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THERMAL ENERGY STORAGE SYSTEM:   I CE- ON- COI L
01/08

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement  f or  i ce- on- coi l  t ype t her mal  ener gy 
st or age syst ems,  i ncl udi ng t he syst em r ef r i ger at i on,  
cont r ol s,  pi pi ng and el ect r i cal  wor k.

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 
present.

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

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

PART 1   GENERAL

**************************************************************************
NOTE:   The use of  t hi s speci f i cat i on wi l l  be 
coor di nat ed wi t h ot her  sect i ons as appr opr i at e i n 
or der  t o speci f y  a compl et e t her mal  ener gy st or age 
syst em.   The desi gner  shoul d be f ami l i ar  wi t h 
ASHRAE' s Desi gn Gui de f or  Cool  Ther mal  St or age and 
AHRI  Gui del i ne T bef or e pr epar i ng t he desi gn.   Not e 
t hat  t hi s f i r st  edi t i on i s t ai l or ed f or  i ce- on- coi l  
syst ems.   Thi s speci f i cat i on wi l l  be a document  t hat  
devel ops f ur t her  based on t he needs of  our  cust omer s 
and changi ng t echnol ogy.

For  Ar my pr oj ect s,  r ef er ence t he UFGS speci f i cat i ons 
appr oved f or  use by t he Ar my;  f or  Navy pr oj ect s,  
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r ef er ence t he UFGS speci f i cat i ons appr oved f or  use 
by t he Navy.

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

1. 1   MODI FI CATI ON OF REFERENCES

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  i nt er pr et  r ef er ences t o t he 
" aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  s i mi l ar  meani ng,  t o mean t he 
Cont r act i ng Of f i cer .

1. 2   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 s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

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

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

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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2016;  SUPP 2016)  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

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 310- 04 ( 2013;  wi t h Change 1)  Sei smi c Desi gn f or  
Buildings

1. 3   SYSTEM DESCRI PTI ON

Pr ovi de a Ther mal  Ener gy St or age Syst em desi gned and assembl ed by a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  syst ems t hat  ar e of  
a s i mi l ar  desi gn,  wor kmanshi p,  capaci t y,  and oper at i on.   The syst em shal l  
be suppor t ed by a ser vi ce or gani zat i on cer t i f i ed by t he syst em 
manuf act ur er .   The manuf act ur er  shal l  be r esponsi bl e f or  t he sel ect i on of  
t he maj or  component s of  t he t her mal  ener gy st or age syst em.   The maj or  
component s of  t he t her mal  ener gy st or age syst em i ncl ude i ce st or age uni t s,  
l i qui d chi l l er s,  and syst em cont r ol s.   Syst ems of  s i mi l ar  desi gn and 
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capaci t y shal l  have been i n sat i s f act or y commer ci al  or  i ndust r i al  use f or  2 
year s bef or e bi d openi ng.   The 2 year s must  be sat i sf act or i l y  compl et ed by 
a syst em whi ch has been sol d or  i s  of f er ed f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es.   
Syst ems havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  l ess t han 
6000 hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.

a.   Submi t  t est  r epor t s f or  t he f act or y t est s i n bookl et  f or m,  upon 
compl et i on of  t est i ng.   Repor t s shal l  document  al l  phases of  t est s 
per f or med i ncl udi ng i ni t i al  t est  summar y,  al l  cor r ect i ons and 
adj ust ment s made,  and f i nal  t est  r esul t s.

b.   Submi t  [ 6]  [ _____]  oper at i on manual 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,  and shut down,  at  l east  2 weeks pr i or  t o 
f i el d t r ai ni ng.   I ncl ude i n t he manual s t he manuf act ur er ' s name,  model  
number ,  par t s l i s t ,  l i s t  of  par t s and t ool s t hat  shoul d be kept  i n 
st ock by t he owner  f or  r out i ne mai nt enance i ncl udi ng t he name of  a 
l ocal  suppl i er ,  s i mpl i f i ed wi r i ng and cont r ol s di agr ams,  
t r oubl eshoot i ng gui de,  and r ecommended ser vi ce or gani zat i on ( i ncl udi ng 
addr ess and t el ephone number )  f or  each i t em of  equi pment .   [ Each 
ser vi ce or gani zat i on submi t t ed shal l  be capabl e of  pr ovi di ng [ 4]  
[ _____]  hour  on- si t e r esponse t o a ser vi ce cal l  on an emer gency basi s. ]

c.   Submi t  [ 6]  [ _____]  mai nt enance manual s at  l east  2 weeks pr i or  t o f i el d 
t r ai ni ng,  Dat a Package 3,  and dat a compl yi ng wi t h t he r equi r ement s 
speci f i ed i n Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 4   SUBMITTALS

**************************************************************************
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  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 
desi gnat 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  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on 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 c t  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 c t  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,  
Ai r  For ce,  and NASA pr oj ect s.

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  

SECTI ON 23 71 19  Page 5



Submi t t al s.   The " S"  f ol l owi ng a submi t t al  i t em 
i ndi cat es t hat  t he submi t t al  i s  r equi r ed f or  t he 
Sust ai nabi l i t y  eNot ebook t o f ul f i l l  f eder al l y  
mandat ed sust ai nabl e r equi r ement s i n accor dance wi t h 
Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.

