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**************************************************************************
NOTE:   Thi s speci f i cat i on cover s t he r equi r ement s 
f or  medi cal  and dent al  gas,  suppor t  and vacuum 
syst ems f or  heal t hcar e f aci l i t i es.

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

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

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

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

PART 1   GENERAL

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s heal t hcar e 
f aci l i t y  dent al  and medi cal  gas,  suppor t  gas,  and 
vacuum syst ems.   Thi s speci f i cat i on essent i al l y  
i mpl ement s t he r equi r ement s of  NFPA 99.

Show t he f ol l owi ng i nf or mat i on on pr oj ect  dr awi ngs:

1.   Onl y dr awi ngs ( not  speci f i cat i ons)  shoul d 
i ndi cat e capaci t y,  ef f i c i ency,  di mensi ons,  det ai l s ,  
pl an v i ew,  sect i ons,  el evat i ons,  l ocat i ons of  
f i x t ur es and equi pment ,  and space r equi r ed f or  
mai nt enance of  equi pment .

2.   Conf i gur at i on,  s l ope,  and l ocat i on of  each 

SECTI ON 22 60 70  Page 5



pi pi ng syst em such as:   above or  bel ow f l oor s,  above 
or  bel ow cei l i ngs,  above or  bel ow r oof s,  above or  
bel ow gr ound.

3.   Locat i on of  each sect i onal i z i ng val ve.
**************************************************************************

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 r ef er ence I 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 BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

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

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

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

ASSE 6000 SERI ES ( 2012)  Pr of essi onal  Qual i f i cat i on St andar d 
f or  Medi cal  Gas Syst ems I nst al l er s,  
I nspect or s and Ver i f i er s

ASME I NTERNATI ONAL ( ASME)

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. 50 ( 2013)  Wr ought  Copper  and Copper  Al l oy 
Br aze- Joi nt  Pr essur e Fi t t i ngs

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments
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ASME BPVC SEC VI I I  D1 ( 2017)  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

ASTM I NTERNATI ONAL ( ASTM)

ASTM B819 ( 2000;  R 2011)  St andar d Speci f i cat i on f or  
Seaml ess Copper  Tube f or  Medi cal  Gas 
Systems

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

ASTM D2564 ( 2012)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2665 ( 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Dr ai n,  
Wast e,  and Vent  Pi pe and Fi t t i ngs

ASTM E2129 ( 2010)  St andar d Pr act i ce f or  Dat a 
Col l ect i on f or  Sust ai nabi l i t y  Assessment  
of  Bui l di ng Pr oduct s

COMPRESSED GAS ASSOCI ATI ON ( CGA)

CGA G- 4. 1 ( 2009)  Cl eani ng Equi pment  f or  Oxygen 
Ser vi ce;  6t h Edi t i on

CGA M- 1 ( 2018)  St andar d f or  Medi cal  Gas Suppl y 
Syst ems at  Heal t h Car e Faci l i t i es;  4t h 
Edition

CGA V- 5 ( 2008;  R 2013)  Di amet er - I ndex Saf et y 
Syst em ( Non- I nt er changeabl e Low Pr essur e 
Connect i ons f or  Medi cal  Gas Appl i cat i ons) ;  
6t h Edi t i on

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I PC ( 2018)  I nt er nat i onal  Pl umbi ng Code

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 11143 ( 2008)  Dent i st r y  -  Amal gam Separ at or s

I SO 9001 ( 2008;  Cor r  1 2009)  Qual i t y Management  
Syst ems-  Requi r ement s

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)

NEMA MG 1 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

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

NFPA 55 ( 2016;  TI A 16- 1;  TI A 16- 2)  Compr essed 
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Gases and Cr yogeni c Fl ui ds Codes

NFPA 99 ( 2018;  TI A 18- 1)  Heal t h Car e Faci l i t i es 
Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 508A ( 2018;  Repr i nt  Jul  2018)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Panel s

1. 2   SYSTEM DESCRI PTI ON

**************************************************************************
NOTE:   Choi ce of  Level  1 ver sus Level  3 gas,  
suppor t ,  and vacuum syst ems i s det er mi ned by i ssues 
i nvol v i ng pat i ent  dependency on t he syst em f or  l i f e,  
ef f ect  of  syst em f ai l ur e on pat i ent  out comes,  and 
ot her  cr i t er i a as def i ned i n NFPA 99.   I n gener al ,  
dent al  f aci l i t i es ( or  dent al  ar eas wi t hi n combi ned 
medi cal / dent al  f aci l i t i es)  ut i l i ze Level  3 syst ems.   
I n gener al ,  medi cal  f aci l i t i es ( or  medi cal  ar eas 
wi t hi n combi ned medi cal / dent al  f aci l i t i es)  ut i l i ze 
Level  1 syst ems i n pat i ent  car e ar eas and Level  3 
syst ems i n non- pat i ent  car e ar eas ( Level  3 syst ems,  
i f  used,  must  be ent i r el y separ at e f r om Level  1 
syst ems) .   Conf i r m choi ce of  Level  1 or  Level  3 
syst ems mat ch i nt ended f unct i on as out l i ned i n NFPA 
99.

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

a.   Pr ovi de t he f ol l owi ng gas,  suppor t ,  and vacuum syst ems conf or mi ng t o 
NFPA 99 Level  3 cr i t er i a:   [ oxygen ( O) ]  [ ni t r ous oxi de ( NO) ]  [ dent al  
compr essed ai r  ( DA) ]  [ l abor at or y compr essed ai r  ( LA) ]  [ pr ocess 
compr essed ai r  ( PA) ]  [ NF- ni t r ogen ( N) ]  [ dent al  sur gi cal  vacuum ( DSV) ]  
[ or al  evacuat i on ( OE) ]  [ hi gh- vol ume l abor at or y dust  evacuat i on ( LE) ] .

b.   Pr ovi de t he f ol l owi ng gas,  suppor t ,  and vacuum syst ems conf or mi ng t o 
NFPA 99 Level  1 cr i t er i a:   [ oxygen ( O) ]  [ ni t r ous oxi de ( NO) ]  [ medi cal  
compr essed ai r  ( MA) ]  [ NF- ni t r ogen ( N) ]  [ i nst r ument  compr essed ai r  ( I A) ]  
[ l abor at or y compr essed ai r  ( LA)  suppl i ed f r om I A sour ce]  [ pr ocess 
compr essed ai r  ( PA)  suppl i ed f r om I A sour ce]  [ car bon di oxi de ( CO2) ]  
[ medi cal - sur gi cal  vacuum ( MV) ]  [ wast e anest het i c gas di sposal  ( WAGD) ] .

1. 2. 1   Desi gn Requi r ement s

1. 2. 1. 1   Pat i ent  Car e Syst ems

Oxygen ( O) ,  Medi cal  Compr essed Ai r  ( MA) ,  Ni t r ous Oxi de ( NO) ,  and Car bon 
Di oxi de ( CO2)  syst ems i nt ended f or  pat i ent  car e shal l  not  be suppl i ed t o or  
used f or  any pur pose ot her  t han pat i ent  car e appl i cat i ons.

1. 2. 1. 2   Dent al  Sur gi cal  Vacuum ( DSV) ,  Medi cal - Sur gi cal  Vacuum ( MV) ,  and 
Wast e Anest hesi a Gas Di sposal  ( WAGD)

Syst ems ar e dr y vacuum syst ems and shal l  not  be suppl i ed t o or  used f or  any 
pur pose ot her  t han pat i ent  car e appl i cat i ons.
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1. 2. 1. 3   Or al  Evacuat i on ( OE)

Syst em i s a wet  vacuum syst em and shal l  not  be suppl i ed t o or  used f or  any 
pur pose ot her  t han pat i ent  car e appl i cat i ons.

1. 2. 1. 4   Suppor t  Ut i l i t i es

Ni t r ogen ( N) ,  Dent al  Compr essed Ai r  ( DA) ,  I nst r ument  Compr essed Ai r  ( I A) ,  
Labor at or y Compr essed Ai r  ( LA) ,  and Pr ocess Compr essed Ai r  ( PA)  syst ems ar e 
suppor t  ut i l i t i es and shal l  not  be suppl i ed t o or  used f or  pat i ent  
r espi r at i on appl i cat i ons.

1. 2. 1. 5   Hi gh- vol ume Labor at or y Dust  Evacuat i on ( LE)

Syst em i s a dr y vacuum syst em,  suppor t  ut i l i t y  and shal l  not  be suppl i ed t o 
or  used f or  pat i ent  car e appl i cat i ons.

1. 2. 1. 6   Labor at or y Compr essed Ai r  ( LA)  and Pr ocess Compr essed Ai r  ( PA)

May be conf i gur ed as any of  t he f ol l owi ng:

a.   Pr ovi ded as separ at e syst ems wi t h t hei r  own compr essor s,  i n whi ch case 
t he LA and/ or  PA syst em shal l  conf or m t o NFPA 99 Level  3 cr i t er i a.

b.   Combi ned wi t h and power ed by t he Dent al  Compr essed Ai r  ( DA)  syst em,  i n 
whi ch case t he LA and/ or  PA syst em shal l  conf or m t o NFPA 99 Level  3 
criteria.

c.   Combi ned wi t h and power ed by t he I nst r ument  Compr essed Ai r  ( I A)  syst em,  
i n whi ch case t he LA and/ or  PA syst em shal l  conf or m t o NFPA 99 Level  1 
cr i t er i a.  ( I A i s  a Level  1 syst em) .

1. 2. 2   Sust ai nabl e Desi gn Requi r ement s

1. 2. 2. 1   Local / Regi onal  Mat er i al s

**************************************************************************
NOTE:   Usi ng l ocal  mat er i al s can hel p mi ni mi ze 
t r anspor t at i on i mpact s,  i ncl udi ng f ossi l  f uel  
consumpt i on,  ai r  pol l ut i on,  and l abor .

Thi s i s  opt i onal  f or  Ar my pr oj ect s.
**************************************************************************

Use mat er i al s or  pr oduct s ext r act ed,  har vest ed,  or  r ecover ed,  as wel l  as 
manuf act ur ed,  wi t hi n a [ 800]  [ _____]  km [ 500]  [ _____]  mi l e r adi us f r om t he 
pr oj ect  s i t e,  i f  avai l abl e f r om a mi ni mum of  t hr ee sour ces.

