i on 31 00 00 EARTHWORK.

1. 1. 1   Measur ement

Det er mi ne t he l engt h of  pi pel i nes,  f or  whi ch payment  wi l l  be made,  by 
measur i ng al ong t he cent er l i nes of  t he var i ous pi pi ng syst ems and si zes as 
f ur ni shed and i nst al l ed.   Measur e pi pe f r om t he cent er  of  f i t t i ng t o 
cent er  of  f i t t i ng and f r om cent er  of  mai n header  t o end of  pi pe.   Make no 
deduct i on f or  t he space occupi ed by val ves or  f i t t i ngs.

1. 1. 2   Payment

Payment  wi l l  be made at  t he pr i ce per  l i near  met er  f oot  l i s t ed i n t he bi d 
f or m f or  t he var i ous t ypes and si zes of  pi pi ng,  and wi l l  be f ul l  
compensat i on f or  al l  pi pes,  j oi nt s,  f i t t i ngs and speci al t i es,  compl et e i n 
pl ace.   Payment  f or  val ves and ot her  appur t enances wi l l  be made at  t he 
r espect i ve cont r act  uni t  pr i ce f or  each i t em compl et e i n pl ace.   Payment  
wi l l  i ncl ude t he f ur ni shi ng of  al l  t est i ng,  pl ant ,  l abor ,  and mat er i al  and 
i nci dent al s necessar y t o compl et e t he wor k,  as speci f i ed and as shown i n 
cont r act  document s.

1. 1. 2. 1   Connect i ons t o Exi st i ng Pi pi ng

Connect i ons t o exi st i ng pi pi ng syst ems wher e new f i t t i ngs i n t he exi st i ng 
l i ne ar e r equi r ed wi l l  be pai d f or  accor di ng t o t he cont r act  pr i ces f or  
such connect i on.   The pr i ce wi l l  be consi der ed as f ul l  compensat i on f or  
mat er i al  and l abor  r equi r ed f or  t he r emoval  and r epl acement  of  t he 
exi st i ng pi pe as necessar y.

1. 1. 2. 2   Connect i ons t o Exi st i ng Equi pment

Connect i ons t o exi st i ng equi pment  wher e new f i t t i ngs f or  t he exi st i ng 
equi pment  ar e r equi r ed wi l l  be pai d f or  accor di ng t o t he cont r act  pr i ces 
f or  such connect i on.   The pr i ce wi l l  be consi der ed as f ul l  compensat i on 
f or  mat er i al  and l abor  r equi r ed f or  t he i nst al l at i on of  new f i t t i ngs or  
t he r emoval  and r epl acement  of  exi st i ng f i t t i ngs,  as necessar y.

1. 2   REFERENCES

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

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si 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.

ALUMI NUM ASSOCI ATI ON ( AA)

AA ANSI  H35. 2M ( 2017)  Di mensi onal  Tol er ances f or  Al umi num 
Mi l l  Pr oduct s

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  Spec 5L ( 2018;  46t h Ed;  ERTA 2018)  Li ne Pi pe

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B1. 20. 2M ( 2006;  R 2011)  Pi pe Thr eads,  60 Deg.  
Gener al  Pur pose ( Met r i c)

ASME B1. 20. 7 ( 1991;  R 2013)  St andar d f or  Hose Coupl i ng 
Scr ew Thr eads ( I nch)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fi t t i ngs

ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
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Thr eaded

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 20 ( 2023)  Met al l i c  Gasket s f or  Pi pe Fl anges

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B16. 42 ( 2021)  Duct i l e I r on Pi pe Fl anges and 
Fl anged Fi t t i ngs,  Cl asses 150 and 300

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 3 ( 2022;  Er r at a 2023)  Pr ocess Pi pi ng

ASME B36. 10M ( 2022)  Wel ded and Seaml ess Wr ought  St eel  
Pi pe

ASME B36. 19M ( 2022;  Er r at a 2023)  Wel ded and Seaml ess 
Wr ought  St ai nl ess St eel  Pi pe

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1001 ( 2021)  Per f or mance Requi r ement s f or  
At mospher i c Type Vacuum Br eaker s

ASSE 1012 ( 2023)  Per f or mance Requi r ement s f or  
Backf l ow Pr event er  wi t h an I nt er medi at e 
At mospher i c Vent

ASSE 1013 ( 2021)  Per f or mance Requi r ement s f or  
Reduced Pr essur e Pr i nci pl e Backf l ow 
Pr event i on Assembl i es

ASSE 1015 ( 2021)  Per f or mance Requi r ement s f or  Doubl e 
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Check Backf l ow Pr event i on Assembl i es

ASSE 1020 ( 2020)  Per f or mance Requi r ement s f or  
Pr essur e Vacuum Br eaker  Assembl i es

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

ANSI / AWWA C541 ( 2016;  R 2021)  Hydr aul i c and Pneumat i c 
Cyl i nder  and Vane- Type Act uat or s f or  
Val ves and Sl i de Gat es

ANSI / AWWA C542 ( 2016;  R 2021)  El ect r i c Mot or  Act uat or s 
f or  Val ves and Sl i de Gat es

AWWA C104/ A21. 4 ( 2022)  Cement - Mor t ar  Li ni ng f or  
Duct i l e- I r on Pi pe and Fi t t i ngs f or  Wat er

AWWA C110/ A21. 10 ( 2021)  Duct i l e- I r on and Gr ay- I r on Fi t t i ngs

AWWA C111/ A21. 11 ( 2017)  Rubber - Gasket  Joi nt s f or  
Duct i l e- I r on Pr essur e Pi pe and Fi t t i ngs

AWWA C115/ A21. 15 ( 2020)  Fl anged Duct i l e- I r on Pi pe Wi t h 
Duct i l e- I r on or  Gr ay- I r on Thr eaded Fl anges

AWWA C150/ A21. 50 ( 2021)  Thi ckness Desi gn of  Duct i l e- I r on 
Pi pe

AWWA C151/ A21. 51 ( 2017)  Duct i l e- I r on Pi pe,  Cent r i f ugal l y 
Cast

AWWA C153/ A21. 53 ( 2019)  Duct i l e- I r on Compact  Fi t t i ngs f or  
Wat er  Ser vi ce

AWWA C207 ( 2018)  St andar d f or  St eel  Pi pe Fl anges f or  
Wat er wor ks Ser vi ce,  Si zes 4 i n.  t hr ough 
144 i n.  ( 100 mm t hr ough 3600 mm)

AWWA C500 ( 2019)  Met al - Seat ed Gat e Val ves f or  Wat er  
Suppl y Ser vi ce

AWWA C504 ( 2023)  St andar d f or  Rubber - Seat ed 
But t er f l y Val ves

AWWA C508 ( 2017)  Swi ng- Check Val ves f or  Wat er wor ks 
Ser vi ce,  2 I n.  Thr ough 48- I n.  ( 50- mm 
Thr ough 1, 200- mm)  NPS

AWWA C509 ( 2023)  Resi l i ent - Seat ed Gat e Val ves f or  
Wat er  Suppl y Ser vi ce

AWWA C510 ( 2017;  R 2021)  Doubl e Check Val ve Backf l ow 
Pr event i on Assembl y

AWWA C511 ( 2017;  R 2021)  Reduced- Pr essur e Pr i nci pl e 
Backf l ow Pr event i on Assembl y

AWWA C550 ( 2017)  Pr ot ect i ve I nt er i or  Coat i ngs f or  
Val ves and Hydr ant s
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AWWA C606 ( 2022)  Gr ooved and Shoul der ed Joi nt s

AWWA C651 ( 2014)  St andar d f or  Di s i nf ect i ng Wat er  
Mai ns

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 3/ A5. 3M ( 2023)  Speci f i cat i on f or  Al umi num and 
Al umi num- Al l oy El ect r odes f or  Shi el ded 
Met al  Ar c Wel di ng

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS A5. 10/ A5. 10M ( 2023)  Wel di ng Consumabl es -  Wi r e 
El ect r odes,  Wi r es and Rods f or  Wel di ng of  
Al umi num and Al umi num- Al l oys -  
Cl assi f i cat i on

AWS A5. 11/ A5. 11M ( 2018)  Speci f i cat i on f or  Ni ckel  and 
Ni ckel - Al l oy Wel di ng El ect r odes f or  
Shi el ded Met al  Ar c Wel di ng

AWS A5. 14/ A5. 14M ( 2024)  Speci f i cat i on f or  Ni ckel  and 
Ni ckel - Al l oy Bar e Wel di ng El ect r odes and 
Rods

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A53/ A53M ( 2024)  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 A105/ A105M ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons

ASTM A106/ A106M ( 2019a)  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 Ser vi ce

ASTM A108 ( 2024)  St andar d Speci f i cat i on f or  St eel  
Bar ,  Car bon and Al l oy,  Col d- Fi ni shed

ASTM A126 ( 2004;  R 2023)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
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and Pi pe Fi t t i ngs

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

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 
St r i p

ASTM A181/ A181M ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  For gi ngs,  f or  Gener al - Pur pose 
Pi pi ng

ASTM A182/ A182M ( 2024)  St andar d Speci f i cat i on f or  For ged 
or  Rol l ed Al l oy and St ai nl ess St eel  Pi pe 
Fl anges,  For ged Fi t t i ngs,  and Val ves and 
Par t s f or  Hi gh- Temper at ur e Ser vi ce

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A216/ A216M ( 2021)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  Car bon,  Sui t abl e f or  Fusi on 
Wel di ng,  f or  Hi gh- Temper at ur e Ser vi ce

ASTM A240/ A240M ( 2023a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM A268/ A268M ( 2024)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Fer r i t i c  and Mar t ensi t i c  
St ai nl ess St eel  Tubi ng f or  Gener al  Ser vi ce

ASTM A269/ A269M ( 2024)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Aust eni t i c  St ai nl ess St eel  
Tubi ng f or  Gener al  Ser vi ce

ASTM A276/ A276M ( 2024)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Bar s and Shapes

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A312/ A312M ( 2022a)  St andar d Speci f i cat i on f or  
Seaml ess,  Wel ded,  and Heavi l y Col d Wor ked 

SECTI ON 40 05 13  Page 15



Aust eni t i c  St ai nl ess St eel  Pi pes

ASTM A334/ A334M ( 2004a;  R 2021)  St andar d Speci f i cat i on f or  
Seaml ess and Wel ded Car bon and Al l oy- St eel  
Tubes f or  Low- Temper at ur e Ser vi ce

ASTM A351/ A351M ( 2018)  St andar d Speci f i cat i on f or  
Cast i ngs,  Aust eni t i c ,  f or  
Pr essur e- Cont ai ni ng Par t s

ASTM A352/ A352M ( 2021)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  Fer r i t i c  and Mar t ensi t i c ,  f or  
Pr essur e- Cont ai ni ng Par t s,  Sui t abl e f or  
Low- Temper at ur e Ser vi ce

ASTM A395/ A395M ( 1999;  R 2022)  St andar d Speci f i cat i on f or  
Fer r i t i c  Duct i l e I r on Pr essur e- Ret ai ni ng 
Cast i ngs f or  Use at  El evat ed Temper at ur es

ASTM A403/ A403M ( 2022b)  St andar d Speci f i cat i on f or  Wr ought  
Aust eni t i c  St ai nl ess St eel  Pi pi ng Fi t t i ngs

ASTM A423/ A423M ( 2019)  St andar d Speci f i cat i on f or  Seaml ess 
and El ect r i c- Wel ded Low- Al l oy St eel  Tubes

ASTM A436 ( 1984;  R 2020)  St andar d Speci f i cat i on f or  
Aust eni t i c  Gr ay I r on Cast i ngs

ASTM A479/ A479M ( 2023a)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Bar s and Shapes f or  Use i n 
Boi l er s and Ot her  Pr essur e Vessel s

ASTM A513/ A513M ( 2020a)  St andar d Speci f i cat i on f or  
El ect r i c- Resi st ance- Wel ded Car bon and 
Al l oy St eel  Mechani cal  Tubi ng

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A576 ( 2023)  St andar d Speci f i cat i on f or  St eel  
Bar s,  Car bon,  Hot - Wr ought ,  Speci al  Qual i t y

ASTM A587 ( 2022)  St andar d Speci f i cat i on f or  
El ect r i c- Resi st ance- Wel ded Low- Car bon 
St eel  Pi pe f or  t he Chemi cal  I ndust r y

ASTM A632 ( 2004;  R 2014)  St andar d Speci f i cat i on f or  
Seaml ess and Wel ded Aust eni t i c  St ai nl ess 
St eel  Tubi ng ( Smal l - Di amet er )  f or  Gener al  
Ser vi ce

ASTM A727/ A727M ( 2014;  R2019)  St andar d Speci f i cat i on f or  
Car bon St eel  For gi ngs f or  Pi pi ng 
Component s wi t h I nher ent  Not ch Toughness

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs
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ASTM A789/ A789M ( 2024)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Fer r i t i c / Aust eni t i c  St ai nl ess 
St eel  Tubi ng f or  Gener al  Ser vi ce

ASTM A813/ A813M ( 2014;  R 2019)  St andar d Speci f i cat i on f or  
Si ngl e-  or  Doubl e- Wel ded Aust eni t i c  
St ai nl ess St eel  Pi pe

ASTM A814/ A814M ( 2015;  R 2019)  St andar d Speci f i cat i on f or  
Col d- Wor ked Wel ded Aust eni t i c  St ai nl ess 
St eel  Pi pe

ASTM A815/ A815M ( 2024)  St andar d Speci f i cat i on f or  Wr ought  
Fer r i t i c ,  Fer r i t i c / Aust eni t i c ,  and 
Mar t ensi t i c  St ai nl ess St eel  Pi pi ng Fi t t i ngs

ASTM A858/ A858M ( 2019)  St andar d Speci f i cat i on f or  
Heat - Tr eat ed Car bon St eel  Fi t t i ngs f or  
Low- Temper at ur e and Cor r osi ve Ser vi ce

ASTM A865/ A865M ( 2023)  St andar d Speci f i cat i on f or  Thr eaded 
Coupl i ngs,  St eel ,  Bl ack or  Zi nc- Coat ed 
( Gal vani zed)  Wel ded or  Seaml ess,  f or  Use 
i n St eel  Pi pe Joi nt s

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B42 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Pi pe,  St andar d Si zes

ASTM B61 ( 2015;  R 2021)  St andar d Speci f i cat i on f or  
St eam or  Val ve Br onze Cast i ngs

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM B98/ B98M ( 2013)  St andar d Speci f i cat i on f or  
Copper - Si l i con Al l oy Rod,  Bar ,  and Shapes

ASTM B124/ B124M ( 2020)  St andar d Speci f i cat i on f or  Copper  
and Copper  Al l oy For gi ng Rod,  Bar ,  and 
Shapes

ASTM B150/ B150M ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
Al umi num Br onze Rod,  Bar ,  and Shapes

ASTM B161 ( 2005;  R 2014)  St andar d Speci f i cat i on f or  
Ni ckel  Seaml ess Pi pe and Tube
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ASTM B164 ( 2003;  R 2014)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy Rod,  Bar ,  and Wi r e

ASTM B165 ( 2019)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy ( UNS N04400) *  Seaml ess 
Pi pe and Tube

ASTM B167 ( 2023)  St andar d Speci f i cat i on f or  
Ni ckel - Chr omi um- Al umi num Al l oys,  
Ni ckel - Chr omi um- I r on Al l oys,  
Ni ckel - Chr omi um- Cobal t - Mol ybdenum Al l oy,  
Ni ckel - I r on- Chr omi um- Tungst en Al l oy,  and 
Ni ckel - Chr omi um- Mol ybdenum- Copper  Al l oy 
Seaml ess Pi pe and Tube

ASTM B210/ B210M ( 2019a)  St andar d Speci f i cat i on f or  
Al umi num and Al umi num- Al l oy Dr awn Seaml ess 
Tubes

ASTM B211/ B211M ( 2023)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Rol l ed or  Col d Fi ni shed 
Bar ,  Rod,  and Wi r e

ASTM B241/ B241M ( 2022)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Seaml ess Pi pe and 
Seaml ess Ext r uded Tube

ASTM B247 ( 2020)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Di e For gi ngs,  Hand 
For gi ngs,  and Rol l ed Ri ng For gi ngs

ASTM B247M ( 2020)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Di e For gi ngs,  Hand 
For gi ngs,  and Rol l ed Ri ng For gi ngs ( Met r i c)

ASTM B302 ( 2017)  St andar d Speci f i cat i on f or  
Thr eadl ess Copper  Pi pe,  St andar d Si zes

ASTM B345/ B345M ( 2011)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Seaml ess Pi pe and 
Seaml ess Ext r uded Tube f or  Gas and Oi l  
Tr ansmi ssi on and Di st r i but i on Pi pi ng 
Syst ems

ASTM B361 ( 2016)  St andar d Speci f i cat i on f or  
Fact or y- Made Wr ought  Al umi num and 
Al umi num- Al l oy Wel di ng Fi t t i ngs

ASTM B366/ B366M ( 2023)  St andar d Speci f i cat i on f or  
Fact or y- Made Wr ought  Ni ckel  and Ni ckel  
Al l oy Fi t t i ngs

ASTM B517 ( 2019)  St andar d Speci f i cat i on f or  Wel ded 
Ni ckel - Chr omi um- I r on- Al l oy ( UNS N06600,  
UNS N06603,  UNS N06025,  and UNS N06045)  
Pi pe

ASTM B546 ( 2019)  St andar d Speci f i cat i on f or  El ect r i c 
Fusi on- Wel ded Ni - Cr - Co- Mo Al l oy ( UNS 
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N06617) ,  Ni - Fe- Cr - Si  Al l oys ( UNS N08330 
and UNS N08332) , Ni - Cr - Fe- Al  Al l oy ( UNS 
N06603) ,  Ni - Cr - Fe Al l oy ( UNS N06025) ,  and 
Ni - Cr - Fe- Si  Al l oy ( UNS N06045)  Pi pe

ASTM B564 ( 2022)  St andar d Speci f i cat i on f or  Ni ckel  
Al l oy For gi ngs

ASTM B574 ( 2023)  St andar d Speci f i cat i on f or  
Low- Car bon Ni ckel - Chr omi um- Mol ybdenum,  
Low- Car bon Ni ckel - Mol ybdenum- Chr omi um,  
Low- Car bon Ni ckel -  
Mol ybdenum- Chr omi um- Tant al um,  Low- Car bon 
Ni ckel -  Chr omi um- Mol ybdenum- Copper ,  and 
Low- Car bon Ni ckel -  
Chr omi um- Mol ybdenum- Tungst en Al l oy Rod

ASTM B619/ B619M ( 2019;  R 2023)  St andar d Speci f i cat i on f or  
Wel ded Ni ckel  and Ni ckel - Cobal t  Al l oy Pi pe

ASTM B622 ( 2023)  St andar d Speci f i cat i on f or  Seaml ess 
Ni ckel  and Ni ckel - Cobal t  Al l oy Pi pe and 
Tube

ASTM B725 ( 2022)  St andar d Speci f i cat i on f or  Wel ded 
Ni ckel  and Ni ckel  Copper  Al l oy Pi pe

ASTM B775/ B775M ( 2022)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  Ni ckel  and Ni ckel  Al l oy 
Wel ded Pi pe

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM B829 ( 2019a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  Ni ckel  and Ni ckel  Al l oys 
Seaml ess Pi pe and Tube

ASTM C552 ( 2022)  St andar d Speci f i cat i on f or  Cel l ul ar  
Gl ass Ther mal  I nsul at i on

ASTM C600 ( 1985;  R 2010)  Ther mal  Shock Test  on Gl ass 
Pi pe

ASTM D1418 ( 2010;  R 2016)  St andar d Pr act i ce f or  
Rubber  and Rubber  Lat t i ces -  Nomencl at ur e

ASTM D1527 ( 1999;  R 2005)  St andar d Speci f i cat i on f or  
Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  
Pl ast i c Pi pe,  Schedul es 40 and 80

ASTM D1784 ( 2020)  St andar d Speci f i cat i on f or  Ri gi d 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Compounds and 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Compounds

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
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Schedul es 40,  80,  and 120

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

ASTM D2235 ( 2004;  R 2016)  St andar d Speci f i cat i on f or  
Sol vent  Cement  f or  
Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  
Pl ast i c Pi pe and Fi t t i ngs

ASTM D2239 ( 2012)  St andar d Speci f i cat i on f or  
Pol yet hyl ene ( PE)  Pl ast i c Pi pe ( SI DR- PR)  
Based on Cont r ol l ed I nsi de Di amet er

ASTM D2241 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pr essur e- Rat ed 
Pi pe ( SDR Ser i es)

ASTM D2310 ( 2006;  R 2012)  Machi ne- Made " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Pi pe

ASTM D2464 ( 2015)  St andar d Speci f i cat i on f or  Thr eaded 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 80

ASTM D2466 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 40

ASTM D2467 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 80

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2609 ( 2015)  St andar d Speci f i cat i on f or  Pl ast i c 
I nser t  Fi t t i ngs f or  Pol yet hyl ene ( PE)  
Pl ast i c Pi pe

ASTM D2657 ( 2007;  R 2015)  Heat  Fusi on Joi ni ng 
Pol yol ef i n Pi pe and Fi t t i ngs

ASTM D2683 ( 2020)  St andar d Speci f i cat i on f or  
Socket - Type Pol yet hyl ene Fi t t i ngs f or  
Out si de Di amet er - Cont r ol l ed Pol yet hyl ene 
Pi pe and Tubi ng

ASTM D2737 ( 2012a)  Pol yet hyl ene ( PE)  Pl ast i c Tubi ng

ASTM D2774 ( 2021)  Under gr ound I nst al l at i on of  
Ther mopl ast i c Pr essur e Pi pi ng

ASTM D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs
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ASTM D2992 ( 2012)  Obt ai ni ng Hydr ost at i c or  Pr essur e 
Desi gn Basi s f or  " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Pi pe and Fi t t i ngs

ASTM D3035 ( 2015)  Pol yet hyl ene ( PE)  Pl ast i c Pi pe 
( DR- PR)  Based on Cont r ol l ed Out si de 
Di amet er

ASTM D3222 ( 2018a)  St andar d Speci f i cat i on f or  
Unmodi f i ed Pol y( Vi nyl i dene Fl uor i de)  
( PVDF)  Mol di ng Ext r usi on and Coat i ng 
Mat er i al s

ASTM D3261 ( 2016)  St andar d Speci f i cat i on f or  But t  
Heat  Fusi on Pol yet hyl ene ( PE)  Pl ast i c 
Fi t t i ngs f or  Pol yet hyl ene ( PE)  Pl ast i c 
Pi pe and Tubi ng

ASTM D3307 ( 2016)  St andar d Speci f i cat i on f or  
Per f l uor oal koxy ( PFA) - Fl uor ocar bon Resi n 
Mol di ng and Ext r usi on Mat er i al s

ASTM D3308 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
PTFE Resi n Ski ved Tape

ASTM D3350 ( 2021)  Pol yet hyl ene Pl ast i cs Pi pe and 
Fi t t i ngs Mat er i al s

ASTM D3754 ( 2019)  " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Sewer  and I ndust r i al  
Pr essur e Pi pe

ASTM D3839 ( 2014)  St andar d Gui de f or  Under gr ound 
I nst al l at i on of  " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Pi pe

ASTM D3892 ( 2015)  St andar d Pr act i ce f or  
Packagi ng/ Packi ng of  Pl ast i cs

ASTM D3965 ( 2016)  St andar d Cl assi f i cat i on Syst em and 
Basi s f or  Speci f i cat i ons f or  Ri gi d 
Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  
Mat er i al s f or  Pi pe and Fi t t i ngs

ASTM D4024 ( 2015)  Machi ne Made " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced Ther moset t i ng 
Resi n)  Fl anges

ASTM D4101 ( 2017)  St andar d Cl assi f i cat i on Syst em and 
Basi s f or  Speci f i cat i on f or  Pol ypr opyl ene 
I nj ect i on and Ext r usi on Mat er i al s

ASTM D4161 ( 2014)  " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Pi pe Joi nt s Usi ng 
Fl exi bl e El ast omer i c Seal s
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ASTM D5421 ( 2015)  Cont act  Mol ded " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced Ther moset t i ng 
Resi n)  Fl anges

ASTM D5685 ( 2019)  St andar d Speci f i cat i on f or  
" Fi ber gl ass"  ( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Pr essur e Pi pe Fi t t i ngs

ASTM E438 ( 1992;  R 2024)  St andar d Speci f i cat i on f or  
Gl asses i n Labor at or y Appar at us

ASTM E814 ( 2023a)  St andar d Test  Met hod f or  Fi r e 
Test s of  Penet r at i on Fi r est op Syst ems

ASTM F336 ( 2002;  R 2023)  St andar d Pr act i ce f or  
Desi gn and Const r uct i on of  Nonmet al l i c  
Envel oped Gasket s f or  Cor r osi ve Ser vi ce

ASTM F402 ( 2005;  R 2012)  Saf e Handl i ng of  Sol vent  
Cement s,  Pr i mer s,  and Cl eaner s Used f or  
Joi ni ng Ther mopl ast i c Pi pe and Fi t t i ngs

ASTM F437 ( 2021)  St andar d Speci f i cat i on f or  Thr eaded 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Pl ast i c Pi pe Fi t t i ngs,  Schedul e 80

ASTM F438 ( 2017)  St andar d Speci f i cat i on f or  
Socket - Type Chl or i nat ed Pol y( Vi nyl  
Chl or i de)  ( CPVC)  Pl ast i c Pi pe Fi t t i ngs,  
Schedul e 40

ASTM F439 ( 2019)  St andar d Speci f i cat i on f or  
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Pl ast i c Pi pe Fi t t i ngs,  Schedul e 80

ASTM F441/ F441M ( 2023)  St andar d Speci f i cat i on f or  
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Pl ast i c Pi pe,  Schedul es 40 and 80

ASTM F442/ F442M ( 2023)  St andar d Speci f i cat i on f or  
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Pl ast i c Pi pe ( SDR- PR)

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F493 ( 2022)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Chl or i nat ed Pol y ( Vi nyl  
Chl or i de)  ( CPVC)  Pl ast i c Pi pe and Fi t t i ngs

ASTM F656 ( 2021)  St andar d Speci f i cat i on f or  Pr i mer s 
f or  Use i n Sol vent  Cement  Joi nt s of  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
and Fi t t i ngs

ASTM F714 ( 2024)  St andar d Speci f i cat i on f or  
Pol yet hyl ene ( PE)  Pl ast i c Pi pe ( DR- PR)  
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Based on Out si de Di amet er

ASTM F876 ( 2024)  St andar d Speci f i cat i on f or  
Cr ossl i nked Pol yet hyl ene ( PEX)  Tubi ng

ASTM F1055 ( 2016;  R 2022a)  St andar d Speci f i cat i on f or  
El ect r of usi on Type Pol yet hyl ene Fi t t i ngs 
f or  Out si de Di amet er  Cont r ol l ed 
Pol yet hyl ene and Cr ossl i nked Pol yet hyl ene 
( PEX) Pi pe and Tubi ng

ASTM F1056 ( 2018;  R 2022)  St andar d Speci f i cat i on f or  
Socket  Fusi on Tool s f or  Use i n Socket  
Fusi on Joi ni ng Pol yet hyl ene Pi pe or  Tubi ng 
and Fi t t i ngs

ASTM F1199 ( 2021)  St andar d Speci f i cat i on f or  Cast  
( Al l  Temper at ur es and Pr essur es)  and 
Wel ded Pi pe Li ne St r ai ner s ( 150 psi g and 
150 degr ees F Maxi mum)

ASTM F1200 ( 2021a)  St andar d Speci f i cat i on f or  
Fabr i cat ed ( Wel ded)  Pi pe Li ne St r ai ner s 
( Above 150 psi g and 150 degr ees F ( 1Mpa 
and 65 degr ees C) )

ASTM F1290 ( 2019)  St andar d Pr act i ce f or  El ect r of usi on 
Joi ni ng Pol yol ef i n Pi pe and Fi t t i ngs

ASTM F1545 ( 2015a;  R 2021)  St andar d Speci f i cat i on f or  
Pl ast i c- Li ned Fer r ous Met al  Pi pe,  Fi t t i ngs 
and Fl anges

DUCTI LE I RON PI PE RESEARCH ASSOCI ATI ON ( DI PRA)

DI PRA TRD ( 2016)  Thr ust  Rest r ai nt  Desi gn f or  Duct i l e 
I r on Pi pe

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 228- 1 ( 2000)  Pi pe Thr eads Wher e Pr essur e- Ti ght  
Joi nt s Ar e Not  Made on The Thr eads -  Par t  
1:   Di mensi ons,  Tol er ances and Desi gnat i on

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

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 43 ( 2019)  Wr ought  St ai nl ess St eel  
But t - Wel di ng Fi t t i ngs

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on
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NACE I NTERNATI ONAL ( NACE)

NACE SP0185 ( 2024)  Ext r uded Pol yol ef i n Resi n Coat i ng 
Syst ems wi t h Sof t  Adhesi ves f or  
Under gr ound or  Submer ged Pi pe

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 704 ( 2022)  St andar d Syst em f or  t he 
I dent i f i cat i on of  t he Hazar ds of  Mat er i al s 
f or  Emer gency Response

PLASTI CS PI PE I NSTI TUTE ( PPI )

PPI  TR- 21 ( 2001)  Ther mal  Expansi on and Cont r act i on 
i n Pl ast i c Pi pi ng Syst ems

RUBBER MANUFACTURERS ASSOCI ATI ON ( RMA)

RMA I P- 2 ( 2009)  Hose Handbook;  8t h Edi t i on

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023;  wi t h Change 1,  2023)  St r uct ur al  
Engi neer i ng

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910 Occupat i onal  Saf et y and Heal t h St andar ds

1. 3   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 cl assi f i 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  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
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f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 ct  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 ct  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 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce 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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat 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 he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Mat er i al s and Equi pment

Cabl e Syst em

SD- 03 Pr oduct  Dat a

Qual i f i cat i ons

Wel der s

Wast e Wat er  Di sposal

Manuf act ur er ' s Fi el d Ser vi ces

Del i ver y,  St or age and Handl i ng

Mat er i al s and Equi pment

I nst al l at i on

Pi pe Schedul e

Val ve Schedul e

Oper at or  Schedul e

SD- 06 Test  Repor t s
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Doubl e Cont ai nment  Pi pi ng Syst em

Pi pe Leakage Test s

Hydr ost at i c Test s

Pneumat i c Test s

Doubl e Cont ai nment  Pi pi ng Leak Det ect i on Syst em

Val ve Test i ng

Di si nf ect i on

SD- 07 Cer t i f i cat es

Fi ber gl ass Rei nf or ced Pl ast i c ( FRP)  Pi pi ng Syst em

Pl ast i c Pi pi ng Syst em

Pl ast i c Pi pe I nst al l at i on

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

Pi pi ng and Appur t enances;  G[ ,  [ _____] ]

1. 4   QUALI FI CATI ONS

1. 4. 1   Exper i ence

Submi t  a st at ement  cer t i f y i ng t hat  t he Cont r act or  has t he speci f i ed 
exper i ence.   Ensur e Cont r act or  has successf ul l y compl et ed at  l east  [ t hr ee]  
[ _____]  pr oj ect s of  t he same scope and si ze or  l ar ger  wi t hi n t he l ast  
[ s i x]  [ _____]  year s.  Demonst r at e speci f i c  exper i ence i n r egar d t o t he 
syst em i nst al l at i on t o be per f or med.

1. 4. 2   Doubl e Cont ai nment  Pi pi ng Syst em Manuf act ur er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t he f ol l owi ng par agr aph when i t  i s  not  
r equi r ed.

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

The doubl e cont ai nment  pi pi ng syst em manuf act ur er  wi l l  have at  l east  [ t en]  
[ _____]  year s of  i nst al l at i on exper i ence wi t h l eak det ect i on/ l ocat i on 
sensor  cabl e t echnol ogy.

1. 4. 3   Wel der s

Submi t  t he names of  al l  qual i f i ed wel der s,  t hei r  i dent i f y i ng symbol s,  and 
t he qual i f y i ng pr ocedur es f or  each wel der  i ncl udi ng suppor t  dat a such as 
t est  pr ocedur es used,  st andar ds t est ed t o,  et c.   Wel d pr essur e pi pi ng 
syst ems i n accor dance wi t h qual i f y i ng pr ocedur es usi ng per f or mance 
qual i f i ed wel der s and oper at or s.   Use pr ocedur es and wel der s i n accor dance 
wi t h Sect i on 40 05 13. 96 WELDI NG PROCESS PI PI NG.   Wel d st r uct ur al  member s 
i n accor dance wi t h Sect i on 05 05 23. 16 STRUCTURAL WELDI NG.
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1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Mat er i al s del i ver ed and pl aced i n st or age must  be st or ed wi t h pr ot ect i on 
f r om t he weat her ,  excessi ve humi di t y var i at i on,  excessi ve t emper at ur e 
var i at i on,  di r t ,  dust  and/ or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  mat er i al  bef or e,  dur i ng and af t er  i nst al l at i on i s t he Cont r act or ' s 
r esponsi bi l i t y .   Any mat er i al  f ound t o be damaged must  be r epl aced at  t he 
Cont r act or ' s expense.   Dur i ng i nst al l at i on,  pi pi ng must  be capped t o keep 
out  di r t  and ot her  f or ei gn mat t er .   A Saf et y Dat a Sheet  i n conf or mance 
wi t h 29 CFR 1910 Sect i on 1200( g)  must  accompany each chemi cal  del i ver ed 
f or  use i n pi pe i nst al l at i on.   At  a mi ni mum,  t hi s i ncl udes al l  sol vent s,  
sol vent  cement s,  gl ues and ot her  mat er i al s t hat  may cont ai n hazar dous 
compounds.   Handl i ng must  be i n accor dance wi t h ASTM F402.   St or age 
f aci l i t i es must  be cl assi f i ed and mar ked i n accor dance wi t h NFPA 704.   
Mat er i al s must  be st or ed wi t h pr ot ect i on f r om punct ur e,  di r t ,  gr ease,  
moi st ur e,  mechani cal  abr asi ons,  excessi ve heat ,  ul t r avi ol et  ( UV)  r adi at i on 
damage,  or  ot her  damage.   Pi pe and f i t t i ngs must  be handl ed and st or ed i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i on.   Pl ast i c pi pe must  be 
packed,  packaged and mar ked i n accor dance wi t h ASTM D3892.

1. 6   PROJECT/ SI TE CONDI TI ONS

1. 6. 1   Envi r onment al  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   HTRW si t es ar e t ypi cal l y wel l  st udi ed and 
i nvest i gat ed.   Si t e condi t i ons f ound dur i ng t hese 
pr evi ous i nvest i gat i ons ( e. g. ,  soi l  r esi st i v i t y 
t est i ng f or  cor r osi on cont r ol  desi gn)  must  be 
i ncor por at ed i nt o t he desi gn.   The next  par agr aph 
must  be edi t ed car ef ul l y t o addr ess exi st i ng s i t e 
condi t i ons.

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

Bur i ed pi pi ng at  t he s i t e may be subj ect  t o cor r osi on f r om t he sur r oundi ng 
soi l .   Conduct  t est i ng and measur ement s i n accor dance wi t h [ Sect i on 
26 42 13 GALVANI C ( SACRI FI CI AL)  ANODE CATHODI C PROTECTI ON ( GACP)  SYSTEM]  
[ Sect i on 26 42 17 I MPRESSED CURRENT CATHODI C PROTECTI ON ( I CCP)  SYSTEM] .   
Ensur e pi pi ng syst em desi gn,  suppl y and i nst al l at i on addr esses t he 
ext er nal  cor r osi on condi t i ons so i ndi cat ed.

1. 6. 2   Exi st i ng Condi t i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Connect i on l ocat i ons and wet / dr y connect i ons 
must  be cl ear l y i ndi cat ed t o avoi d conf usi on and 
cl ai ms.

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

Ver i f y exi st i ng pi pi ng and penet r at i ons.   Pr i or  t o or der i ng mat er i al s,  
expose al l  exi st i ng pi pes whi ch ar e t o be connect ed t o new pi pel i nes.   
Ver i f y t he s i ze,  mat er i al ,  j oi nt  t ypes,  el evat i on,  hor i zont al  l ocat i on,  
and pi pe ser vi ce of  exi st i ng pi pes,  and i nspect  s i ze and l ocat i on of  
st r uct ur e penet r at i ons t o ver i f y adequacy of  wal l  s l eeves,  and ot her  
openi ngs bef or e i nst al l i ng connect i ng pi pes.

1. 7   SEQUENCI NG AND SCHEDULI NG

For  s l ab,  f l oor ,  wal l ,  and r oof  penet r at i ons,  keep on si t e per t i nent  wal l  
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pi pes and sl eeves bef or e t hey ar e r equi r ed f or  pl acement  i n concr et e 
f or ms.   Ver i f y and coor di nat e t he s i ze and l ocat i on of  bui l di ng and 
st r uct ur e pi pe penet r at i ons bef or e f or mi ng and pl aci ng concr et e.

1. 8   MAI NTENANCE

1. 8. 1   Ser vi ce

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect i vel y r equi r e manuf act ur er ' s ser vi ce.   
Aut omat i c val ves i n cr i t i cal  or  hazar dous syst ems 
r equi r e ser vi ce assi st ance.   Coor di nat e t hese 
ser vi ces wi t h speci f i cat i on sect i ons t hat  addr ess 
i nst r ument at i on and cont r ol .

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

Pr ovi de ser vi ces f or  [ aut omat i c val ve]  [ doubl e cont ai nment  l eak det ect i on 
moni t or i ng syst em]  [ doubl e cont ai nment  l eak sensor  cabl e]  [ _____]  syst ems 
by a manuf act ur er ' s r epr esent at i ve who i s exper i enced i n t he i nst al l at i on,  
adj ust ment  and oper at i on of  t he equi pment  speci f i ed.   I nspect  t he 
i nst al l at i on,  and super vi se t he adj ust ment  and t est i ng of  t he equi pment .

1. 8. 2   Ext r a Mat er i al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude i t ems needed f or  f ut ur e mai nt enance 
and r epai r ,  i t ems t hat  mi ght  be di f f i cul t  t o obt ai n 
because of  col or  or  pat t er n mat ch,  or  spar e par t s t o 
ensur e oper at i on of  cr i t i cal  syst ems.

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

Submi t  t he manuf act ur er ' s i nst al l at i on r ecommendat i ons or  i nst r uct i ons f or  
each mat er i al  or  pr ocedur e t o be ut i l i zed,  i ncl udi ng mat er i al s 
pr epar at i on.   Concur r ent  wi t h del i ver y and i nst al l at i on of  t he speci f i ed 
pi pi ng syst ems and appur t enances,  f ur ni sh spar e par t s f or  each di f f er ent  
i t em of  mat er i al  and equi pment  speci f i ed t hat  i s r ecommended by t he 
manuf act ur er  t o be r epl aced any t i me up t o [ 3 year s]  [ _____]  of  ser vi ce.   
For  each t ype and si ze of  val ve,  pr ovi de t he f ol l owi ng ext r a mat er i al s:  
l ubr i cat or ,  l ubr i cant  ( wi t h appr opr i at e t emper at ur e r at i ng) ,  
l ubr i cat or / i sol at i ng val ve;  [ gal vani zed oper at i ng wr ench,  [ 1. 2]  [ ____] m 
[ 4. 1]  [ _____]  f eet  l ong,  f or  T- handl ed oper at or s; ]  [ gal vani zed oper at i ng 
key f or  cr oss handl ed val ves; ]  [ _____] .   Ext r a mat er i al s i ncl ude [ 2]  
[ _____]  of  t he f ol l owi ng spar e par t s f or  each t ype and si ze of  val ve:  
gasket s;  [ O- r i ng seal s; ]  [ di aphr agms ( mol ded) ; ]  al l  el ast omer  par t s;  st em 
packi ng;  [ seat  r i ngs [ and seat  r i ng pul l i ng t ool ] ; ]  [ _____] .

PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l  mat er i al s of  const r uct i on speci f i ed wi l l  
be r et ai ned except  under  condi t i ons wher e t hey woul d 
not  be sui t abl e ( see UFC 3- 240- 01) ;  upon speci f i c  
i nst r uct i ons of  HQUSACE;  as st i pul at ed i n speci f i c  
pr oj ect  di r ect i ves. ;  and as descr i bed wi t hi n not es 
t hr oughout  t he speci f i cat i on.   A st udy of  t he 
pr ocess condi t i ons wi l l  be made t o det er mi ne t he 
sui t abi l i t y  of  t he mat er i al s.   Wher e a mat er i al  
woul d be al t oget her  unsui t abl e,  ever y ment i on of  t he 
unsui t abl e mat er i al  and r ef er enced publ i cat i ons t hat  
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per t ai n onl y t o t he unsui t abl e mat er i al  wi l l  be 
del et ed.   I f  a mat er i al  woul d be sui t abl e i n a par t  
of  t he syst em and unsui t abl e i n ot her  par t s,  t he 
l ocat i ons wher e t he mat er i al  may and may not  be used 
wi l l  be st at ed i n t he cont r act  speci f i cat i ons and 
shown on t he cont r act  dr awi ngs.

Soi l  condi t i ons t hat  may af f ect  t he cor r osi on r at e 
of  bur i ed f er r ous pi pi ng shoul d be eval uat ed.   The 
eval uat i on and cor r osi on cont r ol  desi gn wi l l  be 
per f or med i n accor dance wi t h t he di r ect i ons pr ovi ded 
i n UFC 3- 570- 02A.

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

2. 1   SYSTEM REQUI REMENTS

Thi s speci f i cat i on cover s t he r equi r ement s f or  above and bel ow gr ade 
l i qui d pr ocess pi pe,  pi pe suppor t s,  f i t t i ngs,  equi pment  and accessor i es 
l ocat ed bot h i nsi de and out si de of  t r eat ment  pl ant s.

2. 1. 1   Desi gn Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det er mi ne t he desi gn wi nd speed f r om ASCE 
7- 16 and/ or  UFC 3- 301- 01 STRUCTURAL ENGI NEERI NG,  
al t hough a mi ni mum of  161 km/ h ( 100 mi l es per  hour )  
wi l l  be used.   Si mi l ar l y,  use 1. 2 kPa 25 psf  snow 
l oad f or  most  heavy snow cl i mat es.   I n some cases,  
l ocal  c l i mat es and t opogr aphy wi l l  di ct at e t hat  a 
l ar ger  val ue i s r equi r ed.   Thi s may be det er mi ned 
f r om ANSI  A58. 1,  l ocal  codes or  by r esear ch and 
anal ysi s dat a of  t he ef f ect  of  l ocal  c l i mat e and 
t opogr aphy.   Snow l oad r equi r ement s can be del et ed 
f or  l ocat i ons wher e t he maxi mum snow i s 
i nsi gni f i cant .   Pr ovi de sei smi c r equi r ement s and 
show on t he dr awi ngs.   Del et e t he br acket ed phr ase 
i f  sei smi c det ai l s ar e not  i ncl uded.   Per t i nent  
por t i ons of  UFC 3- 301- 01 and Sect i ons 13 48 73 and 
23 05 48. 19,  pr oper l y edi t ed,  must  be i ncl uded i n 
t he cont r act  document s.

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

Sel ect  and desi gn suppor t  syst ems i n accor dance wi t h MSS SP- 58 wi t hi n t he 
speci f i ed spans and component  r equi r ement s.   The absence of  pi pe suppor t s 
and det ai l s on t he cont r act  dr awi ngs does not  r el i eve t he Cont r act or  of  
r esponsi bi l i t y  f or  s i z i ng and pr ovi di ng suppor t s t hr oughout  f aci l i t y .   The 
st r uct ur al  desi gn,  sel ect i on,  f abr i cat i on and er ect i on of  pi pi ng suppor t  
syst em component s must  sat i sf y t he sei smi c r equi r ement s i n accor dance wi t h 
UFC 3- 301- 01 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR MI SCELLANEOUS 
EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC [ as i ndi cat ed] ,  
account i ng f or  a [ _____]  MPa psf  soi l  bear i ng capaci t y,  a maxi mum wi nd 
speed of  [ _____]  km/ h mph,  a gr ound snow l oad of  [ _____]  kPa psf ,  a 
maxi mum ambi ent  ai r  t emper at ur e of  [ _____]  degr ees Cdegr ees F and a 
mi ni mum ambi ent  ai r  t emper at ur e of  [ _____]  degr ees C degr ees F.

2. 1. 2   Per f or mance Requi r ement s

The pr essur e r at i ngs and mat er i al s speci f i ed r epr esent  mi ni mum accept abl e 
st andar ds f or  pi pi ng syst ems.   Pr ovi de pi pi ng syst ems sui t abl e f or  t he 
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ser vi ces speci f i ed and i nt ended.   Coor di nat e each pi pi ng syst em t o 
f unct i on as a uni t .   Pr ovi de f l anges,  val ves,  f i t t i ngs and appur t enances 
wi t h a pr essur e r at i ng no l ess t han t hat  r equi r ed f or  t he syst em i n whi ch 
t hey ar e i nst al l ed.

2. 1. 2. 1   Bur i ed Pi pi ng Syst ems

Pr ovi de pi pi ng syst ems sui t abl e f or  desi gn condi t i ons,  consi der i ng t he 
pi pi ng bot h wi t h and wi t hout  i nt er nal  pr essur e.   Gi ve consi der at i on t o al l  
oper at i ng and ser vi ce condi t i ons bot h i nt er nal  and ext er nal  t o t he pi pi ng 
syst ems.   Ensur e bur i ed f er r ous pi pi ng has cat hodi c pr ot ect i on i n 
accor dance wi t h [ Sect i on 26 42 13 GALVANI C ( SACRI FI CI AL)  ANODE CATHODI C 
PROTECTI ON ( GACP)  SYSTEM]  [ Sect i on 26 42 17 I MPRESSED CURRENT CATHODI C 
PROTECTI ON ( I CCP)  SYSTEM] .

2. 1. 2. 2   Above Gr ade Pi pi ng Syst ems

Pr ovi de pi pi ng syst ems sui t abl e f or  desi gn condi t i ons,  consi der i ng t he 
pi pi ng bot h wi t h and wi t hout  i nt er nal  pr essur e,  and i nst al l at i on f act or s 
such as i nsul at i on,  suppor t  spans,  and ambi ent  t emper at ur es.   Gi ve 
consi der at i on t o al l  oper at i ng and ser vi ce condi t i ons bot h i nt er nal  and 
ext er nal  t o t he pi pi ng syst ems.

2. 2   MATERI ALS AND EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he pi pe schedul e i s i ncl uded i n 
t he cont r act  dr awi ngs.

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

Submi t  manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e f or  each pi pi ng 
syst em,  i ncl udi ng desi gn r ecommendat i ons;  pr essur e and t emper at ur e 
r at i ngs;  di mensi ons,  t ype,  gr ade and st r engt h of  pi pe and f i t t i ngs;  
t her mal  char act er i st i cs ( coef f i c i ent  of  expansi on and t her mal  
conduct i v i t y) ;  and chemi cal  r esi st ance t o each chemi cal  and chemi cal  
mi xt ur e i n t he l i qui d st r eam.   Pr ovi de pi pi ng mat er i al s and appur t enances 
as speci f i ed and as shown on t he dr awi ngs,  and sui t abl e f or  t he ser vi ce 
i nt ended.   Ensur e pi pi ng mat er i al s,  appur t enances,  and equi pment  suppl i ed 
as par t  of  t hi s cont r act  ar e of  equal  mat er i al  and r at i ngs as t he 
connect i ng pi pe,  new and unused except  f or  t est i ng equi pment .   Ensur e 
component s t hat  ser ve t he same f unct i on and ar e t he same si ze ar e 
i dent i cal  pr oduct s of  t he same manuf act ur er .   Pr ovi de gener al  mat er i al s t o 
be used f or  t he pi pi ng syst ems i n accor dance wi t h TABLE I  and i ndi cat e by 
ser vi ce i n t he [ Pi pe Schedul e]  [ cont r act  dr awi ngs]  [ _____] .   Submi t  a l i s t  
of  pi pi ng syst ems,  pr essur e r at i ngs and sour ce of  suppl y f or  each pi pi ng 
syst em br oken out  by mat er i al ,  s i ze and appl i cat i on as i ndi cat ed on t he 
cont r act  dr awi ngs.   A l i s t  of  any speci al  t ool s necessar y f or  each pi pi ng 
syst em and appur t enances f ur ni shed f or  adj ust ment ,  oper at i on,  mai nt enance 
and di sassembl y of  t he syst em.   Pr ovi de pi pe f i t t i ngs compat i bl e wi t h t he 
appl i cabl e pi pe mat er i al s.

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al  and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  t he pr oduct s and 
t hat  essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  [ 2]  [ _____]  year s pr i or  t o bi d openi ng.   Submi t  t he f ol l owi ng:   
Equi pment  shop dr awi ngs and suppor t  syst em det ai l  dr awi ngs showi ng pi pi ng 
syst ems and appur t enances,  such as mechani cal  j oi nt s,  val ves,  l ocal  
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i ndi cat or s and hanger s,  i ncl udi ng a compl et e l i s t  of  equi pment  and 
mat er i al s.   As- bui l t  dr awi ngs showi ng pi pe anchor s and gui des,  and l ayout  
of  pi pi ng syst ems r el at i ve t o ot her  par t s of  t he wor k i ncl udi ng cl ear ances 
f or  mai nt enance and oper at i on.   As- bui l t  pi pi ng and i nst r ument at i on 
di agr ams ( P&I Ds)  i dent i f y i ng and l abel i ng equi pment ,  i nst r ument at i on,  
val ves,  vent s,  dr ai ns,  and al l  ot her  i nl i ne devi ces;  i f  t he cont r act  
dr awi ngs cont ai ned P&I Ds,  r evi se t he P&I Ds f ound i n t he cont r act  dr awi ngs 
t o r ef l ect  t he const r uct ed pr ocess syst em,  as di r ect ed by t he Cont r act i ng 
Of f i cer .   Use nomi nal  s i zes f or  st andar di zed pr oduct s.   Pr ovi de pi pe,  
val ves,  f i t t i ngs and appur t enances suppor t ed by a ser vi ce or gani zat i on 
t hat  i s,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  r easonabl y conveni ent  
t o t he s i t e.

2. 2. 2   I dent i f i cat i on and Taggi ng

Each pi ece of  pi pe must  bear  t he ASTM desi gnat i on and al l  ot her  mar ki ngs 
r equi r ed f or  t hat  desi gnat i on.   Mar k val ves i n accor dance wi t h MSS SP- 25 
and secur el y at t ach an i dent i f i cat i on t ag usi ng [ No.  12 AWG copper  wi r e]  
[ st ai nl ess st eel  wi r e]  [ chr ome- pl at ed beaded chai n]  [ pl ast i c st r aps 
desi gned f or  t hat  pur pose] .   I dent i f i cat i on t ags must  be [ 35 mm 1. 375 i nch
]  [ [ _____]  mm i nches]  mi ni mum di amet er ,  made of  [ br ass]  [ engr aved 
l ami nat ed pl ast i c]  [ engr aved anodi zed al umi num]  [ st amped st ai nl ess st eel ]  
[ _____] .   [ Use bl ack i ndent at i ons f or  r eadi ng cl ar i t y. ]  Di spl ay ser vi ce,  
val ve i dent i f i cat i on number  shown on t he [ Oper at or  Schedul e]  [ Val ve 
Schedul e]  i n t he cont r act  dr awi ngs,   t he manuf act ur er ' s name,  and t he 
val ve model  number .

2. 3   DUCTI LE I RON PI PI NG SYSTEM

2. 3. 1   Duct i l e I r on Pi pe

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St andar d t hi cknesses of  duct i l e i r on pi pe ar e 
gover ned by AWWA C150/ A21. 50 or  AWWA C151/ A21. 51,  
except  f or  i nt egr al  f l anged pi pi ng.   The t hi ckness 
of  i nt egr al  f l anged pi pe i s r egul at ed i n AWWA 
C115/ A21. 15.   I f  r est r ai ned j oi nt  pi pe i s used,  
t hi ckness must  conf or m t o AWWA C151/ A21. 51.

