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SECTI ON 23 64 10

WATER CHI LLERS,  VAPOR COMPRESSI ON TYPE
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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  wat er  chi l l i ng equi pment .

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

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

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
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use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

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

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

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

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

AHRI  450 ( 2007)  Wat er - Cool ed Ref r i ger ant  
Condenser s,  Remot e Type

AHRI  480 ( 2007)  Ref r i ger ant - Cool ed Li qui d Cool er s,  
Remot e Type

AHRI  550/ 590 I - P ( 2020)  Per f or mance Rat i ng Of  
Wat er - Chi l l i ng and Heat  Pump Wat er - Heat i ng 
Packages Usi ng t he Vapor  Compr essi on Cycl e

AHRI  575 ( 2017)  Met hod of  Measur i ng Machi ner y Sound 
Wi t hi n an Equi pment  Space

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

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

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 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

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

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

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2024)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

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

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

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

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 F104 ( 2011;  R 2020)  St andar d Cl assi f i cat i on 
Syst em f or  Nonmet al l i c  Gasket  Mat er i al s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at 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 37 ( 2024)  St andar d f or  t he I nst al l at i on and 
Use of  St at i onar y Combust i on Engi nes and 
Gas Tur bi nes

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE J537 ( 2016)  St or age Bat t er i es

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

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 1236 ( 2015;  Repr i nt  Feb 2021)  UL St andar d f or  
Saf et y Bat t er y Char ger s f or  Char gi ng 
Engi ne- St ar t er  Bat t er i es

1. 2   SUBMI TTALS

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

For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s t o i ndi cat e t he appr ovi ng 
aut hor i t y.   Codes f or  Ar my pr oj ect s usi ng t he 
Resi dent  Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy 
and Ai r  For ce pr oj ect s.

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

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce pr oj ect s,  or  choose t he second br acket ed i t em 
f or  Ar my pr oj ect s.

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  
wi l l  r evi ew t he submi t t al  f or  t he Gover nment . ]   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Wat er  Chi l l er ;  G[ ,  [ _____] ]

Post ed I nst r uct i ons

Ver i f i cat i on of  Di mensi ons

Fact or y Test s

Syst em Per f or mance Test s

Demonst r at i ons

Ref r i ger ant
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[ Wat er  Chi l l er  -  Fi el d Accept ance Test  Pl an

] SD- 06 Test  Repor t s

Fi el d Accept ance Test i ng

[ Wat er  Chi l l er  -  Fi el d Accept ance Test  Repor t

] Fact or y Test s

Syst em Per f or mance Test s

SD- 07 Cer t i f i cat es

Ref r i ger at i on Syst em;  G[ ,  [ _____] ]

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

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

[ Wat er  Chi l l er  -  I nst al l at i on I nst r uct i ons;  G[ ,  [ _____] ]

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

Oper at i on and Mai nt enance Manual s;  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

1. 3   CERTI FI CATI ONS

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

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

1. 3. 1   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

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. 4   SAFETY REQUI REMENTS

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  par t s 
whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d t o 
oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces must  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.   Wel di ng and cut t i ng 
saf et y r equi r ement s must  be i n accor dance wi t h AWS Z49. 1.
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1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

St or ed i t ems must  be pr ot ect ed f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on wi l l  be t he 
Cont r act or ' s r esponsi bi l i t y .   Any mat er i al s f ound t o be damaged must  be 
r epl aced at  t he Cont r act or ' s expense.   Dur i ng i nst al l at i on,  pi pi ng and 
si mi l ar  openi ngs must  be capped t o keep out  di r t  and ot her  f or ei gn mat t er .

1. 6   PROJECT REQUI REMENTS

1. 6. 1   Ver i f i cat i on of  Di mensi ons

The Cont r act or  must  become f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y 
al l  di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Job speci f i cat i ons wi l l  be wr i t t en t o avoi d 
r est r i ct i ons on speci f i c  t ypes of  r ef r i ger ant  
( excl udi ng CFC r ef r i ger ant s)  i n or der  t o encour age 
compet i t i ve bi ddi ng of  avai l abl e pr oduct  of f er i ngs.

El ect r i c chi l l er s ar e r equi r ed t o meet  per f or mance 
r equi r ement s speci f i ed by FEMP.   The l i nk f or  ener gy 
r equi r ement s f or  ai r - cool ed chi l l er s i s f ound at :
ht t p: / / ener gy. gov/ eer e/ f emp/ cover ed- pr oduct - cat egor y- ai r - cool ed- el ect r i c- chi l l er s

I nf or mat i on on r equi r ement s f or  wat er - cool ed 
chi l l er s can be f ound at :

The l i nk f or  ener gy r equi r ement s f or  wat er - cool ed 
chi l l er s i s f ound at :
ht t p: / / ener gy. gov/ eer e/ f emp/ cover ed- pr oduct - cat egor y- wat er - cool ed- el ect r i c- chi l l er s

These speci f i cat i ons conf or m t o t he ef f i c i ency 
r equi r ement s as def i ned i n Publ i c Law ( PL)  109- 58 -  
" Ener gy Pol i cy Act  of  2005"  f or  f eder al  pr ocur ement  
of  ener gy- ef f i c i ent  pr oduct s.  Equi pment  sel ect ed 
wi l l  have as a mi ni mum t he ef f i c i ency r at i ngs.

Per f or mance r equi r ement s f or  ai r - cool ed chi l l er s ar e 
pr ovi ded i n bot h k i l owat t  ( kW) / t on and ener gy 
ef f i c i ency r at i o ( EER or  Bt u/ wat t )  uni t s f or  
conveni ence.  When compar i ng onl y ai r - cool ed 
chi l l er s,  EER ( Bt u/ wat t )  i s  a common met r i c.  When 
compar i ng ai r - cool ed and wat er - cool ed chi l l er s,  
kW/ t on i s a common met r i c.  Per f or mance r equi r ement s 
f or  wat er - cool ed chi l l er s ar e pr ovi ded i n kW/ t on.

Equi pment  havi ng a l ower  ef f i c i ency t han FEMP 
r equi r ement s may be speci f i ed i f  t he desi gner  
det er mi nes t he equi pment  t o be mor e l i f e- cycl e cost  
ef f ect i ve usi ng t he l i f e- cycl e cost  anal ysi s 
met hodol ogy and pr ocedur e i n 10 CFR 436.

The dr i v i ng f or ces i n t he pr ocur ement  of  hi gher  
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ef f i c i ent  equi pment  ar e Execut i ve Or der s 13423 and 
13514.

When edi t i ng t hi s speci f i cat i on t o el i mi nat e a t ype 
of  chi l l er s t echnol ogy ( oi l - f r ee magnet i c bear i ngs 
compr essor s ver sus oi l - l ubr i cat ed compr essor s) ,  t he 
desi gn anal ysi s must  i ncl ude bot h cal cul at i ons t o 
demonst r at e t hat  t he edi t  i s  t he most  LCC ef f ect i ve 
and manuf act ur er ' s l i t er at ur e demonst r at i ng t hat  
t hi s edi t  does not  r esul t  i n a sol e- sour ce chi l l er  
pr ocur ement .

Mi ni mum chi l l er  ef f i c i enci es wi l l  ei t her  be 
pr esent ed i n t hi s speci f i cat i on or  on t he desi gn 
dr awi ngs.   Del et e chi l l er  ef f i c i enci es i n t he 
speci f i cat i on i f  ef f i c i enci es ar e shown on t he 
dr awi ngs.   I f  t he ef f i c i enci es ar e shown on t he 
dr awi ngs,  r ef er ence t he appl i cabl e AHRI  st andar d.

Use mi ni mum f ul l  l oad and par t  l oad ef f i c i ency 
r at i ngs t o speci f y el ect r i cal l y dr i ven,  ai r - cool ed 
and wat er - cool ed wat er  chi l l er s.

Pr oj ect s whi ch i ncl ude vapor - compr essi on t ype wat er  
chi l l er s wi l l  compl y wi t h t he saf et y st andar ds 
def i ned i n ASHRAE 15.   Desi gner s wi l l  be r esponsi bl e 
f or  t hor oughl y r esear chi ng and i mpl ement i ng t he 
ASHRAE 15 saf et y r equi r ement s.   For  
r ef r i ger ant - cont ai ni ng par t s ( excl udi ng pi pi ng)  
l ocat ed wi t hi n an i ndoor  space,  a desi gner  can use 
t he f ol l owi ng 6- st ep synopsi s as a gui de i n 
det er mi ni ng " Syst em Appl i cat i on Requi r ement s"  f r om 
ASHRAE 15.

St ep 1.   I dent i f y t he saf et y gr oup cl assi f i cat i on of  
t he r ef r i ger ant  ant i c i pat ed t o be used i n t he new 
wat er  chi l l i ng equi pment .

St ep 2.   I dent i f y t he occupancy cl assi f i cat i on of  
t he f aci l i t y  whi ch wi l l  house t he new wat er  chi l l i ng 
equi pment .   Occupanci es i ncl ude i nst i t ut i onal ,  
publ i c assembl y,  r esi dent i al ,  commer ci al ,  l ar ge 
mer cant i l e,  i ndust r i al ,  and mi xed t ypes.

St ep 3.   Det er mi ne t he syst em pr obabi l i t y  ( hi gh or  
l ow)  of  t he new wat er  chi l l i ng equi pment .   Wat er  
chi l l er s ar e t ypi cal l y consi der ed l ow- pr obabi l i t y  
syst ems accor di ng t o ASHRAE 15.

St ep 4.   Est i mat e t he quant i t y of  r ef r i ger ant  
( k i l ogr ams or  pounds)  i n t he l ar gest  s i ngl e wat er  
chi l l er  or  l ar gest  r ef r i ger ant  c i r cui t  of  t he new 
equi pment .   The desi gner  wi l l  r esear ch cat al og dat a 
f r om a mi ni mum of  t wo di f f er ent  wat er  chi l l er  
manuf act ur er s i n or der  t o get  an appr oxi mat i on.

St ep 5.   Det er mi ne t he vol ume i n cubi c met er s cubi c 
f eet  of  t he i ndoor  space whi ch i s pl anned t o house 
t he new wat er  chi l l i ng equi pment .
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St ep 6.   I dent i f y t he " Syst em Appl i cat i on 
Requi r ement s"  f r om t he appl i cabl e t abl e i n ASHRAE 15 
based upon t he i nf or mat i on i dent i f i ed i n t he 
pr evi ous st eps ( e. g. ,  saf et y gr oup,  occupancy,  
syst em pr obabi l i t y ,  r ef r i ger ant  quant i t y,  and i ndoor  
space vol ume) .   The " Syst em Appl i cat i on 
Requi r ement s"  wi l l  di ct at e appl i cabl e r ef r i ger ant  
l i mi t at i ons as wel l  as occupi ed space or  mechani cal  
r oom r equi r ement s.   Typi cal l y,  i ndoor  spaces housi ng 
wat er  chi l l i ng equi pment  must  meet  t he mechani cal  
r oom r equi r ement s def i ned i n ASHRAE 15.

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

2. 1   STANDARD COMMERCI AL PRODUCTS

Mat er i al s and equi pment  wi l l  be st andar d Commer ci al  cat al oged pr oduct s of  
a manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  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.   These pr oduct s 
must  have a t wo year  r ecor d of  sat i sf act or y f i el d ser vi ce pr i or  t o bi d 
openi ng.   The t wo year  r ecor d of  ser vi ce 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.   
Pr oduct s havi ng l ess t han a t wo year  r ecor d of  sat i sf act or y f i el d ser vi ce 
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 ser vi ce f or  
not  l ess t han 6000 hour s can be shown.   The 6000 hour  ser vi ce r ecor d must  
not  i ncl ude any manuf act ur er ' s pr ot ot ype or  f act or y t est i ng.   Sat i sf act or y 
f i el d ser vi ce must  have been compl et ed by a pr oduct  t hat  has been,  and 
pr esent l y i s bei ng sol d or  of f er ed f or  sal e on t he commer ci al  mar ket  
t hr ough t he f ol l owi ng copyr i ght ed means:   adver t i sement s,  manuf act ur er ' s 
cat al ogs,  or  br ochur es.

2. 2   MANUFACTURER' S STANDARD NAMEPLATES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n a sal t  wat er  envi r onment ,  subst i t ut e 
accept abl e non- cor r odi ng met al  such as but  not  
l i mi t ed t o ni ckel - copper ,  304 st ai nl ess st eel ,  or  
monel .   Al umi num i s unaccept abl e.   Nomencl at ur e ( or  
syst em i dent i f i cat i on)  shoul d be est abl i shed by t he 
desi gner .

Choose f i r st  br acket ed par agr aph f or  Ar my pr oj ect s.   
Second br acket ed par agr aph f or  Navy pr oj ect s.

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

[ Maj or  equi pment  i ncl udi ng chi l l er s,  compr essor s,  compr essor  dr i ver s,  
condenser s,  wat er  cool er s,  r ecei ver s,  r ef r i ger ant  l eak det ect or s,  heat  
exchanges,  f ans,  and mot or s must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e 
secur ed t o t he i t em of  equi pment .   Pl at es must  be dur abl e and l egi bl e 
t hr oughout  equi pment  l i f e.   Pl at es must  be f i xed i n pr omi nent  l ocat i ons 
wi t h nonf er r ous scr ews or  bol t s.

] [ Namepl at es ar e r equi r ed on maj or  component s i f  t he manuf act ur er  needs t o 
pr ovi de speci f i c  engi neer i ng and manuf act ur i ng i nf or mat i on per t ai ni ng t o 
t he par t i cul ar  component .   Shoul d r epl acement  of  t hi s component  be 
r equi r ed,  namepl at e i nf or mat i on wi l l  i nsur e cor r ect  oper at i on of  t he uni t  
af t er  r epl acement  of  t hi s component .
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] 2. 3   ELECTRI CAL WORK

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e mot or  st ar t er s f or  mechani cal  equi pment  
ar e pr ovi ded i n mot or - cont r ol  cent er s,  t he 
r ef er ences t o mot or  st ar t er s wi l l  be del et ed.

Show t he el ect r i cal  char act er i st i cs,  mot or  st ar t er  
t ype( s) ,  encl osur e t ype,  and maxi mum r pm on t he 
dr awi ngs i n t he equi pment  schedul es.

Wher e r educed- vol t age mot or  st ar t er s ar e r ecommended 
by t he manuf act ur er  or  r equi r ed ot her wi se,  speci f y 
and coor di nat e t he t ype( s)  r equi r ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Reduced 
vol t age st ar t i ng i s r equi r ed when f ul l  vol t age 
st ar t i ng wi l l  i nt er f er e wi t h ot her  el ect r i cal  
equi pment  and ci r cui t s and when r ecommended by t he 
manuf act ur er .   Wher e adj ust abl e speed dr i ves ( ASD)  
ar e speci f i ed,  r ef er ence Sect i on 26 29 23 ADJUSTABLE 
SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS.   The 
met hods f or  cal cul at i ng t he economy of  usi ng an 
adj ust abl e speed dr i ve i s descr i bed i n UFC 3- 520- 01,  
" I nt er i or  El ect r i cal  Syst ems" .

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

a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Manual  or  aut omat i c cont r ol  
and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on speci f i ed 
and cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  
not  shown,  must  be pr ovi ded.   For  packaged equi pment ,  t he manuf act ur er  
must  pr ovi de cont r ol l er s i ncl udi ng t he r equi r ed moni t or s and t i med 
r est ar t .

b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s 
t hat  ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Br acket ed sent ence " Mot or  bear i ngs. . . "  t o be 
used f or  Ar my pr oj ect s onl y.

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

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  t he mot or .   Mot or s must  be r at ed f or  cont i nuous 
dut y wi t h t he encl osur e speci f i ed.   Mot or  dut y r equi r ement s must  al l ow 
f or  maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed 
i nt er val  bet ween st ar t  and st op.   Mot or  t or que must  be capabl e of  
accel er at i ng t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  
t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng 
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per i od.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  necessar y appur t enances.   [ Mot or  bear i ngs must  be 
f i t t ed wi t h gr ease suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  t he 
encl osur e. ]   Mot or  encl osur e t ype may be ei t her  TEAO or  TEFC.

e.   [ Wher e t wo- speed mot or s ar e i ndi cat ed,  var i abl e- speed cont r ol l er s may 
be pr ovi ded t o accompl i sh t he same f unct i on. ] [ Use adj ust abl e f r equency 
dr i ves f or  al l  var i abl e- speed mot or  appl i cat i ons. ]   Pr ovi de var i abl e 
f r equency dr i ves f or  mot or s as speci f i ed i n Sect i on 26 29 23 
ADJUSTABLE SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS.

f .   Pr ovi de i nver t er  dut y pr emi um ef f i c i ency mot or s f or  use wi t h var i abl e 
f r equency dr i ves.

2. 4   SELF- CONTAI NED WATER CHI LLERS,  VAPOR COMPRESSI ON TYPE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Typi cal l y,  uni t s 1760 kW 500 t ons or  smal l er  
ar e f ul l y  assembl ed and r un- t est ed at  t he f act or y.   
Uni t s l ar ger  t han 1760 kW 500 t ons ar e t ypi cal l y 
shi pped and t hen assembl ed,  char ged,  and r un- t est ed 
i n t he f i el d.

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

Unl ess necessar y f or  del i ver y pur poses,  uni t s must  be assembl ed,  
l eak- t est ed,  char ged ( r ef r i ger ant  and oi l ) ,  and adj ust ed at  t he f act or y.   
I n l i eu of  del i ver y const r ai nt s,  a chi l l er  may be assembl ed,  l eak- t est ed,  
char ged ( r ef r i ger ant  and oi l ) ,  and adj ust ed at  t he j ob s i t e by a f act or y 
r epr esent at i ve.   Uni t  component s del i ver ed separ at el y must  be seal ed and 
char ged wi t h a ni t r ogen hol di ng char ge.   Par t s wei ghi ng 23 kg 50 pounds or  
mor e whi ch must  be r emoved f or  i nspect i on,  c l eani ng,  or  r epai r ,  such as 
mot or s,  gear  boxes,  cyl i nder  heads,  casi ng t ops,  condenser ,  and cool er  
heads,  must  have l i f t i ng eyes or  l ugs.   Chi l l er  must  be pr ovi ded wi t h a 
s i ngl e poi nt  wi r i ng connect i on f or  i ncomi ng power  suppl y.   Chi l l er ' s 
condenser  and wat er  cool er  must  be pr ovi ded wi t h [ st andar d]  [ mar i ne]  wat er  
boxes wi t h [ gr ooved mechani cal ]  [ f l anged]  [ wel ded]  connect i ons.

2. 4. 1   Scr ol l ,  Reci pr ocat i ng,  or  Rot ar y Scr ew Type

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   These t ype uni t s ar e t ypi cal l y avai l abl e i n 
capaci t i es of  1406 kW  400 t ons or  l ess.