1. 2. 2. 2   Envi r onment al  Dat a

**************************************************************************
NOTE:   ASTM E2129 pr ovi des f or  det ai l ed 
document at i on of  t he sust ai nabi l i t y  aspect s of  
pr oduct s used i n t he pr oj ect .   Thi s l evel  of  det ai l  
may be usef ul  t o t he Cont r act or ,  Gover nment ,  
bui l di ng occupant s,  or  t he publ i c  i n assessi ng t he 
sust ai nabi l i t y  of  t hese pr oduct s.

Thi s i s  opt i onal  f or  Ar my pr oj ect s.
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**************************************************************************

[ Submi t  Tabl e 1 of  ASTM E2129 f or  t he f ol l owi ng pr oduct s:  [ _____] . ]

1. 2. 3   Per f or mance Requi r ement s

a.   Pr ovi de al l  l abor ,  equi pment  and ser vi ces necessar y f or  and i nc i dent al  
t o t he i nst al l at i on of  pi ped [ dent al  gas,  suppor t ,  and vacuum syst ems]  
[ and]  [ medi cal  gas,  suppor t ,  and vacuum syst ems] .   [ Oxygen syst ems 
shal l  be compl et e t o t he sour ce val ve,  r eady f or  connect i on t o t he bul k 
gas suppl y syst em. ]   Al l  syst ems shal l  be compl et e,  st ar t ed,  t est ed and 
r eady f or  use.

b.   Gover nment  Fur ni shed Mat er i al s pr ovi ded t o t he Cont r act or  f or  
i nst al l at i on under  t hi s sect i on i ncl ude i ni t i al  suppl y of  gases i n 
cyl i nder s or  cont ai ner s as appr opr i at e f or  cyl i nder  sour ces [ _____]  
[ , and i ni t i al  suppl y of  l i qui d oxygen] .

c.   Pr ovi de syst em del i ver y pr essur e as f ol l ows:

**************************************************************************
NOTE:   Pr ocess compr essed ai r  i s  gener al l y  suppl i ed 
i n t he 825- 860 kPa 120- 125 psi  r ange.   However ,  a 
l ower  pr essur e may be r equi r ed by t he usi ng 
f aci l i t y .   Modi f y r ange onl y i f  appr oved by t he 
usi ng f aci l i t y .

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

Oxygen,  medi cal  compr essed ai r ,  ni t r ous oxi de,  car bon 
dioxide

 379 kPa 55 psi

Dent al  compr essed ai r  620 kPa 90 psi

Ni t r ogen,  i nst r ument  compr essed ai r  1275 kPa 185 psi

Labor at or y compr essed ai r  345- 379 kPa 50- 55 psi

Pr ocess compr essed ai r  827- 862 kPa 120- 125 psi

d.   Pr ovi de syst em vacuum as f ol l ows:

Dent al  sur gi cal  vacuum,  medi cal - sur gi cal  
vacuum

 37 kPa 19 i nches Hg vacuum

Dent al  or al  evacuat i on  73 kPa 8 i nches Hg vacuum

Wast e anest hesi a gas di sposal   60 kPa 12 i nches Hg vacuum

Hi gh- vol ume l abor at or y dust  evacuat i on  91 kPa 3 i nches Hg vacuum at  
separator

kPa i s absol ut e i nches Hg vacuum i s gauge

1. 2. 4   Accessi bi l i t y  of  Equi pment

**************************************************************************
NOTE:   The f ol l owi ng r equi r ement  i s  i nt ended t o 
sol i c i t  t he i nst al l er ' s  hel p i n t he pr udent  l ocat i on 
of  equi pment  when t her e i s some cont r ol  over  
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l ocat i ons.   However ,  desi gner s shoul d not  r el y on i t  
s i nce enf or ci ng t hi s r equi r ement  i n t he f i el d woul d 
be di f f i cul t .   Ther ef or e,  t he syst em desi gner  needs 
t o l ayout  and i ndi cat e t he l ocat i ons of  equi pment ,  
cont r ol  devi ces,  and access door s so t hat  most  of  
t he accessi bi l i t y  quest i ons ar e r esol ved 
i nexpensi vel y dur i ng desi gn.

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

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

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  Qual i t y  Cont r ol  
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appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Local / Regi onal  Mat er i al s;  G[ ,  [ _____] ]
Envi r onment al  Dat a;  G[ ,  [ _____] ]
Manuf act ur er  Qual i f i cat i ons
I nst al l er  Qual i f i cat i ons
I nspect or  Qual i f i cat i ons
Ver i f i er  Qual i f i cat i ons
I nspect i on,  Test i ng,  and Ver i f i cat i on Agency

SD- 02 Shop Dr awi ngs

Dent al  Gas,  Suppor t  and Vacuum Syst ems;  G[ ,  [ _____] ]
Medi cal  Gas,  Suppor t  and Vacuum Syst ems;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Bul k Li qui d Oxygen ( LOX)  Sour ce;  G[ ,  [ _____] ]
Emer gency Oxygen Suppl y Connect i on;  G[ ,  [ _____] ]
Cyl i nder  Mani f ol d Suppl y Sour ce;  G[ ,  [ _____] ]
Dent al  Compr essed Ai r  ( DA)  Sour ce;  G[ ,  [ _____] ]
Dent al  Sur gi cal  Vacuum ( DSV)  Sour ce;  G[ ,  [ _____] ]
Dent al  Or al  Evacuat i on ( OE)  Sour ce;  G[ ,  [ _____] ]
Hi gh- Vol ume Labor at or y Dust  Evacuat i on ( LE)  Sour ce;  G[ ,  [ _____] ]
Medi cal  Compr essed Ai r  ( MA)  Sour ce;  G[ ,  [ _____] ]
Lab Compr essed Ai r  ( LA)  [ and Pr ocess Compr essed Ai r  ( PA) ]  Sour ce;  G
[ ,  [ _____] ]
Medi cal - Sur gi cal  Vacuum ( MV)  Sour ce;  G[ ,  [ _____] ]
Wast e Anest hesi a Gas Di sposal  Vacuum ( WAGD)  Sour ce;  G[ ,  [ _____] ]
I nst r ument  Compr essed Ai r  ( I A)  Sour ce;  G[ ,  [ _____] ]
Pi pe and Fi t t i ngs;  G[ ,  [ _____] ]
Val ves and Assembl i es;  G[ ,  [ _____] ]
Ni t r ogen and I nst r ument  Compr essed Ai r  Cont r ol  Panel s;  G[ ,  [ _____] ]
Hanger s and Suppor t s;  G[ ,  [ _____] ]
Dent al  Gas and Suppor t  Syst ems Out l et s and Vacuum Syst ems I nl et s;  G
[ ,  [ _____] ]
Medi cal  Gas and Suppor t  Syst ems Out l et s and Vacuum Syst ems I nl et s;  
G[ ,  [ _____] ]
War ni ng Syst ems;  G[ ,  [ _____] ]
Vi br at i on- Absor bi ng Feat ur es;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Test  Repor t s

SD- 07 Cer t i f i cat es

St at i on Out l et s/ I nl et s

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

Dent al  Gas,  Suppor t ,  and Vacuum Syst ems;  G[ ,  [ _____] ]
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Medi cal  Gas,  Suppor t ,  and Vacuum Syst ems;  G[ ,  [ _____] ]

1. 4   QUALI TY ASSURANCE

1. 4. 1   Manuf act ur er  Qual i f i cat i ons

Manuf act ur er s shal l  be r egul ar l y engagi ng i n t he manuf act ur i ng,  suppl y i ng,  
and ser vi c i ng of  speci f i ed pr oduct s and equi pment ,  as wel l  as,  pr ovi di ng 
engi neer i ng ser v i ces,  f or  gas and vacuum syst ems f or  heal t hcar e 
f aci l i t i es.   Pr ovi de evi dence demonst r at i ng compl i ance f or  a mi ni mum of  5 
year s,  and on 5 pr oj ect s of  s i mi l ar  compl exi t y.

1. 4. 2   I nst al l er  Qual i f i cat i ons

a.   [ Dent al  gas,  suppor t ,  and vacuum syst ems]  [ and]  [ Medi cal  gas,  suppor t ,  
and vacuum syst ems]  shal l  be i nst al l ed onl y by Cer t i f i ed Medi cal  Gas 
I nst al l er s.   I nst al l er  ASSE 6000 SERI ES ( St andar d #6010 Medi cal  Gas 
Syst em I nst al l er )  cer t i f i cat i on car d shal l  have been i ssued wi t hi n t he 
pr evi ous 36 mont hs and I nst al l er s cer t i f i ed t hr ough a r ecogni zed t hi r d 
par t y cer t i f i cat i on agency.   Cer t i f i cat i on shal l  i ncl ude t he successf ul  
compl et i on of  a mi ni mum 32- hour  t r ai ni ng cour se i ncl udi ng a wr i t t en and 
a pr act i cal  exami nat i on cover i ng al l  f acet s of  ASSE 6000 SERI ES 
St andar d #6010,  NFPA 99,  and NFPA 55.   Cour se i nst r uct i on shal l  have 
been conduct ed by a Medi cal  Gas Syst ems I nst r uct or  cer t i f i ed t o 
ASSE 6000 SERI ES ( St andar d #6050 Medi cal  Gas I nst r uct or s) .   The 
i nst al l er  shal l  have a mi ni mum of  f our  ( 4)  year s of  document ed 
pr act i cal  exper i ence i n t he i nst al l at i on of  medi cal  gas and vacuum 
pi pi ng syst ems.   Det ai l  dr awi ngs f or  t he compl et e syst ems i ncl udi ng 
pi pi ng l ayout s and l ocat i on of  connect i ons;  di mensi ons f or  r oughi ng- i n,  
f oundat i on,  and suppor t  poi nt s;  schemat i c di agr ams;  and wi r i ng di agr ams 
or  connect i on and i nt er connect i on di agr ams.   Det ai l  dr awi ngs shal l  
i ndi cat e c l ear ances r equi r ed f or  mai nt enance and oper at i on.   Wher e 
pi pi ng and equi pment  ar e t o be suppor t ed ot her  t han as i ndi cat ed,  
i ncl ude l oadi ngs and pr oposed suppor t  met hod.   Al l  pl ans,  el evat i ons,  
v i ews,  and det ai l s ,  shal l  be dr awn t o scal e.

[ b.   Dent al  or al  evacuat i on syst ems shal l  be i nst al l ed onl y by 
cont r act or s/ t r adesper sons who have at  l east  5 year s exper i ence 
i nst al l i ng cent r al  or al  evacuat i on syst ems f or  dent al  oper at or i es. ]

**************************************************************************
NOTE:   I ncl ude f ol l owi ng i f  bul k l i qui d oxygen 
sour ce i s i ncl uded i n pr oj ect .