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

Pr ovi de duct i l e i r on pi pe f or  pr essur e ser vi ce wi t h a desi gn and wal l  
t hi ckness conf or mi ng t o [ AWWA C150/ A21. 50]  [ AWWA C151/ A21. 51]  [
AWWA C115/ A21. 15] .   Pr ovi de duct i l e i r on pi pewi t h a [ [ st andar d]  [ doubl e 
t hi ckness]  cement  l i ni ng conf or mi ng t o AWWA C104/ A21. 4]  [ st andar d 
asphal t i c  l i ni ng]  [ _____] .

2. 3. 2   Duct i l e I r on Joi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fl anged connect i ons shoul d not  be used f or  
bur i ed ser vi ce.   Use j oi nt s f or  pi pe and f i t t i ngs 
i nst al l ed under gr ound ( bur i ed) .

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

Pr ovi de j oi nt s wi t h a wor ki ng pr essur e r at i ng f or  l i qui ds equal  t o t he 
pr essur e r at i ng of  t he connect ed pi pe.   Pr ovi de di el ect r i c f i t t i ngs or  
i sol at i on j oi nt s bet ween al l  di ssi mi l ar  met al s.
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2. 3. 2. 1   Mechani cal  Joi nt s

Pr ovi de mechani cal  j oi nt s conf or mi ng t o AWWA C110/ A21. 10 and 
AWWA C111/ A21. 11.   [ Fur ni sh gasket s,  gl ands,  bol t s and nut s i n suf f i c i ent  
quant i t y f or  t he compl et e assembl y of  each mechani cal  j oi nt .   Pr ovi de 
[ duct i l e]  [ or ]  [ gr ay]  i r on  gl ands wi t h an [ asphal t i c ]  [ _____]  coat i ng.   
Pr ovi de gasket s consi st i ng of  [ vul cani zed synt het i c r ubber ,  r ecl ai med 
r ubber  i s not  accept abl e]  [ _____] . ]   [ For  gr ooved shoul der  pi pi ng,  use 
sel f - cent er i ng gasket ed coupl i ngs desi gned t o mechani cal l y engage pi pi ng 
and l ock i n a posi t i ve wat er t i ght  coupl e. ]   [ Compose housi ng of  [ mal l eabl e 
i r on,  ASTM A47/ A47M]  [ or ]  [ duct i l e i r on,  ASTM A536]  and use gasket s of  
mol ded synt het i c r ubber ,  [ hal ogenat ed i sobut yl ene i sopr ene]  [ ni t r i l e]  
[ _____] .   Bol t s and nut s must  be [ heat  t r eat ed car bon st eel ,  ASTM A183,  
mi ni mum t ensi l e 760 MPa 110, 000 psi ]  [ _____] . ]   [ Mechani cal  j oi nt s must  
have bol t  hol es or i ent ed [ st r addl i ng t he ver t i cal  cent er l i ne of  t he val ves 
and f i t t i ngs]  [ _____] . ]

2. 3. 2. 2   Push- on Joi nt s

Pr ovi de push- on t ype j oi nt s conf or mi ng t o AWWA C111/ A21. 11.   Suppl y each 
push- on j oi nt  compl et e wi t h gasket  and l ubr i cant .   Ensur e gasket s ar e 
compat i bl e wi t h j oi nt  desi gn and ar e compr i sed of  [ vul cani zed synt het i c 
r ubber ,  r ecl ai med r ubber  i s not  accept abl e]  [ _____] .   Pr ovi de l ubr i cant  
t hat  i s  speci f i cal l y f or mul at ed f or  use wi t h push- on j oi nt s,  non- t oxi c,  
odor l ess,  t ast el ess and does not  suppor t  bact er i a gr owt h.

2. 3. 2. 3   Rest r ai ned Joi nt s

Pr ovi de r est r ai ned j oi nt s conf or mi ng t o t he r equi r ement s of  
AWWA C111/ A21. 11,  and desi gned f or  a wor ki ng pr essur e equal  t o connect ed 
pi pe r at i ng.   When usi ng duct i l e i r on pi pe wi t h r est r ai ned j oi nt s,  suppl y 
f i el d cut s wi t h a l ock r i ng compl et e wi t h r et ai ner ,  r et ai ner  l ock and 
r ol l - pi n,  as r equi r ed by manuf act ur er ' s r ecommendat i ons,  pr ocedur es and/ or  
i nst al l at i on i nst r uct i ons.

2. 3. 2. 4   Fl anged Joi nt s

Pr ovi de f l anged j oi nt s conf or mi ng t o AWWA C110/ A21. 10.   Pr ovi de gasket s,  
bol t s and nut s wi t h f l anged j oi nt s i n suf f i c i ent  quant i t y f or  t he compl et e 
assembl y of  each j oi nt .   Gasket s must  be [ vul cani zed synt het i c r ubber ,  
r ecl ai med r ubber  i s not  accept abl e]  [ _____] .

2. 3. 3   Duct i l e I r on Fi t t i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fi t t i ngs f or  duct i l e- i r on or  gr ay- i r on pi pi ng 
i nvol v i ng 1. 03 MPa 150 psi  and 1. 72 MPa 250 psi  
ser vi ce ar e speci f i ed i n AWWA C110/ A21. 10;  f or  2. 41 
MPa 350 psi  ser vi ce use AWWA 153.   Typi cal l y,  ei t her  
gr ay or  duct i l e i r on f i t t i ngs ar e accept abl e.   
Speci f y t he exact  mat er i al  i f  ser vi ce condi t i ons 
war r ant .

Take speci al  pr ecaut i on wi t h mat i ng f l anges 
speci f i ed i n t hi s par agr aph;  t hat  i s ,  mat i ng f l anges 
conf or mi ng t o AWWA C110/ A21. 10 wi t h f l anges t hat  ar e 
speci f i ed el sewher e usi ng ASME B16. 1 or  B16. 5 
st andar ds.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Fi t t i ngs must  be gr ay i r on ASTM A48/ A48M or  duct i l e i r on [ AWWA C110/ A21. 10
]  [ AWWA C153/ A21. 53] .   Up t o [ 300]  [ _____]  mm [ 12]  [ _____]  i nches 
i ncl usi ve,  t he f i t t i ngs must  be [ 1. 7]  [ _____] MPa [ 250]  [ _____]  psi g 
r at ed.   Gr ay i r on f i t t i ngs must  be cement  mor t ar  l i ned [ st andar d]  [ doubl e]  
t hi ckness.   Pr ovi de f l anges and f l anged f i t t i ngs conf or mi ng t o [
AWWA C110/ A21. 10]  [ ASME B16. 1]  and r at ed f or  [ 1. 03 MPa 150 psi g]  [ 1. 72 MPa 
250 psi g]  [ [ _____]  MPa psi g]  ser vi ce.   Pr ovi de [ duct i l e i r on]  [ or ]  [ gr ay 
i r on]  [ _____]  mat er i al s.   For  t i e- i n t o exi st i ng f l anges,  f i el d check 
exi st i ng f l anges f or  nonst andar d bol t  hol e conf i gur at i ons and desi gn as 
r equi r ed t o assur e new pi pe and f l ange mat e pr oper l y.   Bol t s and nut s must  
be [ car bon st eel  conf or mi ng t o ASTM A307,  Gr ade [ B]  [ _____] ]  [ _____] .   
Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as t he bol t s.   Gasket s 
must  be [ r ubber ]  [ r i ng]  [ _____]  [ f ul l  f ace] ,  maxi mum [ 3. 2]  [ _____]  mm 
[ 0. 125]  [ _____]  i nch t hi ck.

2. 3. 4   Cor r osi on Cont r ol

Duct i l e i r on pi pi ng must  be [ coat ed wi t h t he manuf act ur er ' s st andar d 
asphal t i c  coat i ng,  appr oxi mat el y [ 0. 025 mm 1 mi l ]  [ [ _____]  mm mi l ]  t hi ck,  
appl i ed t o t he out si de of  pi pe and f i t t i ngs]  [ hot - di pped gal vani zed i n 
accor dance wi t h ASTM A153/ A153M]  [ _____] .   Coat  and wr ap bur i ed pi pe,  and 
pr ovi de wi t h cat hodi c pr ot ect i on i n accor dance wi t h [ Sect i on 26 42 13 
GALVANI C ( SACRI FI CI AL)  ANODE CATHODI C PROTECTI ON ( GACP)  SYSTEM]  [ Sect i on 
26 42 17 I MPRESSED CURRENT CATHODI C PROTECTI ON ( I CCP)  SYSTEM] .

2. 4   CARBON STEEL PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Consul t  t he r ef er enced st andar ds f or  t he 
pr oper  car bon st eel  use and f i t t i ngs.   For  exampl e,  
ASTM A53/ A53M car bon st eel  pi pi ng i s a good gener al  
pi pi ng mat er i al  and ASTM A106/ A106M car bon st eel  i s  
f or  hi gh t emper at ur e appl i cat i ons.   I n addi t i on,  
some of  t he t ypes and gr ades may not  be sui t abl e f or  
cer t ai n j oi ni ng met hods or  col d bendi ng;  et c.   St eel  
pi pe meet i ng API  Spec 5L i s speci f i ed onl y wi t h 50 mm
 2 i nch and smal l er  pi pe t hat  i s subj ect  t o a l ow 
pr essur e appl i cat i on and t he use of  t aper - t hr eaded 
coupl i ngs.

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

2. 4. 1   Car bon St eel  Pi pe

2. 4. 1. 1   Gener al  Ser vi ce

Pr ovi de car bon st eel  pi pe meet i ng t he r equi r ement s of  [ ASTM A53/ A53M 
[ seaml ess]  [ but t  wel ded]  [ el ect r i c- r esi st ance wel ded] ,  Gr ade [ A]  [ B] ]  [
API  Spec 5L,  Schedul e [ 40]  [ 80]  [ _____] ]  and [ i n accor dance wi t h Pi pe 
Schedul e]  [ ,  hot - di pped gal vani zed] .   Pr ovi de Schedul e [ 80]  [ _____]  bur i ed 
car bon st eel  pi pi ng and f i t t i ngs.

2. 4. 1. 2   Hi gh Temper at ur e Ser vi ce

Seaml ess car bon st eel  pi pe f or  hi gh t emper at ur e ser vi ce must  [ conf or m t o 
ASTM A106/ A106M Gr ade [ A]  [ B]  [ C] ,  [ hot - f i ni shed]  [ col d- dr awn] ,  Schedul e 
[ 40]  [ 80]  [ _____] ]  [ be i n accor dance wi t h Pi pe Schedul e]  wi t h di mensi ons 
conf or mi ng t o ASME B36. 10M.
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2. 4. 1. 3   Chemi cal  Pr ocess Ser vi ce

Pr ovi de el ect r i c- r esi st ance wel ded l ow- car bon st eel  pi pe conf or mi ng t o 
ASTM A587 wi t h a nomi nal  wal l  t hi ckness [ of  [ _____]  mm i nch]  [ i n 
accor dance wi t h Pi pe Schedul e] .

2. 4. 2   Car bon St eel  Tubi ng

Pr ovi de t ubi ng meet i ng t he r equi r ement s of  [ ASTM A334/ A334M,  [ seaml ess]  
[ wel ded] ,  Gr ade [ 1]  [ _____]  car bon st eel ]  [ ASTM A423/ A423M,  [ seaml ess]  
[ el ect r i c- r esi st ance- wel ded] ,  Gr ade [ 1]  [ 2]  l ow- al l oy car bon st eel ]  wi t h 
nomi nal  s i ze and wal l  t hi ckness [ i n accor dance wi t h Pi pe Schedul e]  [ _____] .

2. 4. 3   Car bon St eel  Joi nt s

Joi n car bon st eel  pi pi ng by [ st r ai ght - t hr eaded coupl i ngs]  [ t aper - t hr eaded 
coupl i ngs]  [ wel di ng f i t t i ngs]  [ f l anges]  [ mechani cal  j oi nt s f or  gr ooved 
ends meet i ng t he r equi r ement s of  AWWA C606] .   Joi n t ubi ng usi ng 
[ compr essi on]  [ _____]  f i t t i ngs.   Pr ovi de di el ect r i c f i t t i ngs or  i sol at i on 
j oi nt s bet ween al l  di ssi mi l ar  met al s.

2. 4. 4   Car bon St eel  Fi t t i ngs

[ Fi t t i ngs must  be [ cast  mal l eabl e i r on]  [ car bon st eel ]  [ heat - t r eat ed 
l ow- car bon st eel ]  [ _____] . ]   [ Wher e cast  f i t t i ngs ar e not  avai l abl e,  
f abr i cat e segment al  wel ded st eel  f i t t i ngs,  ASTM A53/ A53M,  Gr ade B,  meet i ng 
t he r equi r ement s of  manuf act ur er ' s r ecommended wal l  t hi cknesses. ]

2. 4. 4. 1   Thr eaded Fi t t i ngs

Thr eaded f i t t i ngs must  be Cl ass [ 150]  [ 300]  [ _____] ,  [ mal l eabl e i r on,  
ASTM A47/ A47M,  conf or mi ng t o ASME B16. 3,  bl ack,  banded]  [ f or ged car bon 
st eel  ASTM A105/ A105M,  conf or mi ng t o ASME B16. 11]  [ l ow car bon st eel ,  
ASTM A858/ A858M,  conf or mi ng t o ASME B16. 11]  [ _____] ,  and t hr eaded i n 
accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1.   Thr eaded,  r i gi d coupl i ngs must  
be [ wel ded]  [ seaml ess] ,  [ bl ack]  [ Type I  ( hot - di pped gal vani zed) ]  [ Type I I  
( el ect r ogal vani zed) ]  car bon st eel  i n accor dance wi t h [ ASTM A865/ A865M]  
[ _____]  and t hr eaded i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1.   [ Use 
pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  
[ _____]  f or  l ubr i cant / seal ant .

2. 4. 4. 2   Wel di ng Fi t t i ngs

Pr ovi de [ but t - wel di ng]  [ or ]  [ socket - wel di ng]  wel di ng f i t t i ngs.   Pr ovi de 
wel di ng f i t t i ngs consi st i ng of  f or ged [ st eel ,  ASTM A105/ A105M Cl ass [ 150]  
[ 300]  [ _____] ]  [ l ow- car bon st eel ,  ASTM A858/ A858M [ seaml ess ]  [ or ]  
[ wel ded] ]  [ _____]  conf or mi ng t o [ ASME B16. 9]  [ ,  or ]  [ ASME B16. 11] .

2. 4. 4. 3   Fl anged Fi t t i ngs

Ensur e t he i nt er nal  di amet er  bor es of  f l anges and f l anged f i t t i ngs ar e t he 
same as t hat  of  t he associ at ed pi pe.   The f l anges must  be [ wel di ng neck]  
[ s l i p- on]  [ socket  wel di ng]  [ l apped]  [ or ]  [ t hr eaded]  t ype.   Fl anges and 
f l anged f i t t i ngs must  be [ f or ged st eel ,  [ ASTM A105/ A105M]  [ ASTM A727/ A727M
]  [ _____] ]  [ _____] ,  f aced and dr i l l ed t o ASME B16. 5 Cl ass [ 150]  [ 300]  
[ _____]  wi t h a [ 1. 6 mm 0. 0625 i nch r ai sed f ace]  [ f l at  f ace]  [ _____] .   
[ Dr i l l  cast  st eel  backi ng f l anges,  ASTM A216/ A216M Gr ade [ WCA]  [ WCB]  
[ WCC] ,  Van St one t ype,  i n conf or mance wi t h [ ASME B16. 5]  [ ASME B16. 1]  Cl ass 
[ 150]  [ _____] . ]  For  t i e- i n t o exi st i ng f l anges,  f i el d check exi st i ng 
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f l anges f or  non- st andar d bol t  hol e conf i gur at i ons and desi gn as r equi r ed 
t o assur e new pi pe and f l ange mat e pr oper l y.   Pr ovi de bol t i ng consi st i ng 
of  [ al l oy- st eel  ASTM A193/ A193M Gr ade [ B5]  [ B7]  [ _____]  hex head bol t s and 
ASTM A194/ A194M Gr ade [ _____]  hex head nut s]  [ _____] .   When mat i ng f l ange 
on val ves or  equi pment  i s cast  i r on,  use [ ASTM A193/ A193M Gr ade [ B8 Cl ass 
1]  [ _____]  bol t s and ASTM A194/ A194M Gr ade [ 8]  [ _____]  heavy hex head 
nut s]  [ _____] .   Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as t he 
bol t s.   Pr ovi de gasket s meet i ng t he r equi r ement s of  ASME B16. 5.   [ Pr ovi de 
nonmet al l i c  gasket s conf or mi ng t o ASME B16. 21 t hat  ar e a maxi mum [ 3. 2]  
[ _____]  mm [ 0. 125]  [ _____]  i nch t hi ck [ chl or opr ene r ubber ,  dur omet er  
har dness No. 80, ]  [ _____]  10. 34 MPa 1, 500 psi  mi ni mum t ensi l e st r engt h,  
[ 125]  [ _____]  per cent  mi ni mum el ongat i on,  f l at  r i ng t ype f or  use wi t h 
r ai sed f ace f l anges and f ul l  f ace t ype f or  use wi t h f l at  f ace f l anges. ]  
[ Pr ovi de met al l i c  r i ng j oi nt  gasket s conf or mi ng t o ASME B16. 20 and 
const r uct ed of  [ _____] . ]

2. 4. 4. 4   Compr essi on Fi t t i ngs f or  Tubi ng

Pr ovi de compr essi on f i t t i ngs consi st i ng of  [ car bon st eel  [ ASTM A108]  [
ASTM A576] ]  [ _____]  nut s,  f er r ul es and bodi es r at ed t o a mi ni mum [ _____]  
kPa psi g.   Pr ovi de st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [ ASME B1. 1] .

2. 4. 5   Car bon St eel  Coat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Car bon st eel  pi pi ng syst em component s wi l l  be 
coat ed wi t h cor r osi on r esi st ant  mat er i al s sui t abl e 
f or  exposur e t o t he envi r onment al  and pr ocess 
condi t i ons of  t he s i t e.   For  pot ent i al  exposur es t o 
pr essur es l ess t han 70 kPa 10 psi ,  t emper at ur es l ess 
t han 100 degr ees C 212 degr ees F and mi l d chemi cal s,  
pr epar e t he sur f aces i n accor dance wi t h SSPC SP 
6/ NACE No. 3.

For  pot ent i al  exposur es t o pr essur es and 
t emper at ur es gr eat er  t han t hose pr evi ousl y 
ment i oned,  and mi l d chemi cal s,  i nt er medi at e opt i ons 
may be appr opr i at e.   For  sever e chemi cal  exposur es,  
t he t her mopl ast i c r esi n syst em shoul d be used.

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

Coat  car bon st eel  pi pi ng component s wi t h cor r osi on r esi st ant  mat er i al s.   
Ensur e coat i ngs and f i ni shes ar e 100 per cent  hol i day f r ee.

2. 4. 5. 1   Si l i cone Coat i ng

Pr epar e car bon st eel  pi pi ng sur f aces i n accor dance wi t h SSPC SP 6/ NACE No. 3.   
Pr ovi de sur f aces wi t h an al kyd pr i mer  of  [ 0. 0625]  [ _____]  mm [ 2. 5]  [ _____]  
mi l s dr y f i l m t hi ckness f ol l owed by t wo al kyd modi f i ed s i l i cone f i nal  
coat s.

2. 4. 5. 2   Zi nc Coat i ng

Gal vani z i ng must  be hot - di p appl i ed and meet  t he r equi r ement s of  
ASTM A153/ A153M;  el ect r opl at ed zi nc or  cadmi um pl at i ng i s unaccept abl e.   
St ai nl ess st eel  component s may be subst i t ut ed wher e gal vani z i ng i s 
speci f i ed.
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2. 4. 5. 3   Ther mopl ast i c Resi n Coat i ng Syst em

[ Car bon st eel  pi pi ng sur f aces must  have a mi ni mum of  [ 4]  [ _____]  coat s of  
phenol i c t ype coat i ngs appl i ed at  a mi ni mum dr y f i l m t hi ckness of  [ 0. 040]  
[ _____]  mm [ 1. 6]  [ _____]  mi l s per  coat .   Bake each coat  at  [ 149]  [ _____]  
degr ees C [ 300]  [ _____]  degr ees F f or  [ 10]  [ _____]  mi nut es.   Cur e t he f ul l  
coat i ng syst em i n an oven at  [ 190]  [ _____]  degr ees C [ 375]  [ _____]  degr ees 
F f or  [ 30]  [ _____]  mi nut es. ]  [ Coat  car bon st eel  pi pi ng syst em component s 
wi t h an adhesi vel y mount ed pol yet hyl ene coat i ng syst em.   Ensur e t he 
cont i nuousl y ext r uded pol yet hyl ene and adhesi ve coat i ng syst em mat er i al s 
conf or m t o NACE SP0185 Type A. ]

2. 4. 6   Car bon St eel  Cat hodi c Pr ot ect i on

Bur i ed f er r ous pi pi ng must  have cat hodi c pr ot ect i on.

2. 5   LI NED STEEL PI PI NG SYSTEM

2. 5. 1   Out er  Pi pe Shel l

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  t he out er  shel l ,  car bon st eel  i s  most  
common;  st ai nl ess st eel  wi l l  consi der abl y l i mi t  
suppl i er s.   Fl anged j oi ni ng,  Cl ass 150 or  300,  i s 
commonl y used.   Most  t her mopl ast i c l i ner s al l ow some 
vapor s t o per meat e and become t r apped bet ween t he 
l i ner  and t he shel l .   Ther ef or e,  vent i ng v i a weep 
hol es i n t he out er  shel l  or  vent i ng f l ange col l ar s 
( not e t hat  a s i ngl e manuf act ur er  has a pat ent  on 
vent i ng col l ar s)  ar e r equi r ed t o avoi d gas 
accumul at i on.   These ar e not  r equi r ed f or  
nonper meabl e l i ner s such as PVDC.   The use of  
t her mopl ast i cs wi t h aggr essi ve chemi cal s may r esul t  
i n a l ower  maxi mum oper at i ng t emper at ur e t han t hat  
r at ed f or  an unl i ned pi pe composed of  t he same 
mat er i al .

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

The out er  shel l  of  t he l i ned pi pi ng syst em must  be [ car bon st eel  meet i ng 
t he r equi r ement s of  [ ASTM A53/ A53M [ el ect r i c- r esi st ance wel ded]  [ _____] ,  
Gr ade [ B]  [ _____] ]  [ _____] ,  Schedul e [ 40]  [ 80]  [ i n accor dance wi t h Pi pe 
Schedul e] ]  [ TP304 st ai nl ess st eel ,  [ ASTM A312/ A312M [ seaml ess]  [ wel ded] ]  
[ _____] ,  Schedul e [ 10S]  [ 40S]  [ 80S]  [ 5S]  [ i n accor dance wi t h Pi pe 
Schedul e] ]  [ _____] .   Equi p out er  pi pe wi t h [ 3]  [ _____]  mm [ 0. 125]  [ _____]  
i nch vent  hol es spaced axi al l y at  [ _____]  mm i nches on cent er  or  l ocki ng 
and vent i ng col l ar s at  each f l ange.   I f  i nsul at ed,  equi p t he vent s of  t he 
l i ned pi pi ng syst em wi t h t he manuf act ur er ' s st andar d vent  ext ensi ons t o 
avoi d bl ocki ng.   [ Coat  car bon st eel  pi pi ng component s ext er nal l y wi t h 
cor r osi on r esi st ant  mat er i al s.   Ensur e coat i ngs and f i ni shes ar e 100 
per cent  hol i day f r ee. ]

2. 5. 2   Li ned St eel  Joi nt s

Joi n l i ned pi pi ng by [ [ cast  st eel ]  [ f or ged st eel ]  f l anges]  [ _____] .

2. 5. 3   Li ned St eel  Fi t t i ngs

Fi t t i ngs must  be [ cast  gr ay i r on,  [ ASTM A126 Gr ade B]  [ _____] ,  conf or mi ng 
t o ASME B16. 1]  [ cast  duct i l e i r on,  [ ASTM A395/ A395M]  [ _____] ,  conf or mi ng 
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t o ASME B16. 42]  [ cast  car bon st eel ,  [ ASTM A216/ A216M Gr ade WCB]  [ _____] ,  
conf or mi ng t o ASME B16. 5]  [ cast ,  f abr i cat ed or  f or ged car bon st eel ,  [
ASTM A587]  [ ASTM A106/ A106M Gr ade B]  [ ASTM A53/ A53M]  [ ASTM A105/ A105M] ]  
[ st ai nl ess st eel ,  [ ASTM A312/ A312M Gr ade 304L]  [ ASTM A276/ A276M]  [ _____] ,  
conf or mi ng t o ASME B16. 5]  [ _____] .

2. 5. 4   Li ned St eel  Fl anged Fi t t i ngs

Ensur e t he i nt er nal  di amet er  bor es of  f l anges and f l anged f i t t i ngs ar e t he 
same as t hat  of  t he associ at ed pi pe.   [ Cast  st eel ,  [ ASTM A216/ A216M Gr ade 
[ WCB]  [ _____] ]  [ _____] , ]  [ For ged st eel ,  [ ASTM A105/ A105M]  [ _____] , ]  
[ St ai nl ess st eel ,  [ ASTM A312/ A312M Gr ade 304L]  [ _____] , ]  f l anges and 
f l anged f i t t i ngs must  be f aced and dr i l l ed t o ASME B16. 5 Cl ass [ 150]  [ 300]  
[ _____] .   For  t i e- i n t o exi st i ng f l anges,  f i el d check exi st i ng f l anges f or  
non- st andar d bol t  hol e conf i gur at i ons and desi gn as r equi r ed t o assur e new 
pi pe and f l ange mat e pr oper l y.   Bol t i ng must  be [ al l oy- st eel  
ASTM A193/ A193M Gr ade [ B5]  [ B7]  [ _____]  hex head bol t s and ASTM A194/ A194M 
Gr ade [ _____]  hex head nut s]  [ _____] .   When mat i ng f l ange on val ves or  
equi pment  i s cast  i r on,  use [ ASTM A193/ A193M Gr ade [ B8 Cl ass 1]  [ _____]  
bol t s and ASTM A194/ A194M Gr ade [ 8]  [ _____]  heavy hex head nut s]  
[ ______] .   Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as t he bol t s.   
Pr ovi de gasket s meet i ng t he r equi r ement s of  ASME B16. 5 and nonmet al l i c  
conf or mi ng t o ASME B16. 21.

2. 5. 5   Li ned St eel  Spacer s

For  maki ng connect i ons bet ween l i ned pi pi ng syst ems and ot her  t ypes of  
pi pe or  equi pment ,  use spacer s.   Ensur e spacer s ar e composed of  t he same 
mat er i al  as t he l i ner  wi t h a bor e i dent i cal  t o t he i nt er nal  di amet er  of  
t he associ at ed l i ned pi pe.   Unl ess ot her wi se speci f i ed f or  t he l i ner  
syst ems,  use a gasket  bet ween t he spacer  and t he unl i ned pi pi ng syst em or  
equi pment  t hat  conf or ms t o t he gasket s r equi r ed f or  t he unl i ned pi pi ng 
syst em or  equi pment  nozzl e.   Spacer s must  be [ st andar d r i ng]  [ st andar d 
f ul l  f ace]  [ l i ned st eel  r i ng]  [ as i ndi cat ed on t he cont r act  dr awi ngs]  
[ _____]  f or  f l anged connect i ons.   Pr ovi de spacer s t hat  ar e a mi ni mum of  
[ 13]  [ _____]  mm [ 1/ 2]  [ _____]  i nch t hi ck f or  pi pi ng 200 mm 8 i nches and 
smal l er  i n di amet er ,  and a mi ni mum of  [ 15]  [ _____]  mm [ 5/ 8]  [ _____]  i nch 
t hi ck f or  pi pi ng l ar ger  t han 200 mm 8 i nches i n di amet er .   [ Use]  [ Do not  
use]  a t aper ed f ace spacer  f or  pi pi ng di r ect i onal  changes l ess t han [ 5]  
[ _____]  degr ees,  and do not  use f or  pi pi ng di r ect i onal  changes l ar ger  t han 
[ 5]  [ _____]  degr ees.

2. 5. 6   Gl ass Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A pr essur e r at i ng of  2 MPa 300 psi  i s  
avai l abl e f or  t he l i ni ng and pi pi ng syst em i f  Cl ass 
300 spl i t  f l anges ar e used as j oi nt s.

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  [ 1. 6]  [ _____]  mm 
[ 1/ 16]  [ _____]  i nch of  [ chemi cal  r esi st ant ,  l ow- expansi on,  Type- I  
bor osi l i cat e gl ass,  Gl ass A]  [ por cel ai n enamel ]  [ _____]  conf or mi ng t o 
ASTM E438 r at ed t o oper at e bet ween - 29 and pl us 66 degr ees C - 20 and pl us 
450 degr ees F at  a nomi nal  wor ki ng pr essur e of  [ 1. 03]  [ _____]  MPa [ 150]  
[ _____]  psi g and f ul l  vacuum.   [ Test  t her mal  shock r esi st ance  i n 
accor dance wi t h ASTM C600. ]   [ Use pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  
envel oped gasket s t hat  conf or m t o ASTM F336.
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2. 5. 7   Per f l uor oal koxyl  ( PFA)  Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ner  t hi cknesses r ange f r om 1. 5 t o 3. 8 mm 60 
t o 150 mi l ,  dependi ng on t he si ze of  t he pi pe.   
Nomi nal  pi pe di amet er s 25 mm 1 i nch t hr ough 80 mm 3 
i nches ar e r at ed f or  f ul l  vacuum up t o 230 degr ees C 
450 degr ees F;  100 mm 4 i nches di amet er  pi pe i s 
r at ed f or  f ul l  vacuum t o 150 degr ees C 300 degr ees F;
 150 mm 6 i nches di amet er  pi pe i s r at ed f or  f ul l  
vacuum at  120 degr ees C 250 degr ees F;  and 200 mm 8 
i nches di amet er  pi pe i s r at ed f or  f ul l  vacuum at  65 
degr ees C 150 degr ees F.   Lar ger  pi pe di amet er s ar e 
avai l abl e.

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  PFA,  ASTM D3307 
Type I I ,  conf or mi ng t o ASTM F1545,  and r at ed t o oper at e bet ween - 29 and 
pl us 260 degr ees C - 20 and pl us 500 degr ees F.   Ensur e t he l i ned pi pi ng 
syst em i s r at ed at  a maxi mum pr essur e of  [ _____]  MPa psi g at  a t emper at ur e 
of  [ _____]  degr ees C degr ees F.   Pr ovi de pi pe l i ner  wi t h a mi ni mum wal l  
t hi ckness of  [ _____]  mm mi l .   Pr ovi de l i ner  f or  f i t t i ngs wi t h a mi ni mum 
wal l  t hi ckness and mi ni mum uni f or m f ace t hi ckness of  [ _____]  mmmi l .   The 
par t  of  t he l i ner  t hat  ext ends ont o a gasket  f ace must  have a uni f or m 
t hi ckness of  no l ess t han 80 per cent  of  t he pi pe l i ner  wal l  t hi ckness.

2. 5. 8   Pol ypr opyl ene ( PP)  Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ner  t hi cknesses r ange f r om 3. 8 t o 8. 6 mm 
150 t o 340 mi l ) ,  dependi ng on si ze of  pi pe.   Nomi nal  
pi pe di amet er s 25 mm 1 i nch t hr ough 300 mm 12 i nch 
ar e r at ed f or  f ul l  vacuum up t o 107 degr ees C 225 
degr ees F,  i f  t he l i ner  i s of  swaged const r uct i on.   
For  i nt er f er ence f i t  t ype l i ner s,  pi pe di amet er s 25 
mm 1 i nch t hr ough 200 mm 8 i nch ar e r at ed f or  f ul l  
vacuum t o 107 degr ees C 225 degr ees F;  250 mm 10 i nch
 and 300 mm 12 i nch di amet er  pi pe i s r at ed f or  f ul l  
vacuum t o 38 degr ees C 100 degr ees F.

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  PP,  ASTM D4101,  
must  conf or m t o ASTM F1545,  and r at ed t o oper at e bet ween - 18 and pl us 107 
degr ees C 0 and 225 degr ees F.   Ensur e t he l i ned pi pi ng syst em i s r at ed at  
a maxi mum pr essur e of  [ _____]  MPa psi g at  a t emper at ur e of  [ _____]  degr ees 
C degr ees F.   Pr ovi de pi pe l i ner  wi t h a mi ni mum wal l  t hi ckness of  [ _____]  
mm mi l .   Pr ovi de l i ner  f or  f i t t i ngs wi t h a mi ni mum wal l  t hi ckness and 
mi ni mum uni f or m f ace t hi ckness of  [ _____]  mm mi l .   The par t  of  t he l i ner  
t hat  ext ends ont o a gasket  f ace must  have a uni f or m t hi ckness of  no l ess 
t han 80 per cent  of  t he pi pe l i ner  wal l  t hi ckness.

2. 5. 9   Pol yt et r af l uor oet hyl ene ( PTFE)  Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ner  t hi cknesses r ange f r om 1. 5 t o 3. 8 mm 60 
t o 150 mi l ,  dependi ng on pi pe di mensi ons.   Nomi nal  
pi pe di amet er s 25 mm 1 i nch t hr ough 300 mm 12 i nch 
ar e r at ed f or  f ul l  vacuum up t o 107 degr ees C 225 
degr ees F,  i f  t he l i ner  i s of  swaged const r uct i on.   
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For  i nt er f er ence f i t  t ype l i ner s,  pi pe di amet er s 25 
mm 1 i nch t hr ough 100 mm 4 i nch ar e r at ed f or  f ul l  
vacuum t o 230 degr ees C 450 degr ees F;  150 mm 6 i nch 
and 200 mm 8 i nch di amet er  pi pe i s r at ed f or  f ul l  
vacuum at  180 degr ees C 350 degr ees F.   For  swaged 
f i t  t ype l i ner s,  pi pe di amet er s 25 mm 1 i nch t hr ough 
200 mm 8 i nch ar e r at ed f or  f ul l  vacuum t o 230 
degr ees C 450 degr ees F.   For  s l i p f i t  t ype l i ner s,  
pi pe di amet er s 25 mm 1 i nch t hr ough 100 mm 4 i nch 
ar e r at ed f or  f ul l  vacuum t o 230 degr ees C 450 
degr ees F.

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  PTFE,  must  conf or m 
t o [ _____] ,  and r at ed t o oper at e bet ween - 29 and pl us 260 degr ees C - 20 
and pl us 500 degr ees F.   Ensur e t he l i ned pi pi ng syst em i s r at ed at  a 
maxi mum pr essur e of  [ _____]  MPa psi g at  a t emper at ur e of  [ _____]  degr ees C 
degr ees F.   Pr ovi de pi pe l i ner  wi t h a mi ni mum wal l  t hi ckness of  [ _____]  mm 
mi l .   The par t  of  t he l i ner  t hat  ext ends ont o a gasket  f ace must  have a 
mi ni mum uni f or m f ace t hi ckness of  [ _____]  mm mi l .

2. 5. 10   Pol yvi nyl i dene Fl uor i de ( PVDF)  Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ner  t hi cknesses r ange f r om 3. 81 t o 5. 33 mm 
150 t o 218 mi l  dependi ng on t he pi pe di mensi ons.   
Pr oper  l i ner  t hi ckness assur es a non- per meabl e 
l i ni ng.   Nomi nal  pi pe di amet er s 25 mm 1 i nch t hr ough 
200 mm 8 i nch ar e r at ed f or  f ul l  vacuum up t o 135 
degr ees C 275 degr ees F,  i f  t he l i ner  i s of  swaged 
or  i nt er f er ence f i t  const r uct i on.   For  l oose f i t  
t ype l i ner s,  nomi nal  pi pe di amet er s 25 mm 1 i nch 
t hr ough 100 mm 4 i nch ar e r at ed f or  f ul l  vacuum t o 
135 degr ees C 275 degr ees F,  and 150 mm 6 i nch and 
200 mm 8 i nch di amet er  pi pe i s r at ed f or  64. 2 kPa 19 
i nch of  mer cur y of  vacuum t o 135 degr ees C 275 
degr ees F.

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  PVDF,  ASTM D3222,  
and must  be r at ed t o oper at e bet ween - 18 and pl us 135 degr ees C 0 and 275 
degr ees F.   Ensur e t he l i ned pi pi ng syst em i s r at ed at  a maxi mum pr essur e 
of  [ _____]  MPa psi g at  a t emper at ur e of  [ _____]  degr ees C degr ees F.   
Pr ovi de pi pe l i ner  wi t h a mi ni mum wal l  t hi ckness of  [ _____]  mm mi l .   
Pr ovi de l i ner  f or  f i t t i ngs wi t h a mi ni mum wal l  t hi ckness and mi ni mum 
uni f or m f ace t hi ckness of  [ _____]  mm mi l .   The par t  of  t he l i ner  t hat  
ext ends ont o a gasket  f ace must  have a uni f or m t hi ckness of  no l ess t han 
80 per cent  of  t he pi pe l i ner  wal l  t hi ckness.

2. 5. 11   Rubber  Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ner  t hi cknesses r ange f r om 3. 2 mm 0. 125 i nch
 t o 12. 7 mm 0. 5 i nch.   Rubber  l i ned pi pe i s not  
r at ed f or  vacuum ser vi ce.   Use a st andar d gasket  f or  
har d r ubber  l i ni ng.   For  sof t  r ubber  use a coat i ng 
or  sheet  of  pol yet hyl ene or  s i mi l ar  mat er i al  
consi st ent  wi t h t he appl i cat i on as a gasket .   
Oper at i ng t emper at ur e r anges ar e as f ol l ows:   
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nat ur al  r ubber - 54 t o pl us 82 degr ees C - 65 t o pl us 
180 degr ees F

chl or opr ene - 54 t o pl us 107 degr ees C - 65 t o 
pl us 225 degr ees F

i sobut yl ene i sopr ene - 54 t o pl us 149 degr ees C - 65 t o 
pl us 300 degr ees F

ni t r i l e - 54 t o pl us 107 degr ees C - 65 t o 
pl us 225 degr ees F

EPDM - 54 t o pl us 149 degr ees C - 65 t o 
pl us 300 degr ees F

chl or osul f onat ed 
pol yet hyl ene

- 54 t o pl us 121 degr ees C - 65 t o 
pl us 250 degr ees F

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  [ _____]  mm i nch of  
el ast omer i c mat er i al ,  ASTM D1418 Cl ass [ _____] ,  wi t h a har dness of  
[ _____] .   Ter mi nat e l i ni ng i nsi de of  t he bol t  hol es.   Fi l l  r emai ni ng space 
f r om t he l i ner  t o t he f l ange edge wi t h a [ _____]  mm i nch 
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ pol yvi nyl i dene f l uor i de ( PVDF) ]  
[ pol ypr opyl ene ( PP) ]  [ _____]  spacer .   Pr ovi de f l ange gasket s t hat  ar e [ a 
maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nches t hi ck [ pol yet hyl ene ( PE) ]  
[ _____]  [ sheet ]  [ or ]  [ coat i ng] ]  [ [ _____]  gasket ] .

2. 5. 12   Pol yvi nyl i dene Chl or i de ( PVDC)  Li ner

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   No vent s ar e needed i n t he out er  pi pe f or  
PVDC.   Li ner  t hi cknesses r ange f r om 3. 8 t o 5. 5 mm 
150 t o 218 mi l  dependi ng on t he pi pe di mensi ons.

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

Lock t he l i ner  t o t he shel l .   The l i ner  must  consi st  of  PVDC conf or mi ng t o 
ASTM F1545 and r at ed t o oper at e bet ween - 18 and pl us 79 degr ees C 0 and 
175 degr ees F.   Ensur e t he l i ned pi pi ng syst em i s r at ed at  a maxi mum 
pr essur e of  [ _____]  MPa psi g at  a t emper at ur e of  [ _____]  degr ees C degr ees 
F.   Pr ovi de pi pe l i ner  wi t h a mi ni mum wal l  t hi ckness of  [ _____]  mm mi l .   
Pr ovi de f i t t i ngs l i ner  wi t h a mi ni mum wal l  t hi ckness and mi ni mum uni f or m 
f ace t hi ckness of  [ _____]  mm mi l .   The par t  of  t he l i ner  t hat  ext ends ont o 
a gasket  f ace must  have a uni f or m t hi ckness of  no l ess t han 80 per cent  of  
t he pi pe l i ner  wal l  t hi ckness.

2. 5. 13   Li ned St eel  Cat hodi c Pr ot ect i on

Bur i ed f er r ous pi pi ng must  have cat hodi c pr ot ect i on.

2. 6   STAI NLESS STEEL PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng par agr aphs speci f y gener al  
l i qui d ser vi ce use of  st ai nl ess st eel  pi pi ng.   To 
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speci f y t he mat er i al ,  r evi ew t he appl i cat i on.   For  
exampl e,  of  t he aust eni t i c  st eel s,  TP316 or  TP316L 
have bet t er  r esi st ance t o pi t t i ng cor r osi on t han 
TP304 or  TP304L wher e br i nes,  sul phur - bear i ng wat er s 
or  hal ogen sal t s,  such as chl or i des,  ar e pr esent .

The opt i on f or  cr i mped coupl i ngs and f i t t i ngs 
r equi r es a l ow pr essur e appl i cat i on -  l ess t han 1. 03 
MPa 150 psi g,  ser vi ce wher e t he st ai nl ess st eel  
pi pi ng mat er i al s ( TP304,  TP304L,  TP316 and TP316L)  
ar e compat i bl e t o t he f l ui d and t hi n wal l  ( schedul e 
5S)  pi pe or  t ubi ng.   A l i mi t ed number  of  
manuf act ur er s ar e avai l abl e so i ncl ude ot her  
j oi nt / f i t t i ng opt i on( s) .

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

2. 6. 1   Aust eni t i c  Pi pi ng

2. 6. 1. 1   St ai nl ess St eel  Pi pe

St ai nl ess st eel  pi pe i nt ended f or  gener al  cor r osi ve ser vi ce must  meet  t he 
r equi r ement s of  [ ASTM A312/ A312M,  [ seaml ess]  [ wel ded] ]  [ ASTM A813/ A813M 
f or  f i t - up and al i gnment  qual i t y,  Cl ass [ SW]  [ DW] ]  [ ASTM A814/ A814M f or  
f l anged and col d- bendi ng qual i t y,  Cl ass [ SW]  [ DW] ]  [ _____] ,  Gr ade [ TP304]  
[ TP304L]  [ TP316]  [ TP316L]  [ _____] ,  Schedul e [ 10S]  [ 40S]  [ 80S]  [ 5S]  [ i n 
accor dance wi t h Pi pe Schedul e]  [ _____]  wi t h di mensi ons conf or mi ng t o 
ASME B36. 19M.

2. 6. 1. 2   St ai nl ess St eel  Tubi ng

Pr ovi de st ai nl ess st eel  t ubi ng meet i ng t he r equi r ement s of  [ [
ASTM A269/ A269M]  [ ASTM A632] ,  [ seaml ess]  [ wel ded] ,  Gr ade [ TP304]  [ TP304L]  
[ TP316]  [ TP316L]  [ _____] ]  [ ASTM A789/ A789M,  [ seaml ess]  [ wel ded] ,  Gr ade 
[ S32760]  [ _____] ]  wi t h nomi nal  s i ze and wal l  t hi ckness [ i n accor dance wi t h 
Pi pe Schedul e]  [ _____] .

2. 6. 1. 3   St ai nl ess St eel  Joi nt s

Joi n st ai nl ess st eel  pi pi ng by [ t hr eaded coupl i ngs]  [ wel ded f i t t i ngs]  
[ f l anges]  [ cr i mpi ng coupl i ngs] .   Joi n t ubi ng usi ng [ cr i mpi ng coupl i ngs]  
[ compr essi on]  [ _____]  f i t t i ngs.   Pr ovi de di el ect r i c f i t t i ngs or  i sol at i on 
j oi nt s bet ween al l  di ssi mi l ar  met al s.

2. 6. 1. 4   St ai nl ess St eel  Thr eaded Fi t t i ngs

Pr ovi de t hr eaded f i t t i ngs consi st i ng of  [ aust eni t i c  st ai nl ess st eel ,  [
ASTM A182/ A182M Gr ade [ TP304]  [ TP304L]  [ TP316]  [ TP316L]  [ _____] ,  
conf or mi ng t o [ ASME B16. 11]  [ _____] ,  and t hr eaded i n accor dance wi t h 
ASME B1. 20. 2MASME B1. 20. 1. ] ]   Use [ pol yt et r af l uor oet hyl ene ( PTFE)  
pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  [ _____]  f or  l ubr i cant / seal ant .

2. 6. 1. 5   St ai nl ess St eel  Wel di ng Fi t t i ngs

Pr ovi de [ but t - wel di ng]  [ or ]  [ socket - wel di ng]  wel di ng f i t t i ngs.   Pr ovi de 
wel di ng f i t t i ngs consi st i ng of  f or ged aust eni t i c  st ai nl ess st eel ,  [
ASTM A403/ A403M Gr ade [ TP304]  [ TP304L]  [ TP316]  [ TP316L]  [ _____] ,  
[ but t - wel di ng f i t t i ngs,  Cl ass [ CR] ,  conf or mi ng t o ASME B16. 9]  
[ socket - wel di ng f i t t i ngs,  Cl ass [ WP- S]  [ WP- W]  [ WP- WX]  [ WP- WU] ,  conf or mi ng 
t o ASME B16. 11] . ]  [ _____] .
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2. 6. 1. 6   St ai nl ess St eel  Fl anged Fi t t i ngs

Pr ovi de i nt er nal  di amet er  bor es of  f l anges and f l anged f i t t i ngs t hat  ar e 
t he same as t hat  of  t he associ at ed pi pe.   Ensur e f l anges ar e [ wel di ng 
neck]  [ s l i p- on]  [ socket  wel di ng]  [ l apped]  [ or ]  [ t hr eaded]  t ype.   Pr ovi de 
f l anges and f l anged f i t t i ngs consi st i ng of  [ f or ged aust eni t i c  st ai nl ess 
st eel ,  ASTM A182/ A182M Gr ade [ TP304]  [ TP304L]  [ TP316]  [ TP316L]  [ _____] ]  
[ _____] ,  Cl ass [ 150]  [ 300]  [ _____] ,  dr i l l ed t o ASME B16. 5 wi t h a [ 1. 6 mm 
0. 0625 i nch r ai sed f ace]  [ f l at  f ace]  [ _____] .   [ Dr i l l  cast  aust eni t i c  
st ai nl ess st eel  backi ng f l anges,  ASTM A351/ A351M Gr ade [ _____] ,  Van St one 
t ype,  t o [ ASME B16. 5]  [ ASME B16. 1]  Cl ass [ 150]  [ _____] . ]   For  t i e- i n t o 
exi st i ng f l anges,  f i el d check exi st i ng f l anges f or  non- st andar d bol t  hol e 
conf i gur at i ons and desi gn as r equi r ed t o assur e new pi pe and f l ange mat e 
pr oper l y.   Bol t i ng must  be [ al l oy- st eel  ASTM A193/ A193M Gr ade [ B8]  [ B8C]  
[ _____]  hex head bol t s and ASTM A194/ A194M Gr ade [ 8]  [ 8C]  [ _____]  hex head 
nut s]  [ _____] .   When mat i ng f l ange on val ves or  equi pment  i s cast  i r on,  
use [ ASTM A193/ A193M Gr ade [ B8 Cl ass 1]  [ _____]  bol t s and ASTM A194/ A194M 
Gr ade [ 8]  [ _____]  heavy hex head nut s]  [ _____] .   Pr ovi de bol t s wi t h 
washer s of  t he same mat er i al  as t he bol t s.   Pr ovi de gasket s meet i ng t he 
r equi r ement s of  ASME B16. 5.   [ Pr ovi de nonmet al l i c  gasket s conf or mi ng t o 
ASME B16. 21 and t hat  ar e a maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck 
[ chl or opr ene r ubber ,  dur omet er  har dness No. 80]  [ _____] ,   10. 34 MPa 1, 500 
psi  mi ni mum t ensi l e st r engt h,  [ 125]  [ _____]  per cent  mi ni mum el ongat i on,  
f l at  r i ng t ype f or  use wi t h r ai sed f ace f l anges and f ul l  f ace t ype f or  use 
wi t h f l at  f ace f l anges. ]  [ Pr ovi de met al l i c  r i ng j oi nt  gasket s conf or mi ng 
t o ASME B16. 20 and const r uct ed of  [ _____] . ]

2. 6. 1. 7   St ai nl ess St eel  Cr i mpi ng Fi t t i ngs

Cr i mpi ng f i t t i ngs must  be col d dr awn,  [ TP304]  [ TP304L]  [ TP316]  [ TP316L]  
aust eni t i c  st ai nl ess st eel .   O- r i ng seal s must  be [ but adi ene 
acr yl oni t r i l e]  [ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  
[ f l uor o- el ast omer i c]  [ _____] .

2. 6. 1. 8   Compr essi on Fi t t i ngs f or  Tubi ng

Pr ovi de compr essi on f i t t i ngs consi st i ng of  [ ASTM A479/ A479M]  [ _____]  
st ai nl ess st eel ,  Gr ade TP316,  nut s,  f er r ul es and bodi es r at ed t o a mi ni mum 
[ _____]  kPa psi g.   Pr ovi de st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [
ASME B1. 1] .

2. 6. 1. 9   St ai nl ess St eel  Cat hodi c Pr ot ect i on

Bur i ed f er r ous pi pi ng must  have cat hodi c pr ot ect i on.

2. 6. 2   Fer r i t i c  and Mar t ensi t i c  Pi pi ng

2. 6. 2. 1   Pi pe

Pr ovi de st ai nl ess st eel  pi pe meet i ng t he r equi r ement s of  [ ASTM A268/ A268M,  
[ seaml ess]  [ wel ded] ,  Gr ade [ S44627]  [ S43035TP430]  [ _____] ,  Schedul e [ 5S]  
[ 10S]  [ 40S]  [ 80S]  [ i n accor dance wi t h Pi pe Schedul e] ]  [ _____]  wi t h 
di mensi ons conf or mi ng t o ASME B36. 19M.

2. 6. 2. 2   Tubi ng

Pr ovi de st ai nl ess st eel  t ubi ng meet i ng t he r equi r ement s of  [ ASTM A268/ A268M,  
[ seaml ess]  [ wel ded] ,  Gr ade [ TP410]  [ _____] ]  [ ASTM A789/ A789M,  [ seaml ess]  
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[ wel ded] ,  Gr ade [ S31500]  [ _____] ]  [ ASTM A268/ A268M,  wel ded,  unanneal ed 
Gr ade [ S44627]  [ _____] ]  wi t h nomi nal  s i ze and wal l  t hi ckness [ i n 
accor dance wi t h Pi pe Schedul e]  [ _____] .

2. 6. 2. 3   Joi nt s

Joi n st ai nl ess st eel  pi pi ng by [ t hr eaded coupl i ngs]  [ wel di ng f i t t i ngs]  
[ f l anges] .   Joi n t ubi ng usi ng [ compr essi on]  [ _____]  f i t t i ngs.   Pr ovi de 
di el ect r i c f i t t i ngs or  i sol at i on j oi nt s bet ween al l  di ssi mi l ar  met al s.

2. 6. 2. 4   Thr eaded Fi t t i ngs

Pr ovi de t hr eaded f i t t i ngs consi st i ng of  [ st ai nl ess st eel ,  ASTM A182/ A182M 
Gr ade [ TP430]  [ 6a Cl ass 1]  [ _____] ,  conf or mi ng t o [ ASME B16. 11]  [ _____] ,  
and t hr eaded i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1. ]   [ Use 
pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  
[ _____]  f or  l ubr i cant / seal ant .

