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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  sol ar  domest i c and ser vi ce wat er  
heat 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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n accor dance wi t h t he desi gn gui dance 
pr esent ed i n UFC 3- 440- 01,  t he syst em i s desi gned 
ar ound t he pr oper t i es of  a par t i cul ar  col l ect or .   
The desi gner  shoul d i ndi cat e t he desi gn met hodol ogy 
used on t he dr awi ngs.   Thi s ensur es t hat  equi pment  
shown on det ai l  dr awi ngs ( i f  di f f er ent  f r om t he 
equi pment  assumed by t he desi gner )  i s  pr oper l y 
s i zed.   I t  i s  par t i cul ar l y i mpor t ant  f or  t he 
desi gner  t o i ndi cat e on t he dr awi ngs t he col l ect or  
par amet er s used i n t he desi gn.   Det ai l  dr awi ngs 
r et ur ned shoul d al so be so not ed,  par t i cul ar l y i f  
t he col l ect or  chosen has pr oper t i es di f f er ent  f r om 
t hose used i n t he or i gi nal  desi gn.   UFC 3- 440- 01 
pr ovi des t he desi gner ,  pr oj ect  manager ,  and qual i t y 

SECTI ON 22 33 30. 00 10  Page 4



assur ance per sonnel  a checkl i st  of  r equi r ed dr awi ngs 
and i nf or mat i on cal l ed out  by t hi s gui de 
speci f i cat i on t o appear  on t he dr awi ngs.

Mi ni mi ze t he r i sk of  l egi onel l osi s i n bui l di ng wat er  
syst em by f ol l owi ng gui dance i n t he U. S.  Ar my Cor ps 
of  Engi neer s ( USACE)  Engi neer  Manual  ( EM)  200- 1- 13,  
Envi r onment al  Qual i t y:   Mi ni mi zi ng t he Ri sk of  
Legi onel l osi s Associ at ed wi t h Bui l di ng Wat er  Syst ems 
on Ar my I nst al l at i ons.

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

1. 1   REFERENCES

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

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

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

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

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 22/ CSA 4. 4 ( 2015;  R 2020)  Rel i ef  Val ves f or  Hot  Wat er  
Suppl y Syst ems

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

ASHRAE 93 ( 2010;  Er r at a 2013l  Er r at a 2014)  Met hods 
of  Test i ng t o Det er mi ne t he Ther mal  
Per f or mance of  Sol ar  Col l ect or s

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

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B1. 20. 2M ( 2006;  R 2011)  Pi pe Thr eads,  60 Deg.  
Gener al  Pur pose ( Met r i c)
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ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

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

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

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

ASME B31. 1 ( 2022)  Power  Pi pi ng

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

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

ASME PTC 19. 3 TW ( 2016)  Ther mowel l s Per f or mance Test  Codes

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS B2. 1/ B2. 1M ( 2021)  Speci f i cat i on f or  Wel di ng Pr ocedur e 
and Per f or mance Qual i f i cat i on

AWS D1. 2/ D1. 2M ( 2014;  Er r at a 1 2014;  Er r at a 2 2020)  
St r uct ur al  Wel di ng Code -  Al umi num

ASTM I NTERNATI ONAL ( ASTM)

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

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM B152/ B152M ( 2019)  St andar d Speci f i cat i on f or  Copper  
Sheet ,  St r i p,  Pl at e,  and Rol l ed Bar

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B209M ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e ( Met r i c)
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ASTM B828 ( 2023)  St andar d Pr act i ce f or  Maki ng 
Capi l l ar y Joi nt s by Sol der i ng of  Copper  
and Copper  Al l oy Tube and Fi t t i ngs

ASTM C1048 ( 2018)  St andar d Speci f i cat i on f or  
Heat - St r engt hened and Ful l y Temper ed Fl at  
Gl ass

ASTM F1199 ( 2021)  St andar d Speci f i cat i on f or  Cast  
( Al l  Temper at ur es and Pr essur es)  and 
Wel ded Pi pe Li ne St r ai ner s ( 150 psi g and 
150 degr ees F Maxi mum)

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

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

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

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

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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023)  St r uct ur al  Engi neer i ng

1. 2   SOLAR ENERGY SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  syst ems l ocat ed i n an ar ea subj ect  t o 
f r eezi ng,  a c l osed- l oop ant i f r eeze syst em may be 
used.   Thi s syst em r equi r es t he pr opyl ene- gl ycol  
based heat  t r ansf er  f l ui d,  pumps,  heat  exchanger ,  
and an expansi on t ank.   A dr ai n back syst em wi t h 
ei t her  pot abl e wat er  or  a pr opyl ene- gl ycol  based 
heat  t r ansf er  f l ui d i n a c l osed l oop may al so be 
used.   For  syst ems at  l ocat i ons i n whi ch f r eezi ng 
t emper at ur es do not  occur ,  a di r ect  c i r cul at i on 
syst em may be used.   UFC 3- 440- 01 pr ovi des f ur t her  
i nf or mat i on on t hese syst em t ypes and t hei r  
appr opr i at e uses.   The Sol ar  Col l ect or s 
Manuf act ur er ' s f act or y desi gned syst ems,  appl i cabl e 
t o t he speci f i c  l ocat i on and use,  may be ut i l i zed.

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

a.   Pr ovi de a sol ar  ener gy syst em ar r anged f or  pr eheat i ng of  ser vi ce 
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( domest i c and/ or  pr ocess)  wat er  usi ng f l at  pl at e l i qui d sol ar  
col l ect or s or  evacuat ed t ube col l ect or s.   Sol ar  syst ems may be 
pr essur i zed gl ycol  syst ems[  or  dr ai n back syst ems] .   I ncl ude i n t he 
syst em component s t he sol ar  col l ect or  ar r ay,  st or age t ank[ s] ,  pump[ s] ,  
aut omat i c cont r ol s,  i nst r ument at i on,  i nt er connect i ng pi pi ng and 
f i t t i ngs,  [ uni nhi bi t ed f ood- gr ade pr opyl ene- gl ycol  and wat er  heat  
t r ansf er  f l ui d i n a c l osed l oop] ,  [ pot abl e wat er  heat  t r ansf er  f l ui d 
i n an open l oop] ,  [ heat  exchanger ] ,  [ expansi on t ank] ,  [ dr ai n back 
t ank]  and al l  accessor i es r equi r ed f or  t he f ul l y  f unct i onal  oper at i on 
of  t he syst em.   Pr ovi de al l  appur t enances r equi r ed by a manuf act ur er  
desi gned syst em f or  a f ul l  and f unct i onal  oper at i on.

b.   Submi t  manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e;  
per f or mance char t  and cur ves;  cat al og cut s;  i nst al l at i on i nst r uct i ons;  
pr oposed di agr ams,  i nst r uct i ons,  and ot her  sheet s pr i or  t o post i ng.   A 
copy of  t he post ed i nst r uct i ons pr oposed t o be used,  i ncl udi ng a 
syst em schemat i c,  wi r i ng and cont r ol  di agr ams,  and a compl et e l ayout  
of  t he ent i r e syst em.   I ncl ude wi t h t he i nst r uct i ons,  i n t yped f or m,  
condensed oper at i ng i nst r uct i ons expl ai ni ng pr event i ve mai nt enance 
pr ocedur es,  met hods of  checki ng t he syst em f or  nor mal  saf e oper at i on 
and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he syst em,  met hods of  
bal anci ng and t est i ng f l ow i n t he syst em,  and met hods of  t est i ng f or  
cont r ol  f ai l ur e and pr oper  syst em oper at i on.

c.   Submi t  dr awi ngs cont ai ni ng a syst em schemat i c;  a col l ect or  l ayout  and 
r oof  pl an not i ng r ever se- r et ur n pi pi ng f or  t he col l ect or  ar r ay;  a 
syst em el evat i on;  an equi pment  r oom l ayout ;  a schedul e of  oper at i on 
and i nst al l at i on i nst r uct i ons;  and a schedul e of  desi gn i nf or mat i on 
i ncl udi ng col l ect or  hei ght  and wi dt h,  r ecommended f l ow r at e and 
pr essur e dr op at  t hat  f l ow r at e,  and number  of  col l ect or s t o be 
gr ouped per  bank.

d.   I ncl ude on t he dr awi ngs compl et e wi r i ng and schemat i c di agr ams and any 
ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em has been 
coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .   Show pr oposed 
l ayout  and anchor age of  equi pment  and appur t enances,  and equi pment  
r el at i onshi p t o ot her  par t s of  t he wor k,  i ncl udi ng cl ear ances f or  
mai nt enance and oper at i on.

1. 3   SUBMI TTALS

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

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

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

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

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

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

SD- 02 Shop Dr awi ngs

Sol ar  Ener gy Syst em

As- Bui l t  Dr awi ngs

SD- 03 Pr oduct  Dat a

Spar e Par t s

Sol ar  Ener gy Syst em

Wel der  Qual i f i cat i ons

SD- 06 Test  Repor t s

I nspect i on and Test i ng

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

Oper at i on and Mai nt enance Pr ocedur es;  G[ ,  [ _____] ]

1. 4   WELDER QUALI FI CATI ONS

Qual i f y pr ocedur es and wel der s i n accor dance wi t h t he code under  whi ch t he 
wel di ng i s speci f i ed t o be accompl i shed.   Submi t ,  pr i or  t o wel di ng 
oper at i ons,  [ _____]  copi es of  qual i f i ed pr ocedur es and l i s t s of  names and 
i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng oper at or s.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
excessi ve humi di t y and excessi ve t emper at ur e var i at i on,  and di r t  and dust  
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or  ot her  cont ami nant s.

1. 6   WARRANTY

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Most  f l at  pl at e col l ect or  manuf act ur er s 
pr ovi de a mi ni mum 10- year  war r ant y.   I n t he past ,  
t he sol ar  ener gy f i el d at t r act ed a l ar ge number  of  
di sr eput abl e manuf act ur er s,  many of  whom wer e out  of  
busi ness l ong bef or e t hei r  war r ant y expi r ed.   Any 
manuf act ur er  t hat  meet s t hi s col l ect or  speci f i cat i on 
shoul d pr ovi de a qual i t y col l ect or  t hat  i s  capabl e 
of  sur vi v i ng t he war r ant y.

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

Pr ovi de a mi ni mum 10- year  war r ant y agai nst  t he f ol l owi ng:  f ai l ur e of  
mani f ol d or  r i ser  t ubi ng,  j oi nt s or  f i t t i ngs;  degr adat i on of  absor ber  
pl at e sel ect i ve sur f ace;  r ust i ng or  di scol or at i on of  col l ect or  har dwar e;  
and embr i t t l ement  of  header  mani f ol d seal s.   I ncl ude i n t he war r ant y f ul l  
r epai r  or  r epl acement  of  def ect i ve mat er i al s or  equi pment .

1. 7   SPARE PARTS

Submi t  dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  l i s t ed,  
i ncl udi ng a compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces 
and sour ce of  suppl y;  a l i s t  of  par t s and suppl i es t hat  ar e ei t her  
nor mal l y f ur ni shed at  no ext r a cost  wi t h t he pur chase of  equi pment ,  or  
speci f i ed t o be f ur ni shed as par t  of  t he cont r act ;  and a l i s t  of  
addi t i onal  i t ems r ecommended by t he manuf act ur er  t o ensur e ef f i c i ent  
oper at i on f or  a per i od of  120 days.

PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   To compl y wi t h Publ i c Law 109- 58 ( Ener gy 
Pol i cy Act  of  2005)  desi gn new f eder al  bui l di ngs t o 
achi eve ener gy consumpt i on l evel s t hat  ar e at  l east  
30 per cent  bel ow t he l evel  r equi r ed by ASHRAE 
90. 1- 2004.   As a mi ni mum,  al l  ener gy consumi ng 
pr oduct s and syst ems must  meet  or  exceed t he 
r equi r ement s of  ASHRAE 90. 1.

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

2. 1   GENERAL EQUI PMENT REQUI REMENTS

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
t hat  essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  5 year s pr i or  t o bi d openi ng.   Pr ovi de equi pment  suppor t ed by a 
ser vi ce or gani zat i on t hat  i s,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  
r easonabl y conveni ent  t o t he s i t e.

2. 1. 2   Namepl at es

For  each maj or  i t em of  equi pment ,  secur e a pl at e cont ai ni ng 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  t o t he i t em of  equi pment .
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2. 1. 3   I dent i cal  I t ems

Ensur e i t ems of  t he same cl assi f i cat i on ar e i dent i cal ,  i ncl udi ng 
equi pment ,  assembl i es,  par t s,  and component s.

