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SECTI ON 23 21 13. 00 20

LOW TEMPERATURE WATER ( LTW)  HEATI NG SYSTEM
04/ 06,  CHG 2:  11/ 19

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  compl et e l ow t emper at ur e wat er  
heat i ng syst em i ncl udi ng hot  wat er  pi pi ng ( suppl y 
and r et ur n)  and t er mi nal  uni t s used f or  heat i ng.

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) .

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s sect i on does not  i ncl ude f eedwat er  
t r eat ment  equi pment  or  pr ocess hot  wat er  t er mi nal  
uni t s.   Pi pi ng as used i n t hi s speci f i cat i on 
i ncl udes pi pe,  t ubes,  f l anges,  bol t i ng,  gasket s,  
val ves,  r el i ef  devi ces,  f i t t i ngs,  and pr essur e 
cont ai ni ng par t s of  ot her  pi pi ng component s,  hanger s 
and suppor t s,  and ot her  equi pment  i t ems necessar y t o 
pr event  over st r essi ng of  t he pr essur e cont ai ni ng 
par t s.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng i nf or mat i on shoul d be shown on 
t he dr awi ngs:
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1.   Layout  of  heat i ng syst em.

2.   Locat i on,  s i ze,  and capaci t y of  f i nned t ube 
r adi at or s,  convect or s,  uni t  heat er s,  f l ow met er s,  
pumps,  and expansi on t anks.

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

PART 1   GENERAL

1. 1   REFERENCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.  The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.
 
Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out 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.

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S1. 4 ( 1983;  Amendment  1985;  R 2006)  
Speci f i cat i on f or  Sound Level  Met er s ( ASA 
47)

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 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
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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 
Thr eaded

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

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. 24 ( 2022)  Cast  Copper  Al l oy Pi pe Fl anges,  
Fl anged Fi t t i ngs,  and Val ves Cl asses 150,  
300,  600,  900,  1500,  and 2500

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

ASME B16. 36 ( 2020)  Or i f i ce Fl anges

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

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. 9 ( 2020)  Bui l di ng Ser vi ces Pi pi ng

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

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

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

ASSE 1003 ( 2020)  Per f or mance Requi r ement s f or  Wat er  
Pr essur e Reduci ng Val ves f or  Domest i c 
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

ASSE 1017 ( 2023)  Per f or mance Requi r ement s f or  
Temper at ur e Act uat ed Mi xi ng Val ves f or  Hot  
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses
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ASTM I NTERNATI ONAL ( ASTM)

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 A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

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

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 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,  
Schedul es 40,  80,  and 120

ASTM F1007 ( 2018;  R 2022)  St andar d Speci f i cat i on f or  
Pi pel i ne Expansi on Joi nt s of  t he Packed 
Sl i p Type f or  Mar i ne Appl i cat i on

ASTM F1120 ( 1987;  R 2019)  St andar d Speci f i cat i on f or  
Ci r cul ar  Met al l i c  Bel l ows Type Expansi on 
Joi nt s f or  Pi pi ng Appl i cat i ons

COPPER DEVELOPMENT ASSOCI ATI ON ( CDA)

CDA A4015 ( 2016;  14/ 17)  Copper  Tube Handbook

FOUNDATI ON FOR CROSS- CONNECTI ON CONTROL AND HYDRAULI C RESEARCH 
( FCCCHR)

FCCCHR Li st ( cont i nuousl y updat ed)  Li st  of  Appr oved 
Backf l ow Pr event i on Assembl i es

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

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

MSS SP- 67 ( 2022)  But t er f l y Val ves
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MSS SP- 69 ( 2003;  Not i ce 2012)  Pi pe Hanger s and 
Suppor t s -  Sel ect i on and Appl i cat i on ( ANSI  
Appr oved Amer i can Nat i onal  St andar d)

MSS SP- 70 ( 2011)  Gr ay I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

MSS SP- 85 ( 2011)  Gr ay I r on Gl obe & Angl e Val ves 
Fl anged and Thr eaded Ends

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- V- 12003 ( 1980;  Rev F;  Am 1;  CANC Not i ce 1)  Val ves,  
Pl ug,   Cast - I r on or  St eel ,  Manual l y 
Oper at ed

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

CI D A- A- 1689 ( Rev B)  Tape,  Pr essur e- Sensi t i ve Adhesi ve,  
( Pl ast i c Fi l m)

CI D A- A- 50543 ( Basi c;  Not i ce 2;  Not i ce 3)  Heat er s,  
Convect i on,  St eam or  Hot  Wat er

CI D A- A- 50544 ( Basi c;  Not i ce 2;  Not i ce 3)  Radi at or s,  
Heat i ng,  St eam and Hot  Wat er ,  Cast  I r on

CI D A- A- 50545 ( Basi c;  Not i ce 2;  Not i ce 3)  Radi at or ,  
Heat i ng,  Baseboar d Panel ,  St eam and Hot  
Wat er

CI D A- A- 50560 ( Basi c)  Pumps,  Cent r i f ugal ,  Wat er  
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Ci r cul at i ng,  El ect r i c- Mot or - Dr i ven

CI D A- A- 59617 ( Basi c,  Not i ce 1)  Uni ons,  Br ass or  Br onze,  
Thr eaded Pi pe Connect i ons and Sol der - Joi nt  
Tube Connect i ons

FS S- R- 2834 ( Basi c;  Not i ce 1;  CANC Not i ce 1)  
Radi at or s:   Heat i ng,  St eel ,  Mul t i f i n Type

FS WW- H- 191 ( Rev E;  Not i ce 2)  Heat er ,  Fl ui d,  
I ndust r i al  ( I nst ant aneous,  St eam,  Wat er  
Conver t er  Type)

FS WW- S- 2739 ( Basi c;  Not i ce 1;  Not i ce 2)  St r ai ner s,  
Sedi ment :   Pi pel i ne,  Wat er ,  Ai r ,  Gas,  Oi l ,  
or  St eam

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

29 CFR 1910. 144 Saf et y Col or  Code f or  Mar ki ng Physi cal  
Hazar ds

29 CFR 1910. 219 Mechani cal  Power  Tr ansmi ssi on Appar at us

1. 2   RELATED REQUI REMENTS

Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS appl i es t o 
t hi s sect i on wi t h addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   SYSTEM DESCRI PTI ON

Except  as speci f i ed ot her wi se,  equi pment  and pi pi ng component s must  be 
sui t abl e f or  use i n l ow t emper at ur e wat er  heat i ng syst em.   Except  as 
modi f i ed her ei n,  t he pr essur e t emper at ur e l i mi t at i ons must  be as speci f i ed 
i n t he r ef er enced st andar ds and speci f i cat i ons.   Pr essur es i n t hi s 
speci f i cat i on ar e pr essur es i n k i l opascal  ( kPa)  pounds per  squar e i nch 
above at mospher i c pr essur e,  and t emper at ur es ar e i n degr ees Cent i gr ade ( C)  
Fahr enhei t  ( F) .

1. 3. 1   Hot  Wat er  Heat i ng Syst em

Submi t  pl an,  el evat i ons,  di mensi ons,  capaci t i es,  and r at i ngs.   I ncl ude t he 
f ol l owi ng:

a.   Uni t  heat er s

b.   Convect or s

c.   Fi nned t ube r adi at or s

d.   Pumps

e.   Val ves

f .   Expansi on t anks

g.   Fl ow measur i ng equi pment

h.   Backf l ow pr event er
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i .   Ai r  separ at i ng t ank

[ j .   Boi l er s]

[ k.   Hot  wat er  heat  exchanger s]

[ l .   Conver t er s]

1. 4   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 
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

Hot  wat er  heat i ng syst em
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SD- 03 Pr oduct  Dat a

Convect or s

Fi nned t ube r adi at or s

Pumps

  I ncl ude pump speed and char act er i st i c cur ve f or  per f or mance of  
i mpel l er  sel ect ed f or  each pump.   Cur ves must  i ndi cat e capaci t y vs 
head,  ef f i c i ency,  and br ake power  f or  f ul l  r ange,  f r om shut - of f  t o 
f r ee del i ver y.

Expansi on t anks

Fl ow measur i ng equi pment

Backf l ow pr event er s

Ext er nal  ai r  separ at i on t anks

Hot  wat er  heat i ng pi pe

SD- 06 Test  Repor t s

Hydr ost at i c t est  of  pi pi ng syst em

Auxi l i ar y equi pment  and accessor y t est s

  Submi t  t est  r epor t s i n accor dance wi t h t he par agr aph ent i t l ed 
" Fi el d Qual i t y Cont r ol . "

SD- 07 Cer t i f i cat es

Backf l ow pr event er  cer t i f i cat i on

Repor t  of  pr i or  i nst al l at i ons

Wel di ng pr ocedur es

Wel der ' s qual i f i cat i ons

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

Convect or s,  Dat a Package 3;  G[ ,  [ _____] ]

Fi nned t ube r adi at or s,  Dat a Package 3;  G[ ,  [ _____] ]

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.   Submi t  a l i s t  of  qual i f i ed ser vi ce 
or gani zat i ons whi ch i ncl udes addr esses and qual i f i cat i ons.

1. 5   QUALI TY ASSURANCE

1. 5. 1   St andar d Commer ci al  Pr oduct  f or  Ter mi nal  Uni t s

Ter mi nal  uni t s pr ovi ded must  compl y wi t h f eat ur es cal l ed out  i n t hi s 
speci f i cat i on and must  be t he manuf act ur er ' s st andar d commer ci al  pr oduct .   
Addi t i onal  or  bet t er  f eat ur es whi ch ar e not  pr ohi bi t ed by t hi s 

SECTI ON 23 21 13. 00 20  Page 11



speci f i cat i on but  whi ch ar e a par t  of  t he manuf act ur er ' s st andar d 
commer ci al  pr oduct ,  must  be i ncl uded i n t he t er mi nal  uni t s bei ng 
f ur ni shed.   A st andar d commer ci al  pr oduct  i s a pr oduct  whi ch has been sol d 
or  i s cur r ent l y bei ng of f er ed f or  sal e,  on t he commer ci al  mar ket  t hr ough 
adver t i sement s or  manuf act ur er ' s cat al ogs,  or  br ochur es.   Pr ovi de 
I nst i t ut e of  Boi l er  and Radi at or  Manuf act ur er  ( I BR)  or  St eel  Boi l er  
I nst i t ut e ( SBI )  r at i ng f or  r equi r ed capaci t y.