2. 6. 2. 5   Wel di ng Fi t t i ngs

Pr ovi de [ but t - wel di ng]  [ or ]  [ socket - wel di ng]  wel di ng f i t t i ngs.   Pr ovi de 
wel di ng f i t t i ngs consi st i ng of  f or ged st ai nl ess st eel ,  [ ASTM A815/ A815M 
Gr ade [ TP430]  [ TP410]  [ _____] ,  [ but t - wel di ng f i t t i ngs,  Cl ass CR,  
conf or mi ng t o ASME B16. 9]  [ socket - wel di ng f i t t i ngs,  Cl ass [ WP- S]  [ WP- W]  
[ WP- WX] ,  conf or mi ng t o ASME B16. 11] . ]  [ _____] .

2. 6. 2. 6   Fl anged Fi t t i ngs

Pr ovi de i nt er nal  di amet er  bor es of  f l anges and f l anged f i t t i ngs t hat  ar e 
t he same as t hat  of  t he associ at ed pi pe.   Ensur e f l anges ar e [ wel di ng 
neck]  [ s l i p- on]  [ socket  wel di ng]  [ l apped]  [ or ]  [ t hr eaded]  t ype.   Pr ovi de 
f l anges and f l anged f i t t i ngs consi st i g of  [ f or ged st ai nl ess st eel ,  
ASTM A182/ A182M Gr ade [ TP430]  [ 6a Cl ass 1]  [ _____] ]  [ _____] ,  Cl ass [ 150]  
[ 300]  [ _____] ,  dr i l l ed t o ASME B16. 5 wi t h a [ 1. 6 mm 0. 0625 i nch r ai sed 
f ace]  [ f l at  f ace]  [ _____] .   [ Dr i l l  cast  st ai nl ess st eel  backi ng f l anges,  
ASTM A352/ A352M Gr ade [ _____] ,  Van St one t ype,  t o [ ASME B16. 5]  [ ASME B16. 1
]  Cl ass [ 150]  [ _____] . ]   For  t i e- i n t o exi st i ng f l anges,  f i el d check 
exi st i ng f l anges f or  non- st andar d bol t  hol e conf i gur at i ons and desi gn as 
r equi r ed t o assur e new pi pe and f l ange mat e pr oper l y.   Bol t i ng must  be 
[ al l oy- st eel  ASTM A193/ A193M Gr ade [ L7]  [ L7A]  [ _____]  hex head bol t s and 
ASTM A194/ A194M Gr ade [ 7]  [ 7A]  [ _____]  hex head nut s]  [ _____] .   When 
mat i ng f l ange on val ves or  equi pment  i s cast  i r on,  use [ ASTM A193/ A193M 
Gr ade Gr ade [ B8 Cl ass 1]  [ _____]  bol t s and ASTM A194/ A194M Gr ade [ 8]  
[ _____]  heavy hex head nut s]  [ _____] .   Pr ovi de bol t s wi t h washer s of  t he 
same mat er i al  as t he bol t s.   Pr ovi de gasket s meet i ng t he r equi r ement s of  
ASME B16. 5.   [ Pr ovi de nonmet al l i c  gasket s conf or mi ng t o ASME B16. 21 and a 
maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck [ chl or opr ene r ubber ,  
dur omet er  har dness No. 80]  [ _____] ,  10. 34 MPa 1, 500 psi  mi ni mum t ensi l e 
st r engt h,  [ 125]  [ _____]  per cent  mi ni mum el ongat i on,  f l at  r i ng t ype f or  use 
wi t h r ai sed f ace f l anges and f ul l  f ace t ype f or  use wi t h f l at  f ace 
f l anges. ]  [ Pr ovi de met al l i c  r i ng j oi nt  gasket s conf or mi ng t o ASME B16. 20 
and const r uct ed of  [ _____] . ]

2. 6. 2. 7   Compr essi on Fi t t i ngs f or  Tubi ng

Pr ovi de compr essi on f i t t i ngs consi st i ng of  [ ASTM A479/ A479M]  [ _____]  
st ai nl ess st eel ,  Gr ade TP316,  nut s,  f er r ul es and bodi es r at ed t o a mi ni mum 
[ _____]  kPa psi g.   Pr ovi de st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [
ASME B1. 1] .
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2. 6. 2. 8   Cat hodi c Pr ot ect i on

Bur i ed f er r ous pi pi ng must  have cat hodi c pr ot ect i on.

2. 7   NI CKEL AND NI CKEL ALLOYS PI PI NG SYSTEMS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The pr ef er r ed met hod f or  j oi ni ng ni ckel  and 
ni ckel  al l oy pi pe i s wel di ng due t o cost  of  
f l anges.   I n al l  cases,  onl y Schedul es 40S and 80S 
can be t hr eaded due t o wal l  t hi ckness.   Fl anges 
shoul d be used when at t achi ng ni ckel  pi pe t o pumps,  
pr ocess vessel s,  and ot her  equi pment  t hat  r equi r es 
r emoval  per i odi cal l y.   Gener al l y,  f or  t emper at ur es 
up t o 115 degr ees C 240 degr ees F,  and nor mal  
pr essur es encount er ed,  t he chl or opr ene gasket  
speci f i ed i s appr opr i at e f or  most  " di l ut e"  pr ocess 
l i qui ds,  wat er  and sl udge ser vi ces.   However ,  ot her  
l i qui ds may r equi r e ot her ,  mor e sui t abl e gasket  
mat er i al s.

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

2. 7. 1   Ni ckel

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l oy N02200 and al l oy N02201 ar e t he 2 basi c 
composi t i ons of  ni ckel  pi pe.   Al l oy N02200 i s 
l i mi t ed t o a maxi mum oper at i ng t emper at ur e of  315 
degr ees C 600 degr ees F.

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

2. 7. 1. 1   Ni ckel  Pi pe

[ Al l oy N02200]  [ Al l oy N02201]  ni ckel  pi pe must  be [ seaml ess conf or mi ng t o 
ASTM B161 and ASTM B829]  [ wel ded conf or mi ng t o ASTM B725 and 
ASTM B775/ B775M] ,  and di mensi oned Schedul e [ 5S, ]  [ 10S, ]  [ 40S, ]  [ 80S]  [ i n 
accor dance wi t h t he Pi pe Schedul e i n t he cont r act  dr awi ngs] .

2. 7. 1. 2   Ni ckel  Joi nt s

Joi ni ng must  use [ wel ded]  [ or ]  [ t hr eaded]  [ _____]  met hods,  except  t hat  
connect i ons t o equi pment  or  spool  pi eces t hat  may be per i odi cal l y r emoved 
must  be [ f l anged]  [ _____] .   Pr ovi de di el ect r i c f i t t i ngs or  i sol at i on 
j oi nt s bet ween al l  di ssi mi l ar  met al s.

2. 7. 1. 3   Ni ckel  Fi t t i ngs

Fi t t i ngs i ncl udi ng 45 degr ee and 90 degr ee el bows,  180 degr ee bends,  caps,  
t ee r educer s,  l ap- j oi nt  st ub ends and ot her  par t s as cover ed by ASME B16. 9,  
ASME B16. 11,  and MSS SP- 43 must  be [ but t ]  [ or ]  [ socket ]  wel di ng and meet  
t he r equi r ement s of  ASTM B366/ B366M.   Pr ovi de f i t t i ngs f or  al l oy N02200 
t hat  ar e [ cor r osi on r esi st ant ,  Gr ade CRN]  [ Cl ass [ 150]  [ _____] ,  Gr ade WPN]  
and f or  al l oy N02201,  pr ovi de f i t t i ngs t hat  ar e [ cor r osi on r esi st ant ,  
Gr ade CRNL]  [ Cl ass [ 150]  [ _____] ,  Gr ade WPNL] .

2. 7. 1. 3. 1   Wel di ng Fi t t i ngs

Conduct  wel di ng i n accor dance wi t h AWS A5. 11/ A5. 11M and AWS A5. 14/ A5. 14M.
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2. 7. 1. 3. 2   Thr eaded Fi t t i ngs

Pr ovi de t hr eads i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1 wi t h 
[ pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  
[ _____]  f or  l ubr i cant / seal ant .

2. 7. 1. 3. 3   Fl anged Fi t t i ngs

Pr ovi de f l anges and f l anged f i t t i ngs consi st i ng of  [ ASTM B564 f or ged 
ni ckel  al l oy [ N02200]  [ _____] ]  [ f or ged st ai nl ess st eel ,  ASTM A182/ A182M 
Gr ade F316L wi t h a ser r at ed i nser t  const r uct ed of  t he same mat er i al  or  
al l oy as t he pi pi ng syst em]  [ _____] ,  Cl ass [ 150]  [ 300]  [ 600] ,  dr i l l ed t o 
ASME B16. 5 wi t h a [ 1. 6 mm 0. 0625 i nch r ai sed f ace]  [ f l at  f ace]  [ _____] .   
Ensur e f l anges ar e [ wel di ng neck]  [ s l i p- on]  [ socket  wel di ng]  [ l apped]  [ or ]  
[ t hr eaded]  t ype.   Use cast  st eel  backi ng f l anges,  ASTM A216/ A216M Gr ade 
[ WCA]  [ WCB]  [ WCC] ,  Van St one t ype,  dr i l l ed t o [ ASME B16. 5]  [ ASME B16. 1]  
Cl ass [ 150]  [ _____] .   For  t i e- i n t o exi st i ng f l anges,  f i el d check exi st i ng 
f l anges f or  non- st andar d bol t  hol e conf i gur at i ons and desi gn as r equi r ed 
t o assur e new pi pe and f l ange mat e pr oper l y.   Bol t i ng must  consi st  of  
[ ni ckel - copper  al l oy,  ASTM B164 al l oy [ N04400]  [ _____]  Temper  [ _____] ,  
bol t s di mensi oned t o ASME B18. 2. 1 wi t h ASME B1. 1 coar se t hr eads and 
ASTM A194/ A194M Gr ade [ _____]  heavy hex head nut s]  [ al l oy- st eel  
ASTM A193/ A193M Gr ade [ B5]  [ B7]  [ _____]  hex head bol t s and ASTM A194/ A194M 
Gr ade [ _____]  hex head nut s]  [ _____] .   Pr ovi de bol t s wi t h washer s of  t he 
same mat er i al  as t he bol t s.   Pr ovi de gasket s meet i ng t he r equi r ement s of  
ASME B16. 5.   [ Nonmet al l i c  gasket s must  conf or m t o ASME B16. 21 and be a 
maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck [ chl or opr ene r ubber ,  
dur omet er  har dness No. 80]  [ _____] ,  10. 34 MPa 1, 500 psi  mi ni mum t ensi l e 
st r engt h,  [ 125]  [ _____]  per cent  mi ni mum el ongat i on,  f l at  r i ng t ype f or  use 
wi t h r ai sed f ace f l anges and f ul l  f ace t ype f or  use wi t h f l at  f ace 
f l anges. ]  [ Use nonmet al l i c  envel oped gasket s f or  cor r osi ve ser vi ce 
conf or mi ng t o ASTM F336. ]  [ Pr ovi de met al l i c  r i ng j oi nt  gasket s conf or mi ng 
t o ASME B16. 20 and const r uct ed of  [ _____] . ]

2. 7. 2   Ni ckel - Mol ybdenum- Chr omi um ( NMC)  Al l oy

2. 7. 2. 1   NMC Pi pe

[ Al l oy N06022]  [ Al l oy N06455]  [ Al l oy N10276]  [ Hast el l oy]  [ _____]  NMC al l oy 
pi pe must  be [ seaml ess conf or mi ng t o ASTM B622 and ASTM B829]  [ wel ded 
conf or mi ng t o ASTM B619/ B619M and ASTM B775/ B775M] ,  and di mensi oned 
Schedul e [ 5S, ]  [ 10S, ]  [ 40S, ]  [ 80S]  [ i n accor dance wi t h t he Pi pe Schedul e ] .

2. 7. 2. 2   NMC Tubi ng

Pr ovi de seaml ess t ubi ng conf or mi ng t o ASTM B622 NMC al l oy [ N06022]  
[ N06455]  [ Hast el l oy]  [ _____]  wi t h nomi nal  s i ze and wal l  t hi ckness [ i n 
accor dance wi t h Pi pe Schedul e]  [ _____] .

2. 7. 2. 3   NMC Joi nt s

Use [ wel ded]  [ or ]  [ t hr eaded]  [ _____]  j oi ni ng met hods,  except  use [ f l anged]  
[ _____]  connect i ons t o equi pment  or  spool  pi eces t hat  may be per i odi cal l y 
r emoved.   Pr ovi de di el ect r i c f i t t i ngs or  i sol at i on j oi nt s bet ween al l  
di ssi mi l ar  met al s.
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2. 7. 2. 4   NMC Fi t t i ngs

Fi t t i ngs,  i ncl udi ng 45 degr ee and 90 degr ee el bows,  180 degr ee bends,  
caps,  t ee r educer s,  l ap- j oi nt  st ub ends and ot her  par t s as cover ed by 
ASME B16. 9,  ASME B16. 11,  and MSS SP- 43,  must  be [ but t ]  [ or ]  [ socket ]  
wel di ng and meet  t he r equi r ement s of  ASTM B366/ B366M.   Pr ovi de f i t t i ngs 
f or  al l oy N06022 t hat  ar e [ cor r osi on r esi st ant ,  Gr ade CRHC22]  [ Cl ass [ 150]  
[ _____] ,  Gr ade WPHC22] ;  f or  al l oy N06455,  pr ovi de f i t t i ngs t hat  ar e 
[ cor r osi on r esi st ant ,  Gr ade CRHC4]  [ Cl ass [ 150]  [ _____] ,  Gr ade WPHC4] ;  and 
f or  al l oy N10276,  pr ovi de f i t t i ngs t hat  ar e [ cor r osi on r esi st ant ,  Gr ade 
CRHC276]  [ Cl ass [ 150]  [ _____] ,  Gr ade WPHC276]  [ _____] .

2. 7. 2. 4. 1   Wel di ng Fi t t i ngs

 Conduct  wel di ng i n accor dance wi t h AWS A5. 11/ A5. 11M and AWS A5. 14/ A5. 14M.

2. 7. 2. 4. 2   Thr eaded Fi t t i ngs

Pr ovi de t hr eads i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1 wi t h 
[ pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  
[ _____]  f or  l ubr i cant / seal ant .

2. 7. 2. 4. 3   Fl anged Fi t t i ngs

Pr ovi de f l anges and f l anged f i t t i ngs consi st i ng of  [ ASTM B564 f or ged NMC 
al l oy [ N06022]  [ N10276]  [ Hast el l oy]  [ _____] ]  [ f or ged st ai nl ess st eel ,  
ASTM A182/ A182M Gr ade F316L wi t h a ser r at ed i nser t  const r uct ed of  t he same 
mat er i al  or  al l oy as t he pi pi ng syst em,  Cl ass [ 150]  [ 300]  [ 600]  and 
dr i l l ed t o ASME B16. 5 wi t h a [ 1. 6 mm 0. 0625 i nch r ai sed f ace]  [ f l at  f ace] ]  
[ _____] .   The f l anges must  be [ wel di ng neck]  [ s l i p- on]  [ socket  wel di ng]  
[ l apped]  [ or ]  [ t hr eaded]  t ype.   Use cast  st eel  backi ng f l anges,  [
ASTM A216/ A216M Gr ade [ WCA]  [ WCB]  [ WCC] ,  Van St one t ype,  and dr i l l ed t o [
ASME B16. 5]  [ ASME B16. 1 Cl ass [ 150] ]  [ _____] ] .   For  t i e- i n t o exi st i ng 
f l anges,  f i el d check exi st i ng f l anges f or  non- st andar d bol t  hol e 
conf i gur at i ons and desi gn as r equi r ed t o assur e new pi pe and f l ange mat e 
pr oper l y.   Bol t i ng must  consi st  of  [ l ow car bon NMC al l oy,  ASTM B574 al l oy 
[ N06022]  [ _____]  Temper  [ _____] ,  bol t s di mensi oned t o ASME B18. 2. 1 wi t h 
ASME B1. 1 coar se t hr eads and ASTM A194/ A194M Gr ade [ _____]  heavy hex head 
nut s]  [ al l oy- st eel  ASTM A193/ A193M Gr ade [ B5]  [ B7]  [ _____]  hex head bol t s 
and ASTM A194/ A194M Gr ade [ _____]  hex head nut s]  [ _____] .   Pr ovi de bol t s 
wi t h washer s of  t he same mat er i al  as t he bol t s.   Pr ovi de gasket s meet i ng 
t he r equi r ement s of  ASME B16. 5.   [ Pr ovi de nonmet al l i c  gasket s conf or mi ng 
t o ASME B16. 21 and a maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck 
[ chl or opr ene r ubber ,  dur omet er  har dness No. 80]  [ _____] ,  10. 34 MPa 1, 500 psi
 mi ni mum t ensi l e st r engt h,  [ 125]  [ _____]  per cent  mi ni mum el ongat i on,  f l at  
r i ng t ype f or  use wi t h r ai sed f ace f l anges and f ul l  f ace t ype f or  use wi t h 
f l at  f ace f l anges. ]  [ Use nonmet al l i c  envel oped gasket s f or  cor r osi ve 
ser vi ce conf or mi ng t o ASTM F336. ]  [ Pr ovi de met al l i c  r i ng j oi nt  gasket s 
conf or mi ng t o ASME B16. 20 and const r uct ed of  [ _____] . ]

2. 7. 2. 5   NMC Compr essi on Fi t t i ngs f or  Tubi ng

Compr essi on f i t t i ngs must  be of  ASTM B574 [ l ow car bon NMC al l oy]  
[ Hast el l oy] ,  nut s,  f er r ul es and bodi es r at ed t o a mi ni mum [ _____]  kPa psi g.   
Pr ovi de st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [ ASME B1. 1] .

SECTI ON 40 05 13  Page 46



2. 7. 3   Ni ckel - Copper  Al l oy

2. 7. 3. 1   Ni ckel - Copper  Pi pe

Al l oy [ N04400]  [ _____]  ni ckel - copper  al l oy pi pe must  be [ seaml ess 
conf or mi ng t o ASTM B165,  [ anneal ed]  [ st r ess- r el i eved]  condi t i on,  and 
ASTM B829]  [ wel ded conf or mi ng t o ASTM B725 and ASTM B775/ B775M] ,  and 
di mensi oned Schedul e [ 5S, ]  [ 10S, ]  [ 40S, ]  [ 80S]  [ i n accor dance wi t h t he 
Pi pe Schedul e] .

2. 7. 3. 2   Ni ckel - Copper  Tubi ng

Pr ovi de seaml ess t ubi ng conf or mi ng t o ASTM B165 ni ckel - copper  al l oy 
N04400,  [ anneal ed]  [ st r ess- r el i eved]  condi t i on,  wi t h nomi nal  s i ze and wal l  
t hi ckness [ i n accor dance wi t h Pi pe Schedul e]  [ _____] .

2. 7. 3. 3   Ni ckel - Copper  Joi nt s

Use [ wel ded]  [ or ]  [ t hr eaded]  [ _____]  j oi ni ng met hods,  except  use [ f l anged]  
[ _____]  connect i ons t o equi pment  or  spool  pi eces t hat  may be per i odi cal l y 
r emoved.   Pr ovi de di el ect r i c f i t t i ngs or  i sol at i on j oi nt s bet ween al l  
di ssi mi l ar  met al s.

2. 7. 3. 4   Ni ckel - Copper  Fi t t i ngs

Fi t t i ngs,  i ncl udi ng 45 degr ee and 90 degr ee el bows,  180 degr ee bends,  
caps,  t ee r educer s,  l ap- j oi nt  st ub ends and ot her  par t s as cover ed by 
ASME B16. 9,  ASME B16. 11,  and MSS SP- 43,  must  be [ but t ]  [ or ]  [ socket ]  
wel di ng and meet  t he r equi r ement s of  ASTM B366/ B366M.   Fi t t i ngs f or  al l oy 
[ N04400]  [ _____]  must  be [ cor r osi on r esi st ant ,  Gr ade CRNC]  [ Cl ass [ 150]  
[ _____] ,  Gr ade WPNC]  [ _____] .

2. 7. 3. 4. 1   Wel di ng Fi t t i ngs

Conduct  wel di ng i n accor dance wi t h AWS A5. 11/ A5. 11M and AWS A5. 14/ A5. 14M.

2. 7. 3. 4. 2   Thr eaded Fi t t i ngs

Pr ovi de t hr eads i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1 wi t h 
[ pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  
[ _____]  f or  l ubr i cant / seal ant .

2. 7. 3. 4. 3   Fl anged Fi t t i ngs

Fl anges and f l anged f i t t i ngs must  be [ ASTM B564 f or ged ni ckel - copper  al l oy 
[ N04400]  [ _____] ]  [ f or ged st ai nl ess st eel ,  ASTM A182/ A182M Gr ade F316L 
wi t h a ser r at ed i nser t  const r uct ed of  t he same mat er i al  or  al l oy as t he 
pi pi ng syst em]  [ _____] ,  Cl ass [ 150]  [ 300]  [ 600] ,  and dr i l l ed t o ASME B16. 5 
wi t h a [ 1. 6 mm 0. 0625 i nch r ai sed f ace]  [ f l at  f ace]  [ _____] .   The f l anges 
must  be [ wel di ng neck]  [ s l i p- on]  [ socket  wel di ng]  [ l apped]  [ or ]  [ t hr eaded]  
t ype.   [ Use cast  st eel  backi ng f l anges,  ASTM A216/ A216M Gr ade [ WCA]  [ WCB]  
[ WCC] ,  Van St one t ype,  and dr i l l ed t o [ ASME B16. 5]  [ ASME B16. 1]  Cl ass 
[ 150]  [ _____] . ]   For  t i e- i n t o exi st i ng f l anges,  f i el d check exi st i ng 
f l anges f or  non- st andar d bol t  hol e conf i gur at i ons and desi gn as r equi r ed 
t o assur e new pi pe and f l ange mat e pr oper l y.   Bol t i ng must  consi st  of  
[ ni ckel - copper  al l oy,  ASTM B164 al l oy [ N04400]  [ _____]  Temper  [ _____] ,  
bol t s di mensi oned t o ASME B18. 2. 1 wi t h ASME B1. 1 coar se t hr eads and 
ASTM A194/ A194M Gr ade [ _____]  heavy hex head nut s]  [ al l oy- st eel  
ASTM A193/ A193M Gr ade [ B5]  [ B7]  [ _____]  hex head bol t s and ASTM A194/ A194M 
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Gr ade [ _____]  hex head nut s]  [ _____] .   Pr ovi de bol t s wi t h washer s of  t he 
same mat er i al  as t he bol t s.   Pr ovi de gasket s meet i ng t he r equi r ement s of  
ASME B16. 5.   [ Pr ovi de nonmet al l i c  gasket s conf or mi ng t o ASME B16. 21 t hat  
ar e a maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck [ chl or opr ene r ubber ,  
dur omet er  har dness No. 80]  [ _____] ,  10. 34 MPa 1, 500 psi  mi ni mum t ensi l e 
st r engt h,  [ 125]  [ _____]  per cent  mi ni mum el ongat i on,  f l at  r i ng t ype f or  use 
wi t h r ai sed f ace f l anges and f ul l  f ace t ype f or  use wi t h f l at  f ace 
f l anges. ]  [ Use nonmet al l i c  envel oped gasket s f or  cor r osi ve ser vi ce 
conf or mi ng t o ASTM F336. ]  [ Pr ovi de met al l i c  r i ng j oi nt  gasket s conf or mi ng 
t o ASME B16. 20 and const r uct ed of  [ _____] . ]

2. 7. 3. 5   Ni ckel - Copper  Compr essi on Fi t t i ngs f or  Tubi ng

Compr essi on f i t t i ngs must  be of  ASTM B164 ni ckel - copper  al l oy [ N04400]  
[ N04405]  nut s,  f er r ul es and bodi es r at ed t o a mi ni mum [ _____]  kPa psi g.   
Thr eads must  be st r ai ght ,  conf or mi ng t o [ I SO 228- 1]  [ ASME B1. 1] .

2. 7. 4   Ni ckel - Chr omi um- I r on ( NCI )  Al l oy

2. 7. 4. 1   NCI  Pi pe

Al l oy [ N06600]  [ N06025]  [ N06045]  [ _____]  NCI  al l oy pi pe must  be [ seaml ess 
conf or mi ng t o ASTM B167 and ASTM B829]  [ wel ded conf or mi ng t o ASTM B517 and 
ASTM B775/ B775M]  [ el ect r i c f usi on- wel ded conf or mi ng t o ASTM B546,  and 
di mensi oned Schedul e [ 5S, ]  [ 10S, ]  [ 40S, ]  [ 80S] ]  [ i n accor dance wi t h t he 
Pi pe Schedul e i n t he cont r act  dr awi ngs] .

2. 7. 4. 2   NCI  Joi nt s

Use [ wel ded]  [ or ]  [ t hr eaded]  [ _____]  j oi ni ng met hods,  except  use [ f l anged]  
[ _____]  connect i ons t o equi pment  or  spool  pi eces t hat  may be per i odi cal l y 
r emoved.   Pr ovi de di el ect r i c f i t t i ngs or  i sol at i on j oi nt s bet ween al l  
di ssi mi l ar  met al s.

2. 7. 4. 3   NCI  Fi t t i ngs

Fi t t i ngs,  i ncl udi ng 45 degr ee and 90 degr ee el bows,  180 degr ee bends,  
caps,  t ee r educer s,  l ap- j oi nt  st ub ends and ot her  par t s as cover ed by 
ASME B16. 9,  ASME B16. 11,  and MSS SP- 43,  must  be [ but t ]  [ or ]  [ socket ]  
wel di ng and meet  t he r equi r ement s of  ASTM B366/ B366M.   Fi t t i ngs f or  al l oy 
N06600 must  be [ cor r osi on r esi st ant ,  Gr ade CRNCl ]  [ Cl ass [ 150]  [ _____] ,  
Gr ade WPNCl ] ;  f or  al l oy N06025,  f i t t i ngs must  be [ cor r osi on r esi st ant ,  
Gr ade CRV602]  [ Cl ass [ 150]  [ _____] ,  Gr ade WPV602] ;  and f or  al l oy N06045,  
f i t t i ngs must  be [ cor r osi on r esi st ant ,  Gr ade CRV45TM]  [ Cl ass [ 150]  
[ _____] ,  Gr ade WPV45TM]  [ _____] .

2. 7. 4. 3. 1   Wel di ng Fi t t i ngs

Conduct  wel di ng i n accor dance wi t h AWS A5. 11/ A5. 11M and AWS A5. 14/ A5. 14M.

2. 7. 4. 3. 2   Thr eaded Fi t t i ngs

Pr ovi de t hr eads i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1 wi t h 
[ pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead t ape conf or mi ng t o ASTM D3308]  
[ _____]  f or  l ubr i cant / seal ant .

2. 7. 4. 3. 3   Fl anged Fi t t i ngs

Pr ovi de f l anges and f l anged f i t t i ngs consi st i ng of  [ ASTM B564 f or ged NCI  
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al l oy [ N06600]  [ _____] ]  [ f or ged st ai nl ess st eel ,  ASTM A182/ A182M Gr ade 
F316L wi t h a ser r at ed i nser t  const r uct ed of  t he same mat er i al  or  al l oy as 
t he pi pi ng syst em]  [ _____] ,  Cl ass [ 150]  [ 300]  [ 600] ,  dr i l l ed t o ASME B16. 5 
wi t h a [  1. 6 mm 0. 0625 i nch r ai sed f ace]  [ f l at  f ace]  [ _____] .   The f l anges 
must  be [ wel di ng neck]  [ s l i p- on]  [ socket  wel di ng]  [ l apped]  [ or ]  [ t hr eaded]  
t ype.   [ Use cast  st eel  backi ng f l anges,  ASTM A216/ A216M Gr ade [ WCA]  [ WCB]  
[ WCC] ,  Van St one t ype,  and dr i l l ed t o [ ASME B16. 5]  [ ASME B16. 1]  Cl ass 
[ 150]  [ _____] . ]   For  t i e- i n t o exi st i ng f l anges,  f i el d check exi st i ng 
f l anges f or  non- st andar d bol t  hol e conf i gur at i ons and desi gn as r equi r ed 
t o assur e new pi pe and f l ange mat e pr oper l y.   Bol t i ng must  consi st  of  [ NCI  
al l oy,  ASTM B164 al l oy [ N06600]  Temper  [ _____] ,  bol t s di mensi oned t o 
ASME B18. 2. 1 wi t h ASME B1. 1 coar se t hr eads and ASTM A194/ A194M Gr ade 
[ _____]  heavy hex head nut s]  [ al l oy- st eel  ASTM A193/ A193M Gr ade [ B5]  [ B7]  
[ _____]  hex head bol t s and ASTM A194/ A194M Gr ade [ _____]  hex head nut s]  
[ _____] .   Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as t he bol t s.   
Pr ovi de gasket s meet i ng t he r equi r ement s of  ASME B16. 5.   [ Pr ovi de 
nonmet al l i c  gasket s conf or mi ng t o ASME B16. 21 t hat  ar e a maxi mum [ 3]  
[ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck [ chl or opr ene r ubber ,  dur omet er  
har dness No. 80]  [ _____] ,  10. 34 MPa 1, 500 psi  mi ni mum t ensi l e st r engt h,  
[ 125]  [ _____]  per cent  mi ni mum el ongat i on,  f l at  r i ng t ype f or  use wi t h 
r ai sed f ace f l anges and f ul l  f ace t ype f or  use wi t h f l at  f ace f l anges. ]  
[ Use nonmet al l i c  envel oped gasket s f or  cor r osi ve ser vi ce conf or mi ng t o 
ASTM F336. ]  [ Pr ovi de met al l i c  r i ng j oi nt  gasket s conf or mi ng t o ASME B16. 20 
and be const r uct ed of  [ _____] . ]

2. 8   ALUMI NUM PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l oys 1060,  3003,  5052,  6061 and 6063 ar e 
t he most  common composi t i ons of  al umi num pi pe.   
Al l oy 6063 i s most  wi del y used due t o economi cal  
cost ,  good cor r osi on r esi st ance and mechani cal  
pr oper t i es.

The pr ef er r ed met hod f or  j oi ni ng al umi num pi pe t o 
handl e cor r osi ves i s wel di ng.   Be awar e t hat  wel di ng 
r educes t ensi l e st r engt h.   Thr eadi ng i s not  
r ecommended f or  al umi num pi pi ng syst ems t hat  handl e 
cor r osi ves.   Fl anges ar e usual l y l i mi t ed t o 
connect i ng al umi num pi pe t o pumps,  pr ocess vessel s,  
et c.

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

2. 8. 1   Al umi num Pi pe

Al umi num and al umi num al l oy pi pe must  be seaml ess al l oy [ 6063]  [ 6061]  
[ 5052]  [ 3003]  [ 1060] ,  Temper  [ TL]  [ _____] ,  Schedul e [ 5S]  [ 10S]  [ 40S]  [ 80S]  
[ i n accor dance wi t h t he Pi pe Schedul e] ,  wi t h AA ANSI  H35. 2M st andar d 
di mensi ons,  and conf or mi ng t o [ ASTM B241/ B241M wi t h [ ASME B1. 20. 2M
ASME B1. 20. 1 t hr eaded]  [ st andar d]  ends]  [ ASTM B345/ B345M wi t h [
ASME B1. 20. 2MASME B1. 20. 1ASME B1. 20. 2M t hr eaded]  [ gr ooved]  [ bevel ed]  
[ st andar d]  [ _____]  ends] .

2. 8. 2   Al umi num Tubi ng

Tubi ng must  be dr awn seaml ess and conf or m t o ASTM B210/ B210M al l oy [ 6061,  
t emper  T6, ]  [ _____]  wi t h nomi nal  s i ze and wal l  t hi ckness [ i n accor dance 
wi t h Pi pe Schedul e]  [ _____] .
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2. 8. 3   Al umi num Joi nt s

Use [ wel ded]  [ mechani cal  coupl i ng]  [ or ]  [ t hr eaded]  [ _____]  j oi ni ng 
met hods,  except  use [ f l anged]  [ _____]  connect i ons t o equi pment  or  spool  
pi eces t hat  may be per i odi cal l y r emoved.   Pr ovi de di el ect r i c f i t t i ngs or  
i sol at i on j oi nt s bet ween al l  di ssi mi l ar  met al s.

2. 8. 4   Al umi num Fi t t i ngs

Fi t t i ngs,  i ncl udi ng 45 degr ee and 90 degr ee el bows,  180 degr ee bends,  
caps,  t ee r educer s,  l ap- j oi nt  st ub ends and ot her  par t s as cover ed by 
ASME B16. 9,  ASME B16. 11,  must  be [ but t ] [  or  ] [ socket ]  wel di ng and meet  t he 
r equi r ement s of  ASTM B361.   Pr ovi de Gr ade [ WP1060]  [ WP3003]  [ WP Al cl ad 
3003]  [ WP6061]  [ or ]  [ WP6063]  f i t t i ngs.

2. 8. 4. 1   Al umi num Wel di ng Fi t t i ngs

Wel di ng f i t t i ngs must  be [ but t - wel di ng]  [ or ]  [ socket - wel di ng]  and f act or y 
made,  wr ought  al l oy [ WP6063]  [ _____]  i n accor dance wi t h ASTM B361.   
[ Pr ovi de but t - wel di ng f i t t i ngs conf or mi ng t o ASME B16. 9. ]  [ Pr ovi de 
socket - wel di ng f i t t i ngs conf or mi ng t o ASME B16. 11. ]   Conduct  wel di ng i n 
accor dance wi t h AWS A5. 3/ A5. 3M and AWS A5. 10/ A5. 10M.

2. 8. 4. 2   Al umi num Thr eaded Fi t t i ngs

Pr ovi de t hr eaded f i t t i ngs consi st i ng of  f or ged al umi num al l oy [ 3003]  
[ 6061]  [ _____] ,  Temper  [ _____] ,  i n accor dance wi t h ASTM B247M ASTM B247 
and conf or mi ng t o ASME B16. 11.   Pr ovi de t hr eads i n accor dance wi t h 
ASME B1. 20. 2MASME B1. 20. 1 wi t h [ pol yt et r af l uor oet hyl ene ( PTFE)  pi pe- t hr ead 
t ape conf or mi ng t o ASTM D3308]  [ _____]  f or  l ubr i cant / seal ant .

2. 8. 4. 3   Al umi num Fl anged Fi t t i ngs

Desi gn f l anges and f l anged f i t t i ngs i n accor dance wi t h ASME B31. 3.   
Fl anges must  be f or ged al umi num al l oy [ 3003]  [ 6061]  [ _____]  Temper  
[ _____] ,  conf or mi ng t o ASTM B247M ASTM B247,  Cl ass [ 150]  [ 300]  [ 600]  
[ _____] ,  dr i l l ed t o ASME B16. 5 wi t h a [ 1. 6 mm 0. 0625 i nch r ai sed f ace]  
[ f l at  f ace]  [ _____] .   The f l anges must  be [ wel di ng neck]  [ s l i p- on]  [ socket  
wel di ng]  [ l apped]  [ or ]  [ t hr eaded]  t ype.   For  t i e- i n t o exi st i ng f l anges,  
f i el d check exi st i ng f l anges f or  non- st andar d bol t  hol e conf i gur at i ons and 
desi gn as r equi r ed t o assur e new pi pe and f l ange mat e pr oper l y.   Bol t i ng 
must  consi st  of  [ al umi num bol t i ng mat er i al ,  conf or mi ng t o ASTM B211/ B211M 
and ASME B16. 5,  di mensi oned t o ASME B18. 2. 1 and ASME B18. 2. 2 and wi t h 
ASME B1. 1 coar se t hr eads]  [ _____] .   Pr ovi de bol t s wi t h washer s of  t he same 
mat er i al  as t he bol t s.   [ Gasket s l i s t ed i n ASME B16. 5,  Annex E,  Fi g.  E1,  
Gr oup 1a may be used wi t h any f l ange r at i ng c l ass and bol t i ng. ]  [ Use 
nonmet al l i c  envel oped gasket s f or  cor r osi ve ser vi ce conf or mi ng t o ASTM F336. ]

2. 8. 4. 4   Al umi num Compr essi on Fi t t i ngs f or  Tubi ng

Pr ovi de compr essi on f i t t i ngs consi st i ng of  ASTM B211/ B211M al umi num al l oy 
[ 2014] ,  t emper  [ T4]  [ T6] ,  nut s,  f er r ul es and bodi es r at ed t o a mi ni mum 
[ _____]  kPa psi g.   Pr ovi de st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [
ASME B1. 1] .

2. 8. 5   Al umi num Pi pi ng Suppor t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Gal vani c cor r osi on must  be pr event ed f r om 
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occur r i ng on pi pi ng suppor t  syst ems.   Convent i onal  
st eel  hanger s shoul d not  be used.   Gal vani zed st eel  
i s  accept abl e onl y as l ong as t he gal vani z i ng i s 
i nt act ;  t her ef or e,  a gal vani zed syst em shoul d not  be 
used wher e expansi on/ cont r act i on or  ot her  pi pi ng 
movement  i s l i kel y.

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

Suppor t  pi pi ng syst em usi ng [ al umi num]  [ [ gal vani zed]  [ al l oy]  [ _____]  st eel  
uni t s,  i nt egr al l y padded wi t h [ chl or opr ene r ubber ]  
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____] , ]  [ _____]  pi pi ng suppor t s 
conf or mi ng t o MSS SP- 58.   Do not  use convent i onal  st eel  and gal vani zed 
pi pe hanger s f or  al umi num pi pi ng syst ems.

2. 9   COPPER PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph cover s copper  pi pe t hat  may be 
used f or  cor r osi ve ser vi ces,  and t ubi ng used f or  
noncor r osi ve wat er ;  r ef r i ger ant ,  and sampl e l i nes,  
et c.   Copper  i s r api dl y cor r oded by oxi di z i ng aci ds 
such as chr omi c and ni t r i c  aci ds.   The most  common 
copper  al l oy i s al l oy 122 ( C12200) ;  however ,  ot her  
al l oys may al so be sui t abl e f or  use.   These i ncl ude 
C10200,  C10300,  C10800 and C12000.

Thi n wal l ed pi pi ng syst ems ( ASTM B302)  can onl y be 
assembl ed usi ng br azed j oi nt  pi pe f i t t i ngs.   
However ,  f or  hi gh pr essur e and Cl ass ' M'  f l ui d 
ser vi ces sol der ed or  br azed j oi nt s and f i t t i ngs ar e 
not  per mi t t ed pur suant  t o ASME B31. 3.

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

2. 9. 1   Copper  Pi pe

Seaml ess [ C12200]  [ _____]  copper  al l oy pi pe,  must  be a [ [ O61 ( anneal ed]  
[ H55 ( l i ght - dr awn) ]  [ or ]  [ H80 ( har d- dr awn) ]  Temper  wi t h [ r egul ar ]  [ ext r a 
st r ong]  st andar d di mensi ons conf or mi ng t o ASTM B42]  [ H ( dr awn)  Temper  wi t h 
st andar d di mensi ons conf or mi ng t o ASTM B302] .

2. 9. 2   Copper  Tubi ng

Pr ovi de seaml ess copper  al l oy t ubi ng conf or mi ng t o [ ASTM B88M ASTM B88 
al l oy C12200,  Type [ K]  [ L]  [ or ]  [ M] ,  wi t h a [ O60 ( anneal ed) ]  [ H ( dr awn) ]  
t emper ]  [ ASTM B75/ B75M al l oy [ C12200]  [ _____]  wi t h a [ O60 ( sof t - anneal ed) ]  
[ _____]  t emper ] .   Speci f i cat i ons f or  appl i cat i ons i ncl ude:   [ r ef r i ger ant  
t ubi ng -  Type L,  har d dr awn]  [ P- t r ap pr i mi ng connect i on -  Type L,  sof t  
Temper ]  [ sampl e l i nes -  Type L,  har d dr awn]  [ _____] .

2. 9. 3   Copper  Joi nt s

Joi n pi pe usi ng [ t hr eaded]  [ sol der ed]  [ or ]  [ br azed]  f i t t i ngs and [ f l anged]  
[ _____]  connect i ons t o equi pment .   Joi n t ubi ng usi ng [ sol der ]  [ f l ar ed]  
[ or ]  [ pr ess]  [ compr essi on]  f i t t i ngs.   Pr ovi de di el ect r i c f i t t i ngs or  
i sol at i on j oi nt s bet ween al l  di ssi mi l ar  met al s.

2. 9. 4   Copper  Fi t t i ngs

Pr ovi de component  cast i ngs of  f l anges and f i t t i ngs consi st i ng of  copper  
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al l oy [ C92200,  Temper  [ _____]  conf or mi ng t o ASTM B61]  [ C83600 ( al so known 
as al l oy 85- 5- 5- 5) ,  Temper  [ _____]  i n accor dance wi t h ASTM B62] .   Pr ovi de 
sol der  j oi nt  f i t t i ngs conf or mi ng t o ASME B16. 22 and ASME B16. 18.   Pr ovi de 
f i t t i ngs f or  f l ar ed copper  t ube conf or mi ng t o ASME B16. 26.   Pr ovi de cast  
br onze t hr eaded f i t t i ngs conf or mi ng t o ASME B16. 15 and ar e t hr eaded i n 
accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1.   Ensur e f l anges and f l anged 
f i t t i ngs ar e f aced and dr i l l ed Cl ass [ 150]  [ 300]  [ _____]  i n accor dance 
wi t h ASME B16. 26.   Pr ovi de copper  and br onze pr ess f i t t i ngs conf or mi ng t o 
mat er i al  r equi r ement s of  ASME B16. 18 or  ASME B16. 22 and per f or mance 
cr i t er i a of  I APMO PS 117.   Seal i ng el ement s must  be of  EPDM and f act or y 
i nst al l ed or  an al t er nat i ve suppl i ed by f i t t i ng manuf act ur er .   For  t i e- i n 
t o exi st i ng f l anges,  f i el d check exi st i ng f l anges f or  non- st andar d bol t  
hol e conf i gur at i ons and desi gn as r equi r ed t o assur e new pi pe and f l ange 
mat e pr oper l y.   Tubi ng compr essi on f i t t i ngs must  be [ f or ged br ass al l oy 
C37700,  conf or mi ng t o ASTM B124/ B124M]  [ _____] ,  nut s,  f er r ul es and bodi es 
r at ed t o a mi ni mum [ _____]  kPa psi g wi t h st r ai ght  t hr eads conf or mi ng t o [
I SO 228- 1]  [ ASME B1. 1] .

2. 9. 4. 1   Bol t i ng For  Copper  Pi pi ng

Pr ovi de bol t i ng mat er i al s t hat  meet  t he r equi r ement s of  ASME B31. 1 and 
consi st  of  [ ASTM B98/ B98M al l oy [ C65100]  [ C66100] ]  [ ASTM B150/ B150M al l oy 
[ C63000]  [ C64200] ]  [ ASTM B164 al l oy [ N04400]  [ N04405] ]  [ _____]  mat er i al s.   
Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as t he bol t s.

2. 9. 4. 2   Gasket s For  Copper  Pi pi ng

[ Gasket s l i s t ed i n ASME B16. 5,  Annex E,  Gr oup [ 1a]  [ 1b]  may be used wi t h 
any f l ange r at i ng c l ass and bol t i ng. ]  [ Pr ovi de nonmet al l i c ,  f ul l  f aced 
gasket s used wi t h l ow st r engt h or  non- f er r ous bol t i ng wi t h a seat i ng 
pr essur e l ess t han 11. 0 MPa 1, 600 psi . ]   Ensur e gasket  di mensi ons conf or m 
t o [ ASME B16. 21]  [ ASME B16. 20] .

2. 9. 5   Sol der  For  Copper  Pi pi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sol der  composi t i ons can be sel ect ed f r om 
Tabl e 5 cont ai ned i n ASTM B32.   Common sol der  t ypes 
ar e Sb5 and SN95.   Sel ect i on shoul d be made based on 
sui t abi l i t y  t o t he appl i cat i on consi der i ng 
t emper at ur e and cor r osi v i t y.

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

Use sol der  [ and f l ux]  conf or mi ng t o ASTM B32 [ and AWS A5. 8/ A5. 8M] .   The 
sol der  al l oy must  [ be [ _____] ]  [ cont ai n l ess t han 0. 2 per cent  l ead] .   
[ Ensur e t he f l ux t ype i s [ R]  [ RMA]  [ RA]  [ OA]  [ OS]  [ I S]  and conf or ms t o 
ASTM B813. ]

2. 9. 6   Copper  Pi pi ng Suppor t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Gal vani c cor r osi on must  be pr event ed f r om 
occur r i ng t o pi pi ng suppor t  syst ems;  convent i onal  
and gal vani zed st eel  hanger s shoul d not  be used.

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

Suppor t  pi pi ng syst em usi ng [ copper ]  [ br ass]  [ padded st eel ]  [ _____]  pi pi ng 
suppor t s t hat  conf or m t o MSS SP- 58.   Do not  use convent i onal  st eel  and 
gal vani zed pi pe hanger s f or  copper  pi pi ng syst ems.   Ensur e al l  val ves,  
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i nst r ument s and ot her  equi pment  at t ached t o t he pi pi ng syst em ar e 
i ndi v i dual l y suppor t ed.

2. 10   PLASTI C PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pl ast i c Pi pi ng Syst ems -  Many of  t he 
t her mopl ast i c pi pi ng syst ems ar e avai l abl e i n bot h a 
nomi nal  pi pe schedul e di mensi on or  i n a st andar d 
di mensi on r at i ng ( SDR) .   Schedul e based pi pi ng has 
t he same di mensi ons,  out er  di amet er  and wal l  
t hi ckness,  as st eel  pi pe but  t he pr essur e r at i ng 
decr eases wi t h i ncr easi ng pi pe di amet er .   For  SDR 
pi pe,  t he pr essur e r at i ng i s kept  uni f or m f or  al l  
nomi nal  pi pe s i zes of  a gi ven mat er i al  and SDR val ue 
by i ncr easi ng wal l  t hi ckness.   Ref er  t o ASTM D2241 
and ASTM D1785 f or  PVC SDR pi pi ng.

Backi ng f l anges f or  pl ast i c pi pi ng syst ems can be 
st ai nl ess st eel ,  duct i l e i r on,  st eel  ( gal vani zed and 
pl ai n) ,  or  al umi num,  dependi ng on t he appl i cat i on.   
Change t he f l ange subpar agr aphs accor di ngl y.   
Si mi l ar l y,  change t he gasket  mat er i al  sel ect i ons as 
r equi r ed by t he l i qui d appl i cat i on.

Use PVC f or  sel ect ed chemi cal  ser vi ces,  wher e 
pi pel i nes may be subj ect ed t o ext er i or  cor r osi on,  
and l i qui d pr ocesses of  60 degr ees C 140 degr ees F 
or  bel ow.

Schedul e 40 pi pe shoul d not  be t hr eaded at  al l .   
Schedul e 80 pi pe shoul d not  be t hr eaded i n s i zes 
l ar ger  t han 100 mm 4 i nch.   Schedul e 80 t hr eaded 
j oi nt s l ar ger  t han 50 mm 2 i nch must  be back- wel ded 
t o achi eve f ul l y r at ed maxi mum oper at i ng pr essur es.

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

Submi t  document at i on cer t i f y i ng t hat  t he manuf act ur er  of  each 
t her mopl ast i c pi pi ng syst em i s l i s t ed wi t h t he Pl ast i c Pi pe I nst i t ut e as 
meet i ng t he r eci pe and mi xi ng r equi r ement s of  t he r esi n manuf act ur er  f or  
t he r esi n used t o manuf act ur e each of  t he r espect i ve t her mopl ast i c pi pe 
syst ems.

2. 10. 1   PVC Pi pe

PVC,  ASTM D1784,  mi ni mum cel l  c l assi f i cat i on [ 12545- C]  [ _____] ,  pi pe must  
be [ Schedul e [ 40]  [ 80]  [ _____]  conf or mi ng t o ASTM D1785]  [ manuf act ur ed t o 
an SDR r at i ng i n accor dance wi t h ASTM D2241,  so t hat  t he pr essur e r at i ng 
of  t he pi pe i s consi st ent  f or  al l  pi pe s i zes.   Pr ovi de SDR [ _____]  pi pe 
wi t h a pr essur e r at i ng of  [ _____]  MPa psi g at  [ _____]  degr ees C degr ees F]  
[ _____] .

2. 10. 2   PVC Tubi ng

Pr ovi de f l exi bl e and cl ear  t ubi ng wi t h nomi nal  s i ze and wal l  t hi ckness [ i n 
accor dance wi t h Pi pe Schedul e]  [ _____]  [ and r ei nf or cement ] .

SECTI ON 40 05 13  Page 53



2. 10. 3   PVC Joi nt s

Joi n pi pi ng syst em by [ socket - wel d]  [ f l anged]  [ or ]  [ mechani cal ]  
connect i ons except  wher e connect i ng t o uni ons,  val ves,  and equi pment  wi t h 
t hr eaded connect i ons t hat  may r equi r e f ut ur e di sassembl y.   Ensur e 
connect i ons at  t hose poi nt s ar e t hr eaded and back- wel ded.   Tubi ng 
connect i ons must  use compr essi on f i t t i ngs.

2. 10. 4   PVC Fi t t i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y ASTM D2464 f or  Schedul e 80 t hr eaded 
t ype;  ASTM D2466 f or  Schedul e 40 socket  t ype;  ASTM 
D2467 f or  Schedul e 80 socket  t ype.

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

Ensur e t he schedul e r at i ng f or  t he f i t t i ngs i s not  l ess t han t hat  f or  t he 
associ at ed pi pe.   Fi t t i ngs must  be ASTM D1784,  mi ni mum cel l  c l assi f i cat i on 
[ _____] ,  PVC conf or mi ng t o t he r equi r ement s of  [ ASTM D2464,  t hr eaded i n 
accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1]  [ ASTM D2466,  socket  t ype]  [
ASTM D2467,  socket  t ype] .   [ [ No]  [ _____]  t hr ead l ubr i cant  i s r equi r ed. ]

2. 10. 4. 1   Push- on Joi nt s

Seal  push- on t ype j oi nt s wi t h [ et hyl ene pr opyl ene r ubber  ( EPR) ]  [ _____]  
gasket s i n accor dance wi t h ASTM F477.

2. 10. 4. 2   Fl anged Fi t t i ngs

Pr ovi de f l anges and f l anged f i t t i ngs t hat  ar e Cl ass [ 125]  [ _____] ,  [ one 
pi ece,  mol ded hub t ype,  f l at  f aced,  and conf or m t o [ ASME B16. 1]  [ ASME B16. 5
] ]  [ [ ASTM A240/ A240M,  TP304 st ai nl ess st eel ]  [ _____]  backi ng f l anges wi t h [
ASME B16. 1]  [ ASME B16. 5]  dr i l l i ng.   Pr ovi de f l anges compl et e wi t h 
one- pi ece,  mol ded PVC st ub ends] .   Ensur e f l anged connect i ons have t he 
same pr essur e r at i ng as t he pi pe or  gr eat er .   Bol t i ng must  be st ai nl ess 
st eel ,  ASTM A193/ A193M,  Gr ade [ B8]  [ B8M]  [ _____]  hex head bol t s and 
ASTM A194/ A194M,  Gr ade [ 8]  [ 8M]  [ _____]  hex head nut s.   Pr ovi de bol t s wi t h 
washer s of  t he same mat er i al  as t he bol t s.   Gasket s must  be f ul l - f aced,  
maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck,  f abr i cat ed f r om [ et hyl ene 
pr opyl ene r ubber  ( EPR) ]  [ chl or opr ene r ubber ]  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____]  i n accor dance wi t h ASME B16. 21.   When t he mat i ng f l ange 
has a r ai sed f ace,  use a f l at  r i ng gasket  and pr ovi de a f i l l er  gasket  
bet ween out er  di amet er  of  t he r ai sed f ace and t he f l ange out er  di amet er  t o 
pr ot ect  t he PVC f l ange f r om bol t i ng moment .