2. 1. 4   Equi pment  Guar ds [ and Access]

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 so l ocat ed t hat  any 
per son may come i n c l ose pr oxi mi t y.   Pr oper l y guar d or  cover  
hi gh- t emper at ur e equi pment  and pi pi ng l ocat ed so as t o endanger  per sonnel  
or  wher e i t  cr eat es a pot ent i al  f i r e hazar d wi t h i nsul at i on of  a t ype 
speci f i ed.   [ Pr ovi de cat wal k,  l adder ,  and guar d r ai l s wher e shown and i n 
accor dance wi t h Sect i on 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS. ]

2. 1. 5   Speci al  Tool s

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 .

2. 2   PI PI NG SYSTEM

Pr ovi de compl et e pi pi ng syst em wi t h pi pe,  pi pe f i t t i ngs,  val ves,  
st r ai ner s,  expansi on l oops,  hanger s,  i nser t s,  suppor t s,  anchor s,  gui des,  
s l eeves,  and accessor i es.   Pr ovi de syst em mat er i al s conf or mi ng t o t he 
f ol l owi ng:

2. 2. 1   Copper  Tubi ng

ASTM B88M ASTM B88,  Type K wher e bur i ed,  Type L ot her wi se.   Col l ect or  
r i ser s Type L or  M.

2. 2. 2   Sol der

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sol der s r ef er enced ar e necessar y f or  
compat i bi l i t y  wi t h t he f l ui ds and met al s cont ai ned 
i n sol ar  ener gy syst ems and al so r equi r ed f or  pi pi ng 
cont ai ni ng pot abl e wat er .

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

ASTM B32,  Type Sb5,  Sn94,  Sn95,  or  Sn96.   Lead sol der s ar e not  al l owed i n 
any por t i on of  t he pot abl e wat er  syst em.

2. 2. 3   Joi nt s and Fi t t i ngs f or  Copper  Tubi ng

Pr ovi de wr ought  copper  and br onze sol der - j oi nt  pr essur e f i t t i ngs 
conf or mi ng t o ASME B16. 22 and ASTM B75/ B75M.   Pr ovi de cast  copper  al l oy 
sol der - j oi nt  pr essur e f i t t i ngs conf or mi ng t o ASME B16. 18 and ASTM B828.   
Pr ovi de cast  copper  al l oy f i t t i ngs f or  f l ar ed copper  t ube conf or mi ng t o 
ASME B16. 26 and ASTM B62.   Br ass or  br onze adapt er s f or  br azed t ubi ng may 
be used f or  connect i ng t ubi ng t o f l anges and t o t hr eaded ends of  val ves 
and equi pment .   Pr ovi de ast  br onze t hr eaded f i t t i ngs conf or mi ng t o 
ASME B16. 15.   Ext r act ed br azed t ee j oi nt s pr oduced wi t h an accept abl e t ool  
and i nst al l ed as r ecommended by t he manuf act ur er  may be used.   Do not  use 
gr ooved mechani cal  j oi nt s and f i t t i ngs.
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2. 2. 4   Di el ect r i c Wat er ways and Fl anges

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Si nce al l  wet t ed sur f aces ar e r equi r ed t o be 
nonf er r ous,  t he onl y l ocat i on f or  di el ect r i c 
wat er ways t o be consi der ed i s t he penet r at i ons t o 
t he st or age t ank.

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

Pr ovi de wat er ways and f l anges conf or mi ng t o t he r equi r ement s of  ASME B16. 39.   
Pr ovi de di el ect r i c wat er ways wi t h met al  connect i ons at  bot h ends sui t ed t o 
mat ch connect i ng pi pi ng.   Thr ead or  sol der  ends t o mat ch adj acent  pi pi ng.   
Li ne di el ect r i c wat er ways i nt er nal l y wi t h an i nsul at or  speci f i cal l y 
desi gned t o pr event  cur r ent  f l ow bet ween di ssi mi l ar  met al s.   Pr ovi de 
di el ect r i c wat er ways and f l anges sui t abl e f or  t he t emper at ur es,  pr essur es,  
and ant i f r eeze encount er ed.   Ensur e di el ect r i c f l anges meet  t he 
per f or mance r equi r ement s descr i bed her ei n f or  di el ect r i c wat er ways.

2. 2. 5   Br onze Gat e,  Gl obe,  Angl e,  and Check Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   MSS SP- 80 shows st andar d pr act i ce f or  check 
val ves.   Of  t he check val ves l i s t ed,  onl y t he met al  
t o met al  l i f t  check val ve ( Type 1)  may be used.   
However ,  spr i ng l oaded check val ves ( al so cal l ed 
" nonsl am"  check val ves)  ar e avai l abl e and ar e 
s i mi l ar  t o t he l i f t  check val ve r ef er enced.   These 
spr i ng l oaded check val ves ar e pr ef er r ed and shoul d 
be used whenever  pr act i cal .

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

MSS SP- 80,  Type 1 ( or  nonsl am,  spr i ng t ype) ,  Cl ass 125 or  150.

2. 2. 6   Bal l  Val ves

[ MSS SP- 72]  [ or ]  [ MSS SP- 110] ,  Cl ass 125 or  150.

2. 2. 7   Rel i ef  Val ves,  Pr essur e and Temper at ur e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The syst em shoul d be used wi t h 862 kPa 125 
psi g pr essur e r el i ef  and 99 degr ees C 210 degr ee F 
t emper at ur e r el i ef  whenever  possi bl e.   I n t he event  
of  over pr essur e,  t he pr essur e r el i ef  val ves l ocat ed 
at  t he l ow poi nt s i n t he syst em ( usual l y on t he 
expansi on t ank i n t he equi pment  r oom)  shoul d open 
f i r st  due t o t he el evat i on head of  t he syst em.   Thi s 
pr event s f l ui d r el ease at  t he col l ect or  l evel  and 
ser ves t o al er t  mai nt enance per sonnel  of  a pr obl em.

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

ANSI  Z21. 22/ CSA 4. 4.   Locat e pr essur e r el i ef  val ves on t he sol ar  col l ect or  
ar r ay upper  mani f ol d and on t he expansi on t ank t o open and di schar ge t he 
col l ect or  f l ui d [ i nt o dr ai n i ndi cat ed]  [ i nt o dr ai n t ank]  when f l ui d 
pr essur e r i ses above 862 kPa 125 psi g.   Locat e pr essur e and t emper at ur e 
r el i ef  val ves on t he sol ar  st or age t ank t o open and di schar ge wat er  [ i nt o 
dr ai n i ndi cat ed]  [ i nt o dr ai n t ank]  when f l ui d pr essur e r i ses above [ 862]  
[ _____]  kPa [ 125]  [ _____]  psi g or  when f l ui d t emper at ur e r i ses above [ 99]  
[ _____]  degr ees C [ 210]  [ _____]  degr ees F.
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2. 2. 8   Cal i br at i ng Bal anci ng Val ves

Pr ovi de cal i br at ed bal anci ng val ves sui t abl e f or  862 kPa 125 psi g and 121 
degr ees C 250 degr ees F ser vi ce,  of  br onze body/ br ass bal l  const r uct i on 
wi t h seat  r i ngs compat i bl e wi t h syst em f l ui d,  and wi t h di f f er ent i al  
r eadout  por t s acr oss val ve seat  ar ea.   Fi t  r eadout  por t s wi t h i nt er nal  
i nser t  of  compat i bl e mat er i al  and check val ve.   Ensur e cal i br at ed 
bal anci ng val ves have memor y st op f eat ur e t o al l ow val ve t o be cl osed f or  
ser vi ce and r eopened t o set  poi nt  wi t hout  di st ur bi ng bal ance posi t i on and 
cal i br at ed namepl at e t o assur e speci f i c  val ve set t i ngs.

2. 2. 9   Vacuum Br eaker s

I nst al l  at mospher i c t ype ant i - s i phon vacuum br eaker  wher e i ndi cat ed on t he 
pl ans.   I ncl ude l i ght wei ght  di sc f l oat  wi t h s i l i cone di sc f or  t i ght  
seat i ng.   Const r uct  t he vacuum br eaker  of  l ead f r ee mat er i al s.

2. 2. 10   Ai r  Vent s

[ Pr ovi de manual  ai r  vent s t hat  ar e 10 mm 3/ 8 i nch br ass or  br onze gl obe 
val ves or  cocks sui t abl e f or  862 kPa 125 psi g ser vi ce.   Pr ovi de ai r  vent s 
wi t h t hr eaded pl ugs or  caps. ]

[ Pr ovi de aut omat i c ai r  vent s consi st i ng of  bal l - f l oat  const r uct i on.   
Pr ovi de vent  i nl et  no l ess t han 12 mm 1/ 2- i nch and out l et  no l ess t han 8 mm
 1/ 4- i nch.   Pr ovi de cor r osi on- r esi st ant  st eel .   Ensur e vent  di schar ges ai r  
at  any pr essur e up t o 1034 kPa 150 psi g. ]

2. 2. 11   St r ai ner s

ASTM F1199,  r emovabl e basket  and scr een,  Y pat t er n,  cast  i r on st r ai ner  
wi t h pr essur es t o 862 kPa 125 psi g,  s i mpl ex t ype;  or  a combi nat i on 
el bow- st r ai ner  wi t h st r ai ght eni ng vanes and st r ai ner  ar r anged f or  
hor i zont al  f l ow.

2. 2. 12   Pr essur e Gauges

ASME B40. 100.   Pr ovi de pr essur e gauges wi t h t hr ot t l i ng t ype needl e val ve 
or  a pul sat i on dampener  and shut of f  val ve.   Pr ovi de mi ni mum di al  s i ze of  
90 mm 3- 1/ 2 i nch.

2. 2. 13   Ther momet er s

ASME PTC 19. 3 TW,  Type I ,  Cl ass 3.   Suppl y t her momet er s wi t h wel l s and 
separ abl e br onze socket s.

2. 2. 14   Pi pe Thr eads

ASME B1. 20. 2MASME B1. 20. 1.

2. 2. 15   Pi pe Suppor t s

MSS SP- 58.   Pr ovi de st ai nl ess st eel  met al  i nsul at i on shi el d.

2. 2. 16   Al umi num Sheet s

ASTM B209M ASTM B209,  Al l oy 3003.
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2. 2. 17   Copper  Sheet s Copper  Al l oy 110

ASTM B152/ B152M.

2. 3   ELECTRI CAL WORK

Pr ovi de el ect r i c mot or - dr i ven equi pment  speci f i ed compl et e wi t h mot or ,  
mot or  st ar t er s,  and cont r ol s.   Pr ovi de el ect r i cal  equi pment  and wi r i ng i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Speci f y or  
i ndi cat e el ect r i cal  char act er i st i cs.   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  appur t enances necessar y f or  t he 
mot or  cont r ol  speci f i ed.   Ensur e each mot or  i s of  suf f i c i ent  s i ze t o dr i ve 
t he equi pment  at  t he speci f i ed capaci t y wi t hout  exceedi ng t he namepl at e 
r at i ng of  t he mot or .   Pr ovi de 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 any cont r ol  
wi r i ng r equi r ed f or  cont r ol s and devi ces but  ar e not  shown.   Ensur e 
i nt egr al  s i ze mot or s ar e t he pr emi um ef f i c i ency t ype i n accor dance wi t h 
NEMA MG 1.

2. 4   COLLECTOR SUBSYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   As di scussed i n UFC 3- 440- 01,  t he desi gn of  a 
sol ar  ener gy syst em i s heavi l y dependent  on t he 
choi ce of  a col l ect or .   I t  i s  i mpor t ant  t hat  t he 
col l ect or  ar ound whi ch t he syst em i s desi gned be 
descr i bed as t hor oughl y as possi bl e on t he 
desi gner ' s dr awi ngs.   Of  par t i cul ar  i nt er est  ar e t he 
l engt h and wi dt h of  t he col l ect or  ( f or  spaci ng and 
r oof  l ayout  r easons) ,  t he r ecommended f l ow r at e of  
t he col l ect or ,  and t he r at ed pr essur e dr op at  t hat  
f l ow r at e.   The desi gner  shoul d ver i f y t hat  t he 
val ues of  t he f ol l owi ng par amet er s ar e i ndi cat ed i n 
schedul es on t he dr awi ngs:

1.   Type of  col l ect or s
2.   Number  of  col l ect or s
3.   Gr oss ar ea and net  aper t ur e ar ea
4.   Col l ect or  hei ght  and wi dt h
5.   Col l ect or  f l ui d vol ume
6.   Col l ect or  f i l l ed wei ght
7.   Col l ect or  manuf act ur er ' s war r ant y per i od
8.   Recommended col l ect or  f l ow r at e
9.   Pr essur e dr op acr oss t he col l ect or  at  
r ecommended f l ow r at e.

