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NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  hydr oni c pumps pr i mar i l y desi gned 
f or  chi l l ed wat er ,  hot  wat er  and condenser  wat er  
ser vi ce i n bui l di ng HVAC syst ems.

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

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 
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use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

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

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN 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 B4. 1 ( 1967;  R 1994;  R 2004;  R 2009;  R 2020)  
Pr ef er r ed Li mi t s and Fi t s f or  Cyl i ndr i cal  
Par t s

ASME B4. 2 ( 1978;  R 1994;  R 2004,  R 2009;  R 2020)  
Pr ef er r ed Met r i c Li mi t s and Fi t s

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA E103 ( 2021)  Hor i zont al  and Ver t i cal  Li ne- Shaf t  
Pumps

ASTM I NTERNATI ONAL ( ASTM)

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 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 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 A159 ( 1983;  R 2020)  St andar d Speci f i cat i on f or  
Aut omot i ve Gr ay I r on Cast i ngs

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 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
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ASTM A582/ A582M ( 2022)  St andar d Speci f i cat i on f or  
Fr ee- Machi ni ng St ai nl ess St eel  Bar s

ASTM B584 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Al l oy Sand Cast i ngs f or  Gener al  
Appl i cat i ons

HYDRAULI C I NSTI TUTE ( HI )

HI  1. 1- 1. 2 ( 2014)  Rot odynami c ( Cent r i f ugal )  Pump f or  
Nomencl at ur e and Def i ni t i ons

HI  1. 3 ( 2013)  Rot odynami c ( Cent r i f ugal )  Pump 
Appl i cat i ons

HI  9. 6. 4 ( 2009)  Rot odynami c Pumps f or  Vi br at i on 
Anal ysi s and Al l owabl e Val ues

HI  ANSI / HI  2. 1- 2. 2 ( 2014)  Rot odynami c Ver t i cal  Pumps of  
Radi al ,  Mi xed,  and Axi al  Fl ow Types f or  
Nomencl at ur e and Def i ni t i ons

HI  ANSI / HI  9. 6. 3 ( 2017)  Rot odynami c Pumps -  Gui del i ne f or  
Oper at i ng Regi ons -  B120

HI  ANSI / HI  14. 6 ( 2011)  Rot odynami c Pumps f or  Hydr aul i c 
Per f or mance Accept ance Test s -  A136

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I gCC ( 2018)  I nt er nat i onal  Gr een Const r uct i on 
Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

NEMA Z535. 4 ( 2023)  Pr oduct  Saf et y Si gns and Label s

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

NSF I NTERNATI ONAL ( NSF)

NSF 372 ( 2022)  Dr i nki ng Wat er  Syst em Component s -  
Lead Cont ent

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

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

SSPC Pai nt  25 ( 1997;  E 2004)  Zi nc Oxi de,  Al kyd,  Li nseed 
Oi l  Pr i mer  f or  Use Over  Hand Cl eaned 
St eel ,  Type I  and Type I I
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 778 ( 2016;  Repr i nt  Jun 2021)  UL St andar d f or  
Saf et y Mot or - Oper at ed Wat er  Pumps

1. 2   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 

Syst em Coor di nat i on;  G[ ,  [ _____] ]
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 SD- 03 Pr oduct  Dat a 

I nst r uct i ons;  G[ ,  [ _____] ]

Equi pment  Dat a;  G[ ,  [ ____] ]

Tr ai ni ng Per i od;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s 

Fact or y Test s

Fi el d Qual i t y Cont r ol

 SD- 07 Cer t i f i cat es 

Manuf act ur er ' s Repr esent at i ve

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

Oper at i on and Mai nt enance Manual s;  G[ ,  [ _____] ]

Tr ai ni ng;  G[ ,  [ ____] ]

1. 3   QUALI TY ASSURANCE

1. 3. 1   Manuf act ur er  Ser vi ces

Pr ovi de t he ser vi ces of  a manuf act ur er ' s r epr esent at i ve 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.   The 
r epr esent at i ve must  super vi se t he i nst al l at i on,  adj ust ment ,  t est i ng of  t he 
equi pment ,  and conduct  t r ai ni ng.

Submi t  t he names and qual i f i cat i ons of  t he manuf act ur er ' s r epr esent at i ve 
and t r ai ni ng engi neer s and wr i t t en cer t i f i cat i on f r om t he manuf act ur er  
t hat  t he r epr esent at i ve and t r ai ner s ar e t echni cal l y qual i f i ed.

1. 3. 2   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 e of  such pr oduct s and 
t hat  essent i al l y  dupl i cat e equi pment  t hat  has been i n sat i sf act or y HVAC 
oper at i on at  l east  2 year s pr i or  t o i ssuance of  t hi s sol i c i t at i on.   
Suppor t  equi pment  wi t h a ser vi ce or gani zat i on t hat  i s r easonabl y 
conveni ent  t o t he j obsi t e.   Pumps [ and]  [ mot or s]  of  t he same t ypes must  
each be t he pr oduct  of  one manuf act ur er .

1. 3. 3   Conf or mance wi t h Agency Requi r ement s

Wher e mat er i al s or  equi pment  ar e speci f i ed t o be an appr oved t ype,  at t ach 
t he seal  or  l abel  of  appr oval  f r om a nat i onal l y r ecogni zed t est i ng agency,  
adequat el y equi pped and compet ent  t o per f or m such ser vi ces.   A wr i t t en 
cer t i f i cat e f r om t he t est i ng agency must  accompany t he mat er i al s or  
equi pment  and be submi t t ed st at i ng t hat  t he i t ems have been t est ed and 
t hat  t hey conf or m t o t he appl i cabl e r equi r ement s of  t he speci f i cat i ons and 
t o t he st andar ds l i s t ed her ei n.   The cer t i f i cat e must  i ndi cat e t he met hods 
of  t est i ng used by t he t est i ng agency.   I n l i eu of  a cer t i f i cat e f r om a 
t est i ng agency,  publ i shed cat al og speci f i cat i on dat a,  accompani ed by t he 
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manuf act ur er ' s cer t i f i ed st at ement  t o t he ef f ect  t hat  t he i t ems ar e i n 
accor dance wi t h t he appl i cabl e r equi r ement s of  t he speci f i cat i ons and t he 
r ef er enced st andar ds,  wi l l  be consi der ed and may be accept abl e as evi dence 
t hat  t he i t ems conf or m wi t h agency r equi r ement s.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment ,  del i ver ed and desi gnat ed f or  st or age,  f r om t he weat her ,  
humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Hydr oni c pumps used f or  heat i ng and ai r  condi t i oni ng appl i cat i ons ar e 
def i ned by t he t ype of  i mpel l er ,  number  of  i mpel l er s,  t ype of  casi ng,  
met hod of  connect i on t o t he dr i ver ,  and mount i ng posi t i on.   Pr ovi de 
cent r i f ugal  wat er  pumps of  t he t ypes i ndi cat ed and speci f i ed.   Use an 
el ect r i c mot or  dr i v i ng uni t  f or  each pump as i ndi cat ed and speci f i ed.

2. 1. 1   Sel ect i on Cr i t er i a

Sel ect  pumps at  a poi nt  wi t hi n t he maxi mum ef f i c i ency f or  a gi ven i mpel l er  
casi ng combi nat i on.   Devi at i ons wi t hi n 3 per cent  of  maxi mum ef f i c i ency ar e 
per mi ssi bl e,  pr ovi ded t he l esser  ef f i c i ency i s not  l ess t han t he schedul ed 
ef f i c i ency i n t he const r uct i on desi gn document s.   Pumps havi ng i mpel l er  
di amet er s l ar ger  or  smal l er  t han manuf act ur er ' s publ i shed maxi mum and 
mi ni mum i mpel l er  di amet er s f or  a gi ven i mpel l er  casi ng combi nat i on wi l l  be 
r ej ect ed.   Pump per f or mance dat a,  as shown i n per f or mance cur ves,  must  be 
based on f act or y t est s usi ng pr eci s i on i nst r ument at i on and exact i ng 
pr ocedur es as det ai l ed i n HI  ANSI / HI  14. 6.

2. 1. 2   Syst em Coor di nat i on

Submi t  dr awi ngs cont ai ni ng compl et e wi r i ng and pi pi ng schemat i c di agr ams 
and any ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em has been 
coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .   Show t he pr oposed 
l ayout  and anchor age of  equi pment  and appur t enances,  and equi pment  
r el at i onshi p 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.   Pr ovi de a compl et e l i s t i ng of  equi pment ,  
mat er i al s and mi scel l aneous component s i ncl udi ng mechani cal  seal s,  
bear i ngs,  and coupl i ngs.

2. 1. 3   Saf et y Requi r ement s

Ful l y encl ose or  guar d coupl i ngs,  pr oj ect i ng set - scr ews,  keys,  and ot her  
r ot at i ng par t s,  t hat  pose an ent angl i ng hazar ds. .

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   Namepl at es

Secur el y af f i x  a st andar d namepl at e t o pumps and mot or s i n a conspi cuous 
pl ace showi ng t he manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model ,  
ser i al  number ,  and cat al og number .   I n addi t i on,  f or  each pump show t he 
capaci t y i n L/ second gpm at  r at ed speed i n r pm and t ot al  head i n mm f eet  
of  wat er .   For  each el ect r i c mot or  show at  l east  t he mi ni mum i nf or mat i on 
r equi r ed by NEMA MG 1.   Show such ot her  i nf or mat i on as t he manuf act ur er  
may consi der  necessar y t o compl et e i dent i f i cat i on on t he namepl at e.   Pumps 
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must  be l i s t ed and l abel ed by UL,  and compl y wi t h UL 778 f or  pumps not  
usi ng uni ver sal  mot or s r at ed mor e t han 250 vol t s such as c i r cul at i ng pumps.