2. 10. 4. 3   Tubi ng Fi t t i ngs

Pr ovi de compr essi on t ype f i t t i ngs compr i sed of  [ f or ged br ass al l oy C37700,  
conf or mi ng t o [ ASTM B124/ B124M]  [ _____] ,  nut s,  f er r ul es and bodi es]  
[ [ acet al ]  [ pol ypr opyl ene]  [ pol yvi nyl i dene f l uor i de ( PVDF) ]  [ _____]  nut s 
and bodi es,  wi t h el ast omer i c O- r i ng seal s]  [ [ pol ypr opyl ene]  [ _____]  
bodi es,  bar b and hol di ng nut ]  [ _____] ,  r at ed t o a mi ni mum [ _____]  kPa psi g 
wi t h st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [ ASME B1. 1] .

2. 10. 5   PVC Sol vent  Cement

Joi n socket  connect i ons wi t h PVC sol vent  cement  conf or mi ng t o ASTM D2564.   
Ensur e manuf act ur e and vi scosi t y i s as r ecommended by t he pi pe and f i t t i ng 
manuf act ur er  t o assur e compat i bi l i t y .   [ Pr epar e j oi nt s wi t h pr i mer s 

SECTI ON 40 05 13  Page 54



conf or mi ng t o ASTM F656 pr i or  t o cement i ng and assembl y. ]

2. 11   CHLORI NATED POLYVI NYL CHLORI DE ( CPVC)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use CPVC f or  chemi cal  or  cor r osi ve ser vi ces 
t hat  ar e bet ween 60 degr ees C 140 degr ees F and 99 
degr ees C 210 degr ees F.

Li ke PVC,  CPVC Schedul e 40 pi pe shoul d not  be 
t hr eaded at  al l .   Schedul e 80 pi pe shoul d not  be 
t hr eaded i n s i zes l ar ger  t han 100 mm 4 i nch.   
Schedul e 80 t hr eaded j oi nt s l ar ger  t han 50 mm 2 i nch 
must  be back- wel ded t o achi eve f ul l y r at ed maxi mum 
oper at i ng pr essur es.

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

2. 11. 1   CPVC Pi pe

CPVC,  ASTM D1784,  mi ni mum cel l  c l assi f i cat i on [ 23447]  [ _____] ,  pi pe must  
be [ Schedul e [ 40]  [ 80]  conf or mi ng t o ASTM F441/ F441M]  [ manuf act ur ed t o an 
SDR r at i ng i n accor dance wi t h ASTM F442/ F442M,  so t hat  t he pr essur e r at i ng 
of  t he pi pe i s consi st ent  f or  al l  pi pe s i zes.   Pr ovi de SDR [ _____]  pi pe 
wi t h a pr essur e r at i ng of  [ _____]  MPa psi g at  [ _____]  degr ees C degr ees F]  
[ _____] .

2. 11. 2   CPVC Joi nt s

Joi n pi pi ng syst em by [ socket - wel d]  [ f l anged]  [ or ]  [ mechani cal ]  
connect i ons except  wher e connect i ng t o uni ons,  val ves,  and equi pment  wi t h 
t hr eaded connect i ons t hat  may r equi r e f ut ur e di sassembl y.   Ensur e 
connect i ons at  t hose poi nt s ar e t hr eaded and back- wel ded.

2. 11. 3   CPVC Fi t t i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y ASTM F437 f or  Schedul e 80 t hr eaded 
t ype;  ASTM F438 f or  Schedul e 40 socket  t ype;  ASTM 
F439 f or  Schedul e 80 socket  t ype.

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

Ensur e t he schedul e r at i ng f or  t he f i t t i ngs i s not  l ess t han t hat  f or  t he 
associ at ed pi pe.   Fi t t i ngs must  be ASTM D1784,  cel l  c l assi f i cat i on [ 23447]  
[ _____] ,  CPVC conf or mi ng t o t he r equi r ement s of  [ ASTM F437,  t hr eaded i n 
accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1]  [ ASTM F438,  socket  t ype]  [
ASTM F439,  socket  t ype] .  [ [ No]  [ _____]  t hr ead l ubr i cant  i s r equi r ed. ]

2. 11. 3. 1   Push- on Joi nt s

Seal  push- on t ype j oi nt s wi t h [ et hyl ene pr opyl ene r ubber  ( EPR) ]  [ _____]  
gasket s i n accor dance wi t h ASTM F477.

2. 11. 3. 2   Fl anged Fi t t i ngs

Pr ovi de f l anges and f l anged f i t t i ngs t hat  ar e Cl ass [ 125]  [ _____] ,  [ one 
pi ece,  mol ded hub t ype,  f l at  f aced,  and conf or mi ng t o [ ASME B16. 1]  [
ASME B16. 5] ]  [ [ ASTM A240/ A240M,  TP304 st ai nl ess st eel ]  [ _____]  backi ng 
f l anges wi t h [ ASME B16. 1]  [ ASME B16. 5]  dr i l l i ng.   Pr ovi de f l anges compl et e 
wi t h one- pi ece,  mol ded CPVC st ub ends] .   Ensur e f l anged connect i ons have 
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t he same pr essur e r at i ng as t he pi pe or  gr eat er .   Bol t i ng must  be 
st ai nl ess st eel ,  ASTM A193/ A193M,  Gr ade [ B8]  [ B8M]  [ _____]  hex head bol t s 
and ASTM A194/ A194M,  Gr ade [ 8]  [ 8M]  [ _____]  hex head nut s.   Pr ovi de bol t s 
wi t h washer s of  t he same mat er i al  as t he bol t s.   Gasket s must  be 
f ul l - f aced,  maxi mum [ 3. 2 mm 0. 125 i nch]  [ [ _____]  mm i nch]  t hi ck,  
f abr i cat ed f r om [ et hyl ene pr opyl ene r ubber  ( EPR) ]  [ chl or opr ene r ubber ]  
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  i n accor dance wi t h ASME B16. 21.   
When t he mat i ng f l ange has a r ai sed f ace,  use a f l at  r i ng gasket  and 
pr ovi de a f i l l er  gasket  bet ween out er  di amet er  of  t he r ai sed f ace and t he 
f l ange out er  di amet er  t o pr ot ect  t he CPVC f l ange f r om t he bol t i ng moment .

2. 11. 4   Sol vent  Cement

Joi n socket  connect i ons wi t h PVC sol vent  cement  conf or mi ng t o ASTM F493.   
Ensur e manuf act ur e and vi scosi t y i s as r ecommended by t he pi pe and f i t t i ng 
manuf act ur er  t o assur e compat i bi l i t y .

2. 12   POLYVI NYLI DENE FLUORI DE ( PVDF)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   PVDF pi pe i s chemi cal l y r esi st ant  t o most  
aci ds,  bases and or gani cs,  and can t r anspor t  l i qui d 
hal ogen sol ut i ons of  chl or i ne or  br omi ne.   PVDF 
shoul d not  be used wi t h st r ong al kal i s,  f umi ng 
aci ds,  pol ar  sol vent s,  ami nes,  ket ones or  est er s.  
PVDF does not  degr ade i n sunl i ght ;  t her ef or e,  PVDF 
does not  r equi r e UV st abi l i zer s or  ant i oxi dant s.   
Use on l i qui ds above 49 degr ees C 120 degr ees F 
r equi r e cont i nuous suppor t .   Car e must  be used i n 
usi ng PVDF pi pi ng under  suct i on.

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

2. 12. 1   PVDF Pi pe

[ Hi gh Pur i t y]  PVDF,  conf or mi ng t o ASTM D3222,  pi pe must  be [ Schedul e [ 40]  
[ 80] ]  [ manuf act ur ed t o a SDR r at i ng so t hat  t he pr essur e r at i ng of  t he 
pi pe i s consi st ent  f or  al l  pi pe s i zes.   The pi pe must  be SDR wi t h a 
pr essur e r at i ng of  [ 1. 03 MPa 150 psi g at  23 degr ees C 73. 4 degr ees F]  [ 1. 6 
MPa 232 psi g at  23 degr ees C 73. 4 degr ees F] ]  [ _____] .

2. 12. 2   PVDF Tubi ng

Pr ovi de f l exi bl e t ubi ng wi t h nomi nal  s i ze and wal l  t hi ckness [ i n 
accor dance wi t h Pi pe Schedul e]  [ _____] .

2. 12. 3   PVDF Joi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fusi on wel di ng i s t he pr ef er r ed met hod f or  
j oi ni ng PVDF pi pe.   Thr eadi ng can onl y be 
accompl i shed on Schedul e 80 pi pe.

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

Joi n PVDF pi pe by [ t her mal  but t - f usi on]  [ socket  heat  f usi on]  [ or ]  [ socket  
el ect r i c- r esi st ance f usi on] ,  except  wher e connect i ng t o val ves and 
equi pment  t hat  may r equi r e f ut ur e di sassembl y,  pr ovi de [ t hr eaded]  [ or ]  
[ f l anged]  j oi nt s.   Tubi ng connect i ons must  use compr essi on f i t t i ngs.
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2. 12. 4   PVDF Fi t t i ngs

Pr ovi de mol ded PVDF f i t t i ngs.   Pr ovi de f i t t i ngs wi t h t he same or  hi gher  
pr essur e r at i ng as t he pi pe when i nst al l ed i n accor dance wi t h t he l at est  
t echni cal  speci f i cat i ons.   Pr ovi de f l anges and f l anged f i t t i ngs t hat  ar e 
Cl ass [ 125]  [ _____] ,  [ one pi ece,  mol ded hub t ype,  f l at  f aced,  and 
conf or mi ng t o [ ASME B16. 1]  [ ASME B16. 5] ]  [ [ ASTM A240/ A240M,  TP304 
st ai nl ess st eel ]  [ _____]  backi ng f l anges wi t h [ ASME B16. 1]  [ ASME B16. 5]  
dr i l l i ng.   Pr ovi de f l anges compl et e wi t h one- pi ece,  mol ded PVDF st ub 
ends] .   Ensur e f l anged connect i ons have t he same pr essur e r at i ng as t he 
pi pe or  gr eat er .   Bol t i ng must  be st ai nl ess st eel ,  ASTM A193/ A193M,  Gr ade 
[ B8]  [ B8M]  [ _____]  hex head bol t s and ASTM A194/ A194M,  Gr ade [ 8]  [ 8M]  
[ _____]  hex head nut s.   Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as 
t he bol t s.   Gasket s must  be f ul l - f aced,  maxi mum [ 3]  [ _____]  mm [ 1/ 8]  
[ _____]  i nch t hi ck,  f abr i cat ed f r om [ et hyl ene pr opyl ene r ubber  ( EPR) ]  
[ chl or opr ene r ubber ]  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  i n 
accor dance wi t h ASME B16. 21.   When t he mat i ng f l ange has a r ai sed f ace,  
use a f l at  r i ng gasket  and pr ovi de a f i l l er  gasket  bet ween out er  di amet er  
of  t he r ai sed f ace and t he f l ange out er  di amet er  t o pr ot ect  t he PVDF 
f l ange f r om bol t i ng moment .   Pr ovi de compr essi on t ype t ubi ng f i t t i ngs 
compr i sed of  [ f or ged br ass al l oy C37700,  conf or mi ng t o ASTM B124/ B124M 
[ _____] ,  nut s,  f er r ul es and bodi es]  [ [ acet al ]  [ pol ypr opyl ene]  
[ pol yvi nyl i dene f l uor i de ( PVDF) ]  [ _____]  nut s and bodi es,  wi t h el ast omer i c 
O- r i ng seal s]  [ [ pol ypr opyl ene]  [ _____]  bodi es,  bar b and hol di ng nut ]  
[ _____] ,  r at ed t o a mi ni mum [ _____]  kPa psi g wi t h st r ai ght  t hr eads 
conf or mi ng t o [ I SO 228- 1]  [ ASME B1. 1] .

2. 13   ACRYLONI TRI LE- BUTADI ENE- STYRENE ( ABS)  Pi pi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   ABS pi pi ng i s r esi st ant  t o many chemi cal s,  
however ,  f or  mi xed wast e syst ems chemi cal  anal yses 
and cor r osi on t est i ng may be necessar y t o pr oper l y 
sel ect  t he pi pi ng syst em.   The r ecommended maxi mum 
t emper at ur e f or  cont i nuous l i qui d appl i cat i ons i s 82 
degr ees C 180 degr ees F.

Ver i f y accept ance and i nst al l at i on of  ABS pi pi ng 
syst ems wi t h l ocal  code enf or cement  aut hor i t i es 
havi ng j ur i sdi ct i on.

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

2. 13. 1   ABS Pi pe

ABS,  ASTM D3965,  mi ni mum cel l  c l assi f i cat i on [ 42222] [ _____] ,  pi pe must  be 
Schedul e [ 40] [ 80]  conf or mi ng t o ASTM D1527,  so t hat  t he pr essur e r at i ng of  
t he pi pe i s consi st ent  f or  al l  pi pe s i zes.   Pr ovi de SDR [ _____]  pi pe wi t h 
a pr essur e r at i ng of  [ _____]  MPa psi g at  [ _____]  degr ees C degr ees F.   
Wher e ABS pi pe i s subj ect ed t o sever e t emper at ur e f l uct uat i ons,  pr ovi s i ons 
f or  expansi on and cont r act i on must  be pr ovi ded.   Accompl i sh t hi s wi t h t he 
use of  expansi on j oi nt s and of f set  pi pi ng ar r angement s.

2. 13. 2   ABS Joi nt s

Joi n pi pe by sol vent  cement i ng,  except  wher e connect i ng t o val ves and 
equi pment  t hat  may r equi r e f ut ur e di sassembl y,  t hen pr ovi de [ f l anged]  
[ _____]  j oi nt s.
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2. 13. 3   ABS Fi t t i ngs

Pr ovi de mol ded ABS f i t t i ngs.   Ensur e f i t t i ngs have t he same or  hi gher  
pr essur e r at i ng as t he pi pe when i nst al l ed i n accor dance wi t h t he 
speci f i cat i ons.   Pr ovi de f l anges and f l anged f i t t i ngs t hat  ar e Cl ass 
[ 125] [ _____] ,  [ one pi ece,  mol ded hub t ype,  f l at  f aced,  and conf or m t o [
ASME B16. 1] [ ASME B16. 5] ]  [ [ ASTM A240/ A240M,  TP304 st ai nl ess st eel ]  [ _____]  
backi ng f l anges wi t h [ ASME B16. 1] [ ASME B16. 5]  dr i l l i ng.   Pr ovi de f l anges 
compl et e wi t h one- pi ece,  mol ded ABS st ub ends] .   Ensur e f l anged 
connect i ons have t he same pr essur e r at i ng as t he pi pe or  gr eat er .   Bol t i ng 
must  be st ai nl ess st eel ,  ASTM A193/ A193M,  Gr ade [ B8] [ B8M] [ _____]  hex head 
bol t s and ASTM A194/ A194M,  Gr ade [ 8]  [ 8M]  [ _____]  hex head nut s.   Bol t s 
Pr ovi de bol t s wi t h washer s of  t he same mat er i al  as t he bol t s.   Gasket s 
must  be f ul l - f aced,  maxi mum [ 3. 2 mm 0. 125 i nch]  [ [ _____]  mm i nch]  t hi ck,  
f abr i cat ed f r om [ et hyl ene pr opyl ene r ubber  ( EPR) ]  [ chl or opr ene r ubber ]  
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  i n accor dance wi t h ASME B16. 21.   
When t he mat i ng f l ange has a r ai sed f ace,  auppl ya f l at  r i ng gasket  and 
pr ovi de a f i l l er  gasket  bet ween out er  di amet er  of  t he r ai sed f ace and t he 
f l ange out er  di amet er  t o pr ot ect  t he ABS f l ange f r om bol t i ng moment .

2. 13. 4   ABS Sol vent  Cement

Joi n socket  connect i ons wi t h ABS sol vent  cement  conf or mi ng t o ASTM D2235.   
Use vi scosi t y as r ecommended by t he pi pe and f i t t i ng manuf act ur er  t o 
assur e compat i bi l i t y .

2. 14   POLYETHYLENE ( PE)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement s l i s t ed bel ow ar e f or  nor mal  
pr essur e appl i cat i ons,  and wher e oper at i ng 
t emper at ur es wi l l  not  exceed 38 degr ees C 100 
degr ees F.   For  mor e di f f i cul t  i nst al l at i ons and/ or  
hi gher  t emper at ur es,  t he ASTM D3350 cel l  
c l assi f i cat i on shoul d be car ef ul l y chosen.   I n 
addi t i on,  use t he cel l  c l assi f i cat i on t o speci f y UV 
st abi l i zer s and col or  addi t i ves.

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

2. 14. 1   PE Pi pe

Ensur e pi pe i s ext r uded f r om PE,  ASTM D3350 wi t h a mi ni mum cel l  
c l assi f i cat i on of  [ 324433- C]  [ _____] .   The PE pi pe must  be [ Schedul e [ 40]  
[ 80] ]  [ [ manuf act ur ed t o an SDR r at i ng i n accor dance wi t h ASTM D3035 f or  
pi pi ng syst ems l ess t han 100 mm 4 i nch i n di amet er ,  or  i n accor dance wi t h 
ASTM F714 f or  pi pi ng syst ems wi t h a di amet er  equal  t o or  gr eat er  t han 100 
mm 4 i nch]  [ manuf act ur ed t o an SDR r at i ng i n accor dance wi t h ASTM D2239 
f or  use wi t h i nser t  f i t t i ngs] ,  so t hat  t he pr essur e r at i ng of  t he pi pe i s 
consi st ent  f or  al l  pi pe s i zes.   Pr ovi de SDR [ _____]  pi pe wi t h a pr essur e 
r at i ng of  [ _____]  MPa psi g at  [ _____]  degr ees C degr ees F]  [ Schedul e 40 
conf or mi ng t o ASTM D2239 f or  use wi t h i nser t  f i t t i ngs]  [ _____] .

2. 14. 2   PE Tubi ng

Tubi ng must  be f l exi bl e [ l ow- densi t y PE conf or mi ng t o ASTM D3350,  mi ni mum 
cel l  c l assi f i cat i on [ _____] ,  and di mensi oned i n accor dance wi t h ASTM D2737
]  [ cr ossl i nked PE conf or mi ng t o ASTM D3350,  mi ni mum cel l  c l assi f i cat i on 
[ 35400]  [ _____] ,  and di mensi oned i n accor dance wi t h ASTM F876]  wi t h 
nomi nal  s i ze [ i n accor dance wi t h Pi pe Schedul e]  [ _____] .
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2. 14. 3   PE Joi nt s

Joi n PE pi pe by [ t her mal  but t - f usi on]  [ socket  heat  f usi on]  [ and/ or ]  
[ socket  el ect r of usi on] ,  except  wher e connect i ng t o val ves and equi pment  
t hat  may r equi r e f ut ur e di sassembl y,  use [ t hr eaded [ pol yst yr ene]  [ _____]  
f i t t i ngs]  [ or ]  [ f l anged]  j oi nt s.

2. 14. 4   PE Fi t t i ngs

Pr ovi de PE f i t t i ngs wi t h t he same or  hi gher  pr essur e r at i ng as t he pi pe 
when i nst al l ed i n accor dance wi t h t he l at est  t echni cal  speci f i cat i ons.   
Pr ovi de mol ded PE f i t t i ngs.   Pr ovi de but t - f usi on f i t t i ngs conf or mi ng t o 
ASTM D3261.   Pr ovi de socket - f usi on f i t t i ngs conf or mi ng t o ASTM D2683 wi t h 
t ool s meet i ng t he r equi r ement s of  ASTM F1056.   Pr ovi de i nser t  f i t t i ngs 
conf or mi ng t o ASTM D2609.

2. 14. 4. 1   Coupl i ngs

Joi n coupl i ngs and saddl e j oi nt s by el ect r of usi on i n accor dance wi t h 
ASTM F1055.

2. 14. 4. 2   Fl anged Fi t t i ngs

Pr ovi de f l anges and f l anged f i t t i ngs t hat  ar e [ Cl ass [ 125]  [ _____] ] ,  [
ASTM A240/ A240M,  TP304 st ai nl ess st eel ]  [ _____]  backi ng f l anges wi t h [
ASME B16. 1]  [ ASME B16. 5]  dr i l l i ng.   Pr ovi de f l anges compl et e wi t h 
one- pi ece,  mol ded PE st ub ends.   Ensur e f l anged connect i ons have t he same 
pr essur e r at i ng as t he pi pe or  gr eat er .   Bol t i ng must  be st ai nl ess st eel ,  
ASTM A193/ A193M,  Gr ade [ B8]  [ B8M]  [ _____]  hex head bol t s and 
ASTM A194/ A194M,  Gr ade [ 8]  [ 8M]  [ _____]  hex head nut s.   Pr ovi de bol t s wi t h 
washer s of  t he same mat er i al  as t he bol t s.   Gasket s must  be f ul l - f aced,  
maxi mum [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t hi ck,  f abr i cat ed f r om [ et hyl ene 
pr opyl ene r ubber  ( EPR) ]  [ chl or opr ene r ubber ]  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____]  i n accor dance wi t h ASME B16. 21.

2. 14. 4. 3   Tubi ng Fi t t i ngs

Pr ovi de compr essi on t ype f i t t i ngs compr i sed of  [ f or ged br ass al l oy C37700,  
conf or mi ng t o ASTM B124/ B124M [ _____] ,  nut s,  f er r ul es and bodi es]  
[ [ acet al ]  [ pol ypr opyl ene]  [ pol yvi nyl i dene f l uor i de ( PVDF) ]  [ _____]  nut s 
and bodi es,  wi t h el ast omer i c O- r i ng seal s]  [ [ pol ypr opyl ene]  [ _____]  
bodi es,  bar b and hol di ng nut ]  [ _____] ,  r at ed t o a mi ni mum [ _____]  kPa psi g 
wi t h st r ai ght  t hr eads conf or mi ng t o [ I SO 228- 1]  [ ASME B1. 1] .

2. 15   RUBBER/ ELASTOMER PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Rubber / el ast omer  pi pi ng syst ems ar e gener al l y 
usef ul  i n appl i cat i ons r equi r i ng unusual  f l exi ng,  
r esi l i ence and abr asi on ser vi ce.

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

2. 15. 1   El ast omer i c Hose

Pr ovi de el ast omer i c hose consi st i ng of  an el ast omer i c t ube,  [ r ei nf or ced]  
[ not  r ei nf or ced] ,  and [ wi t h]  [ wi t hout ]  an ext er nal  cover .   Pr ovi de hose 
conf or mi ng t o RMA I P- 2 Cl ass [ 212- A]  [ _____] ,  r at ed f or  [ 1. 03 MPa 150 psi g
]  [ [ _____]  MPa psi g]  wi t h a mi ni mum bur st  pr essur e of  [ 4]  [ _____]  t i mes 
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t he r at ed wor ki ng pr essur e.   Pr ovi de hose wi t h a nomi nal  di amet er  [ of  
[ _____]  mm i nch]  [ as i ndi cat ed i n t he Pi pe Schedul e i n t he cont r act  
dr awi ngs]  wi t h t ol er ances conf or mi ng t o RMA I P- 2.   Use a mi ni mum bend 
r adi us of  [ 6]  [ _____]  t i mes t he hose i nt er nal  di amet er .

2. 15. 1. 1   El ast omer i c Tube

Pr ovi de hose t ube composed of  [ f l uor o- el ast omer ]  [ i sobut yl ene i sopr ene]  
[ but adi ene acr yl oni t r i l e]  [ chl or opr ene]  [ nat ur al  pol y i sopr ene]  [ _____] ,  [
ASTM D2000 Gr ade [ _____] ,  Type [ _____] ,  Cl ass [ _____]  base r equi r ement s]  
[ _____]  mat er i al s.

2. 15. 1. 2   Tube Rei nf or cement

[ St r engt hen t he t ube wi t h [ [ one]  [ _____]  wi r e- br ai d]  [ t wo spi r al  wi r e and 
one wi r e- br ai d]  [ t wo r ayon- br ai d]  [ one t ext i l e- br ai d and one wi r e- br ai d]  
[ synt het i c- f i ber ]  [ [ f our ]  [ s i x]  - pl y,  [ l i ght ]  [ heavy]  spi r al - wi r e]  [ _____]  
r ei nf or cement . ]   [ Do not  r ei nf or ce t he t ube. ]

2. 15. 1. 3   Hose Cover

[ Pr ot ect  t he hose wi t h a [ synt het i c r ubber ]  [ t hi n,  nonski ve]  
[ t ext i l e- br ai d]  [ t her mopl ast i c]  [ _____]  cover . ]   [ The hose must  not  have a 
cover . ]

2. 15. 2   Hose Joi nt s

[ Hose must  be cont i nuous,  wi t hout  j oi nt s]  [ Hose must  be suppl i ed cut  t o 
l engt h wi t h i nt egr al  end connect i ons]  [ Joi n hose usi ng [ swaged]  [ cr i mped]  
[ i nser t ]  [ i nt er nal l y expanded -  f ul l  f l ow]  [ _____]  f i t t i ngs] .   [ _____] .  

2. 15. 3   Fi t t i ngs For  El ast omer i c Syst em

Ensur e al l  f i t t i ngs ar e suppl i ed by t he same manuf act ur er .   Joi n f i t t i ngs 
t o t he hose assembl y as speci f i ed.   Ensur e f i t t i ngs ar e [ suppl i ed i n 
accor dance wi t h t he Pi pe Schedul e i n t he cont r act  dr awi ngs and]  
const r uct ed of  [ al umi num]  [ TP304 st ai nl ess st eel ]  [ TP316 st ai nl ess st eel ]  
[ _____] .   Accompl i sh i nt er connect i ons t hr ough i nt egr al  coupl er s conf i gur ed 
as [ ASME B1. 20. 7 t hr eaded]  [ qui ck connect  i nt er l ocki ng]  [ compr essi on r i ng]  
[ _____]  coupl i ngs.

2. 16   FI BERGLASS REI NFORCED PLASTI C ( FRP)  PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Consul t  a r eput abl e manuf act ur er  t o det er mi ne 
t he FRP t ype f or  gi ven appl i cat i on and t emper at ur e.   
Temper at ur e i s ambi ent  i f  unl i st ed.

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

Submi t  t he name and qual i f i cat i ons of  t he manuf act ur er ' s r epr esent at i ve 
and wr i t t en cer t i f i cat i on f r om t he manuf act ur er  st at i ng t hat  t he 
r epr esent at i ve i s t echni cal l y qual i f i ed t o suppl y and i nst al l  FRP pi pi ng 
syst ems.   Pr ovi de al l  FRP pi pe,  f i t t i ngs,  and f l anges f or  each syst em 
compl et e by one manuf act ur er  and wi t h a desi gn i nt er nal  pr essur e r at i ng 
[ i n accor dance wi t h t he Pi pe Schedul e i n t he cont r act  dr awi ngs]  [ of  0. 69 
MPa 100 psi g]  [ of  [ _____]  MPa psi g] ,  as speci f i ed i n ASTM D2310 and 
ASTM D2992.
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2. 16. 1   FRP Pi pe

Pr ovi de FRP pr essur e pi pe conf or mi ng t o ASTM D3754 Type [ 1]  [ 2]  [ 3]  [ 4] ,  
l i ner  desi gnat i on [ _____] ,  sur f ace l ayer  gr ade [ _____] ,  pr essur e Cl ass 
[ _____] ,  pi pe st i f f ness [ _____] .   Pr ovi de si ze [ i n accor dance wi t h t he 
Pi pe Schedul e i n t he cont r act  dr awi ngs]  [ [ _____]  mm i nches]  [ _____] .   
Ensur e t he i nsi de di amet er  of  t he pi pe i s consi st ent  wi t h t he i nsi de 
di amet er  of  t he f i t t i ngs.

2. 16. 2   FRP Joi nt s

Joi n t he pi pe usi ng [ axi al l y unr est r ai ned bel l  and spi got  gasket  j oi nt s,  
conf or mi ng t o ASTM D4161,  wi t h el ast omer i c gasket s meet i ng t he 
r equi r ement s of  ASTM F477]  [ but t - j oi nt s wi t h l ami nat ed over l ays i n 
accor dance wi t h ASTM D3754]  [ bel l  and spi got  j oi nt s wi t h l ami nat ed 
over l ays i n accor dance wi t h ASTM D3754]  [ adhesi ve bonded bel l  and spi got  
j oi nt s i n accor dance wi t h ASTM D3754]  [ f l anged]  [ _____] .

2. 16. 3   FRP Fi t t i ngs

Pr ovi de f i t t i ngs,  ot her  t han f l anges,  conf or mi ng t o [ ASTM D5685]  [ _____] .   
Pr ovi de f i l ament  wound f i t t i ngs of  t he same t hi ckness speci f i ed f or  
adj oi ni ng pi pe or  duct .   Pr ovi de ot her  f i t t i ng t ypes of  t he mi ni mum pi pe 
wal l  t hi ckness r equi r ed f or  t he speci f i ed pr essur e c l ass.   Pr ovi de cont act  
mol ded f l anges and f l anged f i t t i ngs conf or mi ng t o ASTM D5421 Type [ A]  [ B] ,  
Gr ade [ _____] ,  Cl ass [ I ]  [ I I ] ,  pr essur e r at i ng [ _____] .   Al l  ot her  f l ange 
t ypes must  conf or m t o ASTM D4024 Type [ _____] ,  Gr ade [ _____] ,  Cl ass 
[ _____] ,  pr essur e r at i ng [ _____] .   Fl anges mat i ng wi t h f l anges on 
t her mopl ast i c- l i ned st eel  pi pe must  be duct i l e i r on cast i ngs,  
ASTM A395/ A395M or  cast  st eel ,  ASTM A216/ A216M Gr ade WCB,  Van St one t ype,  
conf or mi ng t o [ ASME B16. 1]  [ ASME B16. 5]  Cl ass [ 150]  [ _____] .

2. 16. 3. 1   FRP Bol t i ng

Wi t h f l at  r i ng gasket s,  t he bol t i ng must  be st ai nl ess st eel ,  
ASTM A193/ A193M Gr ade [ B8]  [ B8M]  [ _____] ,  hex head bol t s and,  
ASTM A194/ A194M Gr ade [ 8]  [ 8M]  [ _____] ,  hex head nut s.   Pr ovi de bol t s wi t h 
washer s of  t he same mat er i al  as t he bol t s.

2. 16. 3. 2   FRP Gasket s

Gasket s must  be f ul l - f aced,  maxi mum [ 3. 2 mm 0. 125 i nch]  [ [ _____]  mm i nch]  
t hi ck,  f abr i cat ed f r om [ et hyl ene pr opyl ene r ubber  ( EPR) ]  [ chl or opr ene 
r ubber ]  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____] .   When t he mat i ng f l ange 
has a r ai sed f ace,  use a f l at  r i ng gasket  and pr ovi de a f i l l er  gasket  
bet ween t he out er  di amet er  of  t he r ai sed f ace and t he f l ange out er  
di amet er  i n or der  t o pr ot ect  t he FRP f l ange f r om t he bol t i ng moment .   When 
mat i ng a FRP f l ange,  Van St one t ype,  t o a t her mopl ast i c- l i ned st eel  pi pe,  
use a [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  envel oped,  f l at  r i ng t ype 
gasket  i n accor dance wi t h ASTM F336.

2. 17   DOUBLE CONTAI NMENT PI PI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Due t o t he di f f i cul t y of  pr oper  i nst al l at i on 
of  doubl e cont ai nment  pi pe,  doubl e cont ai nment  
pi pi ng shoul d onl y be speci f i ed when i t  i s  
absol ut el y r equi r ed.   Ref er  t o t he Handbook of  
Doubl e Cont ai nment  Pi pi ng Syst ems,  Chr i st opher  G.  
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Zi u,  McGr aw- Hi l l ,  NY,  1995,  f or  t he desi gn and 
sel ect i on of  a doubl e cont ai nment  pi pi ng syst em.   
Accor di ng t o Zi u,  page 71,  many pr e- engi neer ed 
doubl e cont ai nment  pi pi ng syst ems have onl y been 
concept ual i zed and not  engi neer ed.

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

Submi t  manuf act ur er ' s engi neer i ng end l oad cal cul at i ons f or  anchor s i n 
doubl e cont ai nment  pi pi ng syst ems.   Pr ovi de doubl e cont ai nment  pi pi ng 
syst ems conf or mi ng t o t he r equi r ement s of  ASME B31. 3.

2. 17. 1   Pr i mar y ( Car r i er )  Pi pe

The pr i mar y,  or  car r i er ,  pi pe of  t he doubl e cont ai nment  pi pi ng syst em must  
be [ [ PVC] [ CPVC] [ PVDF] [ PE] [ _____] ,  [ Schedul e [ 40]  [ 80]  [ _____] ]  [ SDR 
[ _____] ] ] [ TP304 st ai nl ess st eel ,  Schedul e [ 10]  [ 40]  [ _____] ] [ [ FRP] ,  
pr essur e c l ass [ _____] ]  [ _____] ,  as speci f i ed el sewher e i n t hi s Sect i on.   
Ensur e t he pr i mar y pi pi ng i s r at ed at  a wor ki ng pr essur e of  at  l east  
[ _____]  MPa psi g at  a maxi mum oper at i ng t emper at ur e of  [ _____]  degr ees C 
degr ees F.   Pr ovi de pi pi ng t hat  i s f r ee of  f l anges and ot her  j oi nt s t hat  
ar e not  compat i bl e wi t h t he secondar y pi pi ng i nst al l at i on.   Equi p pi pi ng 
wi t h expansi on l oops,  of f set s,  or  di r ect i on changes as necessar y t o 
count er  t her mal  expansi on and cont r act i on,  whi ch must  be coor di nat ed wi t h 
t he secondar y pi pi ng.

2. 17. 2   Secondar y ( Cont ai nment )  Pi pe

The secondar y,  or  cont ai nment ,  pi pe of  t he doubl e cont ai nment  pi pi ng 
syst em must  be [ [ PVC] [ CPVC] [ PVDF] [ PE] [ _____] ,  [ Schedul e [ 40]  [ 80]  [ _____] ]  
[ SDR [ _____] ] ] [ car bon st eel ,  Schedul e [ 40]  [ 80]  [ _____] ]  [ TP304 st ai nl ess 
st eel ,  Schedul e [ 10]  [ 40]  [ _____] ]  [ _____] ,  as speci f i ed el sewher e i n t hi s 
Sect i on.   Pr ovi de secondar y pi pi ng t hat  i s r esi st ant  t o weat her i ng,  
i mpact s,  and ambi ent  t emper at ur e var i at i ons,  and r at ed at  a wor ki ng 
pr essur e of  at  l east  [ _____]  MPa psi g at  a maxi mum oper at i ng t emper at ur e 
of  [ _____]  degr ees C degr ees F.   Equi p pi pi ng wi t h expansi on j oi nt s,  
expansi on l oops,  of f set s,  or  di r ect i on changes as necessar y t o count er  
t her mal  expansi on and cont r act i on.   Coor di nat e equi pment  f or  addr essi ng 
t her mal  movement  wi t h t he pr i mar y pi pi ng.   Ensur e secondar y pi pi ng i s 
dr ai nabl e and dr yabl e [ ,  and capabl e of  bei ng t est ed usi ng ai r  pr essur e] .   
The secondar y pi pi ng syst em must  be [ compar t ment al i zed]  [ cont i nuous]  and 
equi pped wi t h dr ai ns at  al l  l ow poi nt s and vent s at  al l  hi gh poi nt s.   
Equi p pr essur i zed secondar y pi pi ng syst ems wi t h pr essur e r el i ef  devi ces.   
Pr ovi de dr ai ns,  vent s and pr essur e r el i ef  devi ces as speci f i ed el sewher e 
i n t hi s Sect i on.   Desi gn pi pi ng t o al l ow pul l i ng of  t he l eak det ect i on 
cabl e i nt o t he cont ai nment  pi pe bot h dur i ng and af t er  pi pi ng 
i nst al l at i on.   Mi ni mum annul ar  c l ear ance must  be [ 19]  [ _____]  mm [ 0. 75]  
[ _____]  i nch.   Locat e cont ai nment  pul l  por t s a maxi mum of  [ 150]  [ _____]  m 
[ 492]  [ _____]  f eet  apar t  f or  st r ai ght  r uns and r educed by [ 45]  [ _____]  m 
[ 148]  [ _____]  f eet  f or  ever y 90 degr ee change i n di r ect i on.

2. 17. 3   Cat hodi c Pr ot ect i on For  Doubl e Cont ai nment  Syst em

Bur i ed f er r ous pi pi ng must  have cat hodi c pr ot ect i on.

2. 17. 4   Connect i ons and Fi t t i ngs For  Doubl e Cont ai nment  Syst em

Al l  f i t t i ngs must  be f act or y manuf act ur ed of  mat er i al  compat i bl e wi t h t he 
pr ocess f l ui ds and associ at ed pi pi ng.   [ Al l  secondar y cont ai ned f i t t i ngs 
must  be of  uni t i zed const r uct i on wi t h t he car r i er  and cont ai nment  
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i nt egr al l y anchor ed t oget her  t o pr event  t he movement  of  t he car r i er  
r el at i ve t o t he cont ai nment  wi t hi n t he f i t t i ng. ]   Pr ovi de anchor s of  
suf f i c i ent  t hi ckness t o wi t hst and t he maxi mum possi bl e end l oads t hat  wi l l  
be gener at ed by t he car r i er  pi pe dur i ng t he l i f e of  t he syst em.   [ El bows 
must  be anchor ed on bot h ends. ]  [ Tees must  be anchor ed on bot h t he r un and 
t he br anch. ]

2. 17. 4. 1   Fi t t i ng Pr essur e Rat i ng

Ensur e pr essur e r at i ng of  connect i ons and f i t t i ngs i s gr eat er  t han or  
equal  t o t he desi gn pr essur e of  t he syst em wi t h a mi ni mum saf et y f act or  of  
[ f i ve]  [ _____] .

2. 17. 4. 2   End Seal s

Pr ovi de dnd seal s and ot her  subassembl i es whi ch ar e desi gned and f act or y 
pr ef abr i cat ed t o pr event  t he i ngr ess of  moi st ur e i nt o t he syst em.   Desi gn 
subassembl i es t o al l ow f or  compl et e dr ai ni ng of  t he secondar y cont ai nment .

2. 17. 5   Leak Det ect i on

Pr ovi de a [ cabl e det ect i on]  [ sensi ng pr obe]  [ v i sual  det ect i on]  l eak 
det ect i on syst em.   [ Equi p t he l eak det ect i on syst em wi t h an el ect r oni c 
moni t or i ng and cont r ol  uni t . ]

2. 17. 5. 1   Leak Det ect i on Moni t or i ng Uni t

Pr ovi de a mi cr opr ocessor  based moni t or i ng uni t .   The moni t or i ng uni t  must  
i ndi cat e when any l i qui d l eaks i nt o t he secondar y cont ai nment  pi pi ng by 
soundi ng an al ar m,  act uat i ng out put  r el ays,  di spl ayi ng a message t hat  a 
l eak has been det ect ed and t he l ocat i on of  t hat  l eak.   Ensur e t he uni t  i s  
capabl e of  moni t or i ng [ sensor  cabl es]  [ pr obe sensor s]  [ and]  [ swi t ch 
sensor s] .   The moni t or i ng uni t  power  r equi r ement s must  be [ 120]  [ 240]  
[ _____]  VAC,  [ 60]  [ _____]  Hz,  [ s i ngl e]  [ _____]  phase.   Equi p moni t or i ng 
uni t s wi t h [ an RS- 232 communi cat i on por t ]  [ and]  [ one common and one SPDT 
out put  r el ay per  cabl e,  r at ed f or  250 VAC,  10 amp] .   [ Fur ni sh a compl et e 
cabl e- t ype l eak det ect i on and l ocat i on syst em consi st i ng of  a 
mi cr opr ocessor  based moni t or i ng uni t ,  sensor  cabl e,  pr obes,  syst em l ayout  
map and auxi l i ar y equi pment  r equi r ed t o pr ovi de cont i nuous moni t or i ng of  
t he sensi ng st r i ngs f or  l eaks,  shor t s,  br eaks and pr obe act i vat i on.   I f  
any of  t hese condi t i ons shoul d occur  at  any poi nt  al ong t he cabl e,  sound 
an al ar m,  c l ear l y i dent i f y t ype of  condi t i on and cl ear l y di spl ay t he 
l ocat i on.   Moni t or  t he i nt er st i t i al  space of  doubl e cont ai ned pi pi ng. ]

2. 17. 5. 1. 1   Encl osur e

Encl ose moni t or i ng uni t  i n a NEMA 250 Type [ 12]  [ _____]  encl osur e.   [ The 
uni t  must  be Under wr i t er s Labor at or y ( UL)  l i s t ed and Fact or y Mut ual  
appr oved t o pr ovi de connect i ons f or  i nt r i nsi cal l y saf e sensor  c i r cui t s f or  
use i n Cl ass [ 1]  [ _____] ,  Di v i s i on [ I ]  [ _____] ,  Gr oups [ C and D]  [ _____]  
hazar dous l ocat i ons. ]   Abi l i t y  t o l ocat e a l eak must  not  depend on bat t er y 
backed up f unct i ons.   I n t he event  of  power  f ai l ur e,  ensur e syst em 
condi t i ons and par amet er s ar e st or ed i n nonvol at i l e memor y al l owi ng t he 
uni t  t o aut omat i cal l y r esume moni t or i ng,  wi t hout  r eset t i ng,  upon 
r est or at i on of  power .   Pr ovi de an on- of f  swi t ch i n t he panel  f or  
ser vi c i ng.   [ Fur ni sh a NEMA 250 Type 4X out er  encl osur e wi t h a v i ewi ng 
wi ndow f or  mount i ng out door s]  [ Fur ni sh a NEMA 250 Type 7 expl osi on pr oof  
out er  encl osur e]  [ _____] .
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2. 17. 5. 1. 2   Rel ay Out put s

Pr ovi de r el ays f or  r emot e i ndi cat i on of  an al ar m condi t i on.   The r el ays 
must  pr ovi de i ndi cat i on t hat  no al ar m condi t i ons exi st ,  an al ar m condi t i on 
exi st s but  has not  yet  been acknowl edged,  and an al ar m condi t i on exi st s 
and has been acknowl edged.   [ Ensur e communi cat i ons ar e avai l abl e v i a 
RS- 232 and ASCI I  communi cat i on pr ot ocol s t o al l ow cent r al  poi nt  moni t or i ng 
and cont r ol  v i a a r emot e comput er . ]

2. 17. 5. 1. 3   St or age Memor y

Recor d s i gni f i cant  event s i n per manent  memor y.   St or e a mi ni mum of  [ _____]  
event s.   When t he memor y becomes f ul l ,  del et e t he r ecor ded event s f r om 
memor y i n sequent i al  or der  begi nni ng wi t h t he ol dest  event .   I ncl ude t he 
t i me and dat e t hat  t he event  occur r ed f or  each r ecor ded event .   [ Ensur e 
ar chi ves ar e r et r i evabl e t hr ough RS- 232 and ASCI I  communi cat i on pr ot ocol s. ]

2. 17. 5. 1. 4   St at us I ndi cat i on

The syst em must  cont i nuousl y pr ovi de posi t i ve i ndi cat i on t hat  i t  i s  
moni t or i ng t he sensi ng st r i ng and t he st at us of  t he sensi ng st r i ng.

2. 17. 5. 1. 5   Secur i t y

The syst em must  have assi gnabl e passwor d secur i t y. [   Ensur e t he syst em has 
mul t i l evel  secur i t y passwor ds f or  access t o oper at i ng f unct i ons wi t h 
r ecor di ng of  al l  passwor d ent r i es t o nonvol at i l e memor y. ]   Do not  al l ow 
t he syst em t o per mi t  unaut hor i zed modi f i cat i ons t o t he sensi ng st r i ng 
wi t hout  causi ng an al ar m condi t i on.

2. 17. 5. 2   Cabl e Syst em

Submi t  an as- bui l t  l ocat i on map f or  t he cabl e l eak det ect i on syst em i n 
doubl e cont ai nment  pi pi ng syst ems i ndi cat i ng t he as i nst al l ed syst em 
conf i gur at i on and sensi ng st r i ng l ayout .   Pr ovi de mar ks i n met er s f eet  
al ong t he l engt h of  t he cabl e as r ef er ences t o l ocat e l eaks.   [ Ensur e 
sensor  cabl e,  connect or s,  [ pr obes]  and j umper s ar e suppl i ed by t he 
manuf act ur er  of  t he moni t or i ng uni t .   ] The cabl e sensi ng pr i nci pl e must  
pr ovi de f or  cont i nuous moni t or i ng whi l e shor t  l engt hs of  t he cabl e ar e i n 
cont act  wi t h l i qui ds,  wi t hout  al t er i ng t he syst em' s sensi t i v i t y and/ or  
accur acy.   The cabl e syst em must  be a [ conduct ance] [  or  ] [ i mpedance]  t ype 
syst em.

2. 17. 5. 2. 1   Requi r ement s

Locat e t he poi nt  of  or i gi n of  t he f i r st  l i qui d l eak wi t hi n [ 0. 1]  [ _____]  
per cent  of  t he sensor  st r i ng l engt h.   I dent i f y t he t ype of  al ar m as wel l  
as t he l ocat i on.   Ensur e syst em i s abl e t o moni t or  ( det ect  and l ocat e)  
wi t h up t o [ 30 m 98. 4 f eet ]  [ [ _____]  m f eet ]  of  wet t ed cabl e wi t hout  
s i gni f i cant  i naccur acy i n l ocat i on.   Ensur e syst em i s capabl e of  
moni t or i ng up t o [ 600 m 1, 970 f eet ]  [ [ _____]  m f eet ]  of  cabl e per  sensor  
st r i ng f r om a si ngl e moni t or i ng uni t .   [ The syst em must  be capabl e of  
moni t or i ng ( det ect i ng and l ocat i ng)  f or  mul t i pl e l eaks or  addi t i onal  
l i qui d on t he sensor  cabl e. ]

2. 17. 5. 2. 2   Det ect i on Capabi l i t i es

[ The syst em must  be capabl e of  det ect i ng al l  l i qui ds,  i ncl udi ng,  but  not  
l i mi t ed t o aqueous,  hydr ocar bon,  and conduct i ve and nonconduct i ve 
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l i qui ds. ]  [ Fur ni sh t wo cabl es t o det ect  and di f f er ent i at e bet ween 
hydr ocar bons/ sol vent s and aqueous l i qui ds. ]  [ Onl y hydr ocar bons ar e t o be 
det ect ed. ]  [ Onl y aci ds ar e t o be det ect ed. ]   Pr ovi de syst em wi t h f i el d 
adj ust abl e sensi t i v i t y t o i ncr ease or  decr ease t he amount  of  wet t ed cabl e 
needed t o cause an al ar m f r om sever al  mm t o m i nches t o f eet .   Ensur e 
syst em i s capabl e of  i dent i f y i ng t he l ocat i on of  br eaks and shor t s on t he 
cabl e.   When ei t her  of  t hese f aul t s occur ,  an al ar m must  sound and a 
di spl ay v i s i bl e on t he f r ont  of  t he moni t or i ng uni t  must  c l ear l y i ndi cat e 
t he t ype of  f aul t  and di spl ay t he l ocat i on of  t he f aul t .

2. 17. 5. 2. 3   Mat er i al s

Pr ovi de sensor  cabl es sui t abl e f or  use wi t h t he moni t or i ng uni t .   Pr ovi de 
sensor  cabl es of  coaxi al  const r uct i on consi st i ng of  an i nsul at ed [ copper ]  
[ _____]  cent er  conduct or ,  a sui t abl e spacer  mat er i al ,  and an out er  br ai d.   
Pr ovi de cent er  conduct or s t hat  ar e no l ess t han [ t went y AWG]  [ _____]  f or  
mechani cal  st r engt h.   Cabl es must  be capabl e of  f i el d i nst al l at i on of  
connect or s by t r ai ned t echni c i ans.   Ensur e cabl e i s avai l abl e i n bul k 
spool s.   Al l  cabl es must  be f i el d r epai r abl e by t r ai ned t echni c i ans.

2. 17. 5. 3   Sensi ng Pr obes

Sensi ng pr obes f or  t he l eak det ect i on syst em must  be [ pH pr obes]  
[ conduct i v i t y pr obes]  [ l i qui d l evel  swi t ches]  [ speci f i c  i on pr obes]  [ or ]  
[ pr essur e t r ansducer s] .

2. 17. 5. 4   Vi sual  Leak Det ect i on Syst em

Equi p al l  l ow poi nt s of  t he secondar y pi pi ng syst em wi t h sampl e val ves 
meet i ng t he r equi r ement s speci f i ed i n par agr aph [ SAMPLE PORTS]  [ _____]  of  
t hi s Sect i on.

2. 17. 6   Suppor t s

Desi gn and suppl y suppor t s f or  t he conveyance and cont ai nment  pi pi ng t o 
pr event  di st or t i on of  t he pi pes and st r ai n on j oi nt s and f i t t i ngs.   Desi gn 
suppor t s by t he doubl e cont ai nment  pi pi ng syst em manuf act ur er .   No f i el d 
f abr i cat ed suppor t s wi l l  be al l owed.   Desi gn and f abr i cat e t he syst em 
t aki ng i nt o account  pr essur e and t emper at ur e r equi r ement s when pl aci ng t he 
pi pe suppor t s.   [ Doubl e suppor t s ar e r equi r ed t hr oughout  t he syst em t o 
mi ni mi ze st r esses due t o poi nt  l oadi ng. ]  [ Suppor t  c l i ps ar e not  al l owed. ]

2. 18   I SOLATI ON JOI NTS AND COUPLI NGS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I sol at i on j oi nt s and coupl i ngs r equi r e 
gasket s f or  i sol at i ng and/ or  seal i ng.   The gasket s 
ar e t ypi cal l y shaped t o meet  each par t i cul ar  
manuf act ur er ' s coupl i ng r equi r ement s and may not  be 
i nt er changeabl e.   Ref er  t o manuf act ur er s '  cat al ogs 
f or  mat er i al  compat i bi l i t y  and sel ect i on.

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

2. 18. 1   Di el ect r i c Fi t t i ngs

Pr ovi de di el ect r i c f i t t i ngs bet ween t hr eaded f er r ous and nonf er r ous 
met al l i c  pi pe,  f i t t i ngs and val ves.   Pr ovi de di el ect r i c f i t t i ngs,  sui t abl e 
f or  t he r equi r ed wor ki ng pr essur e,  t emper at ur e and cor r osi ve appl i cat i on,  
t o pr event  met al - t o- met al  cont act  of  di ssi mi l ar  met al l i c  pi pi ng el ement s.
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2. 18. 2   I sol at i on Joi nt s

Pr ovi de i sol at i on j oi nt s bet ween nont hr eaded f er r ous and nonf er r ous 
met al l i c  pi pe f i t t i ngs and val ves.   Pr ovi de i sol at i on j oi nt s consi st i ng of  
an i sol at i on gasket  of  t he di el ect r i c t ype,  i sol at i on washer s and 
i sol at i on s l eeves f or  f l ange bol t s.   Pr ovi de f ul l  f aced i sol at i on gasket s 
wi t h an out si de di amet er  equal  t o t he f l ange out si de di amet er .   Bol t  
i sol at i on s l eeves must  be f ul l  l engt h.   Uni t s must  be of  a shape t o 
pr event  met al - t o- met al  cont act  of  di ssi mi l ar  met al l i c  pi pi ng el ement s.