1. 5. 2   Wel di ng

1. 5. 2. 1   Repor t  of  Pr i or  I nst al l at i ons

Submi t  a Cer t i f i cat e of  Ful l  Appr oval  or  a cur r ent  Cer t i f i cat e of  Appr oval  
f or  each desi gn,  s i ze,  and make of  backf l ow pr event er  bei ng pr ovi ded f or  
t he pr oj ect .   Cer t i f i cat e must  be f r om t he Foundat i on f or  Cr oss- Connect i on 
Cont r ol  and Hydr aul i c Resear ch,  Uni ver si t y of  Sout her n Cal i f or ni a,  and 
must  at t est  t hat  t hi s desi gn,  s i ze,  and make of  backf l ow pr event er  has 
sat i sf act or i l y  passed t he compl et e sequence of  per f or mance t est i ng and 
eval uat i on f or  t he r espect i ve l evel  of  appr oval .   A Cer t i f i cat e of  
Pr ovi s i onal  Appr oval  i s  not  accept abl e i n l i eu of  t he above.

1. 5. 2. 2   Wel di ng Pr ocedur es

Bef or e per f or mi ng wel di ng,  submi t  t hr ee copi es of  wel di ng pr ocedur e 
speci f i cat i on f or  al l  met al s t o be used i n t he wor k,  t oget her  wi t h pr oof  
of  wel der ' s qual i f i cat i on as out l i nes i n ASME B31. 9.

1. 5. 2. 3   Wel der ' s Qual i f i cat i ons

Bef or e wel der  or  oper at or  per f or ms wel di ng,  submi t  t hr ee copi es of  
Wel der ' s Per f or mance Qual i f i cat i on Recor d i n conf or mance wi t h ASME B31. 9
showi ng t hat  t he wel der  was t est ed under  t he appr oved pr ocedur e 
speci f i cat i on submi t t ed by t he Cont r act or .   I n addi t i on,  submi t  each 
wel der ' s assi gned number ,  l et t er ,  or  symbol  used t o i dent i f y t he wor k of  
t he wel der .

1. 5. 2. 4   I dent i f i cat i on of  Wel der ' s Wor k

Ensur e t hat  each wel der ' s assi gned number ,  l et t er  or  symbol  i s af f i xed 
i mmedi at el y upon compl et i on of  t he wel d.   To wel der s maki ng def ect i ve 
wel ds af t er  passi ng a qual i f i cat i on t est ,  gi ve a r equal i f i cat i on t est .   
Upon f ai l i ng t o pass t he t est ,  do not  per mi t  wel der  t o wor k i n t hi s 
cont r act .

1. 5. 2. 5   Pr evi ous Qual i f i cat i ons

Wel di ng pr ocedur es,  wel der s,  and wel di ng oper at or s pr evi ousl y qual i f i ed by 
t est  may be accept ed f or  t hi s cont r act  wi t hout  r equal i f i cat i on subj ect  t o 
t he appr oval  and pr ovi ded t hat  al l  t he condi t i ons speci f i ed i n 
ASME B31. 9 ar e met  bef or e a pr ocedur e can be used.

1. 5. 3   Br azi ng and Sol der i ng

1. 5. 3. 1   Br azi ng Pr ocedur e

ASME B31. 9.   Br azi ng pr ocedur e f or  j oi nt s must  be as out l i ned i n CDA A4015.

SECTI ON 23 21 13. 00 20  Page 12



1. 5. 3. 2   Sol der i ng,  Sol der i ng Pr epar at i on,  and Pr ocedur es f or  Joi nt s

ASME B31. 9 and as out l i ned i n CDA A4015.

1. 5. 4   Backf l ow Pr event er  Cer t i f i cat i on

Submi t  a Cer t i f i cat e of  Ful l  Appr oval  or  a cur r ent  Cer t i f i cat e of  Appr oval  
f or  backf l ow pr event er s.

1. 6   SAFETY STANDARDS

1. 6. 1   Wel di ng

Saf et y i n wel di ng and cut t i ng of  pi pe must  conf or m t o AWS Z49. 1.

1. 6. 2   Guar ds

Coupl i ngs,  mot or  shaf t s,  gear s and ot her  movi ng par t s must  be guar ded,  i n 
accor dance wi t h OSHA 29 CFR 1910. 219.   Guar ds must  be cast  i r on or  
expanded met al .   Guar d par t s must  be r i gi d and r emovabl e wi t hout  
di sassembl i ng t he guar ded uni t .

PART 2   PRODUCTS

2. 1   PI PE AND FI TTI NGS

2. 1. 1   Hot  Wat er  Heat i ng Pi pe ( Suppl y and Ret ur n)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y Schedul e 40,  80,  or  120 st eel  or  Type 
K or  L copper  as r equi r ed f or  t emper at ur e and 
pr essur e i nvol ved.   Type M copper  shoul d onl y be 
speci f i ed f or  dr ai n pi pi ng.

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

ASTM A53/ A53M el ect r i c r esi st ance wel ded or  seaml ess Schedul e [ _____]  
st eel  pi pe [ or  ASTM B88M ASTM B88 Type [ _____]  har d dr awn Copper  t ubi ng] .

2. 1. 2   Fi t t i ngs

Pr ovi de f i t t i ngs compat i bl e wi t h t he pi pe bei ng pr ovi ded and must  conf or m 
t o t he f ol l owi ng r equi r ement s.

2. 1. 2. 1   St eel  or  Mal l eabl e I r on Pi pe

Si zes 3 t o 50 mm 1/ 8 t o 2 i nches.   ASME B16. 11 st eel  socket  wel di ng or  
scr ewed t ype or  ASME B16. 3 f or  scr ewed t ype mal l eabl e i r on f i t t i ngs.

2. 1. 2. 2   St eel ,  Cast  I r on,  or  Br onze

Si zes 65 mm 2 1/ 2 i nches and above.   St eel  f i t t i ng but t  wel di ng t ype 
ASME B16. 9 or  ASME B16. 5 f l anged t ype.   Cast  i r on f i t t i ngs f l anged t ype 
ASME B16. 1.   Br onze f i t t i ngs up t o 200 mm 8 i nch si ze f l anged t ype 
ASME B16. 24.

2. 1. 2. 3   Fi t t i ngs f or  Copper  Tubi ng

ASME B16. 18 cast  br onze sol der  j oi nt  t ype or  ASME B16. 22 wr ought  copper  
sol der  j oi nt  t ype.   Fi t t i ngs may be f l ar ed or  compr essi on j oi nt  t ype.
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2. 1. 3   Uni ons

2. 1. 3. 1   St eel  Pi pe

Pr ovi de ASME B16. 39,  mal l eabl e i r on uni ons,  t hr eaded connect i ons.

2. 1. 3. 2   Copper  Tubi ng

Pr ovi de CI D A- A- 59617,  br onze uni ons,  sol der  j oi nt  end.

2. 1. 3. 3   Di el ect r i c Uni on

Pr ovi de i nsul at ed uni on wi t h gal vani zed st eel  f emal e pi pe- t hr eaded end and 
a copper  sol der  j oi nt  end conf or mi ng wi t h ASME B16. 39,  Cl ass 1,  
di mensi onal ,  st r engt h and pr essur e r equi r ement s.   Uni on must  have a 
wat er - i mper vi ous i nsul at i on bar r i er  capabl e of  l i mi t i ng gal vani c cur r ent  
t o one per cent  of  t he shor t - c i r cui t  cur r ent  i n a cor r espondi ng bi met al l i c  
j oi nt .   When dr y,  i nsul at i on bar r i er  must  be abl e t o wi t hst and a 600- vol t  
br eakdown t est .

2. 1. 4   Fl anges

Remove r ai sed f aces when used wi t h f l anges havi ng a f l at  f ace.

2. 1. 4. 1   St eel  Fl anges

ASME B16. 5 f or ged st eel ,  wel di ng t ype.

2. 1. 4. 2   Cast  I r on Scr ewed Fl anges

ASME B16. 1.

2. 1. 4. 3   Br onze Scr ewed Fl anges

ASME B16. 24.

2. 1. 5   Dr ai ns and Over f l ows

2. 1. 5. 1   St eel  Pi pe

ASTM A53/ A53M,  [ El ect r i c r esi st ance wel ded]  [ Seaml ess]  Schedul e 40,  
Mal l eabl e i r on or  f or ged st eel  f i t t i ngs,  scr ewed or  wel ded j oi nt s.

2. 1. 5. 2   Copper  Tubi ng

 ASTM B88M ASTM B88,  Type [ K, ]  [ L, ]  [ M, ]  har d dr awn,  cast  br ass or  wr ought  
copper  f i t t i ngs,  Gr ade Sb5 sol der  j oi nt s.

2. 1. 5. 3   PVC Pi pe

ASTM D1785,  Schedul e 40,  [ and Schedul e 80 f or  s i zes 200 mm 8 i nch and 
l ar ger , ]  sol vent  wel d j oi nt s.

2. 1. 6   Val ves

Val ves must  have r i s i ng st ems and must  open when t ur ned count er cl ockwi se.
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2. 1. 6. 1   Gat e Val ves

a.   Br onze Gat e Val ves:   MSS SP- 80,  50 mm 2 i nches and smal l er ,  wedge 
di sc,  i nsi de scr ew t ype not  l ess t han Cl ass 150.   Use sol der  j oi nt  
ends wi t h copper  t ubi ng.

b.   St eel  Gat e Val ves:   ASME B16. 34,  pr ovi de wi t h open st em and yoke t ype 
wi t h sol i d wedge or  f l exi bl e wedge di sc and heat  and 
cor r osi on- r esi st ant  st eel  t r i m.

c.   Cast  I r on Gat e Val ves:   MSS SP- 70,  65 mm 2 1/ 2 i nches and l ar ger ,  open 
st em and yoke t ype wi t h br onze t r i m.

