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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  heat i ng,  vent i l at i ng,  and cool i ng 
( HVAC)  equi pment  f or  t her mal ,  humi di t y,  and ai r f l ow 
cont r ol  i n dat a pr ocessi ng envi r onment s.

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

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

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t he most  ef f i c i ent ,  compet i t i vel y 
avai l abl e CRAC f or  whi ch t her e ar e at  l east  t wo 
pr oduct s avai l abl e f or  t he i ndi cat ed r anges of  
compar abi l i t y .   Desi gn par amet er s f or  each i t em of  
equi pment  must  be i ndi cat ed on t he dr awi ngs 
i ncl udi ng capaci t y,  ef f i c i ency,  sound r at i ngs,  mot or  
speeds,  el ect r i cal  char act er i st i cs,  and speci al  
f eat ur es.

Syst em r equi r ement s must  conf or m t o UFC 3- 410- 01,  
" Heat i ng,  Vent i l at i ng,  and Ai r  Condi t i oni ng Syst ems" .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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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.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  410 ( 2001;  Addendum 1 2002;  Addendum 2 2005;  
Addendum 3 2011)  For ced- Ci r cul at i on 
Ai r - Cool i ng and Ai r - Heat i ng Coi l s

AHRI  1360 ( 2017)  Per f or mance Rat i ng of  Comput er  and 
Dat a Pr ocessi ng Room Ai r  Condi t i oner s

ANSI / AHRI  460 ( 2005)  Per f or mance Rat i ng of  Remot e 
Mechani cal - Dr af t  Ai r - Cool ed Ref r i ger ant  
Condenser s

ANSI / AHRI  520 ( 2004)  Per f or mance Rat i ng of  Posi t i ve 
Di spl acement  Condensi ng Uni t s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ANSI / ASHRAE 15 & 34 ( 2022)  ANSI / ASHRAE St andar d 15- Saf et y 
St andar d f or  Ref r i ger at i on Syst ems and 
ANSI / ASHRAE St andar d 34- Desi gnat i on and 
Saf et y Cl assi f i cat i on of  Ref r i ger ant s

ASHRAE 52. 2 ( 2017)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 62. 1 ( 2022)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y
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ASHRAE 90. 1 -  I P ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 90. 1 -  SI ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 127 ( 2012)  Met hod of  Test i ng f or  Rat i ng 
Comput er  and Dat a Pr ocessi ng Room Uni t ar y 
Ai r - Condi t i oner s

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

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME BPVC ( 2010)  Boi l er  and Pr essur e Vessel s Code

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM C1071 ( 2019)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )

ASTM C1338 ( 2019)  St andar d Test  Met hod f or  
Det er mi ni ng Fungi  Resi st ance of  I nsul at i on 
Mat er i al s and Faci ngs

ASTM D5864 ( 2011)  St andar d Test  Met hod f or  
Det er mi ni ng Aer obi c Aquat i c Bi odegr adat i on 
of  Lubr i cant s or  Thei r  Component s

ASTM D6081 ( 1998;  R 2014)  Aquat i c Toxi c i t y Test i ng of  
Lubr i cant s:  Sampl e Pr epar at i on and Resul t s 
I nt er pr et at i on

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM G21 ( 2015;  R 2021;  E 2021)  St andar d Pr act i ce 
f or  Det er mi ni ng Resi st ance of  Synt het i c 
Pol ymer i c Mat er i al s t o Fungi

ETL TESTI NG LABORATORI ES ( ETL)

ETL DLP ( updat ed cont i nuousl y)  ETL Li st ed Mar k 
Di r ect or y

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

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

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 1110- 2- 1424 ( 2016)  Engi neer i ng and Desi gn - -  
Lubr i cant s and Hydr aul i c Fl ui ds

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

16 CFR 1201 Saf et y St andar d f or  Ar chi t ect ur al  Gl azi ng 
Mat er i al s

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2023;  Repr i nt  Jan 2024)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connect or s

UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL El ec Equi p Di r ( 2011)  El ect r i cal  Appl i ance and 
Ut i l i zat i on Equi pment  Di r ect or y

1. 2   DEFI NI TI ONS

Comput er  Room Ai r  Condi t i oner  ( CRAC) :   A s i ngl e,  sel f - cont ai ned uni t  
or  spl i t - syst em uni t  desi gned and manuf act ur ed speci f i cal l y f or  
t emper at ur e and humi di t y cont r ol  of  dat a pr ocessi ng envi r onment s.

Col d Ai s l e:   The ai s l e bet ween or  adj acent  t o r ows of  r acks f r om whi ch 
t he comput i ng equi pment  dr aws cool  ai r .

Hot  Ai s l e:   The ai s l e bet ween or  adj acent  t o r ows of  r acks t o whi ch 
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t he comput i ng equi pment  ej ect s hot  ai r .

Rack:   Tel ecommuni cat i ons suppor t  f r ame t hat  can consi st  of  
post - and- f r ame or  f ul l  cabi net  const r uct i on.  Racks ar e pr ovi ded under  
Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM.

1. 3   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a " G"  t o an i t em 
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .

For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
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.

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

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 .   Submi t t al s not  havi ng a " G"  or  " S"  
c l assi f i cat i on ar e 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- 03 Pr oduct  Dat a

Comput er  Room Ai r  Condi t i oner ;  G,  [ _____]

Smal l  Comput er  Room Ai r  Condi t i oner s;  G,  [ _____]

Space Temper at ur e Cont r ol  Syst em Dr awi ngs;  G,  [ _____]

Fi l t er s
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Ref r i ger ant s;  S

[ Col d] [ and] [ Hot ]  Ai s l e Cont ai nment  Syst ems;  G,  [ _____]

Rack Mount ed Fans;  G,  [ _____]

Leak Det ect i on;  G,  [ _____]

SD- 06 Test  Repor t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fact or y wi t ness t est i ng i s expensi ve and 
r ar el y necessar y f or  commonl y manuf act ur ed 
mechani cal  equi pment  such as CRAC.   Conf i r m wi t h t he 
f aci l i t y  owner  t hat  wi t ness t est i ng i s necessar y and 
wor t h t he cost .

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

CRAC Pr oduct i on Schedul e and Fact or y Test  Schedul e;  G,  [ _____]

Manuf act ur er ' s Fact or y Test  Pl ans;  G,  [ _____]

Fact or y Test  Repor t s;  G,  [ _____]

Fi el d Test  Schedul e;  G,  [ _____]

Manuf act ur er ' s Fi el d Test  Pl ans;  G,  [ _____]

Fi el d Test  Repor t s;  G,  [ _____]

SD- 07 Cer t i f i cat es

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

Cr edent i al s of  t he Manuf act ur er ' s Fi el d Test  Repr esent at i ve;  G,  
[ _____]

Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Cer t i f i ed Li st  Of  Qual i f i ed Per manent  Ser vi ce Or gani zat i ons

Sei smi c Cer t i f i cat i on;  G,  [ _____]

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on Manual  f or  Each Type of  CRAC

I nst al l at i on Manual  f or  Each Type of  Ai s l e Cont ai nment  Syst em

I nst al l at i on Manual  f or  Each Type of  Rack Mount ed Fan

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

Comput er  Room Ai r  Condi t i oner  Oper at i on and Mai nt enance Dat a,  Dat a 
Package 4;  G,  [ _____]

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on;  S

SECTI ON 23 81 23  Page 9



1. 4   REFRI GERANTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   EPA,  per  t he Si gni f i cant  New Al t er nat i ve 
Pol i cy r ul e,  r evi ews r ef r i ger ant  subst i t ut es on t he 
basi s of  ozone depl et i on pot ent i al ,  gl obal  war mi ng 
pot ent i al ,  t oxi c i t y,  f l ammabi l i t y ,  and exposur e 
pot ent i al .   Li st s of  accept abl e and unaccept abl e 
subst i t ut es ar e updat ed sever al  t i mes each year .   A 
chr onol ogi cal  l i s t  of  SNAP updat es i s avai l abl e at  
ht t ps: / / www. epa. gov/ snap/ subst i t ut es- r ef r i ger at i on-
and- ai r - condi t i oni ng or  f r om t he st r at ospher i c ozone 
i nf or mat i on hot l i ne at  1 ( 800)  296- 1996.   Reduci ng 
ozone depl et i on and gl obal  war mi ng pot ent i al  by 
r educi ng or  el i mi nat i ng CFC,  and r educi ng or  
el i mi nat i ng HCFC and Hal on use i n ai r  condi t i oni ng 
equi pment  i s r equi r ed.

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

Ref r i ger ant s must  have an Ozone Depl et i on Pot ent i al  ( ODP)  no gr eat er  t han 
0. 0.   CFC- based r ef r i ger ant s ar e pr ohi bi t ed.   [ HCFCs] [  and ] [ Hal ons]  ar e 
not  per mi t t ed.   Pr ovi de SDS sheet s f or  al l  r ef r i ger ant s.

1. 5   QUALI FI CATI ONS

1. 5. 1   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng par agr aph r equi r es a 
cer t i f i cat i on f or  t echni c i ans who wor k on equi pment  
t hat  coul d r el ease ozone depl et i ng r ef r i ger ant s,  
such as R- 123,  i nt o t he at mospher e.   Thi s i s 
r equi r ed as of  Januar y 1,  2018 t o meet  t he 
r equi r ement s of  40 CFR 82,  Subpar t  F.

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

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.

1. 6   QUALI FI CATI ONS

1. 6. 1   Mat er i al  and Equi pment  Qual i f i cat i ons

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he manuf act ur er  of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn,  and wor kmanshi p.   St andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  
t wo year s pr i or  t o bi d openi ng.   The t wo- year  use must  i ncl ude 
appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  
s i mi l ar  s i ze.   The pr oduct  must  have been f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es 
dur i ng t he t wo- year  per i od.

SECTI ON 23 81 23  Page 10



1. 6. 2   Al t er nat i ve Equi pment  Qual i f i cat i ons

Pr oduct s havi ng l ess t han a t wo- year  f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  
l abor at or y t est s,  can be shown.

1. 6. 3   Ser vi ce Suppor t

The equi pment  i t ems must  be suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

1. 6. 4   Manuf act ur er ' s Namepl at e

For  each i t em of  equi pment ,  pr ovi de a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

1. 6. 5   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 6. 5. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons must  be consi der ed mandat or y,  t he wor d 
" shoul d"  i s i nt er pr et ed as " must . "   Ref er ence t o t he " code of f i c i al "  must  
be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  Navy owned 
pr oper t y,  r ef er ences t o t he " owner "  must  be i nt er pr et ed t o mean t he 
" Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he " owner "  
must  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he " per mi t  
hol der "  must  be i nt er pr et ed t o mean t he " Cont r act or . "

1. 6. 5. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  must  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 7   PROJECT REQUI REMENTS

1. 7. 1   Ver i f i cat i on of  Di mensi ons

Become f ami l i ar  wi t h t he 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 pr ovi de adequat e c l ear ance f or  al l  connect i ons and ser vi ce 
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access.  Not i f y t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng any wor k.

1. 7. 2   Ener gy Ef f i c i ency

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P 
Tabl e 6. 8. 1- 11 f or  t he mi ni mum ef f i c i ency 
r equi r ement s of  ai r  condi t i oner s and condensi ng 
uni t s ser vi ng comput er  r ooms.   Ef f i c i enci es shoul d 
be i ndi cat ed on schedul es and shoul d be bet t er  t han 
or  equal  t o t he mi ni mum ef f i c i enci es r equi r ed by 
ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P.

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

Pr ovi de equi pment  wi t h mi ni mum ef f i c i enci es [ as i ndi cat ed] [ as r equi r ed by 
ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P] .

1. 8   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

PART 2   PRODUCTS

2. 1   COMPUTER ROOM AI R CONDI TI ONER ( CRAC)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The i ndoor  component s of  t he CRAC ar e 
i nher ent l y noi sy.   I n noi se sensi t i ve ar eas,  
desi gner s shoul d t ake st eps t o at t enuat e CRAC 
gener at ed sound.   Det er mi ne t he maxi mum accept abl e 
sound l evel  l i mi t  f or  t he appl i cat i on i n NC l evel  or  
dbA and add t he l i mi t  t o t he CRAC equi pment  
schedul e.   Thi s sound l evel  compl i ance may be 
ver i f i ed by t he CRAC f act or y and f i el d t est s.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner s shoul d l ocat e t he f l oor  r egi st er s 
i n a r ai sed f l oor  syst em as f ar  f r om t he CRAC as 
possi bl e t o r educe di r ect  sound t r ansmi ssi on f r om 
t he uni t  t o t he condi t i oned space and t o i mpr ove ai r  
di st r i but i on per f or mance.   Fl oor  r egi st er s shoul d be 
coor di nat ed wi t h Sect i on 09 69 13 RI GI D GRI D ACCESS 
FLOORI NG.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner s shoul d i ndi cat e t he mandat or y 
r out i ng of  pi pi ng ar ound t he f l oor  st and of  a 
downf l ow CRAC i n t hei r  pi pi ng pl an vi ew and pi pi ng 
det ai l s.   Ensur e,  by di mensi oni ng of  pi pi ng det ai l s,  
t hat  no pi pi ng i nt er f er es wi t h t he ai r  f l ow 
per f or mance of  t he CRAC.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P 
Tabl e 6. 8. 1K f or  t he mi ni mum ef f i c i ency r equi r ement s 
of  ai r  condi t i oner s and condensi ng uni t s ser vi ng 
comput er  r ooms.

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

Pr ovi de compl et e wor ki ng CRACs,  desi gned,  [ and]  f act or y assembl ed[ ,  and 
f act or y t est ed] .   Equi pment  must  be l i s t ed i n UL El ec Equi p Di r  or  ETL DLP 
f or  comput er  r oom appl i cat i on.   CRACs must  have a mi ni mum sensi bl e 
coef f i c i ent  of  per f or mance of  [ _____]  i n accor dance wi t h ASHRAE 127.   
Comput er  Room Ai r  Condi t i oner s must  have [ a mi ni mum [ seasonal  ] ener gy 
ef f i c i ency r at i o ( [ S] EER)  of  [ _____] , ]  [ a mi ni mum Heat i ng Seasonal  
Per f or mance Fact or  ( HSPF)  of  [ _____] , ]  [ a mi ni mum I nt egr at ed Par t  Load 
Val ue ( I PLV)  of  [ _____] , ] [  and ] [ a mi ni mum COP of  [ _____] ] .   CRACs must  
i ncl ude r oom cabi net  and f r ame,  [ f l oor  st and,  ] f an sect i on,  f i l t er  
sect i on,  cool i ng coi l ,  [ r eheat  coi l ,  ] [ humi di f i er ,  ] [ compr essor [ s] ,  
] [ condenser [ s] ,  ] cont r ol s,  and,  i nt er connect i ng pi pi ng i nt er nal  t o t he 
CRAC.   Pr ovi de uni t s r at ed i n accor dance wi t h AHRI  1360.

2. 1. 1   Uni t  Ai r f l ow Conf i gur at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e t he ai r f l ow conf i gur at i on f or  each 
uni t  on t he equi pment  schedul e.

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

2. 1. 1. 1   Downf l ow Uni t s

The CRAC must  dr aw r et ur n ai r  i n at  t he t op [ or  s i des ] of  t he cabi net  and 
di schar ge suppl y ai r  at  t he bot t om of  t he cabi net .

2. 1. 1. 2   Upf l ow Uni t s

The CRAC must  dr aw r et ur n ai r  i n at  t he bot t om [ or  s i des ] of  t he cabi net  
and di schar ge suppl y ai r  at  t he t op of  t he cabi net .

2. 1. 1. 3   I n- r ow Uni t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Secur i t y and pr ocur ement  const r ai nt s may not  
al l ow t he use i n i n- r ow uni t s.  I n- r ow uni t s must  be 
coor di nat ed wi t h t he suppor t  f r ame pr ovi ded under  
Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG 
SYSTEM,  whi ch,  i n some i nst ances,  may be pr ovi ded 
under  a separ at e cont r act .

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

The CRAC must  be desi gned and manuf act ur ed t o be i nst al l ed wi t hi n t he r ow 
of  ser ver  cabi net s wher e i t  must  dr aw r et ur n ai r  i n at  t he back ( f r om t he 
hot  ai s l e)  and di schar ge suppl y ai r  at  t he f r ont  ( i nt o t he col d ai s l e) .   
I n- r ow uni t s must  mat ch t he hei ght  and dept h of  t he adj acent  r acks and 
i nt egr at e i nt o t he r ow such t hat  no gaps exi st  t hat  woul d al l ow ai r  t o 
bypass f r om t he col d ai s l e t o t he hot  ai s l e.

2. 1. 1. 4   Cei l i ng Mount ed Uni t s

The CRAC must  be desi gned t o be i nst al l ed at  or  above t he cei l i ng wher e i t  
must  dr aw r et ur n ai r  i n at  a duct  connect i on or  i nt egr al  r et ur n gr i l l e and 
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di schar ge suppl y ai r  at  a duct  connect i on or  i nt egr al  suppl y r egi st er .