2. 18. 3   Met al l i c  Pi pi ng Coupl i ngs

Pr ovi de t hr ust  t i es wher e shown on t he cont r act  dr awi ngs and wher e 
r equi r ed t o r est r ai n t he f or ce devel oped by [ 1. 5]  [ _____]  t i mes t he 
maxi mum al l owabl e oper at i ng pr essur es speci f i ed.   For  met al l i c  pi pe ot her  
t han duct i l e i r on,  at t ach t hr ust  t i es wi t h f abr i cat ed l ugs.   For  duct i l e 
i r on pi pe,  at t ach t hr ust  t i es wi t h socket  c l amps agai nst  a gr ooved j oi nt  
coupl i ng or  f l ange.   For  exposed i nst al l at i ons,  use zi nc- pl at ed nut s and 
bol t s.   However ,  hi gh- st r engt h,  l ow- al l oy st eel ,  i n accor dance wi t h 
AWWA C111/ A21. 11,  may be subst i t ut ed f or  use on cast  i r on and duct i l e i r on 
coupl i ngs.   For  bur i ed and submer ged i nst al l at i ons,  pr ovi de [ TP304]  
[ _____]  st ai nl ess st eel  bol t s and nut s.   Use st eel  mi ddl e r i ngs and 
f ol l ower s t hat  ar e [ f usi on bonded epoxy- l i ned and coat ed i n accor dance 
wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS and]  pr essur e t est ed beyond 
yi el d poi nt .

2. 18. 3. 1   Sl eeve- Type Coupl i ngs

Use sl eeve- t ype coupl i ngs f or  j oi ni ng pl ai n end pi pe sect i ons i n a 
f l exi bl e manner  wi t h a di amet er  t o pr oper l y f i t  t he pi pe.   A coupl i ng 
consi st s of  one [ st eel ]  [ duct i l e i r on]  mi ddl e r i ng,  t wo [ st eel ]  [ duct i l e 
i r on]  f ol l ower s,  t wo el ast omer i c [ wedge]  [ _____]  sect i on gasket s and 
el l i pt i c- neck,  t r ack- head st eel  bol t s desi gned t o pr oper l y compr ess t he 
gasket s.   For  pi pe si zes bet ween 13 t hr ough 40 mm 0. 5 t hr ough 1. 5 i nch,  
ensur e t he f ol l ower s ar e [ duct i l e i r on]  [ mal l eabl e i r on] ,  and t he mi ddl e 
r i ng i s i n accor dance wi t h [ ASTM A513/ A513M]  [ ASTM A395/ A395M]  wi t h 
AWWA C111/ A21. 11 bol t i ng,  [ l i ght  pat t er n coupl i ng] .   For  pi pe si zes 50 mm 
2 i nch and l ar ger ,  ensur e t he f ol l ower s ar e [ ASTM A395/ A395M]  [ _____] ,  and 
t he mi ddl e r i ng i s [ ASTM A513/ A513M]  [ ASTM A395/ A395M]  [ _____]  wi t h 
AWWA C111/ A21. 11 bol t i ng,  [ l i ght  pat t er n coupl i ng] .   Gasket s must  be 
[ nat ur al  r ubber ]  [ but adi ene acr yl oni t r i l e]  [ i sobut yl ene i sopr ene]  
[ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  [ et hyl ene pr opyl ene t er pol ymer  
( EPT) ]  [ f l uor o- el ast omer i c]  [ _____] .   [ Spl i t  s l eeve- t ype coupl i ngs may be 
used i n abovegr ound i nst al l at i ons under  speci al  s i t uat i ons and when 
appr oved i n advance by t he Cont r act i ng Of f i cer . ]

2. 18. 3. 2   Tr ansi t i on Coupl i ngs

Tr ansi t i onal  coupl i ngs may be used t o connect  t wo pi pes of  t he same 
mat er i al  t hat  have smal l  di f f er ences i n out si de di amet er .   Si ze a f ul l y  
assembl ed t r ansi t i onal  coupl i ng t o pr oper l y f i t  pi pe di amet er s.   The 
coupl i ng must  consi st  of  one [ st eel ]  [ duct i l e i r on]  [ _____]  mi ddl e r i ng,  
t wo [ st eel ]  [ duct i l e i r on]  [ mal l eabl e i r on]  [ _____]  f ol l ower s,  t wo 
el ast omer i c [ wedge]  [ _____]  sect i on gasket s and el l i pt i c- neck,  t r ack- head 
st eel  bol t s desi gned t o pr oper l y compr ess t he gasket s.   The coupl i ng must  
use [ nat ur al  r ubber ]  [ but adi ene acr yl oni t r i l e]  [ i sobut yl ene i sopr ene]  
[ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  [ et hyl ene pr opyl ene t er pol ymer  
( EPT) ]  [ f l uor o- el ast omer i c]  [ _____] ,  [ wedge]  [ i nsul at ed]  gasket s.   Si ze 
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t he coupl i ng t o mat ch t he associ at ed pi pi ng.

2. 18. 3. 3   Fl anged Coupl i ng Adapt er s

Pr ovi de f l anged coupl i ng adapt er s consi st i ng of  f ul l y  assembl ed uni t s 
manuf act ur ed t o meet  [ ASTM A126 Cl ass [ B]  [ _____] ,  cast  i r on] .   The 
f l anges must  mat e wi t h [ ASME B16. 1]  [ ASME B16. 5]  [ AWWA C207]  Cl ass [ _____]  
f l anges of  t he same nomi nal  s i ze.   [ Appl y a f act or y appl i ed cor r osi on 
r esi st ant  coat i ng. ]   The coupl i ng must  use [ nat ur al  r ubber ]  [ but adi ene 
acr yl oni t r i l e]  [ i sobut yl ene i sopr ene]  [ et hyl ene pr opyl ene di ene monomer  
( EPDM) ]  [ et hyl ene pr opyl ene t er pol ymer  ( EPT) ]  [ f l uor o- el ast omer i c]  
[ _____] ,  [ wedge]  [ i nsul at ed]  gasket s.   Wher e pi pe movement  out  of  t he 
adapt or  may occur ,  pr ovi de pr oper  anchor age of  t he pi pe [ and f ur ni sh 
coupl i ngs wi t h l ock pi ns] .   Si ze t he coupl i ng t o mat ch t he associ at ed 
pi pi ng.

2. 18. 4   Coupl i ngs f or  Nonmet al l i c  Pi pi ng

2. 18. 4. 1   Bel l ows Coupl i ng

Pr ovi de a bel l ows coupl i ng wi t h a mi ni mum of  t wo [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____]  convol ut i ons unl ess ot her wi se shown,  wi t h [ [ duct i l e i r on]  
[ _____]  f l anged,  f aced and dr i l l ed t o [ ASME B16. 1]  [ ASME B16. 5]  Cl ass 
[ 125]  [ 150]  [ 300]  [ _____] ] ,  [ _____]  end connect i ons,  and met al  r ei nf or ci ng 
bands.   The maxi mum al l owabl e wor ki ng pr essur e i s [ 960 kPa 140 psi g]  
[ _____]  at  [ 49]  [ _____]  degr ees C [ 120]  [ _____]  degr ees F.   Li mi t  bol t i ng 
t o r est r ai n t he f or ce devel oped by [ 1. 5]  [ _____]  t i mes t he speci f i ed 
maxi mum al l owabl e oper at i ng pr essur e.   Si ze t he coupl i ng t o mat ch t he 
associ at ed pi pi ng.

2. 18. 4. 2   Compr essi on Coupl i ng

A compr essi on coupl i ng consi st s of  one [ st eel ]  [ _____]  mi ddl e sect i on,  t wo 
[ st eel ]  [ _____]  mechani cal  nut s,  t wo el ast omer i c gasket s and t wo machi ned 
st eel  l ock r i ngs.   The coupl i ng must  use [ nat ur al  r ubber ]  [ but adi ene 
acr yl oni t r i l e]  [ i sobut yl ene i sopr ene]  [ et hyl ene pr opyl ene di ene monomer  
( EPDM) ]  [ et hyl ene pr opyl ene t er pol ymer  ( EPT) ]  [ f l uor o- el ast omer i c]  
[ _____] ,  [ wedge]  [ i nsul at ed]  gasket s.   The maxi mum al l owabl e wor ki ng 
pr essur e i s [ 1. 03 MPa 150 psi g]  [ _____]  at  [ 49]  [ _____]  degr ees C [ 120]  
[ _____]  degr ees F.   Si ze t he coupl i ng t o mat ch t he associ at ed pi pi ng.

2. 19   VALVE BOXES[ ,  SERVI CE BOXES] [ ,  VALVE MANHOLES] [  AND VALVE PI TS]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Const r uct i on of  val ve manhol es i s t o be 
avoi ded wher e f easi bl e because of  pr obl ems wi t h 
dewat er i ng/ dr ai nage and f r ost pr oof i ng.   Use manual l y 
oper at ed gat e and but t er f l y val ves sui t abl e f or  
di r ect  bur i al  and f i t t ed wi t h val ve boxes i n l i eu of  
val ves i n manhol es whenever  possi bl e.   Revi ew 
pr oj ect - speci f i c  val ve box r equi r ement s.   Sel ect  and 
modi f y as r equi r ed or  r ef er  t o Sect i on 33 61 13. 19 
VALVES,  PI PI NG,  AND EQUI PMENT I N VALVE MANHOLES.

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

The box l engt h must  adapt  [ t o t he l engt h r equi r ed f or  t he dept h of  t he 
l i ne]  [ t o t he dept h of  cover  r equi r ed over  t he pi pe at  t he val ve l ocat i on]  
wi t hout  f ul l  ext ensi on.   Boxes must  be cast  i r on or  concr et e,  except  t hat  
concr et e boxes may be i nst al l ed onl y i n l ocat i ons not  subj ect ed t o 
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vehi cul ar  t r af f i c .   Pr ovi de boxes wi t h housi ngs of  suf f i c i ent  s i ze t o 
compl et el y cover  t he val ve or  ser vi ce st op and compl et e wi t h cover s.

2. 19. 1   Val ve Boxes

Pr ovi de cast - i r on val ve boxes wi t h mi ni mum met al  t hi ckness of  5 mm 3/ 16 
i nch and of  t he ext ensi on t ype wi t h s l i de- t ype adj ust ment  and f l ar ed 
base.   Pr ovi de concr et e boxes t hat  ar e t he st andar d pr oduct  of  a 
manuf act ur er  of  pr ecast  concr et e equi pment .

2. 19. 2   Ser vi ce Boxes

Pr ovi de ext ensi on ser vi ce boxes wi t h ei t her  scr ew or  s l i de- t ype adj ust ment .

2. 19. 3   Val ve [ Manhol es]  [ or  Pi t s]

Const r uct  val ve [ manhol es]  [ or  pi t s]  f or  aut omat i c val ves and met er s 
i nst al l ed bel ow gr ade i n accor dance wi t h Sect i on 33 61 13. 19 VALVES,  
PI PI NG,  AND EQUI PMENT I N VALVE MANHOLES.

2. 20   VALVES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph wi l l  be coor di nat ed wi t h 
Sect i on 33 61 13. 19 VALVES,  PI PI NG,  AND EQUI PMENT I N 
VALVE MANHOLES.   Mat er i al  sel ect i on based on pi pi ng 
mat er i al s and l i qui d char act er i st i cs i s al so 
pr ovi ded.   For  cr i t i cal  or  hazar dous appl i cat i ons,  
i nser t  speci f i c  mat er i al  r equi r ement s,  gr ades and 
al l oys,  and st andar ds r at her  t han a gener al  mat er i al  
name.

Val ves ar e gr ouped t oget her  by t ype.   I f  a val ve i s 
r equi r ed f or  your  appl i cat i on t hat  i s not  l i s t ed,  
i nser t  t he val ve speci f i cat i on and not i f y t he 
Cont r act i ng Of f i cer .   Check manuf act ur er ' s cat al ogs 
t o make sur e val ves sel ect ed ar e cur r ent .   Oper at or  
opt i ons var y by bot h manuf act ur er  and val ve s i ze.

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

2. 20. 1   Gener al  Requi r ement s For  Val ves

Val ves i ncl ude oper at or ,  act uat or ,  handwheel ,  chai n wheel ,  ext ensi on st em,  
f l oor  st and,  wor m and gear  oper at or ,  oper at i ng nut ,  chai n,  wr ench,  and al l  
ot her  accessor i es r equi r ed f or  a compl et e oper at i on.   Ensur e val ves ar e 
sui t abl e f or  t he i nt ended ser vi ce.   Renewabl e par t s ar e not  t o be of  a 
l ower  qual i t y t han t hose speci f i ed.   [ Pr ovi de val ves t hat  ar e t he same 
si ze as adj oi ni ng pi pe] .   Ensur e val ve ends ar e compat i bl e wi t h adj acent  
pi pi ng syst em.   Si ze an oper at or  t o oper at e t he associ at ed val ve f or  t he 
f ul l  r ange of  pr essur es and vel oci t i es.   Val ves wi l l  open by t ur ni ng 
[ count er cl ockwi se]  [ _____] .   Pr ovi de f act or y mount ed oper at or s,  act uat or s,  
and accessor i es.

2. 20. 2   Val ve Schedul e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he schedul es ar e i ncl uded i n t he 
cont r act  dr awi ngs.   Del et e t hi s subpar agr aph i f  t he 
val ve schedul e i s not  used.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Submi t  a l i s t  of  val ve mat er i al s,  pr essur e r at i ngs,  val ve oper at or ' s 
mat er i al s,  ai r  suppl y pr essur e,  el ect r i cal  ser vi ce,  l ocat i on,  sour ce of  
suppl y,  and r ef er ence i dent i f i cat i on as i ndi cat ed i n t he cont r act  
dr awi ngs.   Pr ovi de a l i s t  of  any speci al  t ool s necessar y f or  each val ve 
t ype and appur t enances f ur ni shed f or  adj ust ment ,  oper at i on,  mai nt enance 
and di sassembl y.   Requi r ement s r el at i ve t o t hi s par agr aph ar e shown on t he 
[ Val ve Schedul e]  [ and Oper at or  Schedul e]  l ocat ed [ i n t he cont r act  
dr awi ngs]  [ _____] .

2. 20. 3   Fact or y Fi ni shi ng

[ Pr ovi de val ves wi t h an epoxy [ l i ni ng and]  coat i ng i n accor dance wi t h 
AWWA C550 unl ess ot her wi se speci f i ed.   Ensur e t he epoxy i s ei t her  a 
t wo- par t  l i qui d mat er i al  or  a heat - act i vat ed ( f usi on)  mat er i al  except  t hat  
onl y a heat - act i vat ed mat er i al  appl i es i f  a val ve coat i ng i s speci f i ed as 
" f usi on"  or  " f usi on bonded"  epoxy.   Pr ovi de epoxy [ l i ni ng and]  coat i ng 
wi t h a mi ni mum [ 0. 180 mm 7. 0 mi l s]  [ [ _____]  mm mi l s]  dr y f i l m t hi ckness 
except  wher e i t  i s  l i mi t ed by val ve oper at i ng t ol er ances. ]   Fi ni sh exposed 
val ves i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.   [ Pai nt  
saf et y i sol at i on val ves and l ockout  val ves wi t h handl es,  handwheel s,  or  
chai n wheel s " saf et y yel l ow. " ]

2. 20. 4   Check Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   " Check val ves"  ar e gener al l y ser vi ce 
or i ent ed.   Speci f i c  t ypes of  check val ves shoul d be 
speci f i ed f or  t he speci f i c  appl i cat i ons;  f or  
exampl e,  t he bal l  check val ve i s capabl e of  passi ng 
sol i ds.   Rat ed oper at i ng pr essur es var y based on 
body and seat  mat er i al s,  s i ze and ot her  par amet er s 
such as waf er  c l ass.   Consul t  manuf act ur er ' s 
i nf or mat i on t o sel ect  t he appr opr i at e r at i ng f or  t he 
appl i cat i on.

Pi pi ng pl ane and val ve or i ent at i on may af f ect  check 
val ve per f or mance.   Cer t ai n t ypes of  check val ves 
wi l l  onl y oper at e under  speci f i c  condi t i ons;  f or  
exampl e,  l i f t  check val ves can onl y oper at e i n 
hor i zont al  l i nes,  and swi ng check val ves can oper at e 
i n ei t her  hor i zont al  or  ver t i cal  ( f l ow up)  posi t i ons.

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

2. 20. 4. 1   Swi ng Check Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement s on subpar t  c.  bel ow ar e 
based on gener al  wat er  ser vi ce and AWWA r at i ngs.

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

Pr ovi de swi ng check val ves conf or mi ng t o t he f ol l owi ng:

a.   Pr ovi de swi ng check val ves,  50 mm 2 i nches and smal l er ,  wi t h a [ cast  
i r on]  [ duct i l e i r on]  [ car bon st eel ]  [ br onze]  [ TP316 st ai nl ess st eel ]  
[ _____]  body,  i n accor dance wi t h [ ASME B16. 11 socket - wel di ng]  [
ASME B16. 11 t hr eaded]  [ ASME B16. 5 f l anged]  [ ASME B16. 1 f l anged]  [
ASME B16. 18 sol der  j oi nt ]  [ _____]  ends.   Pr ovi de val ves wi t h a swi ng 
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t ype,  r epl aceabl e [ but adi ene acr yl oni t r i l e]  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____]  di sc.   Ensur e val ves ar e r at ed f or  [ 1. 4 MPa 200 psi g]  
[ [ _____]  MPa psi g]  ser vi ce.

b.   Pr ovi de swi ng check val ves,  65 mm 2. 5 i nches t hr ough 300 mm 12 i nch,  
wi t h a [ cast  i r on]  [ duct i l e i r on]  [ car bon st eel ]  [ br onze]  [ TP316 
st ai nl ess st eel ]  [ _____]  body,  i n accor dance wi t h [ ASME B16. 11 
socket - wel di ng]  [ ASME B16. 11 t hr eaded]  [ ASME B16. 5 f l anged]  [ ASME B16. 1
 f l anged]  [ _____]  ends.   Pr ovi de val ves wi t h a br onze- mount ed swi ng 
t ype,  [ br onze]  [ duct i l e i r on]  [ cast  i r on]  [ _____]  di sc,  [ sol i d br onze]  
[ duct i l e i r on]  [ _____]  hi nges,  and st ai nl ess st eel  hi nge shaf t  [ wi t h 
out si de l ever  and [ wei ght ]  [ spr i ng] ] .   Ensur e val ves ar e r at ed f or  [
1. 4 MPa 200 psi g]  [ [ _____]  MPa psi g]  ser vi ce.

c.   Pr ovi de swi ng check val ves,  50 mm 2 i nch t hr ough 900 mm 36 i nch,  
conf or mi ng t o AWWA C508,  and have [ ASME B16. 1 Cl ass [ _____]  f l anged] ,  
[ wel di ng] ,  [ mechani cal  j oi nt ]  [ gr ooved]  [ _____]  end connect i ons.   
Pr ovi de val ves wi t h a [ cast  i r on]  [ duct i l e i r on]  [ car bon st eel ]  
[ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  body,  [ br onze]  [ _____]  
- mount ed di sc,  sol i d [ br onze]  [ duct i l e i r on]  [ _____]  hi nges,  and a 
st ai nl ess st eel  hi nge shaf t .   Pr ovi de val ves 50 mm 2 i nch t hr ough 300 
mm 12 i nch r at ed f or  [ 1. 2 MPa 175 psi g]  [ [ _____]  MPa psi g]  ser vi ce and 
val ves 350 t hr ough 900 mm 14 t hr ough 36 i nch r at ed f or  [ 1. 03 MPa 150 
psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 degr ees C 140 degr ees F.   Fi t  
val ves wi t h an [ adj ust abl e out si de l ever  and spr i ng]  [ adj ust abl e 
out si de l ever  and wei ght ] .   An i ncr easi ng- pat t er n body val ve may be 
used wher e i ncr eased out l et  pi pi ng si ze i s shown.

2. 20. 4. 2   Ther mopl ast i c Check Val ve

Pr ovi de t her mopl ast i c check val ves,  8 mm 0. 25 i nch t hr ough 400 mm 16 i nch,  
of  a [ Y- check]  [ bal l - check]  desi gn,  manuf act ur ed of  [ pol yvi nyl  chl or i de 
( PVC) ]  [ chl or i nat ed pol yvi nyl  chl or i de ( CPVC) ]  [ pol ypr opyl ene ( PP) ]  
[ pol yvi nyl i dene f l uor i de ( PVDF) ]  [ _____]  wi t h [ f l anged]  [ socket ]  
[ t hr eaded,  i n accor dance wi t h ASME B1. 20. 2MASME B1. 20. 1, ]  end 
connect i ons.   Use val ves t hat  ar e r at ed f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  
MPa psi g]  ser vi ce.   Pr ovi de val ves wi t h [ f l uor o- el ast omer i c O- r i ng]  
[ _____]  seal s and seat s.   [ Fi t  di scs wi t h a pol yvi nyl  chl or i de ( PVC)  coi l  
gui de. ]   [ Caps must  be of  hex desi gn. ]

2. 20. 4. 3   Doubl e Di sc Swi ng Check Val ve

Doubl e di sc swi ng check val ves,  50 mm 2 i nch t hr ough 1300 mm 52 i nch,  must  
be waf er  st y l e,  spr i ng l oaded swi ng check val ve,  wi t h a [ cast  i r on]  
[ duct i l e i r on]  [ car bon st eel ]  [ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  
body,  a [ al umi num- br onze]  [ duct i l e i r on]  [ st ai nl ess st eel ]  [ br onze]  
[ car bon st eel ]  [ _____]  di sc,  r esi l i ent  seat s,  st ai nl ess st eel  hi nge pi n,  
and a st ai nl ess st eel  st op pi n spr i ng.   Ensur e val ves 50 mm 2 i nch t hr ough 
300 mm 12 i nch ar e r at ed f or  [ 1. 4 MPa 200 psi g]  [ [ _____]  MPa psi g]  ser vi ce 
at  60 degr ees C 140 degr ees F and val ves 350 mm 14 i nch t hr ough 1300 mm 52 
i nch ar e r at ed f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 
degr ees C 140 degr ees F.

2. 20. 4. 4   Sl ant i ng Di sc Check Val ve

Sl ant i ng di sc check val ves,  50 mm 2 i nch t hr ough 1500 mm 60 i nch,  must  be 
of  a s l ant i ng or  t i l t i ng di sc desi gn,  wi t h of f - cent er  pi vot .   Pr ovi de 
val ve bodi es consi st i ng of  [ cast  i r on]  [ duct i l e i r on]  [ car bon st eel ]  
[ br onze]  [ TP316 st ai nl ess st eel ]  [ _____] ,  and of  a [ t wo- pi ece]  
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[ waf er - st y l e]  desi gn.   Seat s must  be [ br onze]  [ st ai nl ess st eel ]  [ _____]  
set  on a [ 55]  [ _____]  - degr ee angl e.   Di scs must  be [ br onze]  [ duct i l e 
i r on]  [ cast  i r on]  [ st ai nl ess st eel ]  wi t h pi vot  pi n and bushi ng const r uct ed 
of  [ TP304 st ai nl ess st eel ]  [ al umi num br onze]  [ _____] ,  [ but adi ene 
acr yl oni t r i l e]  [ _____]  di sc seal ,  [ TP316 st ai nl ess st eel ]  [ Monel ]  [ _____]  
spr i ng,  [ bot t om mount ed buf f er  cyl i nder  f or  cushi on cl osi ng]  [ and]  [ val ve 
di sc posi t i on i ndi cat or ] .   Use val ves t hat  ar e r at ed f or  [ 1. 03 MPa 150 psi g
]  [ [ _____]  MPa psi g]  ser vi ce [ and have [ ASME B16. 5]  [ ASME B16. 1]  Cl ass 
[ _____]  f l anged end connect i ons] .

2. 20. 4. 5   Si l ent  Check Val ve

Pr ovi de si l ent  check val ves conf or mi ng t o t he f ol l owi ng:

a.   Si l ent  check val ves,  50 t hr ough 250 mm 2 t hr ough 10 i nch,  must  be 
waf er  st y l e,  cent er  gui ded val ve wi t h a [ cast  i r on]  [ cast  st eel ]  
[ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  body,  [ br onze]  [ st ai nl ess 
st eel ]  [ _____]  t r i m,  [ but adi ene acr yl oni t r i l e]  [ _____]  seat ,  and 
[ br onze]  [ st ai nl ess st eel ]  [ _____]  spr i ngs.   Ensur e val ves ar e r at ed 
f or  [ 1. 4 MPa 200 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 degr ees C 140 
degr ees F.

b.   Si l ent  check val ves,  65 t hr ough 1050 mm 2. 5 t hr ough 42 i nch,  must  be 
gl obe st y l e,  cent er  gui ded val ve wi t h [ ASME B16. 1]  [ ASME B16. 5]  Cl ass 
[ 125]  [ 250]  [ _____]  f l anged end connect i ons,  a [ cast  i r on]  [ duct i l e 
i r on]  [ cast  st eel ]  [ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  body,  
[ br onze]  [ st ai nl ess st eel ]  [ _____]  t r i m,  [ but adi ene acr yl oni t r i l e]  
[ _____]  seat ,  and [ br onze]  [ st ai nl ess st eel ]  [ _____]  spr i ng.   Ensur e 
val ves ar e r at ed f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  MPa psi g]  ser vi ce.

2. 20. 4. 6   Bal l  Check Val ve

Pr ovi de bal l  check val ves,  25 mm 1 i nch and l ar ger ,  i n accor dance wi t h [
ASME B16. 11 socket - wel di ng]  [ ASME B16. 11 t hr eaded]  [ ASME B16. 5 f l anged]  
ends,  and [ cast  i r on]  [ duct i l e i r on]  [ car bon st eel ]  [ br onze]  [ TP316 
st ai nl ess st eel ]  [ pol yvi nyl  chl or i de ( PVC) ]  [ _____]  bodi es wi t h a c l eanout  
and [ f l oat i ng]  [ s i nki ng]  t ype [ hol l ow st eel ]  [ phenol i c]  [ but adi ene 
acr yl oni t r i l e cover ed met al ]  bal l .   [ Fl anges must  be ASME B16. 1 Cl ass 
[ 125]  [ _____] . ]   Ensur e val ves ar e r at ed f or  [ 690 kPa 100 psi g]  [ [ _____]  
MPa psi g]  ser vi ce and ar e sui t abl e f or  ver t i cal  or  hor i zont al  f l ow.

2. 20. 5   Bal l  Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Top or  bot t om ent r y br onze bal l  val ves ar e 
not  r eadi l y avai l abl e.   An end ent r y val ve r equi r es 
addi t i onal  uni ons or  abi l i t y  t o spr i ng pi pe cl ear  i n 
or der  t o ser vi ce val ve.   Fl anged and waf er  st y l e 
val ves can be r eadi l y r emoved.

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

2. 20. 5. 1   Gener al  Pur pose Bal l  Val ves

Pr ovi de gener al  pur pose bal l  val ves conf or mi ng t o t he f ol l owi ng:

a.   Bal l  val ves,  50 mm 2 i nch and smal l er ,  must  be end ent r y t ype wi t h 
[ br onze]  [ br ass]  [ _____]  bodi es and [ t hr eaded,  i n accor dance wi t h 
ASME B1. 20. 2MASME B1. 20. 1, ]  [ sol der ed]  [ _____] ,  [ f ul l  bor e]  [ r egul ar ]  
por t s.   Pr ovi de val ves wi t h [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  
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seat s and packi ng,  [ chr ome pl at ed]  [ br ass]  [ st ai nl ess st eel ]  [ _____]  
bal l s and [ hand l ever ]  [ t ee- handl e]  [ hand wheel ]  [ pneumat i cal l y 
act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  oper at or s.   Ensur e val ves 
ar e r at ed f or  [ 2. 76 MPa 400 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  66 
degr ees C 150 degr ees F and conf or m t o ASME B16. 34 Cl ass [ _____] .   
[ I nst al l  a uni on adj acent  t o t he val ves t o pr ovi de access t o t he seat . ]

b.   Bal l  val ves,  65 mm 2. 5 i nch and l ar ger ,  must  be end ent r y t ype wi t h 
[ br onze]  [ cast  i r on]  [ _____]  bodi es and [ ASME B16. 11 socket - wel di ng]  [
ASME B16. 11 t hr eaded]  [ ASME B16. 5 f l anged]  [ ASME B16. 1 f l anged]  [
ASME B16. 18 sol der  j oi nt ]  [ _____]  ends.   Pr ovi de val ves wi t h 
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  packi ng and seat s,  a [ chr ome 
pl at ed]  [ br ass]  [ st ai nl ess st eel ]  [ _____]  bal l ,  [ r egul ar ]  [ f ul l  bor e]  
por t s,  and [ hand l ever ]  [ t ee- handl e]  [ hand wheel ]  [ pneumat i cal l y 
act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  oper at or s.   Ensur e val ves 
ar e r at ed f or  [ 2. 76 MPa 400 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  66 
degr ees C 150 degr ees F and conf or m t o ASME B16. 34 Cl ass [ _____] .

c.   Pr ovi de bal l  val ves,  50 t o 300 mm 2 t o 12 i nch,  conf or mi ng t o 
ASME B16. 34 Cl ass [ _____] ,  and wi t h a [ cast  i r on]  [ duct i l e i r on]  
[ car bon st eel ]  [ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  body,  
st ai nl ess st eel  bal l  and st em,  pol yt et r af l uor oet hyl ene ( PTFE)  packi ng 
and gasket ,  and [ f l anged]  [ wel di ng]  [ _____]  ends,  f ul l  por t .   Ensur e 
val ves ar e r at ed f or  [ 1. 38 MPa 200 psi g]  [ [ _____]  MPa psi g]  ser vi ce,  
and have [ hand l ever ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  
[ _____]  oper at or s.

2. 20. 5. 2   Mul t i pl e Pi ece Body Bal l  Val ves

Pr ovi de mul t i pl e pi ece body bal l  val ves,  40 t o 150 mm 1. 5 t o 6 i nch,  wi t h 
[ t hr ee]  [ _____]  pi ece bodi es const r uct ed of  [ st ai nl ess st eel  
ASTM A276/ A276M Gr ade [ TP316]  [ _____] ]  [ cast  st eel  ASTM A351/ A351M Gr ade 
[ CF8M]  [ _____] ]  [ ASTM A216/ A216M]  [ _____]  st ai nl ess st eel .   Val ves must  
have a [ TP316]  [ _____]  st ai nl ess st eel  bal l ,  and [ ASME B16. 11 t hr eaded]  [
ASME B16. 5 f l anged]  [ _____]  end connect i ons.   Ensur e val ves ar e r at ed f or  [
6. 89 MPa 1000 psi g]  [ _____]  ser vi ce and conf or m t o ASME B16. 34 Cl ass 
[ _____] .   Pr ovi de val ves wi t h [ r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE) ]  
[ _____]  seat s and st em packi ng,  t hat  ar e [ f ul l ]  [ s t andar d]  bor e,  
andequi pped wi t h [ handwheel ]  [ hand l ever ]  [ t ee- handl e]  [ pneumat i cal l y 
act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  oper at or s.

2. 20. 5. 3   Ther mopl ast i c Bal l  Val ve

Pr ovi de t her mopl ast i c bal l  val ves,  150 mm 6 i nch and smal l er ,  r at ed f or  [
1. 03 MPa 150 psi g]  [ 1. 55 MPa 225 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  49 
degr ees C 120 degr ees F,  and have ASTM D1784,  mi ni mum cel l  c l assi f i cat i on 
[ _____] ,  [ pol yvi nyl  chl or i de ( PVC) ]  [ chl or i nat ed pol yvi nyl  chl or i de 
( CPVC) ]  [ ASTM D3222 pol yvi nyl i dene f l uor i de ( PVDF) ]  [ _____]  bodi es,  bal l s,  
and st ems.   Pr ovi de val ves of  end ent r y,  doubl e uni on desi gn,  wi t h 
[ sol vent - wel d socket ]  [ t hr eaded,  i n accor dance wi t h ASME B1. 20. 2M
ASME B1. 20. 1, ]  [ f l anged]  [ but t ]  [ _____]  ends connect i ons,  a [ et hyl ene 
pr opyl ene di ene monomer  ( EPDM) ]  [ f l uor o- el ast omer ]  [ _____]  seat ,  and 
[ f l uor o- el ast omer ]  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ et hyl ene pr opyl ene 
di ene monomer  ( EPDM) ]  [ _____]  O- r i ng st em seal s.   Pr ovi de val ves wi t h 
[ hand l ever ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  
oper at or s.
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2. 20. 6   Gat e Val ves

2. 20. 6. 1   Gener al  Ser vi ce Gat e Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement s on subpar t  b.  bel ow ar e 
based on gener al  wat er  ser vi ce and AWWA r at i ngs.

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

Pr ovi de gener al  ser vi ce gat e val vesconf or mi ng t o t he f ol l owi ng:

a.   Pr ovi de gat e val ves,  50 mm 2 i nch and smal l er ,  wi t h [ br onze]  [ _____]  
bodi es and st ems,  [ scr ewed]  [ uni on]  [ bol t ed]  [ yoke]  br onze [ _____]  
bonnet s,  s i ngl e [ sol i d]  [ spl i t ]  wedge br onze di scs,  and [ r i s i ng]  
[ non- r i s i ng]  st ems.   Pr ovi de val ves r at ed f or  [ 1. 2 MPa 175 psi g]  
[ [ _____]  MPa psi g]  ser vi ce and conf or mi ng t o ASME B16. 34 Cl ass 
[ _____] .   End connect i ons must  be [ ASME B16. 5 f l anged]  [ ASME B16. 1 
f l anged]  [ ASME B16. 11 t hr eaded]  [ _____] .   Equi p val ves wi t h 
[ handwheel ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  
oper at or s.

b.   Pr ovi de gat e val ves,  65 mm 2. 5 i nch and l ar ger ,  wi t h [ Ni - r esi st ant ]  [ 3 
per cent  ni ckel - i r on]  [ cast - i r on]  [ _____]  bodi es wi t h [ i r on]  [ br onze]  
[ Ni - r esi st ant  st ai nl ess st eel ]  [ _____]  t r i m.   Pr ovi de val ves meet i ng 
t he r equi r ement s of  [ AWWA C500]  [ AWWA C509]  and have Cl ass [ 125]  [ 250]  
[ _____]  [ f l anged]  [ wel di ng]  [ t hr eaded,  i n accor dance wi t h ASME B1. 20. 2M
ASME B1. 20. 1, ]  [ mechani cal  j oi nt ]  [ push- on]  [ _____]  end connect i ons.   
Pr ovi de a [ c l amp]  [ OS&Y Bol t ed]  [ NRS Bol t ed]  t ype bonnet .   Di scs must  
be [ wedge]  [ doubl e]  t ype of  [ i r on]  [ br onze]  [ duct i l e i r on]  [ br onze 
f aced i r on]  [ r ubber  coat ed duct i l e i r on]  [ _____]  const r uct i on,  and 
have [ nonr i s i ng]  [ r i s i ng]  st ems [ wi t h backseat s] .   I ncl ude a by- pass 
of  t he same mat er i al s as t he gat e val ve f or  each gat e val ve,  400 mm 16 
i nch and l ar ger .   Pr ovi de bypass meet i ng t he r equi r ement s of  AWWA C500.   
Use val ves r at ed f or  [ 1. 4 MPa 200 psi g]  [ [ _____]  MPa psi g]  ser vi ce.   
Equi p val ves wi t h [ handwheel ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y 
act uat ed]  [ _____]  oper at or s.

2. 20. 6. 2   Ther mopl ast i c Gat e Val ve

Pr ovi de t her mopl ast i c gat e val ves,  13 mm1/ 2 i nch and l ar ger ,  wi t h [
ASTM D1784 pol yvi nyl  chl or i de ( PVC) ,  mi ni mum cel l  c l assi f i cat i on [ _____] , ]  
[ ASTM D1784 chl or i nat ed pol yvi nyl  chl or i de ( CPVC) ,  mi ni mum cel l  
c l assi f i cat i on [ _____] , ]  [ _____]  bodi es,  [ bol t ed]  [ _____]  bonnet s,  s i ngl e 
[ st yr ene but adi ene r ubber ]  [ pol ypr opyl ene]  [ _____]  wedge di scs,  
[ non- r i s i ng]  [ r i s i ng]  st ems,  and [ f l anged]  [ t hr eaded,  i n accor dance wi t h 
ASME B1. 20. 2MASME B1. 20. 1, ]  [ _____]  end connect i ons.   Pr ovi de val ves r at ed 
f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 degr ees C 140 
degr ees F.   Equi p val ves wi t h [ handwheel ]  [ _____]  [ pneumat i cal l y act uat ed]  
[ el ect r i cal l y act uat ed]  oper at or s.

2. 20. 7   Gl obe Val ves

2. 20. 7. 1   Gener al  Requi r ement s For  Gl obe Val ves

Pr ovi de gl obe val ves,  80 mm 3 i nch and smal l er ,  t hat  ar e [ angl e pat t er n]  
[ gl obe st y l e]  val ve wi t h [ cast  i r on]  [ duct i l e i r on]  [ car bon st eel ]  
[ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  bodi es,  wi t h [ br onze]  [ br ass]  
[ st ai nl ess st eel ]  [ _____]  t r i m,  and [ br onze]  [ br ass]  [ _____]  bonnet s.   
Pr ovi de val ves conf or mi ng t o ASME B16. 34 Cl ass [ _____] ,  and wi t h [
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ASME B16. 11 socket - wel di ng]  [ ASME B16. 11 t hr eaded]  [ ASME B16. 5 f l anged]  [
ASME B16. 1 f l anged]  [ ASME B16. 18 sol der  j oi nt ]  [ _____]  end connect i ons.   
I ncl ude [ uni on]  [ t hr eaded]  [ OS&Y]  bonnet s,  i nsi de scr ews,  r i s i ng st ems,  
[ pl ug]  [ needl e]  [ convent i onal ]  di scs const r uct ed of  
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ but adi ene acr yl oni t r i l e]  [ br onze]  
[ st ai nl ess st eel ]  [ _____] ,  and [ br onze]  [ br ass]  [ st ai nl ess st eel ]  [ _____]  
r i ngs.   Ensur e val ves ar e r at ed f or  [ 1. 4 MPa 200 psi g]  [ [ _____]  MPa psi g]  
ser vi ce.   Equi p val ves wi t h [ handwheel ]  [ pneumat i cal l y act uat ed]  
[ el ect r i cal l y act uat ed]  [ _____]  oper at or s.

2. 20. 7. 2   Needl e Val ve

Needl e val ves,  25 mm 1 i nch and smal l er ,  must  be of  a [ st r ai ght ]  [ angl e]  
[ cr oss]  pat t er n and must  have [ br ass]  [ TP316 st ai nl ess st eel ]  [ _____]  
bodi es and t r i m.   Pr ovi de val ves [ conf or mi ng t o ASME B16. 34 Cl ass [ _____]  
wi t h ASME B16. 11 [ mal e]  [ f emal e]  t hr eaded,  i n accor dance wi t h ASME B1. 20. 2M
ASME B1. 20. 1, ]  [ have t ubi ng compr essi on f i t t i ngs,  t hat  mat ch associ at ed 
t ubi ng f i t t i ngs, ]  [ _____]  end connect i ons.   Ensur e val ves i ncl ude 
[ t hr eaded]  [ i nt egr al ]  [ uni on]  [ _____]  bonnet s,  [ TP316 st ai nl ess st eel ]  
[ _____]  st ems,  [ pl ug]  [ sof t  t i p]  [ non- r ot at i ng bal l ]  [ _____]  st em t i ps 
const r uct ed of  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ but adi ene acr yl oni t r i l e]  
[ br onze]  [ st ai nl ess st eel ]  [ _____] ,  [ f l uor o- el ast omer ]  
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  
[ _____]  packi ng [ and O- r i ng st em seal s] .   Ensur e val ves ar e r at ed f or  [
2. 07 MPa 300 psi g]  [ [ _____]  MPa psi g]  ser vi ce.   Equi p val ves wi t h 
[ t oggl e- handl e]  [ handwheel ]  [ t ee- handl e]  [ pneumat i cal l y act uat ed]  [ _____]  
oper at or s.

2. 20. 7. 3   Hose Val ve

Hose val ves,  20 t hr ough 80 mm 0. 75 t hr ough 3 i nch,  must  be [ gl obe st y l e]  
[ angl e pat t er n]  hose val ves wi t h [ cast  i r on]  [ duct i l e i r on]  [ car bon st eel ]  
[ br onze]  [ TP316 st ai nl ess st eel ]  [ _____]  bodi es,  [ br onze]  [ st ai nl ess 
st eel ]  [ _____]  t r i m,  i nsi de scr ews,  r i s i ng st ems,  and 
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ r ubber ]  [ _____]  di sc.   The out l et  por t s 
must  be [ cast  br ass]  [ _____]  i n accor dance wi t h [ ASME B1. 20. 2MASME B1. 20. 1 
pi pe t hr eads,  mal e by mal e,  ni ppl e adapt er  wi t h hexagonal  wr ench f eat ur e 
[ and br ass cap wi t h chai n] ]  [ _____] .   Pr ovi de val ves r at ed f or  [ 860 kPa 
125 psi g]  [ [ _____]  MPa psi g]  ser vi ce.

2. 20. 8   Pl ug Val ves

2. 20. 8. 1   Eccent r i c Val ve

Pr ovi de nonl ubr i cat ed t ype eccent r i c val ves,  80 mm 3 i nch and smal l er ,  
r at ed f or  [ 1. 2 MPa 175 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 degr ees C 
140 degr ees F.   Val ves must  have dr i p- t i ght  shut of f  wi t h pr essur e f r om 
ei t her  di r ect i on,  and [ cast  i r on]  [ br onze]  [ Ni - r esi st ant ]  [ aci d r esi st ant  
br onze]  [ al umi num]  [ car bon st eel ]  [ st ai nl ess st eel ]  [ ni ckel ]  [ _____]  
bodi es,  i n accor dance wi t h [ ASME B16. 5 f l anged]  [ ASME B16. 1 f l anged]  [
ASME B16. 11 t hr eaded]  [ AWWA C606 gr ooved]  [ _____]  end connect i ons,  [ al l  
met al ,  mat chi ng body]  [ r ubber  l i ned]  [ _____]  pl ugs wi t h [ r ound]  
[ r ect angul ar ]  por t s,  [ st ai nl ess st eel ]  [ ni ckel ]  [ _____]  seat s,  
sel f - l ubr i cat i ng [ st ai nl ess st eel ]  [ Monel ]  [ ni ckel ]  [ _____]  st em bear i ngs,  
and [ but adi ene acr yl oni t r i l e]  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ f i l l ed 
pol yt et r af l uor oet hyl ene ( PTFE) ]  [ f l uor o- el ast omer  f i l l ed 
pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  [ U- cup]  [ _____]  seal s.   [ Pr ovi de 
val ves conf or mi ng t o ASME B16. 34 Cl ass [ _____] . ]   Equi p val ves wi t h 
[ handwheel ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  
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oper at or s.

2. 20. 8. 2   Li ned Eccent r i c Val ve

Pr ovi de nonl ubr i cat ed t ype eccent r i c val ves,  80 t hr ough 1350 mm 3 t hr ough 
54 i nch,  r at ed f or  [ 1. 2 MPa 175 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 
degr ees C 140 degr ees F.   Pr ovi de val ves wi t h dr i p- t i ght  shut of f  wi t h 
pr essur e f r om ei t her  di r ect i on,  and [ cast  i r on]  [ br onze]  [ Ni - r esi st ant ]  
[ al umi num]  [ car bon st eel ]  [ st ai nl ess st eel ]  [ ni ckel ]  [ _____]  bodi es i n 
accor dance wi t h [ ASME B16. 5 f l anged]  [ ASME B16. 1 f l anged]  [ ASME B16. 11 
t hr eaded]  [ AWWA C606 gr ooved]  [ AWWA C111/ A21. 11 mechani cal  j oi nt ]  [ _____]  
end connect i ons.   Pr ovi de cast  i r on pl ugs wi t h [ r ound]  [ or ]  [ r ect angul ar ]  
por t s of  no l ess t han [ 80]  [ _____]  per cent  of  t he connect i ng pi pe ar ea 
[ and coat ed wi t h]  [ but adi ene acr yl oni t r i l e]  [ chl or opr ene]  
[ f l uor o- el ast omer ]  [ har d nat ur al  r ubber ]  [ _____] .   Pr ovi de val ves wi t h 
[ st ai nl ess st eel ]  [ ni ckel ]  [ _____]  seat s,  sel f - l ubr i cat i ng [ st ai nl ess 
st eel ]  [ r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  st em bear i ngs,  
and [ mul t i pl e [ V- r i ngs]  [ U- cups]  [ O- r i ngs]  st em seal s]  [ [ ni t r i l e r ubber ]  
gr i t  seal s on t he st ems] .   [ Equi p val ves wi t h [ handwheel ]  [ pneumat i cal l y 
act uat ed]  [ el ect r i cal l y act uat ed]  [ _____]  oper at or s. ]  [ Pr ovi de val ves 150 
mm 6 i nch and smal l er  wi t h a wr ench l ever  manual  oper at or  and val ves 200 mm
 8 i nch and l ar ger  wi t h a t ot al l y encl osed,  gear ed,  manual  oper at or  wi t h 
handwheel ,  2- i nch nut ,  or  chai n wheel . ]   [ Ensur e val ves conf or m t o 
ASME B16. 34 Cl ass [ _____] . ]

2. 20. 9   But t er f l y Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o AWWA C504 and manuf act ur er s '  dat a 
f or  val ve sel ect i on and t or que cal cul at i on dat a.   
Onl y val ves wi t h hi gh vel oci t i es,  heavy gr i t  l oads,  
or  sever e t hr ot t l i ng ser vi ce shoul d be speci f i ed 
wi t h a seat  i n t he body.

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

2. 20. 9. 1   St andar d Ser vi ce But t er f l y Val ve

Pr ovi de but t er f l y val ves,  50 mm 2 i nch and l ar ger ,  wi t h [ ASTM A126 cast  
i r on]  [ duct i l e i r on]  [ car bon st eel ]  [ st ai nl ess st eel ]  [ _____]  bodi es,  
[ [ waf er ]  [ l ugged]  st y l ed]  [ wi t h [ ASME B16. 5 f l anged]  [ ASME B16. 1 f l anged]  [
AWWA C111/ A21. 11 mechani cal  j oi nt ]  [ _____]  end connect i ons] .   Pr ovi de 
val ves conf or mi ng t o [ AWWA C504 Cl ass [ 125]  [ 150]  [ _____] ]  [ ASME B16. 34 
Cl ass [ _____] ] .   Di scs must  be cont our ed [ ASTM A436 Type 1 Ni - r esi st  cast  
i r on wi t h maxi mum l ead cont ent  of  0. 003 per cent ]  [ ASTM A536 Gr ade 65- 45- 12 
duct i l e i r on]  [ st ai nl ess st eel ]  [ pol yvi nyl i dene f l uor i de ( PVDF)  coat ed 
duct i l e i r on]  [ br onze]  [ _____] .   Pr ovi de [ car bon st eel ]  [ st ai nl ess st eel ]  
[ _____]  val ve shaf t s wi t h sel f - l ubr i cat i ng,  cor r osi on- r esi st ant  s l eeve 
t ype bear i ngs.   Pr ovi de val ve seat s,  const r uct ed of  [ chl or opr ene]  [ _____] ,  
f or  [ 600 mm 24 i nch]  [ _____]  and smal l er  val ves and at t ach t o ei t her  t he 
val ve body or  t he di sc.   Pr ovi de val ve seat s f or  val ves l ar ger  t han [ 750 mm
 30 i nch]  [ [ _____]  mm i nch]  whi ch ar e f i el d r epl aceabl e i n accor dance wi t h 
AWWA C504.   Pr ovi de val ves wi t h [ manual ,  l ocki ng hand l ever ]  [ hand wheel ]  
[ cr ank]  [ chai n wheel ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  
[ _____]  oper at or s.

2. 20. 9. 2   Ther mopl ast i c But t er f l y Val ves

Pr ovi de t her mopl ast i c but t er f l y val ves,  40 mm 1. 5 i nch and l ar ger ,  wi t h 
[ waf er ]  [ l ugged]  st y l e bodi es const r uct ed of  [ pol yvi nyl  chl or i de ( PVC) ]  
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[ pol yvi nyl i dene f l uor i de ( PVDF) ]  [ pol ypr opyl ene ( PP) ]  [ pol yvi nyl i dene 
f l uor i de ( PVDF)  coat ed duct i l e i r on]  [ _____] .   Pr ovi de val ves wi t h 
[ pol yvi nyl  chl or i de ( PVC) ]  [ pol yvi nyl i dene f l uor i de ( PVDF) ]  [ pol ypr opyl ene 
( PP) ]  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  di scs,  [ et hyl ene pr opyl ene 
di ene monomer  ( EPDM) ]  [ f l uor o- el ast omer i c]  [ but adi ene acr yl oni t r i l e]  
[ nat ur al  r ubber ]  [ et hyl ene pr opyl ene di ene monomer  ( EPDM)  backed]  [ _____]  
seat s,  [ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ same mat er i al  as seat s]  [ _____]  seal s,  and [ l ever ]  [ gear ]  [ _____]  
[ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  oper at or s.   Ensur e val ves 
ar e r at ed f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  60 degr ees 
C 140 degr ees F.

2. 20. 10   Pi nch Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pi nch val ves ar e commer ci al l y avai l abl e i n 
s i zes r angi ng f r om 50 mm 2 i nch t o 1500 mm 60 i nch.   
Consi der  usi ng an encl osed bevel  gear  oper at or  f or  
val ves 150 mm 6 i nch and l ar ger  and above 500 kPa 
72. 6 psi g.   The pi nch val ve i ncl uded i s 
i l l ust r at i ve,  consul t  manuf act ur er s '  cat al ogs f or  
ot her  st y l es,  pr essur e r at i ngs,  and oper at or s.

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

Pr ovi de pi nch val ves wi t h [ al umi num]  [ st ai nl ess st eel ]  [ car bon st eel ]  
[ duct i l e i r on]  [ cast  i r on]  [ _____]  bodi es,  i n accor dance wi t h [ ASME B16. 1]  
[ ASME B16. 5 Cl ass [ 125]  [ 150]  [ _____] ]  f l anged end connect i ons,  [ nat ur al  
r ubber ]  [ chl or opr ene]  [ chl or obut yl ]  [ but adi ene acr yl oni t r i l e]  
[ f l uor o- el ast omer i c]  [ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  [ _____]  
seat s,  [ f ul l  por t ]  [ doubl e wal l ]  [ r educed por t ]  [ cone]  [ var i abl e or i f i ce]  
s l eeves,  and [ manual ]  [ pneumat i cal l y act uat ed]  [ el ect r i cal l y act uat ed]  
[ upper ]  [ and]  [ l ower ]  pi nch bar s.

2. 20. 11   Di aphr agm Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Di aphr agm val ves ar e commer ci al l y avai l abl e 
i n s i zes r angi ng f r om 15 mm 0. 5 i nch t o 250 mm 10 
i nch dependi ng upon t he mat er i al s of  const r uct i on.   
Cont act  manuf act ur er s t o conf i r m avai l abi l i t y  based 
upon si ze and mat er i al .

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

2. 20. 11. 1   St andar d Ser vi ce Di aphr agm Val ve

Pr ovi de di aphr agm val ves,  13 mm 1/ 2 i nch and l ar ger ,  wi t h [ al umi num]  
[ st ai nl ess st eel ]  [ car bon st eel ]  [ duct i l e i r on]  [ cast  i r on]  [ _____]  
bodi es,  [ ASME B16. 1]  [ ASME B16. 5 Cl ass [ 125]  [ 150]  [ _____] ]  [ f l anged]  
[ _____]  end connect i ons and [ nat ur al  r ubber ]  [ chl or opr ene]  [ chl or obut yl ]  
[ but adi ene acr yl oni t r i l e]  [ f l uor o- el ast omer i c]  [ et hyl ene pr opyl ene di ene 
monomer  ( EPDM) ]  [ _____]  seal s,  and ar e [ manual l y]  [ pneumat i cal l y]  [ _____]  
act uat ed.   Pr ovi de posi t i on i ndi cat or s t o i ndi cat e di aphr agm posi t i on.   
Val ves must  be r at ed f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  MPa psi g]  ser vi ce at  
60 degr ees C 140 degr ees F.