2. 1. 6. 2   Gl obe and Angl e Val ves

a.   Br onze Gl obe and Angl e Val ves:   MSS SP- 80,  50 mm 2 i nches and smal l er ,  
Cl ass 200,  except  use Cl ass 150 wi t h sol der  ends f or  copper  t ubi ng.   
Val ves must  have r enewabl e seat  and di scs except  sol der  end val ves 
whi ch must  have i nt egr al  seat s.

b.   St eel  Gl obe and Angl e Val ves:   ASME B16. 34,  pr ovi de wi t h heat  and 
cor r osi on- r esi st ant  t r i m.

c.   Cast  I r on Gl obe and Angl e Val ves:   MSS SP- 85,  65 mm 2 1/ 2 i nches and 
l ar ger ,  wi t h br onze t r i m,  t apped dr ai ns and br ass pl ug.

2. 1. 6. 3   Check Val ves

a.   Br onze Check Val ves:   MSS SP- 80,  50 mm 2 i nches and smal l er ,  
r egr i ndi ng swi ng check t ype,  Cl ass 200.

b.   St eel  Swi ng Check Val ves:   [ ASME B16. 34] ,  r egr i ndi ng swi ng check t ype,  
Cl ass 200.

( 1)   Swi ng check val ves must  have bol t ed caps.

( 2)   St eel  Li f t  check val ves 50 mm 2 i nches and smal l er  must  have 
bol t ed caps.   Li f t  check val ves 65 mm 2 1/ 2 i nches and l ar ger  must  
have pr essur e seal  caps.

c.   Cast  I r on Check Val ves:   ASME B16. 34,  65 mm 2 1/ 2 i nches and l ar ger ,  
br onze t r i m,  non- sl am,  eccent r i c di sc t ype f or  cent r i f ugal  pump 
di schar ge ser vi ce.

2. 1. 6. 4   Temper at ur e Regul at i ng Val ves

Pr ovi de ASSE 1017 copper  al l oy body wi t h adj ust abl e r ange t her most at .

2. 1. 6. 5   Wat er  Pr essur e- Reduci ng Val ves

ASSE 1003.

2. 1. 6. 6   Pl ug Val ves

MI L- V- 12003,  except  t hat  a r epl aceabl e val ve seat  wi l l  not  be r equi r ed.  
[ Type I  -  l ubr i cat ed,  t aper ed pl ug]  [ Type I I  -  non- l ubr i cat ed,  l i f t - pl ug]  
val ves.
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2. 1. 6. 7   Bal l  Val ves

Fl anged or  but t - wel di ng ends bal l  val ve must  conf or m t o MSS SP- 72,  
[ br onze]  [ st eel ] .   Thr eaded,  socket - wel di ng,  sol der  j oi nt ,  gr ooved and 
f l ar ed ends must  conf or m t o MSS SP- 110.

2. 1. 6. 8   Radi at or  Val ves

Radi at or  val ves must  be angl e or  st r ai ght way pat t er n,  wi t h packed or  
packl ess bonnet  shut of f  gl obe t ype,  desi gned especi al l y f or  hot  wat er  
heat i ng syst em.   Val ve must  be const r uct ed of  br ass or  br onze or  copper  
al l oy conf or mi ng t o ASTM speci f i cat i ons f or  mat er i al s wi t h non- met al l i c  
r enewabl e di sc and pl ast i c wheel  handl e f or  shut of f  ser vi ce.

2. 1. 6. 9   Fl ow Cont r ol  Bal anci ng Val ves

Copper  al l oy or  cast  i r on body,  copper  al l oy or  st ai nl ess i nt er nal  wor ki ng 
par t s,  and i nt egr al  poi nt er  t hat  i ndi cat es t he degr ee of  val ve openi ng.   
Val ves must  be sui t abl e f or  862 kPa ( gage)  125 psi g at  87. 8 degr ees C 190 
degr ees F hot  wat er .   Val ve must  f unct i on as a ser vi ce val ve when i n f ul l y  
c l osed posi t i on.   Val ve body must  have f act or y- i nst al l ed t appi ngs f or  
di f f er ent i al  pr essur e met er  connect i ons f or  ver i f i cat i on of  pr essur e 
di f f er ent i al  acr oss val ve or i f i ce.   Met er  connect i ons must  have posi t i ve 
check val ves or  shut of f  val ves.   Each val ve must  have met al  t ag showi ng t he
 l i t er s per  second gal l ons per  mi nut e f l ow f or  each di f f er ent i al  pr essur e 
r eadi ng.

2. 1. 6. 10   But t er f l y Val ves

Conf or m wi t h MSS SP- 67,  Type I  -  Ti ght  shut  of f  val ve,  and [ f l anged]  
[ scr ewed]  [ s i ngl e f l ange]  [ f l angel ess]  val ve ends.   Val ve body mat er i al  
must  be [ cast  i r on]  [ st eel ]  [ br onze]  and must  be bubbl e t i ght  f or  shut of f  
at  1034 kPa ( gage)  150 psi g.   Fl anged and f l angel ess t ype val ves must  have 
Type 300 ser i es cor r osi on r esi st ant  st eel  st ems and cor r osi on r esi st ant  or  
br onze di scs wi t h mol ded el ast omer  di sc seal s.   Fl ow condi t i ons must  be 
f or  t he r egul at i on f r om maxi mum f l ow t o compl et e shut of f  by way of  
t hr ot t l i ng ef f ect .   Val ves must  be pr ovi ded i n [ c l osed]  [ open]  syst em.   
Val ves smal l er  t han 200 mm 8 i nches must  have t hr ot t l i ng handl es.   Val ves 
200 mm 8 i nches and l ar ger  must  have t ot al l y encl osed manual  gear  
oper at or s wi t h adj ust abl e bal ance r et ur n st ops and i ndi cat or s.   Val ves 
must  have a mi ni mum of  7 l ocki ng posi t i ons and must  be sui t abl e f or  wat er  
t emper at ur es up t o 93 degr ees C 200 degr ees F.

2. 1. 6. 11   But t er f l y Val ves 2 Mi l l i met er s 2 I nches and Smal l er

Val ves must  be one- pi ece and t hr ee- pi ece desi gn wi t h mal e or  f emal e 
t hr eaded or  sol der ed end connect i ons and must  be bubbl e t i ght  f or  shut of f  
at  1034 kPa ( gage)  150 psi g.   St em and di sc assembl y must  be of  300 ser i es 
cor r osi on r esi st ant  st eel .   Di sc seal  assembl y must  be of  300 ser i es 
cor r osi on r esi st ant  st eel .   Di sc seal  must  be sui t abl e f or  t he l i qui d 
bei ng used i n t he syst em i n whi ch t he val ve i s t o be i nst al l ed.   Val ves 
must  be sui t abl e f or  wat er  t emper at ur e up t o 93 degr ees C 200 degr ees F 
and must  be capabl e of  oper at i ng at  t he r at ed pr essur e of  [ _____]  kPa 
( gage)  psi g.   Val ves must  be desi gned f or  t hr ot t l i ng ser vi ce use by val ve 
l ever  and i ndi cat or  adj ust ment .

2. 1. 6. 12   Rel i ef  Val ves

Br onze body,  t ef l on seat ,  st ai nl ess st eel  st em and spr i ngs,  aut omat i c,  
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di r ect  pr essur e act uat ed,  capaci t i es ASME cer t i f i ed and l abel l ed.

2. 1. 6. 13   Val ve Oper at i ng Mechani sms

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show l ocat i on of  each f l oor  st and,  chai nwheel  
or  power  oper at or  r equi r ed i n t he pr oj ect .   Del et e 
par agr aph ent i t l ed " Val ve Oper at i ng Mechani sms"  and 
i t s subpar agr aphs i f  t hese i t ems ar e not  r equi r ed i n 
t he pr oj ect .

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

Pr ovi de [ f l oor  st ands]  [ chai nwheel s]  [ power  oper at or s]  [ and ext ensi on 
st ems]  wher e i ndi cat ed and as speci f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show f l oor  st and det ai l s i ncl udi ng di st ance 
f r om cent er l i ne of  val ve t o t op of  f l oor ,  f l oor  
t hi ckness,  and handwheel  hei ght .

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

a.   Fl oor  St ands:   Const r uct  f or  bol t i ng t o t he f l oor  and i ncl ude an 
ext ensi on st em and an oper at i ng handwheel .   Desi gn an adequat el y 
suppor t ed and gui ded ext ensi on st ems f or  connect i on t o t he val ve st em 
by a s l eeve coupl i ng or  uni ver sal  j oi nt .   Fl oor  st ands must  be cast  
i r on or  st eel .   Handwheel  must  i dent i f y r ot at i on di r ect i on f or  c l osi ng 
t he val ve and must  be of  such di amet er  as t o per mi t  oper at i on of  t he 
val ve wi t h a f or ce of  not  mor e t han 178 N 40 pounds.

b.   Chai nwheel  Oper at or :   Must  be f abr i cat ed of  cast  i r on or  st eel  and 
must  i ncl ude a wheel ,  endl ess chai n and a gui de t o keep t he chai n on 
t he wheel .   Pr ovi de gal vani zed st eel  endl ess chai n ext endi ng t o wi t hi n 
one met er  3 f eet  of  t he f l oor .

c.   Power  Oper at or s:   Must  be [ el ect r i c]  [ pneumat i c] .   Power  oper at ed 
val ves must  open and cl ose at  r at es no sl ower  t han 4 mm per  second 10 
i nches per  mi nut e f or  gat e val ves and 1. 70 mm per  second 4 i nches per  
mi nut e f or  gl obe and angl e val ves.   Val ves must  open f ul l y or  c l ose 
t i ght l y wi t hout  r equi r i ng f ur t her  at t ent i on when t he act uat i ng cont r ol  
i s  moved t o t he open or  c l ose posi t i on.   A pr edet er mi ned t hr ust  
exer t ed on t he st em dur i ng oper at i on r esul t i ng f r om an obst r uct i on i n 
t he val ve must  cause t he mot or  t o aut omat i cal l y st op.   Power  oper at or s 
must  be compl et e wi t h al l  gear i ng and cont r ol s necessar y f or  t he s i ze 
of  val ve bei ng pr ovi ded.   Power  oper at or s must  be desi gned t o oper at e 
on t he [ el ect r i c]  [ compr essed ai r ]  power  suppl y i ndi cat ed.

d.   Ext ensi on St em:   Cor r osi on r esi st i ng st eel  desi gned f or  r i s i ng and 
non- r i s i ng st ems.   Pr ovi de i n l engt h r equi r ed t o connect  t he val ve 
st em and t he [ handwheel ]  [ oper at i ng mechani sm]  and of  suf f i c i ent  cr oss 
sect i on t o t r ansf er  t he t or que r equi r ed t o oper at e t he val ve.