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

[ c .   Bul k l i qui d oxygen syst ems shal l  be i nst al l ed onl y by Cer t i f i ed Bul k 
Medi cal  Gas Syst em I nst al l er .   I nst al l er  ASSE 6000 SERI ES ( St andar d 
#6015 Bul k Medi cal  gas Syst ems I nst al l er s)  cer t i f i cat i on car d shal l  
have been i ssued wi t hi n t he pr evi ous 36 mont hs and I nst al l er s cer t i f i ed 
t hr ough a r ecogni zed t hi r d par t y cer t i f i cat i on agency.   Cer t i f i cat i on 
shal l  i ncl ude t he successf ul  compl et i on of  a mi ni mum 32- hour  t r ai ni ng 
cour se i ncl udi ng a wr i t t en and a pr act i cal  exami nat i on cover i ng t hei r  
f i r m' s st andar d oper at i ng pr ocedur es as t hey r el at e t o bul k 
i nst al l at i ons f or  medi cal  gases,  t he FDA CGMP Regul at i on 21 CFR,  Par t s 
210 and 211,  CGA M- 1,  appl i cabl e sect i ons of  t he ASSE 6000 SERI ES 
St andar d #6015) ,  NFPA 99,  and NFPA 55.   Cour se i nst r uct i on shal l  be 
conduct ed by a Bul k Medi cal  Gas Syst ems I nst r uct or  cer t i f i ed t o 
ASSE 6000 SERI ES ( St andar d #6050 Medi cal  Gas Syst ems I nst r uct or s) .   The 
bul k syst em i nst al l er  shal l  have a mi ni mum of  f our  ( 4)  year s of  
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document ed pr act i cal  exper i ence i n t he i nst al l at i on of  bul k syst ems. ]

1. 4. 3   Agency Qual i f i cat i ons

Ret ai ned by t he gener al  cont r act or ,  but  i ndependent  of  t he f aci l i t y ,  
i nst al l i ng cont r act or ,  and pr oduct  manuf act ur er ( s) .

1. 4. 3. 1   I nspect or  qual i f i cat i ons

Syst ems shal l  be i nspect ed onl y by Cer t i f i ed Medi cal  Gas Syst em 
I nspect or s.   I nspect or  ASSE 6000 SERI ES ( St andar d #6020 Medi cal  Gas Syst ems 
I nspect or s)  cer t i f i cat i on car d shal l  have been i ssued wi t hi n t he pr evi ous 
36 mont hs and I nspect or s cer t i f i ed t hr ough a r ecogni zed t hi r d par t y 
cer t i f i cat i on agency.   Cer t i f i cat i on shal l  i ncl ude t he successf ul  
compl et i on of  a mi ni mum 24- hour  t r ai ni ng cour se i ncl udi ng a wr i t t en and a 
pr act i cal  exami nat i on cover i ng al l  f acet s of  ASSE 6000 SERI ES ( St andar d 
#6020), NFPA 99, NFPA 55.   Cour se i nst r uct i on shal l  be conduct ed by a 
Medi cal  Gas Syst ems I nst r uct or  cer t i f i ed t o ASSE 6000 SERI ES ( St andar d 
#6050 Medi cal  Gas Syst ems I nst r uct or s) .   Cer t i f i cat i on t o ASSE 6000 SERI ES 
( St andar d # 6030 Medi cal  Gas Syst ems Ver i f i er )  meet s t he r equi r ement s of  
t hi s sect i on.   The i nspect or  shal l  have a mi ni mum of  f our  ( 4)  year s of  
document ed pr act i cal  exper i ence i n t he i nspect i on of  medi cal  gas and vacuum 
systems.

1. 4. 3. 2   Ver i f i er  qual i f i cat i ons

Syst ems shal l  be ver i f i ed onl y by Cer t i f i ed Medi cal  Gas Syst em Ver i f i er s.   
Verifier ASSE 6000 SERI ES ( St andar d #6030 Medi cal  Gas Syst em Ver i f i er s)  
cer t i f i cat i on car d shal l  have been i ssued wi t hi n t he pr evi ous 36 mont hs and 
ver i f i er s cer t i f i ed t hr ough a r ecogni zed t hi r d par t y cer t i f i cat i on agency.   
Cer t i f i cat i on shal l  i ncl ude t he successf ul  compl et i on of  a mi ni mum 32- hour  
t r ai ni ng cour se i ncl udi ng a wr i t t en and a pr act i cal  exami nat i on cover i ng 
al l  f acet s of  ASSE 6000 SERI ES St andar d #6030,  NFPA 99, NFPA 55 and CGA M- 1.   
Cour se i nst r uct i on shal l  be conduct ed by a Medi cal  Gas Syst ems I nst r uct or  
cer t i f i ed t o ASSE 6000 SERI ES ( St andar d #6050 Medi cal  Gas Syst ems 
I nst r uct or s) .   The ver i f i er  shal l  have a mi ni mum of  f our  ( 4)  year s of  
document ed pr act i cal  exper i ence i n t he ver i f i cat i on of  medi cal  gas and 
vacuum syst ems.   The ver i f i er  shal l  have a cur r ent  cer t i f i cat e of  
i nsur ance,  i n t he i ndi v i dual ' s  name or  empl oyi ng ver i f i cat i on company f or  
gener al  l i abi l i t y ,  and pr of essi onal  l i abi l i t y  i nsur ance.

1. 4. 4   Cer t i f y i ng Agency Qual i f i cat i ons

Agency shal l  be an Amer i can Nat i onal  St andar ds I nst i t ut e accr edi t ed 
cer t i f i er .   Agency i s r esponsi bl e f or  t est i ng and cer t i f y i ng i ndi v i dual s i n 
compl i ance wi t h ASSE 6000 SERI ES St andar ds.   Pr ovi de i nst al l er ,  i nspect or ,  
and ver i f i er  cer t i f i cat i ons by one of  t he f ol l owi ng agenci es or  by an 
agency wi t h compar abl e qual i f i cat i ons:

a.   Medi cal  Gas Pr of essi onal  Heal t hcar e Or gani zat i on ( MGPHO) .

b.   Nat i onal  I nspect i on,  Test i ng and Cer t i f i cat i on Cor por at i on ( NI TC) ,  Los 
Angel es,  Cal i f or ni a.

1. 4. 5   Regul at or y Requi r ement s

1. 4. 5. 1   Standards

The St andar ds f or  desi gn,  mat er i al s,  i nst al l at i on,  and t est i ng of  gas and 
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vacuum syst ems f or  heal t hcar e f aci l i t i es:

a.   Nat i onal  Fi r e Pr ot ect i on Associ at i on St andar d f or  Heal t h Car e 
Facilities: NFPA 99.

[ b.   Nat i onal  Fi r e Pr ot ect i on Associ at i on St andar d f or  St or age,  use,  and 
Handl i ng of  Compr essed Gases and Cr yogeni c Fl ui ds i n Por t abl e and 
St at i onar y Cont ai ner s,  Cyl i nder s,  and Tanks:  NFPA 55. ]

c.   I nt er pr et  r ef er ence t o t he " Aut hor i t y Havi ng Jur i sdi ct i on"  t o mean t he 
" Cont r act i ng Of f i cer . "   For  Gover nment  owned pr oper t y,  i nt er pr et  
r ef er ences t o t he " owner "  t o mean t he " Cont r act i ng Of f i cer . "   For  
l eased f aci l i t i es,  i nt er pr et  r ef er ences t o t he " owner "  t o mean t he 
" l essor . "   I nt er pr et  r ef er ences t o t he " per mi t  hol der "  t o mean t he 
"Contractor."

d.   The pr ovi s i ons of  Chapt er  1,  " Admi ni st r at i on"  i n NFPA 99 [ and NFPA 55] 
do not  appl y.   These admi ni st r at i ve r equi r ement s ar e cover ed by t he 
appl i cabl e Feder al  Acqui s i t i on Regul at i ons ( FAR)  i ncl uded i n t hi s 
cont r act  and by t he aut hor i t y gr ant ed t o t he Of f i cer  i n Char ge of  
Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s pr oj ect .

1. 4. 5. 2   Ref er enced Publ i cat i ons

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

1. 4. 5. 3   Al t er nat i ve Qual i f i cat i ons

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

1. 4. 5. 4   Ser vi ce Suppor t

Pr ovi de equi pment  i t ems suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons shal l  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .   
Submi t  manual s i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  equi pment  and par t s t o s i t e f act or y c l eaned and pr ocessed i n t hei r  
or i gi nal  f act or y seal ed package r eady f or  i nst al l at i on.   Handl e,  st or e,  and 
pr ot ect  equi pment  and mat er i al s t o pr event  damage bef or e and dur i ng 
i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s  r ecommendat i ons,  and as 
appr oved by t he Cont r act i ng Of f i cer .   Repl ace damaged or  def ect i ve i t ems.

1. 6   COMMISSIONING

1. 6. 1   I nspect i on,  Test i ng,  and Ver i f i cat i on Agency

**************************************************************************
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NOTE:   I f  pr oj ect  does not  have a CxC,  Commi ssi oni ng 
Speci al i s t ,  del et e r ef er ences t o Pr oj ect  CxC,  
Commi ssi oni ng Speci al i s t .

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

Commi ssi oni ng shal l  i ncl ude r et ai ni ng t he I nspect i on,  Test i ng,  and 
Ver i f i cat i on Agency pr i or  t o commencement  of  t he i nst al l at i on of  t hese 
syst ems.   The I nspect i on,  Test i ng,  and Ver i f i cat i on Agency shal l  coor di nat e 
t hei r  scope of  wor k wi t h t hat  of  t he Pr oj ect  CxC,  Commi ssi oni ng Speci al i s t  
and shal l  f unct i on i n coor di nat i on wi t h,  not  i n l i eu of ,  t he Pr oj ect  CxC,  
Commi ssi oni ng Speci al i s t .