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

Chi l l er  must  be cer t i f i ed f or  per f or mance per  AHRI  550/ 590 I - P.   I f  
speci f i ed per f or mance i s out si de of  t he Appl i cat i on Rat i ng Condi t i ons of  
AHRI  550/ 590 I - P,  Tabl e 2 t hen t he chi l l er ' s per f or mance must  be r at ed i n 
accor dance wi t h AHRI  550/ 590 I - P.   Chi l l er  must  conf or m t o 
ANSI / ASHRAE 15 & 34.   As a mi ni mum,  chi l l er  must  i ncl ude t he f ol l owi ng 
component s as def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Ref r i ger ant  and oi l

b.   St r uct ur al  base

c.   Chi l l er  r ef r i ger ant  c i r cui t

d.   Cont r ol s package
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e.   Scr ol l ,  r eci pr ocat i ng,  or  r ot ar y scr ew compr essor

f .   Compr essor  dr i ver ,  [ el ect r i c mot or ]  [ gas- engi ne]

g.   Compr essor  dr i ver  connect i on

h.   Wat er  cool er  ( evapor at or )

i .   [ Ai r ] [ Wat er ] - cool ed condenser  coi l

[ j .   Heat  r ecover y condenser

] [ k.   Recei ver
]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tool s t o be used f or  Ar my pr oj ect s onl y.

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

[ l .   Tool s

] 2. 4. 2   Cent r i f ugal  or  Rot ar y Scr ew Type

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  These t ype uni t s ar e t ypi cal l y avai l abl e i n 
capaci t i es of  703 kW 150 t ons or  mor e.

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

Chi l l er  must  be cer t i f i ed f or  per f or mance per  AHRI  550/ 590 I - P.   I f  
speci f i ed per f or mance i s out si de of  t he Appl i cat i on Rat i ng Condi t i ons of  
AHRI  550/ 590 I - P,  Tabl e 2 t hen t he chi l l er ' s per f or mance must  be r at ed i n 
accor dance wi t h AHRI  550/ 590 I - P.   Chi l l er  must  conf or m t o 
ANSI / ASHRAE 15 & 34.   As a mi ni mum,  chi l l er  must  i ncl ude t he f ol l owi ng 
component s as def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Ref r i ger ant  and oi l

b.   St r uct ur al  base

c.   Chi l l er  r ef r i ger ant  c i r cui t

d.   Cont r ol s package

e.   Cent r i f ugal  or  r ot ar y scr ew compr essor

f .   Compr essor  dr i ver ,  [ el ect r i c mot or ]  [ gas- engi ne]  [ st eam t ur bi ne]

g.   Compr essor  dr i ver  connect i on

h.   Wat er  cool er  ( evapor at or )

i .   [ Ai r ] [ Wat er ] - cool ed condenser  coi l

[ j .   Heat  r ecover y condenser  coi l

] [ k.   Recei ver

] l .   Pur ge syst em f or  chi l l er s whi ch oper at e bel ow at mospher i c pr essur e

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

SECTI ON 23 64 10  Page 14



NOTE:   Tool s t o be used f or  Ar my pr oj ect s onl y.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ m.   Tool s

] 2. 5   SPLI T- SYSTEM WATER CHI LLER,  VAPOR COMPRESSI ON TYPE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Typi cal l y,  uni t s 500 t ons or  smal l er  ar e 
f ul l y  assembl ed and r un- t est ed at  t he f act or y.   
Uni t s l ar ger  t han 1760 kW 500 t ons ar e t ypi cal l y 
shi pped and t hen assembl ed,  char ged,  and r un- t est ed 
i n t he f i el d.

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

Tot al  chi l l er  syst em must  be cer t i f i ed f or  per f or mance per  AHRI  550/ 590 I - P.   
I f  chi l l er  i s  not  i n scope of  AHRI  550/ 590 I - P t hen chi l l er  must  be r at ed 
i n accor dance wi t h AHRI  550/ 590 I - P.   I ndi v i dual  chi l l er  component s must  
be const r uct ed and r at ed i n accor dance wi t h t he appl i cabl e AHRI  
st andar ds.   Chi l l er  syst em must  conf or m t o ANSI / ASHRAE 15 & 34.   The 
chi l l er  must  be ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P compl i ant  and meet  10 
CFR Par t  433,  434 and 435 ef f i c i ency per f or mance st andar ds f or  f eder al  
const r uct i on.   The manuf act ur er  must  pr ovi de cer t i f i cat i on of  compl i ance.   
Chi l l er  must  be assembl ed,  l eak- t est ed,  char ged ( r ef r i ger ant  and oi l ) ,  and 
adj ust ed at  t he j ob s i t e i n st r i ct  accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.   Uni t  component s del i ver ed separ at el y must  be seal ed and 
char ged wi t h a ni t r ogen hol di ng char ge.   Uni t  assembl y must  be compl et ed 
i n st r i ct  accor dance wi t h manuf act ur er ' s r ecommendat i ons.   Chi l l er  must  
oper at e wi t hi n capaci t y r ange and speed r ecommended by t he manuf act ur er .   
Par t s wei ghi ng 23 kg 50 pounds or  mor e whi ch must  be r emoved f or  
i nspect i on,  c l eani ng,  or  r epai r ,  must  have l i f t i ng eyes or  l ugs.   Chi l l er  
must  i ncl ude al l  cust omar y auxi l i ar i es deemed necessar y by t he 
manuf act ur er  f or  saf e,  cont r ol l ed,  aut omat i c oper at i on of  t he equi pment .   
Chi l l er ' s wat er  cool er  must  be pr ovi ded wi t h [ st andar d]  [ mar i ne]  wat er  
boxes wi t h [ gr ooved mechani cal ]  [ f l anged]  [ wel ded]  connect i ons.   Chi l l er s 
must  oper at e at  par t i al  l oad condi t i ons wi t hout  i ncr eased vi br at i on over  
nor mal  v i br at i on at  f ul l  l oad,  and must  be capabl e of  cont i nuous oper at i on 
down t o mi ni mum capaci t y.   As a mi ni mum,  chi l l er  must  i ncl ude t he 
f ol l owi ng component s as def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Ref r i ger ant  and oi l

b.   St r uct ur al  base

c.   Chi l l er  r ef r i ger ant  c i r cui t

d.   Cont r ol s package

[ e.   Recei ver
]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tool s t o be used f or  Ar my pr oj ect s onl y.

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

[ f .   Tool s

] 2. 5. 1   Compr essor - Chi l l er  Uni t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   These t ype uni t s ar e t ypi cal l y avai l abl e i n 
capaci t i es of  1406 kW 400 t ons or  l ess.

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

As a mi ni mum,  t he compr essor - chi l l er  uni t  must  i ncl ude t he f ol l owi ng 
component s as def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Scr ol l ,  r eci pr ocat i ng,  or  r ot ar y scr ew compr essor

b.   Compr essor  dr i ver ,  el ect r i c mot or

c.   Compr essor  dr i ver  connect i on

d.   Wat er  cool er  ( evapor at or )

2. 5. 2   Condensi ng Uni t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  These t ype uni t s ar e t ypi cal l y avai l abl e i n 
capaci t i es of  703 kW 150 t ons or  mor e.

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

As a mi ni mum,  t he condensi ng uni t  must  i ncl ude t he f ol l owi ng component s as 
def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Scr ol l ,  r eci pr ocat i ng,  or  r ot ar y scr ew compr essor

b.   Compr essor  dr i ver ,  el ect r i c mot or

c.   Compr essor  dr i ver  connect i on

d.   Ai r  or  wat er  cool ed condenser

2. 5. 3   Remot e Wat er  Cool er  ( Evapor at or )

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coi l  bundl es t o be used f or  Ar my pr oj ect s 
onl y.

Conf i r m t he cur r ent  st andar d f oul i ng f act or  wi t h 
AHRI .

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

2. 5. 3. 1   Shel l  and Tube Type

Cool er  must  be const r uct ed and r at ed i n accor dance wi t h AHRI  480.   Cool er  
must  be of  t he shel l - and- coi l  or  shel l - and- t ube t ype desi gn.   Cool er ' s 
r ef r i ger ant  s i de must  be desi gned and f act or y pr essur e t est ed t o compl y 
wi t h ANSI / ASHRAE 15 & 34.   Cool er ' s wat er  s i de must  be desi gned and 
f act or y pr essur e t est ed f or  not  l ess t han [ 1, 000]  [ 1, 700]  [ 2, 000]  kPa 
[ 150]  [ 250]  [ 300]  psi .   Cool er  shel l  must  be const r uct ed of  seaml ess or  
wel ded st eel .   [ Coi l  bundl es must  be t ot al l y r emovabl e and ar r anged t o 
dr ai n compl et el y. ]   Tubes must  be seaml ess copper ,  pl ai n,  i nt egr al l y 
f i nned wi t h smoot h bor e or  i nt egr al l y f i nned wi t h enhanced bor e.   Each 
t ube must  be i ndi v i dual l y r epl aceabl e.   Tubes must  be i nst al l ed i nt o 
car bon mi l d st eel  t ube sheet s by r ol l i ng.   Tube baf f l es must  be pr oper l y 
spaced t o pr ovi de adequat e t ube suppor t  and cr oss f l ow.   Cool er  must  be 
ski d- mount ed.   Ref r i ger ant  c i r cui t  must  be compl et e wi t h l i qui d sol enoi d 
val ve and expansi on devi ce capabl e of  modul at i ng t o t he mi ni mum st ep of  
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capaci t y unl oadi ng.   For  t he wat er  s i de of  wat er  cool er ,  per f or mance must  
be based on a f l ui d vel oci t y not  l ess t han 0. 91 m/ s 3 f ps and not  mor e t han
 3. 7 m/ s 12 f ps and a f oul i ng f act or  per  AHRI  550/ 590 I - P. [   Evapor at or  
must  be pr ovi ded wi t h el ect r i c f r eeze pr ot ect i on t ype. ]

2. 5. 3. 2   Br azed Pl at e Type

Cool er  must  be r at ed i n accor dance wi t h AHRI  480.   Cool er  must  be of  t he 
br azed pl at e desi gn.   Cool er ' s r ef r i ger ant  s i de must  be desi gned and 
f act or y pr essur e t est ed t o compl y wi t h ANSI / ASHRAE 15 & 34.   Cool er ' s 
wat er  s i de must  be desi gned and f act or y pr essur e t est ed f or  not  l ess t han 
[ 1, 000]  [ 1, 700]  [ 2000]  kPa [ 150]  [ 250]  [ 300]  psi .   Cool er  shel l  must  be 
const r uct ed of  st ai nl ess st eel  pl at es br azed t oget her  wi t h copper .   
Ref r i ger ant  c i r cui t  must  be compl et e wi t h l i qui d sol enoi d val ve and 
expansi on devi ce capabl e of  modul at i ng t o t he mi ni mum st ep of  capaci t y 
unl oadi ng.   For  t he wat er  s i de of  wat er  cool er ,  per f or mance must  be based 
on a f l ui d vel oci t y not  l ess t han 0. 91 m/ s 3 f ps and not  mor e t han 3. 7 m/ s 
12 f ps and a f oul i ng f act or  per  AHRI  550/ 590 I - P.   [ Evapor at or  must  be 
pr ovi ded wi t h el ect r i c f r eeze pr ot ect i on t ype. ]

2. 5. 4   Remot e Ai r - Cool ed Condenser

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Louver ed panel s t o be used f or  Ar my pr oj ect s 
onl y.

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

Condenser  must  be a f act or y- f abr i cat ed and assembl ed uni t ,  consi st i ng of  
coi l s,  f ans,  and condenser  f an mot or s.   Condenser  must  be r at ed i n 
accor dance wi t h ANSI / AHRI  460.   [ Unl ess t he condenser  coi l  i s  compl et el y 
pr ot ect ed t hr ough i nher ent  desi gn,  l ouver ed panel  coi l  guar ds must  be 
pr ovi ded by t he manuf act ur er  t o pr event  physi cal  damage t o t he coi l . ]   
Manuf act ur er  must  cer t i f y t hat  t he condenser  and associ at ed equi pment  ar e 
desi gned f or  t he submi t t ed condensi ng t emper at ur e.   For  desi gn condi t i ons,  
i f  mat ched combi nat i on cat al og r at i ngs mat chi ng r emot e condenser s t o 
compr essor s ar e not  avai l abl e,  t he Cont r act or  must  f ur ni sh a cr osspl ot t i ng 
of  t he gr oss heat  r ej ect i on of  t he condenser  agai nst  t he gr oss heat  
r ej ect i on of  t he compr essor ,  f or  t he desi gn condi t i ons t o show t he 
compat i bi l i t y  of  t he equi pment  f ur ni shed.

2. 5. 4. 1   Condenser  Casi ng

Condenser  casi ng must  be al umi num not  l ess t han [ 1. 016]  [ 2. 032]  mm [ 0. 040]  
[ 0. 080]  i nch or  hot - di p gal vani zed st eel  not  l i ght er  t han 18 gauge 1. 311 mm
 0. 0516 i nch.   [ Condenser s havi ng hor i zont al  ai r  di schar ge must  be 
pr ovi ded wi t h di schar ge baf f l e t o di r ect  ai r  upwar d,  const r uct ed of  t he 
same mat er i al  and t hi ckness as t he casi ng] .

2. 5. 4. 2   Coi l

[ Condenser  coi l  must  be of  t he ext ended- sur f ace f i n- and- t ube t ype and must  
be const r uct ed of  seaml ess [ copper ]  [ or ]  [ al umi num]  t ubes wi t h compat i bl e 
[ copper ]  [ or ]  [ al umi num]  f i ns.   Fi ns must  be sol der ed or  mechani cal l y 
bonded t o t he t ubes and i nst al l ed i n a met al  casi ng.   Coi l s must  be 
ci r cui t ed and si zed f or  a mi ni mum of  3 degr ees C 5 degr ees F subcool i ng 
and f ul l  pumpdown capaci t y.   Coi l  must  be f act or y l eak and pr essur e t est ed 
af t er  assembl y i n accor dance wi t h ANSI / ASHRAE 15 & 34. ] [ The condenser  coi l  
must  be of  t he mi cr ochannel  heat  exchanger  t echnol ogy ( MCHX)  t ype 
consi st i ng of  a ser i es of  f l at  t ubes cont ai ni ng a ser i es of  mul t i pl e,  
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par al l el  f l ow mi cr ochannel s l ayer ed bet ween t he r ef r i ger ant  mani f ol ds i n a 
t wo- pass ar r angement .   Pr ovi de coi l s const r uct ed of  al umi num al l oys f or  
f i ns,  t ubes,  and mani f ol ds.   Coi l  must  be f act or y l eak and pr essur e t est ed 
af t er  assembl y i n accor dance wi t h ANSI / ASHRAE 15 & 34. ]

[ Coi l  must  be ent i r el y coat ed i n accor dance wi t h t he r equi r ement s of  
par agr aph COI L CORROSI ON PROTECTI ON.

] 2. 5. 4. 3   Fans

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Bel t  dr i ves t o be used f or  Ar my pr oj ect s onl y.

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

Pr ovi de cent r i f ugal  or  pr opel l er  t ype f ans as best  sui t ed f or  t he 
appl i cat i on.   Fans must  be di r ect  [ or ]  [ V- bel t ]  dr i ven.   [ Bel t  dr i ves must  
be compl et el y encl osed wi t hi n t he uni t  casi ng or  equi pped wi t h a guar d. ]   
[ When bel t  dr i ve i s pr ovi ded,  an adj ust abl e sheave t o f ur ni sh not  l ess 
t han 20 per cent  f an- speed adj ust ment  must  be pr ovi ded.   Sheave set s must  
be mat ched and sel ect ed t o pr ovi de t he capaci t y i ndi cat ed at  t he 
appr oxi mat e mi dpoi nt  of  t he adj ust ment . ]   Fans must  be st at i cal l y and 
dynami cal l y bal anced.

2. 5. 4. 4   Condenser  Si z i ng

Si ze condenser s f or  f ul l  capaci t y at  16. 67 degr ees C 30 degr ees F 
t emper at ur e di f f er ence bet ween ent er i ng out si de ai r  and condensi ng 
r ef r i ger ant .   Subcool i ng must  not  be consi der ed i n det er mi ni ng compr essor  
and condenser  capaci t i es.   For  desi gn condi t i ons,  submi t  a cr oss- pl ot  of  
net  r ef r i ger at i on ef f ect  of  compr essor  t o est abl i sh net  r ef r i ger at i on 
ef f ect  and compat i bi l i t y  of  equi pment  f ur ni shed.

2. 5. 4. 5   Low Ambi ent  Cont r ol

Pr ovi de f act or y mount ed head pr essur e cont r ol  f or  oper at i on dur i ng l ow 
ambi ent  condi t i ons.   Head pr essur e must  be cont r ol l ed by [ f an cycl i ng, ]  
[ f an speed cont r ol , ]  [ condenser  r ef r i ger ant  f l oodi ng] .   Low ambi ent  
cont r ol  must  per mi t  compr essor  oper at i on bel ow[ 4. 4 degr ees C40 degr ees F] [
mi nus 17. 7 degr ees C0 degr ees F] [ [ _____]  degr ees C[ _____]  degr ees F] .

2. 5. 4. 6   Hi gh Ambi ent  Unl oadi ng

Pr ovi de unl oadi ng capabi l i t y  t o al l ow oper at i on i n hi gh ambi ent  condi t i ons 
[ [ _____]  degr ees C[ _____]  degr ees F]  above desi gn condi t i ons.

2. 5. 5   Remot e Wat er - Cool ed Condenser

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coi l  bundl es t o be used i n Ar my pr oj ect s onl y.

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

Condenser  must  be a f act or y- f abr i cat ed and assembl ed uni t  const r uct ed and 
r at ed i n accor dance wi t h AHRI  450.   Condenser  may be of  ei t her  t he 
shel l - and- coi l  or  shel l - and- t ube t ype desi gn.   Condenser ' s r ef r i ger ant  
s i de must  be desi gned and f act or y pr essur e t est ed t o compl y wi t h 
ANSI / ASHRAE 15 & 34.   Condenser ' s wat er  s i de must  be desi gned and f act or y 
pr essur e t est ed f or  not  l ess t han [ 1, 000]  [ 1, 700]  [ 2000]  kPa [ 150]  [ 250]  
[ 300]  psi .   Condenser s must  be compl et e wi t h pr essur e r el i ef  val ve or  
r upt ur e di sk,  wat er  dr ai n connect i ons,  r ef r i ger ant  char gi ng val ve,  
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r ef r i ger ant  val ves,  l i qui d- l evel  i ndi cat i ng devi ces,  and st and or  saddl e.   
Low pr essur e r ef r i ger ant  condenser  must  be pr ovi ded wi t h a pur ge val ve 
l ocat ed at  t he hi ghest  poi nt  i n t he condenser  t o pur ge non- condensi bl es 
t r apped i n t he condenser .   Condenser  shel l  must  be const r uct ed of  seaml ess 
or  wel ded st eel .   [ Coi l  bundl es must  be t ot al l y r emovabl e and ar r anged t o 
dr ai n compl et el y. ]   Tubes may be ei t her  seaml ess copper ,  pl ai n,  i nt egr al l y 
f i nned wi t h smoot h bor e or  i nt egr al l y f i nned wi t h enhanced bor e.   Each 
t ube must  be i ndi v i dual l y r epl aceabl e,  except  f or  t he coaxi al  t ubes.   
Tubes must  be i nst al l ed i nt o car bon mi l d st eel  t ube sheet s by r ol l i ng.   
Tube baf f l es must  be pr oper l y spaced t o pr ovi de adequat e t ube suppor t  and 
cr oss f l ow.   Condenser  per f or mance must  be based on wat er  vel oci t i es not  
l ess t han 0. 91 m/ s 3 f ps nor  mor e t han 3. 7 m/ s 12 f ps and a f oul i ng f act or  
per  AHRI  550/ 590 I - P.   Wat er - cool ed condenser s may be used f or  r ef r i ger ant  
st or age i n l i eu of  a separ at e l i qui d r ecei ver ,  i f  t he condenser  st or age 
capaci t y i s 20 per cent  i n excess of  t he f ul l y  char ged syst em f or  r emot e 
wat er  cool ed condenser s.   As a mi ni mum,  t he condenser  must  i ncl ude t he 
f ol l owi ng component s as def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Li qui d- l evel  i ndi cat i ng devi ces.

b.   Compani on f l anges,  bol t s,  and gasket s f or  f l anged wat er  connect i ons.