2. 1. 6. 14   Bal anci ng Val ves

Bal anci ng val ves must  be cal i br at ed br onze body bal anci ng val ves wi t h 
i nt egr al  bal l  val ve and vent ur i  or  val ve or i f i ce and val ve body pr essur e 
t aps f or  f l ow measur ement  based on di f f er ent i al  pr essur e r eadi ngs.   Val ve 
pr essur e t aps and met er  connect i ons must  have seal s and bui l t - i n check 
val ves wi t h t hr eaded connect i ons f or  a por t abl e met er .   Met er  must  be 
pr ovi ded by t he same manuf act ur er  and be capabl e of  r eadi ng syst em 
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pr essur es and must  meet  t he r equi r ement s of  t he par agr aph ent i t l ed " Fl ow 
Measur i ng Equi pment . "   Val ves must  have i nt er nal  seal s t o pr event  l eakage 
ar ound r ot at i ng el ement  and be sui t abl e f or  f ul l  shut - of f  r at ed pr essur e.   
Val ves must  have an oper at or  wi t h i nt egr al  poi nt er  and memor y st op.   
Bal anci ng val ves must  be sel ect ed f or  t he r equi r ed f l ows as i ndi cat ed on 
t he pl ans.

2. 1. 7   End Connect i ons

2. 1. 7. 1   Fl exi bl e Connect or s

Pr ovi de f l exi bl e pi pe connect or s on pi pi ng connect ed t o equi pment .   
Fl exi bl e sect i on must  consi st  of  r ubber ,  t et r af l uor oet hyl ene r esi n,  
cor r osi on- r esi st ant  st eel ,  br onze,  monel ,  or  gal vani zed st eel .   Mat er i al  
pr ovi ded and conf i gur at i on must  be sui t abl e f or  [ pr essur e, ]  [ vacuum, ]  
[ t emper at ur e, ]  and ci r cul at i ng medi um.   Fl exi bl e sect i on must  have 
[ t hr eaded, ]  [ wel di ng, ]  [ sol der i ng, ]  [ f l anged]  [ or ]  [ socket - wel d]  ends and 
must  be sui t abl e f or  ser vi ce i nt ended.   Fl exi bl e sect i on may be r ei nf or ced 
wi t h met al  r et ai ni ng r i ngs,  wi t h bui l t - i n br ai ded wi r e r ei nf or cement  and 
r est r i ct i on bol t s or  wi t h wi r e br ai d cover  sui t abl e f or  ser vi ce i nt ended.

2. 1. 7. 2   St eel  Pi pi ng

Scr ewed or  socket  wel ded f or  50 mm 2 i nches and smal l er  and f l anged or  
but t  wel ded f or  65 mm 2 1/ 2 i nches and l ar ger .

a.   Scr ewed Joi nt s Wi t h Taper  Thr eads:   ASME B1. 20. 1.

b.   Fl anged Joi nt s:   Bol t i ng and gasket s must  be as f ol l ows:

( 1)   Bol t i ng:   Bol t  and st ud mat er i al  ASTM A307,  Gr ade B,  and nut  
mat er i al  ASTM A194/ A194M,  Gr ade 2.   Bol t ,  st ud,  and nut  di mensi ons 
ASME B18. 2. 2 t hr eads ASME B1. 1coar se t ype wi t h Cl ass 2A f i t  f or  
bol t s and st uds,  and Cl ass 2B f i t  f or  nut s.   Bol t s or  bol t  st uds 
must  ext end compl et el y t hr ough t he nut s and may have r educed 
shanks of  a di amet er  not  l ess t han t he di amet er  at  r oot  of  
t hr eads.   Car bon st eel  bol t s must  have Amer i can St andar d r egul ar  
squar e or  heavy hexagon heads and must  have Amer i can St andar d 
heavy semi f i ni shed hexagonal  nut s conf or mi ng t o ASME B18. 2. 2.

( 2)   Gasket s:   ASME B16. 21,  Nonasbest os compr essed mat er i al  1 1/ 2 mm 
1/ 16 i nch t hi ckness f ul l  f ace or  sel f - cent er i ng f l at  r i ng t ype and 
sui t abl e f or  pr essur e and t emper at ur e of  t he pi pi ng syst em.

c.   But t  Wel d Joi nt s:   ASME B31. 9.   Backi ng r i ngs must  conf or m t o 
ASME B31. 9.   Fer r ous r i ngs must  not  exceed 0. 05 per cent  sul f ur ;  f or  
al l oy pi pe,  backi ng r i ngs must  be of  mat er i al  compat i bl e wi t h t he 
chemi cal  composi t i on of  t he par t s t o be wel ded and pr ef er abl y of  t he 
same composi t i on.   Pr ovi de cont i nuous machi ned or  spl i t  band backi ng 
r i ngs.

d.   Socket  Wel d Joi nt s:  ASME B31. 9.

2. 1. 7. 3   Joi nt s f or  Copper  Tubi ng

a.   Sol der  conf or mi ng t o ASTM B32 al l oy gr ade Sb5 or  Sn96.   Sol der  and 
f l ux must  be l ead f r ee ( l ess t han 0. 2 per cent  of  l ead) .   

b.   Copper  Tube Ext r act ed Joi nt :   An ext r act ed mechani cal  t ee j oi nt  may be 
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made i n copper  t ube.   Make j oi nt  wi t h an appr opr i at e t ool  by dr i l l i ng 
a pi l ot  hol e and dr awi ng out  t he t ube sur f ace t o f or m a col l ar  havi ng 
a mi ni mum hei ght  of  t hr ee t i mes t he t hi ckness of  t he t ube wal l .   To 
pr event  t he br anch t ube f r om bei ng i nser t ed beyond t he dept h of  t he 
ext r act ed j oi nt ,  pr ovi de di mpl ed dept h st ops.   Not ch t he br anch t ube 
f or  pr oper  penet r at i on i nt o f i t t i ng t o assur e a f r ee f l ow j oi nt .   
Br aze ext r act ed j oi nt s usi ng a copper  phosphor ous cl assi f i cat i on 
br azi ng f i l l er  met al .   Sol der ed j oi nt s must  not  be per mi t t ed.

2. 1. 8   Expansi on Joi nt s

2. 1. 8. 1   Packl ess Type

Pr ovi de ASTM F1120,  Type I I I  wi t h f abr i cat ed cor r osi on- r esi st ant  st eel  
bel l ows.

2. 1. 8. 2   Gui ded Sl i p- Tube Type

Pr ovi de ASTM F1007,  Type I V i nt er nal l y- ext er nal l y gui ded,  i nj ect ed 
semi pl ast i c t ype packi ng.

2. 1. 9   I nst r ument at i on

2. 1. 9. 1   Pr essur e and Vacuum Gauges

Pr ovi de ASME B40. 100 wi t h r est r i ct or .

2. 1. 9. 2   I ndi cat i ng Ther momet er s

Ther momet er s must  be di al  t ype wi t h an adj ust abl e angl e sui t abl e f or  t he 
ser vi ce.   Pr ovi de t her mowel l  s i zed f or  each t her momet er  i n accor dance wi t h 
t he t her mowel l  speci f i cat i on.   Fl ui d- f i l l ed t her momet er s ( mer cur y i s not  
accept abl e)  must  have a nomi nal  scal e di amet er  of  125 mm 5 i nches.   
Const r uct i on must  be st ai nl ess- st eel  case wi t h mol ded gl ass cover ,  
st ai nl ess- st eel  st em and bul b.   St em must  be st r ai ght ,  l engt h as r equi r ed 
t o f i t  wel l .   Bi met al  t her momet er s must  have a scal e di amet er  of  90 mm 3 
1/ 2 i nches.   Case must  be her met i c.   Case and st em must  be const r uct ed of  
st ai nl ess st eel .   Bi met al  st em must  be st r ai ght  and of  a l engt h as 
r equi r ed t o f i t  t he wel l .

2. 1. 9. 3   Pr essur e/ Temper at ur e Test  Por t s

Pr essur e/ Temper at ur e Test  Por t s must  have br ass body and EPDM and/ or  
Neopr ene val ve seal s.   Por t s must  be r at ed f or  ser vi ce bet ween 2 and 135 
degr ees C 35 and 275 degr ees F and up t o 3447 kPa ( gage)  500 psi g.   Por t s 
must  be pr ovi ded i n l engt hs appr opr i at e f or  t he i nsul at i on t hi ckness 
speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS 
and i nst al l ed t o al l ow a mi ni mum of  305 mm 12 i nches of  access f or  pr obe 
i nser t i on.   Pr ovi de wi t h scr ew- on cap at t ached wi t h a st r ap or  chai n t o 
pr event  l oss when r emoved.   Por t s must  be 8 mm DN 1/ 4 i nch NPT and accept  
3 mm 1/ 8 i nch di amet er  pr obes.

2. 1. 10   Mi scel l aneous Pi pel i ne Component s

2. 1. 10. 1   Ai r  Vent

Pr ovi de f l oat  t ype ai r  vent  i n hydr oni c syst ems.   Vent  must  be const r uct ed 
of  br ass or  semi - st eel  body,  copper  f l oat ,  and st ai nl ess st eel  val ve and 
val ve seat .   Desi gn ai r  vent  t o sui t  syst em oper at i ng t emper at ur e and 

SECTI ON 23 21 13. 00 20  Page 19



pr essur e.   Pr ovi de i sol at i ng val ve t o per mi t  ser vi ce wi t hout  dr ai ni ng t he 
syst em.   Pi pe di schar ge of  vent  t o a dr ai n.

2. 1. 10. 2   St r ai ner s

St r ai ner s f or  c l asses 125 and 250 pi pi ng i n I PS 15 t o 200 mm 1/ 2 t o 8 
i nches,  i ncl usi ve,  FS WW- S- 2739 and l ocat e as i ndi cat ed.