1. 6. 2   Responsibilities

The I nspect i on,  Test i ng,  and Ver i f i cat i on Agenci es r esponsi bi l i t i es i ncl ude:

a.   Revi ew of  t he pr oj ect  dr awi ngs and speci f i cat i ons and pr ovi di ng 
comment s and addi t i onal  c l ar i f i cat i on( s) ,  as needed,  t o t he Cont r act i ng 
Of f i cer  and t he Desi gner  of  Recor d.

b.   Wi t nessi ng by a cer t i f i ed i nspect or  or  cer t i f i ed ver i f i er  of  t he 
br azi ng of  a mi ni mum of  t wo j oi nt s ( one ver t i cal  and one hor i zont al )  by 
each br azer  assi gned t o t he pr oj ect .   Eval uat i on of  adequacy of  t he 
br azed j oi nt s shal l  be t hr ough obser vat i on of  t he br azi ng t echni ques,  
and by dest r uct i ve met hods ( cut t i ng t he j oi nt s i n hal f ) .   Thi s wi l l  be 
r equi r ed of  al l  br azer s ut i l i zed t hr oughout  t he dur at i on of  t he 
pr oj ect .   Br azi ng of  pr oj ect  mat er i al s shal l  not  be per mi t t ed unt i l  t he 
br azer  qual i f i cat i ons,  and t he adequacy of  t hei r  j oi nt s have been 
det er mi ned t o be accept abl e.

c.   Revi ew and comment  on t he compl i ance of  t he pr oj ect  submi t t al s r equi r ed 
under  " SUBMI TTALS"  and t he speci f i ed i t ems.   Revi ew shal l  be concur r ent  
wi t h t he r evi ew bei ng per f or med by t he desi gnat ed r epr esent at i ve of  t he 
Government.

d.   Per f or mi ng s i t e obser vat i on v i s i t s pr i or  t o 1)  backf i l l i ng ext er i or  or  
i nt er i or  bel ow gr ade pi pi ng,  2)  conceal i ng above cei l i ng pi pi ng,  and 3)  
conceal i ng i n wal l  pi pi ng.   Conduct  s i t e obser vat i on v i s i t s by a 
cer t i f i ed i nspect or  or  cer t i f i ed ver i f i er .   Pr ovi de f or  each vi s i t  a 
wr i t t en r epor t  s t at i ng pr ogr ess of  i nst al l at i on and any def i c i enci es 
needi ng cor r ect i ve act i on.

e.   Revi ew of  r evi s i ons/ subst i t ut i ons r el at i ng t o t he Cont r act  Document s 
and/ or  t he Pr oj ect  Commi ssi oni ng Pl an.

f .   Coor di nat i on wi t h t he Pr oj ect  CxC,  Commi ssi oni ng Speci al i s t  i n 
est abl i shi ng a commi ssi oni ng pl an f or  component s speci f i c  t o t he 
syst ems speci f i ed her ei n.

g.   Coor di nat i on wi t h t he Pr oj ect  CxC,  Commi ssi oni ng Speci al i s t  of  t he 
equi pment  st ar t - up,  and t he syst em t est i ng and ver i f i cat i on pr ocedur es 
r equi r ed by t hi s speci f i cat i on.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

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,  
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essent i al l y  dupl i cat e equi pment  t hat  has per f or med sat i sf act or i l y  at  l east  
t wo year s pr i or  t o bi d openi ng,  and have been i n sat i sf act or y commer ci al  or  
i ndust r i al  use f or  3 year s pr i or  t o bi d openi ng.   The 3- year  use shal l  
i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances 
and of  s i mi l ar  s i ze.   The pr oduct  shal l  have been f or  sal e on t he 
commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
br ochur es dur i ng t he 3 year  per i od.   Submi t  manuf act ur er ' s cat al og dat a 
wi t h hi ghl i ght i ng t o show model ,  s i ze,  opt i ons,  et c. ,  t hat  ar e i nt ended f or  
consi der at i on.   Pr ovi de adequat e dat a t o demonst r at e compl i ance wi t h 
cont r act  r equi r ement s.

2. 2   MANUFACTURER' S NAMEPLATE

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

[ 2. 3   BULK LI QUI D OXYGEN ( LOX)  SOURCE

**************************************************************************
NOTE:   Bul k l i qui d oxygen syst ems ar e usual l y l eased 
f r om a gas suppl i er  by t he user ,  and t he t ank,  
vapor i zer ( s) ,  and associ at ed appur t enances ar e not  
par t  of  t he pr oj ect  cont r act .   I ncl ude t he f ol l owi ng 
and modi f y as r equi r ed.

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

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n LOX t ank,  sour ce shut of f ,  val ves,  
vapor i zer ( s) ,  and ot her  component s r equi r ed by t he Regul at or y Requi r ement s,  
and necessar y t o pr ovi de compl et e per f or mance.   Each sour ce shal l  r equi r e 
s i ngl e- poi nt  connect i ons t o power  wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng 
system.

] 2. 4   EMERGENCY OXYGEN SUPPLY CONNECTI ON

**************************************************************************
NOTE:   Emer gency oxygen suppl y connect i on i s 
r equi r ed onl y on Level  1 syst ems wher e suppl y i s  
r emot e f r om bui l di ng.   Coor di nat e l ocat i on wi t h 
bui l di ng and si t e el ement s t o assur e accessi bi l i t y .

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

Pr ovi de compl et e f act or y- packaged syst em i ncl udi ng but  not  l i mi t ed t o 
encl osur e,  oxygen i nl et ,  pr essur e gauge,  25 mm 1 i nch shut of f  val ve,  r el i ef  
val ve,  and check val ves.   Pr ovi de l ockabl e,  weat her  t i ght  encl osur e f or  
mount i ng on ext er i or  of  bui l di ng.   Encl osur e shal l  be [ r ecessed]  [ sur f ace 
mount ed] .   Pr ovi de check val ves f or  mai n and emer gency oxygen l i nes.

[ 2. 5   CYLI NDER MANI FOLD SUPPLY SOURCE

**************************************************************************
NOTE:   Coor di nat e mani f ol d l ocat i ons and power  
r equi r ement s wi t h Di v i s i on 26- El ect r i cal .

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

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n cont r ol  panel ,  sour ce shut of f ,  
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i sol at i on val ves and ot her  component s r equi r ed by NFPA 99,  and necessar y t o 
pr ovi de compl et e per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  
connect i ons t o power  wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.   
Each sour ce shal l  have a mi ni mum of  t wo ( 2)  cyl i nder s on each si de.

a.   Desi gn t he cyl i nder  suppl y sour ce so t hat  when t he swi t chover  f r om t he 
pr i mar y cyl i nder s t o t he secondar y cyl i nder s occur s,  t her e wi l l  be no 
dr op or  f l uct uat i on i n t he l i ne pr essur e.   The cont r ol  cabi net  shal l  
have a v i sual  s i gnal  t o i ndi cat e swi t chover  f r om t he pr i mar y t o t he 
secondar y suppl y.   Reset t i ng of  t he cont r ol  uni t  shal l  be accompl i shed 
aut omat i cal l y .   Pr ovi de wi t h a br onze- bodi ed poppet - t ype 
pr essur e- r el i ef  adj ust ed t o r el i eve at  50 per cent  above maxi mum wor ki ng 
pr essur e.   Equi p wi t h an appr oved pr essur e swi t ch f or  act uat i ng a 
war ni ng s i gnal  when,  or  bef or e,  t he secondar y bank goes i nt o 
oper at i on.   The cont r ol  val ve shal l  be cont ai ned wi t hi n a cabi net  
desi gned t o pr event  t amper i ng by unaut hor i zed per sonnel .   One bank of  
cyl i nder s shal l  be i n ser vi ce whi l e t he ot her  bank i s i n r eser ve.   Each 
bank shal l  be equi pped wi t h a mast er  r egul at or  and a gauge f or  28 MPa 
4, 000 psi  or  gr eat er  cyl i nder - cont ent s pr essur e.   Swi t chi ng f r om t he 
empt y bank of  cy l i nder s t o t he f ul l  bank of  cyl i nder s shal l  be f ul l y  
aut omat i c and shal l  not  r equi r e r eset t i ng of  t he r egul at or s.

b.   Pr ovi de cyl i nder  suppl y sour ce as f ol l ows:

( 1)   Oxygen ( O) :   Pr ovi de f or  [ _____]  pr i mar y and [ _____]  secondar y 
cyl i nder s,  I t em a) .

( 2)   Ni t r ogen ( N) :   Pr ovi de f or  [ _____]  pr i mar y and [ _____]  secondar y 
cyl i nder s.  I t em a) .

**************************************************************************
NOTE:   Locat e ni t r ous oxi de suppl y wher e i t  wi l l  not  
be exposed t o f r eezi ng t emper at ur es.  Consul t  
manuf act ur er ' s l i t er at ur e f or  det ai l s .

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

( 3)   Ni t r ous oxi de ( NO)

( a)  Pr ovi de f or  [ _____]  pr i mar y and [ _____]  secondar y cyl i nder s.

**************************************************************************
NOTE:   Coor di nat e r equi r ement s of  heat ed suppl y wi t h 
el ect r i cal  engi neer .   Connect  t o emer gency 
el ect r i cal  power .

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

( b)   Pr ovi de heat ed suppl y t o pr event  i ce bui l d- up dur i ng hi gh 
demand.

[ ( 4)   Car bon di oxi de ( CO2)

( a)   Pr ovi de f or  [ _____]  pr i mar y and [ _____]  secondar y cyl i nder s.

**************************************************************************
NOTE:   Coor di nat e r equi r ement s of  heat ed suppl y wi t h 
el ect r i cal  engi neer .   Connect  t o emer gency 
el ect r i cal  power .

**************************************************************************
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( b)   Pr ovi de heat ed suppl y t o pr event  i ce bui l d- up dur i ng hi gh 
demand. ]

][ 2. 6   DENTAL COMPRESSED AI R ( DA)  SOURCE

**************************************************************************
NOTE:   Dent al  compr essed ai r  sour ce can ser ve as 
dent al  l abor at or y compr essed ai r  sour ce.

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

a.   Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n ai r  compr essor s,  r ecei ver ,  
dr yer s,  f i l t er s,  cont r ol  panel ,  sour ce shut of f ,  compr essor  i sol at i on 
val ves and ot her  component s r equi r ed by NFPA 99,  and necessar y t o 
pr ovi de compl et e per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  
connect i ons t o power  wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.

b.   Tank- mount ed ai r  compr essor s shal l  be manuf act ur ed t o compl y wi t h UL 
l i s t i ng r equi r ement s.   Ai r  compr essor s shal l  have manuf act ur er ' s name 
and addr ess,  t oget her  wi t h t r ade name and cat al og number ,  on a 
namepl at e secur el y at t ached t o t he equi pment .   Pr ovi de guar ds t o shi el d 
exposed movi ng par t s.   Pr ovi de an i nt ake ai r  f i l t er  and si l encer  wi t h 
each compr essor .   Pr ovi de af t er cool er  and moi st ur e separ at or  bet ween 
compr essor s and ai r  r ecei ver s,  t o r emove moi st ur e bef or e t he ai r  ent er s 
t he r ecei ver .   Af t er cool er s shal l  be ai r  cool ed.   The ai r  shal l  pass 
t hr ough a suf f i c i ent  number  of  t ubes t o af f ect  cool i ng.   Tubes shal l  be 
s i zed t o gi ve maxi mum heat  t r ansf er .   Cool i ng capaci t y of  t he 
af t er cool er  shal l  be s i zed f or  t he t ot al  capaci t y of  t he compr essor s.