2. 6   CHI LLER COMPONENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e t he t ype of  chi l l er  component s 
r equi r ed wi t h t he t ype of  chi l l er  speci f i ed i n t he 
pr evi ous par agr aphs.

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

2. 6. 1   Ref r i ger ant  and Oi l

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Chi l l er s must  oper at e on a r ef r i ger ant  wi t h 
an ODP equal  t o 0.   R- 134a,  R- 407C,  and R- 410A al l  
meet  t hi s r equi r ement .   The except i on i s equi pment  
usi ng R- 123 whi ch wi l l  cont i nue t o be pr oduced unt i l  
Januar y 1,  2020 and wi l l  r emai n accept abl e f or  
i nst al l at i on i n DoD f aci l i t i es unt i l  t hen.

On Januar y 1,  2020,  R- 123 wi l l  no l onger  be al l owed.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Ref r i ger ant s must  be one of  t he f l uor ocar bon gases.   Ref r i ger ant s must  
have number  desi gnat i ons and saf et y c l assi f i cat i ons i n accor dance wi t h 
ANSI / ASHRAE 15 & 34.   CFC- based r ef r i ger ant s ar e pr ohi bi t 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,  wi t h t he 
except i on of  R- 123.   Pr ovi de SDS sheet s f or  al l  r ef r i ger ant s.

2. 6. 2   St r uct ur al  Base

Chi l l er  and i ndi v i dual  chi l l er  component s must  be pr ovi ded wi t h a 
f act or y- mount ed st r uct ur al  st eel  base ( wel ded or  bol t ed)  or  suppor t  
l egs.    Chi l l er  and i ndi v i dual  chi l l er  component s must  be i sol at ed f r om 
t he bui l di ng st r uct ur e by means of  [ mol ded neopr ene i sol at i on pads. ]  
[ v i br at i on i sol at or s wi t h publ i shed l oad r at i ngs.   Vi br at i on i sol at or s 
must  have i sol at i on char act er i st i cs as r ecommended by t he manuf act ur er  f or  
t he uni t  suppl i ed and t he ser vi ce i nt ended. ]
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2. 6. 3   Chi l l er  Ref r i ger ant  Ci r cui t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fi l t er  dr yer s ar e not  needed on chi l l er s 
whi ch make use of  a pur ge syst em.

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

Chi l l er  r ef r i ger ant  c i r cui t  must  be compl et el y pi ped and f act or y l eak 
t est ed i n accor dance wi t h ANSI / ASHRAE 15 & 34.   [ For  mul t i compr essor  
uni t s,  not  l ess t han 2 i ndependent  r ef r i ger ant  c i r cui t s must  be pr ovi ded.   
] Ci r cui t  must  i ncl ude as a mi ni mum a [ combi nat i on f i l t er  and dr i er , ]  
combi nat i on s i ght  gl ass and moi st ur e i ndi cat or ,  an el ect r oni c or  
t her most at i c expansi on val ve wi t h ext er nal  equal i zer  or  f l oat  val ve,  
char gi ng por t s,  compr essor  ser vi ce val ves f or  f i el d- ser vi ceabl e 
compr essor s,  and super heat  adj ust ment .

2. 6. 4   Cont r ol s Package

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  l ar ge wat er - cool ed chi l l er s ( cent r i f ugal  
or  r ot ar y scr ew) ,  mot or  st ar t er s and di sconnect s 
swi t ches whi ch ar e t o be r emot el y- mount ed ar e not  
t ypi cal l y suppl i ed by t he chi l l er  manuf act ur er .

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

Pr ovi de chi l l er s wi t h a compl et e [ f act or y- mount ed]  [ r emot e- mount ed wher e 
i ndi cat ed] ,  mi cr opr ocessor  based oper at i ng and saf et y cont r ol  syst em.   
Cont r ol s package must  cont ai n as a mi ni mum a di gi t al  di spl ay,  an 
on- aut o- of f  swi t ch,  [ mot or  st ar t er s, ]  [ var i abl e f r equency mot or  
cont r ol l er , ]  [ di sconnect  swi t ches, ]  power  wi r i ng,  and cont r ol  wi r i ng.   
Cont r ol s package must  pr ovi de oper at i ng cont r ol s,  moni t or i ng capabi l i t i es,  
pr ogr ammabl e set poi nt s,  saf et y cont r ol s,  and [ BAS]  [ UMCS]  i nt er f aces as 
def i ned bel ow.

2. 6. 4. 1   Oper at i ng Cont r ol s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  pr oper  st ar t up and head pr essur e 
cont r ol s,  ent er  t he wi nt er  desi gn t emper at ur e t o 
whi ch t he equi pment  wi l l  be subj ect ed.   Coor di nat e 
t hi s t emper at ur e wi t h manuf act ur er s t o assur e 
avai l abl e equi pment .

A cool i ng t ower  bypass l i ne and modul at i ng cont r ol  
val ve shoul d be eval uat ed and i ncor por at ed i nt o a 
desi gn whi ch r equi r es chi l l er  oper at i on i n ambi ent  
t emper at ur es l ess t han 13 degr ees C 55 degr ee F.

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

Chi l l er  must  be pr ovi ded wi t h t he f ol l owi ng adj ust abl e oper at i ng cont r ol s 
as a mi ni mum.

a.   Leavi ng chi l l ed wat er  t emper at ur e cont r ol

b.   Adj ust abl e t i mer  or  aut omat ed cont r ol s t o pr event  a compr essor  f r om 
shor t  cycl i ng

c.   Aut omat i c l ead/ l ag cont r ol s ( adj ust abl e)  f or  mul t i - compr essor  uni t s
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d.   Load l i mi t i ng

e.   Syst em capaci t y cont r ol  t o adj ust  t he uni t  capaci t y i n accor dance wi t h 
t he syst em l oad and t he pr ogr ammabl e set poi nt s.   Cont r ol s must  
aut omat i cal l y r e- cycl e t he chi l l er  on power  i nt er r upt i on.

f .   St ar t up and head pr essur e cont r ol s t o al l ow syst em oper at i on at  al l  
ambi ent  t emper at ur es down t o [ _____]  degr ees C F.

[ g.   Fan sequenci ng f or  ai r - cool ed condenser

] 2. 6. 4. 2   Moni t or i ng Capabi l i t i es

Dur i ng nor mal  oper at i ons,  t he cont r ol  syst em must  be capabl e of  moni t or i ng 
and di spl ayi ng t he f ol l owi ng oper at i ng par amet er s.   Access and oper at i on 
of  di spl ay must  not  r equi r e openi ng or  r emovi ng any panel s or  door s.

a.   Ent er i ng and l eavi ng chi l l ed wat er  t emper at ur es

b.    [ Ent er i ng and l eavi ng chi l l ed wat er  pr essur e] [ Chi l l ed wat er  f l ow]

c.    [ Ent er i ng and l eavi ng condenser  wat er  pr essur e] [ Condenser  wat er  f l ow]

d.   Sel f  di agnost i c

e.   Oper at i on st at us

f .   Oper at i ng hour s

g.   Number  of  st ar t s

h.   Compr essor  st at us ( on or  of f )

i .   Compr essor  l oad ( per cent )

j .   Ref r i ger ant  di schar ge and suct i on pr essur es

k.   Magnet i c bear i ng l evi t at i on st at us ( i f  appl i cabl e)

l .    Magnet i c bear i ng t emper at ur es ( i f  appl i cabl e)

m.   Oi l  pr essur e

[ n.   Condenser  wat er  ent er i ng and l eavi ng t emper at ur es

] [ o.   Number  of  pur ge cycl es over  t he l ast  7 days

] 2. 6. 4. 3   Conf i gur abl e Set poi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Smal l  s i zed chi l l er s may not  have secur i t y 
set t i ng capabi l i t i es.

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

The cont r ol  syst em must  be capabl e of  bei ng conf i gur ed di r ect l y at  t he 
uni t ' s  i nt er f ace panel .  [  No par amet er s may be capabl e of  bei ng changed 
wi t hout  f i r st  ent er i ng a secur i t y access code.  ]  The pr ogr ammabl e 
set poi nt s must  i ncl ude t he f ol l owi ng as a mi ni mum:
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a.   Leavi ng Chi l l ed Wat er  Temper at ur e

[ b.   Leavi ng Condenser  Wat er  Temper at ur e

] [ c.   Ti me Cl ock/ Cal endar  Dat e

] 2. 6. 4. 4   Saf et y Cont r ol s wi t h Manual  Reset

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Convent i onal  compr essor s wi t h oi l - l ubr i cat ed 
bear i ngs wi l l  r equi r e l ow oi l  f l ow pr ot ect i on.

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

Chi l l er  must  be pr ovi ded wi t h t he f ol l owi ng saf et y cont r ol s whi ch 
aut omat i cal l y shut down t he chi l l er  and whi ch r equi r e manual  r eset .

a.   Low chi l l ed wat er  t emper at ur e pr ot ect i on

b.   Hi gh condenser  r ef r i ger ant  di schar ge pr essur e pr ot ect i on

c.   Low evapor at or  pr essur e pr ot ect i on

d.   Chi l l ed wat er  f l ow det ect i on

e.   Hi gh mot or  wi ndi ng t emper at ur e pr ot ect i on

f .   Low oi l  f l ow pr ot ect i on i f  appl i cabl e

g.   Magnet i c bear i ng cont r ol l er  ( MBC) ,  I nt er nal  f aul t  ( i f  appl i cabl e)

h.   MBC,  Hi gh bear i ng t emper at ur e ( i f  appl i cabl e)

i .   MBC,  Communi cat i on f aul t  ( i f  appl i cabl e)

j .   MBC,  Power  suppl y f aul t  ( i f  appl i cabl e)

[ k.   Mot or  cur r ent  over l oad and phase l oss pr ot ect i on

] 2. 6. 4. 5   Saf et y Cont r ol s wi t h Aut omat i c Reset

Chi l l er  must  be pr ovi ded wi t h t he f ol l owi ng saf et y cont r ol s whi ch 
aut omat i cal l y shut down t he chi l l er  and whi ch pr ovi de aut omat i c r eset .

a.   Over / under  vol t age pr ot ect i on

b.   Chi l l ed wat er  f l ow i nt er l ock

c.   MBC,  Vi br at i on ( i f  appl i cabl e)

d.   MBC,  No l evi t at i on ( i f  appl i cabl e)

[ e.   Phase r ever sal  pr ot ect i on

] 2. 6. 4. 6   Remot e Al ar m

Dur i ng t he i ni t i at i on of  a saf et y shut down,  a chi l l er ' s cont r ol  syst em 
must  be capabl e of  act i vat i ng a r emot e al ar m bel l .   I n coor di nat i on wi t h 
t he chi l l er ,  t he Cont r act or  must  pr ovi de an al ar m ci r cui t  ( i ncl udi ng 
t r ansf or mer  i f  appl i cabl e)  and a mi ni mum 100 mm 4 i nch di amet er  al ar m 
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bel l .   Al ar m ci r cui t  must  act i vat e bel l  i n t he event  of  machi ne shut down 
due t o t he chi l l er ' s moni t or i ng of  saf et y cont r ol s.   The al ar m bel l  must  
not  sound f or  a chi l l er  t hat  uses l ow- pr essur e cut out  as an oper at i ng 
cont r ol .

2. 6. 4. 7   Ut i l i t y  Moni t or i ng and Cont r ol  Syst em I nt er f ace

Pr ovi de a Ut i l i t y  Moni t or i ng and Cont r ol  Syst em ( UMCS)  i nt er f ace meet i ng 
t he r equi r ement s of  Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC 
and t he r equi r ement s of  [ Sect i on 23 09 23. 01 LONWORKS DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS]  [ or ]  [ Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS] .   The i nt er f ace must  pr ovi de al l  syst em oper at i ng 
condi t i ons,  capaci t y cont r ol s,  and saf et y shut down condi t i ons as net wor k 
poi nt s.   I n addi t i on,  t he f ol l owi ng poi nt s must  be over r i dabl e v i a t he 
net wor k i nt er f ace:

a.   Uni t  St ar t / St op

[ b.   Leavi ng Chi l l ed Wat er  Temper at ur e Set poi nt

] [ c.   Leavi ng Condenser  Wat er  Temper at ur e Set poi nt

] 2. 6. 5   Compr essor ( s)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Not e:   Reci pr ocat i ng compr essor s ar e used by ver y 
f ew manuf act ur er s,  t ypi cal l y f or  speci al  
appl i cat i ons such as r ef r i ger at i on.   Ef f i c i ency and 
pr oduct i on cost s have pushed most  comf or t  cool i ng 
appl i cat i on manuf act ur er s t o scr ol l  compr essor s.   
Reci pr ocat i ng compr essor s f or  r ef r i ger at i on 
appl i cat i ons ar e speci f i ed i n Sect i ons 23 63 00. 00 
COLD STORAGE REFRI GERATI ON SYSTEMS and 23 69 00. 00 20
 REFRI GERATI ON EQUI PMENT FOR COLD STORAGE.

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

2. 6. 5. 1   Scr ol l  Compr essor ( s)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Not e:   Desi gner  must  consi der  unl oadi ng f or  mor e 
pr eci se l eavi ng wat er  t emper at ur e cont r ol .   Al so,  
chi l l er  manuf act ur er s r ecommend mi ni mum syst em 
vol umes t o pr event  shor t - cycl i ng of  t he chi l l er ( s)  
t o pr omot e l ong chi l l er  l i f e and good chi l l ed wat er  
t emper at ur e cont r ol ,  especi al l y i n smal l er  chi l l ed 
wat er  syst ems.   I n smal l  syst ems i t  may be necessar y 
t o i nst al l  an i ner t i a t ank i n t he chi l l ed wat er  l oop 
t o achi eve t he r equi r ed mi ni mum syst em vol ume.   
Check t he r equi r ement s of  t he chi l l er  manuf act ur er  
and pr ovi de an i nsul at ed i ner t i a t ank of  suf f i c i ent  
vol ume when r equi r ed.   I nst al l  t he chi l l ed wat er  
st or age t ank downst r eam of  t he chi l l er  and upst r eam 
of  t he cool i ng coi l s.   The desi gner  shoul d pr ovi de 
cal cul at i ons t o demonst r at e compl i ance wi t h t hi s 
r equi r ement .  Vol umes f or  component s may be est i mat ed 
wher e manuf act ur er ' s dat a i s not  avai l abl e.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Compr essor s must  be of  t he her met i cal l y seal ed desi gn.   Compr essor s must  
be mount ed on vi br at i on i sol at or s t o mi ni mi ze vi br at i on and noi se.   
Rot at i ng par t s must  be st at i cal l y and dynami cal l y bal anced at  t he f act or y 
t o mi ni mi ze vi br at i on.   Lubr i cat i on syst em must  be cent r i f ugal  pump t ype 
equi pped wi t h a means f or  det er mi ni ng oi l  l evel  and an oi l  char gi ng 
val ve.   Cr ankcase oi l  heat er  must  be pr ovi ded. [   Pr ovi de cont i nuous 
compr essor  unl oadi ng t o [ 10 per cent ] [ 15 per cent ]  of  f ul l - l oad capaci t y by 
way of  var i abl e speed compr essor  mot or  cont r ol l er  or  var i abl e unl oadi ng of  
t he scr ol l . ]

2. 6. 5. 2   Rot ar y Scr ew Compr essor ( s)

Compr essor s must  oper at e st abl y f or  i ndef i ni t e t i me per i ods t o at  l east  25 
per cent  capaci t y r educt i on wi t hout  gas bypass ext er nal  t o t he compr essor .   
Pr ovi s i on must  be made t o i nsur e pr oper  l ubr i cat i on of  bear i ngs and shaf t  
seal s on shut down wi t h or  wi t hout  el ect r i c power  suppl y.   Rot ar y scr ew 
compr essor s must  i ncl ude:

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  an open dr i ve ( ai r  cool ed)  mot or  i s used,  
pr ovi de mechani cal  vent i l at i on i f  r equi r ed t o r ej ect  
t he addi t i onal  heat  added t o t he space at  t he 
sour ce.   The addi t i onal  mechani cal  vent i l at i on 
shoul d be count ed i nt o t he ef f i c i ency cal cul at i ons 
f or  t he chi l l er .

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

a.   An open or  her met i c,  posi t i ve di spl acement ,  oi l - i nj ect ed desi gn 
di r ect l y dr i ven by t he compr essor  dr i ver .   Al l ow access t o i nt er nal  
compr essor  component s f or  r epai r s,  i nspect i on,  and r epl acement  of  
par t s.

b.   Rot or s must  be sol i d st eel ,  possessi ng suf f i c i ent  r i gi di t y f or  pr oper  
oper at i on.

c.   A maxi mum r ot or  oper at i ng speed no gr eat er  t han 3600 RPM.   Pr ovi de 
cast  i r on r ot or  housi ng.

d.   Casi ngs of  cast  i r on,  pr eci s i on machi ned f or  mi ni mal  c l ear ance about  
per i pher y of  r ot or s wi t h mi ni mal  c l ear ance at  r ot or  t ops and r ot or  
ends.

e.   A l ubr i cat i on syst em of  t he f or ced- f eed t ype t hat  pr ovi des oi l  at  t he 
pr oper  pr essur e t o al l  par t s r equi r i ng l ubr i cat i on.

f .   Bear i ng housi ng must  be conser vat i vel y l oaded and r at ed f or  an L( 10)  
l i f e of  not  l ess t han 200, 000 hour s.   Shaf t  mai n bear i ngs of  t he 
s l eeve t ype wi t h heavy dut y bushi ngs or  r ol l i ng el ement  t ype i n 
accor dance wi t h ABMA 9 or  ABMA 11.

g.   A di f f er ent i al  oi l  pr essur e or  f l ow cut out  t o al l ow t he compr essor  t o 
oper at e onl y when t he r equi r ed oi l  pr essur e or  f l ow i s pr ovi ded t o t he 
bear i ngs.

h.   [ A t emper at ur e-  or  pr essur e- i ni t i at ed,  hydr aul i cal l y act uat ed,  
s i ngl e- sl i de- val ve,  capaci t y- cont r ol  syst em t o pr ovi de mi ni mum 
aut omat i c capaci t y modul at i on f r om 100 per cent  t o 15 per cent . ]   [ Use a 
Var i abl e Fr equency Dr i ve ( VFD)  t o modul at e capaci t y modul at i on f r om 
100 per cent  t o 15 per cent . ]
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i .   An oi l  separ at or  and oi l  r et ur n syst em t o r emove oi l  ent r ai ned i n t he 
r ef r i ger ant  gas and aut omat i cal l y r et ur n t he oi l  t o t he compr essor .

j .   Cr ankcase oi l  heat er s must  be pr ovi ded.

2. 6. 5. 3   Cent r i f ugal  Compr essor ( s)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Convent i onal  compr essor s wi l l  r equi r e 
pr ovi s i ons t o ensur e pr oper  l ubr i cat i on of  bear i ngs.