2. 1. 10. 3   Hanger s and Suppor t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n pr oj ect  l ocat i ons wi t h Envi r onment al  
Sever i t y Cl assi f i cat i on ( ESC)  of  C4 or  C5 or  hi gh 
humi di t y ar eas as i dent i f i ed i n ASHRAE 90. 1 as 
c l i mat e zones 0A,  1A,  2A,  3A,  3C,  4C and 5C, i ncl ude 
br acket ed sent ence bel ow t o r equi r e hot - di pped 
gal vani zed hanger s wher e f er r ous met al s ar e used.   
See UFC 1- 200- 01 f or  det er mi nat i on of  ESC f or  
pr oj ect  l ocat i ons.

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

Desi gn and f abr i cat i on of  pi pe hanger s,  suppor t s,  and wel di ng at t achment s 
must  conf or m t o MSS SP- 58 and ASME B31. 9.   Hanger  t ypes and suppor t s f or  
bar e and cover ed pi pe must  conf or m t o MSS SP- 69 f or  t he t emper at ur e 
r ange. [   I f  f er r ous mat er i al s ar e used,  pr ovi de hot  di pped gal vani zed 
hanger s,  i nser t s and suppor t s. ]

2. 1. 10. 4   Pi pe Sl eeves

Sl eeves i n masonr y and concr et e wal l s,  f l oor s,  and r oof  s l abs must  be 
ASTM A53/ A53M,  Schedul e 40 or  St andar d Wei ght ,  hot - di p gal vani zed st eel  
[ duct i l e- i r on or  cast - i r on]  pi pe.   Sl eeves i n par t i t i ons must  be 
zi nc- coat ed sheet  st eel  havi ng a nomi nal  wei ght  of  not  l ess t han 4. 40 
ki l ogr am per  squar e met er  0. 906 pound per  squar e f oot .

2. 1. 10. 5   Escut cheon Pl at es

Pr ovi de one pi ece or  spl i t  hi nge met al  pl at es f or  pi pi ng passi ng t hr ough 
f l oor s,  wal l s,  and cei l i ngs i n exposed spaces.   Pr ovi de pol i shed st ai nl ess 
st eel  pl at es or  chr omi um- pl at ed f i ni sh on copper  al l oy pl at es i n f i ni shed 
spaces and pai nt  f i ni sh on met al  pl at es i n unf i ni shed spaces.

2. 2   CENTRAL MECHANI CAL EQUI PMENT

2. 2. 1   [ Boi l er s

Pr ovi de as speci f i ed i n [ Sect i on 23 52 43. 00 20 LOW PRESSURE WATER HEATI NG 
BOI LERS UNDER 800, 000 BTU/ HR OUTPUT] [ Sect i on 23 52 46. 00 20 LOW PRESSURE 
WATER HEATI NG BOI LERS OVER 800, 000 BTU/ HR OUTPUT] .

] 2. 2. 2   [ Hot  Wat er  Heat  Exchanger s

Pr ovi de as speci f i ed i n Sect i on 23 21 13. 23 20 [ HI GH]  [ MEDI UM]  TEMPERATURE 
WATER SYSTEM WI THI N BUI LDI NGS.

] 2. 2. 3   [ Conver t er s

St eam t o hot  wat er  conver t er s must  conf or m t o FS WW- H- 191 and must  have 
capaci t y as i ndi cat ed f or  t he desi gn condi t i ons.   The conver t er s must  be 
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desi gned f or  suppor t  by separ at e pi pe hanger s,  and [ t emper at ur e r egul at or ]  
[ vent  val ve]  must  be pr ovi ded.

] 2. 3   PI PI NG SYSTEM EQUI PMENT

2. 3. 1   Pumps

Pr ovi de hot  wat er  c i r cul at i ng pumps,  CI D A- A- 50560,  Ser vi ce A.   Pump 
casi ng and f l ange must  be made of  c l ose- gr ai ned cast  i r on.   Shaf t  must  be 
car bon or  al l oy st eel  wi t h l ubr i cat ed bear i ngs and i mpel l er  must  be 
br onze.   Sel ect  pumps so t hat  t he oper at i ng poi nt  on sel ect ed 
i mpel l er - cur ve wi l l  l i e at  or  t o t he l ef t  of  shut of f  s i de of ,  and not  mor e 
t han 5 per cent  bel ow,  poi nt  of  maxi mum ef f i c i ency f or  i mpel l er .   Pr ovi de 
mot or s of  [ open]  [ spl ash pr oof ]  [ t ot al l y encl osed]  t ype conf or mi ng t o 
NEMA MG 1 and sui t abl e f or  el ect r i cal  char act er i st i c as i ndi cat ed.   Mot or  
st ar t er s must  conf or m t o NEMA I CS 2 [ manual ]  [ acr oss t he l i ne]  
[ r educed- vol t age- st ar t ]  [ par t - wi nd]  [ wye- del t a]  t ype wi t h NEMA I CS 6
[ gener al  pur pose]  [ weat her - r esi st ant ]  [ wat er t i ght ]  encl osur e.

2. 3. 2   Expansi on Tanks

Pr ovi de wel ded st eel ,  const r uct ed and t est ed hydr ost at i cal l y i n accor dance 
wi t h ASME BPVC SEC VI I I  D1.   Tank must  be equi pped wi t h al l  necessar y 
f i t t i ngs.   The t ank and f i t t i ngs must  be pr essur e r at ed at  l east  equal  t o 
t he t est  pr essur e of  t he t ot al  syst em.   Zi nc coat  t he t ank i nsi de and out  
af t er  f abr i cat i on by t he hot  di p pr ocess ASTM A123/ A123M.

2. 3. 3   Ext er nal  Ai r  Separ at i on Tanks

Pr ovi de t ank const r uct ed of  st eel ,  desi gned f or  not  l ess t han 517 kPa 
( gage)  75 psi g,  and const r uct ed and t est ed i n accor dance wi t h t he 
r equi r ement s of  ASME BPVC SEC VI I I  D1.   Pr ovi de t angent i al  i nl et  and 
out l et  connect i ons,  f l anged f or  s i zes 65 mm 2 1/ 2 i nches and l ar ger .   Each 
uni t  must  have an i nt er nal  desi gn sui t abl e f or  cr eat i ng t he r equi r ed 
vor t ex and subsequent  ai r  separ at i on.   Pr ovi de wi t h aut omat i c ai r  r el ease 
devi ce and gal vani zed st eel  st r ai ner .   Pr ovi de a bl ow down connect i on wi t h 
a gat e val ve and pi ped t o near est  f l oor  dr ai n.

2. 3. 4   Backf l ow Pr event er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  cont r act  speci f i cat i ons i ncl udes Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE i n whi ch backf l ow 
pr event er s ar e speci f i ed,  del et e t hi s par agr aph 
ent i t l ed " Backf l ow Pr event er s. "

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

Reduced pr essur e pr i nci pl e t ype.   Fur ni sh pr oof  t hat  each make,  
model / desi gn,  and si ze of  backf l ow pr event er  bei ng f ur ni shed f or  t he 
pr oj ect  i s  appr oved by and has a cur r ent  " Cer t i f i cat e of  Appr oval "  f r om 
t he [ FCCCHR Li st ]  [ or ]  [ l ocal  code] .   Li st i ng of  a par t i cul ar  make,  
model / desi gn,  and si ze i n t he cur r ent  [ FCCCHR Li st ]  [ or ]  [ l ocal  code]  wi l l  
be accept abl e as t he r equi r ed pr oof .

2. 3. 5   Fl ow Measur i ng Equi pment

Or i f i ce or  vent ur i  t ype.   Fl ow met er i ng equi pment  i ncl udi ng pi t ot  t ubes,  
vent ur i s,  or i f i ce pl at es,  f l anges,  and i ndi cat i ng met er s must  be t he 
pr oduct  of  one and t he same manuf act ur er .   Pr ovi de f l owmet er s of  
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[ per manent  t ype]  [ or ]  [ por t abl e t ype]  [ t ype i ndi cat ed] .   Fl owmet er s must  
be sui t abl e f or  ser vi ce i n whi ch t hey ar e t o be i nst al l ed.  Pr i mar y 
el ement s of  f l owmet er s must  conf or m t o ASME r ecommendat i ons f or  
f l owmet er s.   Pr ovi de br onze,  monel ,  or  st ai nl ess st eel  mat er i al s f or  
wet t ed par t s of  f l ow met er s.

a.   Or i f i ces:   Squar e- edge t ype,  made of  cor r osi on and er osi on r esi st ant  
met al  and mount ed bet ween pi pe f l anges havi ng f act or y- made pr essur e 
t aps pr ovi ded wi t h shut of f  val ves.   Or i f i ce f l anges must  conf or m t o 
ASME B16. 36.

b.   Tubul ar  Fl owmet er s:   Fl ow measur i ng el ement s consi st i ng of  vent ur i  
t ubes or  pi t ot  t ubes wher e i ndi cat ed.   Locat i ons and ar r angement  of  
pi pi ng,  bot h upst r eam and downst r eam of  f l ow measur i ng el ement s must  
conf or m t o t he manuf act ur er ' s publ i shed l i t er at ur e.   Pr ovi de each f l ow 
measur i ng el ement  wi t h an i nt egr al  t ab,  or  a met al  t ag on a 
cor r osi on- r esi st ant  st eel  wi r e,  ext endi ng out si de pi pe cover i ng,  and 
st amped or  pr i nt ed i n a v i s i bl e posi t i on wi t h manuf act ur er ' s name and 
addr ess;  ser i al  number  of  met er  t o whi ch i t  i s  t o be connect ed;  name,  
number ,  or  l ocat i on of  equi pment  ser ved;  speci f i ed r at e of  f l ow;  and 
mul t i pl i er  t o be appl i ed t o met er  r eadi ng.   Pr ovi de t aps wi t h shut of f  
val ves and qui ck connect i ng hose f i t t i ngs f or  por t abl e met er s or  
doubl e f er r ul e compr essi on f i t t i ngs f or  connect i on t o t ubi ng f or  
per manent l y l ocat ed met er s or  r ecor der s.   Tubes must  be cal i br at ed i n 
accor dance wi t h ASME r ecommendat i ons.