Fl at  pl at e col l ect or s shoul d be ut i l i zed i n ASHRAE 
Cl i mat e Zones 1- 3.   Evacuat ed t ube col l ect or s shoul d 
be used i n ASHRAE Cl i mat e Zones 4 and above or  
wi t hi n zones 1- 3 when wat er  heat i ng above 140 
degr ees F ( 60 degr ees C)  i s r equi r ed.

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

2. 4. 1   Fl at  Pl at e Col l ect or  Const r uct i on

Pr ovi de l i qui d,  i nt er nal l y mani f ol ded t ype f l at  pl at e sol ar  col l ect or s.   
Pr ovi de each col l ect or  wi t h cover  gl azi ng,  an absor ber  pl at e,  heat  
t r ansf er  l i qui d f l ow t ubes,  i nt er nal  header s,  weep hol es,  i nsul at i on,  and 
a casi ng.   Col l ect or s must  be of  weat her - t i ght  const r uct i on.   Ensur e sol ar  
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col l ect or s wi t hst and a st agnat i on t emper at ur e of  177 degr ees C 350 degr ees 
F and a wor ki ng pr essur e of  862 kPa 125 psi g wi t hout  degr adi ng,  
out - gassi ng,  or  war pi ng.   Pr ovi de col l ect or  net  aper t ur e ar ea as shown and 
i s a mi ni mum of  2. 3 squar e met er s 24. 5 squar e f eet .   Pr ovi de col l ect or  
l engt h,  wi dt h,  and vol ume  as shown on t he dr awi ngs.

2. 4. 1. 1   Absor ber  Pl at e and Fl ow Tubes

Pr ovi de copper  absor ber  sheet  or  pl at e.   Ensur e t op of  absor ber  pl at e i s 
coat ed wi t h sel ect i ve sur f ace of  bl ack chr ome and has an emi ssi v i t y l ess 
t han 0. 2 and absor pt i v i t y gr eat er  t han 0. 9.   Pr ovi de Type L or  Type M 
copper  f l ow t ubes t hat  ar e sol der ed,  br azed,  or  mechani cal l y bonded t o t he 
absor ber  pl at e.   I nst al l  t ubes on t he absor ber  pl at e so t hat  t hey dr ai n by 
gr avi t y.

2. 4. 1. 2   Cover  Gl azi ng

Ensur e each col l ect or  has a s i ngl e l ayer  of  cover  gl azi ng made of  c l ear  
f l oat ,  wat er  whi t e or  l ow i r on t ype t emper ed gl ass.   Pr ovi de gl ass meet i ng 
ASTM C1048.   Pr ovi de cover  gl azi ng whi ch i s compl et el y r epl aceabl e f r om 
t he f r ont  of  t he col l ect or  wi t hout  di st ur bi ng t he pi pi ng or  adj acent  
col l ect or s.   Ensur e cover  gl azi ng i s separ at ed f r om t he col l ect or  by a 
cont i nuous gasket  made of  EPDM r ubber .

2. 4. 1. 3   I nsul at i on

I nsul at e back and si des of  t he absor ber  pl at e.   Fi l l  space bet ween 
absor ber  pl at e and casi ng wi t h i nsul at i on t hat  has an R val ue of  4 
mi ni mum.   Use i nsul at i on conf or mi ng t o EPA r equi r ement s i n accor dance wi t h 
Sect i on 01 33 29 SUSTAI NABI LI TY REQUI REMENTS AND REPORTI NG whi ch i s 
f i br ous gl ass,  pol y i socyanur at e,  ur et hane f oam,  or  ot her  mat er i al  sui t abl e 
f or  t he i nt ended pur pose,  and capabl e of  wi t hst andi ng t he moi st ur e,  sun 
exposur e,  and st agnat i on t emper at ur e l i mi t at i ons of  t he sol ar  col l ect or .   
Do not  al l ow pol y i socyanur at e i nsul at i on t o come i n cont act  wi t h t he 
absor ber  pl at e.

2. 4. 1. 4   Casi ng

Pr ovi de al umi num casi ng.   Pr ovi de mi l l  f i ni sh or  f act or y appl i ed baked 
enamel ,  embossed or  br onze anodi zed al umi num.   Separ at e cover  gl azi ng f r om 
t he casi ng by an EPDM r ubber  gasket  or  equi val ent  mat er i al .   Make 
al l owance f or  t her mal  expansi on bet ween t he cover  and absor ber  pl at es and 
t he casi ng,  and f or  dr ai nage of  moi st ur e t hr ough weep hol es.

2. 4. 2   Evacuat ed Tube Col l ect or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther e ar e sever al  t ypes of  sol ar  col l ect or s 
t hat  ut i l i ze evacuat ed t ubes.   The most  pr omi nent  
bei ng heat  pi pe col l ect or s and di r ect  f l ow 
col l ect or s.   Heat  pi pe col l ect or s ar e hi ghl y 
ef f i c i ent  and r ecommended f or  use f or  domest i c hot  
wat er .   The t ubes ar e easi l y r emoved and r epl aced 
wi t hout  di sabl i ng t he ent i r e syst em.   The t ubes ar e 
sui t abl e f or  col d c l i mat es.   Cor r ect  Or i ent at i on of  
t he pi pes i s i mper at i ve f or  pr oper  oper at i on.   
Di r ect  f l ow col l ect or s ar e wet  syst ems,  ut i l i z i ng a 
" pi pe wi t hi n a pi pe"  desi gn.   The i nt er i or  pi pe has 
an i nt egr al  heat  absor ber  mechani cal l y at t ached t o 
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t he pi pe.   These t ube col l ect or s can be mount ed 
hor i zont al  or  ver t i cal  and ar e sui t abl e f or  al l  
weat her  condi t i ons.   The di r ect  f l ow col l ect or s ar e 
r ecommended f or  commer ci al  and i ndust r i al  
appl i cat i ons.   These col l ect or s ar e ver y f l exi bl e 
and can be ut i l i zed when t he i deal  i nst al l at i on 
posi t i on i s not  avai l abl e.   For  bot h t ypes,  t he 
t ubes ar e under  a vacuum,  pr ovi di ng excel l ent  
i nsul at i on.

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

Ensur e evacuat ed t ube col l ect or s i ncor por at e t he use of  bor osi l i cat e gl ass 
t ubes.   Ut i l i ze [ heat  pi pe]  [ di r ect  f l ow]  col l ect or s i n t he syst em 
desi gn.   Ensur e t ubes ar e r esi st ant  t o t her mal  shock and desi gned t o 
r esi st  hai l  damage.

[ Heat  pi pe syst ems ar e a dr y syst em t hat  does not  ut i l i ze wat er  wi t hi n t he 
col l ect or  t ubes.   I ncor por at e an i nner  seal ed copper  t ube cont ai ni ng a 
non- t oxi c heat  t r ansf er  medi um i nt o t he syst em.   The heat - pi pe pr i nci pl e 
wi l l  t r ansf er  heat ,  v i a t he heat  pi pe,  f r om t he evacuat ed gl ass t ube t o 
t he r ecept or  i n t he mani f ol d.   Desi gn t he syst em t o al l ow t he r emoval  of  
t he t ubes wi t hout  dr ai ni ng t he syst em.   I nst al l  syst ems t hat  ar e ext r emel y 
dependent  on t he cor r ect  mount i ng ar r angement s pr eci sel y as r ecommended by 
t he manuf act ur er  t o i nsur e cor r ect  oper at i on. ]

[ Ut i l i ze di r ect  f l ow syst ems,  whi ch ar e a f ul l y  pumped wet  syst em,  i f  
i deal  i nst al l at i on ar r angement s ar e not  possi bl e.   Encl ose a copper  pi pe,  
c i r cul at i ng wat er ,  wi t hi n t he evacuat ed t ube.   Connect  t he ends of  t he 
pi pe t o t he col d or  hot  wat er  header  wi t hi n t he panel  assembl y.   Di r ect  
f l ow syst ems ar e pr essur i zed and can be mount ed bot h hor i zont al l y and 
ver t i cal l y.   Manuf act ur e t he syst em t o al l ow r epl acement  of  a s i ngl e 
evacuat ed t ube wi t hout  dr ai ni ng t he ent i r e col l ect or  l oop. ]

2. 4. 2. 1   Oper at i ng Condi t i ons

[ Pr ovi de di r ect  f l ow col l ect or s capabl e of  wi t hst andi ng a st agnat i on 
t emper at ur e of  300 degr ees C 595 degr ees F]  [ Pr ovi de heat  pi pe col l ect or s 
capabl e of  wi t hst andi ng a st agnat i on t emper at ur e of  165 degr ees C 330 
degr ees F] .   Ensur e evacuat ed t ubes i ncor por at e " pl ug and pl ay"  desi gn 
wher e t ubes can be r emoved or  r epl aced wi t hout  di sabl i ng t he ent i r e syst em.

2. 4. 3   Mount i ng and Assembl y Har dwar e

Pr ovi de st ai nl ess st eel  mount i ng f r ame wi t h st ai nl ess st eel  or  al umi num 
mount i ng c l i ps.   Pr ovi de st ai nl ess st eel  assembl y har dwar e i ncl udi ng al l  
bol t s,  washer s,  and nut s.

2. 4. 4   Sol ar  Col l ect or  Per f or mance

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The maxi mum number  of  col l ect or s per  bank 
al l owed by t he manuf act ur er  shoul d be i nvest i gat ed.   
Thi s number  i s dependent  on t he header  and r i ser  
di amet er s,  f l ow r at es,  and t her mal  expansi on 
char act er i st i cs of  t he col l ect or .   I t  i s  expect ed 
t hat  most  1. 2 m 4 f oot  wi de col l ect or s can be 
gr ouped i nt o banks of  at  l east  seven,  and t hi s i s 
t he l ar gest  bank si ze al l owed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Pl ot  t her mal  per f or mance on t he t her mal  ef f i c i ency cur ve i n accor dance 
wi t h ASHRAE 93.   Ensur e t he y- i nt er cept  i s equal  t o or  gr eat er  t han 0. 68,  
and t he numer i cal  val ue of  t he s l ope of  t he cur ve ( FRUL)  i s bet ween 0 and 
mi nus 5. 7 wat t s per  squar e met er  per  degr ee K ( 0 and mi nus 1. 0 Bt u per  
hour  per  squar e f oot  per  degr ee F)  0 and mi nus 1. 0 Bt u per  hour  per  squar e 
f oot  per  degr ee F.   Ensur e manuf act ur er ' s r ecommended vol umet r i c f l ow r at e 
and t he desi gn pr essur e dr op at  t he r ecommended f l ow r at e i s as shown.   
Ensur e manuf act ur er ' s r ecommendat i ons al l ow at  l east  seven col l ect or s t o 
be j oi ned per  bank whi l e pr ovi di ng f or  bal anced f l ow and f or  t her mal  
expansi on consi der at i ons.

2. 5   Sol ar  Col l ect or  Ar r ay

2. 5. 1   Net  Absor ber  Ar ea and Ar r ay Layout

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The mi ni mum ar r ay aper t ur e ar ea al l owed f or  
t he pr oj ect  i s  t hat  col l ect or  ar r ay ar ea associ at ed 
wi t h t he hi ghest  LCC savi ngs by t he SOLFEAS sol ar  
f easi bi l i t y  st udy comput er  pr ogr am.   The ar r ay 
l ayout  shoul d be compl et ed accor di ng t o t he met hods 
di scussed i n UFC 3- 440- 01.   For  f l ow bal anci ng 
pur poses,  each bank must  have t he same number  of  
col l ect or s.   Banks must  cont ai n bet ween 4 and 7 
col l ect or s each.   Gener al l y,  t he ar r ay shoul d f ol l ow 
bui l di ng l i nes,  but  must  keep wi t hi n 20 degr ees of  
due sout h.   Car e shoul d be t aken t o di st i ngui sh 
bet ween magnet i c and due sout h f or  t he pr oj ect  
l ocat i on.   Row spaci ng i s a f unct i on of  t he 
col l ect or  hei ght  and pr oj ect i on l ocat i on;  
met hodol ogy f or  det er mi ni ng t hi s spaci ng i s gi ven i n 
UFC 3- 440- 01.   I t  i s  i mper at i ve t o pr oper  
const r uct i on of  t he syst em t hat  t he ar r ay l ayout  be 
accur at el y shown on t he dr awi ngs.   I t ems t o be shown 
on t he dr awi ngs must  i ncl ude:

a.   SOLFEAS r esul t  f or  mi ni mum ar r ay s i ze
b.   Tot al  ar r ay s i ze t o be i nst al l ed
c.   Bank si ze ( 4,  5,  6,  or  7 col l ect or s)  and number  
of  banks
d.   Mi ni mum r ow spaci ng i n event  of  mul t i pl e r ows of  
col l ect i on
e.   Ar r ay or i ent at i on wi t h r espect  t o t r ue sout h.