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

Quant i t y and submi ssi on r equi r ement s f or  Oper at i on 
and Mai nt enance Dat a ar e i dent i f i ed i n Sect i on 
01 33 00 f or  Navy pr oj ect s.   Sel ect  br acket ed 
quant i t y and submi ssi on r equi r ement s f or  Oper at i on 
and Mai nt enance Dat a f or  Ar my pr oj ect s onl y.

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat 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 al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

I nst al l at i on Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Equi pment  and I nst al l at i on;  G[ ,  [ _____] ]
Test  Pr ocedur es;  G[ ,  [ _____] ]
Syst em Di agr ams;  G[ ,  [ _____] ]
Manuf act ur er ' s Repr esent at i ve;  G[ ,  [ _____] ]
Test i ng,  Adj ust i ng,  and Bal anci ng;  G[ ,  [ _____] ]
Fi el d Tr ai ni ng;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Fact or y Test s;  G[ ,  [ _____] ]
Per f or mance Test s;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

I nst al l at i on Dr awi ngs;  G[ ,  [ _____] ]

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

Ther mal  Ener gy St or age Syst em;  G[ ,  [ _____] ]

1. 5   QUALI TY ASSURANCE

1. 5. 1   Manuf act ur er ' s Repr esent at i ve

Per f or mance t est i ng wor k speci f i ed i n t hi s sect i on shal l  be per f or med under  
t he super vi s i on of  and cer t i f i ed by t he Manuf act ur er ' s Repr esent at i ve.   
Pr ovi de cer t i f i cat i on f or  i nst al l at i on dr awi ngs,  t est  pr ocedur es,  and t est  
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r esul t s.   The Manuf act ur er ' s Repr esent at i ve shal l  have no l ess t han 3 
cont i nuous year s of  exper i ence di r ect l y i nvol ved i n t he desi gn and 
i nst al l at i on of  t her mal  ener gy st or age syst ems,  and shal l  have ser ved i n 
s i mi l ar  capaci t y  on no f ewer  t han f i ve pr oj ect s of  s i mi l ar  s i ze and scope 
dur i ng t hat  per i od.   The f ol l owi ng shal l  be submi t t ed:

a.   A l et t er  f r om t he syst em manuf act ur er ,  at  l east  2 weeks pr i or  t o t he 
st ar t  of  wor k,  l i s t i ng t he exper i ence and t r ai ni ng of  t he 
Manuf act ur er ' s Repr esent at i ve.

b.   Dr awi ngs consi st i ng of  equi pment  l ayout  i ncl udi ng assembl y and 
i nst al l at i on det ai l s  and el ect r i cal  connect i on di agr ams;  l ayout  and 
i nst al l at i on det ai l s  of  t her mal  st or age uni t s i ncl udi ng suppor t  
st r uct ur e,  t her mal  st or age syst em ci r cul at i on pumps,  di st r i but i on 
mani f ol ds and al l  pi pi ng,  i ncl udi ng suppor t  st r uct ur e f or  syst em pi pi ng 
and poi nt s of  connect i on t o st or age uni t s and t o pi pi ng speci f i ed i n 
r el at ed sect i ons.   I ncl ude on t he Dr awi ngs any i nf or mat i on r equi r ed t o 
demonst r at e t hat  t he syst em has been coor di nat ed and wi l l  pr oper l y 
f unct i on wi t hi n t he HVAC syst em,  and show equi pment  r el at i onshi p t o 
ot her  par t s of  t he wor k,  i ncl udi ng c l ear ances r equi r ed f or  oper at i on 
and mai nt enance.   Concur r ent  wi t h i nst al l at i on dr awi ngs,  submi t  
manuf act ur er ' s cer t i f i cat i on of  i nst al l at i on dr awi ngs.

c.   Pr oposed t est  pr ocedur es f or  per f or mance t est s of  syst ems,  at  l east  2 
weeks pr i or  t o t he st ar t  of  r el at ed t est i ng.

1. 5. 2   Asbest os Pr ohi bi t i on

Do not  use asbest os and asbest os- cont ai ni ng pr oduct s.

1. 6   EXTRA MATERI ALS

Pr ovi de one set  of  speci al  t ool s,  cal i br at i on devi ces,  and i nst r ument s 
r equi r ed f or  oper at i on,  cal i br at i on,  and mai nt enance of  t he equi pment .   I n 
addi t i on,  f ur ni sh a t wo year  suppl y of  al l  spar e par t s r equi r ed f or  syst em 
operation.

PART 2   PRODUCTS

2. 1   EQUIPMENT

2. 1. 1   Nameplates

Al l  equi pment  shal l  have a namepl at e t hat  i dent i f i es 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 .

2. 1. 2   Equi pment  Guar ds and Access

**************************************************************************
NOTE:   Cat wal ks,  l adder s,  and guar dr ai l s  may be 
r equi r ed.   I f  so,  sel ect  t he appl i cabl e i t em and 
i ndi cat e on dr awi ngs.   I f  not  appl i cabl e,  del et e t he 
ent i r e l ast  sent ence.