2. 2. 2   Fr amed I nst r uct i ons

Submi t  pr oposed di agr ams,  i nst r uct i ons,  and ot her  sheet s,  pr i or  t o 
post i ng.   Post  appr oved wi r i ng and cont r ol  di agr ams showi ng t he compl et e 
l ayout  of  t he ent i r e syst em,  i ncl udi ng equi pment ,  pi pi ng val ves,  and 
cont r ol  sequence,  f r amed under  gl ass or  i n appr oved l ami nat ed pl ast i c,  
wher e di r ect ed.   Pr ovi de condensed oper at i ng i nst r uct i ons expl ai ni ng 
pr event i ve mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  
nor mal  saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he 
syst em,  f r amed as speci f i ed above f or  t he wi r i ng and cont r ol  di agr ams,  and 
post ed besi de t he di agr ams.   Post  t he f r amed i nst r uct i ons bef or e 
accept ance t est i ng of  t he syst ems.

2. 2. 3   Pump Char act er i st i c

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Char act er i st i cs of  each pump wi l l  nor mal l y be 
speci f i ed by a mi ni mum of  t wo poi nt s on t he 
head- capaci t y cur ve.  The bl anks f or  l i t er s per  second
 gpm and t ot al  head i n mm f eet  wi l l  be f i l l ed i n 
appr opr i at el y.   I f  t wo or  mor e pumps ar e t o oper at e 
i n par al l el  or  i n ser i es,  and a syst em head cur ve i s 
shown,  t he appr opr i at e br acket s wi l l  be r emoved 
i ndi cat i ng pumps wi l l  mat ch t he syst em cur ve.

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

Const r uct  hydr oni c wat er  pumps i n accor dance wi t h HI  1. 1- 1. 2 and 
HI  ANSI / HI  2. 1- 2. 2.   The pumps must  be capabl e of  di schar gi ng quant i t i es 
at  t ot al  di schar ge heads measur ed at  t he di schar ge f l ange,  bet ween t he 
f ol l owi ng l i mi t s:

Oper at e pumps at  opt i mum ef f i c i enci es t o pr oduce t he most  economi cal  
pumpi ng syst em under  t he condi t i ons encount er ed [ and si ze t o make opt i mum 
mat ch wi t h t he syst em head cur ve as shown] . [   Suct i on l i f t  on Pump No.  
[ _____]  must  not  be mor e t han [ _____]  mm f eet . ]   Pumps must  f ur ni sh not  
l ess t han 150 per cent  of  r at ed capaci t y at  a t ot al  di schar ge head of  not  
l ess t han 65 per cent  of  t ot al  r at ed head. [   The shut of f  t ot al  head must  
not  be gr eat er  t han 120 per cent  of  t ot al  r at ed head. ]   Oper at e pumps at  
speci f i ed syst em f l ui d t emper at ur es wi t hout  vapor  bi ndi ng and cavi t at i on.   
Oper at e pumps t o HI  ANSI / HI  9. 6. 3 st andar d f or  Pr ef er r ed Oper at i ong Regi on 
( POR) .

2. 2. 4   Pump Dr i ver s

Pr ovi de el ect r i c mot or s as i ndi cat ed f or  each pump and i n compl i ance wi t h 
Sect i on [ 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM] [ _____] .

2. 2. 5   Equi pment  Dat a

Submi t  manuf act ur er ' s descr i pt i ve dat a and t echni cal  l i t er at ur e,  
per f or mance char t s and cur ves f or  al l  i mpel l er  s i zes f or  a gi ven casi ng,  
cat al og cut s,  and i nst al l at i on i nst r uct i ons.   Pr ovi de spar e par t s dat a f or  
each di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed,  af t er  appr oval  of  
t he det ai l  dr awi ngs and not  l at er  t han [ _____]  mont hs pr i or  t o t he dat e of  
benef i c i al  occupancy.   I ncl ude a compl et e l i s t  of  par t s and suppl i es,  wi t h 
cur r ent  uni t  pr i ces and l ocal  sour ce of  suppl y wi t h cont act  i nf or mat i on.  
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Submi t  cat al og i nf or mat i on,  cer t i f i ed pumps cur ves,  r at ed capaci t i es,  
f i nal  i mpel l er  di mensi ons,  and accessor i es pr ovi ded f or  t he pr oduct  
i ndi cat ed.   I ndi cat e oper at i ng poi nt  of  each pump on cur ves.   Fur ni sh pump 
cur ves f or  each pump and combi nat i on of  pumps desi gned t o oper at e i n 
par al l el .   The pump cur ve must  show as a mi ni mum;  bhp,  f l ow,  t ot al  dynami c 
head,  ef f i c i ency,  NPSH,  i mpel l er  di amet er  and syst em cur ve ( i ndi v i dual l y 
and i n combi nat i on f or  each pump oper at i ng i n a par al l el  appl i cat i on) .   
Sel ect  pumps oper at i ng i n par al l el  oper at i on t o cr oss t he syst em cur ve 
when oper at i ng i ndi v i dual l y.

2. 3   HYDRONI C PUMPS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ent er  t he pump number s shown on t he dr awi ngs  
i n t he appr opr i at e bl anks.   Del et e i nappl i cabl e 
conf i gur at i ons.

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

Pr ovi de cent r i f ugal ,  [ s i ngl e- st age t ype, ] [  or  ] [ mul t i - st age t ype, ]  
desi gned f or  HVAC ser vi ce i n t he f ol l owi ng conf i gur at i ons:

Conf i gur at i on Pump No.

Ci r cul at or [ _____]

Smal l  I n- Li ne [ _____]

Lar ge I n- Li ne [ _____]

Base- Mount ed,  Fl exi bl e Coupl ed,  End Suct i on [ _____]

Base- Mount ed,  Cl ose Coupl ed,  End Suct i on [ _____]

Base- Mount ed,  Fl exi bl e Coupl ed,  Doubl e Suct i on,  [ Hor i zont al l y]
 [ and]  [ Ver t i cal l y]  Spl i t

[ _____]

Ver t i cal  Li neshaf t  Tur bi ne [ _____]

Aut omat i c Cool i ng Coi l  Condensat e Pump Uni t s [ _____]

2. 3. 1   Ci r cul at or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   These pumps del i ver  up t o 10 L per  second 150 
gpm and up t o 10 m 35 f eet  head.   They ar e most  
of t en used f or  l ow f l ow r at es i n smal l  syst ems and 
ar e avai l abl e i n a wet  r ot or  or  t hr ee pi ece oi l  
l ubr i cat ed desi gn.   Wet  r ot or  c i r cul at or s use syst em 
f l ui d f or  cool i ng and l ubr i cat i on.   They do not  
r equi r e oi l i ng and ar e l ess expensi ve;  however ,  
i mpel l er  can st i ck af t er  a pr ol onged shut down.   
Thr ee pi ece ci r cul at or s ar e oi l  l ubr i cat ed wi t h t he 
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pot ent i al  f or  l onger  l i f e i f  pr oper l y l ubr i cat ed and 
can over come a st uck i mpel l er  af t er  a pr ol onged 
shut down;  however ,  t her e i s pot ent i al  mai nt enance of  
mechani cal  seal s and coupl i ng assembl y.

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

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed of  a hor i zont al ,  [ i n- l i ne,  
t hr ee pi ece oi l  l ubr i cat ed]  [ wet  r ot or ]  c i r cul at or  t ype speci f i cal l y 
desi gned f or  qui et  oper at i on.   Sui t abl e f or  107 degr ees C 225 degr ees F 
oper at i on at  [ 860] [ _____]  kPa [ 125] [ _____]  psi g wor ki ng pr essur e.   The 
pump must  be si ngl e st age wi t h [ f l anged]  [ uni on]  pi pi ng connect i ons.   The 
pump i nt er nal s must  be capabl e of  bei ng ser vi ced wi t hout  di st ur bi ng pi pi ng 
connect i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he f ol l owi ng par agr aph f or  t hr ee 
pi ece oi l  l ubr i cat ed ci r cul at or  pumps.

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

[ a.   The t hr ee pi ece pump must  be composed of  t hr ee separ abl e component s a 
mot or ,  bear i ng assembl y,  and [ cast  i r on]  [ l ead f r ee br onze cer t i f i ed 
i n accor dance wi t h NSF 372 pump end ( wet  end) .   The mot or  shaf t  must  
be connect ed t o t he pump shaf t  v i a a r epl aceabl e f l exi bl e coupl er . ]

]
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:   I nser t  t he f ol l owi ng par agr aph f or  wet  r ot or  
c i r cul at or s used f or  pot abl e wat er  ser vi ce.

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

[ b.   Wet  r ot or  c i r cul at or  f or  pot abl e wat er  ser vi ce must  be l ead cont ent  
cer t i f i ed i n accor dance wi t h NSF 372.

]
2. 3. 1. 1   Seal  Assembl y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ret ai n t hi s par agr aph f or  wet  r ot or  
c i r cul at or s used f or  pot abl e wat er  ser vi ce.

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

Pump must  be equi pped wi t h an i nt er nal l y f l ushed mechani cal  seal  
assembl y.   Seal  assembl y must  have a br ass housi ng,  Buna bel l ows and seat  
gasket ,  st ai nl ess st eel  spr i ng,  and be of  a car bon cer ami c desi gn wi t h t he 
car bon f ace r ot at i ng agai nst  a st at i onar y cer ami c f ace.

2. 3. 1. 2   Mot or  Mount

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t hi s par agr aph f or  t hr ee pi ece oi l  
l ubr i cat ed ci r cul at or s.

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

To ensur e al i gnment ,  mount  t he mot or  t o t he bear i ng assembl y v i a a bol t ed 
mot or  br acket  assembl y.   Use a r epl aceabl e r esi l i ent  r ubber  mot or  mount  t o 
assi st  i n al i gni ng t he mot or  shaf t  wi t h t he pump shaf t .