2. 6. 1   Ai r  Compr essor s

Pr ovi de [ scr ol l  t ype compr essor s]  [ r eci pr ocat i ng t ef l on- r i ng t ype 
compr essor s desi gned such t hat  no oi l  i s  admi ni st er ed t o t he ai r  cy l i nder ,  
t he por t i on of  t he pi st on r od t hat  t r avel s i n t he cr ankcase sect i on does 
not  t r avel  i n any por t i on of  t he ai r - cyl i nder  sect i on,  and wi t h pr ovi s i on 
t o pr event  t he f l ow of  l ubr i cat i on oi l  al ong t he pi st on r od i nt o t he 
ai r - cyl i nder  sect i on] .   Pr ovi de a pr essur e gauge cal i br at ed t o 2068 kPa 300 
psi ,  and equi pped wi t h a gauge cock and pul sat i on dampener  f or  i nst al l at i on 
adj acent  t o t he pr essur e swi t ch.   The mot or  and compr essor s shal l  be 
di r ect l y connect ed or  oper at ed by V- bel t  dr i ve.   Compr essor s shal l  be 
sequenced t o st ar t  aut omat i cal l y  when t he pr essur e dr ops t o a pr eset  
poi nt .   Compr essor s shal l  be ai r  cool ed.   Pr ovi de each compr essor  chamber  
wi t h a hi gh- t emper at ur e sensor  t o act i vat e a l ocal  al ar m.   Pr ovi de 
cont i nuous dut y NEMA r at ed,  open dr i ppr oof  mot or  wi t h 1. 15 ser vi ce f act or ,  
and maxi mum of  3600 RPM.

2. 6. 2   Ai r  Recei ver

Pr ovi de ai r  r ecei ver  del i ver i ng ai r  t o dent al  oper at or i es desi gned f or  1034 
kPa 150 psi  wor k i ng pr essur e,  f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng 
pr essur e,  meet i ng ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h 
saf et y r el i ef  val ves and accessor i es,  i ncl udi ng but  not  l i mi t ed t o pr essur e 
gauge,  s i ght  gl ass,  and aut omat i c and manual  dr ai ns.   The out s i de of  
r ecei ver  shal l  be gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  
enamel  f i ni sh.   The i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed 
v i nyl  l i ni ng.   Pr ovi de a di spl ay of  t he ASME seal  on t he r ecei ver ,  or  a 
cer t i f i ed t est  r epor t  f r om an appr oved i ndependent  t est i ng l abor at or y 
i ndi cat i ng conf or mance t o t he ASME Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee 
( 3)  val ve bypass f or  ser vi c i ng.
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2. 6. 3   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each compr essor  f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag compr essor s.   Pr ovi de aut omat i c al t er nat i on of  compr essor s based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag compr essor  shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead 
compr essor  f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
compr essor  i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each compr essor .   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de pr essur e cont r ol  swi t ches or  pr essur e 
t r ansducer .   Pr ovi de i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng 
oper at i ng sequence of  compr essor s.   Pr ovi de back- up c i r cui t  i n case of  PLC 
f ai l ur e.   Pr ovi de di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay 
al l  al ar m condi t i ons,  pump mai nt enance i nt er val s,  compr essor  per f or mance 
war ni ngs,  aver age syst em ai r  demand,  aver age dewpoi nt  and CO l evel s on 
syst em,  compr essor s on/ of f  st at us,  syst em model  number  and ser i al  number ,  
and phone number  t o cal l  f or  ser v i ce.   Pr ovi de audi bl e and vi sual  l ocal  
al ar ms wi t h s i l ence but t on,  r emot e al ar m connect i ons,  and saf et y devi ces as 
r equi r ed by NFPA 99.   Local  al ar ms shal l  have cont act s t o al l ow i ndi cat i on 
of  a f aul t  condi t i on at  t he mast er  al ar m panel  i f  one or  mor e l ocal  al ar ms 
ar e act i vat ed.   Pr ovi de t he f ol l owi ng al ar ms:

a.   Lag compr essor  I n Use.

b.   Hi gh di schar ge t emper at ur e.

c.   Hi gh car bon monoxi de l evel s.

2. 6. 4   Desi ccant  Ai r  Dr yer s

Pr ovi de t wo i dent i cal  t wi n- t ower  heat l ess desi ccant  ai r  dr yer s.   Pr ovi de 
dr yer s t o achi eve a pr essur e dewpoi nt  - 40 degr ees C - 40 degr ees F at  t he 
maxi mum cal cul at ed NFPA syst em capaci t y.   Pr ovi de l ubr i cant  f r ee 
oper at i on.   Pr ovi de economi zer  cycl e t hat  r educes pur ge ai r  r equi r ement s t o 
mat ch act ual  moi st ur e l oadi ng.   Pr ovi de sol i d- st at e cycl e t i mer ,  OSHA pur ge 
exhaust  muf f l er s,  and a pr essur e gauge f or  each t ower .

2. 6. 5   Fi l t r at i on and Pr essur e Reduci ng St at i on

Pr ovi de t wo pr e- f i l t er s r at ed 0. 01 mi cr on f i l t r at i on wi t h an ef f i c i ency of  
99. 9999 per cent  D. O. P.  ( Val i dat ed) ,  t wo act i vat ed car bon f i l t er s,  and t wo 1 
mi cr on f i nal  f i l t er s wi t h an ef f i c i ency 99. 9999 per cent  D. O. P.  ( Val i dat ed)  
i nst al l ed downst r eam of  t he car bon f i l t er s.   Pr ovi de al l  f i l t er s wi t h a 
di f f er ent i al  pr essur e gauge wi t h col or  change i ndi cat or  and aut omat i c dr ai n 
val ve except  t he act i vat ed car bon f i l t er s.   Pr ovi de downst r eam of  t he f i nal  
f i l t er s a dual - l i ne pr essur e r egul at i ng assembl y consi st i ng of  t wo pr essur e 
r egul at or s wi t h pr essur e gauges,  i nl et  and out l et  i sol at i on bal l  val ves,  
and pr essur e r el i ef  val ves.   Al l  f i l t er s/ pr essur e r egul at or s shal l  be 
ar r anged so t hat  t he i sol at i on of  one f i l t er /  r egul at or  wi l l  not  af f ect  t he 
oper at i on of  t he second f i l t er / r egul at or .
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2. 6. 6   Dew Poi nt  Moni t or

Pr ovi de dew poi nt  moni t or  t o cont i nuousl y moni t or  t he dew poi nt  of  t he 
dent al  compr essed ai r .   Pr ovi de cer ami c t ype ( al umi num oxi de t ype i s not  
accept abl e)  sensor  wi t h syst em accur acy of  +/ -  1 degr ee C 2 degr ees F.   The 
dew poi nt  al ar m shal l  be f act or y set  at  2 degr ees C 36 degr ees F and be 
f i el d adj ust abl e.   Pr ovi de act i vat i on of  l ocal  al ar m and al l  mast er  al ar ms 
when t he dew poi nt  at  syst em pr essur e exceeds + 4 degr ees C 39 degr ees F.   
Pr ovi de act i vat i on of  moni t or ' s  s i gnal  at  al l  mast er  al ar m panel s i f  t he 
moni t or  l oses power .   Moni t or  shal l  meet  r equi r ement s of  NFPA 99.

2. 6. 7   Car bon Monoxi de Moni t or

Pr ovi de car bon monoxi de moni t or  t o cont i nuousl y moni t or  t he dent al  
compr essed ai r  f or  car bon monoxi de and t o act uat e a l ocal  al ar m i f  t he 
car bon monoxi de l evel  i s  10 ppm or  hi gher .   Pr ovi de act i vat i on of  moni t or ' s  
s i gnal  at  al l  mast er  al ar m panel s i f  t he moni t or  l oses power .   Moni t or  
shal l  meet  r equi r ement s of  NFPA 99.

][ 2. 7   DENTAL SURGI CAL VACUUM ( DSV)  SOURCE

**************************************************************************
NOTE:   Dent al  Sur gi cal  Vacuum was pr evi ousl y 
desi gnat ed as Dent al  Hi gh Vacuum ( DHV) .

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

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n vacuum pumps,  r ecei ver ,  cont r ol  
panel ,  sour ce shut of f ,  pump i sol at i on val ves and ot her  component s r equi r ed 
by NFPA 99,  and necessar y t o pr ovi de compl et e per f or mance.   Each sour ce 
shal l  r equi r e s i ngl e- poi nt  connect i ons t o power  wi r i ng,  war ni ng syst em 
wi r i ng,  and pi pi ng syst em.

2. 7. 1   Vacuum Pumps

**************************************************************************
NOTE:   Wat er  seal ed l i qui d r i ng vacuum pumps shoul d 
gener al l y not  be used.   I f  used t hen t hey must  f ul l y  
meet  t he wat er  conser vi ng f eat ur es out l i ned wi t hi n.

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

Pr ovi de one of  t he f ol l owi ng pumps and del et e t he ot her s:  [ non- l ubr i cat ed 
r ot ar y]  [ non- cont act i ng dr y c l aw]  [ r eci r cul at i ng wat er  seal ed l i qui d r i ng]  
vacuum pumps.   Mount  each pump and i t s mot or  on modul ar  ski ds i n a 
hor i zont al  or  ver t i cal  conf i gur at i on wi t h coupl i ng and guar d.   Pumps and 
mot or s f or  smal l  syst ems may be t ank mount ed.   Pr ovi de shut of f  val ve on 
each pump i nl et .   Pr ovi de vacuum gauge at  each pump i nl et .

