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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  medi um- t emper at ur e ( 38- 82 degr ees C
100- 180 degr ees F) ,  l i qui d- f l at - pl at e or  evacuat ed 
t ube col l ect or  l oop syst ems,  heat  st or age t anks,  
pumps,  cont r ol s and r el at ed equi pment  and mat er i al s.

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

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

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

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

**************************************************************************
NOTE:   Appl i cat i ons of  t he sol ar  syst ems may be 
domest i c hot  wat er ,  space heat i ng,  swi mmi ng pool  
heat i ng,  pr ocess f l ui d heat i ng,  spa wat er  heat i ng,  
ai r  condi t i oni ng f or  sol ar  cool i ng and heat i ng,  
agr i cul t ur al  pr ocess heat i ng,  or  ot her  commer ci al  
and i ndust r i al  uses.

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

**************************************************************************
NOTE:   The f ol l owi ng i nf or mat i on shal l  be shown on 
t he pr oj ect  dr awi ngs:

1.   Cont r ol  equi pment  oper at i on mat r i x.

2.   Cont r ol  oper at i ons sequence.
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3.   Det ai l s  of  sof t - dr awn copper - t ubi ng connect or s 
t o t op and bot t om header s of  sol ar - col l ect or  panel .

4.   Syst em di agr am.

5.   Panel  ar r ay l ayout  and l ocat i ons.

6.   Syst em equi pment  l ocat i ons.

7.   Equi pment  pi pi ng det ai l s .

8.   Mount i ng det ai l s .

9.   Schedul es i n accor dance wi t h UFC 3- 400- 01,  
" Renewabl e Ener gy Syst ems -  Faci l i t y" .

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

PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.
 
Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.
 
Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

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

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

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

ASHRAE 90. 1 -  I P ( 2013)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 90. 1 -  SI ( 2013)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

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
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ASHRAE 96 ( 1980;  R 1989)  Met hods of  Test i ng t o 
Det er mi ne t he Ther mal  Per f or mance of  
Ungl azed Fl at - Pl at e Li qui d- Type Sol ar  
Collectors

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1003 ( 2009)  Per f or mance Requi r ement s f or  Wat er  
Pr essur e Reduci ng Val ves f or  Domest i c 
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

ASSE 1017 ( 2009)  Per f or mance Requi r ement s f or  
Temper at ur e Act uat ed Mi xi ng Val ves f or  Hot  
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2011;  Amendment  2012)  Speci f i cat i on f or  
Fi l l er  Met al s f or  Br azi ng and Br aze Wel di ng

ASME I NTERNATI ONAL ( ASME)

ASME A13. 1 ( 2015)  Scheme f or  t he I dent i f i cat i on of  
Pi pi ng Syst ems

ASME B16. 1 ( 2015)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 22 ( 2013)  St andar d f or  Wr ought  Copper  and 
Copper  Al l oy Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 24 ( 2011)  Cast  Copper  Al l oy Pi pe Fl anges and 
Fl anged Fi t t i ngs:  Cl asses 150,  300,  600,  
900,  1500,  and 2500

ASME B16. 39 ( 2014)  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 ( 2016;  Er r at a 2016)  Power  Pi pi ng

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments

ASME BPVC SEC VI I I ( 2010)  Boi l er  and Pr essur e Vessel  Codes:   
Sect i on VI I I  Rul es f or  Const r uct i on of  
Pr essur e Vessel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A193/ A193M ( 2017)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2018)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
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Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM B168 ( 2011;  R 2016)  St andar d Speci f i cat i on f or  
Ni ckel - Chr omi um- I r on Al l oys ( UNS N06600,  
N06601,  N06603,  N06690,  N06693,  N06025,  
and N06045,  and N06696, )  
Ni ckel - Chr omi um- Cobal t - Mol ybdenum Al l oy 
( UNS N06617) ,  and 
Ni ckel - I r on- Chr omi um- Tungst en Al l oy ( UNS 
N06674)  Pl at e,  Sheet ,  and St r i p

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)

ASTM B32 ( 2008;  R 2014)  St andar d Speci f i cat i on f or  
Sol der  Met al

ASTM B88 ( 2016)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2018)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

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  
Glass

ASTM D3667 ( 2016)  St andar d Speci f i cat i on f or  Rubber  
Seal s Used i n Fl at - Pl at e Sol ar  Col l ect or s

ASTM D3832 ( 1979;  R 2011)  St andar d Speci f i cat i on f or  
Rubber  Seal s Cont act i ng Li qui ds i n Sol ar  
Ener gy Syst ems

ASTM E1 ( 2014)  St andar d Speci f i cat i on f or  ASTM 
Li qui d- i n- Gl ass Ther momet er s

ASTM E1160 ( 2013)  St andar d Gui de f or  On- Si t e 
I nspect i on and Ver i f i cat i on of  Oper at i on 
of  Sol ar  Domest i c Hot  Wat er  Syst ems

ASTM E822 ( 1992;  R 2009)  St andar d Pr act i ce f or  
Det er mi ni ng Resi st ance of  Sol ar  Col l ect or  
Cover s t o Hai l  by I mpact  Wi t h Pr opel l ed 
I ce Bal l s

COPPER DEVELOPMENT ASSOCI ATI ON ( CDA)

CDA A4015 ( 2016;  14/ 17)  Copper  Tube Handbook

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

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

MSS SP- 25 ( 2013)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2009)  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- 69 ( 2003;  Not i ce 2012)  Pi pe Hanger s and 
Suppor t s -  Sel ect i on and Appl i cat i on ( ANSI  
Appr oved Amer i can Nat i onal  St andar d)

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 ( 2013)  Br onze Gat e,  Gl obe,  Angl e and Check 
Valves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2018)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
(SMACNA)

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
f or  Mechani cal  Syst ems,  3r d Edi t i on

SOLAR RATI NG AND CERTI FI CATI ON CORPORATI ON ( SRCC)

SRCC CRI S ( ongoi ng onl i ne)  Cer t i f i cat i on Rat i ngs 
I nf or mat i on Ser v i ce ( CRI S)

SRCC OG- 100 ( 2015)  Sol ar  Ther mal  Col l ect or  
Cer t i f i cat i on Pr ogr am

SRCC OG- 300 ( 2015)  Sol ar  Ther mal  Syst em Cer t i f i cat i on 
Program

SRCC STD 300 ( 2015)  Sol ar  Ther mal  Syst em St andar d

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 50561 ( Basi c)  Pumps,  Rot ar y,  Power - Dr i ven,  
Vi scous Li qui ds

CI D A- A- 50568 ( Basi c;  Not i ce 1)  Gages,  Li qui d Level  
Measur i ng,  Tank

CI D A- A- 59617 ( Basi c,  Not i ce 1)  Uni ons,  Br ass or  Br onze,  
Thr eaded Pi pe Connect i ons and Sol der - Joi nt  
Tube Connect i ons

CI D A- A- 60001 ( Rev A)  Tr aps,  St eam

FS F- T- 2907 ( Rev A;  Not i ce 1)  Tanks,  Por t abl e Hot  
Wat er  St or age
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UNDERWRI TERS LABORATORI ES ( UL)

UL 873 ( 2007;  Repr i nt  Feb 2015)  St andar d f or  
Temper at ur e- I ndi cat i ng and - Regul at i ng 
Equipment

1. 2   RELATED REQUI REMENTS

Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS,  appl i es t o 
t hi s sect i on wi t h addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a " G"  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

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

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

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

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

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

SD- 02 Shop Dr awi ngs

Sol ar  Ener gy Syst ems;  G[ ,  [ _____] ]

  I ncl ude col l ect or  st r uct ur al  suppor t s,  sol ar  col l ect or  cont r ol  
sequences,  and i nst r ument  mount i ng and i nt er connect i ons.