2. 3. 1. 3   Mot or s

Mot or s must  meet  schedul ed hor sepower ,  speed,  vol t age,  and encl osur e 
desi gn.   Mot or s must  be dr i p pr oof ,  mai nt enance f r ee,  pr emi um ef f i c i ency 
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and  meet  NEMA MG 1 speci f i cat i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t he f ol l owi ng par agr aph f or  var i abl e 
speed pumps wi t h ECM mot or s.

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

[ Pump must  be dr i ven by an el ect r i cal l y commut at ed el ect r i cal  mot or  ( ECM)  
wi t h per manent  magnet  r ot or .   The r ot or  magnet s must  be t i me st abl e,  
non- t oxi c cer ami c magnet s.   Dr i ve t he el ect r i cal l y commut ed el ect r i cal  
mot or  by a f r equency conver t er  wi t h an i nt egr at ed PFC f i l t er .

]
2. 3. 2   Smal l  I n- Li ne

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   These pumps del i ver  up t o 12. 5 L per  second 
200 gpm and 17 m 55 f eet  head.   Pump mot or  shaf t  
must  st ay hor i zont al ,  but  pump body can be 
r eposi t i oned f or  hor i zont al  or  ver t i cal  di schar ge.   
These pumps ar e desi gned f or  1750 r pm and i ndoor  
ser vi ce usi ng open dr i p pr oof  encl osur e el ect r i c 
mot or s.

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

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed, sui t abl e f or  107 degr ees C 225 
degr ees F oper at i on at  [ 1204] [ _____]  kPa [ 175] [ _____]  psi g wor ki ng 
pr essur e.   The pump must  be si ngl e st age,  i n- l i ne desi gn,  i n cast  i r on 
br onze f i t t ed const r uct i on.   The pump i nt er nal s must  be capabl e of  bei ng 
ser vi ced wi t hout  di st ur bi ng pi pi ng connect i ons.

2. 3. 2. 1   Pump Shaf t

The pump must  have a sol i d st eel  shaf t  wi t h a coupl er  bet ween t he pump and 
mot or  shaf t s.   For  non- st ai nl ess st eel  shaf t s,  empl oy a non- f er r ous shaf t  
s l eeve t o compl et el y cover  t he wet t ed ar ea under  t he seal .

2. 3. 2. 2   Bear i ng

The bear i ng assembl y must  house mai nt enance- f r ee per manent l y l ubr i cat ed 
bear i ngs.

2. 3. 2. 3   Seal  Assembl y

Equi p t he pump wi t h an i nt er nal  sel f - f l ushi ng mechani cal  seal  assembl y.   
Seal  assembl y must  have Buna bel l ows and seat  gasket ,  st ai nl ess st eel  
spr i ng,  and be of  a car bon cer ami c desi gn wi t h t he car bon f ace r ot at i ng 
agai nst  a st at i onar y cer ami c f ace.

2. 3. 2. 4   I mpel l er

Pr ovi de i mpel l er  of  cast  br onze or  br ass mat er i al .   I mpel l er  must  be 
hydr aul i cal l y and dynami cal l y bal anced t o HI  9. 6. 4 bal ance gr ade G6. 3,  
keyed t o t he shaf t  and secur ed by a l ocki ng capscr ew or  nut .

2. 3. 2. 5   Vol ut e

Pump vol ut e must  be of  cast  i r on.   The connect i on st y l e on cast  i r on pumps 
must  be f l anged.
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2. 3. 2. 6   Mot or  Mount

To ensur e al i gnment ,  mount  t he mot or  t o t he bear i ng assembl y v i a a bol t ed 
mot or  br acket  assembl y.   Use a r epl aceabl e r esi l i ent  r ubber  mot or  mount  t o 
assi st  i n al i gni ng t he mot or  shaf t  wi t h t he pump shaf t .

2. 3. 2. 7   Mot or s

NEMA MG 1;  pr emi um ef f i c i ency;  non- over l oadi ng at  any poi nt  on t he pump 
cur ve;  mai nt enance f r ee wi t h per manent l y l ubr i cat ed bear i ngs;  and 
r esi l i ent  mount ed f or  smal l er  s i zes,  r i gi d mount ed ot her wi se.

2. 3. 3   Lar ge I n- Li ne

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Lar ge I n- Li ne pumps can del i ver  up t o 158 L 
per  second 2500 gpm and 38 m 125 f t  head at  1750 
r pm.   The use of  l ar ge I n- Li ne pumps i s di scour aged 
due t o di f f i cul t y i n pr ovi di ng r out i ne ser vi c i ng and 
r epai r .   Lar ge i n- l i ne pumps i ncl udi ng mot or  can be 
mor e expensi ve t han t he pr ef er r ed base- mount ed,  
f l exi bl e coupl ed end suct i on pumps.   I n some cases 
f l oor  space i s l i mi t ed so l ar ge i n- l i ne pumps may 
need t o be used.   Lar ge I n- Li ne pumps come i n t wo 
basi c conf i gur at i ons -  spl i t  coupl ed and cl ose 
coupl ed.   Spl i t  coupl ed conf i gur at i on al l ows 
mechani cal  seal  mai nt enance wi t hout  di st ur bi ng t he 
pump or  mot or .   However ,  spl i t  coupl ed pumps onl y 
al l ow t he mot or  shaf t  t o be or i ent ed ver t i cal l y wi t h 
mot or  shaf t  down.   Cl ose coupl ed pumps may be 
mount ed wi t h t he mot or  shaf t  ver t i cal  or  hor i zont al  
but  do not  al l ow mechani cal  seal  mai nt enance wi t hout  
di st ur bi ng t he pump or  mot or .   When mount ed 
hor i zont al l y,  i t  i s  cr i t i cal  t hat  adequat e suppor t  
be pr ovi ded t o avoi d st r ai n on pump par t s and pi pi ng.

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

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed;  [ spl i t - coupl ed]  [ c l osed 
coupl ed] ,  i n- l i ne,  s i ngl e st age,  f or  i nst al l at i on i n [ ver t i cal ]  
[ hor i zont al  ( wher e c l ose coupl ed) ]  posi t i on,  and.  sui t abl e f or  107 degr ees 
C 225 degr ees F oper at i on at  [ 1204] [ _____]  kPa [ 175] [ _____]  psi g wor ki ng 
pr essur e.   The pump i nt er nal s must  be capabl e of  bei ng ser vi ced wi t hout  
di st ur bi ng pi pi ng connect i ons.

2. 3. 3. 1   Casi ng

Pr ovi de pump casi ng compl yi ng wi t h ASTM A48/ A48M Cl ass 30 cast  i r on,  
sui t abl e f or  [ 1204] [ _____]  kPa [ 175] [ _____]  psi g wor ki ng pr essur e wi t h 
i nt egr al  cast  i r on f l anges dr i l l ed f or  ASME B16. 1 [ ANSI  Cl ass 125]  [ ANSI  
Cl ass 250]  f l anges,  wi t h an i nt egr al l y- cast  suppor t  r i ng mat chi ng an Cl ass 
125 f l ange f or  pump suppor t .   The pump vol ut e must  i ncl ude gauge t appi ngs 
at  suct i on and di schar ge nozzl es al ong wi t h vent  and dr ai n t appi ngs at  t op 
and bot t om.

2. 3. 3. 2   Pump Shaf t

Pr ovi de car bon or  st ai nl ess st eel  pump shaf t ,  gui ded by a car bon gr aphi t e 
l ower  t hr ot t l e bushi ng.   Car bon st eel  pump shaf t  must  have a br onze shaf t  
s l eeve t hat  compl et el y cover s t he wet t ed ar ea under  t he seal .
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2. 3. 3. 3   Seal  Assembl y

Equi p t he  pump wi t h a mechani cal  seal  assembl y consi st i ng of  a car bon 
seal  r ot at i ng r i ng,  st ai nl ess st eel  spr i ng,  cer ami c seat  and f l exi bl e 
bel l ows and gasket .   The l i qui d cavi t y must  have a t apped f l ush l i ne wi t h 
manual  val ve t o r emove ai r  f r om t he seal  chamber  t o al l ow f ast  i ni t i al  
st ar t - up and i nsur e mechani cal  seal  cool i ng.

2. 3. 3. 4   Spacer  Coupl i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e par agr aph speci f y i ng spacer  coupl i ng 
bel ow when cl ose coupl ed pumps ar e used.

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

The axi al l y spl i t  spacer  coupl i ng must  be of  hi gh t ensi l e al umi num,  spl i t  
t o al l ow t he ser vi c i ng of  t he seal  wi t hout  di st ur bi ng t he pump or  mot or .   
Pump coupl er  must  be al i gned by t he manuf act ur er  bef or e shi pment .   The 
mot or  br acket  must  cont ai n a car bon st eel  coupl er  guar d conf or mi ng t o 
29 CFR 1910. 219 st andar ds f or  saf et y.

2. 3. 3. 5   I mpel l er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Br onze i mpel l er s shoul d not  be used f or  
pumpi ng t emper at ur es i n excess of  120 degr ees C 250 
degr ees F.   Consul t  manuf act ur er  f or  t emper at ur es 
exceedi ng 120 degr ees C 250 degr ees F.

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

Hydr aul i cal l y and dynami cal l y bal ance t he i mpel l er  t o HI  9. 6. 4 bal ance 
gr ade G6. 3,  c l osed,  s i ngl e suct i on,  f abr i cat ed f r om cast  br onze,  keyed t o 
t he shaf t  and secur ed by a l ocki ng capscr ew.

2. 3. 3. 6   Mot or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mot or  encl osur e wi l l  usual l y be open dr i p 
pr oof  wher e mot or  i s l ocat ed i n dr y,  c l ean,  wel l  
vent i l at ed i ndoor  ar ea.   Use t ot al l y encl osed f an 
cool ed mot or  encl osur e f or  out door  ser vi ce.