When cent r i f ugal  chi l l er s ar e used f or  heat  r ecover y 
dut y,  t he ent er i ng heat  r ecover y condenser  wat er  
t emper at ur e i s usual l y cont r ol l ed t o bet ween 35 and 
40 degr ees C 95 and 105 degr ees F so t hat  t he wat er  
t emper at ur e l eavi ng t he heat  r ecover y condenser  i s 
hi gh enough t o be used as a heat  sour ce.   Under  
t hese condi t i ons,  t he chi l l er  wi l l  be oper at i ng at  a 
hi gher  head pr essur e t han nor mal l y encount er ed.   At  
t hese hi gh head condi t i ons,  t he cent r i f ugal  
compr essor  may sur ge at  par t - l oad condi t i ons of  as 
hi gh as 30 per cent  t o 40 per cent  dependi ng upon t he 
condi t i ons t o whi ch t he chi l l er  i s  subj ect ed.   I n 
t hese cases,  t he desi gner  shoul d sur vey t he 
manuf act ur er s t o det er mi ne at  what  l oad t he 
avai l abl e chi l l er s wi l l  sur ge,  at  t he condi t i ons and 
l oads t o be encount er ed at  t he s i t e.   The br acket ed 
sent ences wi l l  be r emoved f r om t he cent r i f ugal  
chi l l er  par agr aph and r epl aced wi t h t he appr opr i at e 
capaci t y cont r ol  r equi r ement s.   The desi gner  shoul d 
al so consi der  mul t i pl e chi l l er s t o sat i sf y t he l oad 
and t o par t i t i on t he l oadi ng t o t he chi l l er s such 
t hat  t he heat  r ecover y chi l l er  l oad i s suf f i c i ent l y 
hi gh t o avoi d sur ge.   When exami ni ng heat  r ecover y,  
f ul l  consi der at i on shoul d be gi ven t o t he ef f ect  of  
35- 40 degr ees C 95- 105 degr ee F wat er  and t he 
r esul t i ng power  r equi r ement s of  t he chi l l er  on t he 
economi c benef i t  of  heat  r ecover y.

I f  an open dr i ve ( ai r  cool ed)  mot or  i s used,  pr ovi de 
mechani cal  vent i l at i on i f  r equi r ed t o r ej ect  t he 
addi t i onal  heat  added t o t he space at  t he sour ce.   
The addi t i onal  mechani cal  vent i l at i on shoul d be 
count ed i nt o t he ef f i c i ency cal cul at i ons f or  t he 
chi l l er .

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

Cent r i f ugal  compr essor s may be ei t her  s i ngl e or  mul t i st age,  havi ng 
dynami cal l y bal anced i mpel l er s,  ei t her  di r ect  or  gear  dr i ven by t he 
compr essor  dr i ver .   I mpel l er s must  be over - speed t est ed at  1. 2 t i mes t he 
i mpel l er - shaf t  speed.   I mpel l er  shaf t  must  be st eel  wi t h suf f i c i ent  
r i gi di t y f or  pr oper  oper at i on at  any r equi r ed oper at i ng speed.   
Compr essor s must  be capabl e of  var i abl e speed oper at i on and may have 
ei t her  oi l - f r ee bear i ng dr i ves or  oi l - l ubr i cat ed bear i ng dr i ves.   
Cent r i f ugal  compr essor s must  i ncl ude:

a.   Shaf t  mai n bear i ngs t hat  ar e ei t her  oi l  l ubr i cat ed,  oi l  f r ee cer ami c 
or  magnet i c l evi t at ed.   The oi l  l ubr i cat ed bear i ngs must  be t he 
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r ol l i ng el ement  t ype i n accor dance wi t h ABMA 9 or  ABMA 11,  j our nal  
t ype wi t h br onze or  babbi t t  l i ner s,  or  of  t he al umi num- al l oy one- pi ece 
i nser t  t ype.   Oi l  l ubr i cat ed or  oi l  f r ee cer ami c bear i ngs must  be 
r at ed f or  an L( 10)  l i f e of  not  l ess t han 200, 000 hour s.   Magnet i c 
l evi t at ed mai n shaf t  bear i ngs must  be i n accor dance wi t h I SO 14839- 1,  
I SO 14839- 2,  I SO 14839- 3,  I SO 14839- 4,  and pr ovi ded wi t h r adi al  and 
axi al  magnet i c l evi t at ed bear i ngs ( combi nat i on per manent  and el ect r o 
magnet s)  t o l evi t at e t he shaf t  t her eby el i mi nat i ng met al  t o met al  
cont act  and t hus el i mi nat i ng t he need f or  oi l .  The act i ve magnet i c 
bear i ngs must  be equi pped wi t h an aut omat i c v i br at i on r educt i on and 
bal anci ng syst em.   Each bear i ng posi t i on must  be sensed by posi t i on 
sensor s and pr ovi de r eal  t i me posi t i oni ng of  t he r ot or  shaf t ,  
cont r ol l ed by on- boar d di gi t al  el ect r oni cs.   I n t he event  of  a power  
f ai l ur e,  t he magnet i c bear i ngs wi l l  r emai n i n oper at i on t hr oughout  t he 
compr essor  coast - down usi ng a r eser ve power  suppl y.   Pr ovi de 
mechani cal  bear i ngs desi gned f or  emer gency t ouchdowns,  as a backup t o 
t he magnet i c bear i ngs.

b.   Casi ng of  cast  i r on,  al umi num,  or  st eel  pl at e wi t h spl i t  sect i ons 
gasket ed and bol t ed or  c l amped t oget her .

c.   Lubr i cat i on syst em of  t he f or ced- f eed t ype t hat  pr ovi des oi l  at  t he 
pr oper  pr essur e t o al l  par t s r equi r i ng l ubr i cat i on.

d.   Pr ovi s i ons t o ensur e pr oper  l ubr i cat i on of  bear i ngs and shaf t  seal s 
pr i or  t o st ar t i ng and upon st oppi ng wi t h or  wi t hout  el ect r i c power  
suppl y ( i f  appl i cabl e) .   On uni t s pr ovi di ng f or ced- f eed l ubr i cat i on 
pr i or  t o st ar t i ng,  a di f f er ent i al  oi l  pr essur e cut out  i nt er l ocked wi t h 
t he compr essor  st ar t i ng equi pment  must  al l ow t he compr essor  t o oper at e 
onl y when t he r equi r ed oi l  pr essur e i s pr ovi ded t o t he bear i ngs ( i f  
appl i cabl e) .

e.   Oi l  sump heat er s cont r ol l ed as r ecommended by t he manuf act ur er .

f .   Temper at ur e- or  pr essur e- act uat ed pr er ot at i on vane,  var i abl e geomet r y 
di f f user  or  suct i on damper  t o pr ovi de aut omat i c capaci t y modul at i on 
f r om 100 per cent  capaci t y t o 25 per cent  capaci t y.   I f  oper at i on t o 25 
per cent  capaci t y cannot  be achi eved wi t hout  pr ovi di ng gas bypass 
ext er nal  t o t he compr essor ,  t hen t he Cont r act or  must  i ndi cat e i n t he 
equi pment  submi t t al  t he l oad per cent  at  whi ch ext er nal  hot  gas bypass 
i s r equi r ed t o pr event  sur ge and t o pr ovi de t he speci f i ed capaci t y 
r educt i on and i t s i mpact  on per f or mance.

2. 6. 6   Compr essor  Dr i ver ,  El ect r i c Mot or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  an open dr i ve ( ai r  cool ed)  mot or  i s used,  
pr ovi de mechani cal  vent i l at i on i f  r equi r ed t o r ej ect  
t he addi t i onal  heat  added t o t he space at  t he 
sour ce.   The addi t i onal  mechani cal  vent i l at i on 
shoul d be count ed i nt o t he ef f i c i ency cal cul at i ons 
f or  t he chi l l er .

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

Component s such as mot or s,  [ st ar t er s] ,  [ var i abl e speed dr i ves]  and wi r i ng 
must  be i n accor dance wi t h par agr aph ELECTRI CAL WORK.   [ Mot or  
st ar t er ] [ Var i abl e f r equency dr i ve]  must  be [ uni t  mount ed]  [ r emot e mount ed]  
as i ndi cat ed wi t h [ st ar t er ] [ var i abl e f r equency dr i ve]  t ype,  wi r i ng,  and 
accessor i es coor di nat ed wi t h t he chi l l er  manuf act ur er .
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2. 6. 7   Compr essor  Dr i ver ,  Gas- Engi ne

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nat ur al  gas- engi ne dr i ves ar e used i n 
conj unct i on wi t h ei t her  r eci pr ocat i ng,  r ot ar y,  or  
cent r i f ugal  t ype compr essor s.

The deci s i on t o use a heavy dut y i ndust r i al  t ype 
engi ne as compar ed t o a st andar d aut omot i ve t ype 
engi ne wi l l  be based st r i ct l y on an economi c 
compar i son.   The st andar d aut omot i ve t ype engi nes 
have a much l ower  i ni t i al  cost ,  but  t hey must  be 
r epl aced and/ or  over haul ed much mor e of t en.   Al so 
not e t hat  t ypi cal l y,  st andar d aut omot i ve t ype 
engi nes ar e onl y avai l abl e f or  chi l l er s wi t h a 
capaci t y of  1760 kW 500 t ons or  l ess.

Gui dance t o Pr oj ect  Desi gner s:   When speci f y i ng 
nat ur al  gas- engi ne dr i ve chi l l er s,  c l ose 
coor di nat i on wi t h t he DPW ( cust omer )  must  be 
exer ci sed.   The desi gner  shoul d i nf or m t he DPW t hat  
pr event i ve mai nt enance and per i odi cal  over haul  of  
t he gas- engi ne dr i ves i s essent i al  t o ensur e 
cont i nued oper at i on,  and t hat  ener gy demand savi ngs 
ar e r eal i zed.   Whi l e t he i ni t i al  cost  of  gas- engi ne 
dr i ves i s much l ower  t han ot her  t ypes,  gas- engi ne 
dr i ves r equi r e mor e f r equent  mai nt enance and 
over haul .

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

Gas- engi ne compr essor  dr i ver  must  oper at e on nat ur al  gas and be i n 
accor dance wi t h NFPA 37 and NFPA 54.   Engi ne must  be desi gned f or  
st at i onar y appl i cat i ons and i ncl ude al l  anci l l ar i es necessar y f or  
oper at i on.   Engi ne must  be a manuf act ur er ' s st andar d pr oduct i on model  and 
be speci f i cal l y desi gned f or  chi l l er  oper at i on.   Engi ne must  i ncl ude as a 
mi ni mum a [ heavy dut y i ndust r i al ]  [ st andar d aut omot i ve]  gr ade bl ock,  
st ar t i ng syst em,  l ubr i cat i on syst em,  cool ant  syst em,  engi ne heat  
exchanger ,  [ engi ne cool i ng r adi at or , ]  f uel  suppl y syst em,  el ect r oni c 
i gni t i on,  and cont r ol s package.   Engi ne must  be ei t her  [ nat ur al l y 
aspi r at ed, ]  [ super char ged, ]  or  [ t ur bochar ged]  and i ncl ude appr opr i at e ai r  
f i l t er s.   Engi ne must  be 2-  or  4- st r oke- cycl e and compr essi on- i gni t i on 
t ype.   Engi ne must  be ver t i cal  i n- l i ne,  V-  or  opposed- pi st on t ype,  wi t h a 
sol i d cast  bl ock or  i ndi v i dual l y cast  cyl i nder s.   Engi ne must  have a 
mi ni mum of  2 cyl i nder s.   Opposed- pi st on t ype engi nes must  have not  l ess 
t han 4 cyl i nder s.   Engi ne bl ock must  have a cool ant  dr ai n por t .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  pneumat i c st ar t  syst ems si ze ai r  r ecei ver  
t ank and compr essor  per  manuf act ur er ' s 
r ecommendat i ons.

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

2. 6. 7. 1   St ar t i ng Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y ei t her  an el ect r i c or  pneumat i c t ype 
st ar t i ng syst em.   El ect r i c t ype syst em wi l l  be used 
f or  most  appl i cat i ons.   For  i nst al l at i ons wher e a 
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compr essed ai r  syst em exi st s or  i s t o be i nst al l ed,  
a pneumat i c st ar t i ng syst em shoul d be consi der ed.

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

Engi ne st ar t i ng syst em must  be ei t her  t he [ el ect r i c]  [ pneumat i c]  t ype and 
be of  suf f i c i ent  capaci t y,  at  t he maxi mum t emper at ur e speci f i ed,  t o cr ank 
t he engi ne wi t hout  damage or  over heat i ng.   [ El ect r i c st ar t i ng syst em must  
oper at e on a [ 24]  [ _____] - vol t  DC syst em ut i l i z i ng a negat i ve c i r cui t  
gr ound.   A st ar t i ng bat t er y syst em must  be pr ovi ded and must  i ncl ude t he 
bat t er y,  cor r osi on r esi st ant  bat t er y r ack,  i nt er cel l  connect or s,  spacer s,  
aut omat i c bat t er y char ger  wi t h over cur r ent  pr ot ect i on,  met er i ng and 
r el ayi ng.   Bat t er y must  be i n accor dance wi t h SAE J537.   Bat t er y char ger  
must  conf or m t o UL 1236 and be t he cur r ent - l i mi t i ng t ype wi t h over cur r ent  
pr ot ect i on. ]  [ Pneumat i c st ar t i ng syst em must  be as speci f i ed i n Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE,  f or  a wor ki ng pr essur e of  1. 03 MPa 150 
psi . ]

2. 6. 7. 2   Lubr i cat i on Syst em

Engi ne must  be pr ovi ded wi t h a pr essur i zed oi l  l ubr i cat i on syst em.   Syst em 
must  i ncl ude a l ubr i cat i on oi l  pump t hat  i s engi ne dr i ven.   One f ul l - f l ow 
f i l t er  must  be pr ovi ded f or  each pump.   Fi l t er s must  be r eadi l y accessi bl e 
and capabl e of  bei ng changed wi t hout  di sconnect i ng t he pi pi ng or  
di st ur bi ng ot her  component s.   Syst em pr essur e must  be r egul at ed as 
r ecommended by t he engi ne manuf act ur er .   A pr essur e r el i ef  val ve must  be 
pr ovi ded on t he cr ankcase.   Cr ankcase br eat her s must  be pi ped t o t he 
out si de.   Syst em must  be r eadi l y accessi bl e f or  ser vi c i ng such as 
dr ai ni ng,  r ef i l l i ng,  and over haul i ng.

2. 6. 7. 3   Cool ant  Syst em

Engi ne must  i ncl ude an aut omat i c engi ne j acket  wat er  cool i ng syst em.   
Wat er  must  be ci r cul at ed t hr ough t he syst em wi t h an engi ne- dr i ven 
ci r cul at i ng pump.   [ Syst em cool ant  must  use a combi nat i on wat er  and 
et hyl ene- gl ycol  suf f i c i ent  f or  f r eeze pr ot ect i on at  t he mi ni mum 
t emper at ur e speci f i ed. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  engi ne heat  exchanger  i s used t he cool i ng 
t ower  must  be si zed t o i ncl ude heat  r ej ect ed f r om 
bot h engi ne and chi l l er .

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

[ 2. 6. 7. 4   Engi ne Heat  Exchanger

Engi ne heat  exchanger  must  be of  t he shel l - and- t ube t ype const r uct i on and 
be i n accor dance wi t h ASME BPVC SEC VI I I  D1.   Shel l  mat er i al  must  be 
car bon st eel .   Tubes must  be seaml ess copper  or  copper - ni ckel .   Tubes must  
be i ndi v i dual l y r epl aceabl e.   Uni t ' s  wat er si de wor ki ng pr essur e must  be 
r at ed f or  not  l ess t han 1, 000 kPa 150 psi g and f act or y t est ed at  150 
per cent  of  desi gn wor ki ng pr essur e.   Wat er  connect i ons l ar ger  t han 75 mm 3 
i nches must  be ASME Cl ass 1500 f l anged.   Uni t  must  be pr ovi ded wi t h 
gasket ed r emovabl e cover s,  dr ai ns,  and vent s.

] [ 2. 6. 7. 5   Engi ne Cool i ng Radi at or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   An engi ne cool i ng r adi at or  wi l l  be needed t o 
sat i sf y an engi ne' s cool i ng r equi r ement s i f  cool i ng 
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t ower  wat er  or  heat  r ecover y i s not  used.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Heat  exchanger  may be f act or y coat ed wi t h cor r osi ve r esi st ant  f i l m,  
pr ovi ded t hat  cor r ect i on measur es ar e t aken t o r est or e t he heat  r ej ect i on 
capabi l i t y  of  t he r adi at or  t o t he i ni t i al  desi gn r equi r ement  v i a over  
s i z i ng,  or  ot her  compensat i ng met hods.   I nt er nal  sur f aces must  be 
compat i bl e wi t h l i qui d f l ui d cool ant  used.   Mat er i al s and cool ant  ar e 
subj ect  t o appr oval  by t he Cont r act i ng Of f i cer .   Heat  exchanger s must  be 
t he pr essur e t ype i ncor por at i ng a pr essur e val ve,  vacuum val ve and a cap.   
Caps must  be desi gned f or  pr essur e r el i ef  pr i or  t o r emoval .   Each heat  
exchanger  and t he ent i r e cool i ng syst em must  be capabl e of  wi t hst andi ng a 
mi ni mum pr essur e of  48 kPa 7 psi  and must  be pr ot ect ed wi t h a st r ong 
gr i l l e or  scr een guar d.   Each heat  exchanger  must  have at  l east  2 t apped 
hol es;  one must  be equi pped wi t h a dr ai n cock,  t he r est  must  be pl ugged.

] 2. 6. 7. 6   Fuel  Suppl y Syst em

Engi ne f uel  suppl y syst em must  be f act or y mount ed.   Syst em must  i ncl ude as 
a mi ni mum a sol enoi d shut - of f  val ve,  a gas pr essur e r egul at or ,  and 
car bur et or s ( i ncl udi ng a t hr ot t l e body assembl y)  or  f uel  i nj ect or s.