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

Ful l y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  pr oj ect i ng 
set scr ews,  keys,  and ot her  r ot at i ng par t s exposed t o per sonnel  cont act  
accor di ng t o OSHA r equi r ement s.   Hi gh t emper at ur e equi pment  and pi pi ng 
exposed t o cont act  by per sonnel  or  wher e i t  cr eat es a pot ent i al  f i r e hazar d 
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shal l  be pr oper l y guar ded or  cover ed wi t h i nsul at i on of  a t ype speci f i ed.   
The r equi r ement s f or  cat wal ks,  oper at i ng pl at f or ms,  l adder s,  and guar dr ai l s  
ar e speci f i ed i n Sect i on [ 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS] [
05 51 33 METAL LADDERS]

2. 2   SYSTEM OPERATI ON CHARACTERI STI CS

**************************************************************************
NOTE:   Desi gner s wi l l  i nc l ude al l  ener gy ef f i c i ent  
appl i cat i ons t hat  opt i mi ze t he compl et e t her mal  
st or age syst em,  and ar e t echni cal l y f easi bl e and 
l i f e cycl e cost  ef f ect i ve.   The i nst al l at i on' s 
capabi l i t y  t o oper at e and mai nt ai n pr oposed syst ems 
wi l l  be a pr i mar y consi der at i on i n t he l i f e cycl e 
cost  anal yses.   Possi bl e ener gy savi ng measur es 
i ncl ude cool  st or age wi t h pr ovi s i ons f or  heat  
r ecl amat i on f or  pr eheat i ng domest i c hot  wat er ,  or ,  
i n i nst ances wher e bot h heat i ng and cool i ng ar e 
r equi r ed dur i ng t he heat i ng season,  r ej ect ed heat  
f r om t he cool  st or age syst em can be used t o of f set  
heat i ng l oads.

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

Pr ovi de a syst em of  t he " [ i nt er nal ] [  or  ] [ ext er nal ]  mel t  i ce- on- coi l "  
st or age syst em t ype as descr i bed i n t he ASHRAE Desi gn Gui de f or  Cool  
Ther mal  St or age.   Base t he syst em per f or mance on oper at i on wi t h a gl ycol  
sol ut i on ( t ype and concent r at i on)  t hat  i s  r ecommended by bot h t he 
r ef r i ger at i on syst em manuf act ur er  and t he st or age syst em manuf act ur er  t o 
meet  t he syst em capaci t y pr of i l e at  t he speci f i ed desi gn condi t i ons.   
Desi gn al l  syst em component s t hat  ar e i n cont act  wi t h gl ycol  sol ut i on f or  
use wi t h t he sol ut i on.

2. 2. 1   Ref r i ger at i on Syst em

**************************************************************************
NOTE:   Sect i on 23 64 00 PACKAGED WATER CHI LLERS,  
ABSORPTI ON TYPE or  23 64 10 WATER CHI LLERS,  VAPOR 
COMPRESSI ON TYPE must  be speci f i cal l y  t ai l or ed t o 
f i t  t he needs of  t he t ype of  st or age syst em 
speci f i ed.   The appr opr i at e Appl i cat i on Par t - Load 
Val ue ( APLV)  f or  i ce maki ng condi t i ons shoul d be 
i ncl uded when speci f y i ng t he chi l l er .   Not e t hat  t he 
APLV f or  i ce maki ng syst em shal l  i ncl ude chi l l er s 
and al l  auxi l i ar y i t ems such as st or age syst em 
ci r cul at i on pumps and bubbl er s r equi r ed f or  
oper at i on of  i ce maki ng.   One t ypi cal  exampl e of  
condi t i ons f or  i ce maki ng t emper at ur es wi t h whi ch t o 
speci f y an APLV i s a gl ycol  sol ut i on r et ur n 
t emper at ur e t o t he chi l l er  of  mi nus 0. 5 degr ees C 31 
degr ees F and a gl ycol  suppl y t emper at ur e f r om t he 
chi l l er  of  mi nus 4. 5 degr ees C 24 degr ees F.

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

I n addi t i on t o meet i ng t he capaci t y r equi r ement s speci f i ed her ei n and on 
t he dr awi ngs,  t he r ef r i ger at i on syst em shal l  be as speci f i ed i n Sect i on [
23 64 00 PACKAGED WATER CHI LLERS,  ABSORPTI ON TYPE] [ 23 64 10 WATER CHI LLERS,  
VAPOR COMPRESSI ON TYPE] .
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2. 2. 2   Syst em Capaci t y Pr of i l e

**************************************************************************
NOTE:   I t  i s  cr i t i cal  t hat  t he hour l y desi gn day 
r equi r ement s l i s t ed bel ow be adequat e t o meet  
ant i c i pat ed l oads,  ot her wi se unwant ed consequences 
such as uncomf or t abl e condi t i ons,  i nsuf f i c i ent  
cool i ng f or  cr i t i cal  f unct i ons,  or  t he use of  
r ef r i ger at i on equi pment  dur i ng per i ods t hat  i ncr ease 
demand char ges coul d occur .   The syst em capaci t y 
shoul d t ypi cal l y  be opt i mi zed wi t h r espect  t o t he 
i nst al l at i on el ect r i cal  demand r at her  t han t hat  of  
t he bui l di ng f or  whi ch t he syst em i s bei ng i nst al l ed.

The desi gner  shoul d coor di nat e wi t h t he cust omer  as 
t o whi ch demand pr of i l e ( i nst al l at i on or  bui l di ng)  
shoul d be used t o det er mi ne syst em oper at i on.   Not e 
t hat  t he desi gn condi t i ons f or  t he r ef r i ger at i on 
syst em shoul d be det er mi ned i n accor dance wi t h t he 
ASHRAE Desi gn Gui de f or  Cool  Ther mal  St or age.   The 
desi gn condi t i ons i n most  cases shoul d not  be l ess 
t han 1 per cent  dr y bul b t emper at ur e and t he 1 
per cent  wet  bul b t emper at ur e f or  cool i ng t ower s,  
ot her wi se t he 1 per cent  mean coi nci dent  wet  bul b 
temperature.