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

El ect r i c mot or s must  meet  NEMA MG 1 and t he hor sepower ,  speed,  vol t age,  
i ndi cat ed.   Mot or  encl osur e must  be open dr i p pr oof [ ,  t ot al l y encl osed f an 
cool ed] ,  wi t h heavy dut y gr ease l ubr i cat ed bal l  bear i ngs compl et el y 
adequat e f or  t he maxi mum l oad f or  whi ch t he mot or  i s desi gned.   Mot or  must  
be non- over l oadi ng at  any poi nt  on t he pump cur ve and pr emi um ef f i c i ency.   
Pr ovi de mot or  ef f i c i enci es as shown i n t he I CC I gCC st andar d.   Tot al l y 
encl osed f an cool ed mot or  ef f i c i enci es must  be as shown i n NEMA MG 1.

I ncl ude one- pi ece combi nat i on mot or  br acket  and vol ut e cover pl at e i n t he 
assembl y t o ensur e concent r i c al i gnment  of  t he mot or  t o t he pump casi ng.

2. 3. 4   Base- Mount ed,  Fl exi bl e Coupl ed,  End suct i on

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed;  base mount ed,  
separ at el y- coupl ed,  end suct i on desi gned wi t h vol ut e housi ng mount ed t o 
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t he f r ame t o al l ow f or  pump ser vi ce wi t hout  r el ocat i ng t he mot or  or  
di st ur bi ng pi pi ng connect i ons.   Bear i ngs and seal s must  be ser vi ceabl e 
wi t hout  di st ur bi ng pi pi ng.   Pump must  be f act or y hydr ost at i cal l y t est ed i n 
accor dance wi t h Hydr aul i c I nst i t ut e st andar ds and t hor oughl y c l eaned.

2. 3. 4. 1   Casi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cast  i r on casi ngs shoul d not  be used f or  
pumpi ng t emper at ur es i n excess of  120 degr ees C 250 
degr ees F.  Consul t  manuf act ur er  f or  t emper at ur es 
exceedi ng 120 degr ees C 250 degr ees F.

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

Pr ovi de  r adi al l y spl i t  pump casi ng ASTM A48/ A48M Cl ass 30 cast  i r on 
sui t abl e f or  [ 1204] [ 1720] [ _____]  kPa [ 175] [ 250] [ _____]  psi g wor ki ng 
pr essur e wi t h i nt egr al  cast  i r on f l anges dr i l l ed f or  ASME B16. 1 [ ANSI  
Cl ass 125]  [ ANSI  Cl ass 250]  f l anges,  wi t h an i nt egr al l y- cast  pedest al  
suppor t  f oot .   The pump vol ut e must  i ncl ude gauge t appi ngs at  suct i on and 
di schar ge nozzl es al ong wi t h vent  and dr ai n t appi ngs at  t op and bot t om.

2. 3. 4. 2   Pump Shaf t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Car bon st eel  shaf t  shoul d not  be used f or  
pumpi ng t emper at ur es i n excess of  120 degr ees C 250 
degr ees F.   Consul t  manuf act ur er  f or  t emper at ur es 
exceedi ng 120 degr ees C 250 degr ees F.

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

Car bon st eel  pump shaf t  wi t h a r epl aceabl e [ br onze] [ st ai nl ess st eel ]  shaf t  
s l eeve compl et el y cover i ng t he wet t ed ar ea of  t he shaf t  under  t he seal .

2. 3. 4. 3   Bear i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Regr easabl e bal l  bear i ngs ar e di scour aged.   
St udi es have i ndi cat ed t hat  cont ami nat i on and 
i nef f ect i ve l ubr i cat i on ar e r esponsi bl e f or  
appr oxi mat el y hal f  of  al l  bear i ng r epl acement s.   
Concer ns i ncl ude t he f ol l owi ng;  excessi ve gr ease 
wi l l  cause bear i ngs t o over heat ,  bear i ngs ar e 
r equi r ed t o be r egr eased on a r egul ar  i nt er val  ( 2500 
oper at i ng hour s or  ever y s i x mont hs) ,  i mpur i t i es can 
be i nt r oduced when r egr easi ng bear i ngs,  and gr ease 
added must  be compat i bl e wi t h gr ease appl i ed 
pr evi ousl y.

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

I ncor por at e mai nt enance f r ee,  per manent l y l ubr i cat ed and seal ed bear i ngs 
i n t he pump bear i ng f r ame.   [ Regr easabl e bal l  bear i ng t ype wi t h pr ovi s i on 
f or  pur gi ng or  f l ushi ng t hr ough t he bear i ng sur f ace and gr eased whi l e 
r unni ng af t er  st ar t - up. ]

2. 3. 4. 4   Seal  Assembl y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When f l ui d used t o i nt er nal l y f l ush seal s 
exceeds 107 degr ees C 225 degr ees F,  pr ovi de a heat  
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exchanger  t o decr ease t he t emper at ur e of  t he seal  
f l ushi ng wat er  t o 107 degr ees C 225 degr ees F i n 
or der  t hat  t he seal  l i f e does not  get  shor t ened.

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

Equi p wi t h an i nt egr al l y f l ushed mechani cal  seal  assembl y or  a posi t i ve 
pr essur e ext er nal  seal  f l ushi ng l i ne.   Pr ovi de a mechani cal  seal  wi t h 
cer ami c seal  seat  and car bon seal  r i ng.   Seal  assembl y must  be r at ed up t o 
107 degr ees C 225 degr ees F.

2. 3. 4. 5   Basepl at e

Basepl at e must  be of  st eel  const r uct i on f ul l y  encl osed at  s i des and ends 
wi t h wel ded cr oss member s and f ul l y open gr out i ng ar ea f or  f i el d 
gr out i ng.   Mi ni mum base pl at e st i f f ness must  conf or m t o HI  1. 3 f or  
hor i zont al  basepl at e desi gn st andar ds.

2. 3. 4. 6   Coupl er

Pr ovi de a f l exi bl e- t ype coupl er  bet ween t he pump and mot or ,  capabl e of  
absor bi ng t or si onal  v i br at i on and var i abl e speed oper at i on bet ween t he 
pump and mot or .   The coupl er  must  al l ow r epl acement  wi t h no need t o move 
t he hubs.   Coupl er  must  have nat ur al  r ubber  or  neopr ene t ype el ement  
mat er i al s wi t h a maxi mum mi sal i gnment  capabi l i t y  of  4 degr ees angul ar  and 
3 mm 0. 125 i nches par al l el .   Pr ovi de donut  shaped el ast omer  el ement  wi t h 
pr eassembl ed f l anges mechani cal l y c l amped t o r ei nf or ced el ement  and 
pr eassembl ed spacer  cent er  assembl y.   Secur e f l exi bl e donut  shaped el ement  
of  coupl er  i n pl ace wi t h r adi al  c l amp r i ng scr ews.   Coupl er s must  be r at ed 
f or  r equi r ed maxi mum r pm,  amper age hor sepower  and t or que.   The coupl er  
must  be shi el ded by a coupl er  guar d secur el y f ast ened t o t he base.   
Pr ovi de coupl er  guar d i n compl i ance wi t h cur r ent  nat i onal  saf et y st andar ds 
i ncl udi ng 29 CFR 1910. 219 and NEMA Z535. 4.   Guar ds cannot  have gaps 
gr eat er  t han 6 mm 0. 250 i nches,  must  be saf et y or ange i n col or ,  and have 
an NEMA Z535. 4 compl i ant  war ni ng l abel .

2. 3. 4. 7   I mpel l er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cast  br onze i mpel l er s shoul d not  be used f or  
pumpi ng t emper at ur es i n excess of  120 degr ees C 250 
degr ees F.  Consul t  manuf act ur er  f or  t emper at ur es 
exceedi ng 120 degr ees C 250 degr ees F.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Hydr aul i cal l y and dynami cal l y bal ance t o HI  9. 6. 4 bal ance gr ade G6. 3,  
c l osed,  over hung,  s i ngl e suct i on,  f abr i cat e f r om cast  br onze,  key t o shaf t  
and secur ed by a l ocki ng capscr ew.

2. 3. 4. 8   Mot or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mot or  encl osur e wi l l  usual l y be open dr i p 
pr oof  wher e mot or  i s l ocat ed i n dr y,  c l ean,  wel l  
vent i l at ed i ndoor  ar ea.   Use t ot al l y encl osed f an 
cool ed mot or  encl osur e f or  out door  ser vi ce.

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

El ect r i c Mot or s must  meet  NEMA MG 1 and be t he wat t age hor sepower ,  speed,  
and vol t age i ndi cat ed.   Mot or  encl osur e must  be open dr i p pr oof  [ t ot al l y 
encl osed f an cool ed] .   Mot or  must  have heavy dut y gr ease l ubr i cat ed bal l  
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bear i ngs compl et el y adequat e f or  t he maxi mum l oad f or  whi ch t he mot or  i s 
desi gned.   Mot or  must  be non- over l oadi ng at  any poi nt  on t he pump cur ve 
and pr emi um ef f i c i ency.   Pr ovi de mot or  ef f i c i enci es as shown i n t he 
I CC I gCC st andar d.   [ Tot al l y encl osed f an cool ed mot or  ef f i c i enci es must  
compl y wi t h NEMA MG 1. ]

2. 3. 5   Base- Mount ed,  Cl ose Coupl ed,  End Suct i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use of  base- mount ed,  c l ose coupl ed,  end 
suct i on pumps i s di scour aged.   Thi s t ype of  pump 
t akes up l ess f l oor  space t han base- mount ed,  
f l exi bl e coupl ed,  end suct i on pumps and shoul d onl y 
be consi der ed when f l oor  space i s ext r emel y 
l i mi t ed.   Cl ose coupl ed pumps do not  have a pump 
shaf t  and pump bear i ng assembl y.   Mot or  bear i ngs 
must  be abl e t o handl e bot h mot or  r ot at i ng el ement  
and i mpel l er  f or ces.   Thi s r equi r es a speci al  mot or  
wi t h bear i ngs desi gned t o handl e addi t i onal  i mpel l er  
l oads and shaf t  t hat  ext ends i nt o t he vol ut e.   Thi s 
t ype of  pump can be about  t he same cost  as t he 
pr ef er r ed base- mount ed,  f l exi bl e coupl ed,  end 
suct i on pump.