2. 6. 7. 7   Cont r ol s Package

The cont r ol s f or  t he gas- engi ne must  be i ncor por at ed i nt o t he over al l  
cont r ol s package f or  t he wat er  chi l l er .   The engi ne cont r ol s must  be 
capabl e of  moni t or i ng,  di spl ayi ng,  and cont r ol l i ng,  as appl i cabl e,  t he 
f ol l owi ng condi t i ons.   The cont r ol  syst em must  be capabl e of  communi cat i ng 
al l  dat a t o a r emot e i nt egr at ed DDC pr ocessor  t hr ough a s i ngl e shi el ded 
cabl e.   The dat a must  i ncl ude as a mi ni mum al l  syst em oper at i ng 
condi t i ons,  capaci t y cont r ol s,  and saf et y shut down condi t i ons.   The 
cont r ol  syst em must  al so be capabl e of  r ecei v i ng at  a mi ni mum t he 
f ol l owi ng oper at i ng condi t i ons:

a.   Cool ant - f l ui d i nl et  and out l et  t emper at ur es

b.   Lubr i cat i ng- oi l  i nl et  and out l et  t emper at ur es and pr essur es

c.   Engi ne r un- t i me hour s

d.   Engi ne cur r ent  st at us mode ( on/ of f )

e.   Engi ne speed

f .   Per cent  engi ne l oad

g.   Engi ne j acket  t emper at ur e

2. 6. 7. 8   Exhaust  Pi pi ng

Exhaust  pi pi ng must  be ASTM A53/ A53M Schedul e 40 seaml ess bl ack i r on,  
exhaust  pi pi ng i nst al l at i on must  be per  t he engi ne manuf act ur er ' s 
r ecommendat i ons,  except  as modi f i ed her ei n.   Hor i zont al  sect i ons of  
exhaust  pi pi ng must  be sl oped downwar d away f r om t he engi ne t o a dr i p l eg 
f or  col l ect i on of  condensat e wi t h dr ai n val ve and cap.   Changes i n 
di r ect i on must  be l ong r adi us.   Exhaust  pi pi ng and muf f l er s must  be 
i nsul at ed i n accor dance wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Ver t i cal  exhaust  pi pi ng must  be pr ovi ded wi t h a 
hi nged,  gr avi t y- oper at ed,  sel f - c l osi ng,  r ai n cover .
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2. 6. 7. 9   Exhaust  Muf f l er

Engi ne must  be pr ovi ded wi t h a chamber  t ype exhaust  muf f l er .   The muf f l er  
must  be of  wel ded st eel  and desi gned f or  [ out s i de]  [ i nsi de]  [ ver t i cal ]  
[ hor i zont al ]  mount i ng.   Eyebol t s,  l ugs,  f l anges,  or  ot her  i t ems must  be 
pr ovi ded as necessar y f or  suppor t  i n t he l ocat i on and posi t i on i ndi cat ed.   
Pr essur e dr op t hr ough t he muf f l er  must  not  exceed t he r ecommendat i ons of  
t he engi ne manuf act ur er .   Out si de muf f l er s must  be zi nc coat ed or  pai nt ed 
wi t h hi gh t emper at ur e [ _____ degr ees C]  [ _____ degr ees F]  r esi st i ng 
pai nt .   The muf f l er  and exhaust  pi pi ng t oget her  must  r educe t he noi se 
l evel  t o l ess t han [ _____]  dBa at  a di st ance of  22. 9 m 75 f eet  f r om t he 
end of  t he exhaust  pi pi ng wi t h t he chi l l er  oper at i ng at  100 per cent  of  
r at ed out put  capaci t y.   The muf f l er  must  have a dr ai n val ve,  ni ppl e,  and 
cap at  t he l ow- poi nt  of  t he muf f l er .

2. 6. 7. 10   Exhaust  Syst em Connect i ons

Fl exi bl e connect or s must  be pr ovi ded at  t he exhaust  pi pi ng connect i on t o 
t he engi ne.   An expansi on j oi nt  must  be pr ovi ded i n t he exhaust  pi pi ng at  
t he muf f l er  connect i on.   Fl exi bl e connect or s and expansi on j oi nt s must  
have f l anged connect i ons.   Fl exi bl e sect i ons must  be made of  convol ut ed 
seaml ess t ube wi t hout  j oi nt s or  packi ng.   Expansi on j oi nt s must  be t he 
bel l ows t ype.   Expansi on and f l exi bl e el ement s must  be st ai nl ess st eel  
sui t abl e f or  engi ne exhaust  gas at  649 degr ees C 1200 degr ees F.   Fl exi bl e 
connect or s and expansi on j oi nt s must  be capabl e of  absor bi ng vi br at i on 
f r om t he engi ne and compensat i on f or  t her mal  expansi on and cont r act i on.

2. 6. 8   Compr essor  Dr i ver ,  St eam Tur bi ne

St eam t ur bi ne must  be sui t abl e f or  di r ect  connect i on t o t he compr essor .   
Tur bi ne must  have a capaci t y 10 per cent  gr eat er  t han t he compr essor  br ake 
hor sepower  r equi r ement  at  f ul l - l oad condi t i on.   St eam st r ai ner  must  be 
ei t her  i nt er nal l y mount ed or  i nst al l ed i n connect i ng pi pi ng.   Tur bi ne must  
i ncl ude sent i nel  war ni ng val ve,  f or ced- f eed l ubr i cat i on,  oi l  cool er ,  oi l  
r eser voi r ,  oi l  r el i ef  val ve,  oi l  pi pi ng,  oi l - pr essur e gauge,  t achomet er ,  
and gl and- seal  pi pi ng i f  a condensi ng t ur bi ne i s used.   I f  a 
non- condensi ng t ur bi ne i s used,  pr ovi s i on must  be made f or  dr ai n pi pi ng.   
The t ur bi ne must  be sui t abl e f or  aut omat i c cont r ol .   An over speed t r i p 
gover nor  must  be pr ovi ded t o shut  of f  t he st eam suppl y at  115 per cent  of  
desi gn speed.   Pr ovi s i on must  be made t o st op t he t ur bi ne upon oper at i on 
of  t he compr essor  saf et y devi ces and upon power  f ai l ur e by t he use of  a 
sol enoi d t r i p on t he emer gency over speed gover nor .   Tur bi ne must  be 
gover ned by a pneumat i cal l y cont r ol l ed hydr aul i c gover nor  dur i ng aut omat i c 
oper at i on and wi t h a manual  cont r ol  ef f ect i ve dur i ng f ai l ur e of  t he ai r  
suppl y.   Pneumat i c val ve must  be act uat ed by a t emper at ur e cont r ol l er  wi t h 
i t s sensi ng el ement  i n cont act  wi t h t he chi l l ed wat er .   Tur bi ne must  be 
desi gned t o oper at e at  t he st eam pr essur e and exhaust  condi t i ons 
i ndi cat ed.   I f  t he t ur bi ne i s a condensi ng t ype,  a sur f ace- t ype st eam 
condenser  compl et e wi t h s i ngl e- st age ai r  ej ect or ,  i nt er -  and 
af t er - condenser ,  el ect r i c- dr i ven dual  condensat e pumps,  at mospher i c r el i ef  
val ve,  and expansi on j oi nt  must  be f ur ni shed.

2. 6. 9   Compr essor  Dr i ver  Connect i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t he f i r st  set  of  br acket s i f  a l ar ge 
wat er - chi l l i ng package i s speci f i ed.   Del et e t he 
second set  of  br acket s i f  a condensi ng and 
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compr essi ng uni t  or  a smal l  wat er - chi l l i ng package 
i s used.

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

[ Each compr essor  must  be dr i ven by a V- bel t  dr i ve or  di r ect  connect ed 
t hr ough a f l exi bl e coupl i ng,  except  t hat  f l exi bl e coupl i ng i s not  r equi r ed 
on her met i c uni t s.   V- bel t  dr i ves must  be desi gned f or  not  l ess t han 150 
per cent  of  t he dr i v i ng mot or  capaci t y.   Fl exi bl e coupl i ngs must  be of  t he 
t ype t hat  does not  r equi r e l ubr i cat i on. ]   [ Each machi ne dr i ven t hr ough 
speed- i ncr easi ng gear s must  be so desi gned as t o assur e sel f - al i gnment ,  
i nt er changeabl e par t s,  pr oper  l ubr i cat i on syst em,  and mi ni mum unbal anced 
f or ces.   Bear i ngs must  be of  t he s l eeve or  r ol l er  t ype.   Gear  cases must  
be oi l  t i ght .   Shaf t  ext ensi ons must  be pr ovi ded wi t h seal s t o r et ai n oi l  
and excl ude al l  dust .

] 2. 6. 10   Wat er  Cool er  ( Evapor at or )

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Conf i r m t he cur r ent  st andar d f oul i ng f act or  
wi t h AHRI .

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

Cool er  must  be of  t he shel l - and- coi l  or  shel l - and- t ube t ype desi gn.   
Cool er  shel l  must  be const r uct ed of  seaml ess or  wel ded st eel .   Coi l  
bundl es must  be t ot al l y r emovabl e and ar r anged t o dr ai n compl et el y.   Tubes 
must  be seaml ess copper ,  pl ai n,  i nt egr al l y f i nned wi t h smoot h bor e or  
i nt egr al l y f i nned wi t h enhanced bor e.   Each t ube must  be i ndi v i dual l y 
r epl aceabl e.   Tubes must  be i nst al l ed i nt o car bon mi l d st eel  t ube sheet s 
by r ol l i ng.   Tube baf f l es must  be pr oper l y spaced t o pr ovi de adequat e t ube 
suppor t  and cr oss f l ow.   Per f or mance must  be based on a wat er  vel oci t y not  
l ess t han0. 91 m/ s 3 f ps nor  mor e t han 3. 7 m/ s 12 f ps and a f oul i ng f act or  
per  AHRI  550/ 590 I - P.

Br azed pl at e heat  exchanger  must  be const r uct ed of  304 or  316 st ai nl ess 
st eel ,  desi gned t o a r ef r i ger ant - s i de wor ki ng pr essur e of  3, 000 kPa 430 
psi g and a wat er si de wor ki ng pr essur e of  1, 000 kPa 150 psi g.   Evapor at or  
must  be f act or y t est ed at  1. 1 t i mes maxi mum al l owabl e r ef r i ger ant  s i de 
wor ki ng pr essur e and 1. 5 t i mes maxi mum al l owabl e wat er  s i de wor ki ng 
pr essur e.   [ Pr ovi de cool er  heat er s t o pr ot ect  t he evapor at or  t o an ambi ent  
of mi nus 29 degr ees C mi nus 20 degr ees F.   ] Pr ovi de cool er  wi t h 
f act or y- i nst al l ed f l ow swi t ches.   Al l  wat er  connect i ons must  use ei t her  
f l anged or  gr ooved- pi pe connect i ons.   Fact or y i nsul at e al l  col d sur f aces.

2. 6. 11   Ai r - Cool ed Condenser  Coi l

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St andar d coi l  const r uct i on i s copper  t ubes 
wi t h al umi num f i ns.   For  excessi vel y cor r osi ve 
at mospher es,  ei t her  copper  t ubes wi t h copper  f i ns or  
al umi num t ubes wi t h al umi num f i ns shoul d be 
consi der ed.   For  addi t i onal  cor r osi on pr ot ect i on,  
speci f y t he manuf act ur er ' s st andar d epoxy or  v i nyl  
coat i ng.

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

[ Condenser  coi l  must  be of  t he ext ended- sur f ace f i n- and- t ube t ype and must  
be const r uct ed of  seaml ess [ copper ]  [ or ]  [ al umi num]  t ubes wi t h compat i bl e 
[ copper ]  [ or ]  [ al umi num]  f i ns.   Fi ns must  be sol der ed or  mechani cal l y 
bonded t o t he t ubes and i nst al l ed i n a met al  casi ng.   Coi l s must  be 
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ci r cui t ed and si zed f or  a mi ni mum of  3 degr ees C 5 degr ees F subcool i ng 
and f ul l  pumpdown capaci t y.   Coi l  must  be f act or y l eak and pr essur e t est ed 
af t er  assembl y i n accor dance wi t h ANSI / ASHRAE 15 & 34. ] [ The condenser  coi l  
must  be of  t he mi cr ochannel  heat  exchanger  t echnol ogy ( MCHX)  t ype 
consi st i ng of  a ser i es of  f l at  t ubes cont ai ni ng a ser i es of  mul t i pl e,  
par al l el  f l ow mi cr ochannel s l ayer ed bet ween t he r ef r i ger ant  mani f ol ds i n a 
t wo- pass ar r angement .   Pr ovi de coi l s const r uct ed of  al umi num al l oys f or  
f i ns,  t ubes,  and mani f ol ds.   Coi l  must  be f act or y l eak and pr essur e t est ed 
af t er  assembl y i n accor dance wi t h ANSI / ASHRAE 15 & 34. ]

[ Coi l  must  be ent i r el y coat ed i n accor dance wi t h t he r equi r ement s of  
par agr aph COI L CORROSI ON PROTECTI ON.

] 2. 6. 12   Wat er - Cool ed Condenser  Coi l

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Conf i r m t he cur r ent  st andar d f oul i ng f act or  
wi t h AHRI .

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

Condenser  must  be of  t he shel l - and- coi l  or  shel l - and- t ube t ype desi gn.   
Condenser ' s r ef r i ger ant  s i de must  be desi gned and f act or y pr essur e t est ed 
t o compl y wi t h ANSI / ASHRAE 15 & 34.   Condenser ' s wat er  s i de must  be 
desi gned and f act or y pr essur e t est ed f or  not  l ess t han [ 1, 000]  [ 1, 700]  
[ 2000]  kPa [ 150]  [ 250]  [ 300]  psi .   Condenser s must  be compl et e wi t h 
r ef r i ger ant  r el i ef  val ve/ r upt ur e di sc assembl y,  wat er  dr ai n connect i ons,  
and r ef r i ger ant  char gi ng val ve.   Low pr essur e r ef r i ger ant  condenser  must  
be pr ovi ded wi t h a pur gi ng devi ce t o pur ge non- condensi bl es t r apped i n t he 
condenser  whi l e keepi ng r ef r i ger ant  emi ssi ons bel ow r equi r ement s of  ASHRAE 
St d 147.   Pur ge uni t s must  be cer t i f i ed per  AHRI  580.   Condenser  shel l  
must  be const r uct ed of  seaml ess or  wel ded st eel .   Coi l  bundl es must  be 
t ot al l y r emovabl e and ar r anged t o dr ai n compl et el y.   Tubes must  be 
seaml ess copper ,  pl ai n,  i nt egr al l y f i nned wi t h smoot h bor e or  i nt egr al l y 
f i nned wi t h enhanced bor e.   Each t ube must  be i ndi v i dual l y r epl aceabl e,  
except  f or  t he coaxi al  t ubes.   Tube baf f l es must  be pr oper l y spaced t o 
pr ovi de adequat e t ube suppor t  and cr oss f l ow.   Per f or mance must  be based 
on wat er  vel oci t i es not  l ess t han 0. 91 m/ s 3 f ps nor  mor e t han 3. 7 m/ s 12 
f ps and a f oul i ng f act or  per  AHRI  550/ 590 I - P.   Wat er - cool ed condenser s 
may be used f or  r ef r i ger ant  st or age i n l i eu of  a separ at e l i qui d r ecei ver ,  
i f  t he condenser  st or age capaci t y i s 5 per cent  i n excess of  t he f ul l y  
char ged syst em f or  s i ngl e packaged syst ems.

2. 6. 13   Heat  Recover y Condenser  Coi l

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  conduct  f easi bi l i t y  st udi es 
t o det er mi ne i f  a heat  r ecover y condenser  i s an 
economi cal  addi t i on t o t he syst em.   Heat  r ecover y 
condenser s gener al l y come i n t wo si zes.   The smal l er  
of  t he t wo i s gener al l y s i zed t o r ej ect  t he 
super heat  t o t he domest i c wat er .   The l ar ger  i s 
s i zed t o r ej ect  t he same amount  of  heat  as t he 
st andar d condenser .   The dr awi ngs wi l l  i ndi cat e t he 
heat  r ej ect i on capaci t y of  t he heat  r ecover y 
condenser  and t he t emper at ur es of  t he wat er  t o whi ch 
i t  must  r ej ect  t he heat .

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

Condenser  must  be of  t he shel l - and- coi l  or  shel l - and- t ube t ype desi gn and 
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must  not  be a par t  of  t he st andar d condenser .   Condenser  must  be pr ovi ded 
and i nst al l ed by t he chi l l er  manuf act ur er .   Condenser ' s r ef r i ger ant  s i de 
must  be desi gned and f act or y pr essur e t est ed t o compl y wi t h 
ANSI / ASHRAE 15 & 34.   Condenser ' s wat er  s i de must  be desi gned and f act or y 
pr essur e t est ed f or  not  l ess t han [ 1, 000]  [ 1, 700]  [ 2000]  kPa [ 150]  [ 250]  
[ 300]  psi .   Condenser  must  have per f or mance char act er i st i cs as i ndi cat ed 
on t he dr awi ngs.   Condenser  shel l  must  be const r uct ed of  seaml ess or  
wel ded st eel .   Coi l  bundl es must  be t ot al l y r emovabl e and ar r anged t o 
dr ai n compl et el y.   Tubes must  be seaml ess copper ,  pl ai n,  i nt egr al l y f i nned 
wi t h smoot h bor e or  i nt egr al l y f i nned wi t h enhanced bor e.   Each t ube must  
be i ndi v i dual l y r epl aceabl e,  except  f or  t he coaxi al  t ubes.   Tube baf f l es 
must  be pr oper l y spaced t o pr ovi de adequat e t ube suppor t  and cr oss f l ow.   
Per f or mance must  be based on wat er  vel oci t i es not  l ess t han 0. 91 m/ s 3 f ps 
nor  mor e t han 3. 7 m/ s 12 f ps and a f oul i ng f act or  per  AHRI  550/ 590 I - P.

2. 6. 14   Recei ver s

Recei ver  must  bear  a st amp cer t i f y i ng compl i ance wi t h ASME BPVC SEC VI I I  D1
 and must  meet  t he r equi r ement s of  ANSI / ASHRAE 15 & 34.   I nner  sur f aces 
must  be t hor oughl y c l eaned by sandbl ast i ng or  ot her  appr oved means.   Each 
r ecei ver  must  have a st or age capaci t y not  l ess t han 20 per cent  i n excess 
of  t hat  r equi r ed f or  t he f ul l y- char ged syst em.   Each r ecei ver  must  be 
equi pped wi t h i nl et ,  out l et  dr op pi pe,  dr ai n pl ug,  pur gi ng val ve,  r el i ef  
val ves of  capaci t y and set t i ng r equi r ed by ANSI / ASHRAE 15 & 34,  and t wo 
bul l ' s  eye l i qui d- l evel  s i ght  gl asses.   Si ght  gl asses must  be i n t he same 
ver t i cal  pl ane,  90 degr ees apar t ,  per pendi cul ar  t o t he axi s of  t he 
r ecei ver ,  and not  over  75 mm 3 i nches hor i zont al l y f r om t he dr op pi pe 
measur ed al ong t he axi s of  t he r ecei ver .   I n l i eu of  bul l ' s  eye si ght  
gl ass,  ext er nal  gauge gl ass wi t h met al  gl ass guar d and aut omat i c c l osi ng 
st op val ves may be pr ovi ded.

2. 6. 15   Chi l l er  Pur ge Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref r i ger at i on syst ems whi ch oper at e bel ow 
at mospher i c pr essur e ( i . e. ,  R- 123 machi nes)  wi l l  
r equi r e a r ef r i ger ant  pur ge pi pi ng syst em.   I ndi cat e 
t he r out i ng of  t he pi pi ng on t he dr awi ngs.   Requi r e 
t he Cont r act or  t o del et e t he pi pi ng i f  a pur ge 
syst em i s not  r equi r ed f or  t he t ype of  chi l l er  t hat  
i s  t o be pr ovi ded.   I ndi cat e t hat  i t  wi l l  be t he 
Cont r act or ' s r esponsi bi l i t y  t o s i ze t he pi pi ng based 
upon t he chi l l er  manuf act ur er ' s r ecommendat i ons.   
Pur ge di schar ge pi pi ng may be connect ed t o t he 
pr essur e- r el i ef  pi pi ng on t he chi l l er  s i de of  t he 
pi pi ng' s v i br at i on i sol at or s.