2. 1. 2   Cabi net  and Fr ame

2. 1. 2. 1   Uni t  Fr ame

Uni t  f r ame must  be manuf act ur ed of  wel ded st eel  t ubes and must  be 
mi l l - gal vani zed or  coat ed wi t h an epoxy f i ni sh.

2. 1. 2. 2   Uni t  Cabi net

Ext er i or  panel s must  be st eel  sheet ,  mi ni mum of  1. 0 mm 20 gage,  
mi l l - gal vani zed or  coat ed wi t h a cor r osi on- i nhi bi t i ng epoxy f i ni sh i n 
[ manuf act ur er ' s st andar d] [ t he speci f i ed] [ t he i ndi cat ed]  col or .   Mi l l  
gal vani zed sheet  met al  must  be coat ed wi t h not  l ess t han 380 gr am of  z i nc 
per  squar e met er  1. 25 ounces of  z i nc per  squar e f oot  of  t wo- si ded 
sur f ace.   Mi l l  r ol l ed st r uct ur al  st eel  must  be hot - di p gal vani zed or  
pr i med and pai nt ed.   Cut  edges,  bur ns and scr at ches i n hot - di p gal vani zed 
sur f aces must  be coat ed wi t h gal vani z i ng r epai r  coat i ng.   Manuf act ur er ' s 
st andar d cabi net  mat er i al s and f i ni shes wi l l  be accept abl e i f  equi val ent  
t o t he above r equi r ement s and appr oved by t he Cont r act i ng Of f i cer .

Pr ovi de r emovabl e panel  f or  access t o cont r ol s wi t hout  i nt er r upt i ng 
ai r f l ow.   Panel s must  be gasket ed t o pr event  ai r  l eakage under  syst em 
oper at i ng pr essur e and must  be r emovabl e f or  ser vi ce access wi t hout  t he 
use of  speci al  t ool s.

[ Pr ovi de doubl e def l ect i on [ suppl y] [  and ] [ r et ur n]  gr i l l e[ s]  i nt egr al  t o 
uni t .   Gr i l l es must  be f act or y coat ed t he same as t he uni t  cabi net .

] [ 2. 1. 2. 3   Cabi net  I nt er i or s Sound At t enuat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  CRAC i nt er i or  cabi net s l ocat ed i n spaces 
whi ch r equi r e l ow sound l evel s because of  
i nt er act i on r equi r ement s of  t he oper at i ng per sonnel ,  
sel ect  desi r ed sound at t enuat i on met hods speci f i ed 
i n t hi s par agr aph.   I n noi se sensi t i ve ar eas,  
speci f i er s shoul d t ake speci al  st eps t o at t enuat e 
CRAC gener at ed sound,  such as usi ng t he t wo i nch 
f oam r equi r ement ,  i n l i eu of  t he f i ber  gl ass 
i nsul at i on.

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

Pr ovi de a f act or y- i nst al l ed sound at t enuat i on syst em i n t he i nt er i or  of  
t he CRAC cabi net .

[ CRAC cabi net  panel s i nt er i or  must  be pr ovi ded wi t h 25 mi l l i met er s of  24 
k i l ogr am per  cubi c met er  1 i nch of  1 1/ 2 pound per  cubi c f oot  f i ber  gl ass 
i nsul at i on on i nt er i or  of  cabi net  panel s.   I nsul at i on must  be appl i ed t o 
t he cabi net  panel s wi t h 100 per cent  adhesi ve cover age and bot h t he 
i nsul at i on and t he adhesi ve must  conf or m t o NFPA 90A.   I nsul at i on must  be 
r at ed f or  6000 f pm per  UL 181 and ASTM C1071.   I nsul at i on must  r esi st  t he 
gr owt h of  mi cr oor gani sms per  ASTM C1338 and ASTM G21.

] [ CRAC cabi net  panel s i nt er i or  must  be pr ovi ded wi t h mi ni mum 50 mi l l i met er s 
t wo i nch t hi ck acoust i cal  sound absor bi ng f oam wi t h a mi ni mum Noi se 
Reduct i on Coef f i c i ent  ( NRC)  of  0. 85.
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] [ Compr essor s l ocat ed i n CRAC i nt er i or  cabi net s must  be ei t her  wr apped i n a 
sound absor bi ng i nsul at i ng bl anket  or  encl osed i n i t s '  own sound absor bi ng 
i nsul at ed mi ni - cabi net  i nsi de of  t he l ar ger  CRAC i nt er i or  cabi net .

] [ Fans and compr essor s l ocat ed i n t he CRAC i nt er i or  cabi net  must  be pr ovi ded 
wi t h v i br at i on i sol at or s bet ween t hei r  r espect i ve suppor t  f r ames and t he 
cabi net  f r ami ng.

] CRAC manuf act ur er ' s st andar d i nt er i or  cabi net  sound at t enuat i on mat er i al s 
and f i ni shes wi l l  be accept abl e i f  equi val ent  t o t he above r equi r ement s 
and appr oved by t he Cont r act i ng Of f i cer .

] 2. 1. 3   Fan Sect i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  CRAC uni t s of  s i zes 6 t ons and mor e,  when 
speci f y i ng a bel t  dr i ve,  speci f y dual  V- bel t  f an 
dr i ves.

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

Pr ovi de f an( s)  and f an mot or ( s)  as i nt egr al ,  f act or y i nst al l ed component s 
of  t he CRAC. [   Pr ovi de uni t s wi t h capabi l i t y  t o l ower  f ans i nt o t he 
f l oor st and bel ow t he r ai sed f l oor .   The pr ocedur e t o l ower  t he f ans must  
be descr i bed i n t he manuf act ur er ' s wr i t t en i nst al l at i on i nst r uct i ons. ]

2. 1. 3. 1   Fan Wheel

The suppl y ai r  f an must  be AMCA cer t i f i ed.   Pr ovi de [ st eel ] [ al umi num] ,  
[ f or war d cur ved,  doubl e- wi dt h,  doubl e- i nl et ] [ backwar d cur ved,  pl enum/ pl ug 
t ype]  f an wheel .   The f an must  be st at i cal l y and dynami cal l y bal anced.   
The f an must  have sel f - al i gni ng,  per manent l y l ubr i cat ed bal l  bear i ngs wi t h 
a mi ni mum l i f e span of  100, 000 hour s.   Assess pot ent i al  ef f ect s of  
l ubr i cant  on aquat i c or gani sms i n accor dance wi t h ASTM D6081 and submi t  
aquat i c t oxi c i t y r epor t s.   Assess bi odegr adat i on i n accor dance wi t h 
ASTM D5864.   I n accor dance wi t h EM 1110- 2- 1424 Chapt er  8,  aquat i c t oxi c i t y 
must  exceed 1, 000 ppm at  LL50 and bi odegr adat i on must  exceed 60 per cent  
conver si on of  car bon t o car bon di oxi de i n 28 days.

2. 1. 3. 2   Mot or  and Dr i ve

[ Pr ovi de f an wheel  di r ect l y coupl ed t o mot or  shaf t . ]  [ Pr ovi de [ V- bel t  
dr i ve] [ dual  V- bel t  dr i ve]  s i zed f or  200 per cent  of  t he mot or  namepl at e 
r at i ng.   Fan speed must  be adj ust abl e wi t h cast  i r on var i abl e pi t ch 
pul l eys.   Sheaves must  be wi t hi n t he mi ddl e one t hi r d of  t he sheave 
adj ust ment  r ange. ]

[ Pr ovi de dr i p- pr oof ,  per manent  spl i t  capaci t or  t ype,  NEMA r at ed mot or  wi t h 
i nher ent  over l oad pr ot ect i on and sl i di ng adj ust abl e mot or  base. ]  [ Pr ovi de 
el ect r oni cal l y commut at ed mot or  wi t h i nt egr at ed el ect r oni c cont r ol  boar d 
and di r ect  mi cr opr ocessor  cont r ol  s i gnal i ng f or  speed cont r ol . ]

[ Pr ovi de var i abl e f r equency dr i ve( s)  i n accor dance wi t h Sect i on 26 29 23 
ADJUSTABLE SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS.

] 2. 1. 4   Cool i ng Coi l

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e on t he desi gn dr awi ngs t he mi ni mum 
r equi r ed head f or  t he coi l  condensat e pump.   Do not  
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l ocat e uni t s wi t h hydr oni c coi l s di r ect l y above 
comput er  r acks.   A doubl e- sl oped pan pr event s wat er  
f r om st andi ng and st agnat i ng i n t he pan.

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

Pr ovi de AHRI  410 coi l  and sl ope f or  dr ai nage.   Coi l  must  be manuf act ur ed 
of  seaml ess copper  t ubes wi t h pl at e [ al umi num] [ copper ]  f i ns. [   I ndoor  and 
out door  coi l s must  be mat ched and f r om same manuf act ur er . ]   Each coi l ,  i n 
t he pr oduct i on pr ocess,  must  be i ndi v i dual l y t est ed at  2200 kPa 320 psi  
wi t h compr essed ai r  under  wat er  and ver i f i ed t o be ai r  t i ght .   Fact or y 
dehydr at e and seal  each coi l  af t er  t est i ng and pr i or  t o eval uat i on and 
char gi ng. [   Pr ovi de DX coi l  compl et e wi t h a di st r i but or  and t her most at i c 
expansi on val ve wi t h ext er nal  equal i zer . ] [   Pr ovi de hydr oni c coi l s 
compl et e wi t h dr ai n and vent  connect i ons. ]   Pr ovi de [ doubl e- sl oped 
] condensat e dr ai n pan of  [ mi ni mum 1. 0 mi l l i met er  22 gage Type 304 
st ai nl ess st eel ] [ pl ast i c]  wi t h nonf er r ous connect i ons[ , [  and]  i nt er nal  
t r ap, ] [ ,  and a condensat e pump syst em compl et e wi t h i nt egr al  pump 
di schar ge check val ve,  i nt egr al  f l oat  swi t ch,  r eser voi r ,  and pump and 
mot or  assembl y. ]

2. 1. 5   Fi l t er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   MERV 13 f i l t er s ar e t ypi cal l y at  l east  6 
i nches deep wi t h 0. 8 i nch wg pr essur e dr op or  
hi gher ,  maki ng t hem onl y f easi bl e i n appl i ed,  
bel t - dr i ven cent r al  st at i on ai r  handl i ng uni t s.   
Ter mi nal  equi pment  or  smal l er  packaged r oof t op 
equi pment  cannot  achi eve t hi s l evel  of  f i l t r at i on or  
gener at e t he st at i c pr essur e needed t o del i ver  
pr oper  ai r f l ow when usi ng t hi s hi gh ef f i c i ency 
f i l t r at i on.   Typi cal l y MERV 6 or  8 i s t he hi ghest  
ef f i c i ency f i l t er  t hat  can be appl i ed f or  t hat  
equi pment .

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

Pr ovi de UL l i s t ed [ 50]  [ 100]  [ _____]  mm [ 2]  [ 4]  [ _____]  i nches t hi ck deep 
pl eat ed f i ber gl ass t hr owaway t ype f i l t er s. [   Addi t i onal l y,  pr ovi de [ 50]  
[ _____]  mm [ 2]  [ _____]  i nches t hi ck deep pl eat ed f i ber gl ass t hr owaway t ype 
pr e- f i l t er s. ]   Pr ovi de f i l t r at i on medi a wi t h a Mi ni mum Ef f i c i ency 
Repor t i ng Val ue ( MERV)  of  [ 6] [ 8] [ 13]  as det er mi ned by ASHRAE 52. 2.   
Pr ovi de one compl et e spar e f i l t er  bank set  per  uni t  f or  i nst al l at i on pr i or  
t o f i nal  accept ance t est i ng cover ed i n Par t  3 of  t hi s sect i on.

2. 1. 6   Reheat  Coi l

[ Pr ovi de AHRI  410 r eheat  coi l s and sl ope f or  dr ai nage.   Pr ovi de coi l  
manuf act ur ed of  seaml ess copper  t ubes wi t h pl at e [ al umi num] [ copper ]  f i ns.   
Each coi l ,  i n t he pr oduct i on pr ocess,  must  be i ndi v i dual l y t est ed at  2200 
kPa 320 psi  wi t h compr essed ai r  under  wat er  and ver i f i ed t o be ai r  t i ght .

] [ Pr ovi de el ect r i c r eheat  coi l s wi t h l ow wat t s densi t y.   The el ect r i c r eheat  
coi l s must  be encl osed i n 304 st ai nl ess st eel  t ubes and 304 st ai nl ess 
st eel  f i ns.   Pr ovi de modul at i ng cont r ol  of  t he el ect r i c r eheat  coi l s by 
[ mul t i pl e st ages] [  or  ] [ Si l i con Cont r ol l ed Rect i f i er  ( SCR) ] .   Pr ovi de UL 
or  ETL l i s t ed saf et y swi t ches t o pr ot ect  syst em f r om over heat i ng.
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] [ 2. 1. 7   Humi di f i er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nvest i gat e t he wat er  sour ce condi t i ons of  
t he pr oj ect  s i t e and speci f y t he appr opr i at e t ype of  
humi di f i er .  I f  s i t e wat er  i s ver y poor ,  a wat er  
t r eat ment  syst em may be r equi r ed.   Pr ovi de a 
dei oni zed wat er  syst em i f  usi ng adi abat i c 
humi di f i er s such as ul t r asoni c t ype.   Speci f y an 
evapor at or  pan f or  i nf r ar ed and ul t r asoni c 
humi di f i er s.   Speci f y di sper si on t ube f or  st eam 
gener at i ng humi di f i er s.  I ndi cat e st eam gener at i ng 
capaci t i es on t he equi pment  schedul e.

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

Humi di f i er  sect i on must  i ncl ude l i qui d- l evel  cont r ol ,  emer gency over f l ow 
and aut omat i c wat er  suppl y syst em f act or y pr e- pi ped f or  f i nal  
connect i on. [   Pr ovi de st ai nl ess st eel  evapor at or  pan wi t h wat er  hi gh l evel  
and l ow l evel  al ar ms] . [   Pr ovi de [ copper ] [ st ai nl ess st eel ]  at mospher i c 
st eam di sper si on t ube f or  i nst al l at i on i n a [ ver t i cal ] [  or  ] [ hor i zont al ]  
ai r  st r eam.   Di sper si on t ube must  have i nt egr al  condensat e r et ur n t o t he 
st eam gener at or . ]   Ar r ange syst em t o be cl eanabl e and ser vi ceabl e.   
Pr ovi de wat er  chemi st r y r equi r ement s wi t h humi di f i er  submi t t al  dat a.

[ Pr ovi de i nf r ar ed t ype humi di f i er ,  i ncl udi ng hi gh i nt ensi t y quar t z l amps 
mount ed above and out  of  wat er  suppl y.

] [ Pr ovi de humi di f i er  of  t he sel f - cont ai ned st eam gener at i ng el ect r ode t ype 
ut i l i z i ng a [ pl ast i c] [ di sposabl e]  cani st er  wi t h f ul l  pr obes connect ed t o 
el ect r i c power  v i a el ect r ode scr ew connect or s.   Pr ovi de el ect r odes 
manuf act ur ed f r om expanded l ow car bon st eel ,  z i nc pl at ed and dynami cal l y 
f or med f or  pr eci se cur r ent  cont r ol .   The humi di f i er  assembl y must  i ncl ude 
i nt egr al  f i l l  cup,  f i l l  and dr ai n val ves and associ at ed pi pi ng.   Desi gn 
t he cani st er  t o col l ect  t he mi ner al  deposi t s i n t he wat er  and pr ovi de 
cl ean par t i c l e f r ee st eam t o t he ai r  st r eam.

] [ Pr ovi de humi di f i er  of  t he sel f - cont ai ned ul t r asoni c t ype oper at i ng on t he 
pr i nci pl e of  ul t r asoni c nebul i zat i on of  wat er .   Pr ovi de 300 ser i es 
st ai nl ess st eel  casi ng.   The ul t r asoni c humi di f i er  must  not  pr oduce any 
unaccept abl e noi se r adi at i on or  f r equency i nt er f er ence wi t h communi cat i ons 
or  ot her  el ect r oni c equi pment .   Pr ovi de wat er  chemi st r y r equi r ement s wi t h 
humi di f i er  submi t t al  dat a.