( 1)   Vent ur i  Tubes:   Cer t i f i ed by t he manuf act ur er  f or  t he act ual  
pi pi ng conf i gur at i on and any necessar y pi pi ng changes r equi r ed f or  
cer t i f i cat i on wi t hout  addi t i onal  cost  t o t he Gover nment .  Thr oat  
di amet er  f or  each vent ur i  t ube must  be desi gned so t hat  at  
speci f i ed r at e of  f l ow t he scal e r eadi ng wi l l  f al l  bet ween 50 
per cent  and 80 per cent  of  f ul l  scal e val ue.   Sel ect  vent ur i  t ube 
si zes f r om t he manuf act ur er ' s l at est  publ i shed t abl es of  f l ow 
ver sus di f f er ent i al  pr essur e.   Unr ecover ed head l oss at  maxi mum 
f l ow must  not  exceed 10 per cent .   Pr ovi de br onze or  cast  i r on 
t ubes wi t h br onze- l i ned t hr oat s,  wi t h f l anged,  t hr eaded,  or  wel ded 
ends t o sui t  pi pi ng syst em.   Pr ovi de bodi es of  f abr i cat ed st eel  
and f i t t i ngs of  t he same cl ass as pi pi ng i n whi ch i nst al l ed.   Two 
i nt egr al  met er  t aps must  be pr ovi ded i n each vent ur i  t ube.   
Connect i ons f or  at t achment  t o por t abl e f l ow met er  hoses must  be 
r eadi l y accessi bl e and not  over  1830 mm 6 f eet  above a f l oor  or  
per manent  pl at f or m.

( 2)   Pi t ot  Tube Assembl i es:   Pr ovi de cor r osi on- r esi st ant  mat er i al s.  
Tubes must  be capabl e of  measur i ng l i qui d f l ow t hr ough t ube 
el ement s pr ovi di ng an aver aged,  i nt er pol at ed f l ow measur ement  f r om 
a si ngl e,  f i xed posi t i on.   Pr ovi de sel f  c l eani ng el ement s and 
i mpact  t ube desi gned t o r ot at e when t ur ned by t he oper at or  t o 
pr ot ect  pr essur e- sensi ng el ement s of  t ube when not  i n use.   
Locat i on and t ot al  amount  of  pi t ot  t ubes r equi r ed f or  syst em f l ow 
measur ement  must  be as r ecommended by t he manuf act ur er  and as 
i ndi cat ed.

c.   Met er s:   Desi gned f or  a f ul l  scal e pr essur e di f f er ent i al  of  12 kPa 50 
i nches wat er  gage f or  t ubul ar  t ype or  25 kPa 100 i nches wat er  gage f or  
or i f i ce t ype.   Di al s must  have squar e r oot  or  l i near  scal es wi t h 
devel oped l engt h of  not  l ess t han 305 mm 12 i nches.   Pr ovi de f l ush 
mount ed panel  met er s t hat  r ead di r ect l y i n l i t er s per  second gal l ons 
per  mi nut e.   Di al s of  por t abl e met er s must  have squar e r oot  scal es 

SECTI ON 23 21 13. 00 20  Page 22



r eadi ng f r om 0 t o 6 L/ s 0 t o 100 gpm f or  use wi t h mul t i pl i er  st amped 
on or i f i ce or  t ubul ar  t ype.   Pr ovi de met er s desi gned f or  not  l ess t han 
1378 kPa 200 psi  and pr ot ect ed agai nst  pr essur e sur ges.   Met er  bodi es 
must  have t aps f or  vent i ng and dr ai ni ng.

( 1)   Per manent l y Mount ed Met er s:   Each met er  must  be connect ed 
compl et el y [ as i ndi cat ed]  [ and]  [ as speci f i ed]  and pr ovi ded wi t h 
t he f ol l owi ng:   t hr ee val ve mani f ol d equal i zer  l i nes,  t wo bl ock 
val ves,  t wo vent  and dr ai n val ves,  and an i nt egr al  pul sat i on 
damper .   Over al l  accur acy of  met er s must  be pl us or  mi nus 2 
per cent  of  f ul l  scal e f l ow over  a r ange f r om 20 t o 100 per cent  of  
f ul l  scal e f l ow.

( 2)   Por t abl e Met er s:   Pr ovi de met er  wi t h a f act or y- f abr i cat ed 
car r y i ng case wi t h car r y i ng handl e.   Pr ovi de case f i t t ed t o hol d 
met er  secur el y and t o accommodat e t he f ol l owi ng accessor i es:

( a)   Two 4. 60 met er s 15 f oot  l engt hs of  connect i ng hose wi t h 
sui t abl e f emal e connect or s f or  connect i ng f r om met er  t o [ vent ur i  
t ube]  [ or i f i ce f l ange]  [ pi t ot  t ube]  pr essur e- t ap ni ppl es.  Pr ovi de 
hose desi gned f or  a mi ni mum ser vi ce pr essur e of  861 kPa 125 psi  or  
150 per cent  of  maxi mum syst em ser vi ce pr essur e,  whi chever  i s 
gr eat er .

( b)   A compl et el y assembl ed t hr ee- val ve mani f ol d wi t h t wo bl ock 
val ves and vent  and dr ai n val ves,  pi ped and mount ed on a base 
desi gned f or  use l ayi ng f l at  on a st at i onar y sur f ace.

( c)   A bound set  of  descr i pt i ve bul l et i ns,  i nst al l at i on and 
oper at i ng i nst r uct i ons,  par t s l i s t ,  and a set  of  cur ves showi ng 
f l ow ver sus pr essur e di f f er ent i al  f or  each or i f i ce,  vent ur i  t ube,  
or  pi t ot  t ube wi t h whi ch met er  i s t o be used.

( d)   A met al  i nst r uct i on pl at e,  secur ed i nsi de cover ,  i l l ust r at i ng 
use of  met er .

( e)   Pr ovi de met er s wi t h over al l  accur acy of  pl us or  mi nus 5 
per cent  of  f ul l  scal e f l ow over  a r ange f r om 20 t o 100 per cent  of  
f ul l  scal e f l ow.

2. 4   TERMI NAL UNI TS

2. 4. 1   Fi nned Tube Radi at or s

[ St eel  t ube and st eel  f i n t ype FS S- R- 2834] .   [ Copper  t ube and al umi num 
f i n t ype CI D A- A- 50545,  [ must  have an adj ust abl e damper ] . ]

2. 4. 2   Convect or s

CI D A- A- 50543 and CI D A- A- 50544,  of  desi gn and capaci t y not  l ess t han t hat  
i ndi cat ed.

2. 4. 3   Uni t  Heat er s

Pr ovi de hot  wat er  uni t  heat er s as speci f i ed i n Sect i on 23 82 00. 00 20 
TERMI NAL HEATI NG UNI TS.
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2. 4. 4   Heat i ng and Vent i l at i ng Uni t s

Pr ovi de f an- coi l  uni t s,  i nduct i on uni t s,  uni t  vent i l at or s,  and gr avi t y 
vent i l at or s as speci f i ed i n Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON.

2. 5   ELECTRI CAL EQUI PMENT

Pr ovi de compl et e wi t h mot or s,  mot or  st ar t er s,  t her mal  over l oad pr ot ect i on,  
and cont r ol s.   Equi pment  and wi r i ng must  be i n accor dance wi t h Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

2. 6   CONTROLS

Pr ovi de cont r ol s as speci f i ed i n Sect i on 23 09 53. 00 20 SPACE TEMPERATURE 
CONTROL SYSTEMS.

2. 7   I NSULATI ON

Pr ovi de shop and f i el d appl i ed i nsul at i on as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 8   ASBESTOS PROHI BI TI ON

Asbest os and asbest os cont ai ni ng pr oduct s ar e pr ohi bi t ed.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

Pr ovi de st or age f or  equi pment  and mat er i al  at  t he pr oj ect  s i t e.   Al l  par t s 
must  be r eadi l y accessi bl e f or  i nspect i on,  r epai r ,  and r enewal .   Pr ot ect  
mat er i al  and equi pment  f r om t he weat her .

3. 2   I NSTALLATI ON

Pi pi ng f abr i cat i on,  assembl y,  wel di ng,  sol der i ng,  and br azi ng must  conf or m 
t o ASME B31. 9.   Pi pi ng must  f ol l ow t he gener al  ar r angement  shown.   Rout e 
pi pi ng and equi pment  wi t hi n bui l di ngs out  of  t he way of  l i ght i ng f i x t ur es 
and door s,  wi ndows,  and ot her  openi ngs.   Run over head pi pi ng i n bui l di ngs 
i n i nconspi cuous posi t i ons.   Pr ovi de adequat e c l ear ances f r om wal l s,  
cei l i ngs,  and f l oor s t o per mi t  wel di ng of  j oi nt s and appl i cat i on of  
i nsul at i on.  Make pr ovi s i on f or  expansi on and cont r act i on of  pi pe l i nes.   
Make changes i n s i ze of  wat er  l i nes wi t h r educi ng f i t t i ngs.   Do not  bur y,  
conceal ,  or  i nsul at e unt i l  pi pi ng has been i nspect ed,  t est ed,  and 
appr oved.   Do not  r un pi pi ng conceal ed i n wal l s,  par t i t i ons,  under gr ound,  
or  under  t he f l oor  except  as ot her wi se i ndi cat ed.   Wher e pi pe passes 
t hr ough bui l di ng st r uct ur e,  l ocat e pi pe j oi nt s and expansi on j oi nt s wher e 
t hey may be i nspect ed.   Pr ovi de f l anged j oi nt s wher e necessar y f or  nor mal  
mai nt enance and wher e r equi r ed t o mat ch val ves and equi pment .   Fur ni sh 
gasket s,  packi ng,  and t hr ead compounds sui t abl e f or  t he ser vi ce.   Pr ovi de 
l ong r adi us el l s wher e possi bl e t o r educe pr essur e dr ops.   Pi pe bends i n 
l i eu of  wel di ng f i t t i ngs may be used wher e space per mi t s.   Pi pe bends must  
have a uni f or m r adi us of  at  l east  f i ve t i mes t he pi pe di amet er  and must  be 
f r ee f r om appr eci abl e f l at t eni ng,  wr i nkl i ng,  or  t hi nni ng of  t he pi pe.   Do 
not  use mi t er i ng of  pi pe t o f or m el bows,  not chi ng st r ai ght  r uns t o f or m 
f ul l  s i zed t ees,  or  any si mi l ar  const r uct i on.   Make br anch connect i ons over
 50 mm 2 i nches wi t h wel di ng t ees except  f act or y made f or ged wel di ng 
br anch out l et s or  nozzl es havi ng i nt egr al  r ei nf or cement s conf or mi ng t o 
ASME B31. 9 may be used,  pr ovi ded t he nomi nal  di amet er  of  t he br anch i s at  
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l east  one pi pe si ze l ess t han t he nomi nal  di amet er  of  t he r un.   Br anch 
connect i ons 50 mm 2 i nches and under  can be t hr eaded or  wel ded.   Run 
ver t i cal  pi pi ng pl umb and st r ai ght  and par al l el  t o wal l s.   Pr ovi de sl eeves 
f or  l i nes passi ng t hr ough bui l di ng st r uct ur e.   Pr ovi de a f i r e seal  wher e 
pi pes pass t hr ough f i r e wal l ,  f i r e par t i t i ons,  f i r e r at ed pi pe chase 
wal l s,  or  f l oor s above gr ade.   I nst al l  pi pi ng connect ed t o equi pment  wi t h 
f l exi bi l i t y  f or  t her mal  st r esses and f or  v i br at i on,  and suppor t  and anchor  
so t hat  st r ai n f r om wei ght  and t her mal  movement  of  pi pi ng i s not  i mposed 
on t he equi pment .