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

Pr ovi de ar r ay consi st i ng of  an assembl y of  sol ar  col l ect or s as shown wi t h 
a mi ni mum t ot al  ar r ay aper t ur e ar ea of  [ _____]  squar e met er s squar e f eet .   
Assembl e sol ar  col l ect or s as shown i n banks of  equal  number  of  
col l ect or s.   Banks consi st  of  no l ess t han 4 and no mor e t han 7 col l ect or s 
each.   Or i ent  col l ect or  ar r ay so t hat  al l  col l ect or s f ace t he same 
di r ect i on and ar e or i ent ed wi t hi n 20 degr ees of  t r ue sout h and wi t h 
r espect  t o t r ue sout h as i ndi cat ed.   Space col l ect or s ar r anged i n mul t i pl e 
r ows so t hat  no shadi ng f r om ot her  col l ect or s i s evi dent  bet ween 1000 
hour s and 1400 hour s sol ar  t i me on December  21.

Use mi ni mum spaci ng bet ween r ows as r ecommended by t he manuf act ur er  f or  
t he speci f i c  l ocat i on.
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2. 5. 2   Pi pi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r ever se- r et ur n st r at egy i s i mpor t ant  t o 
pr oper  ar r ay oper at i on.   Because t hi s st r at egy 
r esul t s i n what  may be i ni t i al l y  per cei ved by t he 
Cont r act or  as excess pi pi ng,  i t  i s  i mpor t ant  t hat  
t he ar r ay pi pi ng be shown and i ndi cat ed on t he 
dr awi ng as sat i sf y i ng t hi s r equi r ement .   Rul es,  
met hodol ogy,  and exampl es of  t he r ever se- r et ur n 
st r at egy ar e gi ven i n UFC 3- 440- 01.   Col l ect or  l oop 
f l ow r at e shoul d be det er mi ned by mul t i pl y i ng t he 
r ecommended f l ow r at e per  col l ect or  by t he number  of  
col l ect or s t o be i nst al l ed.   Col l ect or  header s must  
be l ocat ed such t hat  t her e i s no possi bi l i t y  of  ai r  
pocket s.   I t ems t o be shown on t he dr awi ngs must  
i ncl ude:

a.   Fl ow r at e t hr ough col l ect or  l oop based on 
r ecommended f l ow per  col l ect or
b.   Rever se- r et ur n pi pi ng shown and not ed
c.   Val ves,  st r ai ner s,  aut omat i c cont r ol s,  and al l  
accessor i es
d.   Pi pe pi t ch f or  dr ai ni ng.

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

The ar r ay pi pi ng i ncl udes i nt er connect i ng pi pi ng bet ween sol ar  col l ect or s,  
and connect  i n a r ever se- r et ur n conf i gur at i on as i ndi cat ed wi t h 
appr oxi mat el y equal  pi pe l engt h f or  any possi bl e f l ow pat h.   Pr ovi de f l ow 
r at e t hr ough t he col l ect or  ar r ay as i ndi cat ed.   Pr ovi de aut omat i c pr essur e 
r el i ef  val ves i n t he ar r ay pi pi ng syst em as i ndi cat ed,  and adj ust  t o open 
when t he pr essur e wi t hi n t he sol ar  ar r ay r i ses above 862 kPa 125 psi g.   
Ensur e each col l ect or  bank i s capabl e of  bei ng i sol at ed by val ves,  and 
each bank capabl e of  bei ng separ at ed has a pr essur e r el i ef  val ve i nst al l ed 
and i s capabl e of  bei ng dr ai ned.   Locat e manual l y oper at ed ai r  vent s at  
syst em hi gh poi nt s,  and pi t ch al l  ar r ay pi pi ng a mi ni mum of  21 mm/ met er  
0. 25 i nch/ f oot  as shown so t hat  pi pi ng can be dr ai ned by gr avi t y.   Suppl y 
cal i br at ed bal anci ng val ves at  t he out l et  of  each col l ect or  bank as 
i ndi cat ed.

2. 5. 3   Suppor t s f or  Sol ar  Col l ect or  Ar r ay

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The suppor t  st r uct ur e f or  t he sol ar  ar r ay i s 
t o be const r uct ed f r om st ai nl ess st eel  t o mi ni mi ze 
cost  and mai nt enance of  pai nt i ng a syst em.   For  t he 
maj or i t y of  sol ar  pr oj ect s,  t hi s st r uct ur e wi l l  be 
const r uct ed as a suppor t  r ack on a f l at  r oof .   
Desi gn l oads f or  sol ar  ar r ays i ncl ude t he f i l l ed 
wei ght  of  t he col l ect or s,  wei ght  of  f i l l ed pi pi ng,  
wi nd,  sei smi c and snow l oads,  and t he wei ght  of  t he 
suppor t  st r uct ur e i t sel f .   Of  t hese,  t he wi nd 
i mposed on sol ar  col l ect or  ar r ays may r equi r e t he 
most  at t ent i on.   Pr ovi de sei smi c det ai l 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- 301- 01 
and Sect i ons 13 48 73 and 23 05 48. 19 must  be 
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i ncl uded i n t he cont r act  document s.   Suppor t  
st r uct ur es pr ovi ded by t he col l ect or  manuf act ur er  
may be used i f  t hey meet  t he st at ed speci f i cat i on.

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

Pr ovi de st ai nl ess st eel  suppor t  st r uct ur e f or  col l ect or  ar r ay i n 
accor dance wi t h Sect i on [ 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS] [
05 50 14STRUCTURAL METAL FABRI CATI ONS] .   Use suppor t  st r uct ur e t o secur e 
col l ect or  ar r ay at  t he t i l t  angl e wi t h r espect  t o hor i zont al  and 
or i ent at i on wi t h r espect  t o t r ue sout h as shown.   Ensur e suppor t  st r uct ur e 
wi t hst ands st at i c wei ght  of  f i l l ed col l ect or s and pi pi ng,  wi nd,  snow,  
sei smi c,  and ot her  l oads as i ndi cat ed.   Ensur e sei smi c det ai l s [ conf or m t o 
UFC 3- 301- 01 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR MI SCELLANEOUS 
EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC]  [ be as shown on t he 
dr awi ngs] .   Ensur e suppor t  st r uct ur e al l ows access t o al l  equi pment  f or  
mai nt enance,  r epai r ,  and r epl acement .

2. 6   STORAGE TANK

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St or age t ank vol ume shoul d be bet ween 61 t o 
81 l i t er s per  squar e met er  1. 5 t o 2 gal l ons per  
squar e f oot  of  col l ect or  ar ea.   Thi s r ange of  
accept abl e val ues shoul d be i nser t ed i n t he bl anks 
pr ovi ded based on t he ar r ay ar ea i nser t ed i n 
par agr aph Net  Absor ber  Ar ea and Ar r ay Layout .   
St or age vol ume out si de of  t hi s r ange becomes 
undesi r abl e f r om a syst em per f or mance poi nt  of  
v i ew.   I t ems t o be shown on t he dr awi ngs must  
i ncl ude:

a.   Range of  accept abl e st or age t ank vol umes
b.   Number  of  l i t er s gal l ons of  st or age pr ovi ded per  
squar e met er  squar e f oot  of  col l ect or  ar ea f or  gi ven 
t ank
c.   Mi ni mum R val ue of  t ank i nsul at i on
d.   Type of  l i ni ng i n t ank.

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

[ Pr ovi de sol ar  i ndi r ect  wat er  heat er  t ype st or age t ank,  havi ng i nt egr al  
coi l  heat  exchanger  f or  connect i on t o t he col l ect or  ar r ay ( see Heat  
Exchanger  i n Tr anspor t  Subsyst em par agr aph bel ow) . ]   Ensur e sol ar  syst em 
hot  wat er  st or age t ank has a st or age vol ume bet ween [ _____]  and [ _____]  
l i t er s gal l ons and i s as shown.   Pr ovi de sol ar  syst em st or age t ank 
conf or mi ng t o speci f i cat i ons f or  hot  wat er  st or age t anks i n Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE.   Pr ovi de i nsul at i on i n accor dance wi t h 
Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  t hat  
i nsul at i on must  have an R val ue of  not  l ess t han 30.   Desi gn t ank 
penet r at i ons t o al l ow f or  connect i ons t o copper  pi pi ng wi t hout  r i sk of  
cor r osi on due t o di ssi mi l ar  met al s,  and f act or y i nst al l  as i ndi cat ed.

2. 7   TRANSPORT SUBSYSTEM

2. 7. 1   Heat  Exchanger

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t hough sol ar  ener gy syst em per f or mance i s 
not  st r ongl y dependent  on t he ef f ect i veness of  t he 
par t i cul ar  heat  exchanger  used,  i t  i s  ver y i mpor t ant  
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t o ensur e t hat  i t  i s  s i zed pr oper l y.   Use of  t he 
appr oach and r et ur n t emper at ur es st at ed i n t hi s 
par agr aph ensur es t hat  t he ef f ect i veness of  t he heat  
exchanger  i s wi t hi n accept abl e l i mi t s.   The hot  s i de 
r et ur n t emper at ur e can be l ess t han 49 degr ees C 120 
degr ees F i f  t he desi gner  f eel s t hat  t he 
ef f ect i veness shoul d be gr eat er  t han 0. 5.   When 
mul t i - pl at e heat  exchanger s ar e used,  t he 
ef f ect i veness can be si gni f i cant l y i ncr eased above 
0. 5 f or  a smal l  i ncr ease i n heat  exchanger  cost .   
Bot h shel l - and- t ube and mul t i - pl at e or  
pl at e- and- f r ame heat  exchanger s ar e al l owabl e f or  
sol ar  syst ems.   Al t hough t he shel l - and- t ube 
exchanger s ar e mor e common,  mul t i - pl at e heat  
exchanger s ar e becomi ng r eadi l y avai l abl e f r om a 
var i et y of  manuf act ur er s.   The mul t i - pl at e heat  
exchanger  has t he advant ages over  shel l - and- t ube of  
bei ng mor e compact ,  mor e ef f i c i ent ,  easi er  t o c l ean,  
and i t  i s  commonl y pr oduced f r om super i or  
mat er i al s.   They can al so be easi l y expanded t o 
l ar ger  s i zes i f  necessar y,  and many r equi r e l i t t l e 
or  no i nsul at i on.   The desi gner  shoul d consi der  use 
of  t hese exchanger s whenever  pr act i cal .   Because of  
t he wi de var i et y of  conf i gur at i ons used by t hese 
heat  exchanger s,  t hey must  of t en be si zed by t he 
i ndi v i dual  manuf act ur er s.   I n accor dance wi t h UFC 
3- 440- 01,  t he f l ow r at e on t he st or age si de of  t he 
heat  exchanger  shoul d be 1. 25 t i mes t hat  on t he 
col l ect or  s i de.   I t ems t o be shown on t he dr awi ngs 
must  i ncl ude:

a.   Type of  heat  exchanger  and heat  exchanger  
mat er i al s
b.   Fl ow r at es on bot h s i des of  heat  exchanger
c.   Pl at e or  t ube heat  t r ansf er  ar ea.

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

Per f or m heat  exchanger  const r uct i on and t est i ng i n accor dance wi t h 
ASME BPVC SEC VI I I  D1and l i s t  f or  use on pot abl e wat er  syst ems.   Use 
mi ni mum desi gn pr essur e r at i ng of  862 kPa 125 psi g.   Ensur e heat  exchanger  
i s capabl e of  r et ur ni ng a hot - s i de exi t  t emper at ur e of  [ 49]  [ _____]  
degr ees C [ 120]  [ _____]  degr ees F or  l ess gi ven a hot - s i de appr oach 
t emper at ur e of  60 degr ees C 140 degr ees F and a col d- si de appr oach 
t emper at ur e of  38 degr ees C 100 degr ees F.   Ensur e heat  exchanger  i s 
capabl e of  wi t hst andi ng t emper at ur es of  at  l east  116 degr ees C 240 degr ees 
F.   Pr ovi de heat  exchanger  t hat  i s  capabl e of  oper at i on at  t he f l ow r at es 
as shown.