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

The syst em shal l  pr ovi de t he hour l y capaci t y shown bel ow i n Tabl e 1 at  t he 
desi gn condi t i ons l i s t ed f or  t he r ef r i ger at i on syst em.   The f l ow suppl i ed 
t o t he l oad,  t he maxi mum suppl y t emper at ur e del i ver ed t o t he l oad,  t he 
r et ur n t emper at ur e f r om t he l oad,  and t he syst em t ot al  l at ent  capaci t y 
shal l  be as i ndi cat ed on t he dr awi ngs.   Fact or y syst em capaci t y t est  
r esul t s f r om pr ot o- t ype t est i ng shal l  be pr ovi ded t hat  demonst r at e t hat  
syst em per f or mance meet s or  exceeds t hese r equi r ement s.   The manuf act ur er  
shal l  pr ovi de cal cul at i ons wi t h t he f act or y syst em capaci t y t est  t hat  
demonst r at e compl i ance wi t h t he syst em pr of i l e when i nst al l ed as pr oposed 
at  t he speci f i ed desi gn condi t i ons.   The l osses shal l  i ncl ude t he f ol l owi ng 
wher e appl i cabl e:  maxi mum sol ar  heat  gai n,  heat  gai ns f r om soi l ,  and 
equi pment  r oom t emper at ur es of  5. 5 degr ees C 10 degr ees F above t he 
r ef r i ger at i on syst em desi gn dr y bul b t emper at ur e.

TABLE 1

SYSTEM PROFI LE

Hour A B C D E

1:00

2:00

3:00

4:00
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TABLE 1

SYSTEM PROFI LE

Hour A B C D E

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00

22:00

23:00

24:00

Legend:

A:   Syst em oper at i ng mode:

1.   I  -  Chi l l er  char gi ng i ce st or age uni t .

2.   F -  St or age di schar gi ng t o ser ve l oad;  chi l l er  i dl e.
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3.   C -  Combi nat i on of  chi l l er  oper at i ng and st or age di schar gi ng 
t o ser ve l oad.

4.   N -  Combi nat i on of  chi l l er  char gi ng st or age uni t  and ser vi ng 
t he l oad.

B:   Tonnage of  cool i ng suppl i ed t o l oad by t her mal  ener gy st or age 
system.

C:   Chi l l er  out put .

D:   Amount  of  i t em C used t o char ge st or age.

E:   Tot al  amount  of  l at ent  cool i ng st or ed.

2. 3   CONTROLS

**************************************************************************
NOTE:   The sequence of  cont r ol  f or  t he t her mal  
ener gy st or age syst em shoul d be shown on t he 
dr awi ngs i n t ext  as a per f or mance sequence so t hat  
t he syst em manuf act ur er ' s st andar d cont r ol s can be 
used.   The desi gner  shoul d i nvest i gat e t he 
r equi r ement  f or  connect i on of  t he t her mal  st or age 
syst em t o t he i nst al l at i on' s Ut i l i t y  Moni t or i ng 
Cont r ol  Syst em ( UMCS) .

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

Cont r ol s f or  t he t her mal  ener gy st or age syst em shal l  be coor di nat ed and 
i nt egr at ed wi t h t he r ef r i ger at i on syst em cont r ol s package speci f i ed i n 
Sect i on [ 23 64 00 PACKAGED WATER CHI LLERS,  ABSORPTI ON TYPE] [ 23 64 10 WATER 
CHI LLERS,  VAPOR COMPRESSI ON TYPE] .   Ther mal  ener gy st or age syst em shal l  be 
desi gned i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and t o 
compl y wi t h t he sequence of  cont r ol s shown on t he dr awi ngs.   Cont r ol s,  
cont r ol  st r at egi es,  st or age syst em conf i gur at i on,  pi pi ng,  and al l  anci l l ar y 
equi pment  wi l l  be desi gned t o ensur e t hat  t he syst em per f or ms as speci f i ed 
dur i ng par t i al ,  peak,  and i nt er mi t t ent  l oadi ng.   The cont r ol s f or  t he 
t her mal  ener gy st or age syst em shal l  cont i nuousl y measur e t he i ce i nvent or y 
of  st or age uni t  and r el ay t hi s t o t he r ef r i ger at i on cont r ol s package.   The 
cont r ol s shal l  r el ay an al ar m when;  ( a)  any chi l l er  f ai l s  t o swi t ch t o t he 
oper at i ng mode speci f i ed i n t he syst em capaci t y pr of i l e at  any hour l y 
i nt er val ;  or  ( b)  t he t ot al  i ce i nvent or y f al l s  [ 20] [ _____]  per cent  bel ow 
t he l at ent  cool i ng st or age speci f i ed i n t he syst em capaci t y pr of i l e at  any 
hour l y i nt er val .   The cont r ol s shal l  r el ay al ar m and i ni t i at e syst em 
shut down when t he t ot al  i ce i nvent or y f al l s  bel ow [ 40] [ _____]  per cent  bel ow 
t he l at ent  cool i ng st or age speci f i ed i n t he syst em capaci t y pr of i l e at  any 
hour l y i nt er val .