3. 2. 1   Hanger s and Suppor t s

Unl ess ot her wi se i ndi cat ed,  hor i zont al  and ver t i cal  pi pi ng at t achment s 
must  conf or m t o MSS SP- 58.   Band and secur e i nsul at i on pr ot ect i on shi el ds 
wi t hout  damagi ng pi pe i nsul at i on.   Cont i nuous i nser t s and expansi on bol t s 
may be used.

3. 2. 2   Gr adi ng of  Pi pe Li nes

Unl ess ot her wi se i ndi cat ed,  i nst al l  hor i zont al  l i nes of  hot  wat er  pi pi ng 
t o gr ade down i n t he di r ect i on of  f l ow wi t h a pi t ch of  not  l ess t han 25 mm 
i n 9 met er s one i nch i n 30 f eet ,  except  i n l oop mai ns and mai n header s 
wher e t he f l ow may be i n ei t her  di r ect i on.

3. 2. 3   Pi pe Sl eeves

Pr ovi de sl eeves wher e pi pes and t ubi ng pass t hr ough masonr y or  concr et e 
wal l s,  f l oor s,  r oof ,  and par t i t i ons.   Annul ar  space bet ween pi pe,  t ubi ng,  
or  i nsul at i on and t he sl eeve must  not  be l ess t han 6 mm 1/ 4 i nch.   Hol d 
s l eeves secur el y i n pr oper  posi t i on and l ocat i on bef or e and dur i ng 
const r uct i on.  Sl eeves must  be of  suf f i c i ent  l engt h t o pass t hr ough ent i r e 
t hi ckness of  wal l s,  par t i t i ons,  or  s l abs.   Sl eeves i n f l oor  s l abs must  
ext end 50 mm 2 i nches above f i ni shed f l oor .   Fi r ml y pack space bet ween 
pi pe or  t ubi ng and sl eeve wi t h oakum and caul k on bot h ends of  t he s l eeve 
wi t h pl ast i c wat er pr oof  cement  whi ch wi l l  dr y t o a f i r m but  pl i abl e mass,  
or  pr ovi de a [ mechani cal l y adj ust abl e]  segment ed el ast omer i c seal .   Seal  
bot h ends of  penet r at i ons t hr ough f i r e wal l s and f i r e f l oor s t o mai nt ai n 
f i r e r esi st i ve i nt egr i t y wi t h UL l i s t ed f i l l ,  voi d,  or  cavi t y mat er i al .

3. 2. 4   Fl ashi ng f or  Bui l di ngs

Pr ovi de f l ashi ng wher e pi pes pass t hr ough bui l di ng r oof s,  and make out si de 
wal l s t i ght  and wat er pr oof .

3. 2. 5   Uni ons and Fl anges

Pr ovi de uni ons and f l anges t o per mi t  easy di sconnect i on of  pi pi ng and 
appar at us.   Each connect i on havi ng a scr ewed- end val ve must  have a uni on.   
Pl ace uni ons and f l anges no f ar t her  apar t  t han 30 met er s 100 f eet .   
I nst al l  uni ons downst r eam of  val ves and at  equi pment  or  appar at us 
connect i ons.   Pr ovi de uni ons on pi pi ng under  50 mm 2 i nches i n di amet er ,  
and pr ovi de f l anges on pi pi ng 50 mm 2 i nches and over  i n di amet er .   
Pr ovi de di el ect r i c uni ons or  f l anges bet ween f er r ous and non- f er r ous 
pi pi ng,  equi pment ,  and f i t t i ngs;  except  t hat  br onze val ves and f i t t i ngs 
may be used wi t hout  di el ect r i c coupl i ngs f or  f er r ous- t o- f er r ous or  
non- f er r ous- t o- non- f er r ous connect i ons.
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3. 2. 6   Connect i ons f or  Fut ur e Equi pment

Locat e capped or  pl ugged out l et s f or  connect i ons t o f ut ur e equi pment  as 
i ndi cat ed.

3. 2. 7   Changes i n Pi pe Si ze

Pr ovi de r educi ng f i t t i ngs f or  changes i n pi pe si ze;  r educi ng bushi ngs ar e 
not  per mi t t ed.   I n hor i zont al  l i nes,  pr ovi de eccent r i c r educi ng f i t t i ngs 
t o mai nt ai n t he t op of  t he l i nes i n t he same pl ane.

3. 2. 8   Cl eani ng of  Pi pe

Thor oughl y c l ean each sect i on of  pi pe,  f i t t i ngs,  and val ves f r ee of  
f or ei gn mat t er  bef or e er ect i on.   Pr i or  t o er ect i on,  hol d each pi ece of  
pi pe i n an i ncl i ned posi t i on and t ap al ong i t s f ul l  l engt h t o l oosen sand,  
mi l l  scal e and ot her  f or ei gn mat t er .   For  pi pe 50 mm 2 i nches and l ar ger ,  
dr aw wi r e br ush,  of  a di amet er  l ar ger  t han t hat  of  t he i nsi de of  t he pi pe,  
sever al  t i mes t hr ough t he ent i r e l engt h of  pi pe.   Bef or e maki ng f i nal  
connect i ons t o appar at us,  wash out  i nt er i or  of  pi pi ng t hor oughl y wi t h 
wat er .   Pl ug or  cap open ends of  mai ns dur i ng shut down per i ods.   Do not  
l eave l i nes open wher e f or ei gn mat t er  mi ght  ent er  t he pi pe.

3. 2. 9   Val ves

I nst al l  val ves i n conf or mance wi t h ASME B31. 9.   Pr ovi de gat e val ves unl ess 
ot her wi se di r ect ed.   I nst al l  val ves wi t h st ems hor i zont al  or  above.   
Locat e or  equi p st op val ves t o per mi t  oper at i on f r om f l oor  l evel ,  or  
pr ovi de wi t h saf e access i n t he f or m of  wal kways or  l adder s.   I nst al l  
val ves i n posi t i ons accessi bl e f or  oper at i on and r epai r .

3. 2. 9. 1   Gl obe Val ves

I nst al l  gl obe val ves so t hat  t he pr essur e i s bel ow t he di sk and t he st em 
hor i zont al .

3. 2. 9. 2   Radi at or s Val ves

Pr ovi de r adi at or  val ves on wat er  i nl et  and bal anci ng val ves on wat er  
out l et  of  t er mi nal  heat i ng uni t s such as r adi at i on,  uni t  heat er s,  and f an 
coi l  uni t .

3. 2. 9. 3   Rel i ef  Val ves

Pr ovi de val ves on pr essur e t anks,  l ow pr essur e s i de of  r educi ng val ves,  
heat  exchanger s,  and expansi on t anks.   Sel ect  syst em r el i ef  val ve so t hat  
capaci t y i s gr eat er  t han make- up pr essur e r educi ng val ve capaci t y.   Sel ect  
equi pment  r el i ef  val ve capaci t y t o exceed r at i ng of  connect ed equi pment .   
Pi pe r el i ef  val ve out l et  t o t he near est  f l oor  dr ai n.

3. 2. 10   Pr essur e Gage

Pr ovi de a shut - of f  val ve or  pet  cock bet ween pr essur e gages and t he l i ne.

3. 2. 11   Ther momet er s

Pr ovi de t her momet er s and t her mal  sensi ng el ement s of  cont r ol  val ves wi t h a 
separ abl e socket .   I nst al l  separ abl e socket s i n pi pe l i nes i n such a 
manner  t o sense t he t emper at ur e of  f l owi ng t he f l ui d and mi ni mi ze 
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obst r uct i on t o f l ow.

3. 2. 12   St r ai ner s

Pr ovi de st r ai ner s,  wi t h meshes sui t abl e f or  t he ser vi ces,  wher e i ndi cat ed,  
or  wher e di r t  mi ght  i nt er f er e wi t h t he pr oper  oper at i on of  val ve par t s,  
or i f i ces,  or  movi ng par t s of  equi pment .

3. 2. 13   Pumps

Sel ect  pumps f or  speci f i ed f l ui d t emper at ur es,  ar e non- over l oadi ng i n 
par al l el  or  i ndi v i dual  oper at i on,  and oper at e wi t hi n 25 per cent  of  
mi dpoi nt  of  publ i shed maxi mum ef f i c i ency cur ve.   Suppor t  pi pi ng adj acent  
t o pump such t hat  no wei ght  i s car r i ed on pump casi ngs.   I nst al l  c l ose 
coupl ed and base mount ed pumps on concr et e base,  wi t h anchor  bol t s,  set  
and l evel ,  and gr out  i n pl ace and pr ovi de suppor t s under  el bows on pump 
suct i on and di schar ge l i ne s i zes 100 mm 4 i nches and over .   Lubr i cat e pump 
bef or e st ar t - up.