] ] [ 2. 1. 8   Compr essor

Pr ovi de compr essor  t hat  i s  di r ect  dr i ve,  [ semi - her met i c] [  or  ] [ her met i c 
r eci pr ocat i ng, ] [  or  ] [ scr ol l ]  t ype capabl e of  oper at i ng at  par t i al  l oad 
condi t i ons.   Compr essor  must  be capabl e of  cont i nuous oper at i on down t o 
t he l owest  st ep of  unl oadi ng as speci f i ed.   Pr ovi de compr essor s of  26 kW 
7. 5 t ons and l ar ger  wi t h capaci t y r educt i on devi ces t o pr oduce aut omat i c 
capaci t y r educt i on of  at  l east  50 per cent .   I f  st andar d wi t h t he 
manuf act ur er ,  t wo or  mor e compr essor s may be used i n l i eu of  a s i ngl e 
compr essor  wi t h unl oadi ng capabi l i t i es,  i n whi ch case t he compr essor s 
oper at e i n sequence,  and each compr essor  has an i ndependent  r ef r i ger at i on 
c i r cui t  t hr ough t he condenser  and evapor at or .   St ar t  each compr essor  i n 
t he unl oaded posi t i on.   Pr ovi de compr essor [ s]  compl et e wi t h v i br at i on 
i sol at i on,  suct i on and di schar ge ser vi ce val ves,  hi gh and l ow pr essur e 
saf et y swi t ches,  pr ot ect i on agai nst  shor t  cycl i ng,  and bui l t - i n over l oad 
pr ot ect i on.    Pr ovi de r ef r i ger at i on c i r cui t s i ncl udi ng hot  gas muf f l er s,  
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l i qui d- l i ne f i l t er - dr i er ,  r ef r i ger ant  s i ght  gl ass, [  l ubr i cat i on pump, ]  and 
moi st ur e i ndi cat or ,  ext er nal l y equal i zed expansi on val ve,  and l i qui d- l i ne 
sol enoi d val ve f act or y connect ed wi t h r ef r i ger at i on copper  t ubi ng. [   
Cr ankcase heat er s ar e r equi r ed. ] [   Pr ovi de hot  gas bypass. ]

2. 1. 8. 1   Ref r i ger at i on Ci r cui t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fi l t er - dr i er s ar e opt i onal  and may be del et ed 
on most  pr e- char ged syst ems.

Del et e t he l ast  t wo sent ences i n t he l ast  par agr aph 
except  when needed f or  a sel f  cont ai ned heat  pump 
wi t h an i nt egr al  wat er  cool ed condenser .

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

Pr ovi de f i el d- i nst al l ed r ef r i ger ant  t ubi ng f or  spl i t  syst ems i n accor dance 
wi t h Sect i on 23 23 00 REFRI GERANT PI PI NG.

Ref r i ger ant - cont ai ni ng component s must  compl y wi t h ANSI / ASHRAE 15 & 34 and 
be f act or y t est ed,  c l eaned,  dehydr at ed,  char ged wi t h 
[ ni t r ogen] [ r ef r i ger ant  and oi l ]  and seal ed.   Pr ovi de r ef r i ger ant  char gi ng 
val ves and connect i ons,  and pumpdown val ves f or  each ci r cui t . [   Pr ovi de 
r ever si bl e- f l ow t ype f i l t er - dr i er  i n each l i qui d l i ne. ] [   Ref r i ger ant  f l ow 
cont r ol  devi ces must  be an adj ust abl e super heat  t her most at i c expansi on 
val ve wi t h ext er nal  equal i zer  mat ched t o coi l ,  capi l l ar y or  t her most at i c 
cont r ol ,  and a pi l ot  sol enoi d cont r ol l ed,  l eak- t i ght ,  f our - way r ef r i ger ant  
f l ow r ever si ng val ve.   Pr ovi de a r ef r i ger ant  suct i on l i ne 
[ t her most at i c] [ t her most at i c and wat er  f l ow swi t ch]  cont r ol  t o pr event  
f r eeze- up i n event  of  l oss of  wat er  f l ow dur i ng heat i ng cycl e. ]

] 2. 1. 9   Condenser [  and] [  Dr y Cool er ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  mi ni mum t emper at ur e at  whi ch t he 
mechani cal  cool i ng equi pment  wi l l  be r equi r ed t o 
oper at e.

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

Pr ovi de condenser  c i r cui t  pr e- pi ped wi t h st ar t - up and head pr essur e 
cont r ol s t o mai nt ai n syst em oper at i on at  ambi ent  t emper at ur es down t o [ 4. 4 
degr ees C]  [ mi nus 6. 6 degr ees C]  [ [ _____]  degr ees C]  [ 40 degr ees F]  [ 20 
degr ees F]  [ [ _____]  degr ees F] .

[ Pr ovi de an i nt egr al  f act or y wi r ed and t est ed cont r ol  panel  f or  each 
condenser [  and] [  dr y cool er ] .   The f act or y cont r ol  boar d must  cont r ol  each 
condenser  f an speed i ndi v i dual l y t o opt i mi ze over al l  syst em per f or mance.

] [ 2. 1. 9. 1   Ai r - cool ed Condenser

Pr ovi de r emot e ai r - cool ed condenser  ar r anged f or  [ ver t i cal ] [  or  
] [ hor i zont al ]  ai r  di schar ge,  desi gned and manuf act ur ed speci f i cal l y f or  
per manent  out door  i nst al l at i on.   Condenser  per f or mance must  be r at ed i n 
accor dance wi t h ANSI / AHRI  460.   Condenser  must  have head pr essur e cont r ol  
t o al l ow uni t  oper at i on down t o [ mi nus 18 degr ees C]  [ mi nus 29 degr ees C]  
[ mi nus 34 degr ees C]  [ 0 degr ees F]  [ mi nus 20 degr ees F]  [ mi nus 30 degr ees 
F] .

SECTI ON 23 81 23  Page 18



2. 1. 9. 1. 1   Condenser  Fans

Pr ovi de di r ect - dr i ven pr opel l er  f ans wi t h f act or y bal anced [ al umi num] [  or  
] [ gl ass- r ei nf or ced pol ymer ]  bl ades and equi pped wi t h f an guar ds.   Pr ovi de 
[ per manent  spl i t  capaci t or ] [  or  ] [ el ect r oni cal l y commut at ed]  f an mot or s 
wi t h [ dr i p pr oof ] [ t ot al l y encl osed] [ expl osi on pr oof ]  encl osur es.

2. 1. 9. 1. 2   Condenser  Coi l s

Ai r - cool ed condenser  coi l s must  be [ seaml ess copper  t ubes wi t h pl at e t ype 
[ al umi num] [ cooper ]  f i ns] [  or  ] [ al l  al umi num mi cr ochannel  t ype] [  wi t h 
coat i ng as descr i bed i n [ par agr aph CORROSI ON PROTECTI ON FOR COASTAL 
I NSTALLATI ONS] [ Sect i on 09 96 00 HI GH PERFORMANCE COATI NGS] ] .   The coi l s,  
i n t he pr oduct i on pr ocess,  must  be pr essur e t est ed wi t h compr essed ai r  at  
2068 kPa 300 psi g under  wat er  and ver i f i ed t o be l eak- f r ee.   Fact or y 
dehydr at e and seal  each coi l  af t er  t est i ng and pr i or  t o eval uat i on and 
char gi ng.

2. 1. 9. 1. 3   Uni t  Casi ng

Pr ovi de ai r - cool ed condenser  casi ngs and mount i ng l egs manuf act ur ed f r om 
[ al umi num] [  or  ] [ gal vani zed st eel ]  wi t h[  manuf act ur er ' s st andar d 
cor r osi on- r esi st ant  f i ni sh] [  coat i ng as descr i bed i n [ par agr aph CORROSI ON 
PROTECTI ON FOR COASTAL I NSTALLATI ONS] [ Sect i on 09 96 00 HI GH PERFORMANCE 
COATI NGS] ] .

] [ 2. 1. 9. 2   Li qui d- cool ed Condenser

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n col d c l i mat es i t  i s  of t en cost  ef f ect i ve 
t o i nst al l  an economi zer  coi l  t hat  i s  used i nst ead 
of  t he evapor at or  dur i ng col d weat her .   Dur i ng 
per i ods of  col d weat her  " f r ee cool i ng"  can be 
pr ovi ded.   When t he gl ycol  i n t he condenser  can be 
cool ed t o about  10 degr ees C 50 degr ees F or  l ess,  
t he r ef r i ger at i on uni t  i s  bypassed and t he ai r  t hat  
i s  nor mal l y passed t hr ough t he evapor at or  goes 
t hr ough t he economi zer  coi l  whi ch cont ai ns col d 
gl ycol  f l owi ng f r om t he condenser .

Speci f y a f oul i ng f act or  of  0. 001 f or  pr oj ect s wi t h 
unknown wat er  qual i t y and/ or  quest i onabl e wat er  
t r eat ment  pr act i ces.  Ot her wi se,  speci f y 0. 0005 
f oul i ng f act or .

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

Pr ovi de cl eanabl e,  cast  i r on or  st eel  shel l  and [ copper ] [ copper - ni ckel ]  
t ubes,  [ count er f l ow t ype,  ] [ wat er - cool ed ] [ or  ] [ gl ycol - cool ed ] condenser  
wi t h r emovabl e cast  i r on or  st eel  heads.   The condenser  must  be 
const r uct ed i n accor dance wi t h ASME BPVC. [   As an opt i on,  a coaxi al  
[ copper ] [ copper - ni ckel ]  t ube- i n- copper  t ube t ype wat er - cool ed condenser  
may be pr ovi ded. ]   Sel ect  l i qui d cool ed condenser s wi t h a f oul i ng f act or  
of  [ 0. 001] [ 0. 0005] .   Condenser s must  be r at ed f or  not  l ess t han 2758 kPa 
400 psi  r ef r i ger ant  pr essur e and 862 kPa 125 psi  wat er  pr essur e at  
oper at i ng t emper at ur es.

Wat er  suppl y and r et ur n connect i ons and pi pi ng i nt er nal  t o uni t  must  be 
copper  wi t h br azed or  t hr eaded copper  or  br onze f i t t i ngs,  t er mi nat i ng i n a 
t hr eaded connect i on.   Pi pi ng ar r angement  must  i ncl ude val ved access f or  
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r eci r cul at i on of  aci di c scal e r emoval  chemi cal s and i sol at i on pr essur e 
t aps t o det er mi ne pr essur e dr op and wat er  f l ow.   Pr ovi de a separ at e 
condenser  f or  each compr essor  c i r cui t .

] [ 2. 1. 9. 3   Dr y Cool er s

Pr ovi de dr y cool er  ar r anged f or  ver t i cal  ai r  di schar ge,  desi gned and 
manuf act ur ed speci f i cal l y f or  per manent  out door  i nst al l at i on.

2. 1. 9. 3. 1   Dr y Cool er  Fans

Pr ovi de di r ect - dr i ven pr opel l er  f ans wi t h f act or y bal anced [ al umi num] [  or  
] [ gl ass- r ei nf or ced pol ymer ]  bl ades and equi pped wi t h f an guar ds.   Pr ovi de 
[ per manent  spl i t  capaci t or ] [  or  ] [ el ect r oni cal l y commut at ed]  f an mot or s 
wi t h [ dr i p pr oof ] [ t ot al l y encl osed] [ expl osi on pr oof ]  encl osur es.

2. 1. 9. 3. 2   Dr y Cool er  Coi l s

Dr y cool er  coi l s must  be seaml ess copper  t ubes wi t h pl at e t ype 
[ al umi num] [ copper ]  f i ns[  wi t h coat i ng as descr i bed i n [ par agr aph CORROSI ON 
PROTECTI ON FOR COASTAL I NSTALLATI ONS] [ Sect i on 09 96 00 HI GH PERFORMANCE 
COATI NGS] ] .   The coi l s,  i n t he pr oduct i on pr ocess,  must  be pr essur e t est ed 
wi t h compr essed ai r  2068 kPa 300 psi g under  wat er  and ver i f i ed t o be 
l eak- f r ee.   Fact or y dehydr at e and seal  each coi l  af t er  t est i ng and pr i or  
t o eval uat i on and char gi ng.

2. 1. 9. 3. 3   Dr y Cool er  Casi ng

The dr y cool er  casi ngs and mount i ng l egs must  be manuf act ur ed f r om 
[ al umi num] [  or  ] [ gal vani zed st eel ]  wi t h[  manuf act ur er ' s st andar d 
cor r osi on- r esi st ant  f i ni sh] [  coat i ng as descr i bed i n [ par agr aph CORROSI ON 
PROTECTI ON FOR COASTAL I NSTALLATI ONS] [ Sect i on 09 96 00 HI GH PERFORMANCE 
COATI NGS] ] .

[ 2. 1. 9. 3. 4   I nt egr al  Pump Package

Pr ovi de dr y cool er  wi t h a [ s i ngl e] [ doubl e]  pump package compl et e wi t h an 
open expansi on t ank.   The pump package must  be mount ed i n a weat her pr oof  
encl osur e.

] ] [ 2. 1. 10   Economi zer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n most  cases,  t he condi t i ons f or  economi zer  
oper at i on shoul d be det er mi ned by t he CRAC 
cont r ol l er .   I n some cases,  a f aci l i t y  manager  may 
want  t o cont r ol  t hi s wi t h t he Bui l di ng Aut omat i on 
Syst em.   Coor di nat e t hi s speci f i cat i on wi t h t he 
speci f i c  s i t e r equi r ement s.

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

The f act or y mount ed CRAC cont r ol s must  cont r ol  t he economi zer  oper at i on 
pr ocess t o ensur e coor di nat i on of  al l  component s.   The condi t i ons f or  
economi zer  oper at i on must  be det er mi ned[  by t he f act or y mount ed CRAC 
cont r ol s based on i ndoor  and out door  condi t i ons] [  by t he HVAC cont r ol  
syst em] .
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[ 2. 1. 10. 1   Ai r  Economi zer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The use of  ai r  economi zer s i n comput er  r ooms 
r equi r es car ef ul  eval uat i on f or  each i ndi v i dual  
appl i cat i on.   I n war m,  moi st  c l i mat es,  t he number  of  
avai l abl e economi zer  hour s of t en does not  war r ant  
t he const r uct i on expense.   I n col d dr y c l i mat es,  t he 
cool i ng savi ngs may be par t i al l y  of f set  by 
humi di f i cat i on l oads.

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

Pr ovi de f act or y mount ed damper s and duct  connect i on f l anges t o al l ow up t o 
100 per cent  out door  ai r  t hr ough t he uni t  f or  f r ee cool i ng.   Damper s must  
meet  t he r equi r ement s of  Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL 
DEVI CES FOR HVAC.

] [ 2. 1. 10. 2   Wat er  Economi zer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  use wi t h wat er  cool ed di r ect  expansi on 
syst ems.   Economi zer  oper at i on i n chi l l ed wat er  
syst ems i s accompl i shed at  t he chi l l er  pl ant  and i s 
beyond t he scope of  t hi s speci f i cat i on.

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

Pr ovi de f act or y mount ed coi l  and condenser  wat er  changeover  val ve.   When 
commanded,  t he changeover  val ve must  di ver t  condenser  wat er  f l ow f r om t he 
condenser  coi l  t o t he economi zer  coi l .

Coi l  must  meet  AHRI  410 and be sl oped f or  dr ai nage.   Pr ovi de coi l  
manuf act ur ed of  seaml ess copper  t ubes wi t h pl at e al umi num f i ns.   Each 
coi l ,  i n t he pr oduct i on pr ocess,  must  be i ndi v i dual l y t est ed at  320 psi  
2200 kPa wi t h compr essed ai r  under  wat er  and ver i f i ed t o be ai r  t i ght .

] [ 2. 1. 10. 3   Ref r i ger ant  Economi zer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  use wi t h ai r  cool ed di r ect  expansi on 
syst ems.  Ver i f y t he capabi l i t y  of  s i t e per sonnel  t o 
oper at e and mai nt ai n t hi s syst em.

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

Pr ovi de f ul l y i nt egr at ed,  pumped r ef r i ger ant  economi zer  oper at i on.   I n 
addi t i on t o t he speci f i ed CRAC and ai r  cool ed condenser ,  pr ovi de a 
r ef r i ger ant  pump package f r om t he same manuf act ur er .   The ent i r e syst em 
must  be cont r ol l ed and opt i mi zed by t he CRAC cont r ol s.   Dur i ng col d 
out door  t emper at ur es,  t he compr essor s must  r educe capaci t y as much as 
possi bl e.   As compr essor  capaci t y decr eases,  a var i abl e speed pump on each 
r ef r i ger at i on c i r cui t  must  t hen pump t he l i qui d r ef r i ger ant  t hr ough t he 
ai r  cool ed condenser  and evapor at or  f or  f r ee cool i ng.