[ a.  Pr ovi de compl et el y dr y non- l ubr i cat ed r ot ar y vane pumps equi pped wi t h 
sel f - l ubr i cat i ng car bon/ gr aphi t e vanes.   Bear i ngs shal l  be l ubr i cat ed 
and seal ed.   No oi l  i s  per mi t t ed i n any pump.   Each pump shal l  be 
compl et el y ai r - cool ed and have absol ut el y no wat er  r equi r ement .   Each 
pump shal l  be f i t t ed wi t h a 5 mi cr on i nl et  f i l t er  and be equi pped wi t h 
a vacuum r el i ef  val ve,  check val ve t o pr event  backf l ow t hr ough 
of f - cycl e uni t s,  f l exi bl e connect or ,  i sol at i on val ve,  and vi br at i on 
i sol at or s at  each mount i ng l ocat i on.   Pr ovi de cont i nuous dut y NEMA 
r at ed,  C- f ace,  open dr i ppr oof  mot or  wi t h 1. 15 ser v i ce f act or ,  and 
maxi mum of  1800 RPM. ]
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[ b.  Pr ovi de non- cont act i ng dr y c l aw st y l e r ot ar y pumps.   I nt er nal  
const r uct i on shal l  be f r i c t i on f r ee and t he r ot or s shal l  be 
non- cont act i ng.   The ai r  end shal l  be oi l  f r ee and r equi r e no 
seal ant s.   Each pump shal l  be ai r  cool ed and cont i nuous dut y r at ed.   
Each pump shal l  be pr ovi ded wi t h a s i ngl e l ubr i cat ed gear box r equi r i ng 
oi l  change not  mor e of t en t han 5, 000 oper at i ng hour s.   Each pump shal l  
be pr ovi ded wi t h an exhaust  s i l encer .   The pumps shal l  be equi pped wi t h 
hi gh vacuum shut down,  hi gh t emper at ur e shut down and al ar m.   The 
l ubr i cant  suppl i ed shal l  be i ner t  wi t h oxygen.   Each pump shal l  be 
f i t t ed wi t h a 5 mi cr on i nl et  f i l t er  and be equi pped wi t h a vacuum 
r el i ef  val ve,  check val ve t o pr event  backf l ow t hr ough of f - cycl e uni t s,  
f l exi bl e connect or ,  i sol at i on val ve,  and vi br at i on i sol at or s at  each 
mount i ng l ocat i on.   Pr ovi de cont i nuous dut y NEMA r at ed,  C- f ace,  TEFC 
mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  3500 RPM. ]

[ c.  Pr ovi de oi l - f r ee,  s i ngl e- st age posi t i ve di spl acement ,  and non- pul sat i ng 
r eci r cul at i ng wat er  seal ed l i qui d r i ng t ype pumps.   The pumps shal l  be 
f i t t ed wi t h mechani cal  seal s.   The pump shal l  be of  al l  i r on 
const r uct i on wi t h a br onze or  st ai nl ess r ot or  and car bon st eel  shaf t .   
Under  nor mal  oper at i on,  syst em shal l  mi ni mi ze f r esh seal  wat er  r equi r ed 
t o 0. 05 L/ s 0. 75 gpm.   Syst em shal l  i ncl ude r eser voi r  suf f i c i ent  f or  up 
t o 48 hour s oper at i on wi t hout  f r esh wat er  suppl y.   Each pump shal l  be 
equi pped wi t h a vacuum r el i ef  val ve,  check val ve t o pr event  backf l ow 
t hr ough of f - cycl e uni t s,  f l exi bl e connect or ,  i sol at i on val ve,  and 
vi br at i on i sol at or s at  each mount i ng l ocat i on.   Syst em shal l  be t ot al l y  
sel f  cont ai ned.   Pr ovi de cont i nuous dut y NEMA r at ed,  open dr i ppr oof  
mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  1800 RPM. ]

2. 7. 2   Vacuum Recei ver

Pr ovi de r ecei ver  desi gned f or  1034 kPa 150 psi  mi ni mum wor ki ng pr essur e,  
f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng pr essur e,  meet i ng 
ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h saf et y r el i ef  val ves 
and accessor i es,  i ncl udi ng but  not  l i mi t ed t o vacuum gauge,  s i ght  gl ass,  
and aut omat i c and manual  dr ai ns.   The out s i de of  r ecei ver  shal l  be 
gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  enamel  f i ni sh.   The 
i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed v i nyl  l i ni ng.   Pr ovi de 
a di spl ay of  t he ASME seal  on t he r ecei ver  or  a cer t i f i ed t est  r epor t  f r om 
an appr oved i ndependent  t est i ng l abor at or y i ndi cat i ng conf or mance t o t he 
ASME Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee ( 3)  val ve bypass f or  ser vi c i ng.

2. 7. 3   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each vacuum pump f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag vacuum pump.   Pr ovi de aut omat i c al t er nat i on of  vacuum pumps based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag vacuum pump shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead vacuum 
pump f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
vacuum pump i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each vacuum pump.   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de vacuum cont r ol  swi t ches.   Pr ovi de 
i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng oper at i ng sequence of  
vacuum pumps.   Pr ovi de back- up c i r cui t  i n case of  PLC f ai l ur e.   Pr ovi de 
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di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay al l  al ar m 
condi t i ons,  vacuum pump mai nt enance i nt er val s,  vacuum pump per f or mance 
war ni ngs,  aver age syst em vacuum demand,  vacuum pumps on/ of f  st at us,  syst em 
model  number  and ser i al  number ,  and phone number  t o cal l  f or  ser vi ce.   
Pr ovi de audi bl e and vi sual  l ocal  al ar ms wi t h s i l ence but t on,  r emot e al ar m 
connect i ons,  and saf et y devi ces as r equi r ed by NFPA 99.   Local  al ar ms shal l  
have cont act s t o al l ow i ndi cat i on of  a f aul t  condi t i on at  t he mast er  al ar m 
panel  i f  one or  mor e l ocal  al ar ms ar e act i vat ed.   Pr ovi de t he f ol l owi ng 
al ar ms:   Lag vacuum pump I n Use.

][ 2. 8   DENTAL ORAL EVACUATI ON ( OE)  SOURCE

**************************************************************************
NOTE:   Or al  Evacuat i on was pr evi ousl y desi gnat ed as 
Dent al  Low Vacuum ( DLV) .

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

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n vacuum pumps,  separ at or ( s) ,  cont r ol  
panel ,  sour ce shut of f ,  pump i sol at i on val ves and ot her  component s r equi r ed 
by NFPA 99,  and necessar y t o pr ovi de compl et e per f or mance.   Each sour ce 
shal l  r equi r e s i ngl e- poi nt  connect i ons t o power  wi r i ng,  war ni ng syst em 
wi r i ng,  and pi pi ng syst em.

2. 8. 1   Vacuum Pumps

Pr ovi de [ t ur bi ne]  [ oi l - l ubr i cat ed r ot ar y- vane]  [ r egener at i ve bl ower ]  vacuum 
pumps.   The pumps shal l  be connect ed i n par al l el  t o t he cent r al  wet  
separ at or  t anks.

[ 2. 8. 1. 1   Turbines

Pr ovi de sel f - gover ni ng,  mul t i s t age,  cent r i f ugal  t ype t ur bi nes of  over hung 
or  out boar d desi gn.   The vacuum pumps shal l  oper at e at  a speed not  t o 
exceed 3, 600 r pm and shal l  be connect ed t o i t s  dr i v i ng mot or  by a f l exi bl e 
coupl i ng.   Bear i ngs may be seal ed or  of  t he l ubr i cat abl e t ype.   A f an shal l  
be connect ed di r ect l y t o t he vacuum pump shaf t  adj acent  t o vacuum pump 
shaf t  bear i ngs t o cr eat e a f l ow of  ambi ent  ai r  over  t he bear i ng car r i er  
whi l e t he uni t  i s  oper at i ng.   A st eel  coupl i ng guar d encompassi ng t he 
f l exi bl e coupl i ng shal l  be i nst al l ed bet ween t he mot or  and vacuum pump.   
Cases shal l  be cyl i ndr i cal  i n desi gn.   Cases and end pl at es ( i nl et  and 
exhaust  heads i ncl uded)  shal l  be const r uct ed of  ei t her  heavy- gauge sheet  
st eel  r i gi dl y wel ded at  seams and sect i ons,  or  of  cast  gr ey i r on.   Sheet  
st eel  end pl at es shal l  be ei t her  concave or  convex.   I nl et  and exhaust  
connect i ons shal l  be t angent i al  t o t he vacuum pump except  t he i nl et  
connect i on can be axi al  t o vacuum pump and si zed t o al l ow f r ee ai r  movement  
t hr ough t he vacuum pump,  wi t hout  f l ow r est r i c t i on and shal l  have c l ass 150 
f l anges.   The vacuum pump i nput  shal l  have an adj ust abl e vol ume cont r ol  
val ve,  a di r ect i onal  f l ow val ve and ant i sur ge val ve.   The vacuum pump 
out put  shal l  have an exhaust  s i l encer .   Pl umbi ng shal l  be connect ed t o t he 
vacuum pump t hr ough f l exi bl e s l eeve connect or s.   I nt er nal  movi ng par t s 
shal l  be const r uct ed wi t h not  l ess t han 3. 2 mm 0. 125 i nch c l ear ance 
t hr oughout  t o pr event  damage by t r ansi ent  par t i cul at es.   I mpel l er s shal l  be 
const r uct ed of  f abr i cat ed sheet  met al  or  hi gh- t ensi l e al umi num al l oy,  
smoot h on al l  sur f aces t o pr event  i mbal ance by uneven dust  deposi t s .   
I mpel l er s shal l  be of  t he backwar d cur ved or  r adi al  desi gn t o pr ovi de 
opt i mal  per f or mance over  a wi de r ange of  vol ume r equi r ement s.   I mpel l er s 
shal l  be secur el y at t ached t o t he vacuum pump shaf t  by set  scr ews or  c l amps 
of  hi gh- t ensi l e mat er i al .   Each i mpel l er  shal l  be i ndi v i dual l y bal anced.   
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The compl et e assembl y,  wi t h mot or ,  shal l  not  exceed 0. 038 mm 1. 5 mi l s of  
v i br at i on when gi ven a r unni ng t est .   Power  t o oper at e t he vacuum pump 
shal l  be i n di r ect  pr opor t i on t o t he vol ume of  ai r  exhaust ed and shal l  not  
exceed t he nor mal  mot or  r at i ng.   The vacuum pr oduced shal l  be subst ant i al l y  
const ant  t hr oughout  t he oper at i ng r ange of  t he vacuum pump.   Pr ovi de 
cont i nuous dut y NEMA MG 1,  3500 RPM maxi mum,  T- f r ame,  dr i ppr oof  desi gn 
mot or  wi t h ei t her  seal ed or  l ubr i cat abl e bear i ngs.   Oper at i ng t emper at ur e 
r i se of  t he mot or  shal l  not  exceed 22 degr ees C 72 degr ees F.   Each vacuum 
pump assembl y shal l  be mount ed on r esi l i ent  i sol at or  pads as r ecommended by 
t he manuf act ur er .   The pads shal l  not  be f ast ened t o t he f aci l i t y  f l oor .