2. 7. 1. 1   Pl at e Heat  Exchanger

Const r uct  heat  exchanger  of  mul t i pl e pl at es of  316 st ai nl ess st eel ,  
t i t ani um,  copper ,  copper - ni ckel ,  or  br ass.   Pr ovi de pl at es t hat  ar e 
f r ame- mount ed,  mechani cal l y bonded,  wel ded,  or  br azed at  edges.   Ensur e 
pl at e- t ype heat  exchanger  i s abl e t o be cl eaned.   Pr ovi de gasket s 
consi st i ng of  EPDM r ubber  or  Vi t on.   Ensur e al l  pl at e heat  exchanger  
char act er i st i cs ar e as i ndi cat ed.
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2. 7. 1. 2   Tube- i n- Shel l  Heat  Exchanger

Pr ovi de [ f i xed]  [ r emovabl e]  bundl e,  shel l - and- t ube t ype heat  exchanger .   
Const r uct  shel l ,  t ube sheet s,  and end pl at es of  nonf er r ous,  br ass,  
copper - ni ckel ,  or  316 st ai nl ess st eel .   Pr ovi de shel l  i nsul at i on i n 
accor dance wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL 
SYSTEMS,  except  t hat  i nsul at i on must  have a mi ni mum R val ue of  no l ess 
t han 12.   Pr ovi de t ubes t hat  ar e seaml ess copper  or  copper  al l oy and 
mechani cal l y bonded,  wel ded,  or  br azed t o t he end t ube pl at es.   Ensur e 
t ubes ar e st r ai ght  and suppor t ed by t ube sheet s whi ch mai nt ai n t he t ubes 
i n al i gnment .   [ Ar r ange st r ai ght  t ube heat  exchanger  f or  mechani cal  
c l eani ng. ]   Pr ovi de al l  t ube- i n- shel l  heat  exchanger  char act er i st i cs as 
i ndi cat ed.

2. 7. 1. 3   Coi l  Heat  Exchanger

Ensur e heat  exchanger  i s i nt egr al  t o t he st or age t ank.   Const r uct  heat  
exchanger  of  nonf er r ous,  st ai nl ess st eel ,  copper  ni ckel ,  or  copper .   
Pr ovi de al l  coi l  heat  exchanger  char act er i st i cs as shown.   I f  a f r eeze 
pr ot ect i on f l ui d c i r cul at es i n t he heat  exchanger ,  ensur e heat  exchanger  
pi pi ng consi st s of  doubl e wal l  const r uct i on.

2. 7. 2   Pumps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n c l osed l oop syst ems,  t he use of  a st andar d 
base mount ed or  i nl i ne pump i s accept abl e.   I f  t he 
syst em ut i l i zes an open l oop or  dr ai n down t ank 
wher e t he pump may dr ai n,  i ncor por at e a means t o 
pr i me t he pump or  t he use of  a sel f - pr i mi ng pump.

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

Pr ovi de ci r cul at i ng pumps t hat  [ ar e l i s t ed f or  use i n a pot abl e wat er  
syst em and ] ar e t he el ect r i cal l y- dr i ven,  s i ngl e- st age,  cent r i f ugal ,  base 
mount ed or  i nl i ne t ype. [   Pr ovi de sel f - pr i mi ng pumps. ]   Suppor t  pumps [ on 
a concr et e f oundat i on]  [ or ]  [ by t he pi pi ng on whi ch i nst al l ed] .   Ensur e 
pumps have a capaci t y no l ess t han t hat  i ndi cat ed and ar e ei t her  
i nt egr al l y- mount ed wi t h t he mot or  or  di r ect - connect ed by a f l exi bl e- shaf t  
coupl i ng on a cast - i r on or  st eel  sub- base.   Const r uct  pump shaf t  of  
cor r osi on r esi st ant  al l oy st eel ,  s l eeve bear i ngs and gl ands of  br onze 
desi gned t o accommodat e a mechani cal  seal .   Pr ovi de pumps wi t h br onze or  
st ai nl ess st eel  i mpel l er s and casi ngs of  cast  i r on or  br onze.   Ensur e 
mot or s have suf f i c i ent  power  f or  t he ser vi ce r equi r ed,  ar e of  a t ype 
appr oved by t he manuf act ur er  of  t he pump,  ar e sui t abl e f or  t he avai l abl e 
el ect r i c ser vi ce and f or  t he heat  t r ansf er  f l ui d used,  and conf or m t o t he 
r equi r ement s speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
Cont r ol  mot or s by sui t abl e swi t ches t hat  can be act i vat ed by ei t her  t he 
di f f er ent i al  t emper at ur e cont r ol l er  or  by manual  over r i de 
( Hand- Of f - Aut omat i c) .   Pr ovi de each pump suct i on and di schar ge connect i on 
wi t h a pr essur e gauge as speci f i ed.

2. 7. 3   Pi pe I nsul at i on

Appl y pi pe i nsul at i on and cover i ngs i n accor dance wi t h Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS as cal l ed out  f or  st eam pi pi ng t o
 103 kPa 15 psi g.   Pr ovi de ar r ay pi pi ng i nsul at i on capabl e of  wi t hst andi ng 
121 degr ees C 250 degr ees F,  except  pr ovi de pi pi ng wi t hi n 450 mm 1. 5 f eet  
of  col l ect or  connect i ons capabl e of  wi t hst andi ng 204 degr ees C 400 degr ees 
F.
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2. 7. 4   Expansi on Tank

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Car e shoul d be t aken by t he desi gner  t o 
pr oper l y s i ze t he expansi on t ank accor di ng t o t he 
gui dance i n UFC 3 440- 01.   Thi s expansi on t ank 
si z i ng cr i t er i a r equi r es t he expansi on t ank t o be 
abl e t o accept  an amount  of  f l ui d equal  t o t he f l ui d 
vol ume of  t he col l ect or s pl us pi pi ng at  t he same 
hei ght  or  above t he col l ect or s.   Thi s i s i n cont r ast  
t o t he convent i onal  met hod of  s i z i ng t he expansi on 
t ank t o account  f or  t her mal  expansi on of  t he heat  
t r ansf er  f l ui d.   The met hod descr i bed above al l ows 
f or  t he l ar ge vol ume i ncr ease cor r espondi ng t o t he 
vapor i zat i on of  f l ui d i n t he col l ect or s dur i ng 
st agnat i on.   Thi s " over si z i ng"  pr ovi des a f ai l - saf e 
means of  syst em pr essur e cont r ol  dur i ng st agnat i on 
condi t i ons,  and pr event s heat  t r ansf er  f l ui d 
di schar ge by keepi ng t he syst em pr essur e bel ow t he 
maxi mum 862 kPa 125 psi g r el i ef  val ue.   A 
bl adder - t ype expansi on t ank i s r equi r ed t o separ at e 
t he heat  t r ansf er  f l ui d f r om t he met al  t ank 
mat er i al .   Use of  a pr echar ged t ank al l ows t he 
over al l  t ank s i ze t o be smal l er .   Car e shoul d be 
t aken t o ensur e t hat  t he expansi on t ank pr echar ge 
pr essur e i s l ess t han t he f i l l  pr essur e at  t he 
expansi on t ank.   I t ems t o be shown on t he dr awi ngs 
must  i ncl ude:

a.   Expansi on t ank accept ance and t ot al  vol ume
b.   Expansi on t ank and bl adder  mat er i al s
c.   Maxi mum r el i ef ,  syst em col d f i l l ,  and pr echar ge 
pr essur es.

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

Const r uct  and t est  expansi on t ank i n accor dance wi t h ASME BPVC SEC VI I I  D1 
and as appl i cabl e f or  a wor ki ng pr essur e of  862 kPa 125 psi g.   Pr ovi de 
t ank wi t h an el ast omer i c EPDM bl adder  whi ch separ at es t he syst em f l ui d 
f r om t he t ank wal l s and i s sui t abl e f or  a maxi mum oper at i ng t emper at ur e of  
116 degr ees C 240 degr ees F.   Si ze t he expansi on t ank t o accept  a vol ume 
equal  t o t he f l ui d vol ume of  t he col l ect or s pl us t he associ at ed pi pi ng.   
Ensur e t ank vol ume i s a mi ni mum of  [ _____]  l i t er s gal l ons as shown.   I f  
t he syst em i s modi f i ed f r om t he const r uct i on document s,  r ecal cul at e t he 
syst em vol ume  and modi f y t he expansi on t ank vol ume as r equi r ed.   Pr ovi de 
t ot al  t ank s i ze and ar r angement  as shown.   Pr ovi de t ank wi t h 862 kPa 125 
psi  pr essur e r el i ef  val ve.   Pr ovi de t ank wi t h pr echar ge pr essur e of  [ _____]
 kPa psi  as shown.

2. 7. 5   Heat  Tr ansf er  Fl ui d

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e f r eezi ng t emper at ur es at  t he pr oj ect  
l ocat i on and t he syst em desi gn di ct at e,  t he use of  
an uni nhi bi t ed pr opyl ene- gl ycol / wat er  sol ut i on wi l l  
be ut i l i zed.   USP/ f ood- gr ade uni nhi bi t ed 
pr opyl ene- gl ycol  i s  a nont oxi c,  noncor r osi ve f l ui d 
used by t he f ood i ndust r y,  and has been appr oved f or  
use wi t h s i ngl e i sol at i on heat  exchanger s i n 
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cl osed- l oop mi l i t ar y sol ar  ener gy syst ems by t he 
Of f i ce of  t he Sur geon Gener al  ( DASG)  i n coor di nat i on 
wi t h t he Toxi col ogy Di vi s i on of  t he Ar my 
Envi r onment al  Hygi ene Agency.   The concent r at i on t o 
be used i s a f unct i on of  t he c l i mat e wher e t he 
syst em i s t o be l ocat ed.   The concent r at i on shoul d 
be ei t her  30 or  50 per cent ,  wi t h c l i mat es t hat  
commonl y at t ai n f r eezi ng t emper at ur es ( t hose above 
appr oxi mat el y 2, 222 heat i ng Kel v i n days 4000 heat i ng 
degr ee F days)  r ecei v i ng t he 50 per cent  sol ut i on.   
Al t hough i nhi bi t ed pr opyl ene- gl ycol  i s  of t en used i n 
mechani cal  syst ems,  uni nhi bi t ed pr opyl ene- gl ycol  i s  
speci f i ed f or  sol ar  syst ems t o el i mi nat e f l ui d 
mai nt enance r equi r ement s.   I ndi cat e i n equi pment  
schedul es on dr awi ngs t he heat  t r ansf er  f l ui d used,  
t he concent r at i on,  and t he maxi mum oper at i ng 
t emper at ur e t o assur e pr oper  equi pment  and mat er i al s 
compat i bi l i t y .   I t ems t o be shown on t he dr awi ngs 
r egar di ng t he heat  t r ansf er  f l ui d must  i ncl ude,  i f  
appl i cabl e:

a.   Use of  uni nhi bi t ed,  f ood- gr ade pr opyl ene-  gl ycol  
and di st i l l ed wat er  sol ut i on
b.   30 or  50 per cent  concent r at i on
c.   Not e of  t amper  r esi st ant  seal  r equi r ement .

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

[ Ensur e sol ar  col l ect or  l oop f l ui d i s uni nhi bi t ed USP/ f ood- gr ade 
pr opyl ene- gl ycol  and mi xed wi t h di st i l l ed or  demi ner al i zed wat er  t o f or m a 
[ 30]  [ 50]  per cent  by vol ume pr opyl ene- gl ycol  sol ut i on as shown] .   [ Sol ar  
col l ect or  l oop f l ui d must  be pot abl e wat er . ]

2. 7. 6   Dr ai n Back Tank

Pr ovi de dr ai n back t ank t hat  i s const r uct ed by one manuf act ur er ,  ASME 
st amped f or  wor ki ng pr essur e,  has ASME r egi st r at i on,  and i s s i zed i n 
accor dance wi t h t he r equi r ement s of  t he manuf act ur er .   Const r uct  t ank of  
st ai nl ess st eel  t ype 304 al l oy.   Pr ovi de t ank connect i on f i t t i ngs t hat  ar e 
12 mm 1/ 2 i nch f emal e NPT t ype f i t t i ngs.   Ensur e maxi mum oper at i ng 
pr essur e i s no l ess t han 50 PSI .   Maxi mum t emper at ur e l ess t han 95 degr ees 
C 200 degr ees F i s unaccept abl e.

2. 8   CONTROL AND I NSTRUMENTATI ON SUBSYSTEM

2. 8. 1   Di f f er ent i al  Temper at ur e Cont r ol  Equi pment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The gui dance cont ai ned i n UFC 3- 440- 01 
di scusses desi r ed cont r ol  and di agnost i c 
capabi l i t i es of  cont r ol  equi pment .