2. 4   I CE STORAGE UNI TS

**************************************************************************
NOTE:   The number  and si ze of  st or age uni t s shoul d 
be based on t he s i ze of  t he l oad,  t he sequence of  
oper at i ons,  t he space avai l abl e f or  st or age uni t s,  
and any r el i abi l i t y  r equi r ement s t hat  ar e 
appl i cabl e.   The desi gner  shoul d i dent i f y t he space 
avai l abl e f or  i nst al l at i on and mai nt enance of  
st or age uni t s and necessar y auxi l i ar i es on t he 
drawings.
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**************************************************************************

I ce st or age uni t s shal l  be desi gned and const r uct ed f or  [ above] [  or  
] [ bel ow]  gr ound i nst al l at i on.   Uni t s shal l  be ext er nal l y i nsul at ed wi t h 
syst em manuf act ur er ' s st andar d mat er i al .   The i nsul at ed uni t  shal l  be 
weat her pr oof .   St andby ener gy l oss of  i nsul at ed st or age uni t s shal l  not  
exceed 1 per cent  of  t ot al  st or ed capaci t y over  a per i od of  24 hour s i n 
ambi ent  ai r  of  30 degr ees C 85 degr ees F.   Bubbl er s or  agi t at or s shal l  be 
pr ovi ded by t he t her mal  st or age uni t  manuf act ur er  wher e r equi r ed i n or der  
t o meet  per f or mance speci f i ed.   Wher e bubbl er s ar e r equi r ed,  dual  bubbl er s 
shal l  be i nst al l ed i n each t ank.   Bubbl er s shal l  use i nt ake ai r  f r om i nsi de 
t he st or age uni t s.   Uni t  cover s shal l  be sui t abl e f or  bur i al  beneat h up t o 
0. 6 m t wo f eet  of  soi l .   Uni t  cover s shal l  be i n sect i ons not  exceedi ng 90 
kg 200 pounds.   Each sect i on shal l  be equi pped wi t h smoot hed edges or  
handl es and shal l  be desi gned f or  r emoval  by t wo i ndi v i dual s [ Gr ound] [ Fl oor  
l oadi ng]  shal l  not  exceed [ 20 kPa 400 psf ] [ _____] .   Each st or age uni t  shal l  
i ncl ude ei t her  an i nt egr al  t her mal l y i sol at ed expansi on chamber  or  an 
i nsul at ed ext er nal  expansi on t ank.   Expansi on chamber  or  t ank shal l  be 
s i zed by t he i ce st or age uni t  manuf act ur er  t o pr event  f or mat i on of  i ce caps 
t hat  r educe st or age capaci t y.   Each st or age uni t  shal l  be equi pped wi t h 
bot h an i nvent or y sensor  t hat  t r ansmi t s t he i ce i nvent or y l evel  t o t he 
r ef r i ger at i on syst em cont r ol s speci f i ed i n par agr aph CONTROLS and a v i s i bl e 
i ce i nvent or y i ndi cat or  mount ed on t he st or age uni t .   The t emper at ur e dr op 
of  t he gl ycol  sol ut i on acr oss t he heat  exchanger  i n t he char gi ng mode shal l  
be l ar ge enough t o per mi t  f ul l  f l ow t hr ough t he r ef r i ger at i on syst em 
chi l l er s.   Heat  exchanger s shal l  be desi gned f or  an oper at i ng pr essur e 1035 
kPa 150 psi  and shal l  be cer t i f i ed t o have a bur st  pr essur e of  not  l ess t han
 2070 kPa 300 psi .   Addi t i onal l y,  each heat  exchanger  shal l  be f act or y 
t est ed at  a mi ni mum of  1550 kPa 225 psi .

2. 5   PI PI NG COMPONENTS

Pi pi ng component s shal l  be as speci f i ed i n Sect i ons 23 64 26 CHI LLED,  
CHI LLED- HOT,  AND CONDENSER WATER PI PI NG SYSTEMS and 23 23 00 REFRI GERANT 
PIPING.

2. 6   ELECTRI CAL WORK

**************************************************************************
NOTE:   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 ( SD)  ar e speci f i ed,  r ef er ence Sect i on 
26 29 23 VARI ABLE FREQUENCY DRI VE 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 NTERI OR ELECTRI CAL SYSTEMS.

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

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 
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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,  shal l  be pr ovi ded.   For  
packaged equi pment ,  t he manuf act ur er  shal l  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 .

a.   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

b.   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,  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.

c.   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 shal l  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 shal l  
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 shal l  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 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 shal l  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 s i de of  t he 
enclosure.

d.   [ Wher e t wo- speed or  var i abl e- speed mot or s ar e i ndi cat ed,  sol i d- st at e 
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 sol i d- st at e var i abl e- speed cont r ol l er s f or  mot or s r at ed 
7. 45 kW ( 10 hp)  or  l ess and adj ust abl e f r equency dr i ves f or  l ar ger  
mot or s.   ] [ 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 VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS. ]