SD- 03 Pr oduct  Dat a

Pi pi ng;  G[ ,  [ _____] ]

I nst r ument at i on;  G[ ,  [ _____] ]

Val ves;  G[ ,  [ _____] ]

Pi pi ng Speci al t i es;  G[ ,  [ _____] ]

Pumps;  G[ ,  [ _____] ]

Sol ar  St or age Tanks;  G[ ,  [ _____] ]

Sol ar  Col l ect or s;  G[ ,  [ _____] ]

  For  t he sel ect ed col l ect or s,  i ncl ude t est  r esul t s per  ASHRAE 93.

Heat  Exchanger s;  G[ ,  [ _____] ]

Compr essi on Tanks;  G[ ,  [ _____] ]

Sol ar - Boost ed Domest i c Wat er  Heat er s;  G[ ,  [ _____] ]

Col l ect or  Heat  Tr ansf er  Fl ui d;  G[ ,  [ _____] ]

I nsul at i on Ar ound Pi pi ng and St or age Tanks;  G[ ,  [ _____] ]

  For  each pump,  i ncl ude manuf act ur er ' s dat a i ncl udi ng pump speed 
and char act er i st i c  i mpel l er  per f or mance cur ves.   I ndi cat e capaci t y 
ver sus head,  ef f i c i ency,  and br ake power  f or  t he f ul l  r ange f r om 
shut - of f  t o f r ee del i ver y.

SD- 06 Test  Repor t s

**************************************************************************
NOTE:   Under gr ound t anks ar e not  a r ecommended 
met hod f or  t her mal  st or age.   A desi gn wi t h t her mal  
st or age wi t hi n a bui l di ng i s mor e i deal  f or  
efficiency.

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

[ Under gr ound Sol ar  St or age Tanks Hol i day Test ;  G[ ,  [ _____] ]

  Submi t  a f act or y hol i day t est  cer t i f i cat e f or  each t ank. ]

SD- 07 Cer t i f i cat es
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Sol ar  Ener gy Syst em I nst al l at i on;  G[ ,  [ _____] ]

  Submi t  t echni cal  r epr esent at i ve' s cer t i f i cat i on t hat  t he sol ar  
ener gy syst em i nst al l at i on has been done as r ecommended by t he 
manufacturer .

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

Sol ar  Ener gy Syst ems;  G[ ,  [ _____] ]

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

Sol ar  Ener gy Syst ems,  Dat a Package 3;  G[ ,  [ _____] ]

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

SD- 11 Cl oseout  Submi t t al s

Post ed Oper at i ng I nst r uct i ons f or  Sol ar  Ener gy Syst em;  G[ ,  [ _____] ]

1. 4   QUALI TY ASSURANCE

For  br azi ng and sol der i ng pr ocedur e qual i f i cat i on,  conf or m t o ASME B31. 1; 
f or  pr epar at i on and pr ocedur es f or  j oi nt s,  conf or m t o ASME B31. 1 and 
CDA A4015.

1. 4. 1   Oper at i on and Mai nt enance Dat a

Submi t  Sol ar  Ener gy Syst ems dat a package f or  t he f ol l owi ng i t ems i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

a.   Tr oubl eshoot i ng gui de f or  sol ar  ener gy syst ems

b.   Sol ar  col l ect or  war r ant y

c.   Oper at i on i nst r uct i ons

d.   Pr event i ve mai nt enance and i nspect i on dat a,  i ncl udi ng a schedul e f or  
syst em oper at or s.

e.   Pr oj ect  dr awi ngs.

1. 5   SOLAR COLLECTOR WARRANTY
**************************************************************************

NOTE:   War r ant i es on Navy const r uct i on:  War r ant i es 
f or  equi pment ,  mat er i al s,  or  desi gn f ur ni shed,  or  
wor kmanshi p per f or med by t he Cont r act or  or  any 
subcont r act or  or  suppl i er ,  has a dur at i on of  one 
year  f r om t he dat e of  f i nal  accept ance of  t he wor k.   
An except i on i s i n nor mal  commer ci al  pr act i ce l onger  
war r ant y per i od f or  par t i cul ar  const r uct i on ar e 
given.

A war r ant y dur at i on of  l onger  t han a year ,  and not  
cover ed nor mal l y  by t he i ndust r y,  r equi r es a Level  
I I I  Cont r act i ng Of f i cer ' s wr i t t en det er mi nat i on 
document i ng t hat  t he ext r a war r ant y pr ot ect i on i s 
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needed.

The war r ant y c l ause f or  sol ar  col l ect or s i n t hi s 
gui de speci f i cat i on has been appr oved by 
NAVFACENGCOM HQ i n accor dance wi t h t he r equi r ement s 
of  t he Naval  Faci l i t i es Acqui s i t i on Suppl ement  
( NFAS) .   NFAS can be f ound at  t he f ol l owi ng l i nk:  
https://portal.navfac.navy.mil/portal/page/portal/navfac/navfac_forbusinesses_pp/smallbusiness/contracting/navfac
Thi s c l ause may be used wi t hout  any HQ appr oval  or  
r equest  f or  wai ver .

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

Fur ni sh t en year  manuf act ur er ' s war r ant y agai nst  def ect s i n mat er i al s and 
workmanship.

1. 6   POSTED OPERATI NG I NSTRUCTI ONS

Pr ovi de f or  pi pi ng i dent i f i cat i on codes and di agr ams of  sol ar  ener gy 
syst ems,  oper at i ng i nst r uct i ons,  cont r ol  mat r i x,  and t r oubl eshoot i ng 
instructions.

1. 7   HEALTH AND SAFETY RECOMMENDATI ONS

Sect i on 01 35 26 GOVERNMENTAL SAFETY REQUI REMENTS,  appl i es t o t hi s sect i on 
wi t h addi t i ons and modi f i cat i ons speci f i ed her ei n.

PART 2   PRODUCTS

2. 1   SOLAR ENERGY SYSTEMS

**************************************************************************
NOTE:   SRCC OG- 300 appl i es t o r es i dent i al  and l i ght  
commer ci al  syst ems of  119 gal l ons or  l ess.  SRCC 
OG- 100 appl i es t o t he col l ect or s onl y.

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

[ SRCC OG- 300 l i s t ed]  [ SRCC OG- 100 Col l ect or  cer t i f i cat i on] ,  and pr ovi de 
necessar y mat er i al s t o f abr i cat e sol ar  ener gy syst ems i n accor dance wi t h 
t hi s sect i on.   At  t he Cont r act or ' s opt i on,  pr ovi de f act or y- pr ef abr i cat ed 
sol ar  equi pment  packages whi ch i ncl ude heat  exchanger ,  compr essi on and 
st or age t anks,  pumps and cont r ol s and whi ch meet  t he r equi r ement s of  t hi s 
sect i on or  ar e cer t i f i ed by an ANSI - accr edi t ed cer t i f i cat i on body t o 
SRCC STD 300 or  ot her  appl i cabl e ANSI  st andar d.

2. 2   PIPING

2. 2. 1   Copper  Pi pe

ASTM B88MASTM B88,  mi ni mum Type L,  har d dr awn copper  t ubi ng,  except  t hat  
t he connect i on t ubes of  col l ect or s may be sof t - dr awn.

2. 2. 2   Br onze Fl anges and Fl anged Fi t t i ngs

ASME B16. 24.

2. 2. 3   Sol der - Joi nt  Fi t t i ngs

ASME B16. 22,  wr ought  copper .
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2. 2. 4   Unions

CI D A- A- 59617,  sol der  j oi nt .

2. 2. 5   Di el ect r i c  Uni on

Pr ovi de i nsul at ed uni on wi t h a gal vani zed st eel  f emal e pi pe- t hr eaded end 
and a copper  sol der  j oi nt  end conf or mi ng t o ASME B16. 39,  Cl ass 1.   Pr ovi de 
a dr y i nsul at i on bar r i er ,  i mper vi ous t o wat er  and capabl e of  wi t hst andi ng a 
600 vol t  br eakdown t est  and l i mi t i ng gal vani c cur r ent  t o one per cent  of  t he 
shor t  c i r cui t  cur r ent  i n a cor r espondi ng bi met al l i c  j oi nt .