] ] [ 2. 1. 11   Fl oor st and

Pr ovi de a[ n]  [ adj ust abl e]  [ 225]  [ 300]  [ 450]  [ 600]  [ _____]  mm [ 9]  [ 12]  [ 18]  
[ 24]  [ _____]  i nches hi gh [ sei smi c r at ed ] f l oor st and f or  each CRAC f or  
f r eest andi ng i nst al l at i on on t he mai n bui l di ng st r uct ur al  f l oor .   
Fl oor st and must  el evat e t he uni t  t o t he hei ght  of  t he r ai sed comput er  
f l oor  and must  al l ow f or  l evel i ng and l ocki ng at  t he desi r ed hei ght .   
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Fl oor st and must  be r et r act abl e,  or  r emovabl e,  f or  i nst al l i ng t he uni t  
di r ect l y on t he r ai sed f l oor .   Uni t  must  be f ul l y gasket ed ( r ubber  or  
neopr ene)  t o pr event  ai r  l eakage at  t he r ai sed f l oor  penet r at i on. [   
Pr ovi de r adi used t ur ni ng vane i nt egr al  t o f l oor st and. ]

[ For  uni t s r equi r i ng sei smi c cer t i f i cat i on,  t he f l oor st and must  be i ncl uded 
i n t he uni t  cer t i f i cat i on.

] ] 2. 2   SMALL COMPUTER ROOM AI R CONDI TI ONERS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s sect i on f or  consol e t ype and cei l i ng 
mount ed t ype comput er  r oom ai r  condi t i oner s under  5 
t ons.   These uni t s ar e t ypi cal l y used i n t el ecom 
cl oset s or  smal l ,  l ow densi t y comput er  r ooms wher e 
ai r f l ow management  i s l ess of  a concer n.

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

Pr ovi de compl et e wor ki ng CRACs,  desi gned and f act or y assembl ed.   Equi pment  
must  be l i s t ed i n UL El ec Equi p Di r  or  ETL DLP f or  comput er  r oom 
appl i cat i on.   CRACs must  have a mi ni mum sensi bl e coef f i c i ent  of  
per f or mance of  [ _____]  i n accor dance wi t h ASHRAE 127.   CRACs must  i ncl ude 
r oom cabi net  and f r ame,  f an,  f i l t er ,  cool i ng coi l ,  [ r eheat  coi l ,  
] [ humi di f i er  ,  ] [ compr essor [ s] ,  ] [ condenser [ s] ,  ] cont r ol s,  and,  
i nt er connect i ng pi pi ng i nt er nal  t o t he CRAC.   Pr ovi de uni t s r at ed i n 
accor dance wi t h AHRI  1360.   Pr ovi de al l  r ef r i ger ant  pi pi ng i n accor dance 
wi t h Sect i on 23 23 00 REFRI GERANT PI PI NG.

2. 2. 1   Syst em Conf i gur at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y each conf i gur at i on t ype needed.   I f  
mul t i pl e t ypes ar e r equi r ed,  i ndi cat e t ype f or  each 
equi pment  mar k on t he schedul e.   Ret ai n t he 
appl i cabl e subpar agr aphs " [ EVAPORATOR] [  OR ] [ COOLI NG 
COI L]  CABI NET CONSTRUCTI ON"  t hr ough " I NDOOR 
[ WATER] [ GLYCOL]  COOLED CONDENSI NG UNI T"  t o speci f y 
t he var i ous component s necessar y f or  each 
conf i gur at i on i ncl uded i n t he desi gn.

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

[ Sel f  Cont ai ned Ai r  Cool ed:   Pr ovi de an i ndoor  uni t  f or  [ duct ed 
conceal ed] [ exposed]  appl i cat i on.   Uni t  must  have connect i ons f or  suppl y 
and r et ur n duct s f r om t he cent r al  ai r  handl i ng syst em f or  heat  r ej ect i on.   
Uni t  must  consi st  of  a di r ect  expansi on syst em evapor at or  and an i ndoor ,  
ai r  cool ed condensi ng uni t .

] [ Spl i t  Syst em Ai r  Cool ed:   Pr ovi de an i ndoor  uni t  f or  [ duct ed 
conceal ed] [ exposed]  appl i cat i on,  an out door  condensi ng uni t ,  and 
i nt er connect i ng r ef r i ger ant  pi pi ng.   Uni t  must  consi st  of  a di r ect  
expansi on syst em evapor at or  and an out door ,  ai r  cool ed condensi ng uni t .

] [ [ Wat er ] [ Gl ycol ]  Cool ed:   Pr ovi de an i ndoor  uni t  f or  [ duct ed 
conceal ed] [ exposed]  appl i cat i on. [   Pr ovi de dr y cool er  as speci f i ed 
el sewher e i n t hi s sect i on. ] [   Pr ovi de [ cool i ng t ower ] [ r emot e evapor at i vel y 
cool ed condenser ]  as speci f i ed i n 23 65 00 COOLI NG TOWERS AND REMOTE 
EVAPORATI VELY- COOLED CONDENSERS. ]   Uni t  must  consi st  of  a di r ect  expansi on 
syst em evapor at or  and an i ndoor ,  [ wat er ] [ gl ycol ]  cool ed condensi ng uni t .
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] [ Chi l l ed Wat er :  Pr ovi de an i ndoor  uni t  f or  [ duct ed conceal ed] [ exposed]  
appl i cat i on wi t h a chi l l ed wat er  coi l .

] 2. 2. 2   [ Evapor at or ] [  or  ] [ Cool i ng Coi l ]  Cabi net  Const r uct i on

Pr ovi de cabi net  and chassi s const r uct ed of  heavy gauge gal vani zed st eel  
wi t h al l  ser vi ce access f r om a si ngl e s i de of  t he uni t .   Mount i ng br acket s 
must  be i nt egr al  t o t he cabi net .   I nt er nal  cabi net  i nsul at i on must  meet  
ASHRAE 62. 1 r equi r ement s f or  Mol d Gr owt h,  Humi di t y & Er osi on,  t est ed per  
UL 181 and ASTM C1338 st andar ds.

2. 2. 3   Ai r  Di st r i but i on Component s

Pr ovi de di r ect - dr i ve f an assembl y equi pped wi t h doubl e- i nl et  bl ower ,  
sel f - al i gni ng bal l  bear i ngs and l i f et i me l ubr i cat i on.   Fan mot or  must  be 
per manent - spl i t  capaci t or ,  hi gh- ef f i c i ency t ype,  equi pped wi t h t wo speeds 
f or  ai r f l ow modul at i on.   The mi cr opr ocessor  cont r ol l er  must  use t he l ower  
f an speed f or  pr eci se dehumi di f i cat i on cont r ol .   Fan speed must  al so be 
user  sel ect abl e f r om t he wal l  cont r ol l er .   Syst em must  be sui t abl e f or  
suppl y and r et ur n ai r  pl enum or  duct ed suppl y and r et ur n ai r  
di st r i but i on.   Pr ovi de f i l t er  r ack desi gned t o accept  100 mm 4 i nch t hi ck 
f i l t er s.   Pr ovi de pl eat ed f i l t er s wi t h a MERV 8 r at i ng i n accor dance wi t h 
ASHRAE 52. 2.

[ 2. 2. 4   Di r ect  Expansi on Syst em Evapor at or  Component s

The evapor at or  sect i on must  i ncl ude evapor at or  coi l ,  t her most at i c 
expansi on val ve and f i l t er  dr i er .   The evapor at or  coi l  must  be const r uct ed 
of  copper  t ubes and al umi num f i ns.   Pr ovi de an ext er nal l y equal i zed 
t her most at i c expansi on val ve t o cont r ol  r ef r i ger ant  f l ow.   The r ef r i ger ant  
pi pi ng must  be spun- cl osed and f i l l ed wi t h a ni t r ogen hol di ng char ge.   
Evapor at or  and condensi ng uni t  must  be f i el d pi ped usi ng copper  l i nes,  
br azed,  evacuat ed and f i el d char ged wi t h R- 407C r ef r i ger ant .   The 
evapor at or  uni t  can be coupl ed di r ect l y wi t h t he condensi ng uni t  or  
mount ed r emot e t o t he condensi ng uni t .   The coi l  assembl y must  be mount ed 
i n a condensat e dr ai n pan wi t h an i nt er nal l y t r apped dr ai n l i ne.   The 
evapor at or  dr ai n pan must  i ncl ude a f act or y- i nst al l ed f l oat  swi t ch t o shut  
down t he evapor at or  upon hi gh wat er  condi t i on.

] [ 2. 2. 5   Chi l l ed Wat er  Syst em Component s

Pr ovi de a mot or i zed,  s l ow- cl ose,  t wo- posi t i on,  chi l l ed wat er  cont r ol  
val ve.  Val ve desi gn pr essur e r at i ng must  be not  l ess t han 2068 kPa 300 psi g
 st at i c pr essur e,  wi t h a maxi mum cl ose- of f  pr essur e r at i ng of  not  l ess t han
 414 kPa 60 psi g.

Pr ovi de a cool i ng coi l  const r uct ed of  copper  t ubes and al umi num f i ns wi t h 
i nt egr al  dr ai n and vent .   The coi l  assembl y must  be mount ed i n a 
condensat e dr ai n pan wi t h an i nt er nal l y t r apped dr ai n l i ne.   The 
evapor at or  dr ai n pan must  i ncl ude a f act or y- i nst al l ed f l oat  swi t ch t o shut  
down t he evapor at or  upon hi gh wat er  condi t i on.

] [ 2. 2. 6   I ndoor ,  Ai r - Cool ed Condensi ng Uni t

Condensi ng uni t  component s must  i ncl ude condenser  coi l ,  di r ect  dr i ve 
cent r i f ugal  bl ower ,  scr ol l  compr essor ,  hi gh- pr essur e swi t ch,  r ef r i ger ant  
r ecei ver ,  head pr essur e cont r ol  val ve,  hot  gas bypass syst em,  and l i qui d 
l i ne sol enoi d val ve.   Pr ovi de a f act or y mount ed di sconnect  swi t ch i n t he 
hi gh vol t age sect i on of  t he el ect r i cal  panel .   The swi t ch handl e must  be 
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accessi bl e f r om t he uni t  f r ont .   The cabi net  and chassi s must  be 
const r uct ed of  heavy gauge gal vani zed st eel ,  and must  be ser vi ceabl e f r om 
one si de of  t he uni t .  Mount i ng br acket s must  be i nt egr al  t o t he cabi net  
desi gn and be desi gned f or  cei l i ng mount i ng.

Pr ovi de hot  gas bypass t o r educe compr essor  cycl i ng and i mpr ove oper at i on 
under  l ow- l oad condi t i ons.   The hot  gas bypass must  be compl et el y 
cont ai ned i n t he condensi ng uni t .   Fi el d i nst al l ed t hi r d r ef r i ger ant  l i ne 
i s not  accept abl e.   Hot  gas bypass must  be aut omat i cal l y deact i vat ed upon 
a cal l  f or  dehumi di f i cat i on.   Pr ovi de a hi gh pr essur e swi t ch t o pr ot ect  
t he uni t  f r om abnor mal  r ef r i ger ant  pr essur e condi t i ons and deact i vat e t he 
compr essor  and annunci at e an al ar m at  t he wal l  cont r ol l er .   The bl ower  
must  cont i nue t o c i r cul at e ai r .   The wal l  cont r ol l er  must  be used t o 
manual l y r est ar t  t he compr essor  f unct i on af t er  t he aut omat i c pr essur e 
swi t ch r eset s.   Thr ee hi gh head pr essur e al ar ms i n a r ol l i ng 12- hour  
per i od must  l ock out  t he manual  r est ar t  f eat ur e unt i l  power  i s cycl ed t o 
t he evapor at or  uni t .   A pr essur e bal anci ng val ve must  be f act or y i nst al l ed 
t o r educe t he chance of  hi gh pr essur e cut - out  due t o excessi ve r ef r i ger ant  
mi gr at i on t o t he r ecei ver  due t o changi ng out door  t emper at ur es dur i ng 
of f - cycl es.   The r ef r i ger ant  pi pi ng must  be spun- cl osed and f i l l ed wi t h a 
ni t r ogen hol di ng char ge.   Evapor at or  and condensi ng uni t  must  be f i el d 
pi ped usi ng copper  l i nes,  br azed,  evacuat ed and f i el d char ged wi t h R- 407C 
r ef r i ger ant .   Condensi ng uni t  must  be desi gned f or  35 degr ees C 95 degr ees 
F ambi ent  and be capabl e of  oper at i on t o mi nus 34 degr ees C mi nus 30 
degr ees F.   The condensi ng uni t  can be mount ed di r ect l y t o t he evapor at or  
or  can be mount ed r emot e t o t he evapor at or .   The condensi ng coi l  must  be 
const r uct ed of  copper  t ubes and al umi num f i ns.   The condenser  f an must  be 
cent r i f ugal  t ype,  doubl e i nl et ,  di r ect  dr i ve.

] [ 2. 2. 7   Out door ,  Ai r - Cool ed Condensi ng Uni t

Pr ovi de condensi ng uni t  r at ed i n accor dance wi t h ANSI / AHRI  520 and 
desi gned f or  per manent  out door  i nst al l at i on.   Pr ovi de r emovabl e panel s f or  
access t o al l  component s.   Condensi ng uni t  component s must  i ncl ude 
condenser  coi l ,  di r ect  dr i ve pr opel l er  f an,  scr ol l  compr essor ,  
hi gh- pr essur e swi t ch,  r ef r i ger ant  r ecei ver ,  head pr essur e cont r ol  val ve,  
hot  gas bypass syst em,  and l i qui d l i ne sol enoi d val ve.   Uni t  casi ng and 
chassi s must  be const r uct ed of  heavy gauge gal vani zed st eel .

Pr ovi de hot  gas bypass t o r educe compr essor  cycl i ng and i mpr ove oper at i on 
under  l ow- l oad condi t i ons.   The hot  gas bypass must  be compl et el y 
cont ai ned i n t he condensi ng uni t .   Fi el d i nst al l ed t hi r d r ef r i ger ant  l i ne 
i s not  accept abl e.   Hot  gas bypass must  be aut omat i cal l y deact i vat ed upon 
a cal l  f or  dehumi di f i cat i on.   Pr ovi de a hi gh pr essur e swi t ch t o pr ot ect  
t he uni t  f r om abnor mal  r ef r i ger ant  pr essur e condi t i ons and deact i vat e t he 
compr essor  and annunci at e an al ar m at  t he wal l  cont r ol l er .   The bl ower  
must  cont i nue t o c i r cul at e ai r .   The wal l  cont r ol l er  must  be used t o 
manual l y r est ar t  t he compr essor  f unct i on af t er  t he aut omat i c pr essur e 
swi t ch r eset s.   Thr ee hi gh head pr essur e al ar ms i n a r ol l i ng 12- hour  
per i od must  l ock out  t he manual  r est ar t  f eat ur e unt i l  power  i s cycl ed t o 
t he evapor at or  uni t .   A pr essur e bal anci ng val ve must  be f act or y i nst al l ed 
t o r educe t he chance of  hi gh pr essur e cut - out  due t o excessi ve r ef r i ger ant  
mi gr at i on t o t he r ecei ver  due t o changi ng out door  t emper at ur es dur i ng 
of f - cycl es.   The r ef r i ger ant  pi pi ng must  be spun- cl osed and f i l l ed wi t h a 
ni t r ogen hol di ng char ge.   Evapor at or  and condensi ng uni t  must  be f i el d 
pi ped usi ng copper  l i nes,  br azed,  evacuat ed and f i el d char ged wi t h R- 407C 
r ef r i ger ant .   Condensi ng uni t  must  be desi gned f or  [ 35 degr ees C]  [ 40. 6 
degr ees C]  [ 95 degr ees F]  [ 105 degr ees F]  ambi ent  and be capabl e of  
oper at i on t o [ mi nus 18 degr ees C]  [ mi nus 34 degr ees C]  [ 0 degr ees F]  
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[ mi nus 30 degr ees F] . [   Condensi ng uni t  must  oper at e at  a sound l evel  l ess 
t han 58 dbA. ]   The condensi ng coi l  must  be const r uct ed of  copper  t ubes and 
al umi num f i ns.

] [ 2. 2. 8   I ndoor  [ Wat er ] [ Gl ycol ]  Cool ed Condensi ng Uni t

Condensi ng uni t  component s must  i ncl ude coaxi al  condenser  coi l ,  scr ol l  
compr essor ,  hi gh- pr essur e swi t ch,  wat er  r egul at i ng val ve,  hot  gas bypass 
syst em,  and l i qui d l i ne sol enoi d val ve.   Pr ovi de a f act or y mount ed 
di sconnect  swi t ch i n t he hi gh vol t age sect i on of  t he el ect r i cal  panel .   
The swi t ch handl e must  be accessi bl e f r om t he uni t  f r ont .   The cabi net  and 
chassi s must  be const r uct ed of  heavy gauge gal vani zed st eel ,  and must  be 
ser vi ceabl e f r om one si de of  t he uni t .   Mount i ng br acket s must  be i nt egr al  
t o t he cabi net  desi gn and be desi gned f or  cei l i ng mount i ng.