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

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed.   Pump must  be base mount ed,  
c l ose coupl ed,  s i ngl e st age,  end suct i on desi gn capabl e of  bei ng ser vi ced 
wi t hout  di st ur bi ng pi pi ng connect i ons.

2. 3. 5. 1   Casi ng

Pr ovi de pump vol ut e of  Cl ass 30 cast  i r on sui t abl e f or  [ 1204] [ _____]  kPa 
[ 175] [ _____]  psi g wor ki ng pr essur e.   I ncl ude vent ,  dr ai n and gauge 
t appi ngs.

2. 3. 5. 2   Seal  Assembl y

Seal  of f  t he l i qui d cavi t y at  t he mot or  shaf t  by an i nt er nal l y f l ushed 
mechani cal  seal  or  a posi t i ve pr essur e ext er nal  seal  f l ushi ng l i ne wi t h 
cer ami c seal  seat  and car bon seal  r i ng,  sui t abl e f or  cont i nuous oper at i on 
at  107 degr ees C 225 degr ees F.   A r epl aceabl e shaf t  s l eeve of  br onze 
al l oy must  compl et el y cover  t he wet t ed ar ea under  t he seal .

2. 3. 5. 3   I mpel l er

Pr ovi de cast  br onze or  304 st ai nl ess st eel  i mpel l er ,  encl osed t ype,  
hydr aul i cal l y and dynami cal l y bal anced t o HI  9. 6. 4 bal ance gr ade G6. 3,  
keyed t o shaf t  and secur ed by a l ocki ng capscr ew.

2. 3. 5. 4   Mot or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mot or  encl osur e wi l l  usual l y be open dr i p 
pr oof  wher e mot or  i s l ocat ed i n dr y,  c l ean,  wel l  
vent i l at ed i ndoor  ar ea.   Use t ot al l y encl osed f an 
cool ed mot or  encl osur e f or  out door  ser vi ce.

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

El ect r i c Mot or s must  compl y wi t h NEMA MG 1 and be t hewat t age hor sepower ,  
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and vol t age i ndi cat ed.   Mot or  encl osur e must  be [ open dr i p pr oof ]  [ t ot al l y 
encl osed f an cool ed] .   pr ovi de wi t h heavy dut y gr ease l ubr i cat ed bal l  
bear i ngs compl et el y adequat e f or  t he maxi mum l oad f or  whi ch t he mot or  and 
pump i mpel l er  i s  desi gned.   Mot or  must  be non- over l oadi ng at  any poi nt  on 
t he pump cur ve and pr emi um ef f i c i ency.   Pr ovi de mot or  ef f i c i enci es as 
shown i n t he I CC I gCC st andar d.   Tot al l y encl osed f an cool ed mot or  
ef f i c i enci es must  be as shown i n NEMA MG 1.

2. 3. 6   Base- Mount ed,  Fl exi bl e Coupl ed,  Doubl e Suct i on[ , ]  [ Hor i zont al l y 
Spl i t ] [  and ] [ Ver t i cal l y Spl i t ]

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed;  base mount ed,  f l exi bl e 
coupl ed,  doubl e- suct i on,  [ hor i zont al ]  [ and]  [ ver t i cal ]  spl i t  case desi gn,  
s i ngl e st age cent r i f ugal  pump.   Const r uct i on must  be cast  i r on -  br onze 
f i t t ed,  equi pped wi t h mechani cal  seal s.   Bear i ngs and seal s must  be 
ser vi ceabl e wi t hout  di st ur bi ng pi pi ng or  mot or .   Fact or y hydr ost at i cal l y 
t est  t he pump i n accor dance wi t h Hydr aul i c I nst i t ut e st andar ds and 
t hor oughl y c l ean.

2. 3. 6. 1   Casi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cast  i r on casi ngs shoul d not  be used f or  
pumpi ng t emper at ur es i n excess of  120 degr ees C 250 
degr ees F.   Consul t  manuf act ur er  f or  t emper at ur es 
exceedi ng 120 degr ees C 250 degr ees F.

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

Pr ovi de ASTM A48/ A48M Cl ass 30 or  ASTM A159 cast  i r on pump casi ng,  
sui t abl e f or  [ 1204] [ _____]  kPa [ 175] [ _____]  psi g wor ki ng pr essur e,  wi t h 
i nt egr al  cast  i r on f l anges dr i l l ed f or  ASME B16. 1 [ ANSI  Cl ass 125]  [ ANSI  
Cl ass 250]  f l anges.   Suppl y t he pump vol ut e wi t h pl ugged vent ,  dr ai n,  and 
gauge t appi ngs.

2. 3. 6. 2   Bear i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The use of  r egr easabl e bal l  bear i ngs ar e 
di scour aged.   St udi es have i ndi cat ed t hat  
cont ami nat i on and i nef f ect i ve l ubr i cat i on ar e 
r esponsi bl e f or  appr oxi mat el y hal f  of  al l  bear i ng 
r epl acement s.   Concer ns i ncl ude t he f ol l owi ng;  
excessi ve gr ease wi l l  cause bear i ngs t o over heat ,  
bear i ngs ar e r equi r ed t o be r egr eased on a r egul ar  
i nt er val  ( 2500 oper at i ng hour s or  ever y s i x mont hs) ,  
i mpur i t i es can be i nt r oduced when r egr easi ng 
bear i ngs,  and gr ease added must  be compat i bl e wi t h 
gr ease appl i ed pr evi ousl y.

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

I ncor por at e mai nt enance f r ee,  per manent l y l ubr i cat ed and seal ed bear i ngs 
wi t h an L10 l i f e of  60, 000 hour s mi ni mum i n t he pump bear i ng f r ame. [

I ncor por at e r egr easabl e bal l  bear i ng t ype pump bear i ng f r ame wi t h 
pr ovi s i on f or  pur gi ng or  f l ushi ng t hr ough t he bear i ng sur f ace and gr eased 
whi l e r unni ng af t er  st ar t - up. ]
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2. 3. 6. 3   Seal  Assembl y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When f l ui d used t o i nt er nal l y f l ush seal s 
exceeds 107 degr ees C 225 degr ees F,  pr ovi de a heat  
exchanger  t o decr ease t he t emper at ur e of  t he seal  
f l ushi ng wat er  t o 107 degr ees C 225 degr ees F so 
t hat  t he seal  l i f e does not  get  shor t ened.

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

Seal  of f  l i qui d cavi t y by an i nt er nal l y- f l ushed seal  assembl y.   Seal  
assembl y must  have a br ass housi ng,  Buna bel l ows and seat  gasket ,  
st ai nl ess st eel  spr i ng,  and be of  a car bon f ace r ot at i ng agai nst  a 
st at i onar y s i l i con car bi de seat .   Pr ovi de r epl aceabl e mechani cal  seal s 
wi t hout  di st ur bi ng t he upper  casi ng hal f  and syst em pi pi ng.   Seal s must  be 
sui t abl e f or  cont i nuous oper at i on at  107 degr ees C  225 degr ees F.   
Ar r ange t o assur e t hat  seal  l eakage cannot  ent er  t he bear i ng housi ngs.

2. 3. 6. 4   Coupl er

Pr ovi de a f l exi bl e- t ype coupl er  bet ween t he pump and mot or  capabl e of  
absor bi ng t or si onal  v i br at i on and var i abl e speed oper at i on.   The coupl er  
must  al l ow r epl acement  wi t h no need t o move t he hubs.   Coupl er  must  have 
nat ur al  r ubber  or  neopr ene t ype el ement  mat er i al s wi t h a maxi mum 
mi sal i gnment  capabi l i t y  of  4 degr ees angul ar  and 3 mm 0. 125 i nches 
par al l el .   Pr ovi de donut  shaped el ast omer  el ement  and wi t h pr eassembl ed 
f l anges mechani cal l y c l amped t o r ei nf or ced el ement  and pr eassembl ed spacer  
cent er  assembl y.   Secur e f l exi bl e donut  shaped el ement  of  coupl er  i n pl ace 
wi t h r adi al  c l amp r i ng scr ews.   Coupl er s must  be r at ed f or  r equi r ed 
maxi mum r pm,  wat t age hor sepower  and t or que.   Shi el d t he coupl er  by a 
coupl er  guar d secur el y f ast ened t o t he base.   Coupl er  guar d must  compl y 
wi t h cur r ent  nat i onal  saf et y st andar ds i ncl udi ng 29 CFR 1910. 219,  and 
NEMA Z535. 4.   Pr ovi de guar ds wi t h gaps no gr eat er  t han 6 mm 0. 250 i nches,  
of  saf et y or ange i n col or ,  and have an NEMA Z535. 4 compl i ant  war ni ng l abel .

2. 3. 6. 5   Base Pl at e

Pr ovi de basepl at e of  st eel  const r uct i on f ul l y  encl osed at  s i des and ends 
wi t h wel ded cr oss member s and f ul l y open gr out i ng ar ea f or  f i el d 
gr out i ng.   Mi ni mum base pl at e st i f f ness must  conf or m t o HI  1. 3 f or  
hor i zont al  basepl at e desi gn st andar ds.

2. 3. 6. 6   I mpel l er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cast  br onze i mpel l er s shoul d not  be used f or  
pumpi ng t emper at ur es i n excess of  120 degr ees C 250 
degr ees F.  Consul t  manuf act ur er  f or  t emper at ur es 
exceedi ng 120 degr ees C 250 degr ees F.

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

Br onze or  br ass encl osed doubl e suct i on t ype,  bot h hydr aul i cal l y and 
dynami cal l y bal anced t o HI  9. 6. 4 gr ade G6. 3,  keyed t o shaf t  and f i xed i n 
an axi al  posi t i on.   Hub must  have suf f i c i ent  met al  t hi ckness t o al l ow 
machi ni ng f or  i nst al l at i on of  i mpel l er  r i ngs.