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

Suppl y di f f er ent i al  t emper at ur e cont r ol  equi pment  as a syst em by a s i ngl e 
manuf act ur er .   Ensur e cont r ol l er  i s  compat i bl e wi t h t he bui l di ng 
aut omat i on syst em ( BAS) .   Pr ovi de sol i d- st at e el ect r oni c t ype cont r ol l er  
compl et e wi t h an i nt egr al  t r ansf or mer  t o suppl y l ow vol t age,  whi ch al l ows 
a mi ni mum adj ust abl e t emper at ur e di f f er ent i al  ( on)  of  4 t o 11 degr ees C 8 
t o 20 degr ees F,  a mi ni mum adj ust abl e t emper at ur e di f f er ent i al  ( of f )  of  2 
t o 3 degr ees C 3 t o 5 degr ees F,  and i ncl udes a swi t chi ng r el ay or  sol i d 
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st at e out put  devi ce f or  pump cont r ol .   Ther most at  must  oper at e i n t he 
on- of f  mode.   Cont r ol l er  accur acy must  be pl us or  mi nus 0. 5 degr ee C 1 
degr ee F.   Pr ovi de cont r ol l er  t hat  i s  compat i bl e wi t h 10- kOhm t her mi st or  
t emper at ur e sensor s.   Use di f f er ent i al  cont r ol  t o pr ovi de di r ect  di gi t al  
t emper at ur e r eadi ngs of  al l  t emper at ur es sensed.   Cont r ol  must  i ndi cat e 
v i sual l y when pumps ar e ener gi zed.   Cont r ol  ambi ent  oper at i ng r ange must  
be a mi ni mum of  0 t o 49 degr ees C 32 t o 120 degr ees F.   At  a mi ni mum,  
syst em cont r ol  poi nt s must  i ncl ude:

a.   Col l ect or  t emper at ur e sensor

b.   St or age t ank t emper at ur e sensor

c.   Heat  exchanger  t emper at ur es i nl et  and out l et

d.   Pump i nl et  and di schar ge pr essur e

e.   Heat  exchanger  i nl et  and out l et  pr essur e

f .   St or age t ank pr essur e

g.   Fl ow i ndi cat or  i n t he col l ect or  l oop

h.   Fl ow i ndi cat or  i n t he st or age l oop

i .   BTU met er  t o measur e and r ecor d t he t her mal  ener gy st or ed.

2. 8. 2   Ther mi st or  Temper at ur e Sensor s

Pr ovi de 10- kOhm t her mi st or  t emper at ur e sensor s suppl i ed by t he 
di f f er ent i al  t emper at ur e cont r ol l er  manuf act ur er ,  wi t h an accur acy of  pl us 
or  mi nus 1 per cent  at  25 degr ees C 77 degr ees F.   Model  suppl i ed must  have 
passed an accel er at ed l i f e t est  conduct ed by subj ect i ng t her mi st or  
assembl i es t o a const ant  t emper at ur e of  204 degr ees C 400 degr ees F or  
gr eat er  f or  a per i od of  1000 hour s mi ni mum.   Mai nt ai n accur acy wi t hi n pl us 
or  mi nus 1 per cent  as st at ed above.   Pr ovi de her met i cal l y seal ed gl ass 
t ype t her mi st or s.   Use oper at i ng r ange of  mi nus 22 t o pl us 204 degr ees C 
mi nus 40 t o pl us 400 degr ees F.   Pr ovi de i mmer si on wel l s or  wat er t i ght  
t hr eaded f i t t i ngs f or  t emper at ur e sensor s.

2. 8. 3   Sensor  and Cont r ol  Wi r i ng

18 AWG mi ni mum t wi st ed and shi el ded 2,  3,  or  4 conduct or  t o mat ch anal og 
f unct i on har dwar e.   Pr ovi de cont r ol  wi r i ng wi t h 600 vol t  i nsul at i on.   
Pr ovi de mul t i - conduct or  wi r e wi t h an out er  j acket  of  PVC.

2. 8. 4   Fl owmet er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Vent ur i  pr essur e di f f er ent i al  i s  dependent  on 
t he f l ow r at es t o be measur ed.   Syst em f l ow r at es 
ar e dependent  on r ecommended col l ect or  f l ow r at es.   
UFC 3 440- 01 and par agr aphs Pi pi ng and Heat  
Exchanger  shoul d be used t o det er mi ne bot h t he 
col l ect or  s i de and st or age si de f l ow r at es.

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

Pr ovi de f l owmet er s consi st i ng of  a vent ur i ,  150 mm 6 i nch di al  
di f f er ent i al  pr essur e met er ,  val ved pr essur e t aps,  and bar  st ock needl e 
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val ves.   Pr ovi de vent ur i  f l ow nozzl e wi t h t hr eaded br onze ends f or  pi pe 
si zes up t o 50 mm 2 i nches and f l anged ends f or  pi pe si zes 65 mm 2- 1/ 2 
i nches and above.   Ensur e vent ur i  l engt h i s not  l ess t han 1. 6 t i mes t he 
pi pe si ze.   Sel ect  vent ur i  t o r ead di f f er ent i al  pr essur e cor r espondi ng t o 
0. 5 t o 1. 5 t i mes t he syst em f l ow r at e.   Pr ovi de vent ur i  wi t h an accur acy 
of  pl us or  mi nus 1 per cent  of  t he r ange.   Pr ovi de met er  wi t h an accur acy 
of  pl us or  mi nus 2 per cent  of  t he f ul l  scal e r ange.

2. 8. 5   Si ght  Fl ow I ndi cat or s

Pr ovi de si ght  f l ow i ndi cat or s consi st i ng of  a c l ear  gl ass wi ndow or  
cyl i nder  and a nonf er r ous or  316 st ai nl ess st eel  body and i mpel l er .   
Pr ovi de i ndi cat or  wi t h t hr eaded ends f or  pi pe si zes up t o 50 mm 2 i nches 
and f l anged ends f or  pi pe si zes 65 mm 2- 1/ 2 i nches and above.   Ensur e 
maxi mum oper at i ng pr essur e i s no l ess t han 862 kPa 125 psi .   Ensur e 
maxi mum oper at i ng t emper at ur e i s no l ess t han 121 degr ees C 250 degr ees F.

2. 9   PAI NTI NG AND FI NI SHI NG

Equi pment  and component  i t ems,  when f abr i cat ed f r om f er r ous met al  and 
l ocat ed i nsi de t he bui l di ng,  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.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng t hor oughl y 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.

3. 2   I NSTALLATI ON

3. 2. 1   Col l ect or  Subsyst em

3. 2. 1. 1   Col l ect or  Ar r ay

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   UFC 3- 440- 01 di scusses i nst al l at i on desi gn 
gui del i nes f or  sol ar  col l ect or  ar r ays.   The t i l t  
angl e of  t he col l ect or s of f  hor i zont al  shoul d be 
near  t he s i t e l at i t ude wi t hi n pl us or  mi nus 10 
degr ees.   I t ems t o be shown on t he dr awi ngs wi t h 
r egar d t o t he i nst al l at i on of  t he ar r ay must  i ncl ude:

a.   Ti l t  angl e of  col l ect or s f r om hor i zont al
b.   El evat i on of  bot t om or  back of  col l ect or s of f  of  
f l at  or  pi t ched r oof
c.   Locat i on and el evat i on of  pi pi ng wi t h r egar d t o 
ar r ay suppl y and r et ur n.

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

I nst al l  sol ar  col l ect or  ar r ay  at  t he t i l t  angl e,  or i ent at i on,  and 
el evat i on above r oof  as i ndi cat ed.   [ I nst al l  col l ect or s per  t he 
manuf act ur er ' s i nst r uct i ons. ]   [ For  i nst al l at i on on f l at  r oof s wi t h r ack 
t ype col l ect or  mount i ng or  f or  gr ound mount ed col l ect or s,  bot t om of  
col l ect or  must  be a mi ni mum of  450 mm 18 i nches f r om r oof  or  gr ound 
sur f ace. ]  [ For  mount i ng on pi t ched r oof s,  i nst al l  back of  col l ect or s a 
mi ni mum of  50 mm 2 i nches above r oof  sur f ace. ]   Each sol ar  col l ect or  must  
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be r emovabl e f or  mai nt enance,  r epai r ,  or  r epl acement .   Sol ar  col l ect or  
ar r ay must  not  i mpose addi t i onal  l oads on t he st r uct ur e beyond t he l oads 
schedul ed on t he st r uct ur al  dr awi ngs.

3. 2. 1. 2   Ar r ay Pi pi ng

I nst al l  col l ect or  ar r ay pi pi ng i n a r ever se- r et ur n conf i gur at i on so t hat  
pat h l engt hs of  col l ect or  suppl y and r et ur n ar e of  appr oxi mat el y equal  
l engt h.   Al l  pi pi ng must  be coded wi t h f l ui d t ype and f l ow di r ect i on 
l abel s i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 2. 1. 3   Ar r ay Suppor t

I nst al l  ar r ay suppor t  i n accor dance wi t h t he r ecommendat i ons of  t he 
col l ect or  manuf act ur er .   Wel d st r uct ur al  member s r equi r i ng wel di ng i n 
accor dance wi t h AWS D1. 2/ D1. 2M f or  al umi num and wel der s shoul d be 
qual i f i ed accor di ng t o AWS B2. 1/ B2. 1M.

3. 2. 2   St or age Subsyst em

I nst al l  sol ar  st or age t ank penet r at i ons as shown so t hat  col d wat er  i nl et  
t o st or age t ank and out l et  f r om st or age t ank t o col l ect or  ar r ay ar e 
l ocat ed near  t he bot t om of  t he t ank,  and i nl et  f r om col l ect or  ar r ay and 
out l et  t o l oad ar e l ocat ed near  t he t op of  t he t ank.   Wher e pr act i cabl e,  
i nst al l  hot  wat er  st or age t anks wi t h access hat ches i n or der  t o f aci l i t at e 
annual  c l eani ng and i nspect i ons.

3. 2. 3   Tr anspor t  Subsyst em

3. 2. 3. 1   Fl ow Rat es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r ever se- r et ur n st r at egy i s i mpor t ant  t o 
pr oper  ar r ay oper at i on.   Because t hi s st r at egy 
r esul t s i n what  may be i ni t i al l y  per cei ved by t he 
Cont r act or  as excess pi pi ng,  i t  i s  i mpor t ant  t hat  
t he ar r ay pi pi ng be shown and i ndi cat ed on t he 
dr awi ng as sat i sf y i ng t hi s r equi r ement .   Rul es,  
met hodol ogy,  and exampl es of  t he r ever se- r et ur n 
st r at egy ar e gi ven i n UFC 3 440- 01.   Col l ect or  l oop 
f l ow r at e shoul d be det er mi ned by mul t i pl y i ng t he 
r ecommended f l ow r at e per  col l ect or  by t he number  of  
col l ect or s t o be i nst al l ed.   Col l ect or  header s must  
be l ocat ed such t hat  t her e i s no possi bi l i t y  of  ai r  
pocket s.   I t ems t o be shown on t he dr awi ngs must  
i ncl ude:

a.   Fl ow r at e t hr ough col l ect or  l oop based on 
r ecommended f l ow per  col l ect or
b.   Rever se- r et ur n pi pi ng shown and not ed
c.   Val ves,  st r ai ner s,  aut omat i c cont r ol s,  and al l  
accessor i es
d.   Pi pe pi t ch f or  dr ai ni ng.

Al t hough sol ar  ener gy syst em per f or mance i s not  
st r ongl y dependent  on t he ef f ect i veness of  t he 
par t i cul ar  heat  exchanger  used,  i t  i s  ver y i mpor t ant  
t o ensur e t hat  i t  i s  s i zed pr oper l y.   Use of  t he 
appr oach and r et ur n t emper at ur es st at ed i n t hi s 
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par agr aph ensur es t hat  t he ef f ect i veness of  t he heat  
exchanger  i s wi t hi n accept abl e l i mi t s.   The hot  s i de 
r et ur n t emper at ur e can be l ess t han 49 degr ees C 120 
degr ees F i f  t he desi gner  f eel s t hat  t he 
ef f ect i veness shoul d be gr eat er  t han 0. 5.   When 
mul t i - pl at e heat  exchanger s ar e used,  t he 
ef f ect i veness can be si gni f i cant l y i ncr eased above 
0. 5 f or  a smal l  i ncr ease i n heat  exchanger  cost .   
Bot h shel l - and- t ube and mul t i - pl at e or  pl at e and 
f r ame heat  exchanger s ar e al l owabl e f or  sol ar  
syst ems.   The mul t i - pl at e heat  exchanger  has t he 
advant ages over  shel l - and- t ube of  bei ng mor e 
compact ,  mor e ef f i c i ent ,  easi er  t o c l ean,  and i t  i s  
commonl y pr oduced f r om super i or  mat er i al s.   They can 
al so be easi l y expanded t o l ar ger  s i zes i f  
necessar y,  and many r equi r e l i t t l e or  no 
i nsul at i on.   The desi gner  shoul d consi der  use of  
t hese exchanger s whenever  pr act i cal .   Because of  t he 
wi de var i et y of  conf i gur at i ons used by t hese heat  
exchanger s,  t hey must  of t en be si zed by t he 
i ndi v i dual  manuf act ur er s.   I n accor dance wi t h UFC 
3- 440- 01,  t he f l ow r at e on t he st or age si de of  t he 
heat  exchanger  shoul d be 1. 25 t i mes t hat  on t he 
col l ect or  s i de.   I t ems t o be shown on t he dr awi ngs 
must  i ncl ude:

a.   Type of  heat  exchanger  and heat  exchanger  
mat er i al s
b.   Fl ow r at es on bot h s i des of  heat  exchanger
c.   Pl at e or  t ube heat  t r ansf er  ar ea.