Pr ovi de hot  gas bypass t o r educe compr essor  cycl i ng and i mpr ove oper at i on 
under  l ow- l oad condi t i ons.   The hot  gas bypass must  be compl et el y 
cont ai ned i n t he condensi ng uni t .   Fi el d i nst al l ed t hi r d r ef r i ger ant  l i ne 
i s not  accept abl e.   Hot  gas bypass must  be aut omat i cal l y deact i vat ed upon 
a cal l  f or  dehumi di f i cat i on.   Pr ovi de a hi gh pr essur e swi t ch t o pr ot ect  
t he uni t  f r om abnor mal  r ef r i ger ant  pr essur e condi t i ons and deact i vat e t he 
compr essor  and annunci at e an al ar m at  t he wal l  cont r ol l er .   The bl ower  
must  cont i nue t o c i r cul at e ai r .   The wal l  cont r ol l er  must  be used t o 
manual l y r est ar t  t he compr essor  f unct i on af t er  t he aut omat i c pr essur e 
swi t ch r eset s.   Thr ee hi gh head pr essur e al ar ms i n a r ol l i ng 12- hour  
per i od must  l ock out  t he manual  r est ar t  f eat ur e unt i l  power  i s cycl ed t o 
t he evapor at or  uni t .   The r ef r i ger ant  pi pi ng must  be spun- cl osed and 
f i l l ed wi t h a ni t r ogen hol di ng char ge.   Evapor at or  and condensi ng uni t  
must  be f i el d pi ped usi ng copper  l i nes,  br azed,  evacuat ed and f i el d 
char ged wi t h R- 407C r ef r i ger ant .   The condenser  c i r cui t  must  be pr e- pi ped 
wi t h a [ 2- way] [ 3- way]  r egul at i ng val ve whi ch i s head- pr essur e act uat ed.   
The condenser  wat er / gl ycol  c i r cui t  must  be desi gned f or  a st at i c oper at i ng 
pr essur e of  [ 1034 kPa]  [ 2413 kPa]  [ 150 PSI ]  [ 350 PSI ] .

] [ 2. 2. 9   St eam Gener at i ng Humi di f i er

Pr ovi de a f act or y mount ed st eam gener at i ng humi di f i er  t hat  i s  cont r ol l ed 
by t he i nt egr al  uni t  cont r ol s.  Humi di f i er  must  i ncl ude di sposabl e 
cani st er ,  al l  suppl y and dr ai n val ves,  25. 4 mm 1 i nch ai r  gap on f i l l  
l i ne,  i nl et  st r ai ner ,  st eam di st r i but or  and el ect r oni c cont r ol s.   The need 
t o change cani st er  must  be annunci at ed on t he wal l - mount ed cont r ol l er .   An 
LED l i ght  on t he humi di f i er  assembl y must  i ndi cat e cyl i nder  f ul l ,  
over cur r ent  det ect i on,  f i l l  syst em f aul t  and end of  cyl i nder  l i f e 
condi t i ons.   The cani st er  f l ush wat er  must  not  dr ai n i nt o t he coi l  dr ai n 
pan.   The humi di f i er  wand must  be mount ed over  t he coi l  dr ai n pan.

] [ 2. 2. 10   El ect r i c Reheat

Pr ovi de f act or y mount ed,  304/ 304 st ai nl ess st eel ,  f i nned- t ubul ar  el ect r i c 
r esi st ance heat er .   Reheat  must  be cont r ol l ed by t he i nt egr al  uni t  
cont r ol s t o mai nt ai n r oom dr y bul b t emper at ur e when dehumi di f i cat i on i s 
r equi r ed.   Pr ovi de UL l i s t ed saf et y swi t ch t o pr ot ect  t he syst em f r om 
over heat i ng.   Pr ovi de a f act or y mount ed gr ound cur r ent  det ect or  t o 
shut - down t he ent i r e uni t  i f  a gr ound f aul t  i n t he r eheat  syst em i s 
det ect ed. [   Pr ovi de Si l i con Cont r ol l ed Rect i f i er  ( SCR)  cont r ol l er  t o 
pr opor t i onal l y cont r ol  t he r eheat  el ement s t o mai nt ai n t he sel ect ed r oom 
t emper at ur e. ]
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] [ 2. 2. 11   Hot  Wat er  Reheat

Pr ovi de hot  wat er  r eheat  coi l  const r uct ed of  copper  t ubes and al umi num 
f i ns wi t h i nt egr al  dr ai n and vent .

] 2. 2. 12   Cont r ol s

Pr ovi de r emot e mount ed col or  t ouchscr een di spl ay f or  each uni t .   Pr ovi de 
r emot e mount ed t emper at ur e[  and humi di t y]  sensor [ s]  f or  each uni t .   
Cont r ol s must  be or gani zed by menus wi t h mi ni mum menu sel ect i on of :  
Al ar ms,  Event  Log,  Gr aphi cs,  and St at us Over vi ew.   The Gr aphi cs menu must  
di spl ay a mi ni mum of  t he f ol l owi ng:  zone t emper at ur e[  and humi di t y] ,  zone 
set poi nt s,  f an st at us[ ,  and val ve posi t i on] .   Cont r ol s must  i ncl ude a 
cont r ol  syst em i nt er f ace.   The cont r ol  syst em i nt er f ace must  meet  DDC 
Har dwar e r equi r ement s of  Sect i on [ 23 09 23. 02 BACNET DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] [ 23 09 23. 01 LONWORKS 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] .

[ I nt egr at e CRAC cont r ol  i nt o t he HVAC cont r ol  syst em def i ned i n Sect i on [
23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS] [ 23 09 23. 02 BACNET DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS] [  and ] [ UMCS def i ned i n Sect i on 25 10 10 UTI LI TY 
MONI TORI NG AND CONTROL SYSTEM ( UMCS)  FRONT END AND I NTEGRATI ON] . [   HVAC 
cont r ol  syst em i nt er f ace poi nt  i s  l ocat ed i n [ i ndi cat e r oom number ] . ] [   
UMCS i nt er f ace i s l ocat ed i n [ i ndi cat e bui l di ng and r oom number ] . ] [   Ref er  
t o cont r ol s dr awi ngs f or  mi ni mum poi nt s r equi r ed t o i nt er f ace wi t h t he 
[ HVAC cont r ol  syst em] [  and ] [ UMCS] . ]

] [ 2. 3   [ COLD]  [ AND]  [ HOT]  AI SLE CONTAI NMENT SYSTEMS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ai s l e cont ai nment  syst ems must  be cl osel y 
coor di nat ed wi t h t he communi cat i ons,  l i ght i ng,  and 
f i r e pr ot ect i on syst ems.   The cei l i ng of  an ai s l e 
cont ai nment  syst em i s an obst r uct i on t o l i ght  and 
spr i nkl er  spr ay and can make r out i ng of  dat a cabl e 
i n over head cabl e t r ay mor e di f f i cul t .   Cont ai nment  
syst ems ar e t ypi cal l y onl y r equi r ed i n ver y hi gh 
densi t y dat a cent er s or  i n r et r o- f i t  appl i cat i ons 
wher e f undament al  best  pr act i ce i n ai r f l ow desi gn 
cannot  be appl i ed due t o physi cal  const r ai nt s.   I f  
cont ai nment  i s r equi r ed,  i t  shoul d be pr ovi ded under  
t he same cont r act  as t he ser ver  r acks t hemsel ves.   
Cont ai nment  syst ems connect  di r ect l y t o t he r acks,  
so t hi s must  be a f ul l y  coor di nat ed syst em.   
Coor di nat e wi t h f i r e pr ot ect i on t o ext end t he 
suppr essi on syst em i nt o t he cont ai ned ai s l es.

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

Pr ovi de an engi neer ed and manuf act ur ed syst em of  sol i d panel s t o f ul l y  
encl ose each [ hot ] [ col d]  ai s l e.   The syst em must  connect  t o uni f or m r ows 
of  same- hei ght  r acks.   The cont ai nment  syst em must  be pr ovi ded i n i t s 
ent i r et y f r om a si ngl e manuf act ur er .   Al l  component s must  be sel ect ed f or  
compat i bi l i t y  wi t h t he equi pment  suppor t  f r ame pr ovi ded under  Sect i on 
27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM.   Al l  mat er i al s i n t he 
cont ai nment  syst em must  have a f l ame spr ead i ndex not  gr eat er  t han 75 and 
a smoke devel oped i ndex not  gr eat er  t han 450 when t est ed i n accor dance 
wi t h ASTM E84 or  UL 723.
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Wal l  Panel s:   [ Tr ansl ucent ] [  or  ] [ Tr anspar ent ]  6. 0 mm 0. 236 i nch mi ni mum 
t hi ckness pol ycar bonat e panel s f r amed wi t hi n 25. 4 mm x 25. 4 mm 1 i nch x 1 
i nch T- sl ot  al umi num ext r usi on or  ext r uded al umi num t ube.   Panel s must  be 
UL 94 l i s t ed wi t h a mi ni mum r at i ng of  V- 1.

Roof  Panel s:   Const r uct i on same as wal l  panel s.

Door s:   [ Sl i di ng] [  or  ] [ Hi nged]  door s of  s i mi l ar  const r uct i on t o wal l  
panel s.   Door s must  compl y wi t h t he r equi r ement s of  CPSC 16 CFR 1201.

Gr ommet s:   At  each penet r at i on t hr ough t he ai s l e encl osur e syst em,  pr ovi de 
br ush- t ype gr ommet s t o mi ni mi ze ai r  l eakage.   Gr ommet s must  be of  ABS or  
pol ypr opyl ene const r uct i on wi t h nyl on br ush f i l ament s and EPDM gasket .

Bl anki ng Panel s:   Pr ovi de panel s t o bl ank of f  openi ngs i n t he ai s l e.   
Panel  const r uct i on must  be si mi l ar  t o wal l  panel  const r uct i on or  r ack 
encl osur e const r uct i on.

] [ 2. 4   RACK MOUNTED FANS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de a f an schedul e on t he dr awi ngs t hat ,  
at  mi ni mum,  i ndi cat es:  ai r f l ow,  conf i gur at i on ( t op,  
s i de,  bot t om,  f r ont ,  or  back of  r ack) ,  number  of  
f ans,  and el ect r i cal  r equi r ement s.

Si mi l ar  t o cont ai nment  syst ems,  t he need f or  r ack 
mount ed f ans shoul d be cl osel y eval uat ed by t he 
desi gner ,  and onl y speci f i ed when absol ut el y needed.

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

Pr ovi de an engi neer ed and manuf act ur ed f an syst em,  desi gned t o at t ach 
di r ect l y t o t he equi pment  suppor t  f r ame pr ovi ded under  Sect i on 27 10 00 
BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM.   Fan syst em must  c i r cul at e ai r  
evenl y t hr ough t he ent i r e r ack t hat  i t  ser ves.

2. 4. 1   Cabi net

Ext er i or  panel s must  be st eel  sheet ,  mi ni mum of  1. 0 mm 20 gage,  
mi l l - gal vani zed or  coat ed wi t h a cor r osi on- i nhi bi t i ng epoxy f i ni sh i n 
[ manuf act ur er ' s st andar d] [ t he speci f i ed] [ t he i ndi cat ed]  col or .   Mi l l  
gal vani zed sheet  met al  must  be coat ed wi t h not  l ess t han 380 gr am of  z i nc 
per  squar e met er  1. 25 ounces of  z i nc per  squar e f oot  of  t wo- si ded 
sur f ace.   Mi l l  r ol l ed st r uct ur al  st eel  must  be hot - di p gal vani zed or  
pr i med and pai nt ed.   Cut  edges,  bur ns and scr at ches i n hot - di p gal vani zed 
sur f aces must  be coat ed wi t h gal vani z i ng r epai r  coat i ng.   Manuf act ur er ' s 
st andar d cabi net  mat er i al s and f i ni shes wi l l  be accept abl e i f  equi val ent  
t o t he above r equi r ement s and appr oved by t he Cont r act i ng Of f i cer .

2. 4. 2   Fan

Pr ovi de ar r ay of  pr opel l er  t ype f ans power ed vi a s i ngl e poi nt  
cor d- and- pl ug connect i on. [   Pr ovi de dual  power  f eeds f or  r edundancy. ]

] 2. 5   I NSTRUMENTATI ON AND CONTROLS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Eval uat e t he pr oj ect  i n accor dance wi t h UFC 
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4- 010- 06 Cyber secur i t y of  Faci l i t y  Rel at ed Cont r ol  
Syst ems.   Coor di nat e wi t h,  r ef er ence,  and pr ovi de 
cont ent  i n Sect i on 25 05 11 CYBERSECURI TY FOR 
FACI LI TY- RELATED CONTROL SYSTEMS t o ensur e t hat  
cont r ol  syst ems pr ovi ded under  t hi s sect i on meet  t he 
pr oj ect  cyber secur i t y r equi r ement s.

I ndi cat e on t he cont r ol s dr awi ngs t he r equi r ed 
cont r ol  poi nt s t hat  t he CRAC uni t  manuf act ur er  must  
pr ovi de t o t he HVAC cont r ol  syst em.   Coor di nat e wi t h 
t he syst em owner  t o det er mi ne t he mi ni mum poi nt s.

The r ecommended met hod of  CRAC uni t  cont r ol  i s  a 
r ack mount ed t emper at ur e and humi di t y sensor .   
Sel ect i on of  t he appr opr i at e r ack f or  mount i ng t he 
sensor s may be coor di nat ed dur i ng t he desi gn i f  t he 
r acks ar e par t  of  t he const r uct i on cont r act ,  or  t he 
cont r act or  shoul d be r equi r ed t o coor di nat e wi t h t he 
Cont r act i ng Of f i cer  i f  t he r acks ar e par t  of  anot her  
cont r act .

For  bui l di ngs wi t h an HVAC cont r ol  syst em,  pr ovi de a 
r oom t emper at ur e sensor  i ndependent  of  t he CRAC uni t  
cont r ol s.  moni t or  t he r oom t emper at ur e and send an 
al ar m when out  of  r ange.   Cr i t i cal  appl i cat i ons or  
t he use of  ai s l e cont ai nment  syst ems may necessi t at e 
t he use of  mul t i pl e r oom t emper at ur e sensor s.

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

Al l  cont r ol s pr ovi ded under  t hi s sect i on must  compl y wi t h t he r equi r ement s 
of  Sect i on 25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS.

[ 2. 5. 1   Uni t  Level  Cont r ol s

Pr ovi de f act or y i nst al l ed component s and wi r i ng t o cont r ol  a uni t ' s  basi c 
f unct i ons and space ambi ent  condi t i ons[  i ncl udi ng [ humi di f i cat i on] [  and 
] [ dehumi di f i cat i on] ]  at  one f act or y i nst al l ed and t est ed st at i on.   
Cont r ol l er  modul es must  pr ovi de aut omat i c cent r al i zed cont r ol  of  comput er  
r oom cr i t i cal  equi pment ,  s i mpl i f y i ng emer gency swi t chi ng and uni t  
t est i ng.   When t he modul e r ecogni zes an al ar m condi t i on,  i t  must  
aut omat i cal l y swi t ch t o a st and- by devi ce.   User  must  be abl e t o pr ogr am a 
swi t chi ng del ay t o al l ow t i me t o cor r ect  emer gency condi t i ons.   Pr ovi de 
modul es wi t h capabi l i t y  t o bal ance t he r unt i me of  al l  connect ed ai r  
uni t s.   Pr ovi de cl ear ,  s i mpl i f i ed i nst r uct i ons f or  pr ogr ammi ng and 
conf i gur at i on of  cont r ol l er s,  mi ni mi zi ng t he chances of  oper at or  er r or .   
Pr ovi de an el ect r oni c t emper at ur e and humi di t y r ecor der ,  i nt egr al  or  
ext er nal  t o t he uni t ,  r eadabl e t o speci f i ed cont r ol  accur acy,  compl et e 
wi t h suppl i es r equi r ed f or  one year  of  oper at i on.   Cont r ol s must  i ncl ude a 
cont r ol  syst em i nt er f ace t o an HVAC cont r ol  syst em.   The cont r ol  syst em 
i nt er f ace must  meet  DDC Har dwar e r equi r ement s of  Sect i on [ 23 09 23. 02 
BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] [
23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS] .   Uni t  cont r ol s must  compl y wi t h t he r equi r ement s of  
Sect i on 25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS.

2. 5. 1. 1   Di spl ay Panel

Pr ovi de[  col or  LED t ouchscr een di spl ay wi t h gr aphi cal  menu navi gat i on] [  
LCD di gi t al  di spl ay wi t h push but t on navi gat i on] .   Di spl ay panel  must  
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i ncl ude t he f ol l owi ng mi ni mum dat a:  power  on,  power  of f ,  uni t  i n al ar m,  
descr i pt i on of  al ar m,  f i l t er  st at us, [  r ack i nl et  t emper at ur e,  ] [  r oom 
t emper at ur e,  ] [  r oom r el at i ve humi di t y , ] [  event  l og,  ] [  ser vi ce cont act  
i nf or mat i on,  ]  and uni t  r un hour s. [   Di spl ay must  have capabi l i t y  t o set  
up passwor d pr ot ect i on] .