2. 2. 6   Expansi on Joi nt s

2. 2. 6. 1   Bel l ow Expansi on Joi nt s

**************************************************************************
NOTE:   I n cor r osi ve at mospher i c condi t i ons such as 
oceani c ai r ,  use onl y ni ckel - chr omi um- i r on al l oy 
bellows.

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

Cor r ugat ed,  [ unr ei nf or ced]  [ or ]  [ wi t h [ r ei nf or c i ng]  [ or ]  [ equal i z i ng]  
r i ngs] ,  and [ s i ngl e- bel l ow]  [ doubl e- bel l ow]  expansi on j oi nt s.   Const r uct  
bel l ows of  [ copper  al l oy]  [ ni ckel - chr omi um- i r on al l oy,  conf or mi ng t o 
ASTM B168]  [ or ]  [ st ai nl ess st eel ] .

2. 2. 6. 2   Gui ded Sl i p- Tube Expansi on Joi nt s

[ Ri ng packi ng wi t h seal  t o al l ow r epacki ng under  pr essur e] [ Per manent  
packl ess seal ] ,  [ i nt er nal l y] [ i nt er nal l y and ext er nal l y]  gui ded,  and 
[ s i ngl e] [ doubl e]  s l i p- t ube.   Pr ovi de dr ai n por t  i n t he housi ng.   [ For  
packl ess seal ,  pr ovi de a Type 304 or  321 st ai nl ess st eel  bel l ows wi t h 
l ami nat ed or  mul t i - pl y const r uct i on. ]

2. 3   VALVES

[ Pr ovi de end connect i ons as i ndi cat ed. ]   Val ves shal l  open when t ur ned 
counterclockwise.

2. 3. 1   Gat e Val ves

MSS SP- 80,  br onze,  Cl ass 150;  [ Type 1,  sol i d wedge non- r i s i ng st em]  [ or ]  
[ Type 2,  sol i d wedge,  i nsi de scr ew r i s i ng st em] ;  wi t h sol der ,  t hr eaded,  or  
f l anged ends.

2. 3. 2   Gl obe and Angl e Val ves

MSS SP- 80,  br onze,  Cl ass 150;  [ Type 1,  met al  di sc i nt egr al  seat ]  [ or ]  [ Type 
2,  non- met al l i c  di sc,  i nt egr al  seat ] ;  wi t h sol der ,  t hr eaded,  or  f l anged 
ends.

2. 3. 3   Bal l  Val ves

MSS SP- 72 f or  f l anged or  but t - wel di ng ends or  MSS SP- 110 f or  t hr eaded,  
socket - wel di ng,  sol der  j oi nt ,  gr ooved and f l anged ends.
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2. 3. 4   Bal anci ng Cocks,  Fl ow Rat e Cont r ol  and Met er

Br onze,  sol der ,  t hr eaded,  or  f l anged ends.   Pr ovi de squar e head,  f l ow 
i ndi cat or  ar c or  check pr essur e por t s f or  di f f er ent i al  f l ow met er i ng 
devi ce.   Pr ovi de val ve const r uct i on wi t h r at i ng of  116 degr ees C at  862 kPa 
240 degr ees F at  125 psi .

2. 3. 5   Check Val ves

**************************************************************************
NOTE:   When t her mal  s i phon i s a pr obl em,  such as an 
act i ve f l ow i ndi cat or  dur i ng ni ght t i me or  poor  
syst em per f or mance,  use onl y spr i ng- l oaded check 
val ves wi t h el ast omer  seal s.

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

MSS SP- 80,  br onze,  Cl ass 150;  [ Type 3,  swi ng check,  met al  di sc t o met al  
seat ]  [ or ]  [ Type 4,  swi ng check,  non- met al l i c  di sc t o met al  seat ] .  [ Pr ovi de 
spr i ng- l oaded const r uct i on wi t h el ast omer  seal s. ]

2. 3. 6   Wat er  Pr essur e- Reduci ng Val ves

ASSE 1003 wi t h ASSE seal ,  sel f  cont ai ned,  di r ect  act i ng,  and si ngl e seat  
diaphragm.

2. 3. 7   Cont r ol  Val ves

UL l i s t ed.   Pr ovi de val ves act uat ed by el ect r i c  mot or s.   Const r uct  val ves 
t o per mi t  r epl aci ng val ve seal s wi t hout  dr ai ni ng t he syst em.   Pr ovi de 
br onze body const r uct i on and st ai nl ess st eel  val ve st ems,  wi t h r at i ng of  4 
t o 166 degr ees C at  862 kPa 40 t o 240 degr ees F at  125 psi .   I ncl ude 
ext er nal  posi t i on i ndi cat or s and st eel  encl osur es t o pr ot ect  oper at i ng 
components.

2. 3. 7. 1   Shut of f  and Di ver t i ng Cont r ol  Val ves

Br onze val ves wi t h 100 per cent  shut of f ,  s t ai nl ess st eel  but t er f l y  or  bal l ,  
and el ast omer  seat s and seal s.

2. 3. 7. 2   Non- Shut of f  Mi x i ng Val ves

ASSE 1017, MSS SP- 25 mar ki ng modul at i ng,  [ br onze]  [ or ]  [ br ass]  body 
const r uct i on,  st ai nl ess st eel  val ve st ems,  and t her most at i cal l y  cont r ol l ed.

2. 3. 7. 3   Val ve Oper at or s

Pr ovi de el ect r i c  [ t wo- posi t i on]  [ or ]  [ pr opor t i oni ng]  oper at or s,  wi t h 
oi l - i mmer sed gear  t r ai ns.   Two- posi t i on oper at or s may be s i ngl e- di r ect i on 
wi t h [ spr i ng- r et ur n]  [ or ]  [ r ever s i ng]  const r uct i on.   [ For  [ r ever si ng]  [ and]  
[ pr opor t i oni ng]  oper at or s,  pr ovi de l i mi t  swi t ches t o l i mi t  t he l ever  i n 
ei t her  di r ect i on unl ess t he oper at or  i s  t he st al l i ng t ype. ]   Oper at or s 
shal l  f unct i on pr oper l y wi t h a 10 per cent  pl us or  mi nus change i n t he l i ne 
vol t age f eedi ng t he equi pment .   Tot al l y  encl ose oper at or s and gear  t r ai ns 
i n dust pr oof  housi ngs of  pr essed st eel  or  met al  cast i ngs wi t h r i gi d condui t  
connect i ons.   Equi p val ve oper at or s wi t h a spr i ng y i el d devi ce so t hat  when 
i n t he c l osed posi t i on i t  wi l l  mai nt ai n on t he val ve di sc a pr essur e 
equi val ent  t o t he pr essur e r at i ng of  t he val ve.
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2. 3. 8   Ai r  Vent s and Rel i ef  Val ves

2. 3. 8. 1   Ai r  Vent s

CI D A- A- 60001,  f l oat  const r uct i on f or  pr essur es up t o 862 kPa 125 psi .

2. 3. 8. 2   Rel i ef  Val ves

ASME l abel ed val ves wi t h a r el i ef  set t i ng 200 per cent  hi gher  t han t he 
nor mal  oper at i ng pr essur e.   Pr ovi de nonf er r ous or  st ai nl ess st eel  val ve 
seat s and movi ng par t s exposed t o f l ui d,  compat i bl e wi t h t he oper at i ng 
conditions.

2. 4   PI PI NG SPECI ALTI ES

2. 4. 1   Bol t s and Nut s

St ai nl ess st eel ;  ASTM A193/ A193M f or  bol t s and ASTM A194/ A194M f or  nut s.

2. 4. 2   Gaskets

**************************************************************************
NOTE:   For  col d weat her  r egi on of  bel ow mi nus 10 
degr ees C 14 degr ees F,  consi der  gasket s made of  
r ubber  i n accor dance wi t h ASTM D3667 ( f or  f l at  pl at e 
sol ar  col l ect or s)  or  ASTM D3832 ( f or  evacuat ed t ube 
sol ar  col l ect or s) ,  Type C.