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

[ Base f l ow r at e i n t he col l ect or  l oop on r ecommended col l ect or  f l ow r at e,  
and as shown.   Ensur e st or age l oop f l ow r at e i s 1. 25 t i mes t he col l ect or  
l oop f l ow r at e. ]  [ Base syst em f l ow r at e on r ecommended col l ect or  f l ow 
r at e,  and as i ndi cat ed. ]   Ensur e al l  f l ow r at es ar e bel ow 1. 5 met er s/ second
 5 f eet / second.

3. 2. 3. 2   Pumps

[ I nst al l  pumps on f oundat i ons,  l evel ed,  gr out ed,  and r eal i gned bef or e 
oper at i on i n accor dance wi t h manuf act ur er s '  i nst r uct i ons. ]  [ Pr ovi de 
addi t i onal  pi pe suppor t s f or  c l ose- coupl ed i n- l i ne pumps. ]   [ Pr ovi de a 
st r ai ght  pi pe bet ween t he suct i on s i de of  t he pump and t he f i r st  el bow f or  
al l  base mount ed pumps.   The l engt h of  t hi s pi pe must  be a mi ni mum of  f i ve 
t i mes t he di amet er  of  t he pi pe on t he suct i on s i de of  t he pump,  or  at t ach 
a suct i on di f f user  of  t he pr oper  s i ze t o t he suct i on s i de of  t he pump. ]   
[ Pr ovi de st r ai ght  pi pe bet ween t he suct i on s i de of  t he pump and t he f i r st  
el bow f or  al l  i n- l i ne pumps.   The l engt h of  t hi s pi pe must  be a mi ni mum of  
f i ve t i mes t he di amet er  of  t he pi pe si ze on t he suct i on s i de of  t he 
pump. ]   Ensur e dr ai n l i ne s i zes f r om t he pumps ar e not  l ess t han t he dr ai n 
t r ap or  t he pump di r t  pocket ,  but  i n no case must  t he dr ai n l i ne be l ess 
t han 13 mm 1/ 2 i nch i r on pi pe si ze.   Ter mi nat e dr ai n l i nes t o spi l l  over  
t he near est  f l oor  or  open si ght  dr ai n.

3. 2. 3. 3   Expansi on Tank

I nst al l  expansi on t ank on suct i on s i de of  pump.
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3. 2. 3. 4   Pi pi ng,  Val ves,  and Accessor i es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n f r eezi ng t emper at ur es at  t he pr oj ect  ,  t he 
use of  an uni nhi bi t ed pr opyl ene- gl ycol / wat er  
sol ut i on may be r equi r ed.   USP/ f ood- gr ade 
uni nhi bi t ed pr opyl ene- gl ycol  i s  a nont oxi c,  
noncor r osi ve f l ui d used by t he f ood i ndust r y,  and 
has been appr oved f or  use wi t h s i ngl e i sol at i on heat  
exchanger s i n c l osed- l oop mi l i t ar y sol ar  ener gy 
syst ems by t he Of f i ce of  t he Sur geon Gener al  ( DASG)  
i n coor di nat i on wi t h t he Toxi col ogy Di vi s i on of  t he 
Ar my Envi r onment al  Hygi ene Agency.   The 
concent r at i on t o be used i s a f unct i on of  t he 
c l i mat e wher e t he syst em i s t o be l ocat ed.   The 
concent r at i on shoul d be ei t her  30 or  50 per cent ,  
wi t h c l i mat es t hat  commonl y at t ai n f r eezi ng 
t emper at ur es ( t hose above appr oxi mat el y 2, 222 
heat i ng Kel v i n days 4000 heat i ng degr ee F days)  
r ecei v i ng t he 50 per cent  sol ut i on.   Al t hough 
i nhi bi t ed pr opyl ene- gl ycol  i s  of t en used i n 
mechani cal  syst ems,  uni nhi bi t ed pr opyl ene- gl ycol  i s  
speci f i ed f or  sol ar  syst ems t o el i mi nat e f l ui d 
mai nt enance r equi r ement s.   I ndi cat e i n equi pment  
schedul es on dr awi ngs t he heat  t r ansf er  f l ui d used,  
t he concent r at i on,  and t he maxi mum oper at i ng 
t emper at ur e t o assur e pr oper  equi pment  and mat er i al s 
compat i bi l i t y .   Wat er  shoul d onl y be used as a heat  
t r ansf er  f l ui d when t he di r ect  c i r cul at i on syst em i s 
speci f i ed,  or  when t he syst em i s desi gned wi t h 
i nher ent  f r eeze pr ot ect i on.   I t ems t o be shown on 
t he dr awi ngs r egar di ng t he heat  t r ansf er  f l ui d must  
i ncl ude,  i f  appl i cabl e:

a.   Use of  uni nhi bi t ed,  f ood- gr ade pr opyl ene-  gl ycol  
and di st i l l ed wat er  sol ut i on
b.   30 or  50 per cent  concent r at i on
c.   Not e of  t amper  r esi st ant  seal  r equi r ement s.

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

I nst al l  pi pi ng i n accor dance wi t h Sect i on 22 00 00 PLUMBI NG,  GENERAL 
PURPOSE,  except  wher e not ed ot her wi se.   Code pi pi ng wi t h f l ui d t ype and 
f l ow di r ect i on l abel s i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND 
COATI NGS.   When a f ood- gr ade uni nhi bi t ed pr opyl ene- gl ycol  sol ut i on i s used 
t o heat  pot abl e ser vi ce wat er ,  t amper  r esi st ant  seal s must  be at t ached t o 
al l  f i l l  por t s.   Al l  pr opyl ene- gl ycol  c i r cui t s must  be l abel ed " CONTAI NS 
UNI NHI BI TED FOOD- GRADE PROPYLENE- GLYCOL:   I NTRODUCTI ON OF ANY NONAPPROVED 
FLUI D MAY CONSTI TUTE A HEALTH HAZARD. "   Al l  t amper  r esi st ant  seal s must  
car r y t he name of  t he r egi st er ed engi neer  or  l i censed pl umber  who 
cer t i f i es t hat  onl y a [ 30]  [ 50]  per cent  f ood- gr ade uni nhi bi t ed 
pr opyl ene- gl ycol  and wat er  sol ut i on has been i nst al l ed i n t he syst em.   
I nst al l  ai r  vent s at  t he hi gh poi nt s of  t he col l ect or  ar r ay and i n t he 
equi pment  r oom.

3. 2. 3. 5   Pi pe Expansi on

Pr ovi de expansi on of  suppl y and r et ur n pi pes f or  changes i n t he di r ect i on 
of  t he r un of  pi pe or  by expansi on l oops as i ndi cat ed.   Use expansi on 
l oops t o pr ovi de adequat e expansi on of  t he mai n st r ai ght  r uns of  t he 
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syst em wi t hi n t he st r ess l i mi t s speci f i ed i n ASME B31. 1.   Pr ovi de 
col d- spr ung l oops and i nst al l  wher e i ndi cat ed.   Pr ovi de pi pe gui des as 
i ndi cat ed.   Do not  use expansi on j oi nt s i n syst em pi pi ng.

3. 2. 3. 6   Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cal i br at ed bal anci ng val ves ar e r equi r ed at  
t he out l et  of  each bank i n addi t i on t o t he bal l  
val ve r equi r ed at  t hi s out l et .   I f  t he 
r ever se- r et ur n pi pi ng st r at egy i s pr oper l y adher ed 
t o,  t hi s val ve may pr ove unnecessar y.   I t  i s  
speci f i ed,  however ,  t o al l ow t he ar r ay t o be f l ow 
bal anced i n t he event  of  i mpr oper  const r uct i on or  
modi f i cat i on of  t he ar r ay at  some l at er  t i me.   The 
bal l  val ves ar e r equi r ed t o enabl e t he ar r ay t o be 
di sconnect ed f or  mai nt enance or  r epai r .   Check 
val ves at  pump di schar ges ar e r equi r ed t o pr event  
back f l ow i nt o pumps and ar e r equi r ed on t he 
col l ect or  l oop t o pr event  f l ui d cool ed i n t he 
col l ect or s at  ni ght  f r om mi gr at i ng ar ound t he l oop 
t o t he heat  exchanger .

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

I nst al l  val ves at  t he l ocat i ons i ndi cat ed and wher e r equi r ed f or  t he 
pr oper  f unct i oni ng of  t he syst em.   I nst al l  val ves wi t h t hei r  st ems 
hor i zont al  or  above.   I nst al l  gat e or  bal l  val ves at  t he i nl et  and out l et  
of  each bank of  i nt er nal l y mani f ol ded col l ect or s.   I nst al l  cal i br at ed 
bal anci ng val ves wi t h i nt egr al  pr essur e t aps at  t he out l et  of  each bank 
and at  t he pump di schar ge.   Mar k f i nal  set t i ng f or  each val ve on each 
val ve.   I nst al l  bal l  val ves wi t h a uni on i mmedi at el y adj acent .   I nst al l  
gat e val ves at  t he i nl et  and out l et  of  each pump and al so at  t he i nl et  and 
out l et  of  each heat  exchanger .   I nst al l  a check val ve at  pump di schar ges.   
Pi pe di schar ges of  r el i ef  val ves [ wher e r equi r ed f or  hi gh t emper at ur e or  
pr essur e ] t o t he near est  f l oor  dr ai n or  as i ndi cat ed on syst em dr awi ngs.   
Gi ve consi der at i on t o t he f l ui d t emper at ur e and pr essur e when l ocat i ng t he 
r el i ef  val ve di schar ges.   Addi t i onal l y,  eval uat e t he pi pe mat er i al  of  t he 
r ecei v i ng pi pe f or  hi gh t emper at ur e f l ui ds.

3. 2. 3. 7   Foundat i ons

Const r uct  concr et e f oundat i ons or  pads f or  st or age t anks,  heat  exchanger s,  
pumps,  and ot her  equi pment  cover ed by t hi s speci f i cat i on i n accor dance 
wi t h manuf act ur er ' s r ecommendat i ons and be a mi ni mum of  150 mm 6 i nches 
hi gh wi t h chamf er ed edges.

3. 2. 3. 8   Gr ooved Mechani cal  Joi nt s

Do not  ut i l i ze gr ooved mechani cal  j oi nt s.

3. 2. 4   Cont r ol  Subsyst em

3. 2. 4. 1   Di f f er ent i al  Temper at ur e Cont r ol l er

I nst al l  aut omat i c cont r ol  equi pment  at  t he l ocat i on shown i n accor dance 
wi t h t he manuf act ur er ' s i nst r uct i ons.   I nst al l  cont r ol  wi r i ng and sensor  
wi r i ng i n condui t .   [ Mount  col l ect or  t emper at ur e sensor  i n a t emper at ur e 
sensor  wel l  i n t he f l ui d st r eam al ong t he t op mani f ol d of  a bank bet ween 
t wo adj acent  col l ect or  uni t s. ]   [ Pr ovi de col l ect or  t emper at ur e sensor  by 
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di f f er ent i al  t emper at ur e cont r ol l er  manuf act ur er  and mount  di r ect l y on t he 
absor ber  pl at e by t he manuf act ur er . ]   Unl ess ot her wi se i ndi cat ed,  pr ovi de 
oper at or s,  cont r ol l er s,  sensor s,  i ndi cat or s,  and l i ke devi ces when 
i nst al l ed on equi pment  casi ngs and pi pe l i nes wi t h st and- of f  mount i ng 
br acket s,  bases,  ni ppl es,  adapt er s,  or  ext ended t ubes t o pr ovi de 
cl ear ance,  not  l ess t han t he t hi ckness of  t he i nsul at i on,  bet ween t he 
sur f ace and t he devi ce.   Ensur e t hese st and- of f  mount i ng i t ems ar e 
i nt egr al  wi t h t he devi ces or  st andar d accessor i es of  t he cont r ol s 
manuf act ur er  unl ess ot her wi se appr oved.   Cl amp- on devi ces or  i nst r ument s 
wher e di r ect  cont act  wi t h pi pe sur f ace i s r equi r ed ar e exempt  f r om t he use 
of  t he above mount i ng i t ems.   Col or  code and i dent i f y al l  cont r ol  wi r i ng 
wi t h per manent  numer i c or  al phabet i c codes.