2. 3. 6. 7   Mot or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Mot or  encl osur e wi l l  usual l y be open dr i p 
pr oof  wher e mot or  i s l ocat ed i n dr y,  c l ean,  wel l  
vent i l at ed i ndoor  ar ea.   Use t ot al l y encl osed f an 
cool ed mot or  encl osur e f or  out door  ser vi ce.

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

Pr ovi de el ect r i c mot or  conf or mi ng t o NEMA MG 1 and of  t he wat t age 
hor sepower ,  and vol t age i ndi cat ed.   Mot or  encl osur e must  be open dr i p 
pr oof  [ t ot al l y encl osed f an cool ed] ;  wi t h heavy dut y gr ease l ubr i cat ed 
bal l  bear i ngs compl et el y adequat e f or  t he maxi mum l oad f or  whi ch t he mot or  
i s desi gned.   Mot or  must  be non- over l oadi ng at  any poi nt  on t he pump cur ve 
and pr emi um ef f i c i ency.   Pr ovi de mot or  ef f i c i enci es as shown i n t he 
I CC I gCC st andar d.   Tot al l y encl osed f an cool ed mot or  ef f i c i enci es must  be 
as shown i n NEMA MG 1.

2. 3. 6. 8   Pump Shaf t

Pr ovi de pump shaf t  of  sol i d 416 st ai nl ess st eel  shaf t  or  sol i d car bon 
st eel  shaf t  wi t h r epl aceabl e br onze or  304 st ai nl ess st eel  shaf t  s l eeve 
cover i ng wet t ed ar ea of  shaf t .

2. 3. 7   Ver t i cal  Li neshaf t  Tur bi ne

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed.   Pump must  be ver t i cal  
l i neshaf t  t ur bi ne manuf act ur ed f or  l ubr i cat i on of  t he l i ne- shaf t  bear i ngs 
by t he wat er  bei ng pumped.   Desi gn and manuf act ur e t he pumpi ng uni t  i n 
accor dance wi t h HI  ANSI / HI  2. 1- 2. 2 st andar ds AWWA E103.

2. 3. 7. 1   Bowl  Assembl y

Fl ange t ype const r uct  t he i nt er medi at e bowl s,  di schar ge cases and suct i on 
bowl s f r om ASTM A48/ A48M Cl ass 30 cl ose gr ai n cast  i r on.   They must  be 
f r ee of  def ect s and accur at el y machi ned and f i t t ed t o ASME B4. 2 ASME B4. 1 
c l ose t ol er ances.   Epoxy enamel  coat  t he i nt er medi at e bowl s  wat er ways f or  
maxi mum ef f i c i ency.   Thr ead al l  t hr eaded di schar ge cases f or  wat er  
l ubr i cat ed col umn assembl y.   Al l  assembl y bol t i ng must  be st ai nl ess 
st eel .   Pr ovi de i nt er medi at e bowl  bear i ngs.

2. 3. 7. 2   Pump Shaf t

Const r uct  t he bowl  shaf t  f r om ASTM A582/ A582M t ype 416 st ai nl ess st eel ,  
pr eci s i on gr ound and pol i shed wi t h sur f ace f i ni sh bet t er  t han 40 RMS.

2. 3. 7. 3   Li neshaf t

Ver t i cal  pump l i neshaf t  must  be open and const r uct ed f r om ASTM A582/ A582M 
t ype 416 st ai nl ess st eel .   St r ai ght en l i neshaf t  sect i ons t o 0. 13 mm per  
300 mm 0. 0005i nch/ f oot  t ot al  r unout .   Li neshaf t  sect i ons must  not  exceed 3 
m 10 f eet  i n l engt h and must  be coupl ed wi t h t hr eaded st ai nl ess st eel  
coupl i ngs.   Desi gn t he di amet er  of  t he l i neshaf t  and coupl i ng i n 
accor dance wi t h AWWA E103.

2. 3. 7. 4   I mpel l er

Pr ovi de i mpel l er s of  ASTM B584 si l i con br onze or  st ai nl ess st eel ,  t he 
encl osed t ype.   They must  be f r ee f r om def ect s,  machi ned,  and bal anced t o 
HI  9. 6. 4 bal ance gr ade G6. 3 f or  opt i mum ef f i c i ency and per f or mance.   
Secur el y f ast en t o t he bowl  shaf t  wi t h st ai nl ess st eel  t aper  l ock 
col l et s.   The i mpel l er s must  be adj ust abl e by means of  a t op shaf t  
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adj ust i ng nut  or  adj ust abl e sol i d shaf t  coupl i ng.

2. 3. 7. 5   Di schar ge Head

Const r uct  t he di schar ge head,  s i zed f or  pump capaci t y,  of  ASTM A48/ A48M 
Cl ass 30 hi gh gr ade duct i l e i r on or  f abr i cat ed st eel  of  t he hi gh pr of i l e 
t ype wi t h an i nt egr al  mot or  base whi ch al l ows t he head shaf t  t o be coupl ed 
t o t he t op shaf t  above t he st uf f i ng box.   A separ at e mot or  st and i s not  
accept abl e.   The di schar ge head must  have an ASME B16. 1 ( f or  cast  i r on)  
or   Cl ass 150 ( f or  st eel )  di schar ge f l ange suppl i ed wi t h dual  6 mm 1/ 4 i nch
 NPT por t s at  t he t op.   Thr ead t he head t o accept  t he col umn pi pe.

2. 3. 7. 6   St uf f i ng Box

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St uf f i ng box i s r ecommended over  mechani cal  
seal s f or  ver t i cal  t ur bi ne pumps due t o t he many 
var i abl es encount er ed i n mechani cal  seal  
appl i cat i ons wi t h t hi s t ype of  pump.   Abr asi ves ar e 
commonl y f ound i n condenser  wat er  open l oop syst ems,  
wher e t hi s t ype of  pump i s used,  t hat  cause 
pr emat ur e mechani cal  seal  f ai l ur e.

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

Pr ovi de st uf f i ng box of  cast  or  duct i l e i r on,  ASTM A536 cl ass 65,  and 
cont ai ni ng a mi ni mum of  f i ve r i ngs of  packi ng;  wi t h an avai l abl e f i t t i ng 
f or  pr essur e r el i ef .   The packi ng f ol l ower  gl and must  be st ai nl ess st eel  
and secur ed i n pl ace by st ai nl ess st eel  st uds and nut s.   The packi ng box 
bear i ng must  be br onze.   Pr ovi de a wat er  s l i nger  t o oper at e on t he t op 
shaf t ,  above t he packi ng gl and.

2. 3. 7. 7   Mechani cal  Seal

Pr ovi de a mechani cal  seal .

2. 3. 7. 8   Col umn Pi pe

Pr ovi de col umn pi pe of  ASTM A53/ A53M gr ade B st eel  pi pe not  l ess t han 
Schedul e 30.   Machi ne t he col umn ends wi t h t hr eads and f aced par al l el  t o 
t he t hr eads t o ensur e pr oper  al i gnment .   Connect  t he pi pe wi t h t hr eaded 
sl eeve t ype duct i l e i r on coupl i ngs or  f l anges t hat  wi l l  accept  20 mm 3/ 4 
i nch st ai nl ess st eel  or  bonze bear i ng r et ai ner s.   Li neshaf t  bear i ngs must  
be f l ut ed r ubber  r et ai ned i n a cent er i ng spi der  r et ai ner .

2. 3. 7. 9   Basket  St r ai ner

Pr ovi de and at t ach a st ai nl ess st eel  basket  st r ai ner  of  a sui t abl e s i ze t o 
t he pump suct i on wi t h st ai nl ess st eel  f ast ener s.   St r ai ner  must  have a net  
i nl et  ar ea equal  t o at  l east  t hr ee t i mes t he i mpel l er  i nl et  ar ea.   The 
maxi mum openi ng must  not  be mor e t han 75 per cent  of  t he maxi mum openi ng of  
t he wat er  passage t hr ough t he bowl  or  i mpel l er .

2. 3. 7. 10   Mot or

El ect r i c mot or  must  meet  NEMA MG 1 and be t he si ze and vol t age i ndi cat ed.   
Pr ovi de [ 1800RPM]  [ _____]  mot or  wi t h NEMA Cl ass B or  Cl ass F i nsul at i on.   
The mot or  must  have a ver t i cal  hol l ow ( or  sol i d)  shaf t  mot or  wi t h space 
heat er s and a non- r ever se r at chet  ( or  sel f - r el ease coupl i ng)  t o pr event  
r ever se r ot at i on.   The mot or  must  have an angul ar  cont act  t hr ust  bear i ng 
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t o meet  t he desi gned pump' s hydr aul i c t hr ust  l oad pl us t he wei ght  of  t he 
r ot at i ng par t s under  oper at i ng condi t i ons.   Pr ovi de hi gh ef f i c i ency mot or  
wi t h a weat her  pr ot ect ed WP- 1 encl osur e,  [ 230/ 460]  [ _____]  vol t ,  [ 3]  [ 1]  
phase,  60HZ,  and a [ 1. 15]  [ _____]  ser vi ce f act or .   Mot or  must  be 
non- over l oadi ng at  any poi nt  on t he pump cur ve and pr emi um ef f i c i ency.   
Pr ovi de mot or  wi t h ef f i c i enci es i n compl i ance wi t h NEMA MG 1.

2. 3. 8   Cool i ng Coi l  Condensat e Pump Uni t s

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed.   Cool i ng Coi l  Condensat e Pump 
Uni t  must  be a packaged uni t  i ncl udi ng a cor r osi on- r esi st ant  pump,  pl ast i c 
t ank wi t h cover ,  and aut omat i c cont r ol s.   I ncl ude [ f act or y]  [ f i el d]  
i nst al l ed check val ve and a 1800 mm  72 i nch mi ni mum,  el ect r i cal  power  
cor d wi t h pl ug f or  120V/ 1PH/ 60HZ el ect r i cal  ser vi ce.