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

[ Fl uor i nat ed el ast omer s,  et hyl ene- pr opyl ene- di ene- t er pol ymer  ( EPDM)  or  
silicone][ ASTM D3667,  Type C r ubber ] [ ASTM D3832,  Type C r ubber ] ,  compat i bl e 
wi t h f l ange f aces.

2. 4. 3   Br azi ng Met al

AWS A5. 8/ A5. 8M,  15 per cent  s i l ver - base al l oy,  mi ni mum mel t i ng poi nt  816 
degr ees C 1, 500 degr ees F,  f or  copper  pi pes r at ed at  maxi mum 862 kPa and 
177 degr ees C 125 psi  and 350 degr ees F.   Pr ovi de cadmi um f r ee f i l l er  
metals.

2. 4. 4   Sol der  Met al

ASTM B32,  Al l oy Gr ade Sb5,  Sn95,  or  Sn96,  wi t h mi ni mum mel t i ng 221 degr ees C
 430 degr ees F.

2. 4. 5   Strainers

Cl ass 125;  St y l e Y pat t er n;  t hr eaded or  sol der ed ends,  f or  50 mm 2 i nches 
and smal l er ;  and f l anged ends i n accor dance wi t h ASME B16. 1,  f or  65 mm 2 
1/ 2 i nches and l ar ger .

2. 4. 6   Pi pi ng I dent i f i cat i on Label s

Pl ast i c s l i p- on or  adhesi ve backed l abel s conf or mi ng t o ASME A13. 1.

2. 4. 7   Hanger s and Suppor t s

MSS SP- 58,  as r equi r ed by MSS SP- 69.
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2. 5   [ BOOSTER]  [ AND]  [ CI RCULATI NG]  PUMPS

**************************************************************************
NOTE:   I f  s i l i cone based f l ui ds ar e used,  r ot ar y 
pumps shoul d be used t o avoi d seepage pr obl ems.

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

[ Sect i on 23 21 23 HYDRONI C PUMPS,  cent r i f ugal ]  [ CI D A- A- 50561,  r ot ar y] [ ;  
pump st y l es as i ndi cat ed] .   Pr ovi de f l anged i nl et s and out l et s,  mechani cal  
seal s,  f l exi bl e coupl i ngs,  and el ect r oni cal l y  commut at ed mot or s ( ECM) .   
Sel ect  pumps t o oper at e not  mor e t han 5 per cent  bel ow and on t he shut - of f  
s i de of  t he maxi mum ef f i c i ency poi nt  of  t he i mpel l er  cur ve.   Pr ovi de br onze 
or  cast  i r on body const r uct i on,  br onze or  st ai nl ess st eel  f i t t ed.

2. 6   COMPRESSI ON TANKS

ASME BPVC SEC VI I I ,  s t eel  const r uct i on wi t h ASME l abel  f or  862 kPa ( gage)  
125 psi g wor ki ng pr essur e.   Hot - di p gal vani ze i nt er i or  and ext er i or  
sur f aces of  t anks af t er  f abr i cat i on.   Pr ovi de cast  i r on or  st eel  saddl es or  
suppor t s.   Pr ovi de t anks wi t h dr ai n,  f i l l ,  ai r  char gi ng and syst em 
connect i ons,  and l i qui d l evel  gage.

2. 7   SOLAR STORAGE TANKS

**************************************************************************
NOTE:   Smal l  mi x i ng pumps and shr ouds t o enhance 
t ube bundl e heat  exchanger  per f or mance i n t he t anks 
ar e an except i on and shoul d be used onl y wher e 
r equi r ed.   The cor r osi ve nat ur e of  some wat er  
suppl i es may r equi r e copper  l i ni ng.   For  bet t er  
st r at i f i cat i on ( hot  wat er  on t he t op,  col d wat er  on 
t he bot t om) ,  ver t i cal  sol ar  t anks shoul d be used.  Up 
t o 18, 950 l i t er s 5, 000 gal l on capaci t y,  sol ar  
st or age t anks may be unpr essur i zed,  i nt er nal l y 
st ai nl ess- st eel - l i ned,  f act or y i nsul at ed,  and 
cover ed wi t h enamel  st eel  out er  j acket s f or  i ndoor  
appl i cat i ons or  f i ber gl ass j acket s f or  out er  and 
under gr ound appl i cat i ons.   Sol ar  st or age t anks,  i f  
i nt ended f or  an usabl e l i f e i n excess of  5 year s,  
shoul d not  be pr essur i zed.   Unpr essur i zed st ai nl ess 
st eel  t anks shoul d l ast  i n excess of  20 year s;  ot her  
unpr essur i zed t anks shoul d l ast  up t o 15 year s;  
pr essur i zed st eel  t anks wi t h copper  heat  exchanger s 
may l ast  onl y 3 t o 8 year s,  due t o gal vani c 
cor r osi on.   Recommend 122 l i t er s 3 gal l ons of  
st or age capaci t y  f or  each squar e met er  f oot  of  
col l ect or  sur f ace f aci ng t he sun.

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

Except  as modi f i ed her ei n,  FS F- T- 2907;  [ st one l i ned ( cement  l i ned) ]  [ gl ass 
l i ned]  [ st ai nl ess st eel ]  [ Type 18- 8 st ai nl ess st eel  l i ned]  [ or ]  [ baked- on 
phenol i c]  st eel  t ank wi t h ASME l abel  f or  [ 862 kPa ( gage) ]  [ 125 psi g]  
[ _____] .   Do not  use baf f l es or  per f or at ed pi pes i n t ank const r uct i on.   For  
t he st eel  t ank,  i ncl ude [ col l ect or  l oop heat - exchanger  bundl e]  [ and]  
[ domest i c hot  wat er ]  [ and]  [ space heat i ng]  heat - exchanger  bundl e.

2. 7. 1   Under gr ound Tanks

UL l i s t ed, [  doubl e- wal l ed, ]  f i ber gl ass coat ed st eel  t anks.   Pr ovi de 
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ext er i or  sur f aces of  st eel  t anks wi t h a gl ass r ei nf or ced i sopht hal i c 
pol yest er  r esi n of  suf f i c i ent  t hi ckness t o r esi st  35, 000- vol t  Hol i day t est .   
Pr ovi de aut omat i c moni t or i ng syst em wi t h audi bl e al ar ms t o cont i nuousl y 
moni t or  l eaks.

2. 7. 2   Tank I nsul at i ons and Jacket s

Compl y wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.   
Separ at e abovegr ound t anks f r om suppor t s wi t h i nsul at i on.

2. 8   HEAT EXCHANGERS

**************************************************************************
NOTE:   Wher e pot abl e f l ui ds ar e not  used,  doubl e 
wal l  and vent ed const r uct i on pr ovi des f ai l - saf e l eak 
det ect i on wi t hout  at t endance by any oper at or .   I f  
t he oper at or  i s  not  pr esent ,  sound al ar ms may not  be 
hear d,  and vi sual  i ndi cat or s may not  be obser ved i n 
some cases.   For  many year s,  i ndust r i al  appl i cat i ons 
commonl y use shel l - and- t ube or  t ube- i n- t ube heat  
exchanger s.   I n r ecent  year s,  some i ndust r i al  
appl i cat i ons use pl at e- and- f r ame heat  exchanger s as 
opt i ons.   Pl at e- and- f r ame const r uct i on r equi r es much 
l ess space,  i . e. ,  f r om one t ent h t o one hal f  of  t he 
space r equi r ed by shel l - and- t ube const r uct i on.  
Pl at e- and- f r ame heat  exchanger s gener al l y have hi gh 
heat  t r ansf er  r at es.   El ect r opol i shed st ai nl ess 
st eel  pl at es may be speci f i ed t o mi ni mi ze f oul i ng.  
Ti t ani um or  ni ckel - br azed st ai nl ess st eel  heat  
exchanger s shoul d be used i n spas due t o hi gh 
t emper at ur e wat er  and hi gh chl or i nat i on.