2. 20. 11. 2   Ther mopl ast i c Di aphr agm Val ve

Pr ovi de t her mopl ast i c di aphr agm val ves,  13 mm 1/ 2 i nch and l ar ger ,  wi t h 
[ pol yvi nyl  chl or i de ( PVC) ]  [ pol ypr opyl ene ( PP) ]  [ pol yvi nyl i dene f l uor i de 
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( PVDF) ]  [ _____]  bodi es,  [ ASME B16. 1]  [ ASME B16. 5 Cl ass [ 125]  [ 150]  
[ _____] ]  [ f l anged]  [ uni on socket ]  [ but t - f usi on]  [ _____]  end connect i ons 
and [ et hyl ene pr opyl ene di ene monomer  ( EPDM) ]  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____]  seal s,  and t hat  ar e [ manual l y]  [ pneumat i cal l y]  [ _____]  
act uat ed.   [ Pneumat i cal l y oper at ed val ves must  be [ f ai l - c l osed]  
[ f ai l - open]  [ doubl e act i ng] . ]   Pr ovi de posi t i on i ndi cat or s t o i ndi cat e 
di aphr agm posi t i on.   Val ves must  be r at ed f or  [ 1. 03 MPa 150 psi g]  [ [ _____]  
MPa psi g]  ser vi ce at  20 degr ees C 68 degr ees F.

2. 20. 12   Sel f - Cont ai ned Aut omat i c Val ves

2. 20. 12. 1   Pr essur e- Reduci ng Val ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he val ve schedul e i s i ncl uded i n 
t he cont r act  dr awi ngs.

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

Pr essur e- r educi ng val ves,  13 mm 1/ 2 i nch and l ar ger ,  must  be [ di r ect ]  
[ hydr aul i cal l y]  oper at ed,  di aphr agm act uat ed,  [ pi l ot ]  [ spr i ng]  cont r ol l ed 
[ angl e]  [ gl obe]  val ves wi t h [ cast  i r on]  [ duct i l e i r on]  [ st eel ]  [ al umi num]  
[ st ai nl ess st eel ]  [ br onze]  [ _____]  bodi es.   End connect i ons must  be [
ASME B16. 1]  [ ASME B16. 5 Cl ass [ 150]  [ _____]  f l anged]  [ ASME B16. 11 
[ t hr eaded]  [ socket - wel ded] ] .   Pr ovi de [ st ai nl ess st eel ]  [ _____]  t r i m and 
st em.   Val ves must  be nor mal l y [ open]  [ c l osed]  t o mai nt ai n a const ant  
downst r eam pr essur e r egar dl ess of  f l uct uat i ons i n f l ow or  upst r eam 
pr essur e [ ,  and pr event s backf l ow, ]  [ and have ext er nal l y mount ed st r ai ner s 
wi t h cocks] .   Use val ves s i zes and r at i ngs as [ shown i n t he Val ve Schedul e 
on t he cont r act  dr awi ngs. ]  [ as f ol l ows. ]   PCV [ _____]  mm i nch,  maxi mum 
f l ow of  [ _____]  cubi c m/ s gpm wi t h i nl et  pr essur e of  [ _____]  MPa psi g.   
Out l et  pr essur e set  at  [ _____]  MPa psi g.

2. 20. 12. 2   Pump Cont r ol  Val ve

Pr ovi de pump cont r ol  val ve whi ch i s [ hydr aul i cal l y oper at ed,  di aphr agm 
act uat ed,  pi l ot  cont r ol l ed gl obe val ve wi t h [ cast  i r on]  [ duct i l e i r on]  
[ cast  st eel ]  [ _____]  bodi es,  [ ASME B16. 1]  [ ASME B16. 5]  Cl ass [ _____]  
f l anged end connect i ons,  [ br onze]  [ st ai nl ess st eel ]  [ _____]  t r i m,  
st ai nl ess st eel  st ems,  and ext er nal l y mount ed st r ai ner s wi t h cocks]  
[ _____] .   Desi gn val ves t o el i mi nat e pi pel i ne sur ge caused by pump st ar t up 
and shut down,  and i ncl ude aut omat i c check f eat ur es.

2. 20. 13   Oper at or s

2. 20. 13. 1   Oper at or  Schedul e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he oper at or  schedul e i s i ncl uded 
i n t he cont r act  dr awi ngs.   Del et e t hi s subpar agr aph 
i f  an oper at or  schedul e i s not  used.

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

Requi r ement s r el at i ve t o t hi s par agr aph ar e shown on t he Oper at or  Schedul e 
l ocat ed [ i n t he cont r act  dr awi ngs]  [ _____] .

2. 20. 13. 2   Manual  Oper at or

The f or ce i n a manual  oper at or  i s not  al l owed t o exceed [ 175 N 39. 3 pound]  
[ [ _____]  N pound]  under  any oper at i ng condi t i on,  i ncl udi ng i ni t i al  
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br eakaway.   Equi p t he oper at or  wi t h gear  r educt i on when f or ce exceeds [ 175 
N 39. 3 pound]  [ [ _____]  N pound] .   Pr ovi de a sel f - l ocki ng t ype manual  
oper at or  or  equi p wi t h a sel f - l ocki ng devi ce.   Suppl y a posi t i on i ndi cat or  
on quar t er - t ur n val ves.   Pr ovi de wor m and gear  oper at or s consi st i ng of  a 
one- pi ece desi gn wi t h wor m- gear s of  gear  br onze mat er i al .   Wor m must  be 
har dened al l oy st eel  wi t h t he t hr ead gr ound and pol i shed.   Pr ovi de 
t r avel i ng nut  t ype oper at or s wi t h t hr eader  st eel  r each r ods wi t h an 
i nt er nal l y t hr eaded br onze or  duct i l e i r on nut .

2. 20. 13. 2. 1   Exposed Oper at or s

Pr ovi de exposed oper at or s wi t h gal vani zed and pai nt ed handwheel s.   Lever  
oper at or s ar e al l owed on quar t er - t ur n val ves [ 200 mm 8 i nch]  [ [ _____]  mm 
i nch]  and smal l er .   Suppl y cr anks on gear  t ype oper at or s.   I f  l ocat ed of f  
of  t he oper at or  f l oor ,  pr ovi de chai n wheel  oper at or  wi t h t i ebacks,  
ext ensi on st em,  f l oor  st ands,  and ot her  accessor i es t o per mi t  oper at i on 
f r om nor mal  oper at i on l evel .   Ensur e val ve handl es ar e capabl e of  
padl ocki ng,  and pr ovi de wheel s t hat  ar e l ockabl e wi t h a chai n and padl ock.

2. 20. 13. 2. 2   Under gr ound Oper at or s

Bur i ed ser vi ce oper at or s on val ves l ar ger  t han [ 65 mm 2. 5 i nch]  [ [ _____]  mm
 i nch]  must  have a [ 50 mm 2 i nch]  [ [ _____]  mm i nch]  oper at i ng nut .   Bur i ed 
oper at or s on val ves [ 50 mm 2 i nch]  [ [ _____]  mm i nch]  and smal l er  must  have 
a cr oss handl e f or  oper at i on by a f or ked key.   Encl ose t he movi ng par t s of  
val ve and oper at or  i n housi ng t o pr event  cont act  wi t h t he soi l .   Desi gn 
bur i ed ser vi ce oper at or s f or  quar t er - t ur n val ves t o wi t hst and an i nput  
t or que of  [ ^610 N- m ( 450 f oot - pound)  450 f oot - pound]  [ [ _____]  N- m 
f oot - pound]  of  i nput  t or que at  t he f ul l y  open or  f ul l y  c l osed posi t i ons,  
and gr ease pack and gasket  t o wi t hst and a submer si on i n wat er  t o [ 70 kPa 
10. 2 psi g]  [ [ _____]  MPa psi g] .   Pr ovi de bur i ed val ves wi t h ext ensi on 
st ems,  bonnet s,  and val ve boxes.

2. 20. 13. 3   Pneumat i c Oper at or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Associ at ed t r ansducer s must  pneumat i cal l y 
pr ovi de t he same pr essur e r ange as used by t he 
act uat or .   Do not  use pi st on act uat or s at  l ess t han 
275 kPa 40 psi g suppl y pr essur e.   I ncl ude a saf et y 
vent ed i sol at i on val ve i n t he oper at or  par agr aph f or  
use on ai r  set s.

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

Pr ovi de pneumat i c oper at or s compl et e wi t h act uat or s,  ai r  set s,  exhaust  
muf f l er s,  speed cont r ol s,  pi l ot  sol enoi ds,  saf et y vent ed i sol at i on val ves,  
and accessor i es.   Ensur e pneumat i c oper at or s ar e sui t abl e f or  f ul l  
oper at i on r ange of  val ve at  ai r  suppl y pr essur e i ndi cat ed.   Use act uat or s 
t o r et ur n t he val ve t o t he c l osed posi t i on upon l oss of  s i gnal  unl ess 
ot her wi se i ndi cat ed.   [ Use spr i ngs t o r et ur n val ve t o t hi s f ai l ed 
posi t i on. ]  Fur ni sh pneumat i c oper at or s wi t h f eat ur es not ed on t he 
[ Oper at or  Schedul e]  [ Val ve Schedul e]  i n t he cont r act  dr awi ngs.   [ Pr ovi de 
l i mi t  swi t ches on al l  act uat or s. ]

2. 20. 13. 3. 1   Cyl i nder  Act uat or s

Pr ovi de cyl i nder  act uat or s conf or mi ng t o ANSI / AWWA C541 and ANSI / AWWA C542,  
and oper at e wi t h an ai r  suppl y pr essur e of  [ 550 kPa 80 psi g]  [ [ _____]  MPa 
psi g] .   Tot al l y encl ose t he nonswi vel  t ype wi t h t r avel  st ops and posi t i on 
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i ndi cat or ,  and f act or y l ubr i cat e and seal ,  r equi r i ng no addi t i onal  
l ubr i cat i on.   The doubl e act i ng t ype must  be nonmet al l i c  f or  oper at i on on 
nonl ubr i cat ed ai r  and must  have a [ manual ]  [ handwheel ]  over r i de 
i ndependent  of  t he cyl i nder .   Locat e t he manual  over r i de [ _____] .

2. 20. 13. 3. 2   Di aphr agm Act uat or s

Pr ovi de di aphr agm act uat or s wi t h a spr i ng r et ur n wi t h a [ st eel  or  
al umi num]  [ _____]  di aphr agm case and spr i ng bar r el ,  st eel  spr i ng and 
act uat or  st em,  and [ f abr i c- r ei nf or ced chl or opr ene]  [ _____]  di aphr agm.   Use 
act uat or s on quar t er - t ur n val ves whi ch i ncl ude a t ot al l y encl osed val ve 
act uat i ng mechani sm wi t h adj ust abl e t r avel  st ops and val ve posi t i on 
i ndi cat or  wi t h manual  over r i de i f  i ndi cat ed.   The act uat i ng mechani sm must  
f act or y l ubr i cat ed and seal ed.   Si ze and conf i gur e di aphr agm act uat or s f or  
t he ser vi ce i ndi cat ed and an ai r  suppl y pr essur e of  [ 240 kPa 35 psi g]  
[ [ _____]  MPa psi g] .

2. 20. 13. 3. 3   Ai r  Set s

I ncl ude a pr essur e r egul at or  wi t h i nt er nal  r el i ef ,  f i l t er ,  out l et  pr essur e 
gauge,  and adj ust abl e r educed pr essur e r ange as r equi r ed by t he val ve 
act uat or .   The ai r  set  must  have an al umi num body and handwheel ,  saf et y 
vent ed l ockout  i sol at i on val ve,  and gauge r ange [ 1. 33 t o 2]  [ _____]  t i mes 
maxi mum oper at i ng pr essur e.

2. 20. 13. 3. 4   Li mi t  Swi t ches

Pr ovi de si ngl e- pol e,  doubl e- t hr ow ( SPDT)  t ype l i mi t  swi t ches,  r at ed 10 
amps at  120 vol t s ac,  housed i n a NEMA 250 Type [ 4]  [ _____]  encl osur e,  and 
adj ust abl e f or  open and cl osed val ve posi t i ons.

2. 20. 13. 3. 5   Posi t i oner s

The posi t i oner s f or  modul at i ng act uat or s must  be pneumat i c f or ce bal ance 
i nst r ument s t o cont r ol  val ve posi t i ons as a f unct i on of  t he i nput  
s i gnal s.   The posi t i oner s must  accompl i sh posi t i ve posi t i oni ng of  val ve by 
a mechani cal  f eedback connect i on f r om t he val ve act uat i ng mechani sm.   
Pr ovi de posi t i on f eedback t hr ough a char act er i zed l i near  cam t o al l ow 
adj ust ment  of  val ve posi t i oni ng and i nput  s i gnal .   Pr ovi de posi t i oner  
sui t abl e f or  ei t her  a doubl e act i ng or  spr i ng r et ur n act uat or .   Pr ovi de 
posi t i oner  wi t h zer o and span adj ust ment  and f i el d r ever si bl e f or  di r ect  
or  r ever se act i on.   I ncl ude gauges f or  suppl y and out put  pr essur e and f or  
i nput  s i gnal  pr essur e.   Oper at e modul at i ng val ve posi t i oner s on a [ 21 t o 
103 kPa 3 t o 15 psi g  pneumat i c]  [ or ]  [ [ 4 t o 20 mA]  [ 1 t o 5 v dc]  
el ect r i c]  i nput  s i gnal  unl ess ot her wi se i ndi cat ed.   [ A posi t i oner  f or  dc 
i nput  s i gnal  wi t h t r ansducer s must  conver t  t he el ect r i cal  s i gnal  t o t he 
appr opr i at e pneumat i c s i gnal .   Ensur e t r ansducer  i s [ i nt egr al  wi t h t he 
posi t i oner ]  [ or ]  [ a separ at e component ] .   I f  separ at e,  f act or y mount  t he 
t r ansducer  on t he pneumat i c oper at or .   Li ne el ect r i c power  i s not  r equi r ed 
f or  t r ansducer  oper at i on. ]   Cor r osi on- r esi st ant  encl osur es f or  posi t i oner s 
and t r ansducer s must  be spl ash-  and moi st ur e- pr oof  wi t h gasket ed cover s.

2. 20. 13. 3. 6   Sol enoi d Val ve

Use a sol enoi d val ve t o pi l ot  t he cont r ol  act uat or  i n t he appr opr i at e 
conf i gur at i on f or  t he t ype of  act uat or  bei ng cont r ol l ed.   Pr ovi de a pi l ot  
oper at ed di aphr agm t ype sol enoi d val ve consi st i ng of  a [ br ass]  [ _____]  
body and r esi l i ent  seat  and oper at e wi t h mi ni mum oper at i ng pr essur e 
di f f er ent i al  no gr eat er  t han [ 70 kPa 10. 2 psi ]  [ [ _____]  kPa psi ]  and 
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maxi mum oper at i ng pr essur e di f f er ent i al  no l ess t han [ 1. 03 MPa 150 psi ]  
[ [ _____]  MPa psi ] .   Pr ovi de cor r osi on- r esi st ant  i nt er nal  par t s.   Pr ovi de 
sol enoi d val ve wi t h Cl ass F mol ded coi l s f or  oper at i on on 120 vol t s,  
60- Hz,  ac,  unl ess ot her wi se i ndi cat ed.   Pr ovi de sol enoi d encl osur e 
conf or mi ng t o NEMA 250 Type [ 4]  [ _____] .   Sol enoi ds on doubl e act i ng 
cyl i nder s f or  open- cl ose and t hr ot t l i ng val ves must  be f our - way wi t h dual  
coi l s.   Sol enoi ds on spr i ng r et ur n cyl i nder s f or  open- cl ose and t hr ot t l i ng 
val ves must  be t hr ee- way,  spr i ng r et ur n.   Fur ni sh an ai r  exhaust  muf f l er  
i n t he exhaust  por t  of  al l  act uat or  pi l ot  sol enoi d val ves.

2. 20. 13. 4   El ect r i c Oper at or

Pr ovi de el ect r i c oper at or s compl et e wi t h act uat or s,  speed cont r ol s and 
accessor i es.   Oper at e act uat or s on [ 120 VAC,  60 Hz]  [ _____]  wi t h a [ 75]  
[ _____]  per cent  dut y cycl e and equi p wi t h an AC t her mal  over l oad pr ot ect or  
wi t h aut omat i c r est ,  r ever si ng ( bi - di r ect i onal )  oper at i on f or  use wi t h 
quar t er - t ur n val ves,  or  r ot at i ng equi pment  t o f ul l  r ot at i on.   Gear i ng must  
be a t wo- st age pl anet ar y,  per manent l y l ubr i cat ed sel f - l ocki ng gear  t r ai n 
wi t h sel f - l ubr i cat i ng bear i ngs;  connect i ons v i a mal e out put  st af f .   Use 
st ar t - up t or que of  [ 163 N- m 120 f oot - pound]  [ [ _____]  N- m f oot - pound] .   Use 
st al l  t or que of  [ 203 N- m 150 f oot - pound]  [ [ _____]  N- m f oot - pound] .   Mount  
[ t wo]  [ _____]  t r avel  st op l i mi t  swi t ches wi t h cams,  i nt er nal ,  i ndependent ,  
adj ust abl e,  and act uat ed by cams,  on t he dr i ve shaf t .   Pr ovi de a s i de 
mount ed hand t ur n wheel  f or  a manual  over r i de.   Ensur e act uat or s have a 
NEMA 250 Type [ 4]  [ _____]  encl osur e wi t h a cor r osi on r esi st ant ,  baked 
epoxy f i ni sh as st andar d.   Oper at e act uat or  i n a t emper at ur e r ange of  - 40 
t o pl us 65 degr ees C - 40 t o pl us 150 degr ees F.   Act uat or s must  f ai l  i n 
l ast  posi t i on unl ess ot her wi se i ndi cat ed.   Fur ni sh el ect r i c oper at or s wi t h 
f eat ur es not ed on t he [ Oper at or  Schedul e]  [ Val ve Schedul e]  i n t he cont r act  
dr awi ngs.   [ Pr ovi de l i mi t  swi t ches on al l  act uat or s. ]

2. 20. 13. 4. 1   Li mi t  Swi t ches

Li mi t  swi t ches must  be si ngl e- pol e,  doubl e- t hr ow ( SPDT)  t ype,  r at ed 10 
amps at  120 vol t s ac,  housed i n a NEMA 250 Type [ 4]  [ _____]  encl osur e,  and 
adj ust abl e f or  open and cl osed val ve posi t i ons.

2. 20. 13. 4. 2   Posi t i oner s

Pr ovi de posi t i oner s f or  modul at i ng act uat or s t o cont r ol  val ve posi t i ons as 
a f unct i on of  t he i nput  s i gnal s.   Oper at e posi t i oner  on [ 120 VAC,  60 Hz. ]  
[ _____]  vol t age.   The mode of  oper at i on must  be [ di r ect  act i ng]  [ r ever se 
act i ng] .   Oper at e modul at i ng val ve posi t i oner s on a [ 4 t o 20 mA]  [ 1 t o 5 v 
DC]  [ _____]  i nput  s i gnal  unl ess ot her wi se i ndi cat ed.   Pr ovi de spl ash- and 
moi st ur e- pr oof  cor r osi on- r esi st ant  encl osur es wi t h gasket ed cover s f or  
posi t i oner s.

2. 20. 14   Val ve Accessor i es

2. 20. 14. 1   Ext ensi on Bonnet  f or  Val ve Oper at or

Pr ovi de al l  ext ensi on bonnet s as necessar y,  compl et e wi t h st em and 
accessor i es appl i cabl e t o t he speci f i c  val ve and oper at or .

2. 20. 14. 2   Fl oor  St and and Ext ensi on St em

Pr ovi de t he nonr i s i ng,  i ndi cat i ng t ype f l oor  st and and ext ensi on st em,  
compl et e wi t h st em,  coupl i ng,  handwheel ,  st em gui de br acket s,  and yoke 
at t achment .   Space st em gui de such t hat  st em L/ R r at i o does not  exceed 
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[ 200]  [ _____] .   Suppl y anchor s as r equi r ed.

2. 20. 14. 3   Fl oor  Box and St em

Pr ovi de t he pl ai n t ype f l oor  box and st em f or  suppor t  of  nonr i s i ng t ype 
st em;  compl et e wi t h st em,  oper at i ng nut ,  and st em gui de br acket s.   Space 
st em gui de such t hat  st em L/ R r at i o does not  exceed [ 200]  [ _____] .   Suppl y 
anchor s as r equi r ed.

2. 20. 14. 4   Chai n Wheel  and Gui de

Pr ovi de t he handwheel  di r ect - mount  t ype chai n wheel  and gui de,  compl et e 
wi t h gal vani zed or  cadmi um- pl at ed chai n.

2. 21   DRAI NS

Val ved dr ai ns may not  be shown on t he det ai l ed dr awi ngs f or  i ndi v i dual  
pi pel i nes;  t hei r  absence wi l l  not  r el i eve t he Cont r act or  of  t he 
r esponsi bi l i t y  f or  pr ovi di ng and i nst al l i ng t hem as i ndi cat ed i n t he 
pi pi ng and i nst r ument at i on di agr ams t o compl et e t he pi pi ng syst em f or  t he 
use i nt ended.

2. 21. 1   Locat i ons

[ Locat e dr ai ns as i ndi cat ed on t he cont r act  dr awi ngs]  [ Dr ai n al l  pi pel i ne 
l ow poi nt s]  [ _____] .

2. 21. 2   Si zes

For  pi pel i nes 65 mm 2. 5 i nch and l ar ger ,  pr ovi de [ 20 mm 0. 75 i nch]  [ [ _____]
 mm i nch]  dr ai ns equi pped wi t h [ gat e val ves]  [ gl obe val ves]  [ bal l  val ves]  
[ _____] .   For  pi pel i nes [ 50 mm 2 i nch]  [ [ _____]  mm i nch]  and smal l er ,  
pr ovi de [ 13 mm 1/ 2 i nch]  [ [ _____]  mm i nch]  dr ai ns equi pped wi t h [ gat e 
val ves]  [ gl obe val ves]  [ bal l  val ves]  [ _____] .

2. 22   SAMPLE PORTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sampl e por t  mat er i al s of  const r uct i on 
t ypi cal l y mat ch t he pi pi ng syst em.

For  hi ghl y cr i t i cal  s i t uat i ons wher e t he mat er i al s 
bei ng sampl ed ar e ver y hazar dous or  wher e val ves may 
t end t o c l og or  l eak,  t he f i r st  sampl i ng val ve 
opt i on i s used t o speci f y a sampl i ng val ve.   
Ot her wi se,  t he second opt i on i s used t o speci f y t he 
sampl i ng conf i gur at i on.

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

[ Sampl e por t s,  shown on t he f l ow di agr ams and pi pi ng and i nst r ument  
di agr ams of  t he cont r act  dr awi ngs,  may not  be shown on t he det ai l ed 
dr awi ngs of  t he i ndi v i dual  pi pel i nes;  t hei r  absence does not  r el i eve t he 
Cont r act or  of  t he r esponsi bi l i t y  f or  pr ovi di ng t hem. ]   [ Pr ovi de sampl e 
por t s as i ndi cat ed i n t he pi pi ng and i nst r ument  di agr ams t o compl et e t he 
pi pi ng syst ems f or  t he use i nt ended. ]   Locat e sampl e por t s i n easi l y 
accessi bl e l ocat i ons,  and avoi d pot ent i al  st agnant  poi nt s and/ or  ar eas 
wher e mat er i al  coul d col l ect .   [ Pr ovi de a pl ug- t ype sampl i ng val ve wi t h a 
st ai nl ess st eel  pi st on t hat  ext ends beyond t he i nner  sur f ace of  t he pi pe 
when cl osed at  [ al l  t he sampl i ng por t s]  [ t he sampl i ng por t s i ndi cat ed] .   
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Seal  pi st on by t wo compr essi bl e r epl aceabl e [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____]  r i ngs,  one above t he di schar ge por t ,  t he ot her  bel ow t he 
di schar ge por t .   Pr ovi de val ve body consi st i ng of  st ai nl ess st eel  Cl ass 
[ 150]  [ _____]  wi t h a [ mal e ASME B1. 20. 2MASME B1. 20. 1 pi pe t hr eads]  [ _____]  
i nl et  connect i on and [ f emal e ASME B1. 20. 2MASME B1. 20. 1 pi pe t hr eads]  
[ _____]  out l et  connect i on]  [ Pr ovi de sampl i ng por t s compr i sed of  pi pe 
f i t t i ngs,  pi pe,  and [ bal l ]  [ gat e]  [ _____]  val ves whi ch compl y wi t h 
mat er i al ,  t emper at ur e,  and pr essur e r equi r ement s of  t he associ at ed pi pi ng 
syst em as speci f i ed el sewher e i n t hi s Sect i on. ]   [ Pr ovi de a doubl e bl ock 
and bl eed conf i gur at i on]  [ _____] .

2. 23   MI SCELLANEOUS PI PI NG COMPONENTS

2. 23. 1   Ai r  Rel ease and Vacuum Br eaker s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  ai r  and vacuum,  vacuum,  ai r  r el ease and 
combi nat i on val ves,  check t r i m mat er i al s f or  
compat i bi l i t y  wi t h ser vi ce.   I n addi t i on,  di schar ge 
poi nt s shoul d be desi gned t o be saf e f or  bot h t he 
envi r onment  and per sonnel .

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

Locat e ai r  r el ease vent s,  and vent  such t hat  a hazar dous at mospher e wi l l  
not  be cr eat ed upon oper at i on.

2. 23. 1. 1   Locat i ons

[ Locat e ai r  r el ease and vacuum br eaker s as i ndi cat ed on t he cont r act  
dr awi ngs. ]   [ Ensur e al l  pi pel i ne hi gh poi nt s have ai r  r el ease vent s [ and 
vacuum br eaker s] . ]  [ _____] .   [ Pr ovi de vacuum br eaker s on al l  t anks and 
pr ocess equi pment . ]

2. 23. 1. 2   Vacuum Br eaker s

Pr ovi de vacuum br eaker s [ 50]  [ _____]  mm [ 2]  [ _____]  i nch and smal l er  of  an 
angl e t ype wi t h al l  [ br onze]  [ cast  i r on]  [ semi - st eel ]  [ _____]  bodi es and 
bonnet s,  and [ i nst al l  at  l east  [ 152]  [ _____]  mm [ 6]  [ _____]  i nch above t he 
f l ood l i ne of  associ at ed equi pment ]  [ and]  [ conf or mi ng t o ASSE 1001 f or  
pi pe appl i ed uni t s] .

2. 23. 1. 3   Ai r  and Vacuum Val ve Sui t abl e f or  Cor r osi ve Ser vi ce

Pr ovi de ai r  and vacuum val ve conf or mi ng t o [ ASSE 1001]  [ ASSE 1020]  
[ _____] ,  and aut omat i cal l y exhaust  ai r  dur i ng t he f i l l i ng of  a syst em 
whi l e al l owi ng ai r  t o r e- ent er  dur i ng dr ai ni ng or  when vacuum occur s.   
Ensur e val ve i s r at ed f or  [ 1. 03]  [ _____]  MPa [ 150]  [ _____]  psi g wor ki ng 
pr essur e and bui l t  wi t h [ a speci al  shor t  body]  [ a st andar d el ongat ed 
body] .   Pr ovi de val ve consi st i ng of  a [ cast  i r on]  [ duct i l e i r on]  
[ semi - st eel ]  [ _____]  body and cover ,  wi t h [ st ai nl ess st eel ]  [ _____]  f l oat  
and t r i m.   Pr ovi de end connect i ons as f ol l ows:   f or  13 t hr ough 80 mm 1/ 2 
t hr ough 3 i nch ASME B1. 20. 2MASME B1. 20. 1 pi pe t hr eaded i nl et  and out l et ,  
f or  100 mm 4 i nch and l ar ger  [ ASME B16. 5]  [ ASME B16. 1]  Cl ass [ _____]  
f l anged i nl et  wi t h out l et .   Fi t  ai r  and vacuum val ve wi t h bl owof f  val ve,  
qui ck di sconnect  coupl i ngs,  and a mi ni mum [ 2]  [ _____]  m [ 6. 6]  [ _____]  f eet  
of  hose i n or der  t o per mi t  back f l ushi ng af t er  i nst al l at i on wi t hout  
di smant l i ng t he val ve.
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2. 23. 1. 4   Ai r  Rel ease Val ve Sui t abl e f or  Cor r osi ve Ser vi ce

Use [ Fact or y Mut ual  l i s t ed]  [ ASSE appr oved]  [ _____]  ai r  r el ease val ve t o 
aut omat i cal l y exhaust  ent r ai ned ai r  t hat  accumul at es i n a syst em.   Ensur e 
val ve i s r at ed f or  [ 1. 03]  [ _____]  MPa [ 150]  [ _____]  psi g wor ki ng pr essur e 
and bui l t  wi t h [ a speci al  shor t  body]  [ a st andar d el ongat ed body] .   
Pr ovi de val ve consi st i ng of  a [ cast  i r on]  [ duct i l e i r on]  [ semi - st eel ]  
[ _____]  body and cover ,  wi t h [ st ai nl ess st eel ]  [ _____]  f l oat  and t r i m.   
Ensur e val ve end connect i ons ar e [ ASME B1. 20. 2MASME B1. 20. 1 pi pe t hr eaded]  
[ [ ASME B16. 5]  [ ASME B16. 1]  Cl ass [ _____]  f l anged]  [ _____] .   Fi t  ai r  and 
vacuum val ve wi t h bl owof f  val ve,  qui ck di sconnect  coupl i ngs,  and a mi ni mum 
2 m 6. 6 f eet  of  hose i n or der  t o per mi t  back f l ushi ng af t er  i nst al l at i on 
wi t hout  di smant l i ng t he val ve.

2. 23. 1. 5   Combi nat i on Ai r  Val ve Sui t abl e f or  Cor r osi ve Ser vi ce

The val ve combi nes t he oper at i ng f unct i ons of  bot h an ai r  and vacuum val ve 
and an ai r  r el ease val ve.   The ai r  and vacuum por t i on must  aut omat i cal l y 
exhaust  ai r  dur i ng f i l l i ng of  a pi pi ng syst em and al l ow ai r  t o r e- ent er  
dur i ng dr ai ni ng or  when a vacuum occur s.   Ai r  r el ease por t i on must  
aut omat i cal l y exhaust  ent r ai ned ai r  t hat  accumul at es i n t he pi pi ng 
syst em.   Pr ovi de val ve consi st i ng of  a [ s i ngl e body uni t ]  [ or ]  [ an 
i ndi v i dual  ai r  and vacuum val ve and an ai r  r el i ef  val ve mount ed on a 
common header ] .   Ensur e val ve i s r at ed f or  [ 1. 03]  [ _____]  MPa [ 150]  
[ _____]  psi g wor ki ng pr essur e and bui l t  wi t h [ a speci al  shor t  body]  [ a 
st andar d el ongat ed body] .   Pr ovi de val ve wi t h a [ cast  i r on]  [ duct i l e i r on]  
[ semi - st eel ]  [ _____]  body and cover ,  wi t h [ st ai nl ess st eel ]  [ _____]  f l oat  
and t r i m.   Ensur e val ve end connect i ons ar e [ ASME B1. 20. 2MASME B1. 20. 1 
pi pe t hr eaded]  [ [ ASME B16. 5]  [ ASME B16. 1]  Cl ass [ _____]  f l anged]  [ _____] .   
[ The ai r  and vacuum val ve t o be f i t t ed wi t h a bl owof f  val ve,  qui ck 
di sconnect  coupl i ngs,  and a mi ni mum [ 2]  [ _____]  m [ 6. 6]  [ _____]  f eet  of  
hose i n or der  t o per mi t  back f l ushi ng af t er  i nst al l at i on wi t hout  
di smant l i ng t he val ve. ]

2. 23. 2   Backf l ow Pr event er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Under  pr ocess condi t i ons,  backf l ow pr event i on 
can be handl ed wi t h ei t her  a doubl e check val ve 
assembl y or  a backf l ow pr event er  speci f i cal l y 
manuf act ur ed f or  t hat  pur pose.   The backf l ow 
pr event er  shoul d be used i f  pr essur e l oss i s a 
concer n.   However ,  i f  t he backf l ow pr event i on devi ce 
i s t o be i nst al l ed on a pot abl e wat er  l i ne at  a 
t r eat ment  pl ant  and t he pot ent i al  f or  cont ami nat i on 
of  t he pot abl e wat er  l i ne exi st s,  a backf l ow 
pr event er  speci f i cal l y manuf act ur ed f or  t hat  pur pose 
must  be used.

The r educed pr essur e backf l ow pr event er  can be used 
on cont i nuous dut y syst ems onl y.   The ot her  backf l ow 
pr event er  can be used on ei t her  cont i nuous or  
i nt er medi at e ser vi ces.

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

The backf l ow pr event er  must  be i dent i cal  i n s i ze t o pi pe.   Do not  al l ow 
t ot al  head l oss t hr ough t he compl et e backf l ow assembl y t o exceed [ 70]  
[ _____]  kPa [ 10. 1]  [ _____]  psi  at  r at ed f l ow.
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2. 23. 2. 1   Doubl e Check Val ve Assembl y

Pr ovi de backf l ow pr event er  consi st i ng of  t wo [ check val ves]  [ i ndependent l y 
oper at i ng,  spr i ng l oaded,  " Y"  check val ves]  r at ed f or  [ 1. 25]  [ _____]  MPa 
[ 175]  [ _____] psi g ser vi ce at  60 degr ees C 140 degr ees F,  wi t h [ one 
i sol at i on gat e val ve]  [ one i sol at i on bal l  val ve] ,  [ one di f f er ent i al  r el i ef  
val ve] ,  [ and t est i ng cocks] .   Use por t  s i ze of  [ 25]  [ _____]  mm [ 1]  [ _____]  
i nch and ASME B1. 20. 2MASME B1. 20. 1 t hr eaded,  [ f emal e]  [ mal e] .   Ensur e 
check val ve assembl y i s r at ed f or  [ 1. 03]  [ _____]  MPa [ 150]  [ _____]  psi g 
wor ki ng pr essur e at  65 degr ees C 150 degr ees F.   Pr ovi de assembl y meet i ng 
t he r equi r ement s of  [ ASSE 1015]  [ AWWA C510] .

2. 23. 2. 2   Reduced Pr essur e Backf l ow Pr event er

Pr ovi de assembl y body consi st i ng of  t wo i ndependent  [ br onze]  [ epoxy coat ed 
cast  i r on]  [ _____]  body check val ves r at ed at  [ 1. 2] [ _____]  MPa [ 150]  
[ _____]  psi g at  60 degr ees C 140 degr ees F,  wi t h an i nt er medi at e r el i ef  
val ve,  and [ i sol at i on gat e val ve, ]  [ f ul l - por t ed [ bal l  val ves]  [ gat e 
val ves]  [ _____] ]  as t est i ng cocks.   [ Ensur e al l  i nt er nal  par t s ar e 
ser vi ceabl e i n- l i ne. ]   Use por t  s i zes of  [ 25]  [ _____]  mm [ 1]  [ _____]  i nch 
and ASME B1. 20. 2MASME B1. 20. 1 t hr eaded,  [ f emal e]  [ _____] .   Ensur e r educed 
pr essur e backf l ow pr event i on assembl y i s r at ed f or  [ 1. 03]  [ _____] MPa [ 150]  
[ _____]  psi g wor ki ng pr essur e at  65 degr ees C 150 degr ees F.   Pr ovi de 
assembl y body i n accor dance wi t h [ AWWA C511]  [ ASSE 1013] .

2. 23. 2. 3   Backf l ow Pr event er  wi t h I nt er medi at e Vent

Pr ovi de assembl y body consi st i ng of  t wo i ndependent  [ br onze]  [ epoxy coat ed 
cast  i r on]  [ _____]  body check val ves r at ed at  [ 1. 2]  [ _____]  MPa [ 175]  
[ _____]  psi g at  60 degr ees C 140 degr ees F,  wi t h an i nt er medi at e 
at mospher i c vent ,  and [ i sol at i on gat e val ve, ]  [ f ul l - por t ed [ bal l  val ves]  
[ gat e val ves]  [ _____] ]  as t est i ng cocks.   Use por t  s i zes of  [ 25]  [ _____]  mm
 [ 1]  [ _____]  i nch and ASME B1. 20. 2MASME B1. 20. 1 t hr eaded,  [ f emal e]  
[ _____] .   Ensur e backf l ow pr event i on assembl y i s r at ed f or  [ 1. 03]  [ _____]  
MPa [ 150]  [ _____]  psi g wor ki ng pr essur e at  65 degr ees C 150 degr ees F.   
Pr ovi de assembl y body i n accor dance wi t h [ AWWA C511]  [ ASSE 1012] .

2. 23. 3   St r ai ner s

Pr ovi de [ s i mpl ex]  [ dupl ex]  st r ai ner s wi t h a [ Y- pat t er n]  [ _____]  body.   Use 
por t  s i zes of  [ 25]  [ _____]  mm [ 1]  [ _____]  i nch and ASME B1. 20. 2M
ASME B1. 20. 1 t hr eaded,  [ f emal e]  [ mal e] .   Ensur e st r ai ner s ar e r at ed f or  
[ 1. 03]  [ _____]  MPa [ 150]  [ _____]  psi g wor ki ng pr essur e at  65 degr ees C 150 
degr ees F and conf or m t o [ ASTM F1199]  [ ASTM F1200] .   Pr ovi de body 
consi st i ng of  [ cast  br onze]  [ cast  i r on]  [ wel ded st eel ]  [ _____]  wi t h a 
[ scr ewed br onze]  [ bol t ed i r on]  [ _____]  cap.   The scr een must  be 
heavy- gauge [ st ai nl ess st eel ]  [ Monel ]  [ _____] ,  [ 30]  [ _____]  mesh [ and 
equi pped wi t h a ASME B1. 20. 2MASME B1. 20. 1 pi pe t hr eaded bl owof f  hol e] .

2. 23. 4   I ndi cat i ng Devi ces

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s subpar agr aph wi l l  be coor di nat ed wi t h 
r equi r ement s f or  r emot e or  cont r ol  i nst r ument at i on.   
The devi ces speci f i ed by t hi s sect i on may be i n 
addi t i on t o t he cont r ol  i nst r ument at i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2. 23. 4. 1   Pr essur e and Vacuum Gauges

Pr essur e and vacuum gauges must  be [ st em]  [ f l ush]  [ semi - f l ush]  [ panel ]  
[ _____]  mount ed,  wi t h [ phenol i c]  [ al umi num]  [ gl ass f i l l ed nyl on]  [ gl ass 
f i l l ed pol ypr opyl ene ( PP) ]  [ st ai nl ess st eel ]  [ br ass]  
[ acr yl oni t r i l e- but adi ene- st yr ene ( ABS) ]  [ _____]  cases [ equi pped wi t h 
saf et y pr essur e bl owout  backs]  and [ dr y]  [ [ gl ycer i ne]  [ _____]  - f i l l ed]  
[ _____]  di al s.   The gauge sensor s must  be [ di aphr agm]  [ C- Type Bour don 
t ube]  [ hel i cal  Bour don t ube]  [ bel l ows]  [ _____]  act uat ed and const r uct ed of  
[ phosphor  br onze]  [ st ai nl ess st eel ]  [ Monel ]  [ s i l i cone r ubber ]  [ I nconel ]  
[ ber yl l i um- copper ]  [ _____] .   Equi p gauges wi t h [ br ass]  [ Monel ]  [ TP316L 
st ai nl ess st eel ]  [ al l oy st eel ]  [ _____]  t hr eaded [ 8]  [ _____]  mm [ 0. 25]  
[ _____]  i nch [ mal e]  [ f emal e]  connect i ons.   The di al s of  t he gauges must  be 
[ 114]  [ 152]  [ _____] mm [ 4. 5]  [ 6]  [ _____] i nch i n di amet er  wi t h scal e 
r eadi ngs i n [ MPa and mm of  mer cur y psi g and i nches of  mer cur y]  [ _____]  
r angi ng f r om zer o t o appr oxi mat el y t wi ce t he ant i c i pat ed pr ocess oper at i ng 
or  equi pment  pr essur e.   Pr ovi de a s l ot t ed adj ust abl e poi nt er  wi t h accur acy 
t o conf or m t o [ ASME B40. 100,  Gr ade A]  [ _____] .   [ Pr ovi de a l ever  handl ed 
gauge cock and f i l t er  t ype snubber . ] [ I nst al l   snubber  bet ween t he pi pel i ne 
and t he gauge. ]   [ I sol at e t he gauges f r om t he pr ocess f l ui ds usi ng r emot e 
cor r osi on r esi st ant  di aphr agm seal s.   Const r uct  t he housi ng of  t he 
cor r osi on r esi st ant  seal s of  [ st ai nl ess st eel ]  [ Monel ]  [ t ant al um]  
[ t i t ani um]  [ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ pol ypr opyl ene ( PP) ]  
[ pol yvi nyl  chl or i de ( PVC) ]  [ I nconel ]  [ Hast el l oy]  [ _____] .   Compose seal s 
of  [ st ai nl ess st eel ]  [ Monel ]  [ Hast el l oy]  [ ni ckel ]  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  [ _____] . ]

2. 23. 4. 2   Ther momet er s

Pr ovi de bi - met al  act uat ed t her momet er s,  wi t h [ 127]  [ _____]  mm [ 5]  [ _____]  
i nch di shed ant i - par al l ax di al s t hat  have [ ext er nal ]  [ _____]  cal i br at i on 
adj ust ment  and [ st ai nl ess st eel ]  [ _____]  cases.   Do not  use mer cur y i n 
t her momet er s.   Use t her momet er s wi t h [ st ai nl ess st eel ]  [ _____]  st ems,  
[ adj ust abl e angl e]  [ back- connect i on]  [ l ef t  s i de- connect i on]  [ or ]  [ r i ght  
s i de- connect i on]  t ype f or  t he cor r ect  v i ewi ng angl e.   I ncl ude uni on 
connect i ons wi t h associ at ed t her mowel l s.   Scal e must  be [ - 5 t o pl us 50 
degr ees C 25 t o 125 degr ees F]  [ [ _____]  t o [ _____]  degr ees C degr ees F]  
wi t h accur acy wi t hi n one scal e di v i s i on.

2. 23. 4. 3   Ther mowel l s

Pr ovi de [ TP316 st ai nl ess st eel ]  [ br ass]  [ st eel ]  [ _____]  t her mowel l s wi t h a 
di amet er  of  [ 25]  [ _____]  mm [ 1]  [ _____]  i nch.   Use l engt h as shown on t he 
cont r act  dr awi ngs and coor di nat e wi t h t he associ at ed t emper at ur e el ement .   
Const r uct  pr ocess connect i ons of  [ st ai nl ess st eel ]  [ _____]  wi t h [ f l anges,  
f aced and dr i l l ed t o ASME B16. 5 Cl ass [ 150]  [ 300]  [ _____] ]  [ f i xed hex 
ni ppl es [ mal e ASME B1. 20. 2MASME B1. 20. 1 t hr eaded]  [ f emal e ASME B1. 20. 2M
ASME B1. 20. 1 t hr eaded socket s] ]  [ _____] .   Use t her mowel l s,  equi pped wi t h 
t er mi nal  connect i on heads r at ed NEMA 250 Type [ 4X]  [ 4]  [ 7]  [ _____] ,  wi t h 
t her mocoupl es or  RTDs.

2. 23. 5   St at i c Mi xer

Desi gn st at i c mi xer  t o di sper se t he desi gn f l ow,  [ _____]  cubi c m/ s gpm of  
added chemi cal s i n a pr ocess f l ow st r eam wi t h f l ows r angi ng f r om [ _____]  
t o [ _____]  cubi c m/ s gpm.   The mi ni mum al l owabl e pr essur e dr op i s [ _____]  
kPa f eet  of  wat er  col umn.   The maxi mum al l owabl e pr essur e dr op f or  t he 
st at i c mi xer  i s [ _____]  kPa f eet  of  wat er  col umn i n accor dance wi t h t he 
r equi r ement s of  t he pr ocess st r eam pumpi ng syst em.   Si ze di amet er  of  t he 
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mi xer  housi ng i dent i cal  t o t he pr ocess pi pi ng.   Use l engt h i n accor dance 
wi t h t he number  of  mi xi ng el ement s r equi r ed.   Pr ovi de [ TP316 st ai nl ess 
st eel ]  [ _____]  housi ng mat er i al s,  pr ovi di ng chemi cal  r esi st ance t o bot h 
t he chemi cal  addi t i ves and pr ocess st r eam.   [ Ensur e coat i ngs on coat ed 
component s ar e f act or y spar k- t est ed t o ver i f y t hat  t he coat i ng i s f r ee 
f r om pi nhol es. ]  Ensur e end conf i gur at i ons ar e [ pl ai n ends]  [ ends pr epar ed 
f or  wel di ng]  [ ASME B1. 20. 2MASME B1. 20. 1 t hr eaded ends]  [ [ f or ged st eel ,  [
ASTM A105/ A105M]  [ ASTM A727/ A727M] ]  [ _____] ,  f l anged f aced and dr i l l ed t o [
ASME B16. 5]  [ ASME B16. 1]  Cl ass [ 150]  [ 300]  [ _____] ]  [ _____]  and compat i bl e 
wi t h t he pi pi ng syst em.   Pr ovi de i nj ect i on por t s of  t he same mat er i al s as 
t he mi xer  housi ng i n t he number ,  di mensi ons,  and posi t i ons shown on 
dr awi ngs,  and wi t h [ f emal e ASME B1. 20. 2MASME B1. 20. 1 t hr eaded]  [ f l anged]  
[ _____]  connect i ons compat i bl e wi t h t he chemi cal  f eed pi pi ng syst em.   
Suppl y each housi ng wi t h a name pl at e whi ch at  a mi ni mum pr ovi des t he 
manuf act ur er ' s name and addr ess,  par t  model  number ,  and di r ect i on of  
f l ow.   Const r uct  mi xi ng el ement s of  [ TP316 st ai nl ess st eel ]  [ _____]  
pr ovi di ng r esi st ance t o bot h t he chemi cal  addi t i ves and pr ocess st r eam.   
I nst al l  el ement s consecut i vel y,  wi t h t he number  r equi r ed desi gned t o 
pr ovi de mi xi ng wi t h a homogenei t y of  t he f i nal  mi x of  l ess t han or  equal  
t o [ 0. 05]  [ _____]  by t he end of  t he st at i c mi xer .

2. 23. 6   Expansi on Joi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther mal  expansi on of  t he pi pi ng syst ems must  
be t aken i nt o account .   One of  t he most  common 
met hods t o accommodat e t her mal  expansi on,  t he 
i ncor por at i on of  expansi on l oops i nt o t he pi pi ng 
syst em,  shoul d be car ef ul l y i nvest i gat ed when 
cor r osi ve mat er i al s ar e handl ed due t o t he pot ent i al  
of  i nduci ng st r ess cor r osi on.   Al t er nat i ves ar e 
expansi on j oi nt s and f l exi bl e connect i ons or  
sect i ons.   Cal cul at e maxi mum expansi on compensat i on 
based on maxi mum pi pel i ne t emper at ur e and pr essur e.

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

Pr ovi de al l  st r uct ur al  wor k and equi pment  r equi r ed t o cont r ol  expansi on 
and cont r act i on of  pi pi ng.   Ver i f y t hat  t he anchor s,  gui des,  and expansi on 
j oi nt s pr ovi ded,  adequat el y pr ot ect  t he pi pi ng syst ems.

2. 23. 6. 1   Expansi on Joi nt  f or  Met al l i c  Pi pe

The expansi on j oi nt  must  be a [ s i ngl e s l i p]  [ doubl e s l i p]  [ bal l ]  [ bel l ows]  
[ el ast omer  s l eeve]  [ _____]  t ype wi t h [ st ai nl ess st eel ]  [ _____]  wet t ed 
mat er i al s of  const r uct i on.   Si ze expansi on j oi nt  t o mat ch t he associ at ed 
pi pi ng.   The maxi mum al l owabl e wor ki ng pr essur e i s [ 1. 03]  [ _____]  MPa 
[ 150]  [ _____]  psi g at  [ 48. 9]  [ _____]  degr ees C [ 120]  [ _____]  degr ees F.   
Si ze expansi on j oi nt  f or  a maxi mum axi al  [ compr essi ng]  [ expandi ng]  
def l ect i on of  [ _____]  mm i nches [ ,  a l at er al  movement  of  [ _____]  mm i nch, ]  
[ and]  [ an angul ar  r ot at i on of  [ 15]  [ _____]  degr ees. ]   End connect i ons must  
be [ as speci f i ed f or  t he associ at ed pi pe j oi nt s]  [ [ ASME B16. 5]  [ ASME B16. 1
]  Cl ass [ _____]  f l anged]  [ ASME B16. 11 [ t hr eaded]  [ wel di ng] ] .   Pr ovi de 
r equi r ed accessor i es f or  a compl et e assembl y i ncl udi ng:   [ swi vel  j oi nt s, ]  
[ l i mi t  st ops, ]  [ i nt er nal  gui des, ]  [ ant i - t or que devi ce, ]  [ i nt er nal  f l ow 
l i ner s, ]  [ cont r ol  r ods, ]  [ cont r ol  cabl es, ]  [ _____] .

2. 23. 6. 2   Expansi on Joi nt  f or  Nonmet al l i c  Pi pi ng

Pr ovi de a bel l ows expansi on j oi nt  wi t h a mi ni mum of  [ _____]  convol ut i ons 
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t o accommodat e an axi al  def l ect i on of  [ _____]  mm i nch,  [ a l at er al  movement  
of  [ _____]  mm i nch, ]  [ and]  [ an angul ar  r ot at i on of  [ _____]  degr ees, ]  wi t h 
[ [ duct i l e i r on]  [ _____]  f l anged,  f aced and dr i l l ed t o [ ASME B16. 1]  [
ASME B16. 5]  Cl ass [ 125]  [ 150]  [ 300]  [ _____] , ]  [ _____]  end connect i ons,  and 
met al  r ei nf or ci ng bands.   The maxi mum al l owabl e wor ki ng pr essur e i s [ 960]  
[ _____]  kPa [ 140]  [ _____]  psi g at  [ 49]  [ _____]  degr ees C [ 120]  [ _____]  
degr ees F.   Li mi t  bol t i ng t o r est r ai n t he f or ce devel oped by [ 1. 5]  [ _____]  
t i mes t he speci f i ed maxi mum al l owabl e oper at i ng pr essur e.   Si ze expansi on 
j oi nt  t o mat ch t he associ at ed pi pi ng.

2. 23. 7   Pr essur e Rel i ef  Devi ces

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr essur e r el i ef  devi ces must  di schar ge t o a 
saf e l ocat i on t hat  does not  endanger  ei t her  
oper at or s or  t he envi r onment .   Di schar ge pi pi ng and 
t he suppor t s f or  t he di schar ge pi pi ng must  be 
car ef ul l y desi gned t o pr event  f ai l ur e dur i ng a 
pr essur e r el i ef  event .   Sel ect  al l  mat er i al s based 
upon t he appl i cat i on;  r ef er  t o manuf act ur er s '  
cat al ogs.

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

Pr ovi de pr essur e r el i ef  devi ces conf or mi ng t o t he r equi r ement s of  
ASME B31. 3.

2. 23. 7. 1   Pr essur e- Rel i ef  Val ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he val ve schedul e i s i ncl uded i n 
t he cont r act  dr awi ngs.