2. 3. 8. 1   Mot or

El ect r i c mot or  must  compl y wi t h NEMA MG 1 and be t he si ze,  vol t age and 
encl osur e i ndi cat ed.   Pr ovi de heavy dut y gr ease l ubr i cat ed bal l  bear i ngs 
compl et el y adequat e f or  t he maxi mum l oad f or  whi ch t he mot or  i s desi gned.

2. 4   ELECTRI CAL WORK

Pr ovi de el ect r i cal  mot or  dr i ven equi pment  speci f i ed her ei n compl et e wi t h 
mot or s,  mot or  st ar t er s,  and cont r ol s.   Pr ovi de el ect r i c equi pment  and 
wi r i ng i n accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
El ect r i cal  char act er i st i cs must  be as i ndi cat ed.   Pr ovi de mot or  st ar t er s 
compl et e wi t h pr oper l y s i zed t her mal  over l oad pr ot ect i on i n each phase and 
ot her  appur t enances necessar y f or  t he mot or  cont r ol  speci f i ed.   Each mot or  
must  be of  suf f i c i ent  capaci t y t o dr i ve t he equi pment  at  t he speci f i ed 
capaci t y wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or  when 
oper at i ng at  pr oper  el ect r i cal  syst em vol t age and f r equency.   Manual  or  
aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
oper at i on her ei n speci f i ed and any cont r ol  wi r i ng r equi r ed f or  cont r ol s 
and devi ces but  not  i ndi cat ed must  be pr ovi ded under  t hi s sect i on of  t he 
speci f i cat i ons.

2. 5   ELECTRI CAL EQUI PMENT

Pr ovi de el ect r i cal  equi pment  i n conf or mance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de el ect r i cal  mot or  dr i ven equi pment  her ei n 
speci f i ed compl et e wi t h mot or s,  mot or  st ar t er s,  and cont r ol s.   Mot or  
cont r ol s,  equi pment ,  and wi r i ng must  be i n accor dance wi t h NFPA 70.

2. 5. 1   El ect r i c Mot or s

Dr i ve each el ect r i c mot or - dr i ven pump by a cont i nuous- dut y el ect r i c mot or  
wi t h encl osur e t ype f or  speci f i c  ser vi ce as def i ned i n par agr aph HYDRONI C 
PUMPS.   Mot or  must  have a [ 1. 5]  [ _____]  ser vi ce f act or .   Pr ovi de 
[ squi r r el - cage i nduct i on] [ synchr onous]  mot or s havi ng 
nor mal - st ar t i ng- t or que and l ow- st ar t i ng- cur r ent  char act er i st i cs,  and of  
suf f i c i ent  s i ze so t hat  t he namepl at e wat t age hor sepower  r at i ng wi l l  not  
be exceeded t hr oughout  t he ent i r e publ i shed pump char act er i st i c cur ve.   
I nt egr al  s i ze mot or s must  be t he pr emi um ef f i c i ency t ype i n accor dance 
wi t h NEMA MG 1.   Pump el ect r i c mot or  ef f i c i enci es must  meet  or  exceed t he 
r equi r ement s of  t he I CC I gCC st andar d.   Mot or  bear i ngs must  pr ovi de smoot h 
oper at i ons under  t he condi t i ons encount er ed f or  t he l i f e of  t he mot or .   
Pr ovi de adequat e t hr ust  bear i ng i n t he mot or  t o car r y t he wei ght  of  al l  
r ot at i ng par t s pl us t he hydr aul i c t hr ust  and be capabl e of  wi t hst andi ng 
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upt hr ust  i mposed dur i ng pump st ar t i ng[  and under  var i abl e pumpi ng head 
condi t i ons speci f i ed] .   Mot or s must  be r at ed [ _____]  vol t s,  [ _____]  phase,  
60 Hz and such r at i ng must  be st amped on t he namepl at e.   Pr ovi de mot or s i n 
conf or mance wi t h NEMA MG 1.

2. 5. 2   Cont r ol  Equi pment

[ Manual l y cont r ol l ed pumps must  have START- STOP pushbut t on i n 
cover . ] [ Aut omat i cal l y cont r ol l ed pumps must  have t hr ee- posi t i on 
" MANUAL- OFF- AUTOMATI C"  sel ect or  swi t ch i n cover . ]   Pr ovi de addi t i onal  
cont r ol s or  pr ot ect i ve devi ces as i ndi cat ed.   [ I nst al l  a pump l ow- wat er  
cut of f  [ i n t he wel l ] [ on t he suct i on pi pe]  and must  shut  t he pump of f  when 
t he wat er  l evel  i n t he wel l  r eaches t he l evel  shown. ]

2. 5. 3   Var i abl e Speed Cont r ol

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  I f  any of  t he mot or s have a var i abl e speed 
cont r ol ,  t hen i ncl ude t hi s par agr aph.  

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

The var i abl e speed mot or  cont r ol l er s must  meet  t he r equi r ement s of  UFGS 
26 29 23 ADJUSTABLE SPEED DRI VE SYSTEMS UNDER 600 VOLTS.

2. 6   EQUI PMENT APPURTENANCES

2. 6. 1   At t achment s

Fur ni sh al l  necessar y bol t s,  nut s,  washer s,  bol t  s l eeves,  and ot her  t ypes 
of  at t achment s wi t h t he equi pment  f or  t he i nst al l at i on of  t he equi pment .   
Bol t s conf or m t o t he r equi r ement s of  ASTM A307 and hexagonal  nut s of  t he 
same qual i t y as t he bol t s used.   Thr eads must  be cl ean- cut  and conf or m t o 
ASME B1. 1.   Bol t s,  nut s,  and washer s speci f i ed t o be gal vani zed or  not  
ot her wi se i ndi cat ed or  speci f i ed,  must  be zi nc coat ed af t er  bei ng 
t hr eaded,  by t he hot - di p pr ocess conf or mi ng t o [ ASTM A123/ A123M] [
ASTM A153/ A153M]  as appr opr i at e.   Bol t s,  nut s,  and washer s speci f i ed or  
i ndi cat ed t o be st ai nl ess st eel  must  be Type 316.  

2. 6. 2   Equi pment  Guar ds

Pr ovi de equi pment  dr i ven by open shaf t s,  bel t s,  chai ns,  or  gear s wi t h 
al l - met al  guar ds encl osi ng t he dr i ve mechani sm.   Secur e guar ds i n posi t i on 
wi t h st eel  br aces or  st r aps t hat  per mi t  easy r emoval  f or  ser vi c i ng t he 
equi pment .   Coupl er  guar ds must  compl y wi t h cur r ent  nat i onal  saf et y 
st andar ds i ncl udi ng 29 CFR 1910. 219 and NEMA Z535. 4.   Pr ovi de guar ds wi t h 
gaps no gr eat er  t han 6 mm 0. 250 i nches,  saf et y or ange i n col or ,  and have 
an NEMA Z535. 4 compl i ant  war ni ng l abel .

2. 6. 3   Tool s

Fur ni sh a compl et e set  of  al l  speci al  t ool s whi ch may be necessar y f or  t he 
adj ust ment ,  oper at i on,  mai nt enance,  and di sassembl y of  al l  equi pment .   
Speci al  t ool s ar e consi der ed t o be t hose t ool s whi ch because of  t hei r  
l i mi t ed use ar e not  nor mal l y avai l abl e,  but  whi ch ar e necessar y f or  t he 
par t i cul ar  equi pment .   Speci al  t ool s must  be hi gh- gr ade,  smoot h,  f or ged,  
al l oy,  t ool  st eel .   Fur ni sh one pr essur e gr ease gun f or  each t ype of  
gr ease r equi r ed.   Del i ver  al l  t ool s at  t he same t i me as t he equi pment  t o 
whi ch t hey per t ai n.   Pr oper l y st or e and saf eguar d such t ool s unt i l  
compl et i on of  t he wor k,  at  whi ch t i me del i ver  t hem t o t he Cont r act i ng 
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Of f i cer .

2. 7   FI NI SHES

Al l  mot or s,  pump casi ngs,  and si mi l ar  par t s of  equi pment  must  be 
t hor oughl y c l eaned,  pr i med,  and gi ven t wo f i ni sh coat s of  pai nt  at  t he 
f act or y i n accor dance wi t h t he r ecommendat i ons of  t he manuf act ur er .  Gi ve 
f er r ous sur f aces not  t o be pai nt ed a shop coat  of  gr ease or  ot her  sui t abl e 
r ust - r esi st ant  coat i ng.

[ 2. 8   FACTORY TESTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fact or y Test s f or  speci f i c  pumps shi pped t o 
const r uct i on s i t e ar e not  nor mal l y r equi r ed unl ess 
t he pumps ar e used f or  a cr i t i cal  appl i cat i on wher e 
pr eci se per f or mance i s r equi r ed.   Manuf act ur er s '  
per f or mance dat a i s based on f act or y t est s usi ng 
pr eci s i on i nst r ument at i on and exact i ng pr ocedur es as 
det ai l ed i n Hydr aul i c I nst i t ut e St andar d ANSI / HI  1. 6 
Cent r i f ugal  Pump Test s f or  each t ypi cal  pump model .   
Del et e t he f ol l owi ng par agr aph unl ess r equi r ed.

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

Pumps must  be t est ed by t he manuf act ur er  or  a nat i onal l y r ecogni zed 
t est i ng agency i n compl i ance wi t h HI  1. 3.   Submi t  cer t i f i ed t est  r esul t s.