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

ASME BPVC SEC VI I I ,  const r uct i on wi t h ASME l abel  f or  1034 kPa ( gage)  150 
psi g wor ki ng pr essur e and 2068 kPa ( gage)  300 psi g f act or y- r at i ng 
pr essur e.   [ Pr ovi de aut omat i c moni t or i ng syst em wi t h audi bl e al ar ms t o 
cont i nuousl y moni t or  l eaks. ]  [ Pr ovi de r el i ef  vent  wi t h a v i sual  i ndi cat or  
t o det ect  l eaks by t he change of  col or i ng i n t he heat  t r ansf er  f l ui d. ]

2. 8. 1   Pl at e- and- Fr ame Const r uct i on

[ St ai nl ess st eel ]  [ or ]  [ monel ]  pl at es and car bon st eel  f r ames,  wi t h baked 
epoxy- enamel ,  and shr oud.   Pr ovi de st ai nl ess st eel  s i de bol t s and nozzl es.  
Pr ovi de one pi ece mol ded [ ni t r i l e r ubber ]  [ et hyl ene- pr opyl ene r ubber  v i t on]  
[ neopr ene]  [ or ]  [ but y l ]  gasket s.   Fabr i cat e heat  exchanger s wi t h desi gn 
r esul t s of  heat  t r ansf er  coef f i c i ent s gr eat er  t han 5680 wat t  per  squar e 
met er  degr ee C 1, 000 Bt u per  squar e f oot  per  hour  per  degr ee F.

2. 8. 2   [ Shel l  and Tube]  [ or ]  [ Tube i n Tube]  Const r uct i on

[ Doubl e wal l  vent ed] ,  [ st r ai ght  t ube]  [ or ]  [ " U"  t ube]  [ as i ndi cat ed] .   Low 
t emper at ur e wat er  [ mi xt ur e]  shal l  pass t hr ough t ubes.   Hi gh t emper at ur e 
wat er  [ mi xt ur e]  shal l  pass t hr ough shel l s.   Fabr i cat e t ubes f r om [ 16 mm 5/ 8 
i nch]  [ or ]  [ 20 mm 3/ 4 i nch]  od [ st ai nl ess st eel ]  [ or ]  [ seaml ess No.  20 BWG 
cupr o- ni ckel  ( 90- 10) ] .   Pr ovi de t ube bundl es r emovabl e t hr ough f l anged 
openings.
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2. 9   SOLAR COLLECTORS

**************************************************************************
NOTE:   I n accor dance wi t h ASHRAE 93 and ASHRAE 96,  a 
sol ar  col l ect or  i s  " a devi ce desi gned t o absor b 
i nci dent  sol ar  r adi at i on and t o t r ansf er  t he ener gy 
t o a l i qui d passi ng t hr ough i t . "   Use t he l i qui d 
f l at - pl at e col l ect or  f or  syst em desi gn,  i ncl udi ng 
cool i ng appl i cat i ons up t o 141 kW 40 t ons.   Use 
ASHRAE 93 f or  gl azed col l ect or s and ASHRAE 96 f or  
ungl azed col l ect or s.   The St at e of  Fl or i da r equi r es 
al l  sol ar  col l ect or s t o be cer t i f i ed by FSEC 
( Fl or i da Sol ar  Ener gy Cent er ) .   I f  t he pr oj ect  s i t e 
i s  not  i n Fl or i da and t he st at e and l ocal  
r egul at i ons do not  pr ohi bi t  FSEC cer t i f i ed 
col l ect or ,  t he use of  FSEC col l ect or  may be 
consi der ed as an opt i on.   Pr ovi de l i ght ni ng 
pr ot ect i on as r equi r ed by t he l ocal  envi r onment .   A 
col l ect or  i n whi ch t he i nt er nal  r i ser s and header s 
ar e i n a r ever se r et ur n ar r angement  wi l l  have 
uni f or m f l ow and uni f or m heat i ng,  but  i t  wi l l  be t oo 
r est r i c t i ve t o l i mi t  onl y t hi s ar r angement .   When 
i nl et  and out l et  t ubes ar e not  l ocat ed conveni ent l y 
on t he col l ect or ,  t he col l ect or  wi l l  t ake up 
addi t i onal  space,  r esul t i ng i n mor e exposed r oof  
ar ea bet ween t he col l ect or .

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

[ ASHRAE 93]  [ ASHRAE 96]  [ SRCC OG- 100 and SRCC CRI S l i s t ed]  [ or ]  [ Fl or i da 
Sol ar  Ener gy Cent er  ( FSEC)  cer t i f i ed] ;  l i qui d f l at - pl at e col l ect or s and 
evacuat ed t ube col l ect or s.   Pr ovi de f act or y f abr i cat ed and assembl ed,  
[ s i ngl e gl azed]  [ doubl e gl azed]  [ t r i pl e gl azed]  [ or ]  [ ungl azed]  panel s.   
[ I nt er nal  mani f ol d col l ect or s may be used i f  manuf act ur er  st andar d. ]   
I ncl ude t he f ol l owi ng desi gn f eat ur es:

2. 9. 1   Col l ect or  Si zes

Maxi mum f i l l ed wei ght  not  t o exceed 24. 40 kg per  squar e met er  f i ve pounds 
per  squar e f oot  of  gr oss col l ect or  ar ea.

2. 9. 2   Mi ni mum Per f or mance Par amet er s

**************************************************************************
NOTE:   I n accor dance wi t h ASHRAE 93 and ASHRAE 96,  
i nst ant aneous col l ect or  ef f i c i ency i s " t he amount  of  
ener gy r emoved by t he t r ansf er  l i qui d per  uni t  of  
gr oss col l ect or  ar ea dur i ng t he speci f i ed t i me 
per i od di v i ded by t he t ot al  sol ar  r adi at i on i nci dent  
on t he col l ect or  per  uni t  ar ea ( sol ar  f l ux)  dur i ng 
t he same t i me per i od,  under  st eady- st at e or  
quasi - st eady- st at e ( t he st at e of  t he sol ar  col l ect or  
t est  when t he f l ow r at e and t emper at ur e of  t he 
l i qui d ent er i ng t he col l ect or  ar e const ant  but  t he 
exi t  l i qui d t emper at ur e changes gr adual l y due t o t he 
nor mal  change i n i r r adi at i on t hat  occur s wi t h t i me 
f or  c l ear  sky condi t i ons)  condi t i ons. "   Read ASHRAE 
93 and ASHRAE 96 f or  f ur t her  det ai l s  and uni t  
measurements.

**************************************************************************
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Pr ovi de t ot al  col l ect or  f l ow r at e i n accor dance wi t h manuf act ur er ' s  
r ecommendat i ons.   Pr ovi de i nst ant aneous col l ect or  ef f i c i ency as f ol l ows:

Mi ni mum I nst ant aneous 
Col l ect or  Ef f i c i ency,  
Percent

I nl et  Fl ui d Par amet er

74 0

54 0.03

40 0.05

Det er mi ne i nl et  f l ui d par amet er  ( I FP)  i n accor dance wi t h t he f ol l owi ng 
formula: 

I FP = ( A -  B) / C

Where:

A =  Li qui d i nl et  t emper at ur e i n col l ect or
B =  Ambi ent  ai r  t emper at ur e
C =  Sol ar  f l ux

2. 9. 3   Absorber

Fabr i cat e of  [ al umi num]  [ st ai nl ess- st eel ]  [ copper  t ubes on copper  sheet  or  
al umi ni um]  [ or ]  [ copper  t ubes wi t h copper  or  al umi num f i ns] .   Pr ovi de t he 
absor ber  r at ed f or  [ 1034 kPa ( gage) ]  [ 150 psi g]  [ _____]  wi t h wor ki ng 
pr essur e of  [ 862 kPa ( gage) ]  [ 125 psi g] [ _____] .