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

Pr ovi de pr essur e- r el i ef  val ves conf or mi ng t o t he f ol l owi ng:

a.   Pr essur e- r el i ef  val ves,  50 mm 2 i nch and smal l er ,  must  be a di r ect  
di aphr agm,  spr i ng cont r ol l ed t ype wi t h [ cast  i r on]  [ _____]  bodi es and 
spr i ng cases.   Tr i m must  be [ br onze]  [ st ai nl ess st eel ]  [ _____]  and 
seat s,  [ ni t r i l e]  [ _____] .   Di aphr agms must  be el ast omer i c,  
[ chl or opr ene]  [ nyl on r ei nf or ced but adi ene acr yl oni t r i l e r ubber ]  [ or ]  
[ _____] .   Ensur e mi scel l aneous par t s such as t he val ve st ems,  nut s,  
and spr i ngs ar e [ st ai nl ess st eel ]  [ _____] .   Ensur e end connect i ons ar e 
[ f l anged,  f aced and dr i l l ed t o [ ASME B16. 1]  [ ASME B16. 5]  Cl ass [ 150]  
[ 300]  [ ______] ]  [ ASME B16. 11 [ t hr eaded]  [ wel di ng] ]  [ _____] .   The 
val ves must  open when t he upst r eam pr essur e r eaches a maxi mum set  
poi nt .   Si zes and r at i ngs [ as shown i n t he Val ve Schedul e i n t he 
cont r act  dr awi ngs. ]  [ as f ol l ows:   PSV-  [ _____]  [ _____]  mm i nch,  
maxi mum f l ow of  [ _____]  cubi c m/ s gpm wi t h i nl et  pr essur e of  [ _____]  
MPa psi g.   Out l et  pr essur e set  at  [ _____]  MPa psi g] .

b.   Pr essur e r el i ef  val ves,  65 mm 2. 5 i nch and l ar ger ,  must  be 
hydr aul i cal l y oper at ed,  di aphr agm act uat ed,  pi l ot  cont r ol l ed [ gl obe]  
[ angl e]  val ves wi t h ext er nal l y mount ed st r ai ner s and t est  cocks.   
Pr ovi de bodi es consi st i ng of  [ cast  i r on]  [ duct i l e i r on]  [ f or ged st eel ]  
[ _____]  and t r i m consi st i ng of  [ br onze]  [ st ai nl ess st eel ]  [ _____] .   
St em must  be [ st ai nl ess st eel ]  [ _____] .   Ensur e end connect i ons ar e 
[ f l anged,  f aced and dr i l l ed t o [ ASME B16. 1]  [ ASME B16. 5]  Cl ass [ 150]  
[ 300]  [ _____] ]  [ ASME B16. 11 [ t hr eaded]  [ wel di ng] ]  [ _____] .   The val ves 
must  open when t he upst r eam pr essur e r eaches a maxi mum set  poi nt .   
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Si zes and r at i ngs [ as shown i n t he Val ve Schedul e i n t he cont r act  
dr awi ngs. ]  [ as f ol l ows:   PSV-  [ _____]  [ _____]  mm i nch,  maxi mum f l ow of  
[ _____]  cubi c m/ s gpm wi t h i nl et  pr essur e of  [ _____]  MPa psi g.   Out l et  
pr essur e set  at  [ _____]  MPa psi g] .

2. 23. 7. 2   Rupt ur e Di scs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he r upt ur e di scs ar e s i zed and 
r at ed i n t he cont r act  dr awi ngs.

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

Pr ovi de [ t ensi on l oaded]  [ compr essi on l oaded]  t ype r upt ur e di scs [ as 
i ndi cat ed i n cont r act  dr awi ngs] .   Pr ovi de di scs consi st i ng of  [ copper ]  
[ al umi num]  [ st ai nl ess st eel ]  [ dual  el ement  wi t h a seal  composed of  [ met al ]  
[ pl ast i c]  [ _____]  conf or mi ng t o pi pi ng syst em]  wi t h a maxi mum oper at i ng 
r at i o of  [ 70]  [ 85]  [ 90]  [ _____]  per cent .   [ Pr ovi de vacuum suppor t ,  i f  
r equi r ed,  by t he manuf act ur er . ]  [ Kni f e bl ades ar e not  necessar y f or  
i ni t i at i ng r upt ur e. ]   The di scs must  r upt ur e when t he upst r eam pr essur e 
r eaches a set  maxi mum.   Si zes and r at i ngs [ as shown i n t he cont r act  
dr awi ngs. ]  [ as f ol l ows:   PSE-  [ _____]  [ _____]  mm i nch,  di amet er .   Rupt ur e 
pr essur e i s [ _____]  MPa psi g] .

2. 24   PI PE SUPPORTS AND PENETRATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pi pe- suppor t  i s  a maj or  desi gn consi der at i on 
of  any pr ocess pi pi ng syst em;  car ef ul l y desi gn and 
edi t  t he f ol l owi ng par agr aphs.

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

Pr ovi de auxi l i ar y st eel  wher e t he suppor t  of  pi pi ng syst ems and equi pment  
i s r equi r ed bet ween bui l di ng st r uct ur al  el ement s.   Pr ovi de l i ght  gauge and 
st r uct ur al  st eel  shapes conf or mi ng t o t he r equi r ement s of  ASTM A36/ A36M.   
The Cont r act or  has t he opt i on t o use pr e- engi neer ed suppor t  syst ems of  
el ect r ogal vani zed st eel  pr oduct s.   However ,  a mi xt ur e of  suppor t  syst em 
manuf act ur er s pr oduct s i s not  per mi t t ed.   Wher e auxi l i ar y st eel  i s  
i ndi cat ed as st ai nl ess st eel ,  pr ovi de [ TP304]  [ _____]  st ai nl ess st eel  
conf or mi ng t o [ ASTM A167,  No.  1 Fi ni sh]  [ _____] .

2. 24. 1   Pi pe Suppor t s

Pr ovi de pi pe suppor t s conf or mi ng t o t he r equi r ement s of  MSS SP- 58.   Wher e 
pi pe suppor t s cont act  bar e pi pi ng or  i n- l i ne devi ces,  pr ovi de suppor t s of  
compat i bl e mat er i al  so t hat  nei t her  has a det er i or at i ng act i on on t he 
ot her .

2. 24. 1. 1   Beam Cl amps

For  upper  at t achment s on st r uct ur al  st eel ,  pr ovi de beam cl amps of  [
ASTM A36/ A36M car bon st eel ]  [ or ]  [ ASTM A181/ A181M f or ged st eel ]  [ _____]  
and MSS SP- 58 Types [ 19 t hr ough 23,  25 or  27 t hr ough 30]  [ _____] .   Hol es 
dr i l l ed i n st r uct ur al  st eel  f or  hanger  suppor t  r ods wi l l  not  be 
per mi t t ed.   Pr ovi de cl amps wi t h har dened st eel  cup- poi nt  set  scr ews and 
l ock- nut s f or  anchor i ng i n pl ace.   Base cl amp si ze sel ect i on onl y on t he 
suppor t  of  t he r equi r ed l oad.
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2. 24. 1. 2   Ri ser  Cl amps

Suppor t  ver t i cal  r uns of  pi pi ng at  each f l oor ,  or  c l oser  wher e r equi r ed,  
wi t h [ ASTM A36/ A36M car bon st eel ]  [ _____]  c l amps bol t ed ar ound pi pes and 
at t ach t o t he bui l di ng const r uct i on.   [ Pr ovi de copper  pl at ed cl amps f or  
copper  t ubi ng suppor t . ]  [ Use t wo bol t - t ype cl amps desi gned f or  
i nst al l at i on under  i nsul at i on on i nsul at ed pi pe r uns. ]

2. 24. 1. 3   Br acket s

Wher e pi pi ng i s r un adj acent  t o wal l s or  st eel  col umns,  pr ovi de wel ded [
ASTM A36/ A36M st eel ]  [ _____]  br acket s,  pr e- punched wi t h a mi ni mum of  t wo 
f ast ener  hol es.

2. 24. 1. 4   Of f set  Pi pe Cl amp

Wher e pi pes ar e i ndi cat ed as of f set  f r om wal l  sur f aces,  suppl y a 
doubl e- l eg desi gn t wo- pi ece pi pe cl amp.

2. 24. 1. 5   Racks

Fabr i cat e mul t i pl e pi pe r acks or  t r apeze hanger s f r om [ ASTM A36/ A36M 
st eel ]  [ _____] ,  and desi gn t o sui t  t he condi t i ons at  t he poi nt s of  
i nst al l at i on.   Keep pi pes i n t hei r  r el at i ve posi t i ons t o each ot her  by t he 
use of  c l amps or  c l i ps.   Pi pel i nes subj ect  t o t her mal  expansi on must  be 
f r ee t o s l i de or  r ol l .

2. 24. 1. 6   Hanger s

Fabr i cat e hanger s of  [ mal l eabl e i r on,  ASTM A47/ A47M]  [ or ]  [ ASTM A36/ A36M 
car bon st eel ]  [ _____] .   Ensur e al l  hanger s ar e of  a uni f or m t ype and 
mat er i al  f or  a gi ven pi pe r un and appl i cat i on.   Use coat ed or  pl at ed 
hanger s t o i sol at e st eel  hanger s f r om di ssi mi l ar  met al  t ube or  pi pe.   
Ensur e hanger s f or  pi pe si zes 65 mm 2. 5 i nch or  l ar ger  i ncor por at e a means 
of  ver t i cal  adj ust ment  af t er  er ect i on whi l e suppor t i ng t he l oad.   For  
pi pi ng syst ems wi t h oper at i ng t emper at ur es f r om 50 t o 230 degr ees C 122 t o 
446 degr ees F,  use t he f ol l owi ng:   [ MSS SP- 58 Type [ 1]  [ or ]  [ 3 t hr ough 12]  
[ _____]  hanger s wi t h over head suppor t  and appr opr i at e saddl e of  MSS SP- 58 
Type [ 40]  [ _____]  f or  i nsul at ed pi pe; ]  [ MSS SP- 58 Types [ 41]  [ or ]  [ 43 
t hr ough 46]  [ _____]  hanger s or  suppor t s wi t h r ol l er  suppor t  and 
appr opr i at e saddl e of  MSS SP- 58 Type [ 39]  [ _____]  on i nsul at ed pi pe; ]  [
MSS SP- 58 Types [ 35 t hr ough 38]  f or  s l i di ng suppor t ] .   For  pi pi ng syst ems 
wi t h l i qui d t emper at ur es up t o 50 degr ees C 122 degr ees F,  use t he 
f ol l owi ng:   MSS SP- 58 [ Types 1, 3 t hr ough 12, ]  [ Types 24 and 26 wi t h 
over head suppor t , ]  [ or ]  [ Types 35 t hr ough 38 wi t h suppor t  f r om bel ow] .

2. 24. 1. 7   Hanger  Rods

Pr ovi de car bon st eel  hanger  r ods conf or mi ng t o ASTM A576.   The di amet er  of  
t he r ods f or  pi pi ng syst em suppor t  must  conf or m t o [ t he cont r act  dr awi ngs]  
[ ASME B31. 1] .

2. 24. 2   Pi pe Gui des

2. 24. 2. 1   I nt er medi at e Gui des

For  pi pi ng [ 150 mm 6 i nch]  [ [ _____]  mm i nch]  and smal l er ,  pr ovi de a pi pe 
cl amp wi t h an over si ze pi pe sl eeve f or  a mi ni mum [ 4 mm 0. 16 i nch]  [ [ _____]  
mm i nch]  c l ear ance.   For  pi pi ng [ 200 mm 8 i nch]  [ [ _____]  mm i nch]  and 
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l ar ger ,  use U- bol t s wi t h doubl e nut s t hat  ar e manuf act ur ed f or  t he pur pose 
t o pr ovi de a mi ni mum [ 7 mm 0. 28 i nch]  [ [ _____]  mm i nch]  c l ear ance ar ound 
pi pe.   The st ock s i zes f or  t he U- bol t s ar e as f ol l ows:   f or  a [ 200 mm 8 
i nch]  [ [ _____]  mm i nch]  pi pe use a [ 16 mm 0. 625 i nch]  [ [ _____]  mm i nch]  
U- bol t ;  f or  a [ 250 mm 10 i nch]  [ [ _____]  mm i nch]  pi pe,  use a [ 19 mm 3/ 4 
i nch]  [ [ _____]  mm i nch]  U- bol t ;  f or  a [ 300 mm 12 i nch]  [ [ _____]  mm i nch]  
t o [ 400 mm 16 i nch]  [ [ _____]  mm i nch]  pi pe,  use a [ 24 mm 0. 875 i nch]  
[ [ _____]  mm i nch]  U- bol t ;  and f or  [ 450 mm 18 i nch]  [ [ _____]  mm i nch]  t o [
750 mm 30 i nch]  [ [ _____]  mm i nch]  pi pes use [ 25 mm 1 i nch]  [ [ _____]  mm i nch
]  U- bol t s.

2. 24. 2. 2   Al i gnment  Gui des

For  pi pi ng,  [ 200 mm 8 i nch]  [ [ _____]  mm i nch]  and smal l er ,  ensur e 
al i gnment  gui des ar e [ gal vani zed st eel ]  [ _____] ,  [ spi der ]  [ or ]  [ s l eeve]  
[ _____]  t ype.   For  pi pi ng,  [ 250 mm 10 i nch]  [ [ _____]  mm i nch]  and l ar ger ,  
ensur e al i gnment  gui des ar e [ gal vani zed st eel ]  [ _____] ,  [ r ol l er ]  [ _____]  
t ype gui des.

2. 24. 3   Fl ashi ng Sl eeves

[ I nst al l [ gal vani zed st eel ]  [ _____]  f l ashi ng sl eeves wher ever  pi pi ng passes 
t hr ough concr et e r oof  st r uct ur es. ]  [ Wher e pi pi ng penet r at es r oof s,  pr ovi de 
[ 2 kg 4 l b. ]  [ [ _____]  kg l b. ]  [ l ead]  [ _____]  f l ashi ng. ]   Ext end f l ashi ng [
200 mm 8 i nches]  [ [ _____]  mm i nches]  f r om t he pi pe i n al l  di r ect i ons,  
ext end up t he pi pe,  and f i t  wi t h doubl e- t hr eaded f l ashi ng f or  pi pes [ 75 mm 
3 i nches]  [ [ _____]  mm i nches]  and smal l er .   Tur n down f l ashi ng i nsi de t he 
pi pe f or  [ 100 mm 4 i nch]  [ [ _____]  mm i nch]  and l ar ger  pi pes.

2. 24. 4   Wal l  Penet r at i ons

2. 24. 4. 1   Above Gr ade Wal l  Penet r at i ons

Pr ovi de pi pi ng whi ch passes t hr ough f i r e- r at ed or  smoke- r at ed wal l s,  
f l oor s,  or  cei l i ngs wi t h i nsul at ed and encased pi pe sl eeves.   Seal  
penet r at i ons t hr ough an exi st i ng f i r e or  f i r e bar r i er  wal l  wi t h a f i r e 
st op syst em t hat  has an " F"  r at i ng no l ess t han t he r equi r ed f i r e 
r esi st ance r at i ng of  t he penet r at ed wal l .   The f i r e st oppi ng seal ant  f or  
met al  pi pi ng syst ems must  be [ [ a wat er  based]  [ v i br at i on r esi st ant ,  
pol ysi l oxane ( al so known as s i l i cone)  based, ]  nonsl umpi ng,  pr emi xed 
seal ant  wi t h i nt umescent  pr oper t i es]  [ _____] ,  t hat  i s  r at ed f or  [ 3]  
[ _____]  hour s pur suant  t o ASTM E814 and UL r equi r ement s.   The f i r e 
st oppi ng seal ant  f or  pl ast i c and i nsul at ed pi pi ng syst ems must  be a 
[ pol ysi l oxane ( al so known as s i l i cone)  based,  nonsl umpi ng,  pr emi xed 
seal ant  wi t h i nt umescent  pr oper t i es]  [ acr yl i c based,  nonsl umpi ng,  pr emi xed 
seal ant  wi t h i nt umescent  pr oper t i es]  [ _____] ,  t hat  i s  v i br at i on and 
moi st ur e r esi st ant ,  and i s r at ed f or  [ 3]  [ _____]  hour s pur suant  t o 
ASTM E814 and UL r equi r ement s wi t h met al  col l ar s.   Fi t  vent ed pl ast i c pi pe 
penet r at i ons wi t h gal vani zed st eel  col l ar s t hat  have i nt umescent  i nl ays.

2. 24. 4. 2   Bel ow Gr ade Wal l  Penet r at i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  cr i t i cal  syst ems,  use t he i nt er l ocki ng 
r ubber  l i nk syst em.   I n ot her  i nst ances,  a 
nonsl umpi ng wat er - r esi st ant  el ast omer i c based 
seal ant  wi t h i nt umescent  pr oper t i es may be used.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Pr ovi de bel ow- gr ade wal l  penet r at i ons wi t h [ hydr ost at i c seal s desi gned t o 
seal  openi ng bet ween pi pe or  condui t  and a t hr ough- st r uct ur e openi ng.   The 
seal s must  be modul ar  mechani cal  t ype consi st i ng of  i nt er l ocki ng synt het i c 
r ubber  l i nks shaped t o cont i nuousl y f i l l  t he annul ar  space bet ween t he 
pi pe and wal l  openi ng]  [ pol ysi l oxane ( al so known as s i l i cone)  based,  
nonsl umpi ng,  v i br at i on and wat er  r esi st ant  seal ant  wi t h i nt umescent  
pr oper t i es]  [ _____] .

2. 24. 4. 3   Gal vani z i ng

Gal vani z i ng must  be [ hot - di p appl i ed and meet  t he r equi r ement s of  
ASTM A153/ A153M]  [ or ]  [ z i nc or  cadmi um pl at i ng] .   St ai nl ess st eel  
component s may be subst i t ut ed wher e gal vani z i ng i s speci f i ed.

2. 25   MI SCELLANEOUS MATERI ALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n col d c l i mat es,  exposed pi pe,  val ves,  and 
equi pment  shoul d be i nsul at ed and pot ent i al l y  heat  
t r aced t o pr event  f r eezi ng.   Met hod of  heat  t r ace 
wi l l  be di ct at ed by hazar d c l assi f i cat i on and si t e 
condi t i ons.

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

2. 25. 1   Pi pe I nsul at i on Mat er i al

Pr ovi de i nsul at i on f or  pi pes,  val ves,  i nst r ument at i on and cont r ol s,  and 
ot her  equi pment  [ i n accor dance wi t h Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS]  [ consi st i ng of  25 mm one i nch ASTM C552 cel l ul ar  
gl ass and i nt egr al  moi st ur e bar r i er s] [ _____] .

2. 25. 2   Heat  Tr ace

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e subpar agr aphs a.  b.  and c.  bel ow i f  
st eam heat  t r ace i s used.

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

 Heat  t r ace must  be [ st eam]  [ el ect r i cal ]  wi t h mat er i al s sel ect ed f or  
compat i bi l i t y  wi t h t r anspor t ed l i qui ds and ambi ent  envi r onment .   The heat  
t r ace must  be capabl e of  mai nt ai ni ng t he l i qui d pr ocess desi gn t emper at ur e 
at  [ 27]  [ _____]  degr ees C [ 80]  [ _____]  degr ees F maxi mum when subj ect ed t o 
an ext er i or  t emper at ur e of  [ - 29]  [ _____]  degr ees C [ - 20]  [ _____]  degr ees F. [   
Pr ovi de st eam pi pi ng i n accor dance wi t h Sect i on 23 58 00. 00 10 CENTRAL 
STEAM HEATI NG AND UTI LI TI ES SYSTEMS. ] [   Ensur e el ect r i cal  wor k i s i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM,  and UL 
l i s t ed,  and i ncl udes al l  t er mi nat i ons,  j unct i on boxes,  and aut omat i c 
cont r ol s. ]   Per f or m wor k i n conf or mance t o hazar d c l assi f i cat i ons 
i ndi cat ed on t he dr awi ngs[ ,  and i mpl ement  i n accor dance wi t h NFPA 70,  
Sect i on 427] .

a.   Pr ovi de UL l i s t ed par al l el  conduct i on t ype heat  t ape,  wi t h adj ust abl e 
t her most at  f or  out door  abovegr ound wi nt er i zed pi pi ng.   Ensur e t ape i s 
not  af f ect ed by di r ect  sunl i ght ,  ambi ent  t emper at ur e,  oper at i ng 
t emper at ur e,  r ai n,  or  sal t  l aden at mospher e.   Pr ovi de f l exi bl e,  
par al l el  c i r cui t  const r uct i on consi st i ng of  a cont i nuous sel f - l i mi t i ng 
r esi st ance,  conduct i ve i nner  cor e mat er i al  bet ween t wo par al l el  copper  
bus wi r es,  desi gned f or  cut - t o- l engt h at  t he j ob s i t e and f or  wr appi ng 
ar ound val ves and compl ex f i t t i ngs.   Sel f - r egul at i on must  pr event  
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over heat i ng and bur nout s even wher e t he cabl e over l aps i t sel f .

b.   Pr ovi de end seal s f or  ends of  c i r cui t s.   Wi r e at  t he ends of  c i r cui t s 
ar e not  t o be t i ed t oget her .

c.   Pr ovi de suf f i c i ent  cabl e,  as r ecommended by t he manuf act ur er ,  t o keep 
t he pi pe sur f ace at  [ 1. 1]  [ _____]  degr ees C [ 34]  [ _____]  degr ees F 
mi ni mum dur i ng wi nt er  out door  desi gn t emper at ur e as i ndi cat ed,  but  not  
l ess t han t he f ol l owi ng:  80 mm 3 i nch pi pe and smal l er  wi t h 25 mm one 
i nch t hi ck i nsul at i on,  4 wat t s/ 0. 3 m 4 wat t s/ f eet ;  and 100 mm 4 i nch 
pi pe and l ar ger  38 mm 1. 5 i nch t hi ck i nsul at i on,  8 wat t s/ 0. 3 m 8 
wat t s/ f eet  of  pi pe.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and  advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   PREPARATI ON

3. 2. 1   Pr ot ect i on

Cl ose pi pe and equi pment  openi ngs wi t h caps or  pl ugs dur i ng i nst al l at i on.   
Pr ot ect  equi pment  f r om di r t ,  wat er ,  and chemi cal  or  mechani cal  damage.

3. 2. 2   Syst em Pr epar at i on

3. 2. 2. 1   Pi pe and Fi t t i ngs

I nspect  pi pe and f i t t i ngs bef or e exposed pi pi ng i s i nst al l ed or  bur i ed 
pi pi ng i s l ower ed i nt o t he t r ench.   Cl ean t he ends of  pi pes t hor oughl y,  
r emove f or ei gn mat t er  and di r t  f r om i nsi de of  pi pes,  and keep pi pi ng cl ean 
dur i ng and af t er  l ayi ng.

3. 2. 2. 2   Damaged Coat i ngs

Repai r  damaged coat i ng ar eas i n t he f i el d wi t h mat er i al  equal  t o t he 
or i gi nal  coat i ng,  except  pr ompt l y r emove damaged gl ass- l i ned pi pe f r om t he 
si t e.   Do not  i nst al l  damaged pi pi ng mat er i al s.   Fi el d r epai r  damaged and 
uncoat ed ar eas of  gal vani zed pi pi ng conf or mi ng t o ASTM A780/ A780M.

3. 2. 2. 3   Fi el d Fabr i cat i on

Not i f y t he Cont r act i ng Of f i cer  at  l east  [ 2]  [ _____]  weeks pr i or  t o t he 
f i el d f abr i cat i on of  pi pe or  f i t t i ngs and at  l east  [ 3]  [ _____]  days pr i or  
t o t he st ar t  of  any sur f ace pr epar at i on or  coat i ng appl i cat i on wor k.   
Per f or m f i el d wel di ng i n accor dance wi t h Sect i on 40 05 13. 96 WELDI NG 
PROCESS PI PI NG.   Pr ovi de wel di ng el ect r odes i n accor dance wi t h [ Tabl e 3. 1 
of  AWS D1. 1/ D1. 1M]  [ _____]  as r equi r ed f or  t he appl i cabl e base met al s and 
wel di ng pr ocess.   Fabr i cat e f i t t i ngs i n accor dance wi t h t he manuf act ur er ' s 
i nst r uct i ons.

3. 3   EXPOSED PI PI NG I NSTALLATI ON

Run exposed pi pi ng as st r ai ght  as pr act i cal  al ong t he al i gnment  shown on 
t he cont r act  dr awi ngs and wi t h a mi ni mum of  j oi nt s.   I nst al l  pi pi ng and 
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appur t enances i n conf or mance wi t h r evi ewed shop dr awi ngs,  manuf act ur er ' s 
i nst r uct i ons and ASME B31. 3.   I nst al l  pi pi ng wi t hout  spr i ngi ng or  f or c i ng 
t he pi pe.

3. 3. 1   Anchor s and Fast ener s

I mpact  expansi on ( hammer  and expl osi ve char ge dr i ve- t ype)  anchor s and 
f ast ener  syst ems ar e not  accept abl e.   Lead shi el ds,  pl ast i c or  f i ber  
i nser t s,  and dr i l l ed- i n pl ast i c s l eeve/ nai l  dr i ve syst ems ar e al so not  
accept abl e.

3. 3. 1. 1   Dr i l l ed- I n Expansi on Anchor s and Fast ener s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s subpar agr aph addr esses anchor s and 
f ast ener s t hat  ar e used wi t h concr et e or  masonr y 
appl i cat i ons.   The f i r st  opt i on i s used f or  masonr y 
br i ck and pr ecast  concr et e hol l ow- cor e bl ock 
anchor i ng/ f ast eni ng syst ems and t he second i s 
sui t abl e f or  cast - i n- pl ace concr et e and sol i d 
pr ecast  concr et e st r uct ur al  el ement s.

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

[ Desi gn anchor s t o accept  bot h machi ne bol t s and/ or  t hr eaded r ods.   Such 
anchor s must  consi st  of  an expansi on shi el d and expander  nut  cont ai ned 
i nsi de t he shi el d.   Fabr i cat e and desi gn t he expander  nut  t o c l i mb t he 
bol t  or  r od t hr ead and si mul t aneousl y expand t he shi el d as soon as t he 
t hr eaded i t em,  whi l e bei ng t i ght ened,  r eaches,  and bear s agai nst  t he 
shi el d bot t om.   Pr ovi de shi el d body consi st i ng of  f our  l egs, t aper  t he 
i nsi de of  each t owar d shi el d bot t om ( or  nut  end) .   El ongat e t he end of  one 
l eg and t ur n acr oss shi el d bot t om.   Ri b t he out er  sur f ace of  shi el d body 
f or  gr i p- act i on.   The expander  nut  must  be of  squar e desi gn wi t h s i des 
t aper ed i nwar d f r om bot t om t o t op.   The anchor  mat er i al s of  const r uct i on 
must  be [ z i nc pl at ed st eel ]  [ TP304 st ai nl ess st eel ]  [ _____]  of  [ 300 MPa 
43, 541 psi ]  [ [ _____]  MPa psi ]  mi ni mum t ensi l e st r engt h.   Pr ovi de f ast ener s 
consi st i ng of  machi ne bol t s f or  use wi t h above anchor s;  pr ovi de nut s and 
washer s conf or mi ng t o ASTM A194/ A194M.   Ensur e t he anchor  l engt h,  
di amet er ,  and embedment  dept h meet  t he manuf act ur er ' s r equi r ement s f or  t he 
maxi mum al l owabl e wor ki ng l oad of  t he appl i cat i on. ]  [ Pr ovi de 
anchor / f ast ener  assembl y whi ch i s UL l i s t ed wi t h a one- pi ece st ud ( bol t )  
t hat  has i nt egr al  expansi on wedges,  nut s and washer s.   [ Const r uct  st ud of  
[ TP304]  [ _____]  st ai nl ess st eel ,  and nut  and washer  of  [ TP304]  [ _____]  
st ai nl ess st eel . ]   Ensur e t he anchor  l engt h,  di amet er ,  and embedment  dept h 
meet  t he manuf act ur er ' s r equi r ement s f or  t he maxi mum al l owabl e wor ki ng 
l oad of  t he appl i cat i on. ]

3. 3. 1. 2   Dr i l l ed- I n Adhesi ve Anchor s

[ Do not  use dr i l l ed- i n adhesi ve anchor s f or  over head appl i cat i ons. ]   
Compose anchor s of  an anchor  r od assembl y and an anchor  r od adhesi ve 
car t r i dge.   Pr ovi de anchor  r od assembl y composed of  a chamf er ed and 
t hr eaded st ud r od of  [ z i nc pl at ed ASTM A36/ A36M st eel ]  [ TP304 st ai nl ess 
st eel ]  [ _____]  wi t h a nut  and washer  of  [ ASTM A194/ A194M al l oy- st eel ]  
[ TP316 st ai nl ess st eel ]  [ _____] .   Use anchor  l engt h,  di amet er ,  and 
embedment  dept h meet i ng t he manuf act ur er ' s r equi r ement s f or  t he maxi mum 
al l owabl e wor ki ng l oad of  t he appl i cat i on.   Ensur e t he adhesi ve car t r i dge 
i s a seal ed capsul e cont ai ni ng pr emeasur ed amount s of  r esi n,  quar t z sand 
aggr egat e,  and a har dener  cont ai ned i n a separ at e v i al  wi t hi n t he 
capsul e.   Act i vat e t he capsul e i ngr edi ent s by t he i nser t i on pr ocedur e of  

SECTI ON 40 05 13  Page 93



t he anchor  r od assembl y.

3. 3. 2   Pi pi ng Expansi on and Cont r act i on Pr ovi s i ons

I nst al l  pi pi ng t o al l ow f or  t her mal  expansi on and cont r act i on r esul t i ng 
f r om t he di f f er ence bet ween i nst al l at i on and oper at i ng t emper at ur es.   
Desi gn f or  i nst al l at i on of  pl ast i c pi pe exposed t o ambi ent  condi t i ons or  
i n whi ch t he t emper at ur e var i at i on of  t he cont ent s i s subst ant i al  must  
have pr ovi s i ons f or  movement  due t o t her mal  expansi on and cont r act i on 
document ed t o be i n accor dance wi t h PPI  TR- 21.   I nst al l  anchor s as shown 
i n t he cont r act  dr awi ngs t o wi t hst and expansi on t hr ust  l oads and t o di r ect  
and cont r ol  t her mal  expansi on.   I nst al l  an i nt er medi at e pi pe gui de f or  
ever y pi pe at  each met al  channel  f r ami ng suppor t  not  car r y i ng an anchor  or  
al i gnment  gui de.   Wher e pi pe expansi on j oi nt s ar e r equi r ed,  i nst al l  pi pe 
al i gnment  gui des adj acent  t o t he expansi on devi ce and wi t hi n [ f our ]  
[ _____]  pi pe di amet er s.   I nst al l  expansi on devi ces i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons [ and at  t he l ocat i ons shown i n t he cont r act  
dr awi ngs] .

3. 3. 3   Pi pi ng Fl exi bi l i t y  Pr ovi s i ons

Pr ovi de t hr ust  pr ot ect i on as r equi r ed.   I nst al l  f l exi bl e coupl i ngs and 
expansi on j oi nt s at  connect i ons t o equi pment ,  and wher e shown on t he 
cont r act  dr awi ngs.   Pr ovi de addi t i onal  pi pe anchor s and f l exi bl e 
coupl i ngs,  beyond t hose shown on t he cont r act  dr awi ngs,  t o f aci l i t at e 
pi pi ng i nst al l at i on,  i n accor dance wi t h r evi ewed shop dr awi ngs.

3. 3. 4   Coupl i ngs,  Adapt er s and Ser vi ce Saddl es

Thor oughl y c l ean pi pes of  oi l ,  scal e,  r ust ,  and di r t  i n or der  t o pr ovi de a 
c l ean seat  f or  gasket s.   Wi pe gasket s c l ean pr i or  t o i nst al l at i on.   
Lubr i cat e f l exi bl e coupl i ngs and f l anged coupl i ng adapt er  gasket s wi t h 
[ soapy wat er ]  [ or ]  [ t he manuf act ur er ' s st andar d l ubr i cant ]  bef or e 
i nst al l at i on on t he pi pe ends.   I nst al l  coupl i ngs,  ser vi ce saddl es,  and 
anchor  st uds i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   Ti ght en 
bol t s pr ogr essi vel y,  dr awi ng up bol t s on opposi t e s i des a l i t t l e at  a t i me 
unt i l  al l  bol t s have a uni f or m t i ght ness.   Use t or que- l i mi t i ng wr enches t o 
t i ght en bol t s.

3. 3. 5   Pi pi ng Equi pment / Component  I nst al l at i on

I nst al l  pi pi ng component s and i ndi cat or s i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Pr ovi de r equi r ed upst r eam and downst r eam cl ear ances,  
i sol at i on val ves,  and mi scel l aneous devi ces f or  an oper abl e i nst al l at i on.   
[ Make st r ai ght  r uns of  pi pi ng upst r eam and downst r eam of  f l ow measur i ng 
devi ces as shown i n t he cont r act  dr awi ngs. ]  [ Use upst r eam and downst r eam 
l engt hs of  undi st ur bed pi pi ng i n accor dance wi t h f l ow i ndi cat or  
manuf act ur er ' s r ecommendat i ons. ]

3. 3. 5. 1   Backf l ow Pr event er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Di schar ge t o an open dr ai n wi t h an ai r  gap i s 
r equi r ed on pot abl e wat er  l i nes.

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

I nst al l  backf l ow pr event er s wi t h namepl at e and t est  cocks accessi bl e f r om 
f r ont  of  uni t ,  and wi t h a mi ni mum cl ear ance of  [ 310 mm 12. 2 i nches]  
[ [ _____]  mm i nches]  bet ween t he por t  and gr ade.   I nst al l  assembl i es i n 
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accor dance wi t h l ocal  codes [ and di schar ge t o an open dr ai n wi t h an ai r  
gap] ;  ver t i cal  i nst al l at i on [ must  be avoi ded]  [ i s  pr ohi bi t ed] .

3. 3. 5. 2   Local  I ndi cat or s

I nst al l  al l  di r ect - r eadi ng i ndi cat or  devi ces,  t her momet er s,  and pr essur e 
gauges so t hat  t hey can be easi l y r ead f r om f l oor  l evel ,  and ar e r eadi l y 
accessi bl e f or  mai nt enance and ser vi ce.   Coat  al l  t emper at ur e sensi ng 
bul bs wi t h a [ s i l ver  base heat  t r ansf er  gr ease]  [ _____]  pr i or  t o i nser t i on 
i nt o t he t her mowel l .   I nst al l  pr essur e gauges and t her momet er s wher e 
i ndi cat ed i n t he cont r act  dr awi ngs.   [ Fi el d cal i br at e al l  i ndi cat or s at  
t i me of  i nst al l at i on t o ensur e measur i ng and r eadi ng accur acy. ]   I nst al l  
di f f er ent i al  pr essur e gauges [ acr oss al l  pr ocess equi pment ]  [ acr oss t he 
pr ocess equi pment  i ndi cat ed i n t he cont r act  dr awi ngs] ,  i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i ons,  and ar r anged f or  easy obser vat i on.

3. 3. 6   Pi pe Fl anges

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t he r equi r ement  f or  bol t i ng t o 
st r addl e t he ver t i cal  cent er l i ne of  t he pi pe f or  t he 
i nst al l at i on of  or i ent at i on sensi t i ve devi ces such 
as some t ypes of  f l ow met er s.

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

Pi pe f l anges must  be set  l evel ,  pl umb,  and al i gned.   I nst al l  f l anged 
f i t t i ngs t r ue and per pendi cul ar  t o t he axi s of  t he pi pe.   Ensur e bol t  
hol es ar e concent r i c t o t he cent er l i ne of  t he pi pe [ and st r addl e t he 
ver t i cal  cent er l i ne of  t he pi pe] .

3. 3. 7   Val ve Locat i ons

Locat e val ves i n accor dance wi t h t he cont r act  dr awi ngs wher e act uat or s ar e 
shown.   Wher e act uat or s ar e not  shown,  l ocat e and or i ent  val ves t o per mi t  
easy access t o t he val ve oper at or ,  and t o avoi d i nt er f er ences.

3. 3. 8   Pi pe Tap Connect i ons

Taps t o pi pe bar r el s ar e unaccept abl e.   Make t aps t o duct i l e i r on pi pi ng 
onl y wi t h a ser vi ce saddl e or  at  a t appi ng boss of  a f i t t i ng,  val ve body,  
or  equi pment  cast i ng.   Make t aps t o st eel  pi pi ng onl y wi t h a wel ded 
t hr eadol et  connect i on.

3. 3. 9   Pl ast i c Pi pe I nst al l at i on

Submi t  a st at ement  s i gned by t he [ r ei nf or ced t her moset t i ng r esi n pi pe]  
[ and]  [ pl ast i c pi pe]  manuf act ur er ' s r epr esent at i ve cer t i f y i ng t hat  t he 
Cont r act or ' s per sonnel  ar e capabl e of  pr oper l y i nst al l i ng t he pi pi ng 
syst em on t he pr oj ect .   Cut ,  make up,  and i nst al l  al l  pl ast i c pi pe i n 
accor dance wi t h t he pi pe manuf act ur er ' s r ecommendat i ons.

a.   Per f or m heat  j oi ni ng i n accor dance wi t h ASTM D2657.   Per f or m 
el ect r of usi on j oi ni ng i n accor dance wi t h ASTM F1290.   Do not  t hr ead 
Schedul e 40 pi pe.   Use Schedul e 80 t hr eaded ni ppl es wher e necessar y t o 
connect  t o t hr eaded val ves or  f i t t i ngs.   Use st r ap wr enches f or  
t i ght eni ng t hr eaded pl ast i c j oi nt s,  and do not  over  t i ght en t hese 
f i t t i ngs.

b.   Do not  l ay pi pe when t he t emper at ur e i s bel ow [ 4. 5 degr ees C 40. 1 
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degr ees F]  [ [ _____]  degr ees C degr ees F] ,  nor  above [ 32 degr ees C 90 
degr ees F]  [ [ _____]  degr ees C degr ees F]  when exposed t o di r ect  
sunl i ght .   Ensur e any pl ast i c pi pe i nst al l ed above gr ade and out door s 
i s ul t r avi ol et  ( UV)  pr ot ect ed or  UV r esi st ant .

c.   Shi el d pi pe ends t hat  ar e t o be j oi ned f r om di r ect  sunl i ght  pr i or  t o 
and dur i ng t he l ayi ng oper at i on.   Pr ovi de adequat e vent i l at i on when 
wor ki ng wi t h pi pe j oi nt  sol vent  cement  and handl e sol vent  cement s,  
pr i mer s and cl eaner s i n accor dance wi t h ASTM F402.

d.   Pr ovi de and i nst al l  suppor t s and hanger s [ i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons]  [ as speci f i ed and i ndi cat ed]  [ _____] .   
Wher e pl ast i c pi pe i s subj ect ed t o sever e t emper at ur e f l uct uat i ons,  
pr ovi s i ons f or  expansi on and cont r act i on must  be pr ovi ded.   Accompl i sh 
t hi s wi t h t he use of  expansi on j oi nt s and of f set  pi pi ng ar r angement s.   
Hydr ost at i cal l y t est  al l  l i nes [ at  t he maxi mum oper at i ng pr essur es]  
[ at  t he pr essur es l i s t ed i n t he Pi pe Schedul e shown on t he cont r act  
dr awi ngs] .

  Submi t  [ 6]  [ _____]  copi es each of  oper at i on and mai nt enance manual s i n 
i ndexed bookl et  f or m.   Det ai l  i n t he Oper at i on Manual s t he 
st ep- by- st ep pr ocedur es r equi r ed f or  speci al i zed st ar t up,  oper at i on 
and shut down of  pi pi ng syst ems,  and i ncl ude t he manuf act ur er ' s name,  
model  number ,  par t s l i s t  and br i ef  descr i pt i on of  pi pi ng equi pment  
such as val ves and ot her  appur t enances and t hei r  basi c oper at i ng 
f eat ur es.   Li st  i n t he Mai nt enance Manual s r out i ne mai nt enance 
pr ocedur es and t r oubl eshoot i ng gui des f or  t he equi pment ,  and i ncl ude 
pi pi ng l ayout  and val ve l ocat i ons.

3. 3. 9. 1   PVC Pi pi ng

Const r uct  sol vent - cement ed j oi nt s i n accor dance wi t h ASTM D2855.

3. 3. 9. 2   FRP Pi pi ng

Cut ,  f abr i cat e,  and i nst al l  pi pe,  duct ,  and f i t t i ngs i n st r i ct  accor dance 
wi t h t he pi pe manuf act ur er ' s wr i t t en r ecommendat i ons and as shown on t he 
cont r act  dr awi ngs.   Ensur e al l  FRP pi pe and f i t t i ngs have i nt er i or  
sur f aces whi ch ar e hi ghl y pol i shed,  wi t h no exposed f i ber s.   Cur e f i el d 
j oi nt s as r ecommended by t he manuf act ur er .   [ Wher e i t  i s  absol ut el y 
necessar y t o make a f i el d wel d on pi pe speci f i ed t o be f i el d f l anged onl y,  
make t he wel d onl y under  di r ect  super vi s i on of  t he pi pe manuf act ur er ' s 
f i el d r epr esent at i ve,  who i s exper i enced i n FRP pi pe l ay- up t echni ques. ]

3. 3. 10   Doubl e Cont ai nment  Pi pi ng I nst al l at i on

Fact or y t r ai ned f i el d r epr esent at i ves of  t he pi pi ng suppl i er  must  pr ovi de 
t echni cal  f i el d suppor t  dur i ng cr i t i cal  per i ods of  pi pi ng [ and l eak 
det ect i on syst em i nst al l at i on i ncl udi ng f i nal  check out  of  t he l eak 
det ect i on/ l ocat i on syst em,  and end user  t r ai ni ng] .

3. 3. 11   I nsul at i on

I nst al l  i nsul at i on on pi pi ng as i ndi cat ed [ on t he Pi pe Schedul e]  [ i n t he 
cont r act  dr awi ngs i n accor dance wi t h t he pr ovi s i ons of  Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS. ]
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3. 4   BURI ED PI PE PLACEMENT

[ I nst al l  t her mopl ast i c pi pi ng syst ems under gr ound i n accor dance wi t h 
ASTM D2774. ]  [ I nst al l  t her moset t i ng r esi n and r ei nf or ced pl ast i c mor t ar  
pi pi ng syst ems under gr ound i n accor dance wi t h ASTM D3839. ]

3. 4. 1   Excavat i on and Backf i l l i ng

Per f or m ear t hwor k as speci f i ed i n Sect i on 31 00 00 EARTHWORK.   Accompl i sh 
backf i l l i ng af t er  i nspect i on by t he Cont r act i ng Of f i cer .   Exer ci se car e 
when l ower i ng pi pe i nt o t he t r ench t o pr event  damage or  t wi st i ng of  t he 
pi pe.

3. 4. 2   Fi t t i ngs

Make pr ess connect i ons i n accor dance wi t h manuf act ur er ' s i nst al l at i on 
i nst r uct i ons usi ng t ool s appr oved by t he manuf act ur er .   I nser t  t ubi ng 
f ul l y i nt o t he f i t t i ng and t hen mar k at  t he shoul der  of  t he f i t t i ng.   
Check f i t t i ng al i gnment  agai nst  t he mar k on t he t ubi ng t o ensur e t he 
t ubi ng i s f ul l y  i nser t ed bef or e t he j oi nt  i s  pr essed.   At  val ves and 
connect i ons,  di g out  t he t r ench bot t om wi t h suf f i c i ent  l engt h,  wi dt h,  and 
dept h t o ensur e c l ear ance bet ween t he undi st ur bed t r ench bot t om and t he 
val ves and such connect i ons.

3. 4. 3   Thr ust  Rest r ai nt

Thr ust  r est r ai nt  devi ces ar e gener al l y not  shown i n t he cont r act  dr awi ngs;  
t hei r  absence wi l l  not  r el i eve Cont r act or  of  t he r esponsi bi l i t y  f or  
pr ovi di ng t hem as r equi r ed t o pr ovi de compl et e syst ems f or  t he use 
i nt ended.   Pr ovi de t hr ust  bl ocks and t i es wher e r equi r ed,  whet her  or  not  
shown on t he cont r act  dr awi ngs.   At  a mi ni mum,  pr ovi de t hr ust  r est r ai nt  at  
pi pel i ne t ees,  pl ugs,  caps,  bends,  and ot her  l ocat i ons wher e unbal anced 
f or ces exi st .

3. 4. 3. 1   Thr ust  Bl ocks

Thr ust  bl ocki ng must  be concr et e of  a mi x not  l eaner  t han [ 1]  [ _____]  
cement ,  [ 2. 5]  [ _____]  sand and [ 5]  [ _____]  gr avel ,  and have a compr essi ve 
st r engt h of  not  l ess t han [ 14 MPa 2000 psi ]  [ [ _____]  MPa psi ]  af t er  [ 28]  
[ _____]  days.   Pl ace bl ocki ng bet ween sol i d gr ound and t he f i t t i ng t o be 
anchor ed.   Unl ess ot her wi se i ndi cat ed or  di r ect ed,  pour  t he base and 
t hr ust  bear i ng s i des of  t he t hr ust  bl ocks agai nst  undi st ur bed ear t h.   The 
si des of  t hr ust  bl ocks not  subj ect  t o t hr ust s may be pour ed agai nst  
f or ms.   Pr ovi de ar ea of  bear i ng as shown or  di r ect ed.   Pl ace bl ocki ng so 
t hat  f i t t i ng j oi nt s ar e accessi bl e f or  r epai r .   Use st eel  r ods and cl amps,  
pr ot ect ed by gal vani z i ng or  a coat i ng of  bi t umi nous pai nt ,  t o anchor  
ver t i cal  down bends i nt o gr avi t y t hr ust  bl ocks.

3. 4. 3. 2   Rest r ai ned Joi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When t he r est r ai ned pi pe l engt h i s speci f i ed,  
t hi s par agr aph wi l l  be modi f i ed i n accor dance wi t h 
t he desi gn r equi r ement .   Use UFC 3- 230- 01 f or  
gui dance.

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

[ The r est r ai ned pi pe l engt h i s [ _____]  m f eet ] .   [ For  duct i l e i r on pi pe,  
desi gn r est r ai ned j oi nt s i n accor dance wi t h DI PRA TRD. ]
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3. 4. 4   Mar ki ng Tape

Pr ovi de and i nst al l  pi pe mar ki ng t ape i n accor dance wi t h t he r equi r ement s 
of  Sect i on 31 00 00 EARTHWORK.

3. 4. 5   Pl ast i c Pi pe I nst al l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thr ust  bl ocki ng shoul d be used onl y wher e 
s l i p j oi nt s ar e used.   Ot her wi se,  pi pi ng wi l l  be 
desi gned t o wi t hst and compr essi on or  expansi on 
f or ces i mposed by t r ench condi t i ons.

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

Cut ,  f abr i cat e,  and i nst al l  pl ast i c pi pe i n st r i ct  conf or mance wi t h t he 
pi pe manuf act ur er ' s r ecommendat i ons.   Pr ovi de of f set  l oops f r om t he t r ench 
cent er l i ne as r ecommended by t he manuf act ur er  f or  t he maxi mum t emper at ur e 
var i at i on bet ween t he pi pe t emper at ur e at  t he t i me of  sol vent  wel di ng and 
oper at i ng t emper at ur e.   Desi gn f or  i nst al l at i on of  pl ast i c pi pe exposed t o 
ambi ent  condi t i ons or  i n whi ch t he t emper at ur e var i at i on of  t he cont ent s 
i s subst ant i al  must  have pr ovi s i ons f or  movement  due t o t her mal  expansi on 
and cont r act i on document ed t o be i n accor dance wi t h PPI  TR- 21.   Suppor t  
f l exi bl e pl ast i c pi pe connect ed t o heavy f i t t i ngs,  manhol es,  and r i gi d 
st r uct ur es i n such a manner  t hat  no subsequent  r el at i ve movement  bet ween 
t he pl ast i c pi pe at  t he f l anged j oi nt  and t he r i gi d st r uct ur es i s 
possi bl e.   [ Do not  use t hr ust  bl ocki ng f or  f l exi bl e pl ast i c pi pi ng.   
Desi gn and i nst al l  pi pi ng t o wi t hst and t he compr essi on and expansi on 
f or ces i mposed by t he t r ench condi t i ons. ]   [ Const r uct  concr et e t hr ust  
bl ocks wher e shown i n t he cont r act  dr awi ngs]  [ _____] .

3. 5   CONNECTI NG DI SSI MI LAR PI PE

I nst al l  f l exi bl e t r ansi t i on coupl i ngs,  di el ect r i c f i t t i ngs and i sol at i on 
j oi nt s i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.

3. 6   EXTERNAL CORROSI ON PROTECTI ON

Pr ot ect  al l  pi pe and pi pi ng accessor i es f r om cor r osi on and adver se 
envi r onment al  condi t i ons.

3. 6. 1   Under gr ound Met al l i c  Pi pi ng

Pr ot ect  bur i ed met al l i c  pi pi ng f r om cor r osi on usi ng [ pr ot ect i ve coat i ngs]  
[ and]  [ cat hodi c pr ot ect i on] .   Pr ovi de cat hodi c pr ot ect i on f or  met al l i c  
under gr ound pi pi ng syst ems as speci f i ed i n [ Sect i on 26 42 13 GALVANI C 
( SACRI FI CI AL)  ANODE CATHODI C PROTECTI ON ( GACP)  SYSTEM]  [ Sect i on 26 42 17 
I MPRESSED CURRENT CATHODI C PROTECTI ON ( I CCP)  SYSTEM] .   Wher e di ssi mi l ar  
met al s ar e j oi ned under gr ound,  use gas- t i ght  i sol at i on j oi nt s.   [ Pr ovi de 
i nsul at i ng j oi nt  mat er i al  wher e shown t o cont r ol  gal vani c or  el ect r i cal  
act i on. ]

3. 6. 2   Above Gr ade Met al l i c  Pi pi ng

Do not  pai nt  nonf er r ous and st ai nl ess st eel  pi pi ng except  f or  al umi num 
al l oy pi pi ng.   Wher e di ssi mi l ar  met al s ar e j oi ned,  use i sol at i on j oi nt s.
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3. 6. 2. 1   Fer r ous Pi pi ng

Touch up shop pr i med sur f aces wi t h f er r ous met al  pr i mer .   Sol vent  c l ean 
sur f aces t hat  have not  been shop pr i med.   Cl ean sur f aces t hat  cont ai n 
l oose r ust ,  mi l l  scal e or  ot her  f or ei gn subst ances mechani cal l y by [ power  
wi r e br ushi ng]  [ commer ci al  sand bl ast i ng conf or mi ng t o SSPC SP 6/ NACE No. 3
]  and pr i me wi t h a [ f er r ous met al  pr i mer ]  [ v i nyl  t ype wash coat ]  [ _____] .   
Fi ni sh pr i med sur f aces wi t h t wo coat s of  ext er i or  [ oi l ]  [ v i nyl ]  [ _____]  
pai nt  i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.   Pr ovi de 
cat hodi c pr ot ect i on as shown i n t he cont r act  dr awi ngs f or  above gr ound 
f er r ous pi pi ng syst ems as speci f i ed i n [ Sect i on 26 42 13 GALVANI C 
( SACRI FI CI AL)  ANODE CATHODI C PROTECTI ON ( GACP)  SYSTEM]  [ Sect i on 26 42 17 
I MPRESSED CURRENT CATHODI C PROTECTI ON ( I CCP)  SYSTEM] .