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

Chi l l er s whi ch oper at e at  pr essur es bel ow at mospher i c pr essur e must  be 
pr ovi ded wi t h a pur ge syst em.   Pur ge syst em must  aut omat i cal l y r emove ai r ,  
wat er  vapor ,  and non- condensi bl e gases f r om t he chi l l er ' s r ef r i ger ant  
whi l e keepi ng r ef r i ger ant  emi ssi ons bel ow r equi r ement s of  ASHRAE St d 147.   
Pur ge uni t s must  be cer t i f i ed per  AHRI  580.   Pur ge syst em must  condense,  
separ at e,  and r et ur n al l  r ef r i ger ant  back t o t he chi l l er .   An oi l  
separ at or  must  be pr ovi ded wi t h t he pur ge syst em i f  r equi r ed by t he 
manuf act ur er .   Pur ge syst em must  not  di schar ge t o occupi ed ar eas,  or  
cr eat e a pot ent i al  hazar d t o per sonnel .   Pur ge syst em must  i ncl ude a pur ge 
pr essur e gauge,  number  of  st ar t s count er ,  and an el apsed t i me met er .   
Pur ge syst em must  i ncl ude l i ght s or  an al ar m whi ch i ndi cat e excessi ve 
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pur ge or  an abnor mal  ai r  l eakage i nt o chi l l er .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tool s t o be used f or  Ar my pr oj ect s onl y.

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

[ 2. 6. 16   Tool s

One compl et e set  of  speci al  t ool s,  as r ecommended by t he manuf act ur er  f or  
f i el d mai nt enance of  t he syst em,  must  be pr ovi ded.   Tool s must  be mount ed 
on a t ool  boar d i n t he equi pment  r oom or  cont ai ned i n a t ool box as 
di r ect ed by t he Cont r act i ng Of f i cer .

] 2. 7   ACCESSORI ES

2. 7. 1   Ref r i ger ant  Leak Det ect or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref r i ger ant  l eak det ect or s wi l l  be pr ovi ded 
as r equi r ed by t he " Syst em Appl i cat i on Requi r ement s"  
i n ASHRAE 15.

When a det ect or  i s r equi r ed,  t he l ocat i on wi l l  be 
i ndi cat ed on t he dr awi ngs.   Det ect or s ar e best  
l ocat ed bet ween t he r ef r i ger at i on syst em and t he 
r oom exhaust .   Sampl i ng poi nt s f r om a det ect or  wi l l  
be l ocat ed a maxi mum of  460 mm 18 i nches above t he 
f i ni shed f l oor  s i nce al l  commonl y- used r ef r i ger ant s 
ar e heavi er  t han ai r .

As a r ul e of  t humb,  t he di st ance bet ween any 
r ef r i ger at i on syst em and a r ef r i ger ant  sampl i ng 
poi nt  shoul d not  exceed 15. 24 m 50 f eet .   I n or der  
t o meet  t he r ecommended 15. 24 m 50 f oot  di st ance,  a 
mechani cal  r oom can be pr ovi ded wi t h ei t her  mul t i pl e 
det ect or s each wi t h s i ngl e sampl i ng poi nt s or  wi t h 
one det ect or  t hat  has t he capabi l i t y  of  moni t or i ng 
at  mul t i pl e sampl i ng poi nt s.   I f  mul t i pl e sampl i ng 
poi nt s ar e r equi r ed,  ent er  t he number  i n t he 
appr opr i at e bl ank bel ow.

Per  ASHRAE 15,  when a det ect or  senses r ef r i ger ant  i t  
must  act i vat e an al ar m and i ni t i at e t he r oom 
vent i l at i on syst em.   I n r egar ds t o al ar ms,  as a 
mi ni mum,  i ndi cat e t hat  t he det ect or  wi l l  ener gi ze a 
l i ght  on or  near  t he det ect or  as wel l  as a second 
l i ght  i nst al l ed on t he out si de wal l  next  t o t he 
mechani cal  r oom ent r ance.   The ext er i or  l i ght  wi l l  
be pr ovi ded wi t h a s i gn t hat  war ns per sonnel  
ent er i ng t he mechani cal  r oom of  a r ef r i ger ant  
r el ease and t hat  a SCBA i s r equi r ed t o ent er .   I f  
appl i cabl e t o t he i nst al l at i on,  i ncl ude an audi bl e 
al ar m on t he ext er i or  of  t he mechani cal  r oom.   
I ncl ude t he el ect r i cal  desi gn f or  t he al ar m syst em 
on t he dr awi ngs.

As an addi t i onal  i t em,  ASHRAE 15 st at es t hat  
open- f l ame devi ces such as boi l er s cannot  be 
i nst al l ed i n t he same ar ea as a r ef r i ger at i on 
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syst em,  unl ess ei t her  combust i on ai r  f or  t he 
open- f l ame devi ce i s duct ed st r ai ght  f r om out si de t o 
t he devi ce;  or  t he al ar m r el ay f r om t he det ect or  i s 
used t o aut omat i cal l y shut down t he combust i on 
pr ocess i n t he event  of  r ef r i ger ant  l eakage.   
I ndi cat e al l  appl i cabl e al ar m cont r ol s on t he 
dr awi ngs.

The l ast  br acket ed sent ence i n t he par agr aph bel ow 
i s f or  Ar my pr oj ect s onl y.   Del et e t he i nf or mat i on 
i n t he l ast  br acket ed sent ences i f  a Bui l di ng 
Cont r ol  Net wor k ( BCN)  i s not  appl i cabl e t o t he 
desi gn.

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

Det ect or  must  be t he cont i nuousl y- oper at i ng,  hal ogen- speci f i c  t ype.   
Det ect or  must  be appr opr i at e f or  t he r ef r i ger ant  i n use.   Det ect or  must  be 
speci f i cal l y desi gned f or  ar ea moni t or i ng and must  i ncl ude [ a s i ngl e 
sampl i ng poi nt ]  [ [ _____]  sampl i ng poi nt s]  i nst al l ed wher e i ndi cat ed.   
Det ect or  desi gn and const r uct i on must  be compat i bl e wi t h t he t emper at ur e,  
humi di t y,  bar omet r i c pr essur e and vol t age f l uct uat i ons of  t he oper at i ng 
ar ea.   Det ect or  must  have an adj ust abl e sensi t i v i t y such t hat  i t  can 
det ect  r ef r i ger ant  at  or  above 3 par t s per  mi l l i on ( ppm) .   Det ect or  must  
be suppl i ed f act or y- cal i br at ed f or  t he appr opr i at e r ef r i ger ant ( s) .   
Det ect or  must  be pr ovi ded wi t h an al ar m r el ay out put  whi ch ener gi zes when 
t he det ect or  det ect s a r ef r i ger ant  l evel  at  or  above t he TLV- TWA ( or  
t oxi c i t y measur ement  consi st ent  t her ewi t h)  f or  t he r ef r i ger ant ( s)  i n use.   
The det ect or ' s r el ay must  be capabl e of  i ni t i at i ng cor r espondi ng al ar ms 
and vent i l at i on syst ems as i ndi cat ed on t he dr awi ngs.   Det ect or  must  be 
pr ovi ded wi t h a f ai l ur e r el ay out put  t hat  ener gi zes when t he moni t or  
det ect s a f aul t  i n i t s oper at i on.   [ Det ect or  must  be compat i bl e wi t h t he 
f aci l i t y ' s Bui l di ng Cont r ol  Net wor k ( BCN) .   The BCN must  be capabl e of  
gener at i ng an el ect r oni c l og of  t he r ef r i ger ant  l evel  i n t he oper at i ng 
ar ea,  moni t or i ng f or  det ect or  mal f unct i ons,  and moni t or i ng f or  any 
r ef r i ger ant  al ar m condi t i ons. ]

2. 7. 2   Ref r i ger ant  Rel i ef  Val ve/ Rupt ur e Di sc Assembl y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   ASHRAE 15 r equi r es r ef r i ger at i on syst ems t o 
be pr ot ect ed wi t h a pr essur e- r el i ef  devi ce t hat  wi l l  
saf el y r el i eve pr essur e due t o f i r e or  ot her  
abnor mal  condi t i ons.   A r el i ef  val ve/ r upt ur e di sc 
assembl y i s t he opt i mum sol ut i on.   The r upt ur e di sc 
wi l l  pr ovi de vi sual  i ndi cat i on of  a r el ease whi l e 
al so pr ovi di ng i mmedi at e shut of f  once a saf e 
pr essur e i s achi eved.

Desi gner  wi l l  i ndi cat e on t he dr awi ngs t he l ocat i on 
of  each new r el i ef  val ve/ r upt ur e di sc assembl y as 
wel l  as t he r out i ng and si ze of  cor r espondi ng 
pr essur e- r el i ef  pi pi ng.   The r out i ng and si ze of  new 
pr essur e- r el i ef  pi pi ng wi l l  be per  ASHRAE 15.

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

The assembl y must  be a combi nat i on pr essur e r el i ef  val ve and r upt ur e di sc 
desi gned f or  r ef r i ger ant  usage.   The assembl y must  be i n accor dance wi t h 
ASME BPVC SEC VI I I  D1 and ANSI / ASHRAE 15 & 34.   The assembl y must  be 
pr ovi ded wi t h a pr essur e gauge assembl y whi ch wi l l  pr ovi de l ocal  
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i ndi cat i on i f  a r upt ur e di sc i s br oken.   Rupt ur e di sc must  be t he 
non- f r agment i ng t ype.

2. 7. 3   Ref r i ger ant  Si gns

Ref r i ger ant  s i gns must  be a medi um- wei ght  al umi num t ype wi t h a baked 
enamel  f i ni sh.   Si gns must  be sui t abl e f or  i ndoor  or  out door  ser vi ce.   
Si gns must  have a whi t e backgr ound wi t h r ed l et t er s not  l ess t han 13 mm 
0. 5 i nches i n hei ght .

2. 7. 3. 1   I nst al l at i on I dent i f i cat i on

Each new r ef r i ger at i ng syst em must  be pr ovi ded wi t h a r ef r i ger ant  s i gn 
whi ch i ndi cat es t he f ol l owi ng as a mi ni mum:

a.   Cont r act or ' s name.

b.   Ref r i ger ant  number  and amount  of  r ef r i ger ant .

c.   The l ubr i cant  i dent i t y and amount .

d.   Fi el d t est  pr essur e appl i ed.

2. 7. 3. 2   Cont r ol s and Pi pi ng I dent i f i cat i on

Ref r i ger ant  syst ems cont ai ni ng mor e t han 50 kg 110 l b of  r ef r i ger ant  must  
be pr ovi ded wi t h r ef r i ger ant  s i gns whi ch desi gnat e t he f ol l owi ng as a 
mi ni mum:

a.   Val ves or  swi t ches f or  cont r ol l i ng t he r ef r i ger ant  f l ow [ ,  t he 
vent i l at i on syst em, ]  and t he r ef r i ger ant  compr essor ( s) .

b.   Pr essur e l i mi t i ng devi ce( s) .

[ 2. 7. 4   Aut omat i c Tube Br ush Cl eani ng Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph unl ess speci f i cal l y 
r equi r ed by t he onsi t e st af f .

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

2. 7. 4. 1   Br ush and Basket  Set s

One br ush and basket  set  ( one br ush and t wo basket s)  must  be f ur ni shed f or  
each condenser  t ube.   Br ushes must  be made of  nyl on br i st l es,  wi t h 
t i t ani um wi r e.   Basket s must  be pol ypr opyl ene.

2. 7. 4. 2   Fl ow- Di ver t er  Val ve

Each syst em must  be equi pped wi t h one f l ow- di ver t er  val ve speci f i cal l y 
desi gned f or  t he aut omat i c t ube br ush cl eani ng syst em and have par al l el  
f l ow connect i ons.   The f l ow- di ver t er  val ve must  be desi gned f or  a wor ki ng 
pr essur e of  [ 1, 000] [ 1, 700] [ 2000]  kPa [ 150] [ 250] [ 300]  psi g.   End 
connect i ons must  be f l anged.   Each val ve must  be pr ovi ded wi t h an 
el ect r i cal l y oper at ed ai r  sol enoi d val ve and posi t i on i ndi cat or .

2. 7. 4. 3   Cont r ol  Panel

The cont r ol  panel  must  pr ovi de si gnal s t o t he di ver t er  val ve at  a pr eset  
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t i me i nt er val  t o r ever se wat er  f l ow t o dr i ve t he t ube br ushes down t he 
t ubes and t hen si gnal  t he val ve t o r ever se t he wat er  f l ow t o dr i ve t he 
br ushes back down t he t ubes t o t hei r  or i gi nal  posi t i on.   The cont r ol l er  
must  have t he f ol l owi ng f eat ur es as a mi ni mum:

a.   Ti mer  t o i ni t i at e t he on- l oad cl eani ng cycl e.

b.   Manual  over r i de of  pr eset  c l eani ng cycl e.

c.   Power - on i ndi cat or .

d.   Di ver t er - posi t i on i ndi cat or .

e.   Cl eani ng- cycl e- t i me adj ust ment

f .   Fl ow- swi t ch bypass.

] 2. 7. 5   Gasket s

Gasket s must  conf or m t o ASTM F104 -  c l assi f i cat i on f or  compr essed sheet  
wi t h ni t r i l e bi nder  and acr yl i c f i ber s f or  maxi mum 371 degr ees C 700 
degr ees F ser vi ce.

2. 7. 6   Bol t s and Nut s

Bol t s and nut s,  except  as r equi r ed f or  pi pi ng appl i cat i ons,  must  be i n 
accor dance wi t h ASTM A307.   The bol t  head must  be mar ked t o i dent i f y t he 
manuf act ur er  and t he st andar d wi t h whi ch t he bol t  compl i es i n accor dance 
wi t h ASTM A307.

2. 8   FABRI CATI ON

2. 8. 1   Fact or y Coat i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  equi pment  t o be i nst al l ed out door s,  
adequat e pr ot ect i on wi l l  be speci f i ed.   
Manuf act ur er s must  submi t  evi dence t hat  uni t  
speci men have passed t he speci f i ed sal t  spr ay f og 
t est .   A 125 hour  t est  wi l l  be speci f i ed i n a 
noncor r osi ve envi r onment  and a 500 hour  t est  wi l l  be 
speci f i ed i n a cor r osi ve envi r onment .

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

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and [ 125]  [ 500]  hour s exposur e 
t o t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um 
chl or i de sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men 
must  show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on 
and no si gn of  r ust  cr eepage beyond 3 mm 1/ 8 i nch on ei t her  s i de of  t he 
scr at ch mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed 
sheet  st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

2. 8. 2   Fact or y Appl i ed I nsul at i on

Chi l l er  must  be pr ovi ded wi t h f act or y i nst al l ed i nsul at i on on sur f aces 
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subj ect  t o sweat i ng i ncl udi ng t he wat er  cool er ,  suct i on l i ne pi pi ng,  
economi zer ,  and cool i ng l i nes.   I nsul at i on on heads of  cool er s may be 
f i el d appl i ed,  however  i t  must  be i nst al l ed t o pr ovi de easy r emoval  and 
r epl acement  of  heads wi t hout  damage t o t he i nsul at i on.   Wher e mot or s ar e 
t he gas- cool ed t ype,  f act or y i nst al l ed i nsul at i on must  be pr ovi ded on t he 
col d- gas i nl et  connect i on t o t he mot or  per  manuf act ur er ' s st andar d 
pr act i ce.   Fact or y i nsul at ed i t ems i nst al l ed out door s ar e not  r equi r ed t o 
be f i r e- r at ed.   As a mi ni mum,  f act or y i nsul at ed i t ems i nst al l ed i ndoor s 
must  have a f l ame spr ead i ndex no hi gher  t han 75 and a smoke devel oped 
i ndex no hi gher  t han 150.   Fact or y i nsul at ed i t ems ( no j acket )  i nst al l ed 
i ndoor s and whi ch ar e l ocat ed i n ai r  pl enums,  i n cei l i ng spaces,  and i n 
at t i c  spaces must  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke 
devel oped i ndex no hi gher  t han 50.   Fl ame spr ead and smoke devel oped 
i ndexes must  be det er mi ned by ASTM E84.   I nsul at i on must  be t est ed i n t he 
same densi t y and i nst al l ed t hi ckness as t he mat er i al  t o be used i n t he 
act ual  const r uct i on.   Mat er i al  suppl i ed by a manuf act ur er  wi t h a j acket  
must  be t est ed as a composi t e mat er i al .   Jacket s,  f aci ngs,  and adhesi ves 
must  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped 
i ndex no hi gher  t han 50 when t est ed i n accor dance wi t h ASTM E84.

[ 2. 8. 3   Coi l  Cor r osi on Pr ot ect i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Resear ch l ocal  condi t i ons t o det er mi ne t he 
cor r osi veness of  t he envi r onment .   Wher e condenser  
or  evapor at or  coi l s ar e exposed t o cor r osi ve 
at mospher es such as sea coast  appl i cat i ons,  
car ef ul l y consi der  t he coi l  and f i n combi nat i ons 
speci f i ed.   St andar d coi l  const r uct i on i s t ypi cal l y 
copper  t ubes wi t h al umi num f i ns.   For  mor e cor r osi ve 
envi r onment s,  ei t her  copper  t ubes wi t h copper  f i ns 
or  al umi num t ubes wi t h al umi num f i ns shoul d be 
consi der ed.

For  maxi mum coi l  pr ot ect i on,  i ncl ude t he 
r equi r ement s of  t hi s par agr aph.   Thi s par agr aph 
addr esses phenol i c,  v i nyl ,  and epoxy t ype coat i ngs.   
For  coi l s wi t h r el at i vel y c l ose f i n spaci ng t he 
phenol i c or  epoxy coat i ng ar e t he pr ef er r ed t ypes as 
t hese have l ess t endency t o br i dge acr oss t he f i ns 
t han vi nyl .   I n addi t i on,  t he phenol i c and epoxy 
t ype coat i ngs can t ypi cal l y pr ovi de bet t er  t her mal  
conduct i v i t y t han vi nyl .

I f  coat i ngs ar e speci f i ed,  not e t hat  a coi l ' s  heat  
t r ansf er  capaci t y can be r educed anywher e bet ween 1 
t o 5 per cent ;  t ot al  uni t  capaci t y may have t o be 
i ncr eased as a r esul t .   Pr ovi de coi l  coat i ngs wi t h 
3, 000 hour  sal t  spr ay compl i ance f or  sea coast  
i nst al l at i ons.

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

[ Pr ovi de coi l  wi t h a uni f or ml y appl i ed [ epoxy el ect r odeposi t i on]  [ phenol i c]  
[ v i nyl ]  t ype coat i ng t o al l  coi l  sur f ace ar eas wi t hout  mat er i al  br i dgi ng 
bet ween f i ns.   Submi t  pr oduct  dat a on t he t ype coat i ng sel ect ed,  t he 
coat i ng t hi ckness,  t he appl i cat i on pr ocess used,  t he est i mat ed heat  
t r ansf er  l oss of  t he coi l ,  and ver i f i cat i on of  conf or mance wi t h t he sal t  
spr ay t est  r equi r ement .   Coat i ng must  be appl i ed at  ei t her  t he coi l  or  
coat i ng manuf act ur er ' s f act or y.   Coat i ng pr ocess must  ensur e compl et e coi l  
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encapsul at i on.   Coat i ng must  be capabl e of  wi t hst andi ng a mi ni mum 
[ 1, 000] [ 3, 000]  hour s exposur e t o t he sal t  spr ay t est  speci f i ed i n ASTM B117
 usi ng a 5 per cent  sodi um chl or i de sol ut i on.