] 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   I NSTALLATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pump and dr i ver  shaf t  al i gnment  on base 
mount ed,  l ong- coupl ed pumps i s cr i t i cal  t o r educe 
vi br at i on,  i ncr ease bear i ng l i f e,  i ncr ease coupl er  
l i f e,  and i ncr ease mechani cal  seal  l i f e.   Al t hough 
shaf t s ar e t ypi cal l y al i gned at  f act or y,  some 
mi sal i gnment  wi l l  occur  dur i ng shi ppi ng and 
l i f t i ng.   Di al  i ndi cat or s or  l aser  devi ces ar e 
cal l ed out  t o accur at el y per f or m f i nal  al i gnment  of  
pump and dr i ver  shaf t s.   Scal es,  st r ai ght  edges and 
cal i per s pr ovi de l ess accur at e al i gnment  and ar e 
onl y sui t abl e f or  i ni t i al  al i gnment .

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

I nst al l  each pump and mot or  i n accor dance wi t h t he wr i t t en i nst r uct i ons of  
t he manuf act ur er [  and under  t he di r ect  super vi s i on of  t he manuf act ur er ' s 
r epr esent at i ve] .   Pr ovi de access space ar ound t he devi ce f or  ser vi c i ng no 
l ess t han t he mi ni mum r ecommended by t he manuf act ur er .

[ 3. 2. 1   Base Mount ed,  Long- Coupl ed Pumps

Set  t he pump basepl at e as f ol l ows.
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a.   Pl ace t wo set s of  shi ms or  wedges f or  each f oundat i on bol t .   Lower  
basepl at e ont o f oundat i on bol t s and l evel  basepl at e bot h l engt hwi se 
and acr oss by addi ng or  r emovi ng shi ms or  mount  wedges.   A maxi mum 
di f f er ence of  3 mm 0. 125 i nches l engt hwi se and 1. 5 mm 0. 059 i nches 
acr oss i s al l owabl e.

b.   Mount  pump and dr i ver  on basepl at e i f  not  al r eady mount ed at  f act or y.   
Pump and dr i ver  shaf t s must  have i ni t i al  col d ( pump and dr i ver  at  
ambi ent  t emper at ur e)  al i gnment  check and f i nal  hot  ( pump and dr i ver  at  
oper at i ng t emper at ur e)  al i gnment  check.   Per f or m col d al i gnment  check 
bef or e basepl at e i s gr out ed,  af t er  basepl at e i s gr out ed,  and af t er  
pi pi ng i s connect ed.   Per f or m f i nal  al i gnment  check when pump and 
dr i ver  ar e at  oper at i ng t emper at ur e.   Move or  shi m onl y t he dr i ver  t o 
make adj ust ment s t o pr event  st r ai n on t he pi pi ng i nst al l at i ons.   
I ni t i al  al i gnment  may be per f or med wi t h scal es,  st r ai ght  edges and 
cal i per s.   Fi nal  al i gnment  must  be done wi t h di al  gauges or  l aser  
al i gnment  devi ces.   Fi nal  al i gnment  mi sal i gnment  may not  exceed 
coupl i ng manuf act ur er ' s maxi mum par al l el  and angul ar  mi sal i gnment  
val ues.   When usi ng var i abl e f r equency dr i ves,  r educe t he 
manuf act ur er ' s mi sal i gnment  val ues by 50 per cent .   Remove f l exi bl e 
coupl i ng when per f or mi ng al i gnment .

c.   Suppor t  t he connect i ng pi pi ng t o ensur e t hat  t her e ar e no pi pi ng l oads 
at  t he pump f l ange connect i ons and connect i ng pi pi ng i s not  f or ced 
i nt o posi t i on.   [ Use concr et e f or  equi pment  f oundat i ons as speci f i ed 
i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   Pr ovi de concr et e 
f oundat i ons t hat  ar e i nt egr al  wi t h and of  t he same cl ass as t hat  of  
t he bui l di ng f l oor  unl ess ot her wi se i ndi cat ed.   Use concr et e havi ng a 
compr essi ve st r engt h of  at  l east  17 MPa 2, 500 psi  i n f oundat i ons t hat  
ar e ent i r el y separ at ed f r om t he sur r oundi ng f l oor .   I nst al l  a 
pr emol ded f i l l er  st r i p bet ween t he f oundat i on and f l oor  s l ab as 
shown.   Fur ni sh f oundat i on bol t s,  as r equi r ed,  f or  pr oper  posi t i oni ng 
dur i ng t he pl acement  of  t he concr et e. ]

] 3. 3   FI ELD QUALI TY CONTROL

Af t er  i nst al l at i on of  t he pumpi ng uni t s and appur t enances,  i ncl udi ng 
coupl i ng guar d,  i s  compl et e,  car r y out  oper at i ng t est s t o assur e t hat  t he 
pumpi ng i nst al l at i on oper at es pr oper l y. [   Make ar r angement s t o have t he 
manuf act ur er ' s r epr esent at i ves pr esent  when f i el d equi pment  t est s ar e 
made. ]   Gi ve each pumpi ng uni t  a r unni ng f i el d t est  i n t he pr esence of  t he 
Cont r act i ng Of f i cer  f or  a mi ni mum of  2 hour s.   Oper at e each pumpi ng uni t  
at  i t s  r at ed capaci t y or  such ot her  poi nt  on i t s head- capaci t y cur ve 
sel ect ed by t he Cont r act i ng Of f i cer .   Pr ovi de an accur at e and accept abl e 
met hod of  measur i ng t he di schar ge f l ow.   Test s must  assur e t hat  t he uni t s 
and appur t enances have been i nst al l ed cor r ect l y,  t hat  t her e i s no 
obj ect i onabl e heat i ng,  v i br at i on,  or  noi se f r om any par t s,  and t hat  al l  
manual  and aut omat i c cont r ol s f unct i on pr oper l y.   I f  any def i c i enci es ar e 
r eveal ed dur i ng any t est s,  cor r ect  such def i c i enci es and r econduct  t he 
t est s.

Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med t o 
adj ust  each component  and al l  f i el d t est s per f or med t o pr ove compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a,  upon compl et i on and t est i ng of  
t he i nst al l ed syst em.   Each t est  r epor t  must  i ndi cat e t he f i nal  posi t i on 
of  cont r ol s.
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3. 4   FI ELD PAI NTI NG

Do not  pai nt  st ai nl ess st eel ,  gal vani zed st eel ,  and nonf er r ous sur f aces.

3. 4. 1   Touch- up pai nt i ng

Fact or y pai nt ed i t ems r equi r i ng t ouchi ng up i n t he f i el d must  be 
t hor oughl y c l eaned of  al l  f or ei gn mat er i al ,  and pr i med and t opcoat ed wi t h 
t he manuf act ur er ' s st andar d f act or y f i ni sh.

3. 4. 2   Exposed Fer r ous Sur f aces

Pai nt  exposed f er r ous sur f aces wi t h t wo coat s of  enamel  pai nt  conf or mi ng 
t o SSPC Pai nt  21.   Sol vent  c l ean f act or y pr i med sur f aces bef or e pai nt i ng.   
Sur f aces t hat  have not  been f act or y pr i med must  be pr epar ed and pr i med 
wi t h one coat  of  SSPC Pai nt  25 or  i n accor dance wi t h t he enamel  pai nt  
manuf act ur er ' s r ecommendat i ons.

3. 5   CLOSEOUT ACTI VI TI ES

3. 5. 1   Oper at i on and Mai nt enance Manual s

Submi t  one compl et e set  at  t he t i me t he t est s pr ocedur e i s submi t t ed;  
r emai ni ng set s bef or e t he cont r act  i s  compl et ed.   Per manent l y bi nd each i n 
a har d cover .   I nscr i be t he f ol l owi ng i dent i f i cat i on on t he cover s:  t he 
wor ds " OPERATI NG AND MAI NTENANCE I NSTRUCTI ONS, "  name and l ocat i on of  t he 
bui l di ng,  name of  t he Cont r act or ,  and cont r act  number .   Pl ace f l ysheet s 
bef or e i nst r uct i ons cover i ng each subj ect .   Use 216 by 279 mm 8- 1/ 2 by 11 
i nches paper  f or  i nst r uct i on sheet s,  wi t h l ar ge sheet s of  dr awi ngs f ol ded 
i n.  

I ncl ude,  but  do not  l i mi t  t o,  t he f ol l owi ng i n t he I nst r uct i ons:

a.   Syst em l ayout  showi ng pi pi ng,  val ves,  and cont r ol s.
 

b.   Appr oved wi r i ng and cont r ol  di agr ams[  i ncl udi ng var i abl e f r equency 
dr i ves] .

 
c.   A cont r ol  sequence descr i bi ng st ar t up,  oper at i on,  and shut down.  

d.   Oper at i ng and mai nt enance i nst r uct i ons f or  each pi ece of  equi pment ,  
i ncl udi ng t ask l i s t  f or  r out i ne mai nt enance,  r out i ne i nspect i ons,  
i nt er medi at e i nspect i ons,  and annual  i nspect i ons;  l ubr i cat i on 
i nst r uct i ons;  and t r oubl eshoot i ng gui de.  

e.   Manuf act ur er ' s bul l et i ns,  cut s,  and descr i pt i ve dat a;  and par t s l i s t  
and r ecommended spar e par t s.  

3. 5. 2   Tr ai ni ng

Upon compl et i on of  t he wor k,  and at  a t i me desi gnat ed by t he Cont r act i ng 
Of f i cer ,  pr ovi de t he ser vi ces of  one or  mor e compet ent  engi neer s f or  a 
t r ai ni ng per i od of  not  l ess t han [ _____]  hour s t o i nst r uct  a 
r epr esent at i ve of  t he Gover nment  i n t he cont ent s of  t he oper at i on and 
mai nt enance manual s f or  t he equi pment  f ur ni shed under  t hese 
speci f i cat i ons.   These f i el d i nst r uct i ons must  cover  al l  t he i t ems 
cont ai ned i n t he bound i nst r uct i ons.   Submi t  t he t r ai ni ng cour se 
cur r i cul um and t r ai ni ng i nst r uct i ons 14 days pr i or  t o t he st ar t  of  
t r ai ni ng.
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        - -  End of  Sect i on - -
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