3. 6. 2. 2   Al umi num Al l oy Pi pi ng

Pai nt  sur f aces of  al umi num al l oy pi pe and f i t t i ngs t o pr ot ect  agai nst  
cor r osi on wher e t hey cont act  masonr y,  pl ast er ,  i nsul at i on,  or  ar e subj ect  
t o r epeat ed wet t i ngs by wat er ,  det er gent s or  chemi cal s.   Sol vent  c l ean 
sur f aces must  be sol vent  and t r eat  wi t h a [ v i nyl  t ype wash coat ]  [ _____] .   
Appl y a f i r st  coat  of  al umi num pai nt  and a second coat  of  [ al kyd gl oss 
enamel ]  [ s i l i cone al kyd copol ymer  enamel ]  [ _____]  i n accor dance wi t h 
Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 7   DOUBLE CONTAI NMENT PI PI NG LEAK DETECTI ON SYSTEM

a.   I nst al l  t he syst em i n accor dance wi t h t he manuf act ur er ' s r ecommended 
i nst al l at i on pr ocedur es.   Fol l ow al l  l ocal ,  st at e and f eder al  codes 
and r equi r ement s.   I nst al l  syst em by pr oper l y t r ai ned per sonnel .   
Pr ovi de a l ocat i on map wi t h t he syst em by t he Cont r act or  i ndi cat i ng 
t he " as bui l t "  syst em conf i gur at i on and sensi ng st r i ng l ayout .   
Pr ovi de mar ki ngs al ong t he cabl e l engt h as r ef er ences t o l ocat e 
l eaks.   Base mar ki ngs upon cal i br at i on poi nt s.   Take and r ecor d 
cal i br at i on poi nt s al ong t he sensi ng st r i ng i n accor dance wi t h t he 
manuf act ur er ' s r ecommended pr ocedur es.   Pr ovi de cabl e not  i n 
cont ai nment  pi pi ng wi t h cabl e t ags ever y [ 15 m 49. 2 f eet ]  [ [ _____]  m 
f eet ] .

b.   Per f or m t est s t o demonst r at e t he abi l i t y  of  t he syst em t o det ect  and 
l ocat e br eaks,  shor t s and pr obes on t he sensor  st r i ng.   Per f or m l eak 
t est i ng pur suant  t o t he f ol l owi ng pr ocedur e i n or der  t o ver i f y 
oper at i on and t he abi l i t y  t o wor k wi t h condensat i on pool s or  ot her  
st at i c moi st ur e.   The doubl e cont ai nment  pi pi ng syst em l eak det ect i on 
f i el d t est  pr ocedur es ar e as f ol l ows:

( 1)  Wet  t he sensor  cabl e near  t he st ar t  of  t he sensor  st r i ng and 
acknowl edge t he det ect i on/ l ocat i on al ar m and r emap t he syst em.

( 2)  Wet  t he sensor  cabl e near  t he end of  t he sensor  st r i ng wi t h t he 
f i r st  l ocat i on st i l l  wet t ed and acknowl edge t he det ect i on/ l ocat i on 
al ar m and r emap t he syst em.

( 3)  Wet  t he sensor  cabl e i n t hr ee addi t i onal  l ocat i ons bet ween t he 
f i r st  and second l eak l ocat i ons wi t h each det ect i on/ l ocat i on al ar m 
bei ng acknowl edged and wi t h al l  pr i or  l eak l ocat i ons st i l l  wet t ed.

( 4)  Pr epar e and submi t  a r epor t  ver i f y i ng each l eak l ocat i on and 
det ect i on accur acy.   Fur ni sh a har d copy r epor t  of  t he t est  
r esul t s.
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3. 8   FLEXI BLE JOI NTS AT CONCRETE STRUCTURES

Pr ovi de f l exi bl e j oi nt s at  t he f ace of  al l  s t r uct ur es,  whet her  or  not  
shown on t he cont r act  dr awi ngs.   Rubber  r i ng j oi nt s,  mechani cal  j oi nt s,  
f l exi bl e coupl i ngs,  and pr opr i et ar y r est r ai ned duct i l e i r on pi pe j oi nt s 
ar e consi der ed f l exi bl e j oi nt s;  wel ded pi pe j oi nt s ar e not .   Joi nt s may be 
f l ush wi t h t he st r uct ur e f ace or  may be l ocat ed up t o [ 1]  [ _____]  pi pe 
di amet er  away f r om f ace [ ,  but  not  f ur t her  t han [ 450 mm 17. 7 i nches]  
[ [ _____]  mm i nches]  away f r om f ace] .   [ For  pi pel i nes l ar ger  t han [ 450 mm 
18 i nch]  [ [ _____]  mm i nch]  i n di amet er  t he f i r st  j oi nt  must  be wi t hi n [ 1]  
[ _____]  pi pe di amet er . ]

3. 9   CLOSURES

I nst al l  c l osur e pi eces as necessar y t o end pi pe r uns and conf or mi ng t o 
ASME B16. 9 or  ASME B16. 11.   El ast omer  s l eeves bonded t o pi pe ends ar e not  
accept abl e.   Pr ovi de pr essur e pi pi ng wi t h c l osur es of  [ but t - wel ded caps]  
[ bl i nd f l anges]  [ t hr eaded pl ugs]  [ pl ai n end pi eces,  wi t h t hi ckness 
mat chi ng t he nomi nal  wal l  t hi ckness of  t he associ at ed pi pe,  mount ed on 
doubl e f l exi bl e coupl i ngs] ,  unl ess ot her wi se shown on cont r act  dr awi ngs or  
appr oved by t he Cont r act i ng Of f i cer .   Ensur e pi pes wi t h r est r ai ned j oi nt s 
have pi pe cl osur es i nst al l ed wi t h t hr ust  t i e- r od assembl i es [ as shown i n 
cont r act  dr awi ngs] .

3. 10   PENETRATI ONS

St eel  pi pe sl eeves must  be hot - di pped gal vani zed af t er  f abr i cat i on f or  
above gr ade appl i cat i ons i n nonsubmer ged ar eas.   For  bel ow gr ade,  or  i n 
submer ged and damp envi r onment s,  l i ne and coat  st eel  pi pe s l eeves as 
speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.   I sol at e embedded 
met al l i c  pi pi ng f r om concr et e r ei nf or cement  usi ng coat ed pi pe 
penet r at i ons.   Coat i ngs must  be as speci f i ed i n Sect i on 09 90 00 PAI NTS 
AND COATI NGS.   Suppor t  wal l  pi pes secur el y by f or m wor k t o pr event  cont act  
wi t h r ei nf or ci ng st eel  and t i e- wi r es.   Ensur e j oi nt s ar e [ caul ked wi t h 
r ubber  seal ant ]  [ or ]  [ seal ed wi t h a wal l  penet r at i on seal ] .   For  exi st i ng 
concr et e wal l s,  r ot ar y dr i l l ed hol es may be pr ovi ded i n l i eu of  s l eeves.

3. 11   VALVE I NSTALLATI ON

I nst al l  f l anged val ve bol t  hol es so as t o st r addl e t he ver t i cal  cent er l i ne 
of  pi pe.   Cl ean f l anged f aces pr i or  t o i nser t i ng t he gasket  and bol t s,  and 
t hen t i ght en t he nut s pr ogr essi vel y and uni f or ml y.   Cl ean t hr eads of  
t hr eaded ends by wi r e br ushi ng or  swabbi ng pr i or  t o i nst al l at i on.

3. 11. 1   Val ve Or i ent at i on

I nst al l  oper at i ng st em of  a manual  val ve i n a ver t i cal  posi t i on when t he 
val ve i s i nst al l ed i n hor i zont al  r uns of  pi pe havi ng cent er l i ne el evat i ons 
[ 1. 37 m 4. 5 f eet ]  [ [ _____]  m f eet ]  or  l ess above f i ni shed f l oor ,  unl ess 
ot her wi se shown on cont r act  dr awi ngs.   I nst al l  oper at i ng st em of  a manual  
val ve i n a hor i zont al  posi t i on i n hor i zont al  r uns of  pi pe havi ng 
cent er l i ne el evat i ons bet ween [ 1. 37 m 4. 5 f eet ]  [ [ _____]  m f eet ]  and [ 2. 05 
m 6. 75 f eet ]  [ [ _____]  m f eet ]  above f i ni sh f l oor ,  unl ess ot her wi se shown 
on cont r act  dr awi ngs.   I nst al l  aut omat i c val ves i n accor dance wi t h [ t he 
manuf act ur er ' s i nst r uct i ons]  [ and]  [ appr oved dr awi ngs] .
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3. 11. 1. 1   But t er f l y Val ves

Or i ent at i on of  but t er f l y val ves must  t ake i nt o account  changes i n pi pe 
di r ect i on.   Or i ent  val ve shaf t s so t hat  unbal anced f l ows caused by pi pe 
di r ect i on changes or  ot her  di st ur bances ar e equal l y di v i ded t o each hal f  
of  t he di sc.

3. 11. 1. 2   Pl ug Val ves

I f  a pl ug val ve seat  posi t i on i s not  shown i n t he cont r act  dr awi ngs,  
l ocat e t he seat  posi t i on as f ol l ows:   f or  hor i zont al  f l ow,  t he f l ow must  
pr oduce an " unseat i ng"  pr essur e,  and t he pl ug must  open i nt o t he t op hal f  
of  val ve;  and f or  ver t i cal  f l ow,  i nst al l  t he seat  i n t he hi ghest  por t i on 
of  t he val ve.

3. 11. 2   Li ne Si ze Bal l  Val ves

I nst al l  a l i ne s i ze bal l  val ve and uni on upst r eam of  each sol enoi d val ve,  
i n- l i ne f l ow swi t ch,  or  ot her  i n- l i ne el ect r i cal  devi ce,  excl udi ng 
[ magnet i c f l owmet er s]  [ _____] ,  f or  i sol at i on dur i ng mai nt enance.

3. 11. 3   I sol at i on Val ve

I nst al l  saf et y i sol at i on val ves on compr essed ai r  suppl i es.   Locat e val ve 
t o pr ovi de accessi bi l i t y  f or  cont r ol  and mai nt enance.   I f  necessar y,  
i nst al l  access door s i n f i ni shed wal l s and pl ast er  cei l i ngs f or  val ve 
access.

3. 11. 4   Oper at or  Ext ensi on St ems

Wher e t he dept h of  t he val ve i s such t hat  i t s cent er l i ne i s mor e t han [ 925 
mm 3 f eet ]  [ [ _____]  mm f eet ]  bel ow gr ade,  f ur ni sh an oper at or  ext ensi on 
st em wi t h a [ 50 mm 2 i nch]  [ [ _____]  mm i nch]  oper at i ng nut  t o br i ng t he 
oper at i ng nut  t o a poi nt  [ 150 mm 5. 9 i nches]  [ [ _____]  mm i nches]  bel ow t he 
sur f ace of  t he gr ound and/ or  box cover .   Locat e oper at i ng nut  i n a f l oor  
box.

3. 11. 5   Tor que Tube

Wher e t he oper at or  f or  quar t er - t ur n val ve i s l ocat ed on a f l oor  st and,  
f ur ni sh an ext ensi on st em t or que t ube,  pr oper l y s i zed f or  t he maxi mum 
t or que capaci t y of  t he val ve.

3. 11. 6   Chai n Wheel  and Gui de

I nst al l  chai n wheel  and gui de assembl i es or  chai n l ever  assembl i es on 
manual l y oper at ed val ves l ocat ed over  [ 2. 05 m 6. 73 f eet ]  [ [ _____]  m f eet ]  
above f i ni shed f l oor  el evat i on.   Wher e chai ns hang i n nor mal l y t r avel ed 
ar eas,  use appr opr i at e [ " L"  t ype]  [ _____]  t i e- back anchor s.

3. 12   AI R RELEASE,  DRAI NS AND SAMPLE PORTS

Pr ovi de sampl e por t s wher e i ndi cat ed on t he cont r act  dr awi ngs.   I nst al l  
speci f i ed vent s at  pi pi ng hi gh poi nt s f or  ent r apped ai r  r el ease and 
i nst al l  dr ai ns i n t he l ow poi nt s of  pi pel i nes r egar dl ess of  whet her  shown 
on cont r act  dr awi ngs.
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3. 13   PI PI NG SUPPORT SYSTEMS I NSTALLATI ON

The absence of  pi pe suppor t s and det ai l s on t he cont r act  dr awi ngs does not  
r el i eve t he Cont r act or  of  r esponsi bi l i t y  f or  s i z i ng and pr ovi di ng suppor t s 
t hr oughout  pl ant .

3. 13. 1   Gener al  Suppor t  Requi r ement s

Pr ovi de pi pe suppor t  syst ems meet i ng t he r equi r ement s of  MSS SP- 58.   
I nst al l  Cont r act or - desi gned and sel ect ed suppor t  syst ems i n accor dance 
wi t h MSS SP- 58,  and as speci f i ed her ei n.   Suppor t  pi pi ng connect i ons t o 
equi pment  by pi pe suppor t s and not  of f  t he equi pment .   Suppor t  l ar ge or  
heavy val ves,  f i t t i ngs,  and/ or  equi pment  i ndependent l y of  associ at ed 
pi pi ng.   Do not  suppor t  pi pes of f  ot her  pi pes.   Pr ovi de suppor t s at  pi pi ng 
changes i n di r ect i on or  i n el evat i on,  adj acent  t o f l exi bl e j oi nt s and 
coupl i ngs,  and wher e ot her wi se shown on t he cont r act  dr awi ngs.   Do not  
i nst al l  pi pe suppor t s and hanger s i n equi pment  access ar eas or  br i dge 
cr ane r uns.   Br ace hangi ng pi pes agai nst  hor i zont al  movement  by bot h 
l ongi t udi nal  and l at er al  sway br aci ng.   At  each channel  t ype suppor t ,  
pr ovi de ever y pi pe wi t h an i nt er medi at e pi pe gui de,  except  wher e pi pe 
anchor s ar e r equi r ed.   Exi st i ng suppor t  syst ems may be used t o suppor t  
addi t i onal  new pi pi ng onl y i f  t he Cont r act or  can demonst r at e t hat  t he 
exi st i ng suppor t  syst ems ar e adequat e f or  t he addi t i onal  l oads,  or  i f  t he 
exi st i ng syst ems ar e st r engt hened t o suppor t  t he addi t i onal  l oads.   
Pr ovi de pedest al  t ype pi pe suppor t s under  base f l anges adj acent  t o 
r ot at i ng equi pment  and wher e r equi r ed t o i sol at e v i br at i on.   Br ace pi pi ng [
65 mm 2. 5 i nch]  [ [ _____]  mm i nch]  i n di amet er  and l ar ger  f or  sei smi c 
f or ces.   I nst al l  l at er al  suppor t s f or  sei smi c l oads at  al l  changes i n 
di r ect i on.

3. 13. 2   Suppor t  of  I nsul at ed Pi pi ng

I nst al l  over si zed suppor t s t o f i t  t he i nsul at i on i nser t s.   Pr ovi de 
suppor t s wi t h gal vani zed or  st ai nl ess st eel  pr ot ect i on shi el ds and 
over si zed r ol l er s.

3. 13. 3   Di el ect r i c Bar r i er s

I nst al l  di el ect r i c bar r i er s bet ween suppor t s and copper  or  st ai nl ess st eel  
pi pi ng,  and bet ween st ai nl ess st eel  suppor t s and non- st ai nl ess st eel  
f er r ous pi pi ng.

3. 13. 4   Suppor t  Spaci ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cal cul at e spans and r od si zes pur suant  t o MSS 
SP- 58.   Coor di nat e wi t h manuf act ur er s dat a and/ or  
ot her  st andar ds f or  gui dance i n det er mi ni ng maxi mum 
suppor t  spans.   Dupl i cat e t he f ol l owi ng 
subpar agr aphs as r equi r ed.

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

3. 13. 4. 1   Accept abl e Li mi t s f or  Met al l i c  Pi pi ng

[ St ai nl ess st eel ]  [ _____]  [ Schedul e [ 10S]  [ _____] ]  wi t h a wal l  t hi ckness 
of  [ _____]  mm i nch,  di amet er  [ _____]  mm i nch,  must  have a maxi mum span of  
[ _____]  mm i nch and a mi ni mum r od si ze f or  s i ngl e r od hanger s of  [ _____]  mm
 i nch.
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3. 13. 4. 2   Accept abl e Li mi t s f or  Ther mopl ast i c Pi pi ng

[ PVC]  [ _____] ,  [ Schedul e [ 40]  [ _____] ]  [ SDR [ 21]  [ _____] ] ,  di amet er  [ _____]
 mm i nch,  must  have a maxi mum span of  [ _____]  mm i nch and a mi ni mum r od 
si ze f or  s i ngl e r od hanger s of  [ _____]  mm i nch.

3. 13. 4. 3   Accept abl e Li mi t s f or  Rubber / El ast omer  Pi pi ng

[ Chl or opr ene]  [ _____] ,  i nt er nal  di amet er  [ _____]  mm i nch,  must  have a 
maxi mum span of  [ _____]  mm i nch and a mi ni mum r od si ze f or  s i ngl e r od 
hanger s of  [ _____]  mm i nch.

3. 13. 5   Suppor t  Met hods

Pr ovi de pi pi ng suppor t  as speci f i ed and as shown i n t he cont r act  
dr awi ngs.   Suppor t  s i ngl e hor i zont al  suspended pi pi ng by [ adj ust abl e 
swi vel - r i ng, ]  [ spl i t - r i ng, ]  [ or ]  [ c l evi s]  [ _____]  hanger s.   Suppor t  
mul t i pl e hor i zont al  suspended pi pi ng by [ t r apeze hanger s wi t h channel  t ype 
suppor t s]  [ _____] .   Pr ovi de hor i zont al  pedest al  mount ed pi pi ng wi t h 
[ saddl e]  [ _____]  t ype suppor t s.   Pr ovi de hor i zont al  wal l  mount ed pi pi ng 
wi t h [ wal l  br acket s]  [ _____] .   Suppor t  ver t i cal  pi pi ng by [ wal l  br acket s, ]  
[ base el bows, ]  [ or ]  [ r i ser  c l amps on f l oor  penet r at i ons]  [ _____] .

3. 13. 6   Suppor t s and Hanger s f or  St ai nl ess St eel  Pi pi ng

Pr ovi de al l  hanger - pi pe cont act  sur f aces wi t h a di el ect r i c bar r i er  
consi st i ng of  [ chl or opr ene r ubber ]  [ _____]  wr appi ng [ or  pl ast i c coat ed 
hanger s] .   The l oad r at i ng of  uni ver sal  concr et e i nser t s i s not  al l owed t o 
be l ess t han t hat  of  t he hanger  r ods t hey suppor t .

3. 14   PI PE I DENTI FI CATI ON,  PAI NTI NG AND COLOR CODI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Col or  codi ng f or  pi pi ng i dent i f i cat i on as 
r equi r ed by t he usi ng agency wi l l  be devel oped and 
i nser t ed i n t he Col or  Code Schedul e ( Tabl e I )  i n 
Sect i on 09 90 00 PAI NTS AND COATI NGS.   For  Ai r  For ce 
i nst al l at i ons,  pi pi ng wi l l  be col or  coded i n 
accor dance wi t h At t achment  4 of  Ai r  For ce Regul at i on 
88- 15.

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

Ensur e col or ,  coat i ng,  and l et t er i ng r equi r ement s f or  exposed pi pi ng ar e 
i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.   [ Except  wher e 
pi pi ng i s r equi r ed t o be compl et el y pai nt ed i n i t s code col or ,  pi pi ng or  
i t s i nsul at i on cover i ng may be banded ei t her  wi t h pl ast i c adhesi ve t apes 
or  pai nt ed st r i pes ar ound pi pe desi gnat i ng pi pi ng cont ent s [ i n accor dance 
wi t h f ol l owi ng opt i ons and r equi r ement s] . ]   [ Pr ovi de a s i ngl e i ndi v i dual  
band,  of  pl ast i c adhesi ve t ape or  pai nt ,  desi gnat i ng pi pe cont ent s wi t h 
suf f i c i ent  l engt h t o per mi t  t he st enci l i ng of  pi pe cont ent s i n l et t er s. ]   
[ Pr ovi de i dent i f i cat i on at  br anch connect i ons,  i nl et s and out l et s of  
equi pment ,  ever y [ 6 m 19. 7 f eet ]  [ [ _____]  m f eet ]  of  st r ai ght  r un,  
upst r eam of  val ves,  and wi t hi n [ 1 m 3. 3 f eet ]  [ [ _____]  m f eet ]  of  ent r ance 
t o or  exi t  f r om wal l  cur t ai ns,  or  ot her  s i mi l ar  t ype bar r i er . ]

3. 15   FI ELD QUALI TY CONTROL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The gener al  pi pe t est i ng r equi r ement s ar e 
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basi cal l y t aken f r om ASME B31. 3 f or  Chemi cal  and 
Pet r ol eum Ref i ner y Pi pi ng.   Test  pr essur e f or  
hydr ost at i c pr essur e and l eakage t est s wi l l  be t he 
wor ki ng pr essur e mul t i pl i ed by 1. 33.   For  a wor ki ng 
pr essur e of  1. 03 MPa 150 psi g,  t he t est  pr essur e 
wi l l  be 1. 38 MPa 200 psi g.   For  ot her  wor ki ng 
pr essur es t he t est  pr essur e wi l l  be adj ust ed 
accor di ngl y.

Pneumat i c t est i ng shoul d be avoi ded i f  possi bl e.   
Speci f y pneumat i c t est i ng on syst ems wher e r esi dual  
moi st ur e i n t he l i nes coul d be a pr obl em ( such as 
wi t h anhydr ous l i qui d chl or i ne and hydr aul i c f l ui d) ,  
and wher e t he use of  anot her  nont oxi c l i qui d i s not  
f easi bl e.   ASME B31. 3 met hods shoul d be used.

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

3. 15. 1   Hydr ost at i c Test s

Wher e any sect i on of  a pi pel i ne i s pr ovi ded wi t h concr et e t hr ust  bl ocki ng 
f or  f i t t i ng,  do not  make t he hydr ost at i c t est s unt i l  at  l east  [ 5]  [ _____]  
days af t er  t he i nst al l at i on of  t he concr et e t hr ust  bl ocki ng,  unl ess 
ot her wi se appr oved by t he Cont r act i ng Of f i cer .

3. 15. 1. 1   Bur i ed Pi pi ng

Af t er  t he pi pe i s l ai d,  t he j oi nt s compl et ed and t he t r ench par t i al l y  
backf i l l ed l eavi ng t he j oi nt s exposed f or  exami nat i on,  subj ect  t he newl y 
l ai d pi pi ng or  any val ved sect i on of  pi pi ng,  unl ess ot her wi se speci f i ed,  
f or  [ 1]  [ _____]  hour  t o a hydr ost at i c t est  pr essur e [ of  [ _____]  MPa psi g]  
[ as l i s t ed i n t he Pi pe Schedul e i n t he cont r act  dr awi ngs] .   Open and cl ose 
each val ve sever al  t i mes dur i ng t he t est .   Car ef ul l y exami ne exposed pi pe,  
j oi nt s,  f i t t i ngs,  and val ves dur i ng t he par t i al l y  open t r ench t est .   
Repl ace j oi nt s showi ng vi s i bl e l eakage as necessar y.   Remove def ect i ve 
pi pe,  j oi nt s,  f i t t i ngs,  and val ves f ound dur i ng t he pr essur e t est  and 
r epl ace wi t h new mat er i al ,  and r epeat  t he t est  unt i l  t he t est  r esul t s ar e 
sat i sf act or y.   The r equi r ement  f or  t he j oi nt s t o r emai n exposed f or  t he 
hydr ost at i c t est s may be wai ved by t he Cont r act i ng Of f i cer  when one or  
mor e of  t he f ol l owi ng condi t i ons ar e encount er ed:   ( 1)  wet  or  unst abl e 
soi l  condi t i ons i n t he t r ench;  ( 2)  compl i ance woul d r equi r e mai nt ai ni ng 
bar r i cades and wal kways ar ound and acr oss an open t r ench i n a heavi l y used 
ar ea t hat  woul d r equi r e cont i nuous sur vei l l ance t o assur e saf e condi t i ons;  
or  ( 3)  mai nt ai ni ng t he t r ench i n an open condi t i on woul d del ay compl et i on 
of  t he Cont r act .   The Cont r act or  may r equest  a wai ver ,  set t i ng f or t h i n 
wr i t i ng t he r easons f or  t he r equest  and st at i ng t he al t er nat i ve pr ocedur e 
pr oposed t o compl y wi t h t he hydr ost at i c t est s.   Pl ace backf i l l  pl aced 
pr i or  t o t he t est s i n accor dance wi t h t he r equi r ement s of  Sect i on 31 00 00 
EARTHWORK.

3. 15. 1. 2   Exposed Pi pi ng

Conduct  hydr ost at i c t est i ng i n accor dance wi t h ASME B31. 3.   Test  pi pi ng 
syst ems under  nor mal  ser vi ce condi t i ons ( as i ndi cat ed i n t he Pi pe Schedul e 
i n t he cont r act  dr awi ngs)  t o demonst r at e compl i ance.   Test  pr essur e l ess 
t han [ 1. 5]  [ _____]  t i mes t he desi gn pr essur e i s pr ohi bi t ed.   Use [ wat er ]  
[ _____]  as t he hydr ost at i c t est  f l ui d.   Pr ovi de cl ean t est  wat er  of  such 
qual i t y t o pr event  cor r osi on of  t he pi pi ng syst em mat er i al s.   Open ai r  
r el ease vent s at  al l  hi gh poi nt s of  t he pi pi ng syst em i n or der  t o pur ge 
ai r  pocket s whi l e t he pi pi ng syst em i s f i l l i ng.
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3. 15. 1. 2. 1   Ri gi d Pi pi ng

For  r i gi d pi pi ng hydr ost at i c t est i ng,  cal cul at e t he maxi mum t est  pr essur e 
accor di ng t o ASME B31. 3,  but  do not  exceed t he yi el d st r engt h of  t he 
pi pi ng syst em.   The maxi mum vel oci t y dur i ng f i l l i ng i s [ [ 0. 075 m/ s 0. 25 f ps
]  [ [ _____]  m/ s f ps]  appl i ed over  f ul l  ar ea of  pi pe]  [ i n accor dance wi t h 
t he manuf act ur er ' s i nst r uct i ons] .   [ Vent i ng dur i ng f i l l i ng may al so be 
pr ovi ded by l ooseni ng f l anges wi t h a mi ni mum of  f our  bol t s or  by t he use 
of  equi pment  vent s. ]   Test  al l  par t s of  t he pi pi ng syst em.   Mai nt ai n 
hydr ost at i c t est  pr essur e cont i nuousl y f or  [ 30]  [ _____]  mi nut es mi ni mum 
and f or  such addi t i onal  t i me as necessar y t o conduct  exami nat i ons f or  
l eakage.   Exami ne al l  j oi nt s and connect i ons f or  l eakage.   Ensur e pi pi ng 
syst em,  excl usi ve of  possi bl e l ocal i zed i nst ances at  pump or  val ve 
packi ng,  shows no vi sual  evi dence of  l eaki ng.   Cor r ect  v i s i bl e l eakage and 
r et est .   Unl ess ot her wi se di r ect ed by t he Cont r act i ng Of f i cer ,  l eave t he 
pi pi ng syst em f ul l  of  wat er  af t er  l eaks ar e r epai r ed.

3. 15. 1. 2. 2   [ Non- Ri gi d,  Non- Met al l i c  Pi pi ng]  [ and]  [ Met al l i c  Pi pi ng wi t h a 
Non- Met al l i c  Li ner ]

For  [ non- r i gi d,  non- met al l i c  pi pi ng]  [ and]  [ met al l i c  pi pi ng wi t h a 
non- met al l i c  l i ner ]  hydr ost at i c t est i ng,  cal cul at e t he maxi mum t est  
pr essur e accor di ng t o ASME B31. 3,  but  do not  exceed [ 1. 5]  [ _____]  t i mes 
t he maxi mum pr essur e r at i ng of  t he l owest  r at ed component  i n t he pi pi ng 
syst em.   The maxi mum vel oci t y dur i ng f i l l i ng i s [ [ 0. 075 m/ s 0. 25 f ps]  
[ [ _____]  m/ s f ps]  appl i ed over  f ul l  ar ea of  pi pe]  [ i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons] .   Pr essur i ze t he syst em i ni t i al l y  t o [ 50]  
[ _____]  per cent  of  t he nor mal  ser vi ce condi t i ons and i nspect .   Repai r  any 
l eaks .   Then pr essur i ze t he syst em t o t he t est  pr essur e.   Add smal l  
amount s of  [ wat er ]  [ _____]  as r equi r ed on a hour l y basi s f or  a maxi mum of  
[ 3]  [ _____]  hour s i n or der  t o mai nt ai n t he t est  pr essur e.   Af t er  [ 4]  
[ _____]  hour s,  l ower  t he t est  pr essur e by [ 70 kPa 10. 2 psi ]  [ [ _____]  kPa 
psi ] .   I f  t he hydr ost at i c pr essur e r emai ns st eady f or  [ 1]  [ _____]  hour ,  
t hen no l eakage i s i ndi cat ed.   I nspect  f or  l eaks,  r epai r  and r et est  i f  
necessar y.   Al l ow pi pi ng syst em t o r el ax f or  [ 8]  [ _____]  hour s bef or e 
r et est i ng.

3. 15. 1. 3   Doubl e Cont ai nment  Pr i mar y Pi pi ng

Test  t he pr i mar y pi pi ng of  a doubl e cont ai nment  pi pi ng syst em i n 
accor dance wi t h Subpar agr aph [ Bur i ed Pi pi ng]  [ Exposed Pi pi ng]  of  t hi s 
par agr aph.   Pneumat i cal l y pr essur e t est  secondar y cont ai nment  pi pi ng of  a 
doubl e cont ai nment  pi pi ng syst em i n accor dance wi t h Subpar agr aph Doubl e 
Cont ai nment  Secondar y Pi pi ng.   Pr essur e t est  at  t he maxi mum t est  pr essur e 
of  [ 5 psi ]  [ _____]  or  manuf act ur er ' s r ecommended maxi mum,  [ _____]  t i mes 
t he maxi mum pr essur e r at i ng of  t he l owest  r at ed component  i n t he pi pi ng 
syst em.   The maxi mum vel oci t y dur i ng f i l l i ng i s [ [ 0. 075 m/ s 0. 25 f ps]  
[ [ _____]  m/ s f ps]  appl i ed over  f ul l  ar ea of  pi pe]  [ i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons] .   Pr essur i ze t he syst em i ni t i al l y  t o [ 50]  
[ _____]  per cent  of  t he nor mal  ser vi ce condi t i ons and i nspect .   Repai r  any 
l eaks.   Then pr essur i ze t he syst em t o t he t est  pr essur e.   Add smal l  
amount s of  [ wat er ]  [ _____]  as r equi r ed on a hour l y basi s f or  a maxi mum of  
[ 3]  [ _____]  hour s i n or der  t o mai nt ai n t he t est  pr essur e.   Af t er  [ 4]  
[ _____]  hour s,  l ower  t he t est  pr essur e by [ 70 kPa 10. 2 psi ]  [ [ _____]  kPa 
psi ] .   I f  t he hydr ost at i c pr essur e r emai ns st eady f or  [ 1]  [ _____]  hour ,  
t hen no l eakage i s i ndi cat ed.   I nspect  f or  l eaks,  r epai r  and r et est  i f  
necessar y.   Al l ow pi pi ng syst em t o r el ax f or  [ 8]  [ _____]  hour s bef or e 
r et est i ng.
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3. 15. 1. 4   Ti me f or  Maki ng Test

Except  f or  j oi nt  mat er i al  set t i ng or  wher e concr et e t hr ust  bl ocks 
necessi t at e a del ay,  under gr ound pi pi ng j oi nt ed wi t h r ubber  gasket s,  
mechani cal  or  push- on j oi nt s,  or  coupl i ngs may be subj ect ed t o hydr ost at i c 
pr essur e,  i nspect ed,  and t est ed f or  l eakage at  any t i me af t er  par t i al  
compl et i on of  backf i l l .   Conduct  t est s f or  above gr ound pr essur e pi pi ng 
af t er  t he pi pi ng has been compl et el y i nst al l ed,  i ncl udi ng al l  suppor t s,  
hanger s,  and anchor s,  and i nspect ed f or  pr oper  i nst al l at i on but  pr i or  t o 
i nst al l at i on of  i nsul at i on.

3. 15. 2   Pneumat i c Test s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Do not  use pneumat i c t est s f or  pr i mar y pi pi ng 
of  doubl e cont ai nment  pi pi ng syst ems.  

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

Pr epar e f or  and conduct  pneumat i c t est i ng i n accor dance wi t h t he 
r equi r ement s of  ASME B31. 3.   Car e must  be t aken t o mi ni mi ze t he chance of  
a br i t t l e f r act ur e or  f ai l ur e dur i ng a pneumat i c l eak t est .   Use onl y 
non- t oxi c,  nonf l ammabl e,  i ner t  gases or  ai r .

3. 15. 2. 1   Pr essur e Rel i ef  Devi ce

Dur i ng pneumat i c t est i ng,  pr ovi de a pr essur e r el i ef  devi ce f or  each pi pi ng 
sect i on bei ng t est ed.   The devi ce must  have a set  pr essur e no hi gher  t han 
t he t est  pr essur e pl us t he l esser  of  [ 10]  [ _____]  per cent  of  t he t est  
pr essur e or  [ 350 kPa 50. 8 psi ]  [ [ _____]  kPa psi ] .

3. 15. 2. 2   Pneumat i c Test i ng Pr ocedur es

The t est  f l ui d must  be [ ai r ]  [ _____]  and t he t est  pr essur e must  be [ 110]  
[ _____]  per cent  of  t he desi gn pr essur e.   I ncr ease t est  pr essur e 
i ncr ement al l y unt i l  t he gage pr essur e r eaches t he l esser  of  [ 50]  [ _____]  
per cent  of  t he t est  pr essur e or  [ 170 kPa 25 psi g]  [ [ _____]  kPa psi g] .   
Exami ne pi pi ng j oi nt s f or  l eakage.   I f  no l eakage i s occur r i ng,  cont i nue 
t o i ncr ease t he pr essur e i ncr ement al l y,  whi l e mai nt ai ni ng each i ncr ement al  
i ncr ease l ong enough t o equal i ze pi pe st r ai ns,  unt i l  t he t est  pr essur e i s 
r eached.   Then r educe t he t est  pr essur e t o t he desi gn pr essur e and 
mai nt ai n f or  [ 10]  [ _____]  mi nut es wi t hout  addi t i onal  ener gy expendi t ur e.   
I f  t he pneumat i c pr essur e r emai ns st eady,  t hen no l eakage i s i ndi cat ed.   
I nspect  f or  and r epai r  l eaks,  and r et est  i f  necessar y.

3. 15. 2. 3   Doubl e Cont ai nment  Secondar y Pi pi ng

Hydr ost at i cal l y t est  t he pr i mar y pi pi ng of  a doubl e cont ai nment  pi pi ng 
syst em i n accor dance wi t h Subpar agr aph [ Bur i ed Pi pi ng]  [ Exposed Pi pi ng] .   
Pneumat i cal l y pr essur e t est  secondar y cont ai nment  pi pi ng of  a doubl e 
cont ai nment  pi pi ng syst em at  t he maxi mum t est  pr essur e of  [ 5 psi ]  [ _____]  
or  manuf act ur er ' s r ecommended maxi mum.   The t est  f l ui d must  be [ ai r ]  
[ _____] .   [ Test i ng pr ocedur es must  be i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons. ]   [ I ncr ease t he t est  pr essur e i ncr ement al l y unt i l  t he 
gage pr essur e r eaches [ 50]  [ _____]  per cent  of  t he t est  pr essur e.   Exami ne 
pi pi ng j oi nt s f or  l eakage.   I f  no l eakage i s occur r i ng,  cont i nue t o 
i ncr ease t he pr essur e i ncr ement al l y,  whi l e mai nt ai ni ng each i ncr ement al  
i ncr ease l ong enough t o equal i ze pi pe st r ai ns,  unt i l  t he t est  pr essur e i s 
r eached.   Then r educe t he t est  pr essur e t o t he desi gn pr essur e and 
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mai nt ai n f or  [ 10]  [ _____]  mi nut es wi t hout  addi t i onal  ener gy expendi t ur e.   
I f  t he pneumat i c pr essur e r emai ns st eady,  t hen no l eakage i s i ndi cat ed. ]   
I nspect  f or  and r epai r  l eaks,  and r et est  i f  necessar y.

3. 15. 3   Pi pe Leakage Test s

Unl ess appr oved by t he Cont r act i ng Of f i cer ,  conduct  l eakage t est i ng af t er  
t he pr essur e t est s have been sat i sf act or i l y  compl et ed.   The dur at i on of  
each l eakage t est  i s  at  l east  [ 2]  [ _____]  hour s,  and dur i ng t he t est ,  
subj ect  t he pi pi ng t o no l ess t han [ 1. 38 MPa 200 psi g]  [ [ _____]  MPa psi g]  
pr essur e.   Leakage i s def i ned as t he quant i t y of  t he t est  l i qui d,  [ wat er ]  
[ _____] ,  t hat  i s  suppl i ed t o t he pi pi ng syst em,  or  any val ved or  appr oved 
sect i on t her eof ,  i n or der  t o mai nt ai n pr essur e wi t hi n [ 34. 5 kPa 5 psi ]  
[ [ _____]  kPa psi ]  of  t he speci f i ed l eakage t est  pr essur e af t er  t he pi pi ng 
has been f i l l ed wi t h t he t est  l i qui d and al l  ai r  i s  expel l ed.   No pi pi ng 
i nst al l at i on wi l l  be accept ed i f  l eakage exceeds [ t he val ues l i s t ed i n t he 
Pi pe Schedul e i n t he cont r act  dr awi ngs]  [ or ,  i f  appl i cabl e, ]  [ t he 
al l owabl e l eakage det er mi ned by t he f ol l owi ng f or mul a:

L  = Cf  x N x D x P0. 5

Cf conver si on f act or 10. 786 0. 0001351

L al l owabl e l eakage mm3 per  hour  gal l ons per  hour

N number  of  j oi nt s i n t he l engt h of  pi pi ng 
t est ed

D nomi nal  pi pe di amet er mm i nches

P aver age t est  pr essur e dur i ng t he t est MPa psi g

]

Shoul d any t est  di scl ose l eakage gr eat er  t han t hat  al l owed,  l ocat e t he 
l eaks and r epai r  unt i l  t he l eakage i s wi t hi n t he speci f i ed al l owance,  
wi t hout  addi t i onal  cost .

3. 15. 4   Test i ng New t o Exi st i ng Connect i ons

Test  new pi pi ng connect ed t o exi st i ng pi pe,  exi st i ng equi pment ,  exi st i ng 
t r eat ment  syst ems,  or  t anks and t r eat ment  syst ems f ur ni shed under  ot her  
Sect i ons.   I sol at e t he new pi pi ng wi t h pi pe caps,  spect acl e bl i nds,  or  
bl i nd f l anges.   Test  t he j oi nt  bet ween new pi pi ng and exi st i ng pi pi ng by 
met hods t hat  do not  pl ace t he ent i r e exi st i ng syst em under  t he t est  l oad.   
Pr oceed.  t hen,  wi t h t he t est i ng of  new pi pi ng syst ems as speci f i ed her ei n.

3. 15. 5   Val ve Test i ng

Submi t  copi es of  al l  f i el d t est  r epor t s wi t hi n [ 24]  [ _____]  hour s of  t he 
compl et i on of  t he t est .   Val ves may ei t her  be t est ed whi l e t est i ng 
pi pel i nes,  or  as a separ at e st ep.   Demonst r at e t hat  val ves open and cl ose 
smoot hl y wi t h oper at i ng pr essur e on one si de and at mospher i c pr essur e on 
t he ot her ,  and i n bot h di r ect i ons f or  t wo- way val ve appl i cat i ons.   Count  
and r ecor d t he number  of  t ur ns r equi r ed t o open and cl ose each val ve,  and 
account  f or  any di scr epanci es wi t h manuf act ur er ' s dat a.   Exami ne ai r  and 
vacuum r el i ef  val ves as t he associ at ed pi pe i s bei ng f i l l ed t o ver i f y 
vent i ng and seat i ng i s f ul l y  f unct i onal .   Set ,  ver i f y,  and r ecor d set  
pr essur es f or  al l  r el i ef  and r egul at i ng val ves.   Test  sel f - cont ai ned 
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aut omat i c val ves at  bot h maxi mum and mi ni mum oper at i ng r anges,  and r eset  
upon compl et i on of  t est  t o t he desi gn val ue.   [ Test  aut omat i c val ves t hat  
ar e not  sel f - cont ai ned i n conj unct i on wi t h cont r ol  syst em t est i ng. ]

3. 16   FI NAL CLEANI NG

3. 16. 1   I nt er i m Cl eani ng

Pr event  t he accumul at i on of  wel d r od,  wel d spat t er ,  pi pe cut t i ngs and 
f i l i ngs,  gr avel ,  c l eani ng r ags,  and ot her  f or ei gn mat er i al  wi t hi n pi pi ng 
sect i ons dur i ng f abr i cat i on.   Exami ne t he pi pi ng t o assur e r emoval  of  
t hese and ot her  f or ei gn obj ect s pr i or  t o assembl y and i nst al l at i on.

3. 16. 2   Fl ushi ng

Fol l owi ng assembl y and t est i ng,  and pr i or  t o f i nal  accept ance,  f l ush 
pi pi ng syst ems wi t h [ wat er ]  [ _____]  t o r emove accumul at ed const r uct i on 
debr i s and ot her  f or ei gn mat t er .   Fl ush pi pi ng unt i l  al l  f or ei gn mat t er  i s 
r emoved f r om t he pi pel i ne.   Pr ovi de al l  hoses,  t empor ar y pi pes,  di t ches,  
and ot her  i t ems as r equi r ed t o pr oper l y di spose of  f l ushi ng wat er  wi t hout  
damage t o adj acent  pr oper t i es.   The mi ni mum f l ushi ng vel oci t y i s [ 0. 76 m/ s 
2. 5 f ps]  [ [ _____]  m/ s f ps] .   For  l ar ge di amet er  pi pe wher e i t  i s  
i mpr act i cal  t o f l ush t he pi pe at  t he mi ni mum f l ushi ng vel oci t y,  c l ean t he 
pi pel i ne i n- pl ace f r om t he i nsi de by br ushi ng and sweepi ng,  t hen f l ushi ng 
t he pi pel i ne at  a l ower  vel oci t y.   I nst al l  cone st r ai ner s i n t he f l ushi ng 
connect i ons of  at t ached equi pment  and l eave i n pl ace unt i l  c l eani ng i s 
compl et ed.   Remove accumul at ed debr i s t hr ough dr ai ns,  or  by r emovi ng 
spool s or  val ves.

3. 16. 3   Di s i nf ect i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect i vel y r equi r e t he Cont r act or  t o per f or m 
di s i nf ect i on wor k f or  l i qui d pr ocess pi pi ng.   Thi s 
shoul d be l i mi t ed onl y t o pr ocesses wher e 
bact er i ol ogi cal  i nt er f er ences coul d damage pr ocess 
equi pment .

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

Di si nf ect  t he [ pi pel i nes so not ed i n t he Pi pe Schedul e i n t he cont r act  
dr awi ngs]  [ f ol l owi ng pi pel i nes:   [ _____] ]  [ _____] .   Bef or e accept ance of  
pi pi ng syst em oper at i on,  di s i nf ect  each sect i on of  compl et ed pi pel i ne [ i n 
accor dance wi t h AWWA C651]  [ as speci f i ed her ei n] .   Af t er  pr essur e t est s 
have been made,  t hor oughl y f l ush t he pi pi ng sect i on t o be di s i nf ect ed wi t h 
wat er  unt i l  al l  ent r ai ned di r t  and mud have been r emoved bef or e 
i nt r oduci ng t he chl or i nat i ng mat er i al .   The chl or i nat i ng mat er i al  must  be 
[ l i qui d chl or i ne]  [ cal c i um hypochl or i t e]  [ or ]  [ sodi um hypochl or i t e]  
[ _____] .   Ensur e t he chl or i nat i ng mat er i al  pr ovi des a dosage of  no l ess 
t han [ 50]  [ _____]  ppm and i nt r oduce i nt o t he pi pi ng i n an appr oved 
manner .   [ Chl or i nat e PVC pi pe l i nes usi ng onl y t he above speci f i ed 
chl or i nat i ng mat er i al  i n sol ut i on. ]   Do not  i nt r oduce t he agent  i nt o t he 
l i ne i n a dr y sol i d st at e.   Ret ai n t he t r eat ed wat er  i n t he pi pe l ong 
enough t o dest r oy al l  non- spor e- f or mi ng bact er i a.   Except  wher e a shor t er  
per i od i s appr oved,  t he r et ent i on t i me i s at  l east  24 hour s and pr oduce no 
l ess t han 25 ppm of  f r ee chl or i ne r esi dual  t hr oughout  t he l i ne at  t he end 
of  t he r et ent i on per i od.   Open and cl ose al l  val ves on t he l i nes bei ng 
di s i nf ect ed sever al  t i mes dur i ng t he cont act  per i od.   Then f l ush t he l i ne 
wi t h c l ean wat er  unt i l  t he r esi dual  chl or i ne i s r educed t o l ess t han 1. 0 
ppm.   Dur i ng t he f l ushi ng per i od,  open and cl ose each out l et  on t he l i ne 
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sever al  t i mes.   Fr om sever al  poi nt s i n t he pi pel i ne sect i on,  [ t he 
Cont r act i ng Of f i cer  wi l l  t ake sampl es of  wat er  i n st er i l i zed cont ai ner s 
f or  bact er i al  exami nat i on]  [ Cont r act or  per sonnel ,  appr oved by t he 
Cont r act i ng Of f i cer ,  must  t ake sampl es i n st er i l i zed cont ai ner s and have a 
bact er i al  exami nat i on per f or med by a commer ci al  l abor at or y i n accor dance 
wi t h st at e appr oved met hods.   The commer ci al  l abor at or y must  be cer t i f i ed 
by t he st at e' s appr ovi ng aut hor i t y f or  exami nat i on of  pot abl e wat er . ]   
Repeat  t he di s i nf ect i on unt i l  t he pi pi ng syst em passes t he bact er i al  
exami nat i on f or  [ 2]  [ _____]  consecut i ve days.   The pi pi ng syst em wi l l  not  
be accept ed unt i l  sat i sf act or y bact er i ol ogi cal  r esul t s have been obt ai ned.

3. 17   WASTE WATER DI SPOSAL

Submi t  t he met hod pr oposed f or  di sposal  of  wast e wat er  f r om hydr ost at i c 
t est s and di s i nf ect i on,  and al l  r equi r ed per mi t s,  pr i or  t o per f or mi ng 
hydr ost at i c t est s.   Di spose of  wat er  used f or  t est i ng,  c l eani ng,  f l ushi ng 
and/ or  di s i nf ect i on i n accor dance wi t h al l  appl i cabl e r egul at i ons.   
Di sposal  i s  sol el y t he r esponsi bi l i t y  of  t he Cont r act or .   Pr ovi de t he 
met hod pr oposed f or  di sposal  of  wast e wat er  t o t he Cont r act i ng Of f i cer  f or  
appr oval  pr i or  t o per f or mi ng any t est i ng,  c l eani ng,  f l ushi ng and 
di s i nf ect i on act i v i t i es.

3. 18   TABLES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The i nt ent i on of  t he Tabl e i s t o gi ve t he 
desi gner  a st r uct ur e t o speci f y t he most  sui t abl e 
pi pi ng syst em mat er i al s f or  a pr oj ect .   The desi gner  
wi l l  edi t  or  del et e t hi s t abl e t o f i t  t he pr oj ect .   
Ver i f y t hat  each pi pel i ne desi gnat i on i s i dent i f i ed 
f or  t he Cont r act or  and t he Cont r act i ng Of f i cer  on 
t he dr awi ngs.   Consul t  EM 1110- 1- 4008 Li qui d Pr ocess 
Pi pi ng t o det er mi ne accept abl e mat er i al s f or  each 
appl i cat i on.   Al l ow t he Cont r act or  sel ect i on of  t he 
most  economi cal  of  t he accept abl e syst ems.   Tabl e 
may be shown on t he dr awi ngs and del et ed f r om t hi s 
sect i on of  t he speci f i cat i ons.

As i ndi cat ed i n par agr aph 2. 16,  Doubl e Cont ai nment  
pi pe i s suppl i ed i n di f f er ent  mat er i al s of  
const r uct i on.   Sel ect i on of  whi ch depends upon t he 
f l ui ds bei ng handl ed and ot her  condi t i ons of  
i nst al l at i on;  i . e. ,  under gr ound,  above gr ound,  and 
t emper at ur e.

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

TABLE I
PI PE AND FI TTI NG MATERI ALS FOR COMMON PI PI NG SYSTEMS

I t em 
No.

Pi pe Mat er i al SERVI CE

A B1 B2 C D1 D2 E1 E2 E3 E4 E5 E6 E7 F G H

2. 2 DI x x x x

2. 3 CS x x x x x x x x x x
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TABLE I
PI PE AND FI TTI NG MATERI ALS FOR COMMON PI PI NG SYSTEMS

I t em 
No.

Pi pe Mat er i al SERVI CE

A B1 B2 C D1 D2 E1 E2 E3 E4 E5 E6 E7 F G H

2. 4 Li ned St eel x x x x x x x x x x x x x x x

2. 5 SS x x x x x x x x x x x x x x x

2. 6 Ni ckel / Ni ckel  Al l oys x x x x x x x x x x x

2. 7 Al umi num x x x x x x x x x x x x

2. 8 Copper x x x x x x x x x x x

2. 9 PVC x x x x x x x x x

2. 10 CPVC x x x x x x x x x x

2. 11 PVDF x x x x x x x x x x x x

2. 12 ABS x x x x x

2. 13 PE x x x x x x x x x x x

2. 14 Rubber / El ast omer x x x x x

2. 15 FRP x x x x x x x x x

2. 16 Doubl e Cont ai nment x x x x x x x x x x x x x x x

LEGEND:

A Under gr ound

B1 Abovegr ound:  wi t h ambi ent  t emper at ur e exposur e - 25 t o pl us 45 degr ees C - 13 
t o pl us 113 degr ees F and ul t r avi ol et  l i ght  exposur e

B2 Abovegr ound:  wi t h heat  t r ace and i nsul at ed j acket

C Temper at ur e,  Gr eat er  t han 80 degr ees C 176 degr ees F

D1 Sol vent s:  non- pol ar

D2 Sol vent s:  pol ar

E1 Chemi cal :  [ st r ong,  ] [ _____]  per cent  [ sul f ur i c] [ hydr ochl or i c] [ ____]  aci d

E2 Chemi cal :  [ weak,  ] [ _____]  per cent  [ sul f ur i c] [ hydr ochl or i c] [ ____]  aci d

E3 Chemi cal :  [ weak,  ] [ _____]  per cent  base

E4 Chemi cal :  [ st r ong,  ] [ _____]  per cent  base
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TABLE I
PI PE AND FI TTI NG MATERI ALS FOR COMMON PI PI NG SYSTEMS

I t em 
No.

Pi pe Mat er i al SERVI CE

A B1 B2 C D1 D2 E1 E2 E3 E4 E5 E6 E7 F G H

E5 Chemi cal :  [ chl or i ne] [ _____]

E6 Chemi cal :  [ oxi di z i ng agent s] [ _____]

E7 Chemi cal :  [ sul f at e] [ _____]

F POLs

G NAPLs

H DNAPLs

3. 19   MANUFACTURER' S FI ELD SERVI CES

Submi t  a s i gned st at ement  cer t i f y 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 t he cont r act  dr awi ngs and speci f i cat i ons and t he 
manuf act ur er ' s pr escr i bed pr ocedur es and t echni ques,  upon compl et i on of  
t he pr oj ect  and bef or e f i nal  accept ance.   Obt ai n manuf act ur er ' s t echni cal  
assi st ance f or  Cont r act or  t r ai ni ng,  i nst al l at i on i nspect i on,  st ar t  up,  and 
owner  oper at i ng and mai nt enance t r ai ni ng.   Fol l ow  manuf act ur er ' s 
i nst r uct i ons f or  i nst al l at i on.

       - -  End of  Sect i on - -
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