] ] 2. 9   FACTORY TESTS

2. 9. 1   Chi l l er  Per f or mance Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cur r ent l y,  most  chi l l er  manuf act ur er s do not  
have t he abi l i t y  t o f act or y per f or mance t est  
anyt hi ng ot her  t han wat er - cool ed chi l l er s 
( cent r i f ugal  or  r ot ar y scr ew)  whi ch have f l ooded 
evapor at or s.   I n addi t i on,  most  t est i ng f aci l i t i es 
ar e onl y set up t o t est  chi l l er s 300 t ons or  l ar ger  
i n capaci t y.   The abi l i t y  t o per f or mance t est  smal l  
DX syst ems ( wat er -  or  ai r - cool ed)  i s al most  
non- exi st ent .

Chi l l er  per f or mance t est i ng i s a ver y expensi ve 
r equi r ement  and shoul d be car ef ul l y eval uat ed bef or e 
i ncl udi ng i t  i nt o a j ob speci f i cat i on.   The AHRI  
cer t i f i cat i on pr ogr am has gone a l ong way i n r ecent  
year s of  assur i ng chi l l er  per f or mance as speci f i ed.   
The need f or  a per f or mance t est  wi l l  be eval uat ed 
agai nst  t he cust omer ' s r equi r ement s and t he 
cr i t i cal i t y of  t he i nst al l at i on.   When a chi l l er  
per f or mance t est  i s  not  r equi r ed,  ensur e t hat  
par agr aph SUBMI TTALS i s edi t ed t o r emove t he 
r equi r ement s f or  f act or y t est s i n SD- 03 and SD- 06.

I f  a per f or mance t est  i s  deemed necessar y t o assur e 
t hat  t he capaci t y and ef f i c i enci es speci f i ed wi l l  be 
met ,  t hen i ncl ude t hi s par agr aph.   Test i ng shoul d 
onl y be speci f i ed on wat er - cool ed chi l l er s bet ween 
1054 and 5622 kW 300 and 1600 t ons.   Test s may be 
speci f i ed f or  smal l er  chi l l er s i n cr i t i cal  
appl i cat i ons wher e t he t est s ar e f el t  j ust i f i ed,  
however ,  t he desi gner  must  det er mi ne i n t he desi gn 
st age i f  such t est s ar e avai l abl e.   I n no case 
shoul d a t est  be r equi r ed on mor e t han one uni t  of  
mul t i pl e,  i dent i cal  capaci t i es.

The AHRI  t est i ng of  chi l l er s al l ows a devi at i on t o 
chi l l er  capaci t y of  up t o 5 per cent  at  f ul l  l oad.   
Load cal cul at i ons shoul d consi der  t hi s t ol er ance.

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

The Cont r act or  and pr oposed chi l l er  manuf act ur er  must  be r esponsi bl e f or  
per f or mi ng t he chi l l er  f act or y t est  t o val i dat e t he speci f i ed f ul l  l oad 
capaci t y,  f ul l  l oad EER,  and [ I PLV]  [ NPLV]  i n accor dance wi t h 
AHRI  550/ 590 I - P except  as i ndi cat ed.   The Cont r act or  and chi l l er  
manuf act ur er  must  pr ovi de t o t he Gover nment  a cer t i f i ed chi l l er  f act or y 
t est  r epor t  i n accor dance wi t h AHRI  550/ 590 I - P t o conf i r m t hat  t he 
chi l l er  per f or ms as speci f i ed.   Test s must  be conduct ed i n an AHRI  
cer t i f i ed t est  f aci l i t y  i n conf or mance wi t h AHRI  550/ 590 I - P pr ocedur es 
and t ol er ances,  except  as i ndi cat ed.   At  a mi ni mum,  chi l l er  capaci t y must  
be val i dat ed t o meet  t he schedul ed r equi r ement s i ndi cat ed on t he 
dr awi ngs.   Tol er ance or  devi at i on must  be i n st r i ct  accor dance wi t h 
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AHRI  550/ 590 I - P.   St abl e oper at i on at  mi ni mum l oad of  [ 10]  [ _____]  
per cent  of  t ot al  capaci t y must  be demonst r at ed dur i ng t he f act or y t est .

2. 9. 1. 1   Temper at ur e Adj ust ment s

Temper at ur e adj ust ment s must  adher e t o AHRI  550/ 590 I - P t o adj ust  f r om t he 
desi gn f oul i ng f act or  t o t he c l ean t ube condi t i on.   Test  t emper at ur e 
adj ust ment s must  be ver i f i ed pr i or  t o t est i ng by t he manuf act ur er .   Ther e 
must  be no except i ons t o conduct i ng t he t est  wi t h c l ean t ubes wi t h t he 
t emper at ur e adj ust ment s per  AHRI  550/ 590 I - P.   The manuf act ur er  must  c l ean 
t he t ubes pr i or  t o t est i ng t o obt ai n a t est  f oul i ng f act or  of  0. 0000.

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

The f act or y t est  i nst r ument at i on must  be per  AHRI  550/ 590 I - P and t he 
cal i br at i on must  be t r aceabl e t o t he Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy.

2. 9. 1. 3   Equi pment  Adj ust ment s

I f  t he equi pment  f ai l s  t o per f or m wi t hi n al l owabl e t ol er ances,  t he 
manuf act ur er  must  be al l owed t o make necessar y r evi s i ons t o hi s equi pment  
and r et est  as r equi r ed.   [ The manuf act ur er  must  assume al l  expenses 
i ncur r ed by t he Gover nment  t o wi t ness t he r et est . ]

[ 2. 9. 2   Chi l l er  Sound Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Requi r e f act or y sound t est s f or  chi l l er  
appl i cat i ons wher e sound l evel s ar e a cr i t i cal  
i ssue.   Typi cal l y,  f act or y sound t est s ar e onl y 
per f or med on l ar ge cent r i f ugal  and r ot ar y scr ew 
machi nes.   As a mi ni mum i f  a f act or y sound t est  i s  
not  deemed necessar y,  i ndi cat e t he maxi mum al l owabl e 
sound l evel  r equi r ement s f or  al l  appl i cabl e chi l l er  
component s on t he dr awi ngs.

I n t he par agr aph bel ow,  sel ect  85 deci bel s i f  
mi l i t ar y per sonnel  ( 90 deci bel s f or  c i v i l i an 
per sonnel )  wi l l  oper at e t he equi pment  wi t hout  
hear i ng pr ot ect i on.   Ot her  deci bel  r equi r ement s may 
be speci f i ed i f  hear i ng pr ot ect i on i s pr ovi ded.

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

Chi l l er s must  be sound t est ed at  t he f act or y pr i or  t o shi pment  t o conf i r m 
t he sound pr essur e l evel  speci f i ed her ei n.   Test s and dat a must  be 
conduct ed and measur ed i n st r i ct  accor dance wi t h AHRI  575 at  t he f ul l  l oad 
syst em oper at i ng condi t i ons.   The chi l l er  sound pr essur e l evel ,  i n 
deci bel s ( dB) ,  wi t h a r ef er ence pr essur e of  20 mi cr opascal s,  must  not  
exceed [ 85]  [ 90]  [ _____]  dB,  A wei ght ed.   Rat i ngs must  be i n accor dance 
wi t h AHRI  575.   No r educt i on of  ent er i ng condenser  wat er  t emper at ur e or  
r ai s i ng of  l eavi ng chi l l ed wat er  t emper at ur e wi l l  be al l owed.   A mi ni mum 
of  75 per cent  of  t he sound dat a poi nt s must  be t aken al ong t he l engt h of  
t he machi ne,  and est abl i shed as t he mi ni mum per cent age of  t ot al  possi bl e 
poi nt s used t o det er mi ne sound l evel s.   I n t he event  t hat  t he chi l l er  does 
not  meet  t he dBA sound pr essur e l evel ,  t he manuf act ur er  must ,  at  hi s 
expense,  pr ovi de suf f i c i ent  at t enuat i on t o t he machi ne t o meet  t he 
speci f i ed val ue.   Thi s at t enuat i on must  be appl i ed i n such a manner  t hat  
i t  does not  hi nder  t he oper at i on or  r out i ne mai nt enance pr ocedur es of  t he 
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chi l l er .   The at t enuat i on mat er i al ,  adhesi ves,  coat i ngs,  and ot her  
accessor i es must  have sur f ace bur ni ng char act er i st i cs as det er mi ned by 
ASTM E84.

] 2. 10   SUPPLEMENTAL COMPONENTS/ SERVI CES

2. 10. 1   Chi l l ed and Condenser  Wat er  Pi pi ng and Accessor i es

Chi l l ed and condenser  wat er  pi pi ng and accessor i es must  be pr ovi ded and 
i nst al l ed i n accor dance wi t h Sect i on 23 64 26 CHI LLED,  CHI LLED- HOT,  AND 
CONDENSER WATER PI PI NG SYSTEMS.

2. 10. 2   Ref r i ger ant  Pi pi ng

Ref r i ger ant  pi pi ng f or  spl i t - syst em wat er  chi l l er s must  be pr ovi ded and 
i nst al l ed i n accor dance wi t h Sect i on 23 23 00 REFRI GERANT PI PI NG.

2. 10. 3   Cool i ng Tower

Cool i ng t ower s must  be pr ovi ded and i nst al l ed i n accor dance wi t h Sect i on 
23 65 00 COOLI NG TOWERS AND REMOTE EVAPORATI VELY- COOLED CONDENSERS.

2. 10. 4   Temper at ur e Cont r ol s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Modi f y t hi s par agr aph as r equi r ed t o 
coor di nat e t he cent r al  equi pment  cont r ol s wi t h t he 
ai r - s i de syst em cont r ol s.   I n pr oj ect s wher e t hi s 
sect i on of  t he speci f i cat i ons i s i nt ended t o pr oduce 
cont r ol  equi pment  f or  exi st i ng ai r - s i de syst ems,  
t hi s par agr aph wi l l  be r ewr i t t en t o secur e cont r ol s 
t o mat ch exi st i ng cont r ol s and t o pr oper l y i nt egr at e 
t he speci f i ed cont r ol s i nt o t he exi st i ng t emper at ur e 
cont r ol  syst em.

A sequence of  cont r ol ,  a schemat i c of  cont r ol s,  and 
a l adder  di agr am shoul d be i ncl uded on t he dr awi ngs 
f or  each maj or  syst em component  such as cool i ng 
t ower  f an,  chi l l ed wat er  pump,  condenser  wat er  pump,  
i n or der  t o def i ne t he over al l  syst em oper at i on.

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

Chi l l er  cont r ol  packages must  be f ul l y coor di nat ed wi t h and i nt egr at ed 
[ i nt o t he t emper at ur e cont r ol  syst em i ndi cat ed i n Sect i on 23 30 00 HVAC 
AI R DI STRI BUTI ON and [ Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR 
HVAC]  and [ Sect i on 23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS]  [ or ]  [ Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] ]  [ i nt o 
t he exi st i ng ai r - condi t i oni ng syst em] .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l at i on of  wat er  chi l l er  syst ems i ncl udi ng 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 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,  i ncl udi ng t he f ol l owi ng:
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[ ( 1)  Wat er  chi l l er  -  i nst al l at i on i nst r uct i ons

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

Pr ovi de manuf act ur er ' s st andar d cat al og dat a,  at  l east  [ 5]  [ _____]  weeks 
pr i or  t o t he pur chase or  i nst al l at i on of  a par t i cul ar  component ,  
hi ghl i ght ed t o show f eat ur es such as mat er i al s,  di mensi ons,  opt i ons,  
per f or mance and ef f i c i ency.   Dat a must  i ncl ude manuf act ur er ' s r ecommended 
i nst al l at i on i nst r uct i ons and pr ocedur es.   Dat a must  be adequat e t o 
demonst r at e compl i ance wi t h cont r act  r equi r ement s.

3. 1. 2   Vi br at i on I sol at i on

I f  v i br at i on i sol at i on i s speci f i ed f or  a uni t ,  v i br at i on i sol at or  
l i t er at ur e must  be i ncl uded cont ai ni ng cat al og cut s and cer t i f i cat i on t hat  
t he i sol at i on char act er i st i cs of  t he i sol at or s pr ovi ded meet  t he 
manuf act ur er ' s r ecommendat i ons.

3. 1. 3   Post ed I nst r uct i ons

Pr ovi de post ed i nst r uct i ons,  i ncl udi ng equi pment  l ayout ,  wi r i ng and 
cont r ol  di agr ams,  pi pi ng,  val ves and cont r ol  sequences,  and t yped 
condensed oper at i on i nst r uct i ons.   The condensed oper at i on i nst r uct i ons 
must  i ncl ude pr event at i ve mai nt enance pr ocedur es,  met hods of  checki ng t he 
syst em f or  nor mal  and saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng 
and st oppi ng t he syst em.   The post ed i nst r uct i ons must  be f r amed under  
gl ass or  l ami nat ed pl ast i c and be post ed wher e i ndi cat ed by t he 
Cont r act i ng Of f i cer .

3. 1. 4   Ver i f i cat i on of  Di mensi ons

Pr ovi de a l et t er  i ncl udi ng t he dat e t he s i t e was vi s i t ed,  conf or mat i on of  
exi st i ng condi t i ons,  and any di scr epanci es f ound.

3. 1. 5   Syst em Per f or mance Test  Schedul es

Pr ovi de a schedul e,  at  l east  [ 2]  [ _____]  weeks pr i or  t o t he st ar t  of  
r el at ed t est i ng,  f or  t he syst em per f or mance t est s.   The schedul es must  
i dent i f y t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .

3. 1. 6   Cer t i f i cat es

Wher e t he syst em,  component s,  or  equi pment  ar e speci f i ed t o compl y wi t h 
r equi r ement s of  AGA,  NFPA,  ARI ,  ASHRAE,  ASME,  or  UL,  pr oof  of  such 
compl i ance must  be pr ovi ded.   The l abel  or  l i s t i ng of  t he speci f i ed agency 
must  be accept abl e evi dence.   I n l i eu of  t he l abel  or  l i s t i ng,  a wr i t t en 
cer t i f i cat e f r om an appr oved,  nat i onal l y r ecogni zed t est i ng or gani zat i on 
equi pped t o per f or m such ser vi ces,  st at i ng t hat  t he i t ems have been t est ed 
and conf or m t o t he r equi r ement s and t est i ng met hods of  t he speci f i ed 
agency may be submi t t ed.   When per f or mance r equi r ement s of  t hi s pr oj ect ' s 
dr awi ngs and speci f i cat i ons var y f r om st andar d ARI  r at i ng condi t i ons,  
comput er  pr i nt out s,  cat al og,  or  ot her  appl i cat i on dat a cer t i f i ed by ARI  or  
a nat i onal l y r ecogni zed l abor at or y as descr i bed above must  be i ncl uded.   
I f  ARI  does not  have a cur r ent  cer t i f i cat i on pr ogr am t hat  encompasses such 
appl i cat i on dat a,  t he manuf act ur er  may sel f  cer t i f y t hat  hi s appl i cat i on 
dat a compl i es wi t h pr oj ect  per f or mance r equi r ement s i n accor dance wi t h t he 
speci f i ed t est  st andar ds.
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3. 1. 7   Oper at i on and Mai nt enance Manual s

Pr ovi de [ Si x]  [ _____]  compl et e copi es of  an oper at i on manual  i n bound 216 
by 279 mm 8 1/ 2 by 11 i nch bookl et s l i s t i ng st ep- by- st ep pr ocedur es 
r equi r ed f or  syst em st ar t up,  oper at i on,  abnor mal  shut down,  emer gency 
shut down,  and nor mal  shut down at  l east  [ 4]  [ _____]  weeks pr i or  t o t he 
f i r st  t r ai ni ng cour se.   The bookl et s must  i ncl ude t he manuf act ur er ' s name,  
model  number ,  and par t s l i s t .   The manual s must  i ncl ude t he manuf act ur er ' s 
name,  model  number ,  ser vi ce manual ,  and a br i ef  descr i pt i on of  al l  
equi pment  and t hei r  basi c oper at i ng f eat ur es.   [ Si x]  [ _____]  compl et e 
copi es of  mai nt enance manual  i n bound 216 by 279 8 1/ 2 by 11 i nch bookl et s 
l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns and r epai r s,  
and a t r oubl e shoot i ng gui de.   The manual s must  i ncl ude pi pi ng and 
equi pment  l ayout s and si mpl i f i ed wi r i ng and cont r ol  di agr ams of  t he syst em 
as i nst al l ed.

3. 1. 8   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.   Fur ni sh 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.   Fur ni sh l abor  and t ool s f or  maki ng 
act ual  connect i ons t o exi st i ng syst ems.

3. 1. 9   Ref r i ger at i on Syst em

3. 1. 9. 1   Equi pment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det er mi ne i n t he i ni t i al  st ages of  desi gn t he 
appr oxi mat e di st ances r equi r ed f or  mai nt enance 
cl ear ances of  al l  new equi pment .   The mai nt enance 
cl ear ances wi l l  be used i n det er mi ni ng t he f i nal  
l ayout  of  t he equi pment .

For  i nst al l at i ons wher e noi se and vi br at i on 
t r ansmi ssi on t o t he bui l di ng must  be r educed,  t he 
maxi mum t ol er abl e t r ansmi ssi bi l i t y ,  i n per cent ,  
shoul d be det er mi ned and t he bl ank f i l l ed i n wi t h 
t he appr opr i at e val ue.   When i t  i s  not  necessar y t o 
speci f y t he per cent  of  t r ansmi ssi bi l i t y ,  t he i t em i n 
t he br acket s wi l l  be del et ed and br acket s r emoved.   
Recommended t r ansmi ssi bi l i t y  i n per cent ages ar e:   10 
per cent  f or  equi pment  mount ed i n ver y cr i t i cal  
ar eas;  10 t o 20 per cent  f or  cr i t i cal  ar eas;  and 20 
t o 40 per cent  f or  noncr i t i cal  ar eas.   The dr awi ngs 
shoul d be checked t o ensur e t hat  al l  st r uct ur al  and 
equi pment  connect i on f act or s and t he condi t i ons 
sur r oundi ng t he equi pment  t o be pr ovi ded wi t h t he 
v i br at i on i sol at i on uni t s f avor abl y i nf l uence t he 
ef f ect i veness of  t he i sol at or s.   Wher e many i t ems of  
equi pment  r equi r e di f f er ent  t r ansmi ssi on val ues,  
based on t he equi pment  l ocat i on,  t he speci f i cat i on 
may be r evi sed t o i ndi cat e t he appr opr i at e val ues on 
t he dr awi ngs.