Pr ovi de t he f ol l owi ng mi ni mum ext er nal l y accessi bl e cont r ol s at  t he uni t :  
st ar t  and st op t ot al  syst em f unct i ons,  s i l ence audi bl e al ar m,  mai n power  
di sconnect .

2. 5. 1. 2   Al ar ms

Di spl ay al ar ms on uni t  di spl ay panel .   Al ar m f or  t he f ol l owi ng:  hi gh and 
l ow space t emper at ur e,  hi gh and l ow space humi di t y,  di r t y f i l t er s,  l oss of  
ai r f l ow, [  l oss of  [ wat er ] [  or  ] [ gl ycol ]  f l ow, ]  compr essor  hi gh head 
pr essur e, [  cust om al ar ms as i ndi cat ed on t he cont r ol s dr awi ngs, ]  
humi di f i er  pr obl ems,  and l eak det ect i on.   Pr ovi de f i el d accessi bl e l ocal  
audi bl e al ar m wi t h s i l ence pushbut t on.   Pr ovi de push- t o- t est  l amps or  
al l - l amp t est  pushbut t on. [   CRACs must  have l ocal  devi ces whi ch pr ovi de 
si gnal s f or  r emot e audi bl e and vi sual  al ar mi ng capabi l i t y  f or  t he above 
speci f i ed al ar m condi t i ons. ]

2. 5. 1. 3   Leak Det ect i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Descr i be her e or  i ndi cat e on dr awi ngs t he 
l ayout  of  r ope t ype det ect i on syst ems.   For  mi ssi on 
cr i t i cal  appl i cat i ons wi t h t i er  3 or  t i er  4 
i nf r ast r uct ur e,  t he r ope det ect i on syst em shoul d 
moni t or  t he ent i r e under f l oor  ar ea i n t he dat a 
cent er .   For  mi ssi on cr i t i cal  appl i cat i ons wi t h t i er  
1 or  t i er  2 i nf r ast r uct ur e,  t he r ope det ect i on 
syst em shoul d moni t or  t he ar eas ar ound t he CRACs.   
Ul t i mat el y,  t he ext ent  of  t he l eak det ect i on syst em 
shoul d be coor di nat ed wi t h t he owner  of  t he comput er  
r oom.

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

Pr ovi de [ spot ] [  or  ] [ r ope]  moi st ur e det ect i on syst em f or  each comput er  
r oom.   Leak det ect i on must  be desi gned f or  i nst al l at i on on t he subf l oor  
bel ow t he r ai sed f l oor  of  t he comput er  r oom.   Leak det ect i on syst em must  
i nt er f ace wi t h t he associ at ed CRAC cont r ol  panel  t o al ar m upon det ect i on 
of  moi st ur e on t he subf l oor .

2. 5. 1. 4   Fact or y Wi r ed Component s

[ Pr ovi de f act or y i nst al l ed and wi r ed[  chi l l ed] [ , ] [  and] [  condenser ] [ , ] [  
and] [  hot ]  wat er  val ve[ s] .   Val ve[ s]  must  meet  t he r equi r ement s of  Sect i on 
23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC.

] [ Pr ovi de CRAC manuf act ur er ' s r emot e [ r oom t emper at ur e sensor ] [ , ] [  and] [  
r ack mount ed t emper at ur e sensor  ar r ay] [ , ] [  and] [  r oom humi di t y sensor ] .   
Sensor s must  meet  t he r equi r ement s of  Sect i on 23 09 13 I NSTRUMENTATI ON AND 
CONTROL DEVI CES FOR HVAC.

] [ Pr ovi de f act or y wi r ed di schar ge ai r  t emper at ur e sensor .   Sensor s must  meet  
t he r equi r ement s of  Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES 
FOR HVAC.
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] ] [ 2. 5. 2   Super vi sor y CRAC Cont r ol s

I n addi t i on t o st and al one cont r ol s,  pr ovi de [ a ] devi ce[ s]  t o net wor k 
t oget her  al l  CRACs [ i n each comput er  r oom] [ i n t hi s cont r act ] [ as 
i ndi cat ed] .   The net wor k devi ce must  i nt egr at e al l  dat a f or  each CRAC,  as 
r equi r ed under  st and al one cont r ol s,  and di spl ay i t  on any connect ed 
CRAC' s di spl ay panel . [   The net wor k devi ce must  opt i mi ze t he oper at i on of  
al l  connect ed CRACs t o mi ni mi ze ener gy use. ]   The net wor k devi ce must  
bal ance r unt i me acr oss al l  connect ed uni t s.   The net wor k devi ce must  
aut omat i cal l y swi t ch t o a st andby uni t  upon det ect i on of  f ai l ur e of  a dut y 
uni t .   Pr ovi de al l  cont r ol  wi r i ng among CRACs and net wor k devi ce[ s]  as 
r equi r ed t o meet  t hi s speci f i cat i on.

] [ 2. 5. 3   I nt egr at i on t o [ HVAC cont r ol  syst em]  [ and]  [ Basewi de Ut i l i t y  
Moni t or i ng and Cont r ol  Syst em ( UMCS) ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he owner / oper at or  of  t he 
dat a cent er  f or  whi ch poi nt s must  be i nt er f aced i nt o 
t he HVAC cont r ol  syst em and/ or  UMCS.   I ndi cat e t hose 
poi nt s on t he cont r ol s dr awi ngs.   At  a mi ni mum,  cal l  
f or  ent er i ng and l eavi ng ai r  t emper at ur es,  val ve 
posi t i ons,  f an speed,  and al ar ms.

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

I nt egr at e CRAC cont r ol  i nt o t he HVAC cont r ol  syst em def i ned i n Sect i on [
23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS] [ 23 09 23. 02 BACNET DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS] [  and ] [ UMCS def i ned i n Sect i on 25 10 10 UTI LI TY 
MONI TORI NG AND CONTROL SYSTEM ( UMCS)  FRONT END AND I NTEGRATI ON] . [   HVAC 
cont r ol  syst em i nt er f ace poi nt  i s  l ocat ed i n [ i ndi cat e r oom number ] . ] [   
UMCS i nt er f ace i s l ocat ed i n [ i ndi cat e bui l di ng and r oom number ] . ]

[ Ref er  t o cont r ol s dr awi ngs f or  mi ni mum poi nt s r equi r ed t o i nt er f ace wi t h 
t he [ HVAC cont r ol  syst em] [  and ] [ UMCS] .

] ] [ 2. 6   CORROSI ON PROTECTI ON FOR COASTAL I NSTALLATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  al l  out door  appl i cat i ons and i n 
Envi r onment al  Sever i t y Cl assi f i cat i on ( ESC)  
l ocat i ons C3 t hr u C5 and al l  humi d l ocat i ons,  as 
wel l  as al l  i ndoor  appl i cat i ons i n a har sh 
envi r onment al ,  add sent ence bel ow t o pai nt  i n 
accor dance wi t h Sect i on 09 96 00 HI GH PERFORMANCE 
COATI NGS.   See UFC 1- 200- 01 f or  det er mi nat i on of  ESC 
f or  a pr oj ect  l ocat i on;  humi d l ocat i ons ar e t hose i n 
ASHRAE cl i mat e zones 0A,  1A,  2A,  3A,  3C,  4C and 5C 
( as i dent i f i ed i n ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P) .

Hi gh Per f or mance coat i ngs ar e speci f i ed f or  al l  
out door  appl i cat i ons because ul t r avi ol et  r adi at i on 
br eaks down most  st andar d coat i ngs,  causi ng a 
phenomena know as chal k i ng,  whi ch i s t he f i r st  st age 
of  t he cor r osi on pr ocess.   For  addi t i onal  
i nf or mat i on,  cont act  The Coat i ng I ndust r y Al l i ance,  
speci f i c  suppl i er s such as Keel er  and Long PPG and 
NACE I nt er nat i onal  ( NACE) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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[ Coat  ext er i or  coi l s,  ext er i or  casi ngs,  i nt er i or  coi l s exposed t o out door  
ai r ,  and i nt er i or  casi ngs exposed t o out door  ai r ,  i n accor dance wi t h 
Sect i on 09 96 00 HI GH PERFORMANCE COATI NGS.

] [ Pr ovi de t he [ pol yel ast omer ] [  or  ] [ phenol i c]  f i ni sh coat i ng syst em on 
ext er i or  coi l s,  ext er i or  casi ngs,  i nt er i or  coi l s exposed t o out door  ai r ,  
and i nt er i or  casi ngs exposed t o out door  ai r .   The coat i ng syst em must  not  
r educe t he HVAC equi pment ' s per f or mance r at i ng.

] Fi ni sh coat i ng must  be appl i ed at  t he pr emi ses of  t he HVAC equi pment  
manuf act ur er  or  at  t he pr emi ses of  t he coat i ng manuf act ur er  or  hi s 
aut hor i zed appl i cat or .   Pr ovi de f i ni sh coat i ng i n col or s gr ay,  or  
al umi num,  or  i vor y.   Al l  component s of  t he speci al  f i ni sh coat i ng syst ems,  
i ncl udi ng pr i mer s and i nt er medi at e coat s,  must  be appl i ed by i mmer si on 
di p- coat i ng or  spr ay- coat i ng i n accor dance wi t h coat i ng manuf act ur er ' s 
wr i t t en pr ocedur es.

I f  speci al  f i ni sh coat i ngs ar e appl i ed at  t he f i ni sh coat i ng 
manuf act ur er ' s ( or  hi s aut hor i zed appl i cat or ' s)  pr emi ses,  t he equi pment  t o 
be f i ni sh coat ed must  be t r anspor t ed t o and f r om t he f i ni sh coat i ng 
manuf act ur er ' s pr emi ses by t he Cont r act or .   The f i ni sh- coat i ng 
manuf act ur er  must  be r esponsi bl e f or  necessar y di sassembl y of  t he HVAC 
equi pment  and r e- assembl y of  f i nal  f i ni sh coat ed equi pment .

Submi t  f or  appr oval  a Cer t i f i cat e of  Speci f i cat i on Compl i ance pr ovi ded by 
t he f i ni sh coat i ng syst em manuf act ur er .   Requi r ement s f or  cer t i f i cat e 
i ncl ude:

a.   Name of  f i r m t hat  pr ovi ded t he f i ni sh coat i ng syst em.

b.   Pr oj ect  t i t l e and Navy const r uct i on cont r act  number .

c.   Li st i ng of  t he pi eces of  equi pment  t hat  wer e f i ni sh coat ed by t hi s 
f i r m.

 
d.   Cer t i f i cat e must  cer t i f y t hat  t he f i ni sh coat i ng mat er i al s and 

appl i cat i on pr ocedur es empl oyed conf or m t o t he cont r act  speci f i cat i ons.

e.   Dat e of  f i nal  i nspect i on by t hi s f i r m and pr i nt ed name and si gnat ur e 
of  t he i nspect or .

f .   Pr i nt ed name and si gnat ur e of  t he of f i cer  of  t he f i r m t hat  i s 
r esponsi bl e f or  f i r m' s cer t i f i cat i on pr ogr am.

[ 2. 6. 1   Pol yel ast omer  Fi ni sh Coat i ng Syst em

2. 6. 1. 1   Heat  Exchanger  Coi l  ( I ncl udi ng Evapor at or  Coi l )  Sur f aces

a.   Acr yl i c pol ymer  r esi n pr i mer :   0. 025 mm 1 mi l  mi ni mum dr y f i l m 
t hi ckness.

b.   Pol yel ast omer  r esi n t op coat i ng:   3 coat s,  0. 038 mm 1. 5 mi l s mi ni mum 
t ot al  dr y f i l m t hi ckness.

c.   I n l i eu of  coat i ng,  pr ovi de copper  t ubes and copper  f i ns
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2. 6. 1. 2   Uni nsul at ed I nt er i or  Sur f aces and Ext er i or  Sur f aces

Pol yel ast omer  r esi n:   3 coat s,  0. 100 t o 0. 150 mm 4 t o 6 mi l s
mi ni mum t ot al  dr y f i l m t hi ckness.

2. 6. 1. 3   I nsul at ed I nt er i or  Sur f aces 

Vi nyl :   0. 050 t o 0. 250 mm 2 t o 10 mi l s mi ni mum dr y f i l m
t hi ckness.

] [ 2. 6. 2   Phenol i c Fi ni sh Coat i ng Syst em

Pr ovi de a r esi n base t her moset t i ng phenol i c f i ni sh.

2. 6. 2. 1   Heat  Exchanger  Coi l  ( I ncl udi ng Evapor at or  Coi l )  Sur f aces

a.   Appl y phenol i c f i ni sh t o t he ent i r e coi l .   Pr ovi de a mi ni mum of  t wo 
coat s.   Tot al  mi ni mum dr y f i l m t hi ckness must  be 0. 075 mm 3 mi l s.

b.   I n l i eu of  coat i ng,  pr ovi de coi l  of  copper  t ubes and copper  f i ns

2. 6. 2. 2   Uni nsul at ed I nt er i or  Sur f aces and Ext er i or  Sur f aces 

Ami ne cur ed epoxy phenol i c f i ni sh:   0. 150 t o 0. 175 mm 6 t o 7 mi l s 
mi ni mum t ot al  dr y f i l m t hi ckness.

2. 6. 2. 3   I nsul at ed I nt er i or  Sur f aces 

Pol yest er  or  Vi nyl  Est er  f i ni sh:   0. 050 t o 0. 250 mm 2 t o 10 mi l s 
mi ni mum dr y f i l m t hi ckness.

] ] 2. 7   FACTORY PAI NTI NG SYSTEMS

Pr ovi de manuf act ur er ' s st andar d f act or y pai nt i ng.   Cer t i f y t hat  t he 
f act or y pai nt i ng syst em appl i ed wi l l  wi t hst and 125 hour s i n a sal t - spr ay 
f og t est ,  except  t hat  equi pment  l ocat ed out door s must  wi t hst and 500 hour s 
i n a sal t - spr ay f og t est .   Sal t - spr ay f og t est  must  be i n accor dance wi t h 
ASTM B117,  and f or  t hat  t est  t he accept ance cr i t er i a must  be as f ol l ows:   
i mmedi at el y af t er  compl et i on of  t he t est ,  t he pai nt  must  show no si gns of  
bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and no l oss of  adhesi on;  and t he 
speci men must  show no si gns of  r ust  cr eepage beyond 3 mm 0. 125 i nch on 
ei t her  s i de of  t he scr at ch mar k.

The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he equi pment  
must  not  be l ess t han t he f i l m t hi ckness used on t he t est  speci men.   The 
f act or y pai nt i ng syst em must  be desi gned f or  t he ant i c i pat ed t emper at ur e 
ser vi ce.

2. 8   ELECTRI CAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e t he Shor t  Ci r cui t  Cur r ent  Rat i ng 
( SCCR)  wi t h t he el ect r i cal  engi neer .   Thi s val ue 
var i es f or  ever y appl i cat i on and i s not  easi l y f i xed 
i n t he f i el d i f  t he equi pment  i s not  speci f i ed 
cor r ect l y.   For  mul t i pl e CRACs wi t h di f f er ent  SCCR 
r equi r ement s,  i ndi cat e t hi s i nf or mat i on on t he 
equi pment  schedul e or  r ef er ence i t s l ocat i on on t he 
el ect r i cal  dr awi ngs.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de an i nt egr al  el ect r i cal  panel  of  s i mi l ar  const r uct i on t o t he uni t  
cabi net .   Wi t hi n t he el ect r i cal  panel ,  pr ovi de a s i ngl e poi nt  power  
connect i on t er mi nal  bl ock and [ f used di sconnect  swi t ch,  ] [ f use bl ock and 
di sconnect  swi t ch] .   The el ect r i cal  panel  must  pr ovi de at  l east  
[ 65, 000] [ _____]  amp Shor t  Ci r cui t  Cur r ent  Rat i ng ( SCCR) . [   Ref er  t o 
el ect r i cal  dr awi ng [ _____]  f or  Shor t  Ci r cui t  Cur r ent  Rat i ng ( SCCR) . ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s par agr aph f or  ot her  t han NAVFAC SE 
pr oj ect s.