2. 9. 4   Absor ber  Pl at e Coat i ng

Pr ovi de sel ect i ve or  semi - sel ect i ve absor ber  coat i ng wi t h mi ni mum 
absor pt i v i t y 0. 90,  maxi mum emi ssi v i t y 0. 12,  and mi ni mum br eakdown 
t emper at ur e at  [ 204 degr ees C]  [ 400 degr ees F] [ _____] .

2. 9. 5   Col l ect or  Case

Fabr i cat e f r om at  l east  20 gage [ gal vani zed st eel ]  [ or ]  [ ASTM B209MASTM B209
 al l oy or  equi val ent  al umi num] .   Pai nt  col l ect or  box wi t h dur abl e baked 
enamel  or  powder  coat .   I n t he back of  case,  pr ovi de i nsul at i on wi t h a heat  
t r ansf er  f act or  of  maxi mum 0. 57 wat t s per  degr ee C per  squar e met er  0. 1 Bt u 
per  hour  per  degr ee F per  squar e f oot .   Use onl y i nsul at i on wi t hout  
out - gassi ng or  ot her  br eakdown at  or  under  st agnat i on t emper at ur e,  such as 
r i gi d mi ner al  f i ber  panel s.   Fabr i cat e cover  f r ame and gl azi ng channel  of  
[ gal vani zed sheet  st eel ]  [ s t ai nl ess st eel ]  [ or ]  [ ext r uded al umi num] .   
Pr ovi de pr ef or med gasket s of  EPDM or  s i l i cone as speci f i ed.

2. 9. 6   Col l ect or  Cover  ( Gl azi ng Mat er i al )

ASTM C1048,  Ki nd FT,  f ul l y  t emper ed gl ass;  Condi t i on A,  uncoat ed sur f aces;  
Type I ,  t r anspar ent  gl ass;  Cl ass 1,  c l ear ;  Qual i t y  q3,  gl azi ng sel ect ;  [ 3]  
[ 5]  [ or ]  [ 4]  mm [ 1/ 8]  [ 3/ 16]  [ or ]  [ 5/ 32]  i nch f l oat  gl ass.

2. 9. 7   Col l ect or  I dent i f i cat i on

On each col l ect or ,  pr ovi de t he f ol l owi ng i nf or mat i on:
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a.   Manuf act ur er ' s name or  t r ademar k

b.   Model  name or  number

c.   Cer t i f y i ng agency l abel  and r at i ng.

2. 9. 8   Ot her  Component s

Pr ovi de col l ect or s f or  t he compl et e r emoval  of  i nt er nal  moi st ur e whi ch may 
devel op i n t he col l ect or s.   [ Col l ect or  weep hol es or  desi ccant s wi t h ai r  
vent s may be used.   I f  desi ccant s ar e used,  pr ovi de 8 mesh si l i ca gel  wi t h 
appr oxi mat el y 10, 000 cycl es of  r egener at i on. ]

2. 9. 9   Hai l  Pr ot ect i on

Manuf act ur er ' s hai l  pr ot ect i on per f or mance measur ed accor di ng t o ASTM E822, 
or  equi val ent .

2. 10   COLLECTOR SUPPORTS

[ As i ndi cat ed. ]   [ Pr ovi de a commer ci al  i nt egr at ed st r uct ur al  syst em,  
suppl i ed by a s i ngl e manuf act ur er ,  consi st i ng of  f or med al umi num or  
gal vani zed or  pl at ed st eel  channel s,  per f or at ed wi t h r ound or  squar e hol es,  
and cor r osi on r esi st ant  br acket s,  c l amps,  bol t s and nut s. ]

2. 11   COLLECTOR HEAT TRANSFER FLUI D

**************************************************************************
NOTE:   I n l i eu of  t he col l ect or  heat  t r ansf er  f l ui d,  
t he use of  wat er  i n a dr ai nback concept  may be 
accept abl e.   Recommend t o use onl y non- t oxi c heat  
t r ansf er  f l ui d.

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

Conf or m t o t he f ol l owi ng:

a.   Li qui d usef ul  t emper at ur e r ange of  [ - 40]  t o [ 204] [ _____]  degr ees C 
[ 400] [ _____]  degr ees F.

b.   Non- i oni c,  hi gh di el ect r i c ,  non- aqueous,  non- r eact i ve,  st abl e f l ui d 
whi ch does not  cor r ode copper ,  al umi num,  i r on,  or  st eel ,  or  at t ack 
plastics.

c.   Fl ash poi nt  exceedi ng 193 degr ees C 380 degr ees F.

d.   Fl ui d st abi l i t y  of  f i ve year s.

e.   Maxi mum acut e or al  t oxi c i t y of  5 gr ams per  k i l ogr am 5000 ppm.

2. 12   SOLAR- BOOSTED DOMESTI C WATER HEATERS

ASHRAE 90. 1 -  SI ASHRAE 90. 1 -  I P and UL l i s t ed.   Pr ovi de bui l t - i n [ ,  doubl e 
wal l ]  heat  exchanger  and f act or y i nsul at i on j acket .   Non- pr essur i zed,  
vent ed,  dr ai nback syst ems may use s i ngl e- wal l  heat  exchanger .

2. 13   INSULATION

Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.
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2. 14   INSTRUMENTATION

Use cor r osi on r esi st ant  mat er i al s  f or  wet t ed par t s of  i nst r ument s.

2. 14. 1   Sol ar  Cont r ol l er

UL l i s t ed.   Sol i d- st at e or  el ect r i cal  onl y,  wi t h over vol t age pr ot ect i on.

2. 14. 1. 1   Di f f er ent i al  Temper at ur e Cont r ol

Fact or y assembl ed and packaged devi ce.

2. 14. 1. 2   Hi gh Li mi t  Cont r ol

Pr ovi de hi gh t emper at ur e cut - of f  t o l i mi t  upper  hal f  of  t he st or age t ank 
t emper at ur e t o be [ 71]  [ 82]  [ _____]  degr ees C [ 160]  [ 180]  [ _____]  degr ees F.

[ 2. 14. 1. 3   Swi mmi ng Pool  Cont r ol

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  t he pr oj ect  i s  not  
f or  a swi mmi ng pool .

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

Pr ovi de adj ust abl e t her most at i c set t i ng t o pr event  pool  over heat i ng,  wi t h 
r ange f r om [ 13]  [ _____]  t o [ 29]  [ _____]  degr ees C [ 56]  [ _____]  t o [ 85]  
[ _____]  degr ees F.   Tur n sol ar  heat er  on when sol ar  col l ect or s ar e 2. 77 
degr ees C 5 degr ees F hot t er  t han pool  t emper at ur e.   When pool  t emper at ur e 
i s above t he t her most at i c set t i ng,  dr ai n wat er  f r om t he panel s.

] 2. 14. 1. 4   Cont r ol l er  Encl osur e

NEMA 250;  Weat her t i ght  r at ed t o NEMA 4X.

[ 2. 14. 2   Di f f er ent i al  Ther most at

**************************************************************************
NOTE:   Use t hi s onl y i n l ar ge syst ems,  gener al l y  not  
r esi dent i al .   I t  i s  r ecommended t hat  t he 
di f f er ent i al  t her most at  be 4. 40 degr ees C 8 degr ees F
t ur n on and 1. 70 t o 2. 80 degr ees C 3 t o 5 degr ees F 
t ur n of f .

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

Pr ovi de UL- l i s t ed di f f er ent i al  t her most at  f or  cont r ol l i ng t he magnet i c 
st ar t er ,  not  i n t he same ci r cui t  as pump mot or .   [ For  i nt egr al  col l ect or  
f r eeze pr ot ect i on,  pr ovi de t wo i ndependent  cont act  r el ays [ ,  r at ed t en 
amper es at  120 Vac] . ]   [ Pr ovi de a swi t ch wi t h ON,  OFF,  and AUTO posi t i ons. ]  
Pr ovi de weat her t i ght  encl osur es.