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

Ref r i ger at i on equi pment  and t he i nst al l at i on t her eof  must  conf or m t o 
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ANSI / ASHRAE 15 & 34.   Necessar y suppor t s must  be pr ovi ded f or  al l  
equi pment ,  appur t enances,  and pi pe as r equi r ed,  i ncl udi ng f r ames or  
suppor t s f or  compr essor s,  pumps,  cool i ng t ower s,  condenser s,  wat er  
cool er s,  and si mi l ar  i t ems.   Compr essor s must  be i sol at ed f r om t he 
bui l di ng st r uct ur e.   I f  mechani cal  v i br at i on i sol at or s ar e not  pr ovi ded,  
v i br at i on absor bi ng f oundat i ons must  be pr ovi ded.   Each f oundat i on must  
i ncl ude i sol at i on uni t s consi st i ng of  machi ne and f l oor  or  f oundat i on 
f ast eni ngs,  t oget her  wi t h i nt er medi at e i sol at i on mat er i al .   Ot her  
f l oor - mount ed equi pment  must  be set  on not  l ess t han a 150 mm 6 i nch 
concr et e pad dowel ed i n pl ace.   Concr et e f oundat i ons f or  f l oor  mount ed 
pumps must  have a mass equi val ent  t o t hr ee t i mes t he wei ght  of  t he 
component s,  pump,  base pl at e,  and mot or  t o be suppor t ed.   I n l i eu of  
concr et e pad f oundat i on,  concr et e pedest al  bl ock wi t h i sol at or s pl aced 
bet ween t he pedest al  bl ock and t he f l oor  may be pr ovi ded.   Concr et e 
pedest al  bl ock must  be of  mass not  l ess t han t hr ee t i mes t he combi ned 
pump,  mot or ,  and base wei ght s.   I sol at or s must  be sel ect ed and si zed based 
on l oad- bear i ng r equi r ement s and t he l owest  f r equency of  v i br at i on t o be 
i sol at ed.   I sol at or s must  l i mi t  v i br at i on t o [ _____]  per cent  at  l owest  
equi pment  r pm.   Li nes connect ed t o pumps mount ed on pedest al  bl ocks must  
be pr ovi ded wi t h f l exi bl e connect or s.   Foundat i on dr awi ngs,  bol t - set t i ng 
i nf or mat i on,  and f oundat i on bol t s must  be f ur ni shed pr i or  t o concr et e 
f oundat i on const r uct i on f or  al l  equi pment  i ndi cat ed or  r equi r ed t o have 
concr et e f oundat i ons.   Concr et e f or  f oundat i ons must  be as speci f i ed i n 
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   Equi pment  must  be pr oper l y 
l evel ed,  al i gned,  and secur ed i n pl ace i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.

3. 1. 9. 2   Fi el d Ref r i ger ant  Char gi ng

a.   I ni t i al  Char ge:   Upon compl et i on of  al l  t he r ef r i ger ant  pi pe t est s,  
t he vacuum on t he syst em must  be br oken by addi ng t he r equi r ed char ge 
of  dr y r ef r i ger ant  f or  whi ch t he syst em i s desi gned,  i n accor dance 
wi t h t he manuf act ur er ' s r ecommendat i ons.   Cont r act or  must  pr ovi de t he 
compl et e char ge of  r ef r i ger ant  i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.   Upon sat i sf act or y compl et i on of  t he syst em 
per f or mance t est s,  any r ef r i ger ant  t hat  has been l ost  f r om t he syst em 
must  be r epl aced.   Af t er  t he syst em i s f ul l y  oper at i onal ,  ser vi ce 
val ve seal  caps and bl anks over  gauge poi nt s must  be i nst al l ed and 
t i ght ened.

b.   Ref r i ger ant  Leakage:   I f  a r ef r i ger ant  l eak i s di scover ed af t er  t he 
syst em has been char ged,  t he l eaki ng por t i on of  t he syst em must  
i mmedi at el y be i sol at ed f r om t he r emai nder  of  t he syst em and t he 
r ef r i ger ant  must  be pumped i nt o t he syst em r ecei ver  or  ot her  sui t abl e 
cont ai ner .   The r ef r i ger ant  must  not  be di schar ged i nt o t he at mospher e.

c.   Cont r act or ' s Responsi bi l i t y :   The Cont r act or  must ,  at  al l  t i mes dur i ng 
t he i nst al l at i on and t est i ng of  t he r ef r i ger at i on syst em,  t ake st eps 
t o pr event  t he r el ease of  r ef r i ger ant s i nt o t he at mospher e.   The st eps 
must  i ncl ude,  but  not  be l i mi t ed t o,  pr ocedur es whi ch wi l l  mi ni mi ze 
t he r el ease of  r ef r i ger ant s t o t he at mospher e and t he use of  
r ef r i ger ant  r ecover y devi ces t o r emove r ef r i ger ant  f r om t he syst em and 
st or e t he r ef r i ger ant  f or  r euse or  r ecl ai m.   At  no t i me must  mor e t han 
85 g 3 ounces of  r ef r i ger ant  be r el eased t o t he at mospher e i n any one 
occur r ence.   Any syst em l eaks wi t hi n t he f i r st  year  must  be r epai r ed 
i n accor dance wi t h t he speci f i ed r equi r ement s i ncl udi ng mat er i al ,  
l abor ,  and r ef r i ger ant  i f  t he l eak i s t he r esul t  of  def ect i ve 
equi pment ,  mat er i al ,  or  i nst al l at i on.
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3. 1. 9. 3   Oi l  Char gi ng

Except  f or  f act or y seal ed uni t s,  t wo compl et e char ges of  l ubr i cat i ng oi l  
f or  each compr essor  cr ankcase must  be f ur ni shed.   One char ge must  be used 
dur i ng t he per f or mance t est i ng per i od,  and upon t he sat i sf act or y 
compl et i on of  t he t est s,  t he oi l  must  be dr ai ned and r epl aced wi t h t he 
second char ge.

3. 1. 10   Mechani cal  Room Vent i l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
For  mechani cal  r ooms whi ch ar e i nt ended t o house 
r ef r i ger at i on equi pment ,  desi gner s wi l l  use ASHRAE 
15 t o det er mi ne appl i cabl e desi gn cr i t er i a.   Del et e 
t hi s par agr aph i f  a mechani cal  r oom i s not  
appl i cabl e t o t he desi gn.

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

Mechani cal  vent i l at i on syst ems must  be i n accor dance wi t h Sect i on 23 30 00 
HVAC AI R DI STRI BUTI ON.

3. 1. 11   Fi el d Appl i ed I nsul at i on

Fi el d i nst al l ed i nsul at i on must  be as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as def i ned di f f er ent l y 
her ei n.

3. 1. 12   Fi el d Pai nt i ng

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed,  and f i ni sh 
pai nt i ng of  i t ems onl y pr i med at  t he f act or y ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 2   FACTORY TEST SCHEDULI NG AND REPORTS

Pr ovi de schedul es whi ch i dent i f y t he dat e,  t i me,  and l ocat i on f or  each 
t est .   Schedul es must  be submi t t ed f or  t he Chi l l er  Per f or mance Test s [ and 
t he Chi l l er  Sound Test ] . [   The Chi l l er  Per f or mance Test  schedul e must  al so 
al l ow t he wi t nessi ng of  t he t est  by a Gover nment  Repr esent at i ve. ]

[ Si x]  [ _____]  copi es of  t he cer t i f i ed t est  r epor t  must  be f or war ded t o t he 
Gover nment  f or  appr oval  pr i or  t o pr oj ect  accept ance.   Cal i br at i on cur ves 
and i nf or mat i on sheet s f or  al l  i nst r ument at i on must  be i ncl uded.   Pr ovi de 
copi es i n bound 216 by 279 mm 8 1/ 2 by 11 i nch bookl et s.   Repor t s must  
cer t i f y t he compl i ance wi t h per f or mance r equi r ement s and f ol l ow t he f or mat  
of  t he r equi r ed t est i ng st andar d f or  t he Chi l l er  Per f or mance Test s [ and 
t he Chi l l er  Sound Test s] .   Test  r epor t  must  i ncl ude cer t i f i ed cal i br at i on 
r epor t  of  al l  t est  i nst r ument at i on.   Cal i br at i on r epor t  must  i ncl ude 
cer t i f i cat i on t hat  al l  t est  i nst r ument at i on has been cal i br at ed wi t hi n 6 
mont hs pr i or  t o t he t est  dat e,  i dent i f i cat i on of  al l  i nst r ument at i on,  and 
cer t i f i cat i on t hat  al l  i nst r ument at i on compl i es wi t h r equi r ement s of  t he 
t est  st andar d.   Test  r epor t  must  be submi t t ed [ 1]  [ _____]  week af t er  
compl et i on of  t he f act or y t est .

3. 3   MANUFACTURER' S FI ELD SERVI CE

The ser vi ces of  a f act or y- t r ai ned r epr esent at i ve must  be pr ovi ded f or  
[ _____]  days.   The r epr esent at i ve must  advi se on t he f ol l owi ng:
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a.   Her met i c machi nes:

( 1)  Test i ng her met i c wat er - chi l l i ng uni t  under  pr essur e f or  
r ef r i ger ant  l eaks;  evacuat i on and dehydr at i on of  machi ne t o an 
absol ut e pr essur e of  not  over  300 mi cr omet er s.

( 2)  Char gi ng t he machi ne wi t h r ef r i ger ant .

( 3)  St ar t i ng t he machi ne.

b.   Open Machi nes:

( 1)  Er ect i on,  al i gnment ,  t est i ng,  and dehydr at i ng.

( 2)  Char gi ng t he machi ne wi t h r ef r i ger ant .

( 3)  St ar t i ng t he machi ne.

3. 4   CLEANI NG AND ADJUSTI NG

Equi pment  must  be wi ped cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  
pai nt  spot s r emoved.   Pr ovi de t empor ar y f i l t er s f or  al l  f ans t hat  ar e 
oper at ed dur i ng const r uct i on.   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 and i nst al l ed.   Syst em must  be 
mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Bear i ngs must  
be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by t he 
manuf act ur er .   Bel t s must  be t i ght ened t o pr oper  t ensi on.   Cont r ol  val ves 
and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  must  be adj ust ed t o 
set t i ng i ndi cat ed or  di r ect ed.   Fans must  be adj ust ed t o t he speed 
i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed condi t i ons.   At  l east  one 
week bef or e t he of f i c i al  equi pment  war r ant y st ar t  dat e,  al l  condenser  
coi l s on ai r - cool ed wat er  chi l l er s and spl i t - syst em wat er  chi l l er s must  be 
cl eaned i n accor dance wi t h t he chi l l er  manuf act ur er ' s i nst r uct i ons.   Thi s 
wor k cover s t wo coi l  c l eani ngs.   The condenser  coi l s must  be cl eaned wi t h 
an appr oved coi l  c l eaner  by a ser vi ce t echni c i an,  f act or y t r ai ned by t he 
chi l l er  manuf act ur er .   The condenser  coi l  c l eaner  must  not  have any 
det r i ment al  af f ect  on t he mat er i al s or  pr ot ect i ve coat i ngs on t he 
condenser  coi l s.   Test i ng,  adj ust i ng,  and bal anci ng must  be as speci f i ed 
i n Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC.

3. 5   FI ELD ACCEPTANCE TESTI NG

3. 5. 1   Test  Pl ans

a.   Manuf act ur er ' s Test  Pl ans:   Wi t hi n [ 120] [ _____]  cal endar  days af t er  
cont r act  awar d,  submi t  t he f ol l owi ng pl ans:

[ ( 1)  Wat er  chi l l er  -  Fi el d Accept ance Test  Pl an

] Fi el d accept ance t est  pl ans must  be devel oped by t he chi l l er  
manuf act ur er  det ai l i ng r ecommended f i el d t est  pr ocedur es f or  t hat  
par t i cul ar  t ype and si ze of  equi pment .   Fi el d accept ance 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 equi pment ,  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 
accept ance t est  pl an f or  each of  t he l i s t ed equi pment  pr i or  t o 
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commencement  of  f i el d t est i ng of  t he equi pment .   The appr oved 
f i el d accept ance t est s of  t he chi l l er  and subsequent  t est  
r epor t i ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n t he par agr aph bel ow,  speci f i cat i on Sect i on 
23 09 53. 00 20 SPACE TEMPERATURE CONTROL SYSTEMS ar e 
f or  Navy pr oj ect s onl y.

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

b.   Coor di nat ed t est i ng:   I ndi cat e i n each f i el d accept ance 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.   Fur ni sh 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  t ower  syst em 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 or  t he equi pment  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] [ Sect i on 23 09 23. 01 
LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL 
SYSTEMS]  [ or ]  [ Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] .

c.   Pr er equi s i t e t est i ng:   Chi l l er s 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 accept ance t est  pl an when such pr er equi s i t e 
wor k i s r equi r ed.

d.   Test  pr ocedur e:   I ndi cat e i n each f i el d accept ance t est  pl an each 
equi pment  manuf act ur er s publ i shed i nst al l at i on,  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 .

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.   
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 .

Cont r ol l er  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 .

e.   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 var i abl es per f or mance r equi r ement s i ndi cat ed 
on t he equi pment  schedul es on t he desi gn dr awi ngs.   Chi l l er  
manuf act ur er  must  f ur ni sh 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.

Chi l l er  manuf act ur er  must  i dent i f y t he accept abl e l i mi t s or  
t ol er ance 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.

f .   Job speci f i c :   Each t est  pl an must  be j ob speci f i c  and must  addr ess 
t he par t i cul ar  cool i ng t ower s and par t i cul ar  condi t i ons whi ch exi st  i n 
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  
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accept abl e.

g.   Speci al i zed component s:   Each t est  pl an must  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. 5. 2   Test i ng

a.   Each wat er  chi l l er  syst em must  be f i el d accept ance t est ed i n 
compl i ance wi t h i t s appr oved f i el d accept ance t est  pl an and t he 
r esul t i ng f ol l owi ng f i el d accept ance t est  r epor t  submi t t ed f or  
appr oval :

[ ( 1)  Wat er  chi l l er  -  Fi el d Accept ance Test  Repor t

] b.   Manuf act ur er ' s r ecommended t est i ng:   Conduct  t he manuf act ur er ' s 
r ecommended f i el d t est i ng i n compl i ance wi t h t he appr oved t est  pl an.   
Fur ni sh a f act or y t r ai ned f i el d r epr esent at i ve aut hor i zed by and t o 
r epr esent  t he equi pment  manuf act ur er  at  t he compl et e execut i on of  t he 
f i el d accept ance t est i ng.

c.   Oper at i onal  t est :   Conduct  a cont i nuous 24 hour  oper at i onal  t est  f or  
each i t em of  equi pment .   Equi pment  shut down bef or e t he 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.   For  t he dur at i on of  t he t est  per i od,  
compi l e an oper at i onal  l og of  each i t em of  equi pment .   Log r equi r ed 
ent r i es ever y t wo hour s.   Use t he t est  r epor t  f or ms f or  l oggi ng t he 
oper at i onal  var i abl es.

d.   Not i ce of  t est s:   Conduct  t he manuf act ur er ' s r ecommended t est s and t he 
oper at i onal  t est s;  r ecor d t he r equi r ed dat a usi ng t he appr oved 
r epor t i ng f or ms.   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 t est i ng.   Wi t hi n 30 cal endar  days af t er  
accept abl e compl et i on of  t est i ng,  submi t  each t est  r epor t  f or  r evi ew 
and appr oval .

e.   Repor t  f or ms:   Type dat a ent r i es and wr i t i ng on t he t est  r epor t  
f or ms.   Compl et ed t est  r epor t  f or ms f or  each i t em of  equi pment  must  be 
r evi ewed,  appr oved,  and si gned by t he Cont r act or ' s t est  di r ect or .   The 
manuf act ur er ' s f i el d t est  r epr esent at i ve must  r evi ew,  appr ove,  and 
si gn t he r epor t  of  t he manuf act ur er ' s r ecommended t est .   Si gnat ur es 
must  be accompani ed by t he per son' s name t yped.

f .   Def i c i ency r esol ut i on:   The t est  r equi r ement s 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 
r et est ed i n or der  t o ver i f y compl i ance.

3. 6   SYSTEM PERFORMANCE TESTS

[ Si x]  [ _____]  copi es of  t he r epor t  must  be pr ovi ded i n bound 216 by 279 mm 
8 1/ 2 by 11 i nch bookl et s.

3. 6. 1   Gener al  Requi r ement s

Bef or e each r ef r i ger at i on syst em i s accept ed,  t est s t o demonst r at e t he 
gener al  oper at i ng char act er i st i cs of  al l  equi pment  must  be conduct ed by 
t he manuf act ur er ' s appr oved st ar t - up r epr esent at i ve exper i enced i n syst em 
st ar t - up and t est i ng,  at  such t i mes as di r ect ed.   Test s must  cover  a 
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per i od of  not  l ess t han [ 48]  [ _____]  hour s f or  each syst em and must  
demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng i n accor dance wi t h t he 
dr awi ngs and speci f i cat i ons.   Cor r ect i ons and adj ust ment s must  be made as 
necessar y and t est s must  be r e- conduct ed t o demonst r at e t hat  t he ent i r e 
syst em i s f unct i oni ng as speci f i ed.   Pr i or  t o accept ance,  ser vi ce val ve 
seal  caps and bl anks over  gauge poi nt s must  be i nst al l ed and t i ght ened.   
Any r ef r i ger ant  l ost  dur i ng t he syst em st ar t up must  be r epl aced.   I f  t est s 
do not  demonst r at e sat i sf act or y syst em per f or mance,  def i c i enci es must  be 
cor r ect ed and t he syst em must  be r et est ed.   Test s must  be conduct ed i n t he 
pr esence of  t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y r equi r ed f or  
t he t est s wi l l  be f ur ni shed by t he Gover nment .   Any mat er i al ,  equi pment ,  
i nst r ument s,  and per sonnel  r equi r ed f or  t he t est  must  be pr ovi ded by t he 
Cont r act or .   Fi el d t est s must  be coor di nat ed wi t h Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC.

3. 6. 2   Test  Repor t

The r epor t  must  document  compl i ance wi t h t he speci f i ed per f or mance 
cr i t er i a upon compl et i on and t est i ng of  t he syst em.   The r epor t  must  
i ndi cat e t he number  of  days cover ed by t he t est s and any concl usi ons as t o 
t he adequacy of  t he syst em.   The r epor t  must  al so i ncl ude t he f ol l owi ng 
i nf or mat i on and must  be t aken at  l east  t hr ee di f f er ent  t i mes at  out s i de 
dr y- bul b t emper at ur es t hat  ar e at  l east  3 degr ees C 5 degr ees F apar t :

a.   Dat e and out si de weat her  condi t i ons.

b.   The l oad on t he syst em based on t he f ol l owi ng:

( 1)  The r ef r i ger ant  used i n t he syst em.

( 2)  Condensi ng t emper at ur e and pr essur e.

( 3)  Suct i on t emper at ur e and pr essur e.

( 4)  Runni ng cur r ent ,  vol t age and pr oper  phase sequence f or  each phase 
of  al l  mot or s.

( 5)  The act ual  on- si t e set t i ng of  al l  oper at i ng and saf et y cont r ol s.

( 6)  Chi l l ed wat er  pr essur e,  f l ow and t emper at ur e i n and out  of  t he 
chi l l er .

( 7)  The posi t i on of  t he [ capaci t y- r educt i on gear ]  [ gas suppl y cont r ol  
val ve]  [ f uel  oi l  suppl y val ve]  at  machi ne of f ,  one- t hi r d l oaded,  
one- hal f  l oaded,  t wo- t hi r ds l oaded,  and f ul l y l oaded.

3. 7   DEMONSTRATI ONS

Cont r act or  must  conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .   The t r ai ni ng per i od must  consi st  
of  a t ot al  [ _____]  hour s of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em 
i s f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance t est s.   The 
t r ai ni ng cour se must  cover  al l  of  t he i t ems cont ai ned i n t he appr oved 
oper at i on and mai nt enance manual s as wel l  as demonst r at i ons of  r out i ne 
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mai nt enance oper at i ons.

Pr ovi de a schedul e,  at  l east  [ 2]  [ _____]  weeks pr i or  t o t he dat e of  t he 
pr oposed t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on 
f or  t he t r ai ni ng.

        - -  End of  Sect i on - -
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