2. 7   FACTORY PAI NTI NG

New equi pment  shal l  be coat ed wi t h a manuf act ur er ' s f act or y- appl i ed f i ni sh 
t hat  meet s t he f ol l owi ng r equi r ement s:

a.   The f i ni sh syst em desi gned f or  t he equi pment  shal l  have been t est ed i n 
accor dance wi t h Feder al  Test  Met hod St andar d No.  141 ( Met hod 6061)  and 
passed t he 125- hour  sal t - spr ay f og t est  of  t hat  st andar d,  except  t hat  
equi pment  l ocat ed out door s shal l  have passed t he 500- hour  sal t - spr ay 
f og t est  of  t hat  st andar d.

b.   The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he 
equi pment  shal l  not  be l ess t han t he f i l m t hi ckness used on t he 
successf ul  t est  speci mens.

c.   I f  manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s bei ng pr oposed 
f or  use on sur f aces subj ect  t o t emper at ur es above 50 degr ees C 120 
degr ees F,  t he f act or y pai nt i ng syst em shal l  be desi gned f or  t he 
t emper at ur e ser v i ce.
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PART 3   EXECUTI ON

3. 1   INSTALLATION

Wor k shal l  be i nst al l ed as shown and accor di ng t o t he manuf act ur er ' s syst em 
di agr ams and r ecommendat i ons,  i nc l udi ng space r equi r ed f or  mai nt enance.   
Submi t  pr oposed di agr ams,  at  l east  2 weeks pr i or  t o st ar t  of  r el at ed 
t est i ng and as speci f i ed.

3. 1. 1   Piping

Pi pi ng i nst al l at i on shal l  be as speci f i ed i n Sect i on 23 64 26 CHI LLED,  
CHI LLED- HOT,  AND CONDENSER WATER PI PI NG SYSTEMS.

3. 1. 2   Equi pment  and I nst al l at i on

**************************************************************************
NOTE:   Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  ( ei t her  Cor ps of f i ce or  A/ E)  i s  t he 
Engi neer  of  Recor d,  and show on t he dr awi ngs.   
Del et e t he br acket ed phr ase i f  sei smi c det ai l s  ar e 
not  pr ovi ded.   Per t i nent  por t i ons of  UFC 3- 310- 04 
and Sect i ons 13 48 00 and 13 48 00. 00 10,  pr oper l y  
edi t ed,  must  be i ncl uded i n t he cont r act  document s.

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

Al l  equi pment  shal l  be i nst al l ed wi t hi n t he space al l ot t ed on t he 
dr awi ngs.   The l ayout  shal l  i ncl ude adequat e space t o accommodat e t he 
mai nt enance r equi r ement s as r ecommended by t he manuf act ur er .   Fl oor - mount ed 
equi pment ,  unl ess ot her wi se i ndi cat ed,  shal l  be set  on not  l ess t han 150 mm 
6 i nch t hi ck concr et e pads or  cur bs dowel ed i n pl ace.   Concr et e f oundat i ons 
f or  equi pment  shal l  be heavy enough t o mi ni mi ze t he i nt ensi t y of  t he 
v i br at i ons t r ansmi t t ed t o at t ached pi pi ng,  equi pment ,  or  t he sur r oundi ng 
st r uct ur e,  as r ecommended by t he equi pment  manuf act ur er .   I n l i eu of  a 
concr et e pad f oundat i on,  a 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.   The concr et e 
f oundat i on or  concr et e pedest al  bl ock shal l  be of  a mass not  l ess t han 
t hr ee t i mes t he wei ght  of  t he component s t o be suppor t ed.

a.   Pi pi ng connect i ons t o equi pment  mount ed on pedest al  bl ocks and pi pi ng 
connect i ons t o st or age uni t s shal l  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  shal l  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 
foundations.

b.   Concr et e f or  al l  f oundat i ons shal l  be as speci f i ed i n Sect i on [
03 30 00. 00 10 CAST- I N- PLACE CONCRETE] [ 03 30 00 CAST- I N- PLACE 
CONCRETE] .   I n addi t i on,  t he i nst al l at i on of  t anks,  compr essor s,  pumps,  
val ves,  heat  exchanger s,  and ot her  s i mi l ar  i t ems shal l  be as speci f i ed 
under UFC 3- 310- 04 and Sect i ons 13 48 00 SEI SMI C PROTECTI ON FOR 
MI SCELLANEOUS EQUI PMENT and [ 13 48 00. 00 10 SEI SMI C PROTECTI ON FOR 
MECHANI CAL EQUI PMENT] [ 22 05 48. 00 20 MECHANI CAL SOUND,  VI BRATI ON,  AND 
SEI SMI C CONTROL] [ as shown on t he dr awi ngs] .

c.   St r uct ur al  s t eel  r equi r ed f or  r ei nf or cement  t o pr oper l y suppor t  pi pi ng,  
header s,  and equi pment  but  not  shown shal l  be pr ovi ded under  t hi s 
sect i on.   Mat er i al  used f or  suppor t  shal l  be as speci f i ed under  Sect i on 
05 21 00 STEEL JOI ST FRAMI NG.   The met hod of  anchor i ng and f ast eni ng 
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shal l  be i n accor dance wi t h manuf act ur er ' s i nst r uct i ons unl ess 
ot her wi se i ndi cat ed.

d.   Submi t  pr oposed t est  pr ocedur es f or  per f or mance t est s of  syst ems,  at  
l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng.

e.   Submi t  manuf act ur er ' s cat al og dat a i ncl uded wi t h t he det ai l  dr awi ngs 
f or  t he f ol l owi ng i t ems.   Hi ghl i ght  t he dat a t o show model ,  s i ze,  
opt i ons,  et c. ,  t hat  ar e i nt ended f or  consi der at i on.   Dat a shal l  be 
adequat e t o demonst r at e compl i ance wi t h cont r act  r equi r ement s f or  t he 
following:

( 1)   Cont r ol s.