3. 2. 4. 2   Sequence of  Oper at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng on/ of f  set  di f f er ent i al s ar e 
common f or  l i qui d syst ems:

Pump on  = 7 t o 11 degr ees C 12 t o 20 degr ees F.
Pump of f  = 2 t o 4 degr ees C 3 t o  8 degr ees F.

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

The di f f er ent i al  t emper at ur e cont r ol l er  sensi ng t emper at ur e di f f er ence 
bet ween t he f l ui d i n a sol ar  col l ect or  and wat er  i n t he st or age t ank must  
st ar t  sol ar  col l ect or  l oop [ and st or age l oop]  pumps[ s]  when t he 
t emper at ur e di f f er ent i al  ( Del t a T -  ON)  r i ses above [ 8]  [ _____]  degr ees C 
[ 15]  [ _____]  degr ees F,  and must  st op t he pump when t he di f f er ent i al  
( Del t a T -  OFF)  f al l s  bel ow [ 3]  [ _____]  degr ees C [ 5]  [ _____]  degr ees F.

3. 3   I NSPECTI ON AND TESTI NG

Submi t  an i ndependent  t est i ng agency' s cer t i f i ed r epor t s of  i nspect i ons 
and l abor at or y t est s,  i ncl udi ng anal ysi s,  posi t i on of  f l ow- bal anci ng 
equi pment ,  and i nt er pr et at i on of  t est  r esul t s.   Pr oper l y i dent i f y each 
r epor t .   Descr i be t est  met hods used and compl i ance wi t h r ecogni zed t est  
st andar ds.

3. 3. 1   I nspect i on

Make syst em avai l abl e f or  i nspect i on at  al l  t i mes.

3. 3. 2   Test i ng Pr i or  t o Conceal ment

3. 3. 2. 1   Hydr ost at i c Test

Demonst r at e t o Cont r act i ng Of f i cer  t hat  al l  pi pi ng has been 
hydr ost at i cal l y t est ed,  at  a pr essur e of  862 kPa 125 psi  f or  a per i od of  
t i me suf f i c i ent  f or  i nspect i on of  ever y j oi nt  i n t he syst em and i n no case 
l ess t han 2 hour s,  pr i or  t o i nst al l at i on of  i nsul at i on.   I sol at e expansi on 
t ank and r el i ef  val ves f r om t est  pr essur e.   Loss of  pr essur e i s not  
al l owed.   Repai r  l eaks f ound dur i ng t est s by r epl aci ng pi pe or  f i t t i ngs 
and r et est  t he syst em.   Caul k i ng of  j oi nt s i s not  per mi t t ed.

3. 3. 2. 2   Cl eani ng of  Pi pi ng

Fl ush syst em pi pi ng wi t h c l ean,  f r esh wat er  pr i or  t o conceal ment  of  any 
i ndi v i dual  sect i on and pr i or  t o f i nal  oper at i ng t est s.   Pr i or  t o f l ushi ng 
pi pi ng,  i sol at e or  r emove r el i ef  val ves.   Cover  sol ar  col l ect or s t o 
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pr event  heat i ng of  c l eani ng f l ui d,  unl ess c l eani ng i s per f or med dur i ng 
hour s of  dar kness.   Ci r cul at e t he sol ut i on t hr ough t he sect i on t o be 
cl eaned at  t he desi gn f l ow r at e f or  a mi ni mum of  2 hour s.

3. 3. 3   Post i ng Fr amed I nst r uct i ons

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

3. 3. 4   Accept ance Test i ng and Fi nal  I nspect i on

Not i f y t he Cont r act i ng Of f i cer  7 cal endar  days bef or e t he per f or mance and 
accept ance t est s ar e t o be conduct ed.   Per f or m t est s i n t he pr esence of  
t he Cont r act i ng Of f i cer .   Fur ni sh al l  i nst r ument s and per sonnel  r equi r ed 
f or  t he t est s.   El ect r i c i t y and wat er  wi l l  be f ur ni shed by t he 
Gover nment .   Mai nt ai n a wr i t t en r ecor d of  t he r esul t s of  al l  accept ance 
t est s t o be submi t t ed i n bookl et  f or m.   The t est s ar e as f ol l ows:

3. 3. 4. 1   As- Bui l t  Dr awi ngs

Submi t ,  as a condi t i on of  f i nal  accept ance,  a compl et e set  of  as- bui l t  
syst em dr awi ngs.   Cl ear l y i ndi cat e t he act ual  condi t i on of  t he i nst al l ed 
sol ar  ener gy syst em at  t he t i me of  t he f i nal  t est .

3. 3. 4. 2   Fi nal  Hydr ost at i c Test

Demonst r at e t o Cont r act i ng Of f i cer  t hat  al l  pi pi ng has been 
hydr ost at i cal l y t est ed at  a pr essur e of  862 kPa 125 pounds per  squar e i nch 
f or  a per i od of  t i me suf f i c i ent  f or  i nspect i on of  ever y j oi nt  i n t he 
syst em and i n no case l ess t han 2 hour s.   I sol at e expansi on t ank and 
r el i ef  val ves f r om t est  pr essur e.   Use gauges i n t he t est  t hat  have been 
cal i br at ed wi t hi n t he 6- mont h per i od pr ecedi ng t he t est .   Test  must  be 
wi t nessed by Cont r act i ng Of f i cer .   Loss of  pr essur e i s not  al l owed.   
Repai r  l eaks f ound dur i ng t est s by r epl aci ng pi pe or  f i t t i ngs and r et est  
t he syst em.   Caul k i ng of  j oi nt s i s not  per mi t t ed.

3. 3. 4. 3   Syst em Fl ushi ng

For  t he f i nal  i nspect i on,  f l ush t he syst em t hor oughl y,  i n no case f or  l ess 
t han 2 hour s,  of  al l  f or ei gn mat t er  unt i l  a whi t e l i nen bag i nst al l ed i n a 
st r ai ner  basket  shows no evi dence of  cont ami nat i on.   Keep t he whi t e l i nen 
bag i n t he st r ai ner  basket  dur i ng t he ent i r e f l ushi ng oper at i on pr i or  t o 
i t s bei ng pr esent ed t o t he Cont r act i ng Of f i cer  f or  appr oval .   The 
Cont r act i ng Of f i cer  wi l l  i nspect  t he l i nen bag pr i or  t o compl et i on of  
f l ushi ng and appr ove t he f l ushi ng oper at i on.   Dr ai n syst em pr i or  t o f i nal  
f i l l i ng.

3. 3. 4. 4   Syst em Fi l l i ng

Fi l l  syst em t hr ough i ndi cat ed connect i ons wi t h [ pr opyl ene- gl ycol  
sol ut i on.   Mi x sol ut i on consi st i ng of  [ 30]  [ 50]  per cent  pr opyl ene- gl ycol  
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and [ 70]  [ 50]  per cent  di st i l l ed wat er  by vol ume]  [ di st i l l ed wat er ]  
ext er nal l y t o t he sol ar  syst em.   Vent  ai r  f r om t he syst em af t er  f i l l i ng.   
Ensur e syst em pr essur e at  t he hi gh poi nt  on t he r oof  i s 69 kPa 10 psi g 
mi ni mum.

3. 3. 4. 5   Oper at i onal  Test

Per f or m oper at i onal  t est  over  a per i od of  48 consecut i ve hour s wi t h 
suf f i c i ent  sol ar  i nsul at i on t o cause act i vat i on of  t he sol ar  ener gy syst em 
dur i ng dayl i ght  hour s.   Wi t h syst em f ul l y char ged so t hat  pr essur e at  t he 
hi gh poi nt  on t he r oof  or  t he l owest  syst em pr essur e i s a mi ni mum of  69 kPa
 10 psi g and wi t h f l ui d and pump[ s]  ener gi zed,  [ s i ght  f l ow i ndi cat or  must  
i ndi cat e f l ow]  [ f l owmet er  must  i ndi cat e f l ow as i ndi cat ed] .   Use 
cal i br at ed bal anci ng val ves wi t h pr essur e t aps t o i ndi cat e bank f l ow r at e 
as shown.

3. 3. 4. 6   Cont r ol  Logi c

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng on/ of f  set  di f f er ent i al s ar e 
common f or  l i qui d syst ems:

Pump on  = 7 t o 11 degr ees C 12 t o 20 degr ees F.
Pump of f  = 2 t o 4 degr ees C 3 t o 8 degr ees F.

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

By subst i t ut i ng var i abl e r esi st or s f or  col l ect or  and st or age t ank 
t emper at ur e sensor s,  demonst r at e t he di f f er ent i al  t emper at ur e cont r ol l er  
cor r ect l y ener gi zes t he syst em pump[ s]  when t he col l ect or  sensor  i ndi cat es 
a t emper at ur e of  [ 8]  [ _____]  degr ees C [ 15]  [ _____]  degr ees F gr eat er  t han 
t he st or age t ank t emper at ur e,  as i ndi cat ed on t he cont r ol l er  di spl ay 
panel .   Pr ovi de di f f er ent i al  t emper at ur e cont r ol l er  t o de- ener gi ze t he 
syst em pump[ s]  when t he di spl ayed t emper at ur e of  t he sol ar  col l ect or s i s 
[ 3]  [ _____]  degr ees C [ 5]  [ _____]  degr ees F gr eat er  t han t he di spl ayed 
t emper at ur e of  t he st or age t ank.

3. 3. 4. 7   Temper at ur e Sensor  Di agnost i cs

Demonst r at e t hat  t he cont r ol l er  wi l l  cor r ect l y i dent i f y open and shor t  
c i r cui t s on bot h t he sol ar  col l ect or  t emper at ur e sensor  c i r cui t  and t he 
st or age t ank sensor  c i r cui t .

3. 3. 4. 8   Over al l  Syst em Oper at i ons

Demonst r at e t hat  t he sol ar  ener gy syst em wi l l  oper at e pr oper l y whi l e 
unat t ended f or  a per i od of  at  l east  72 hour s and t hat  t he cont r ol l er  wi l l  
s t ar t  pump[ s]  af t er  bei ng war med by t he sun,  and t hat  i t  wi l l  pr oper l y 
shut  down dur i ng c l oudy weat her  or  i n t he eveni ng over  a mi ni mum of  t hr ee 
compl et e cycl es.   Cont r act or  i s per mi t t ed t o mani pul at e t he t emper at ur e of  
t he st or age t ank by t he i nt r oduct i on of  col d wat er  at  l ocal  gr oundwat er  
t emper at ur e.

3. 4   FI ELD TRAI NI NG

Pr ovi de a f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng and mai nt enance 
st af f  member s.   Pr ovi de t r ai ni ng f or  a mi ni mum per i od of  [ _____]  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 e 
but  pr i or  t o f i nal  accept ance t est s.   I ncl ude di scussi on of  t he syst em 
desi gn and l ayout  and demonst r at i ons of  r out i ne oper at i on and mai nt enance 
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pr ocedur es.   Thi s t r ai ni ng i ncl udes:   nor mal  syst em oper at i on and cont r ol ;  
f l ow bal anci ng;  det ect i on of  a nonf unct i oni ng syst em due t o sensor ,  
cont r ol l er ,  and/ or  mechani cal  f ai l ur e;  f i l l i ng,  dr ai ni ng,  and vent i ng of  
t he col l ect or  ar r ay;  r epl acement  of  sensor s,  col l ect or s,  and col l ect or  
component s;  col l ect or  c l eani ng and i nspect i on f or  l eaks;  and heat  
exchanger  c l eani ng and expansi on t ank char gi ng i f  appl i cabl e.   Submi t  [ 6]  
[ _____]  copi es of  oper at i on and [ 6]  [ _____]  copi es of  mai nt enance manual s 
f or  t he equi pment  f ur ni shed.   One compl et e set  pr i or  t o per f or mance 
t est i ng and t he r emai nder  upon accept ance.   Manual s must  be appr oved pr i or  
t o t he f i el d t r ai ni ng cour se.   Det ai l  t he st ep- by- st ep pr ocedur es r equi r ed 
f or  syst em f i l l i ng,  st ar t up,  oper at i on,  and shut down i n t he oper at i ng 
manual s.   I ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  
par t s l i s t ,  and br i ef  descr i pt i ons of  al l  equi pment  and t hei r  basi c 
oper at i ng f eat ur es.   Li st  r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  t r oubl eshoot i ng gui des,  pi pi ng and equi pment  
l ayout ,  bal anced f l ui d f l ow r at es,  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 i n t he mai nt enance manual s.

        - -  End of  Sect i on - -
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