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

[ 2. 8. 1   El ect r i cal  Mot or s,  Cont r ol l er s,  Cont act or s,  and Di sconnect s

Pr ovi de mot or s,  cont r ol l er s,  di sconnect s and cont act or s wi t h t hei r  
r espect i ve pi eces of  equi pment .   Mot or s,  cont r ol l er s,  di sconnect s and 
cont act or s must  conf or m t o and have el ect r i cal  connect i ons pr ovi ded under  
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de i nt er nal  wi r i ng 
f or  component s of  packaged equi pment  as an i nt egr al  par t  of  t he 
equi pment .   Ext ended vol t age r ange mot or s wi l l  not  be per mi t t ed.   
Cont r ol l er s and cont act or s must  have a maxi mum of  120 vol t  cont r ol  
c i r cui t s,  and must  have auxi l i ar y cont act s f or  use wi t h t he cont r ol s 
pr ovi ded.   When mot or s and equi pment  pr ovi ded ar e l ar ger  t han si zes 
i ndi cat ed,  t he cost  of  addi t i onal  el ect r i cal  ser vi ce and r el at ed wor k must  
be i ncl uded under  t he sect i on t hat  speci f i ed t hat  mot or  or  equi pment .   
Power  wi r i ng and condui t  f or  f i el d i nst al l ed equi pment  must  be pr ovi ded 
under  and conf or m t o t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

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

NOTE:   Use t hi s par agr aph and i t s subpar agr aphs 
r egar di ng el ect r i cal  component s and ener gy ef f i c i ent  
mot or s f or  NAVFAC SE pr oj ect s.

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

[ 2. 8. 2   El ect r i cal  I nst al l at i ons

Conf or m t o I EEE C2,  NFPA 70,  and r equi r ement s speci f i ed her ei n.

2. 8. 2. 1   New Wor k

Pr ovi de el ect r i cal  component s of  mechani cal  equi pment ,  such as mot or s,  
mot or  st ar t er s[  ( except  st ar t er s/ cont r ol l er s whi ch ar e i ndi cat ed as par t  
of  a mot or  cont r ol  cent er ) ] ,  cont r ol  or  push- but t on st at i ons,  f l oat  or  
pr essur e swi t ches,  sol enoi d val ves,  i nt egr al  di sconnect s,  and ot her  
devi ces f unct i oni ng t o cont r ol  mechani cal  equi pment ,  as wel l  as cont r ol  
wi r i ng and condui t  f or  c i r cui t s r at ed 100 vol t s or  l ess,  t o conf or m wi t h 
t he r equi r ement s of  t he sect i on cover i ng t he mechani cal  equi pment .   
Ext ended vol t age r ange mot or s ar e not  t o be per mi t t ed.   The 
i nt er connect i ng power  wi r i ng and condui t ,  cont r ol  wi r i ng r at ed 120 vol t s 
( nomi nal )  and condui t , [  t he mot or  cont r ol  equi pment  f or mi ng a par t  of  
mot or  cont r ol  cent er s, ]  and t he el ect r i cal  power  c i r cui t s must  be pr ovi ded 
under  Di v i s i on 26,  except  i nt er nal  wi r i ng f or  component s of  package 
equi pment  must  be pr ovi ded as an i nt egr al  par t  of  t he equi pment .   When 
mot or s and equi pment  pr ovi ded ar e l ar ger  t han si zes i ndi cat ed,  pr ovi de any 
r equi r ed changes t o t he el ect r i cal  ser vi ce as may be necessar y and r el at ed 
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wor k as a par t  of  t he wor k f or  t he sect i on speci f y i ng t hat  mot or  or  
equi pment .

2. 8. 2. 2   Modi f i cat i ons t o Exi st i ng Syst ems

Wher e exi st i ng mechani cal  syst ems and mot or - oper at ed equi pment  r equi r e 
modi f i cat i ons,  pr ovi de el ect r i cal  component s under  Di v i s i on 26.

2. 8. 2. 3   Hi gh Ef f i c i ency Mot or s

2. 8. 2. 3. 1   Hi gh Ef f i c i ency Si ngl e- Phase Mot or s

Unl ess ot her wi se speci f i ed,  s i ngl e- phase f r act i onal - hor sepower  
al t er nat i ng- cur r ent  mot or s must  be hi gh ef f i c i ency t ypes cor r espondi ng t o 
t he appl i cat i ons l i s t ed i n NEMA MG 11.

2. 8. 2. 3. 2   Hi gh Ef f i c i ency Pol yphase Mot or s

Unl ess ot her wi se speci f i ed,  pol yphase mot or s must  be sel ect ed based on 
hi gh ef f i c i ency char act er i st i cs r el at i ve t o t he appl i cat i ons as l i s t ed i n 
NEMA MG 10.   Addi t i onal l y,  pol yphase squi r r el - cage medi um i nduct i on mot or s 
wi t h cont i nuous r at i ngs must  meet  or  exceed ener gy ef f i c i ent  r at i ngs i n 
accor dance wi t h Tabl e 12- 6C of  NEMA MG 1.

2. 8. 2. 4   Thr ee- Phase Mot or  Pr ot ect i on

Pr ovi de cont r ol l er s f or  mot or s r at ed 1. 34 ki l owat t s 1 hor sepower  and 
l ar ger  wi t h el ect r oni c phase- vol t age moni t or s desi gned t o pr ot ect  mot or s 
f r om phase- l oss,  under vol t age,  and over vol t age.   Pr ovi de pr ot ect i on f or  
mot or s f r om i mmedi at e r est ar t  by a t i me adj ust abl e r est ar t  r el ay.

] 2. 8. 3   El ect r i cal  Cont r ol  Wi r i ng

[ Pr ovi de cont r ol  wi r i ng under  Sect i on 23 09 53. 00 20 SPACE TEMPERATURE 
CONTROL SYSTEMS.   ] [ Pr ovi de cont r ol  wi r i ng under  Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.   ] [   Pr ovi de cont r ol  wi r i ng under  
t hi s sect i on i n accor dance wi t h NFPA 70 and Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM. ]   Pr ovi de Space t emper at ur e cont r ol  syst em dr awi ngs 
whi ch i ncl ude poi nt - t o- poi nt  el ect r i cal  wi r i ng di agr ams.

2. 9   [ HVAC WATER PI PI NG] [  AND ] [ METAL DUCTWORK]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  l ocat e uni t s wi t h hydr oni c coi l s 
di r ect l y above comput er  r acks.   Desi gn pi pi ng 
syst ems t o l i mi t  t he amount  of  over head hydr oni c 
pi pi ng i nst al l ed i n t he comput er  r oom.   Do not  
l ocat e hydr oni c pi pi ng di r ect l y above comput er  
r acks.   I deal l y,  hydr oni c pi pi ng shoul d be i nst al l ed 
bel ow t he r ai sed access f l oor .   Locat e hydr oni c 
pi pi ng under  r ai sed access f l oor s such t hat  i t  does 
not  bl ock ai r f l ow f r om downf l ow CRAC uni t s.

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

Requi r ement s f or  HVAC wat er  pi pi ng and met al  duct wor k ar e speci f i ed i n 
[ Sect i on 23 64 26 CHI LLED,  CHI LLED- HOT,  AND CONDENSER WATER PI PI NG 
SYSTEMS] [  and ] [ Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON] .
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[ 2. 10   FI RE PROTECTI ON DEVI CES

The r equi r ement s f or  duct  smoke det ect or s ar e speci f i ed i n Sect i on [
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC] [ 23 09 53. 00 20 SPACE 
TEMPERATURE CONTROL SYSTEMS] .

] 2. 11   SOURCE QUALI TY CONTROL

Pr ovi de f act or y t est  pl an[ s] ,  f act or y t est  schedul e[ s] ,  f act or y t est [ s]  
and f act or y t est  r epor t [ s]  on [ each of  t he CRAC[ s] ;  ] [ CRAC- 1 t hr ough 
CRAC- [ _____] ] .

2. 11. 1   Manuf act ur er ' s Fact or y Test  Pl ans

For  [ each CRAC] [ i nser t  speci f i c  uni t  mar ks] ,  submi t  a f act or y t est  pl an 
whi ch when f ol l owed dur i ng f act or y t est i ng must  ver i f y t hat  t he 
per f or mance schedul ed on t he dr awi ngs i s met  by t he pr oduced CRAC model s.

The manuf act ur er  must  per f or m f act or y t est s on t he act ual  CRAC[ s]  pr oduced 
f or  t hi s pr oj ect .   The t est  r epor t s must  document  t he per f or mance t est s 
conduct ed on t he f act or y assembl ed comput er  r oom ai r  condi t i oni ng uni t s.   
Per f or mance t est i ng on t he i ndi v i dual  comput er  r oom ai r  condi t i oni ng uni t  
component s,  not  f act or y assembl ed,  i s not  accept abl e.

Submi t  t he r equi r ed t est  pl ans f or  r evi ew and appr oval  t o t he Cont r act i ng 
Of f i cer  at  l east  [ 90] [ _____]  cal endar  days bef or e schedul ed f act or y t est  
dat e.

2. 11. 1. 1   Test  Pr ocedur e

I ndi cat e i n each t est  pl an t he f act or y accept ance t est  pr ocedur es.   
Pr ocedur es must  be st r uct ur ed t o t est  al l  modes of  oper at i on t o conf i r m 
t hat  t he cont r ol s ar e per f or mi ng i n accor dance wi t h t he i nt ended sequence 
of  cont r ol .

Cont r ol l er s must  be ver i f i ed t o be pr oper l y cal i br at ed and have t he pr oper  
set  poi nt  t o pr ovi de st abl e cont r ol  of  t hei r  r espect i ve equi pment .

I ncl ude i n each t est  pl an a det ai l ed st ep- by- st ep pr ocedur e f or  t est i ng 
aut omat i c cont r ol s pr ovi ded by t he manuf act ur er .

2. 11. 1. 2   Per f or mance Var i abl es

Each t est  pl an must  l i s t  per f or mance var i abl es t hat  ar e r equi r ed t o be 
measur ed or  t est ed as par t  of  t he f i el d t est .   I ncl ude i n t he per f or mance 
var i abl es l i s t  t he per f or mance i ndi cat ed on t he equi pment  schedul es on t he 
cont r act  desi gn dr awi ngs.

Manuf act ur er  must  pr ovi de wi t h each t est  pr ocedur e a descr i pt i on of  
accept abl e per f or mance r esul t s t hat  must  be ver i f i ed.   Manuf act ur er  must  
i dent i f y t he accept abl e l i mi t s or  t ol er ances wi t hi n whi ch each t est ed 
per f or mance var i abl e must  accept abl y oper at e.

2. 11. 1. 3   Test  Conf i gur at i on

Pl ans must  i ndi cat e t hat  t est s ar e t o be per f or med f or  a mi ni mum of  f our  
cont i nuous hour s[  i n a wet  coi l  condi t i on] .   I f  t est  per i od i s 
i nt er r upt ed,  t he f our  hour  t est  per i od must  be st ar t ed over .   Each t est  
pl an must  be j ob speci f i c  and must  addr ess t he par t i cul ar  CRAC[ s]  and 
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par t i cul ar  condi t i ons whi ch exi st  wi t h t hi s cont r act .   Gener i c or  gener al  
pr epr i nt ed t est  pr ocedur es ar e not  accept abl e. [   Test s must  i ncl ude [ a 
pr essur i zed r ai sed f l oor  di schar ge conf i gur at i on at  t he speci f i ed or  
i ndi cat ed hei ght  above t he f l oor , ] [  wi t h or  wi t hout  t he ai r  di schar ge 
el bows;  ] [ or  a t op ai r  di schar ge conf i gur at i on] [  and phenol i c coat ed 
coi l s] . ]

2. 11. 1. 4   Test ed Var i abl es

Pl ans must  pr ovi de f or  ai r  s i de t est i ng whi ch i ncl udes ver i f i cat i on of  t he 
ai r f l ow,  t ot al  st at i c pr essur e;  f an dr i ve mot or  KW,  amper age and RPM;  and 
f an RPM.   Pr ovi de ent er i ng ai r  t emper at ur es equal  t o t hose i ndi cat ed on 
t he CRAC schedul es.

2. 11. 1. 5   Ther mal  Test i ng

Pl ans must  pr ovi de t her mal  t est i ng ut i l i z i ng [ chi l l ed wat er ] [ 40 per cent  
et hyl ene gl ycol  and 60 per cent  wat er  sol ut i on] [  and ] [ hot  wat er ]  wi t h 
t emper at ur es equal  t o t hose i ndi cat ed on t he CRAC schedul es.   Ther mal  
t est i ng must  ver i f y CRAC heat i ng,  sensi bl e cool i ng,  t ot al  cool i ng,  and 
humi di f y i ng per f or mance schedul ed on t he cont r act  dr awi ngs.

2. 11. 1. 6   Speci al i zed Component s

I ncl ude pr ocedur es f or  f i el d t est i ng and f i el d adj ust i ng speci al i zed 
component s,  such as hot  gas bypass cont r ol  val ves,  or  pr essur e val ves.

[ 2. 11. 1. 7   Fact or y Test  For  Sound Pr essur e Level

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  i ncl ude t he f ol l owi ng sound r at i ng 
t est s i n t he speci f i cat i on wi t hout  wr i t t en 
per mi ssi on f r om t he Engi neer i ng Fi el d Di v i s i on' s 
Mechani cal  Desi gn Br anch f or  a par t i cul ar  pr oj ect .   
Pr i or  t o i ncl udi ng t he f ol l owi ng sound t est i ng 
par agr aph,  coor di nat e t he f ol l owi ng aspect s of  t he 
r equi r ement s:

1.   Det er mi ni ng t he sound r at i ngs of  CRACs r equi r es 
speci f i c  f act or y t est i ng.   Thi s t est i ng may need t o 
be wi t nessed by a r epr esent at i ve of  t he Cont r act i ng 
Of f i cer  t o ver i f y compl i ance si nce no manuf act ur er  
t o dat e has per f or med t hese sound r at i ng t est s.

2.   Sound r at i ng t est i ng wi l l  add si gni f i cant  cost  
t o each CRAC and t her ef or e must  be cover ed by t he 
pr oj ect  cost  est i mat e.

3.   Ensur e t hat  accept abl e sound r at i ngs f or  each 
CRAC i s i ndi cat ed.

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

Det er mi ne t he A- wei ght ed sound pr essur e l evel  f or  t he i ndoor  por t i on of  
each of  t he CRACs;  [ CRAC- 1 t hr ough CRAC- [ _____] ] .

Each uni t  must  be mount ed on a [ r ai sed ] f l oor  dupl i cat i ng of  t he 
i nst al l at i on conf i gur at i on i ndi cat ed on t he cont r act  dr awi ngs.   Uni t  must  
be l ocat ed at  l east  1. 5 met er s 150 mm 5 f eet  6 i nches f r om t est  r oom 
wal l s.   No ot her  equi pment  must  be oper at i ng i n t he t est  r oom dur i ng sound 
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l evel  t est i ng of  subj ect  uni t .   Backgr ound sound l evel s must  be at  l east  
10 dB bel ow l owest  sound pr essur e l evel  measur ed on subj ect  uni t .   Test i ng 
must  be conduct ed by usi ng an ANSI  Type 1 or  2 sound l evel  met er  l ocat ed 
1. 0 met er  3. 3 f eet  f r om t he uni t  under  t est  and 1. 0 met er  3. 3 f eet  above 
r ai sed f l oor .   Measur e and r ecor d A- wei ght ed sound pr essur e l evel  on al l  
f our  s i des of  uni t .

] 2. 11. 1. 8   Fact or y Test s Repor t i ng For ms

Each t est  pl an must  i ncl ude t he r equi r ed t est  r epor t i ng f or ms t o be 
compl et ed by t he Cont r act or ' s t est i ng r epr esent at i ves.   Submi t  f act or y 
t est  r epor t s,  r ef er enci ng each t est ed CRAC ser i al  number ,  and r ecei ve 
appr oval  bef or e del i ver y of  CRAC t o t he pr oj ect  s i t e.

[ 2. 11. 2   CRAC Pr oduct i on Schedul e and Fact or y Test  Schedul e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fact or y wi t ness t est i ng i s expensi ve and 
r ar el y necessar y f or  commonl y manuf act ur ed 
mechani cal  equi pment  such as CRAC.   Conf i r m wi t h t he 
f aci l i t y  owner  t hat  wi t ness t est i ng i s necessar y and 
wor t h t he cost .   I f  desi r ed,  r emove t he br acket s 
f r om t he " CRAC Pr oduct i on Schedul e and Fact or y Test  
Schedul e"  par agr aph.

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

The Gover nment  [ wi l l ] [ r eser ves t he r i ght  t o]  wi t ness f act or y t est s f or  
[ CRAC- 1] [  and CRAC- [ _____]  t hr ough CRAC- [ _____] ] .

Pr ovi de t he CRAC pr oduct i on schedul e and f act or y t est  schedul e f or  t est s 
t o be per f or med at  t he manuf act ur er ' s t est  f aci l i t y .   Submi t  pl anned 
pr oduct i on schedul e,  and f act or y t est  schedul e and t est  l ocat i on,  t o t he 
Cont r act i ng Of f i cer  as soon as i t  i s  schedul ed but  not  l ess t han 60 
cal endar  days pr i or  t o t he schedul ed f act or y t est  dat e.   Tr ack t hi s 
schedul e t hr ough t he pr oduct i on phases and i f  a schedul ed f act or y t est  
dat e changes,  gi ve advanced not i ce t o Cont r act i ng Of f i cer  as soon as 
possi bl e but  at  l east  15 cal endar  days i n advance of  t he schedul ed t est  
dat es.