( 2)   St or age Uni t s ( i ncl udi ng heat  exchanger ) .

( 3)   Maxi mum char ge and di schar ge r at es and l at ent  cool i ng capaci t y  of  
each uni t .

( 4)   Type of  gl ycol  r ecommended f or  use by bot h t he r ef r i ger at i on 
syst em and t he st or age syst em manuf act ur er s.   Pr ovi de i nf or mat i on 
t hat  l i s t s t he l at ent  st or age capaci t y and over al l  APLV of  t he 
r ef r i ger at i on and st or age syst ems based on t hei r  combi ned 
oper at i ng char act er i st i cs usi ng var yi ng gl ycol  concent r at i ons.   
Hi ghl i ght  t he r ecommended concent r at i on of  gl ycol  f or  opt i mal  
per f or mance based on t he syst em capaci t y pr of i l e at  t he speci f i ed 
desi gn condi t i ons.

3. 1. 3   Access Panel s

Access panel s shal l  be pr ovi ded f or  al l  conceal ed val ves,  vent s,  cont r ol s,  
and i t ems r equi r i ng i nspect i on or  mai nt enance.   Access panel s shal l  be of  
suf f i c i ent  s i ze and l ocat ed so t hat  t he conceal ed i t ems may be ser v i ced and 
mai nt ai ned or  compl et el y r emoved and r epl aced.   Access panel s shal l  be as 
speci f i ed i n Sect i on 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS.

3. 1. 4   Insulation

Unl ess ot her wi se speci f i ed,  t hi ckness and appl i cat i on of  i nsul at i on 
mat er i al s f or  pi pi ng and equi pment  shal l  be accor di ng t o Sect i on 23 07 00
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 1. 5   Speci al  Requi r ement s

The manuf act ur er ' s speci al  r equi r ement s and r ecommendat i ons,  i ncl udi ng 
f i el d- appl i ed i nsul at i on and vapor  bar r i er s,  st or age t ank i nst al l at i on,  
di st r i but i on and ai r  agi t at i on syst em,  c l ear ances,  mat er i al s,  
appur t enances,  and al l  ot her  necessar y f eat ur es shal l  be i nst al l ed t o 
pr ovi de a compl et e and oper at i onal  t her mal  st or age syst em.

3. 2   FI ELD PAI NTI NG

Fi ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y or  sur f aces not  
speci f i cal l y  not ed ot her wi se shal l  be as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 3   CLEANI NG AND ADJUSTI NG

Equi pment  shal l  be wi ped cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  
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pai nt  spot s r emoved.   Syst em shal l  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 shal l  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 shal l  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  shal l  be adj ust ed t o set t i ng i ndi cat ed or  di r ect ed.   Fans shal l  
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 
conditions.

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

The r equi r ement s f or  t est i ng,  adj ust i ng,  and bal anci ng ar e speci f i ed i n 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.   
Test i ng,  adj ust i ng,  and bal anci ng shal l  begi n onl y when t he ent i r e HVAC 
syst em,  i ncl udi ng cont r ol s,  has been compl et ed wi t h t he except i on of  
per f or mance t est s.   Submi t  pr oposed t est  schedul es f or  Capaci t y Test  and 
Per f or mance Test ,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng.   
The t her mal  ener gy st or age syst em shal l  be char ged wi t h pr emi xed gl ycol  
sol ut i on ( t ype and concent r at i on as speci f i ed by t he manuf act ur er s of  bot h 
t he r ef r i ger at i on and st or age syst ems)  pr i or  t o t est i ng,  adj ust i ng,  and 
balancing.

3. 5   FI ELD TRAI NI NG

**************************************************************************
NOTE:   The number  of  hour s of  i nst r uct i on shoul d be 
det er mi ned based of  t he number  and compl exi t y of  t he 
syst ems speci f i ed.

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

The Manuf act ur er ' s Repr esent at i ve shal l  conduct  a t r ai ni ng cour se f or  
oper at i ng and mai nt enance per sonnel  as desi gnat ed by t he Cont r act i ng 
Of f i cer .   Submi t  pr oposed schedul e f or  f i el d t r ai ni ng submi t t ed at  l east  2 
weeks pr i or  t o t he st ar t  of  r el at ed t r ai ni ng.   Tr ai ni ng shal l  be pr ovi ded 
f or  a per i od of  [ _____]  hour s of  nor mal  wor ki ng t i me and shal l  s t ar t  af t er  
t he syst em i s f unct i onal l y compl et e but  pr i or  t o t he per f or mance t est s.   
The f i el d i nst r uct i on shal l  cover  al l  of  t he i t ems cont ai ned i n t he 
appr oved Oper at i ng and Mai nt enance I nst r uct i ons.

3. 5. 1   Vi deo Recor di ng

Pr ovi de t o t he Cont r act i ng Of f i cer  t wo copi es of  t he t r ai ni ng cour se i n VHS 
or  DVD vi deo r ecor di ng.   The r ecor di ng shal l  r ecor d i n v i deo and audi o al l  
i nst r uct or s '  t r ai ni ng pr esent at i ons i ncl udi ng quest i on and answer  per i ods 
wi t h t he t r ai nees.