][ 2. 8. 1. 2   Rot ar y- Vane Vacuum Pump

Pr ovi de l ow speed,  posi t i ve di spl acement ,  oi l  l ubr i cat ed r ot ar y- vane vacuum 
pumps wi t h separ at e,  st andar d NEMA f r ame si ze,  hi gh ef f i c i ency mot or s.   
Pr ovi de aut omat i c l ubr i cat i on of  movi ng pump par t s by an oi l i ng syst em not  
dependent  on movi ng par t s and oper at ed onl y by gr avi t y and vacuum.   Pr ovi de 
vacuum pump const r uct ed t o pr ovi de pr ot ect i on agai nst  i ngest i ng 
par t i cul at es l ar ger  t han 15 µ i nt o pump,  oper at i ng wi t h i nsuf f i c i ent  
l ubr i cat i on,  and wat er  cont ami nat i on of  oi l .   Pr ovi de el ect r i cal  over l oad 
by t her mal  sensor s bui l t  i nt o s i ngl e phase mot or s or  t her mal  sensor s bui l t  
i nt o t hr ee phase mot or  st ar t er s;  t hr ee phase mot or  st ar t er s addi t i onal l y 
pr ot ect ed agai nst  s i ngl e phasi ng.   Pr ovi de cont i nuous dut y,  NEMA r at ed,  
C- f ace,  TEFC mot or  wi t h 1. 15 ser v i ce f act or ,  and maxi mum of  1800 RPM.

][ 2. 8. 1. 3   Regener at i ve Bl ower

Pr ovi de r egener at i ve bl ower  consi st i ng of  one i mpel l er ,  mount ed di r ect l y on 
t he mot or  shaf t .   Pr ovi de pr eci s i on cast  al umi num i mpel l er  wi t h mul t i pl e 
r adi al  bl ades at  i t s  per i pher y.   The i mpel l er  shal l  be t he onl y movi ng 
par t ,  and shal l  not  r equi r e any l ubr i cat i on.   Dynami cal l y bal ance t he 
i mpel l er  t o pr ovi de v i br at i on- f r ee oper at i on wi t hout  t he need f or  v i br at i on 
i sol at or s.   The i mpel l er  shal l  be i nst al l ed bet ween t he bl ower  housi ng and 
cover .   Pr ovi de housi ng and cover  of  cast  al umi num and pr ovi ded wi t h 
mul t i pl e heat - di ssi pat i ng f i ns.   Ther e shal l  be no met al - t o- met al  cont act  
wi t hi n t he bl ower  housi ng.   Oi l  l ubr i cat i on shal l  not  be r equi r ed pr ovi di ng 
oi l  f r ee di schar ge gas.   The heat - di ssi pat i ng f i ns shal l  ef f i c i ent l y 
mi ni mi ze heat i ng of  t he compr essed gas.   Bl ower  shal l  have a guar ant eed 
ul t i mat e vacuum of  60 kPa 12 i nches Hg vacuum.   Pr ovi de mot or  suppor t ed by 
out boar d mount ed,  gr ease l ubr i cat ed,  ant i - f r i c t i on bear i ngs.   The bear i ngs 
shal l  be l ocat ed out s i de of  t he compr essi on chamber  t o maxi mi ze oper at i ng 
ef f i c i ency and bear i ng l i f e.   Pr ovi de bear i ng housi ng conser vat i vel y l oaded 
and r at ed f or  an L( 10)  l i f e of  not  l ess t han 200, 000 hour s.   Shaf t  mai n 
bear i ngs of  t he s l eeve t ype wi t h heavy dut y bushi ngs or  r ol l i ng el ement  
t ype i n accor dance wi t h ABMA 9 or  ABMA 11.   Pr ovi de a l i p seal  t o mi ni mi ze 
l eakage wher e t he mot or  shaf t  passes t hr ough t he bl ower  housi ng.   Bl ower  
pr oduci ng noi se l evel s shal l  not  exceed 75 dBA.   Addi t i onal  s i l encer s may 
be i nst al l ed t o f ur t her  r educe t he noi se l evel .   Pr ovi de cont i nuous dut y 
NEMA r at ed,  TEFC mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  3600 RPM.  
Bl ower  shal l  be di r ect  dr i ven.   Pr ovi de bl ower  manuf act ur ed i n accor dance 
with I SO 9001,  and UL l i s t ed,  CE compl i ant ,  DI N VDE 0530.   Each bl ower  
modul e shal l  i nc l ude a separ at or  wi t h check val ve,  f l ex connect or ,  
i sol at i on val ve and a r el i ef  val ve.   The vacuum pump cont r ol  swi t ches shal l  
be cont r ol  panel  mount ed and shal l  be set  as f ol l ows:

Lead Pump Cont i nuous Oper at i on

SECTI ON 22 60 70  Page 24



Lag Pump St ar t  84 kPa 5 i nches Hg vacuum

St op 73 kPa 8 i nches Hg vacuum

] 2. 8. 2   Pi pe I sol at or s

Pr ovi de f l exi bl e,  r esi l i ent  band- seal ed ( c l amped)  s l eeves f ur ni shed t o 
i sol at e t he vacuum pump f r om associ at ed pi pi ng.   Si ze s l eeve coupl i ngs i n 
accor dance wi t h t he exhaust er  i nt ake and out put  connect i ons.   Pr ovi de pi pe 
i sol at or s wi t h st eel  coupl i ng guar ds.

2. 8. 3   Valves

2. 8. 3. 1   Vol ume Cont r ol  Val ve

Pr ovi de t he i nput  of  each vacuum pump wi t h an adj ust abl e ai r  vol ume cont r ol  
val ve t o pr event  acci dent al  vacuum pump over l oad and t o pr ovi de a means of  
adj ust i ng t he upper  desi gn capaci t y l i mi t .   The vol ume cont r ol  val ve shal l  
be bui l t  i n or  i mmedi at el y adj acent  t o t he f i r st  or  i nput  st age of  t he 
vacuum pump and shal l  be pr eset  by t he manuf act ur er  dur i ng cer t i f i cat i on 
pr ocedur e.   The val ve shal l  be a but t er f l y  t ype wi t h cast  i r on body wi t h 
cor r osi ve r esi st ant  i nt er nal s.

2. 8. 3. 2   Ant i sur ge Val ve

Pr ovi de t he i nput  of  each vacuum pump wi t h an ant i sur ge val ve t hat  wi l l  
oper at e pr opor t i onal l y and aut omat i cal l y  t hr oughout  t he vacuum pump' s 
desi gned r ange.   Thi s val ve shal l  cont i nual l y sense t he mot or  cur r ent  and 
mai nt ai n a pr edet er mi ned oper at i onal  l evel  of  vol ume by pr opor t i onal l y 
bl eedi ng ai r  i nt o t he syst em.   The val ve shal l  be equi pped wi t h a s i l encer  
t o at t enuat e ai r  noi se t o 85 dBA or  bel ow.   The val ve shal l  be i nst al l ed 
i n,  on,  or  near  t he f i r st  st age of  t he vacuum pump and can be mount ed i n 
conj unct i on wi t h t he di r ect i onal  f l ow val ve.

2. 8. 3. 3   Di r ect i onal  Fl ow Val ve

Pr ovi de t he i nput  of  each vacuum pump wi t h a di r ect i onal  f l ow val ve t o 
pr event  back f l ow of  ai r  t hr ough t he shut down.   The di r ect i onal  f l ow val ve 
shal l  be cast  i r on wi t h cor r osi ve r esi st ant  i nt er nal s.

2. 8. 4   Exhaust  Si l encer

Pr ovi de each vacuum pump exhaust  wi t h a separ at e ai r  di schar ge s i l encer  of  
t he open- bor e expansi on t ype.   No i nt er i or  baf f l i ng or  shr oudi ng wi l l  be 
per mi t t ed.   The si l encer  shal l  sat i sf act or i l y  at t enuat e ai r  noi se t o a 
l evel  bel ow 85 dBA.

2. 8. 5   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each vacuum pump f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag vacuum pump.   Pr ovi de aut omat i c al t er nat i on of  vacuum pumps based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag vacuum pump shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead vacuum 
pump f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
vacuum pump i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
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mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each vacuum pump.   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de vacuum cont r ol  swi t ches.   Pr ovi de 
i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng oper at i ng sequence of  
vacuum pumps.   Pr ovi de back- up c i r cui t  i n case of  PLC f ai l ur e.   Pr ovi de 
di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay al l  al ar m 
condi t i ons,  vacuum pump mai nt enance i nt er val s,  vacuum pump per f or mance 
war ni ngs,  aver age syst em vacuum demand,  vacuum pumps on/ of f  st at us,  syst em 
model  number  and ser i al  number ,  and phone number  t o cal l  f or  ser vi ce.   
Pr ovi de audi bl e and vi sual  l ocal  al ar ms wi t h s i l ence but t on,  r emot e al ar m 
connect i ons,  and saf et y devi ces as r equi r ed by NFPA 99.   Local  al ar ms shal l  
have cont act s t o al l ow i ndi cat i on of  a f aul t  condi t i on at  t he mast er  al ar m 
panel  i f  one or  mor e l ocal  al ar ms ar e act i vat ed.   Pr ovi de t he f ol l owi ng 
al ar ms:   Lag vacuum pump I n Use.