3. 2. 14   Equi pment  Foundat i ons

Locat e equi pment  f oundat i ons as shown on t he dr awi ngs.   Si ze,  wei ght ,  and 
desi gn must  pr ecl ude shi f t i ng of  equi pment  under  oper at i ng condi t i ons.   
Foundat i ons must  meet  t he r equi r ement s of  t he equi pment  manuf act ur er .   
Concr et e must  conf or m t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE,  and 
gr out  must  be appr oved non- shr i nki ng.

3. 2. 15   Equi pment  I nst al l at i on

I nst al l  equi pment  i n accor dance wi t h i nst al l at i on i nst r uct i ons of  t he 
manuf act ur er s.   Gr out  equi pment  mount ed on concr et e f oundat i ons bef or e 
i nst al l i ng pi pi ng.   I nst al l  pi pi ng i n such a manner  as not  t o pl ace a 
st r ai n on t he equi pment .   Do not  bol t  f l anged j oi nt s t i ght  unl ess t hey 
mat ch.   Gr ade,  anchor ,  gui de,  and suppor t  pi pi ng wi t hout  l ow pocket s.

3. 2. 16   Cl eani ng of  Syst ems

As i nst al l at i on of  t he var i ous syst em component s i s compl et ed,  f i l l ,  
s t ar t ,  and vent  pr i or  t o c l eani ng.   Pl ace t er mi nal  cont r ol  val ves i n open 
posi t i on.   Add cl eaner  t o c l osed syst em at  concent r at i on as r ecommended by 
manuf act ur er .   Appl y heat  whi l e c i r cul at i ng,  s l owl y r ai s i ng t emper at ur e t o 
71 degr ees C 160 degr ees F and mai nt ai n f or  12 hour s mi ni mum.   Remove heat  
and ci r cul at e t o 38 degr ees C 100 degr ees F or  l ess;  dr ai n syst ems as 
qui ckl y as possi bl e and r ef i l l  wi t h c l ean wat er .   Ci r cul at e f or  6 hour s at  
desi gn t emper at ur es,  t hen dr ai n.   Ref i l l  wi t h c l ean wat er  and r epeat  unt i l  
syst em cl eaner  i s r emoved.   Use neut r al i zer  agent s on r ecommendat i on of  
syst em cl eaner  suppl i er  and appr oval  of  Cont r act i ng Of f i cer .   Remove,  
c l ean,  and r epl ace st r ai ner  scr eens.   I nspect ,  r emove sl udge,  and f l ush 
l ow poi nt s wi t h c l ean wat er  af t er  c l eani ng pr ocess i s compl et ed.   I ncl ude 
di sassembl y of  component s as r equi r ed.   Pr el i mi nar y or  f i nal  t est s ar e not  
per mi t t ed unt i l  c l eani ng i s appr oved.

3. 2. 17   Pai nt i ng of  Pi pi ng and Equi pment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When t he pr oj ect  speci f i cat i on does not  have 
a sect i on on f i el d pai nt i ng,  t he r equi r ement s i n 
Sect i on 09 90 00 PAI NTS AND COATI NGS f or  c l eani ng 
and pai nt i ng of  pi pe and equi pment ,  and f or  pai nt i ng 
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and st enci l i ng of  pi pi ng must  be i ncl uded i n t hi s 
sect i on.

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

Pr ovi de i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 2. 18   I dent i f i cat i on of  Pi pi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When t he pr oj ect  speci f i cat i on does not  have 
a sect i on on f i el d pai nt i ng,  t he r equi r ement s i n 
Sect i on 09 90 00 f or  c l eani ng and pai nt i ng of  pi pe 
and equi pment ,  and f or  pai nt i ng and st enci l i ng of  
pi pi ng must  be i ncl uded i n t hi s sect i on.

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

I dent i f y pi pi ng i n accor dance wi t h OSHA 29 CFR 1910. 144,  except  t hat  
l abel s or  t apes may be used i n l i eu of  pai nt i ng or  st enci l i ng.   Spaci ng of  
i dent i f i cat i on mar ki ng on r uns must  not  exceed 15 met er s 50 f eet .   
Mat er i al s f or  l abel s and t apes must  conf or m t o CI D A- A- 1689,  and must  be 
gener al  pur pose t ype and col or  c l ass.   Pai nt i ng and st enci l i ng must  
conf or m t o Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 3   FI ELD QUALI TY CONTROL

Per f or m i nspect i ons and t est s as speci f i ed her ei n t o demonst r at e t hat  
pi pi ng and equi pment ,  as i nst al l ed,  i s  i n compl i ance wi t h cont r act  
r equi r ement s.   St ar t  up and oper at e t he syst em.   Dur i ng t hi s t i me,  
per i odi cal l y c l ean t he var i ous st r ai ner s unt i l  no f ur t her  accumul at i on of  
f or ei gn mat er i al  occur s.   Exer ci se car e so t hat  mi ni mum l oss of  wat er  
occur s when st r ai ner s ar e c l eaned.   Adj ust  saf et y and aut omat i c cont r ol  
i nst r ument s t o pl ace t hem i n pr oper  oper at i on and sequence.

3. 3. 1   Hydr ost at i c Test  of  Pi pi ng Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Test  pi pi ng syst ems at  one and one- hal f  t i mes 
syst em pr essur e or  345 kPa ( gage)  50 psi g whi chever  
i s gr eat er .

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

Test  pi pi ng syst em hydr ost at i cal l y usi ng wat er  not  exceedi ng 38 degr ees C 
100 degr ees F.   Conduct  t est s i n accor dance wi t h t he r equi r ement s of  
ASME B31. 9 and as f ol l ows.   Test  pi pi ng syst em af t er  al l  l i nes have been 
cl eaned and bef or e appl y i ng i nsul at i on cover i ng.   Remove or  val ve of f  f r om 
t he syst em,  gages,  and ot her  appar at us whi ch may be damaged by t he t est  
bef or e t he t est s ar e made.   I nst al l  cal i br at ed t est  pr essur e gage i n t he 
syst em t o obser ve any l oss i n pr essur e.   Mai nt ai n t est  pr essur e f or  a 
suf f i c i ent  l engt h of  t i me t o enabl e an i nspect i on of  each j oi nt  and 
connect i on.   Per f or m t est s af t er  i nst al l at i on and pr i or  t o accept ance.
Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng [ _____]  days pr i or  t o t he t i me 
schedul ed f or  t he t est s.

3. 3. 2   Auxi l i ar y Equi pment  and Accessor y Test s

Obser ve and check pumps,  accessor i es,  and equi pment  dur i ng oper at i onal  and 
capaci t y t est s f or  l eakage,  mal f unct i ons,  def ect s,  noncompl i ance wi t h 
r ef er enced st andar ds,  or  over l oadi ng.
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3. 3. 2. 1   Backf l ow Pr event er s

Backf l ow pr event er s must  be t est ed by l ocal l y appr oved and cer t i f i ed 
backf l ow assembl y t est er s.   A copy of  t he t est  r epor t  must  be pr ovi ded t o 
t he Cont r act i ng Of f i cer  pr i or  t o pl aci ng t he domest i c wat er  syst em i nt o 
oper at i on,  or  no l at er  t han 5 days af t er  t he t est .

3. 4   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t he f i r st  sent ence f or  s i mpl e hydr oni c 
syst ems and wher e Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG AND BALANCI NG FOR HVACi s not  i ncl uded i n 
t he speci f i cat i ons.   Use t he second sent ence f or  al l  
speci f i cat i ons wi t h Sect i on 15996.

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

[ Except  as speci f i ed her ei n,  per f or m i n accor dance wi t h SMACNA 1780,  
Chapt er  VI I I  " Hydr oni c Syst em TAB Pr ocedur es, "  dr awi ngs and 
speci f i cat i ons;  pr epar e compl et e r epor t  of  f i nal  t est  r esul t s. ]   [ Test ,  
adj ust ,  and bal ance t he hydr oni c syst em i n accor dance wi t h Sect i on 23 05 93
 TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC. ]

3. 4. 1   Mar ki ngs of  Set t i ngs

Fol l owi ng f i nal  accept ance of  t he bal anci ng r epor t ,  t he set t i ngs of  al l  
val ves,  spl i t t er s,  damper s,  and ot her  adj ust ment  devi ces must  be 
per manent l y mar ked so t hat  adj ust ment  can be r est or ed i f  di st ur bed at  
anyt i me.

3. 4. 2   Sound Level  Test s

Upon compl et i on of  t est i ng and bal anci ng of  hydr oni c syst ems,  conduct  
sound l evel  t est s of  condi t i oned spaces.   Use sound l evel  met er  r equi r ed 
by ASA S1. 4,  Type 2,  cal i br at ed i n accor dance wi t h NBS st andar ds and 
gui del i nes,  and accompani ed by a cer t i f i cat e of  cal i br at i on.   Recor d sound 
l evel s i n dBA wi t h heat i ng syst ems of f  and wi t h heat i ng syst ems 
oper at i ng.   Recor d t he f ol l owi ng dat a f or  each r oom and syst em:

a.   Backgr ound sound l evel  ( syst ems of f ) ;

b.   Tot al  sound l evel  cor r ect ed f or  backgr ound;  and

c.   Sound power  r at i ng by manuf act ur er  of  t he r espect i ve out l et .

Test  Locat i ons:   Take sound l evel  r eadi ng at  l ocat i on 2 met er s 6 f eet  f r om 
f ace of  each out l et  on a l i ne at  45 degr ees wi t h f ace of  out l et .   Remedi al  
Act i on:   I f  sound l evel  at  any obser vat i on poi nt  exceeds [ 20]  [ 45]  [ _____]  
dBA,  t ake r emedi al  act i on as di r ect ed.

3. 5   SCHEDULE

Some met r i c measur ement s i n t hi s sect i on ar e based on mat hemat i cal  
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conver si on of  i nch- pound measur ement ,  and not  on met r i c measur ement  
commonl y agr eed t o by t he manuf act ur er s or  ot her  par t i es.   The i nch- pound 
and met r i c measur ement s shown ar e as f ol l ows:

Pr oduct s I nch- Pound Met r i c

a. [ _____] [ _____]

        - -  End of  Sect i on - -
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