3. 5. 2   Unr esol ved Quest i ons Fr om Tr ai nees

I f ,  at  t he end of  t he t r ai ni ng cour se,  t her e ar e quest i ons f r om t r ai nees 
t hat  r emai n unr esol ved,  t he i nst r uct or  shal l  send t he answer ,  i n wr i t i ng,  
t o t he Cont r act i ng Of f i cer  f or  t r ansmi t t al  t o t he t r ai nees.

3. 6   PERFORMANCE TESTS

Af t er  t est i ng,  adj ust i ng,  and bal anci ng has been compl et ed as speci f i ed,  
t he syst em shal l  be t est ed as a whol e t o see t hat  al l  i t ems per f or m as 
i nt egr al  par t s of  t he syst em and t hat  oper at i on i s  as speci f i ed.   Submi t  
t est  r epor t s f or  per f or mance t est s i n bookl et  f or m,  upon compl et i on of  
t est i ng.   Repor t s shal l  document  al l  phases of  t est s per f or med i ncl udi ng 
i ni t i al  t est  summar y,  al l  cor r ect i ons and adj ust ment s made,  and f i nal  t est  
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r esul t s.   Cor r ect i ons and adj ust ment s shal l  be made as necessar y t o pr oduce 
t he condi t i ons i ndi cat ed or  speci f i ed,  and t est ( s)  r epeat ed i n ent i r et y 
unt i l  r esul t s ar e sat i sf act or y.   Test s shal l  be conduct ed by t he t her mal  
ener gy st or age syst em manuf act ur er ' s r epr esent at i ve.   Al l  i nst r ument s 
r equi r ed f or  t est s shal l  be f ur ni shed by t he Cont r act or .   The accur acy of  
t est  i nst r ument s shal l  be as speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG.   Test s shal l  be per f or med as f ol l ows:

3. 6. 1   Oper at i onal  Test

Test  shal l  demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng accor di ng t o 
t he speci f i cat i ons.   The oper at i onal  t est  shal l  cover  a per i od of  not  l ess 
t han [ 72] [ _____]  cont i nuous hour s of  oper at i on usi ng onl y syst em cont r ol s 
i n nor mal  mode and speci f i ed sequence of  oper at i on.   I ce i nvent or y 
r ecor di ngs i n each st or age uni t  shal l  be made at  hour l y i nt er val s f or  t he 
dur at i on of  t he t i me per i od.   I n addi t i on,  weat her  cont r ol s,  i ncl udi ng t he 
ambi ent  t emper at ur e and humi di t y i n a shaded and weat her  pr ot ect ed ar ea 
shal l  be r ecor ded at  hour l y i nt er val s al ong wi t h i ce i nvent or y.   The 
r esul t s wi l l  be suppl ement ed by cal cul at i ons t hat  demonst r at e t hat  t he 
syst em wi l l  pr ovi de t he capaci t y speci f i ed when oper at i ng dur i ng peak 
desi gn condi t i ons as speci f i ed i n par agr aph SYSTEM OPERATI ON 
CHARACTERISTICS.

3. 6. 2   Capaci t y Test

The st or age uni t s shal l  be f i l l ed wi t h wat er  at  t he r et ur n t emper at ur e 
speci f i ed f r om t he l oad on t he dr awi ngs.   The st or age uni t s wi l l  t hen be 
char ged t o t he manuf act ur er ' s desi gn l at ent  capaci t y usi ng t he 
r ef r i ger at i on capaci t y t hat  wi l l  be used dur i ng nor mal  char gi ng 
oper at i ons.   The i nl et  and out l et  t emper at ur e at  and t he f l ow r at e t hr ough 
each st or age uni t  and chi l l er  shal l  be r ecor ded on an hour l y basi s.   The 
t i me,  t ot al  r ef r i ger at i on,  and t he t ot al  ener gy consumpt i on r equi r ed t o 
char ge al l  s t or age uni t s t o t he l at ent  capaci t y speci f i ed shal l  be 
r ecor ded.   When char gi ng i s compl et e,  t he chi l l er s shal l  be shut  down and 
t he cool i ng f r om t he st or age uni t s shal l  be suppl i ed t o t he l oad unt i l  t he 
speci f i ed maxi mum suppl y t emper at ur e t o t he l oad i s exceeded.   The i nl et  
and out l et  t emper at ur e at  and t he f l ow r at e t hr ough each st or age uni t  shal l  
be r ecor ded on an hour l y basi s.   The t i me,  t ot al  cool i ng capaci t y,  and t he 
t ot al  ener gy consumpt i on dur i ng t he per i od t hat  t he l oad i s suppl i ed by t he 
st or age uni t s onl y shal l  be r ecor ded.   I ce i nvent or y r ecor di ngs i n each 
st or age uni t  shal l  be made at  hour l y i nt er val s dur i ng t he Capaci t y Test .   
I n addi t i on,  weat her  condi t i ons,  i ncl udi ng ambi ent  t emper at ur e and humi di t y 
i n a shaded and weat her  pr ot ect ed ar ea and al l  ot her  per t i nent  t emper at ur es 
and weat her  condi t i ons shal l  be r ecor ded at  hour l y  i nt er val s al ong wi t h i ce 
inventory.

        - -  End of  Sect i on - -
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