] 2. 11. 3   Fact or y Test s

Conduct  t he f act or y t est i ng i n compl i ance wi t h t he Cont r act i ng Of f i cer  
appr oved manuf act ur er ' s f i el d t est  pl an,  and i n accor dance wi t h addi t i onal  
f i el d t est i ng r equi r ement s speci f i ed her ei n.   Recor d t he r equi r ed dat a 
usi ng t he t est  r epor t i ng f or ms appr oved of  t he appr oved f i el d t est  pl an.   
Conduct  t he t est  f or  each CRAC f or  t he cont i nuous t est  per i od i n t he 
appr oved t est  pl an.   A CRAC shut down bef or e t he cont i nuous t est  per i od i s 
compl et ed must  r esul t  i n t he t est  per i od bei ng st ar t ed agai n and r un f or  
t he r equi r ed dur at i on.

2. 11. 4   Def i c i ency Resol ut i on

The t est  r equi r ement s must  be accept abl y met ;  def i c i enci es i dent i f i ed 
dur i ng t he t est s must  be cor r ect ed i n compl i ance wi t h t he manuf act ur er ' s 
r ecommendat i ons and cor r ect i ons t est ed as speci f i ed i n t he par agr aph 
FACTORY TEST PLANS.
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2. 11. 5   Fact or y Test  Repor t s

Use t he t est  r epor t i ng f or ms appr oved i n t he f act or y t est  pl an.   Fi nal  
t est  r epor t  f or ms must  be t yped i ncl udi ng dat a ent r i es and r emar ks.   
Compl et ed t est  r epor t  f or ms f or  each CRAC must  be r evi ewed,  appr oved,  and 
si gned by t he Manuf act ur er ' s t est  di r ect or .

[ 2. 12   SEI SMI C REQUI REMENTS

CRAC uni t s must  be sei smi cal l y cer t i f i ed i n accor dance wi t h t he 
r equi r ement s i n Sect i on 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC.   Pr ovi de 
sei smi c br aci ng i n accor dance wi t h Sect i on 23 05 48. 19 [ SEI SMI C]  BRACI NG 
FOR HVAC.

] PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   CRAC Syst em

I nst al l at i on of  each CRAC syst em i ncl udi ng equi pment ,  mat er i al s,  
i nst al l at i on,  wor kmanshi p,  f abr i cat i on,  assembl y,  er ect i on,  exami nat i on,  
i nspect i on,  and t est i ng,  must  be i n accor dance wi t h ASME B31. 1,  ASME B31. 5,  
NFPA 70,  as modi f i ed and suppl ement ed by t he r equi r ement s of  t hi s sect i on 
and t he CRAC manuf act ur er ' s wr i t t en i nst al l at i on i nst r uct i ons.

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

3. 1. 2   I nst al l at i on I nst r uct i ons

Pr ovi de a manuf act ur er ' s i nst al l at i on manual  f or  each t ype of  CRAC. [   
Pr ovi de a manuf act ur er ' s i nst al l at i on manual  f or  each t ype of  ai s l e 
cont ai nment  syst em. ] [   Pr ovi de a manuf act ur er ' s i nst al l at i on manual  f or  
each t ype of  r ack mount ed f an. ]

3. 1. 3   Oper at i on and Mai nt enance Dat a

Submi t  Comput er  Room Ai r  Condi t i oner  Oper at i on and Mai nt enance Dat a i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

3. 1. 4   Connect i ons t o Exi st i ng Syst ems

Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  15 cal endar  days pr i or  
t o t he dat e t he connect i ons ar e r equi r ed.   Obt ai n appr oval  bef or e 
i nt er r upt i ng ser vi ce.   Pr ovi de mat er i al s r equi r ed t o make connect i ons i nt o 
exi st i ng syst ems and per f or m excavat i ng,  backf i l l i ng,  compact i ng,  and 
ot her  i nci dent al  l abor  as r equi r ed.   Pr ovi de l abor  and t ool s f or  maki ng 
act ual  connect i ons t o exi st i ng syst ems.

3. 2   FI ELD QUALI TY CONTROL

Upon compl et i on and bef or e f i nal  accept ance of  wor k,  t est  each CRAC 
subsyst em i n ser vi ce t o demonst r at e compl i ance wi t h t he cont r act  
r equi r ement s,  i ncl udi ng f i el d t est i ng speci f i ed bel ow.   Adj ust  cont r ol s 
and bal ance syst ems pr i or  t o f i nal  accept ance of  compl et ed syst ems.   Test  
cont r ol s t hr ough ever y cycl e of  oper at i on.   Test  saf et y cont r ol s t o 
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demonst r at e per f or mance of  r equi r ed f unct i on.   Cor r ect  def ect s i n wor k 
pr ovi ded and r epeat  t est s.   Pr ovi de st eam,  f uel ,  wat er ,  el ect r i c i t y,  
i nst r ument s,  connect i ng devi ces,  and per sonnel  f or  t est s.   Fl ush and cl ean 
pi pi ng bef or e pl aci ng i n oper at i on.   Cl ean equi pment ,  pi pi ng,  st r ai ner s,  
and duct s.   Pr i or  t o commencement  of  f i el d t est i ng,  r emove al l  f i l t er s and 
pr ovi de new f i l t er s.   Per f or m and document  t hat  pr oper  I ndoor  Ai r  Qual i t y 
Dur i ng Const r uct i on pr ocedur es have been f ol l owed;  t hi s i ncl udes pr ovi di ng 
document at i on showi ng t hat  af t er  const r uct i on ends,  and pr i or  t o 
occupancy,  new f i l t er s wer e pr ovi ded.

3. 3   FI ELD TESTI NG

Pr ovi de f i el d t est  pl an[ s] ,  f i el d t est  schedul e[ s] ,  f i el d t est [ s]  and 
f i el d t est  r epor t [ s]  on each of  t he CRAC[ s] .   Fi el d t est  each CRAC f or  
Cont r act i ng Of f i cer  accept ance i n accor dance wi t h t he CRAC manuf act ur er ' s 
appr oved f i el d t est  pl an.

3. 3. 1   Manuf act ur er ' s Fi el d Test  Pl ans

Submi t  f i el d t est  pl ans devel oped by t he manuf act ur er  f or  each CRAC;  
[ submi t  t he f i el d t est  pl ans al ong wi t h t he f act or y t est  pl ans speci f i ed 
her ei n bef or e] [ submi t  t he f i el d t est  pl ans at  l east  90 cal endar  days pr i or  
t o pl anned dat e of  t he f i el d t est ] .   Fi el d t est  pl ans devel oped by t he 
i nst al l i ng Cont r act or ,  or  t he equi pment  sal es agency f ur ni shi ng t he CRAC,  
wi l l  not  be accept abl e.

The Cont r act i ng Of f i cer  wi l l  r evi ew and appr ove t he f i el d t est  pl an f or  
each of  t he l i s t ed CRACs pr i or  t o commencement  of  f i el d t est i ng of  t he 
equi pment .   The appr oved f i el d t est  pl ans must  be f ol l owed f or  t he f i el d 
t est s of  t he CRAC and t est  r epor t i ng.

3. 3. 1. 1   Coor di nat ed Test i ng

I ndi cat e i n each f i el d t est  pl an when wor k r equi r ed by t hi s sect i on 
r equi r es coor di nat i on wi t h t est  wor k r equi r ed by ot her  speci f i cat i on 
sect i ons.   Pr ovi de t est  pr ocedur es f or  t he s i mul t aneous or  i nt egr at ed 
t est i ng of :  CRAC cont r ol s whi ch i nt er l ock and i nt er f ace wi t h cont r ol s 
f act or y pr ewi r ed[ ;  and ext er nal  cont r ol s f or  t he CRAC pr ovi ded under  
[ Sect i on 23 09 53. 00 20 SPACE TEMPERATURE CONTROL SYSTEMS] [ Sect i on 23 09 00
 I NSTRUMENTATI ON AND CONTROL FOR HVAC] ] .

3. 3. 1. 2   Pr er equi s i t e Test i ng

Each CRAC f or  whi ch per f or mance t est i ng i s dependent  upon t he compl et i on 
of  t he wor k cover ed by Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG 
FOR HVAC must  have t hat  wor k compl et ed as a pr er equi s i t e t o t est i ng wor k 
under  t hi s sect i on.   I ndi cat e i n each f i el d t est  pl an when such 
pr er equi s i t e wor k i s r equi r ed.

3. 3. 1. 3   Test  Pr ocedur e

I ndi cat e i n each f i el d t est  pl an t he CRAC manuf act ur er ' s publ i shed 
st ar t - up,  and f i el d accept ance t est  pr ocedur es.   I ncl ude i n each t est  pl an 
a det ai l ed st ep- by- st ep pr ocedur e f or  t est i ng aut omat i c cont r ol s pr ovi ded 
by t he manuf act ur er .

Pr ocedur es must  be st r uct ur ed t o t est  t he cont r ol s t hr ough al l  modes of  
cont r ol  t o conf i r m t hat  t he cont r ol s ar e per f or mi ng wi t h t he i nt ended 
sequence of  cont r ol .
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Cont r ol l er s must  be ver i f i ed t o be pr oper l y cal i br at ed and have t he pr oper  
set  poi nt  t o pr ovi de st abl e cont r ol  of  t hei r  r espect i ve equi pment .

3. 3. 1. 4   Per f or mance Var i abl es

Each t est  pl an must  l i s t  per f or mance var i abl es t hat  ar e r equi r ed t o be 
measur ed or  t est ed as par t  of  t he f i el d t est .

I ncl ude,  i n t he l i s t ed per f or mance var i abl es,  r equi r ement s i ndi cat ed on 
t he CRAC schedul es on t he desi gn dr awi ngs.   Manuf act ur er  must  pr ovi de,  
wi t h each t est  pr ocedur e,  a descr i pt i on of  accept abl e r esul t s t hat  have 
been ver i f i ed.

Manuf act ur er  must  i dent i f y t he accept abl e l i mi t s or  t ol er ances wi t hi n 
whi ch each t est ed per f or mance var i abl e must  accept abl y oper at e.

3. 3. 1. 5   Test  Conf i gur at i on

Pl ans must  i ndi cat e t hat  t est s ar e t o be per f or med f or  a mi ni mum of  f our  
cont i nuous hour s[  i n a wet  coi l  condi t i on] .   I f  t est  per i od i s 
i nt er r upt ed,  t he f our  hour  t est  per i od must  be st ar t ed over .   Each t est  
pl an must  be j ob speci f i c  and must  addr ess t he par t i cul ar  CRAC[ s]  and 
par t i cul ar  condi t i ons whi ch exi st  wi t h t hi s cont r act .   Gener i c or  gener al  
pr epr i nt ed t est  pr ocedur es ar e not  accept abl e. [   Test s must  i ncl ude [ a 
pr essur i zed r ai sed f l oor  di schar ge conf i gur at i on at  t he speci f i ed or  
i ndi cat ed hei ght  above t he f l oor , ] [  wi t h or  wi t hout  t he ai r  di schar ge 
el bows;  ] [ or  a t op ai r  di schar ge conf i gur at i on] [  and cor r osi on 
pr ot ect i on. ] ]

3. 3. 1. 6   Test ed Var i abl es

Pl ans must  pr ovi de f or  ai r  s i de t est i ng whi ch i ncl udes ver i f i cat i on of  t he 
ai r f l ow,  t ot al  st at i c pr essur e;  f an dr i ve mot or  KW,  amper age and RPM;  and 
f an RPM.  Pr ovi de ent er i ng ai r  t emper at ur es equal  t o t hose i ndi cat ed on t he 
CRAC schedul es.

3. 3. 1. 7   Ther mal  Test i ng

Pl ans must  pr ovi de t her mal  t est i ng ut i l i z i ng [ chi l l ed wat er ] [ 40 per cent  
et hyl ene gl ycol  and 60 per cent  wat er  sol ut i on] [  and ] [ hot  wat er ]  wi t h 
t emper at ur es equal  t o t hose i ndi cat ed on t he CRAC schedul es.   Ther mal  
t est i ng must  ver i f y CRAC heat i ng,  sensi bl e cool i ng,  t ot al  cool i ng,  and 
humi di f y i ng per f or mance schedul ed on t he cont r act  dr awi ngs.

3. 3. 1. 8   Speci al i zed Component s

I ncl ude pr ocedur es f or  f i el d t est i ng and f i el d adj ust i ng speci al i zed 
component s,  such as hot  gas bypass cont r ol  val ves,  or  pr essur e val ves.

3. 3. 1. 9   Fi el d Test  Repor t i ng For ms

Each t est  pl an must  i ncl ude t he r equi r ed t est  r epor t i ng f or ms t o be 
compl et ed by t he Cont r act or ' s t est i ng r epr esent at i ves.

3. 3. 2   Fi el d Test  Schedul e

Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  30 cal endar  days pr i or  
t o t he t est i ng.   Wi t hi n 30 cal endar  days af t er  accept abl e compl et i on of  

SECTI ON 23 81 23  Page 40



t est i ng,  submi t  each t est  r epor t  f or  t he r evi ew and appr oval  of  t he 
Cont r act i ng Of f i cer .

3. 3. 3   Manuf act ur er ' s Test  Repr esent at i ve

Pr ovi de a f act or y t r ai ned f i el d t est  r epr esent at i ve aut hor i zed by t he CRAC 
manuf act ur er  t o over see t he compl et e execut i on of  t he f i el d t est i ng.   Thi s 
t est  r epr esent at i ve must  al so r evi ew,  appr ove,  and si gn t he compl et ed 
f i el d t est  r epor t .   Si gnat ur es must  be accompani ed by t he per son' s name 
t yped.

Submi t  cr edent i al s of  t he manuf act ur er ' s f i el d t est  r epr esent at i ve 
pr oposed,  i ncl udi ng cur r ent  t el ephone number ,  t o t he Cont r act i ng Of f i cer  
f or  r evi ew and appr oval .   Submi t  t hese cr edent i al s wi t h t he wr i t t en 
advance not i ce of  t he f i el d t est s.

3. 3. 4   Fi el d Test s

Conduct  t he f i el d t est i ng i n compl i ance wi t h t he Cont r act i ng Of f i cer  
appr oved manuf act ur er ' s f i el d t est  pl an,  and i n accor dance wi t h addi t i onal  
f i el d t est i ng r equi r ement s speci f i ed her ei n.   Recor d t he r equi r ed dat a 
usi ng t he t est  r epor t i ng f or ms appr oved of  t he appr oved f i el d t est  pl an.   
Conduct  t he t est  f or  each CRAC f or  a cont i nuous 24- hour  t est  per i od.   A 
CRAC shut down bef or e t he cont i nuous 24- hour  t est  per i od i s compl et ed must  
r esul t  i n t he 24- hour  t est  per i od bei ng st ar t ed agai n and r un f or  t he 
r equi r ed dur at i on.

3. 3. 5   Def i c i ency Resol ut i on

The t est  r equi r ement s must  be accept abl y met ;  def i c i enci es i dent i f i ed 
dur i ng t he t est s must  be cor r ect ed i n compl i ance wi t h t he manuf act ur er ' s 
r ecommendat i ons.   Cor r ect i ons must  be t est ed agai n i n compl i ance wi t h t he 
r equi r ement s speci f i ed i n t he par agr aph FI ELD TEST PLANS.

3. 3. 6   Fi el d Test  Repor t s

Use t he t est  r epor t i ng f or ms appr oved i n t he f i el d t est  pl an.   Fi nal  t est  
r epor t  f or ms must  be t yped,  i ncl udi ng dat a ent r i es and r emar ks.   Compl et ed 
t est  r epor t  f or ms f or  each CRAC must  be r evi ewed,  appr oved,  and si gned by 
t he Cont r act or ' s t est  di r ect or  and t he QC manager .

3. 4   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

Pr ovi de t he ser vi ces of  compet ent  i nst r uct or s t o gi ve f ul l  i nst r uct i on t o 
t he desi gnat ed Gover nment  per sonnel  i n t he adj ust ment ,  oper at i on,  and 
mai nt enance,  i ncl udi ng per t i nent  saf et y r equi r ement s,  of  t he speci f i ed 
equi pment  or  syst em.   I nst r uct or s must  be t hor oughl y f ami l i ar  wi t h al l  
par t s of  t he i nst al l at i on and must  be t r ai ned i n oper at i ng t heor y as wel l  
as pr act i cal  oper at i on and mai nt enance wor k.

I nst r uct i on must  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   Pr ovi de [ 4] [ _____]  hour s of  t r ai ni ng f or  each t ype 
of  CRAC speci f i ed. [   Pr ovi de [ 2] [ _____]  hour s of  t r ai ni ng f or  each [ ai s l e 
cont ai nment  syst em] [  and ] [ r ack mount ed f an]  speci f i ed. ]

        - -  End of  Sect i on - -
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