][ 2. 14. 3   Sensors

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  sol ar  col l ect or s ar e 
unglazed.

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

Const r uct  sensor s t o wi t hst and st agnat i on t emper at ur es of  gl azed sol ar  
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col l ect or s.   Pr ovi de pr i mar y and al t er nat e col l ect or  sensor s at t ached t o an 
absor ber  pl at e.   Pr ovi de [ copper ]  [ br ass]  wel l s whi ch can be i nser t ed i nt o 
t he col l ect or  t ube,  st or age t ank,  or  [ _____] .   Sensor s may be st r apped ont o 
pi pes and cover ed wi t h i nsul at i on.

] 2. 14. 4   Pr essur e Gages

ASME B40. 100,  br ass body,  and mi ni mum 90 mm 3 1/ 2 i nch di amet er  di al  f ace.

2. 14. 5   Tank Gages

CI D A- A- 50568;  Type [ I ,  buoyant  f or ce; ]  [ I I ,  di aphr agm; ]  [ or ]  [ I I I ,  pur ge,  
bubble-pipe].

2. 14. 6   Thermometers

ASTM E1,  [ l i qui d- i n- gl ass t ype]  [ di al  t ype,  l i qui d- f i l l ed t ube and bul b] .   
For  pi pe and t ank appl i cat i ons,  pr ovi de separ at e socket s f abr i cat ed of  
br ass,  copper ,  or  st ai nl ess st eel  and r at ed f or  862 kPa 125 psi  wor ki ng 
pressure.

2. 14. 7   Test  Por t s

Sol i d br ass,  6 mm 1/ 4 i nch f i t t i ng t o r ecei ve ei t her  a t emper at ur e or  
pr essur e pr obe 3 mm 1/ 8 i nch out s i de di amet er ,  t wo val ve cor es of  neopr ene,  
f i t t ed wi t h col or  coded and mar ked cap wi t h gasket ,  and r at ed f or  6894 kPa 
( gage)  1, 000 psi g.

[ 2. 14. 8   Moni t or i ng Syst em

**************************************************************************
NOTE:   For  smal l  syst ems such as f ami l y housi ng,  do 
not  use moni t or i ng syst em,  due t o hi gh i ni t i al  cost  
and t he l abor  t o mai nt ai n i t .

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

a.  [ Sol ar  Di f f er ent i al  Cont r ol l er  wi t h]  Ki l oj oul e Bt u Met er :  [ Cont r ol l er  
conf or mi ng t o UL 873 wi t h]  Sensi ng and Moni t or i ng devi ce t o measur e and 
di spl ay t he heat  ener gy pr oduced by t he sol ar  syst em,  wi t h mi ni mum 
sensi t i v i t y of  0. 5 per cent  over  t he ent i r e scal e.   Pr ovi de 
el ect r omechani cal  kJ Bt u count er  pl us di gi t al - panel  met er  i ndi cat i ng 
sensor  t emper at ur es,  di f f er ent i al  t emper at ur e,  f l ow r at e,  and wat t  Bt u 
per  mi nut e or  hour .

b.   [ Wat er ]  [ and]  [ Heat  Tr ansf er  Fl ui d]  Leak Det ect i on:   UL- l i s t ed syst em 
consi st i ng of  a sensor  pr obe,  cont r ol  panel ,  and LED i ndi cat or s f or  
[ wat er ;  yel l ow, ]  [ and]  [ heat  t r ansf er  f l ui d;  r ed, ]  wi t h audi bl e al ar m 
at  mi ni mum 75 dB sound l evel ;  r ef er ence 10 exponent i al  mi nus 12 wat t s.

] [ 2. 15   SOLAR COLLECTOR CONTROL SEQUENCES

As i ndi cat ed.
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] PART 3   EXECUTI ON

3. 1   INSTALLATION

3. 1. 1   Sol ar  Col l ect or  Syst em

**************************************************************************
NOTE:   Di s i nf ect  domest i c wat er  syst ems,  i f  
connect ed wi t h sol ar  col l ect or  panel s.   Pr ovi de 
di s i nf ect i on pr ovi s i ons i n ei t her  Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE or  anot her  appr opr i at e 
pr oj ect  sect i on.

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

I nst al l  t he sol ar  col l ect or  syst em i n accor dance wi t h t hi s sect i on and t he 
pr i nt ed i nst r uct i ons of  t he manuf act ur er .   [ Di s i nf ect  domest i c wat er  
syst ems,  i f  connect ed wi t h col l ect or  panel s,  i n accor dance wi t h Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE. ]   Pr i or  t o syst em st ar t - up,  pr ot ect  
col l ect or  f r om di r ect  sunl i ght .

3. 1. 2   Pi pi ng I nst al l at i on

Accur at el y cut  pi pe t o measur ement s est abl i shed on s i t e and wor k i nt o pl ace 
wi t hout  spr i ngi ng or  f or c i ng.   Locat e pi pi ng out  of  t he way of  wi ndows,  
door s,  openi ngs,  l i ght  f i x t ur es,  el ect r i cal  condui t ,  equi pment ,  and ot her  
pi pi ng.   Pr ovi de f or  expansi on and cont r act i on.   Do not  bur y,  conceal ,  or  
i nsul at e unt i l  pi pi ng has been i nspect ed,  and t est ed.   Locat e j oi nt s wher e 
t hey may be r eadi l y i nspect ed.   Pr ovi de f l exi bi l i t y  i n pi pi ng connect ed t o 
equi pment  f or  t her mal  st r esses and vi br at i on.   Suppor t  and anchor  pi pi ng 
connect ed t o equi pment  t o pr event  st r ai n f r om t her mal  movement  and wei ght  
f r om bei ng i mposed on equi pment .   [ Pr ovi de sei smi c r est r ai nt s i n accor dance 
with SMACNA 1981. ]   I nst al l  hanger s and suppor t s i n accor dance wi t h 
MSS SP- 69 and MSS SP- 58,  unl ess ot her wi se i ndi cat ed.

3. 1. 2. 1   Fittings

Pr ovi de l ong- r adi us el l s  wher ever  possi bl e t o r educe pr essur e dr ops.   Do 
not  bend pi pes,  mi t er  pi pe t o f or m el bows,  use bushi ngs,  or  not ch st r ai ght  
r uns t o f or m f ul l - s i zed t ees.   Pr ovi de uni on f or  di sconnect i on of  val ves 
and equi pment  f or  whi ch a means of  di sconnect i on i s not  ot her wi se pr ovi ded.  
Pr ovi de r educi ng f i t t i ngs f or  changes of  pi pe s i ze.

3. 1. 2. 2   Measurements

Det er mi ne and est abl i sh measur ement s f or  pi pi ng at  t he j ob s i t e and 
accur at el y cut  pi pe and t ubi ng l engt hs accor di ngl y.   Wher e possi bl e,  
i nst al l  f ul l  pi pe l engt hs.   Do not  use coupl i ngs t o j oi n r andom l engt hs.

3. 1. 2. 3   Cleaning

Thor oughl y c l ean i nt er i or  of  wat er  pi pi ng bef or e j oi ni ng by bl owi ng c l ear  
wi t h ei t her  st eam or  compr essed ai r .   Mai nt ai n c l eanl i ness of  pi pi ng 
t hr oughout  i nst al l at i on.   Pr ovi de caps or  pl ugs on ends of  c l eaned pi pi ng 
as necessar y t o mai nt ai n c l eanl i ness.

3. 1. 2. 4   Panel  Connect i ons t o Header s

Connect  panel s t o t op and bot t om header s wi t h sof t - dr awn l ong bend " S"  or  
" U"  copper  t ubes br azed wi t h 15- per cent  s i l ver  sol der .   Pr ovi de t ube bender  
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onl y.   Hand- f or med t ubi ng wi l l  not  be accept abl e.   I nst al l  bot t om header s 
behi nd t he panel s t o pr ot ect  t he header  i nsul at i on f r om abuse.   For  panel s 
wi t h i nt er nal  header s,  pr ovi de copper  coupl i ngs and sol der i ng.

3. 1. 2. 5   Header  Ther mal  Expansi on and Cont r act i on

I nst al l  s l i p t ube or  bel l ows t ype expansi on j oi nt s.   Li mi t  t her mal  
expansi on of  col l ect or  header s t o [ 6]  [ _____]  mm f or  93 degr ees C [ 1/ 4]  
[ _____]  i nch f or  200 degr ees F maxi mum r i se.

3. 1. 2. 6   Fl anged Joi nt s

Pr ovi de f l anged j oi nt s f or  maki ng f l anged connect i ons t o f l anged pumps and 
ot her  f l anged pi pi ng component s.   I nst al l  j oi nt s so t hat  f l anged f aces bear  
uni f or ml y.   Engage bol t s so t hat  t her e i s compl et e t hr eadi ng t hr ough t he 
nut s and t i ght en unt i l  bol t s ar e equal l y t or qued.

3. 1. 2. 7   Sleeves

Pr ovi de schedul e 10 gal vani zed st eel  s l eeves f or  pi pe and t ubi ng passi ng 
t hr ough f l oor s,  r oof s,  wal l s and par t i t i ons of  ei t her  concr et e or  masonr y 
const r uct i on,  except  t hat  s l eeves ar e not  r equi r ed f or  f l oor  s l abs on 
gr ade.   Af t er  pi pi ng has been i nst al l ed,  pack oakum i nt o t he space bet ween 
t he pi pe or  t ubi ng and t he s l eeve and seal  bot h ends wi t h i nsul at i ng cement .

3. 1. 2. 8   Flashing

[ Sect i on 07 60 00 FLASHI NG AND SHEET METAL. ]   Pr ovi de wat er t i ght  f l ashi ng 
f or  pi pe and t ubi ng ext endi ng t hr ough t he r oof .

3. 1. 2. 9   Escutcheons

Pr ovi de chr ome pl at ed st eel  escut cheons f or  uni nsul at ed pi pe and t ubi ng 
passi ng t hr ough f l oor s,  wal l s and cei l i ngs.

3. 1. 2. 10   Dr ai n Li nes

Pr ovi de dr ai n l i nes f r om ai r  vent s and r el i ef  val ves t o t he near est  [ r oof  
dr ai ns]  [ f l oor  dr ai ns]  [ di sposal  poi nt s as di r ect ed] .

3. 1. 2. 11   I nsul at i on and I dent i f i cat i on

I nsul at e pi pi ng i n accor dance wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   [ Fr ost pr oof  ai r  vent s by i nsul at i ng or  shi el di ng f r om 
ni ght  sky r ever se r adi at i on. ]   Af t er  pi pi ng has been i nsul at ed,  appl y 
i dent i f i cat i on l abel s and ar r ows i n accor dance wi t h ASME A13. 1.   Appl y 
i dent i f i cat i on over  t he i nsul at i on j acket  of  pi pi ng.   Pr ovi de t wo copi es of  
t he pi pi ng i dent i f i cat i on code f r amed under  gl ass and i nst al l  wher e 
di r ect ed.   Wher e i nsul at i on shal l  be exposed t o t he ext er i or  of  a bui l di ng,  
sunl i ght ,  or  t he el ement s,  i nsul at i on shal l  be shi el ded f r om t he el ement s 
wi t h appr opr i at e al umi num,  st ai nl ess st eel ,  or  UV- i nhi bi t ed PVC j acket i ng.

3. 1. 2. 12   Excavat i ng and Backf i l l i ng

Pr ovi de i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Coor di nat e 
pr ovi s i on of  ut i l i t y  war ni ng and i dent i f i cat i on t ape wi t h backf i l l  
oper at i on.   Pr ovi de t apes above bur i ed l i nes at  a dept h of  200 t o 300 mm 8 
t o 12 i nches bel ow f i ni sh gr ade.
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3. 1. 3   Instrumentation

I nst al l  i nst r ument s as r ecommended by t he cont r ol  manuf act ur er s.   [ For  t he 
moni t or i ng syst em t o det ect  [ wat er ]  [ and]  [ heat  t r ansf er  f l ui d] ,  l ocat e t he 
sensor  pr obe i n t he l owest  cor ner  of  doubl e- wal l  [ t ank]  [ and]  [ heat  
exchanger ] . ]   Locat e cont r ol  panel s [ i nsi de mechani cal  r oom]  [ _____] .

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Fi el d I nspect i on

Pr i or  t o i ni t i al  oper at i on,  i nspect  t he pi pi ng syst em f or  conf or mance t o 
dr awi ngs,  speci f i cat i ons and ASME B31. 1.   I nspect  t he f ol l owi ng i nf or mat i on 
on each col l ect or :

a.   Manuf act ur er ' s name or  t r ademar k

b.   Model  name or  number

c.   Cer t i f y i ng agency l abel  and r at i ng.

3. 2. 2   Tests

Pr ovi de equi pment  and appar at us r equi r ed f or  per f or mi ng t est s.   Cor r ect  
def ect s di scl osed by t he t est s and r epeat  t est s.   Conduct  t est i ng i n t he 
pr esence of  t he [ Cont r act i ng Of f i cer ]  [ QC Repr esent at i ve] .

3. 2. 2. 1   Pi pi ng Test

**************************************************************************
NOTE:   Use pneumat i c t est  i f  non- aqueous heat  
t r ansf er  f l ui d ar e used,  t o avoi d cont ami nat i on of  
f l ui ds wi t h wat er  and t o el i mi nat e seepage pr obl ems.

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

[ Pneumat i cal l y  t est  new pi pi ng f or  l eakage usi ng ai r  at  a pr essur e of  138 
kPa ( gage)  20 psi g or ]  [ Test  new wat er  pi pi ng f or  l eakage usi ng wat er  at  a 
pr essur e of  at  l east 690 kPa ( gage)  100 psi g or ]  1. 5 t i mes t he syst em 
pr essur e.   I nst al l  a cal i br at ed t est  pr essur e gage i n t he syst em t o 
i ndi cat e l oss i n pr essur e occur r i ng dur i ng t he t est .   Appl y and mai nt ai n 
t he t est  pr essur e f or  one hour ,  dur i ng whi ch t i me t her e shal l  be no 
evi dence of  l eakage,  as det ect ed by a r educt i on i n t est  pr essur e.   Shoul d a 
r educt i on occur ,  l ocat e l eaks,  r epai r ,  and r epeat  t he t est .

3. 2. 2. 2   Oper at i on Test s

**************************************************************************
NOTE:   I nser t  appr opr i at e Sect i on number  and t i t l e 
i n bl ank bel ow usi ng f or mat  per  UFC 1- 300- 02.

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

Per f or m t est s on mechani cal  syst ems,  i ncl udi ng pumps,  cont r ol s,  cont r ol l ed 
val ves,  and ot her  component s i n accor dance wi t h manuf act ur er ' s wr i t t en 
r ecommendat i ons.   Test  ent i r e syst em i n accor dance wi t h [ Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC] [ _____]  and ASTM E1160.

3. 2. 3   Manuf act ur er ' s Fi el d Ser vi ces

Fur ni sh t he ser v i ces of  a t echni cal  r epr esent at i ve of  t he col l ect or  
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manuf act ur er ,  at  t he j ob s i t e dur i ng each phase of  i nspect i on,  
i nst al l at i on,  and t est i ng.   For  sol ar  col l ect or s,  f ur ni sh t he ser vi ces of  a 
manuf act ur er ' s r epr esent at i ve t o i nst r uct  Gover nment  per sonnel  f or  one 
manday,  i n t he oper at i ng and mai nt enance of  equi pment .   Not i f y t he 
Cont r act i ng Of f i cer  i n wr i t i ng,  pr i or  t o schedul i ng i nst r uct i ons.

        - -  End of  Sect i on - -
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