2. 8. 6   Cent r al  Wet  Separ at or s

The OE syst em shal l  ut i l i ze a cent r al  wet  separ at or .   Pr ovi de separ at or  
t anks const r uct ed of  a nonmet al l i c ,  noncor r osi ve,  i ner t  mat er i al  or  
composi t e such as gl ass- r ei nf or ced pl ast i c ( GRP) .   Tanks shal l  be of  
one- pi ece const r uct i on,  wi t h smoot h,  i nt er i or  wal l s.   Tanks shal l  be 
f r eest andi ng.   Tanks shal l  be hi gh- pr essur e vessel s abl e t o wi t hst and a 
const ant  negat i ve pr essur e of  51 kPa 15 i nches Hg vacuum.   The bot t om of  
t he t anks shal l  be convex wi t h dr ai n at  t he apex of  convexi t y.   Pr ovi de 
separ at or  t anks equi pped wi t h mechani cal  over f l ow pr ot ect i on.   [ Pr ovi de 
pr epl umbed wi t h a 360 degr ee nozzl e i nt er nal  washdown syst em wi t h t i mer .   
The washdown syst em shal l  i ncl ude a 115 VAC aut omat i c- f l ush 
c l ock- cont r ol l ed mechani sm whi ch shal l  ef f ect  a compl et e washdown of  t he 
i nt er i or  of  t he separ at or  at  any pr edet er mi ned t i me of  day or  ni ght .   
Washdown t i me shal l  be adj ust abl e f or  up t o at  l east  3 mi nut es.   The t i mer s 
shal l  be i n t he mai n el ect r i c  cont r ol  panel .   The col d wat er  suppl y t o t he 
aut omat i c t ank f l ush uni t  shal l  be equi pped wi t h an i n- l i ne f i l t er  wi t h 
40- mesh st ai nl ess st eel  scr eens.   Fi l t er  shal l  be suppl i ed as par t  of  t he 
OE syst em. ]   Each separ at or  t ank shal l  be equi pped wi t h an el ect r oni c 
hi gh- l ow l i qui d l evel  sensor  whi ch shal l  per f or m as t he pr i mar y over f i l l  
pr ot ect or .   I n mul t i pl e- t ank i nst al l at i ons,  one t ank shal l  be adj ust ed t o 
sense 90 per cent  of  i t s  capaci t y and t he ot her  t ank 100 per cent  of  i t s  
capaci t y v i a t he l i qui d- l evel  sensi ng devi ces.   Each sensor  shal l  cont r ol  a 
115 vol t  ac el ect r i cal l y  oper at ed out put  ai r  sol enoi d val ve l ocat ed t o 
cont r ol  t he out goi ng ai r  f r om t he t ank t o t he vacuum pump.   Each t ank shal l  
be equi pped wi t h a gat e and swi ng t ype check val ve at  t he bot t om dr ai n.   
Wi t h negat i ve pr essur e i n t he t ank,  t he check val ve shal l  r emai n c l osed t o 
mai nt ai n vacuum.   When negat i ve pr essur e ceases,  ei t her  by vacuum pump 
shut down or  by c l osur e of  t he out goi ng ai r  sol enoi d cont r ol  by t he l i qui d 
l evel  sensor ,  t he check val ve shal l  open and t he t ank shal l  under go gr avi t y 
drain.

2. 8. 7   Vacuum Rel i ef  Val ve

Pr ovi de vacuum r el i ef  val ve.   The val ve shal l  oper at e aut omat i cal l y .   The 
val ve shal l  be equi pped wi t h a s i l encer  t o at t enuat e ai r  noi se t o 85 dBA.

2. 8. 8   Amal gam Separ at or

Pr ovi de amal gam separ at or  consi st i ng of  a sedi ment at i on col l ect i on chamber  
t hat  i s  r emovabl e.   Separ at i on pr ocess shal l  be sedi ment at i on whi ch may be 
suppl ement ed wi t h f i l t r at i on,  and/ or  i on exchange.   Uni t  shal l  be 
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compat i bl e f or  use on wet  and dr y vacuum syst ems.   Assembl y shal l  be wal l  
or  f l oor  mount ed.   Pr ovi de mi ni mum 40 mm 1- 1/ 2 i nch i nl et  and out l et  
connect i on.   Uni t  shal l  be I SO 11143 Cer t i f i ed and have a mi ni mum of  99 
per cent  r emoval  ef f i c i ency.

][ 2. 9   HI GH- VOLUME LABORATORY DUST EVACUATI ON ( LE)  SOURCE

**************************************************************************
NOTE:   The hi gh- vol ume l abor at or y dust  evacuat i on 
syst em ( LE)  i s an i ndependent  vacuum syst em 
speci f i cal l y  desi gned f or  scavengi ng,  col l ect i ng,  
and f i l t er i ng of  gr i ndi ng and pol i shi ng par t i cul at es 
gener at ed i n t he dent al / medi cal  l abor at or y.   Thi s 
syst em was pr evi ousl y desi gnat ed LDE.

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

a.   Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n vacuum pumps,  r ecei ver ,  cont r ol  
panel ,  sour ce shut of f ,  pump i sol at i on val ves and ot her  component s as 
i ndi cat ed,  r equi r ed by t he St andar ds,  and necessar y t o pr ovi de compl et e 
per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  connect i ons t o 
power  wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.

b.   The LE syst em shal l  be composed of  st andar d manuf act ur ed pr oduct s,  
compl et e wi t h devi ces nor mal l y f ur ni shed and devi ces r equi r ed her ei n.   
The LE syst em shal l  be suppl i ed by an est abl i shed manuf act ur er  of  
commer ci al l y  avai l abl e i ndust r i al  qual i t y  vacuum syst em.   The LE shal l  
be a dr y syst em f or  col l ect i on of  dust  and gr i ndi ng par t i cul at es.   The 
syst em shal l  consi st  of  one vacuum pump,  except  f or  ar ea l abor at or y 
( ADL)  appl i cat i on,  and a dr y,  cycl oni c,  f i l t er ed separ at or .

2. 9. 1   Vacuum Pumps

Pr ovi de sel f - gover ni ng,  mul t i s t age,  cent r i f ugal  t ype t ur bi nes of  over hung 
or  out boar d desi gn.   The vacuum pump shal l  oper at e at  a speed not  t o exceed 
3600 RPM.   The vacuum pump shal l  be connect ed t o i t s  dr i ve mot or  by 
mul t i pl e V- bel t s .   The vacuum pump shaf t  shal l  have a mi ni mum of  t wo r adi al  
bear i ngs and at  l east  one suppor t  br acket .   Bear i ngs may be 
per manent l y- l ubr i cat ed seal ed or  l ubr i cat abl e t ype.   The vacuum 
pump/ connect or / dr i ve mot or  assembl y shal l  be f ast ened t o a pl at e or  f r ame 
st r uct ur e.   Power  t o oper at e t he exhaust er  at  t he cal cul at ed desi gn l oad 
shal l  not  exceed t he nor mal  mot or  r at i ng.   Power  r equi r ed shal l  be i n 
di r ect  pr opor t i on t o t he vol ume of  ai r  exhaust ed.   The vacuum pr oduced 
shal l  be subst ant i al l y  const ant  t hr oughout  t he desi gn oper at i ng r ange of  
t he exhaust er .   Vacuum pump cases shal l  be cyl i ndr i cal  i n desi gn.   Cases 
and end pl at es may be const r uct ed of  ei t her  heavy- gauge sheet  st eel  r i gi dl y 
wel ded at  seams or  sect i ons,  or  of  cast  gr ey i r on.   Sheet  st eel  end pl at es 
shal l  be ei t her  concave or  convex f or  f l ex r esi st ance.   I nl et  connect i ons 
may be axi al l y  or  t angent i al l y  pl aced.   Exhaust  connect i ons may be 
t angent i al  t o t he casi ng.   I nl et  and out l et  connect i ons shal l  be s i zed t o 
al l ow f r ee ai r  movement  t hr ough t he vacuum pump,  wi t hout  f l ow 
r est r i c t i ons.   The vacuum pump shal l  have an adj ust abl e vol ume cont r ol  
devi ce i n,  on,  or  adj acent  t o t he f i r st  st age of  t he i nput  and an exhaust  
s i l encer  on t he out put .   The si l encer  and al l  pl umbi ng shal l  be connect ed 
t o t he vacuum pump f l exi bl e s l eeve connect or s.   I nt er nal  movi ng par t s of  
t he vacuum pump shal l  be const r uct ed wi t h not  l ess t han 3. 2 mm 1/ 8 i nch 
c l ear ance t hr oughout  t o pr event  damage by t r ansi ent  par t i cul at es.   
I mpel l er s shal l  be const r uct ed of  bui l t - up sheet  or  hi gh t ensi l e 
composi t es.   I mpel l er s shal l  be of  t he backwar d cur ved desi gn.   I mpel l er s 
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shal l  be secur el y at t ached t o t he exhaust er  shaf t  by set  scr ews or  c l amps 
of  hi gh- t ensi l e mat er i al .   Each i mpel l er  shal l  be i ndi v i dual l y bal anced.   
The compl et e assembl y wi t h mot or ,  shal l  not  exceed 0. 038 mm 1- 1/ 2 mi l s of  
v i br at i on when gi ven a r unni ng t est .   The vacuum pump shal l  be s i zed t o 
pr oduce t he desi gnat ed per f or mance st andar ds at  t he above- sea- l evel  
el evat i on of  t he pr oposed i nst al l at i on s i t e,  and shal l  be so cer t i f i ed by 
t he manuf act ur er  by equi pment  t ag or  pl at e,  or  by l et t er  of  cer t i f i cat i on 
i dent i f y i ng t he t ur bo- exhaust er  by ser i al  number .

2. 9. 2   Motor

Pr ovi de cont i nuous dut y NEMA MG 1,  3500 RPM maxi mum,  T- f r ame,  dr i ppr oof  
desi gn mot or  wi t h ei t her  seal ed or  l ubr i cat abl e bear i ngs.   Oper at i ng 
t emper at ur e r i se of  t he mot or  shal l  not  exceed 22 degr ees C 72 degr ees F.

2. 9. 3   I sol at i on Pads

The vacuum pump assembl y shal l  be mount ed on r esi l i ent  i sol at or  pads as 
r ecommended by t he manuf act ur er .   The pads shal l  not  be f ast ened t o t he 
f aci l i t y  f l oor .   Vi br at i on t r ansmi ssi on shal l  be l i mi t ed t o l ess t han 5 
per cent  of  t he l owest  f r equency of  v i br at i on.

2. 9. 4   Pi pe I sol at or s

Pr ovi de f l exi bl e,  r esi l i ent  c l amped sl eeves f ur ni shed t o i sol at e t he vacuum 
pump f r om associ at ed pl umbi ng.   Sl eeve coupl i ngs shal l  be s i zed i n 
accor dance wi t h t he exhaust er  i nt ake and out put  connect i ons.   Pi pe 
i sol at or s shal l  be pr ovi ded wi t h st eel  coupl i ng guar ds.

2. 9. 5   Vol ume Cont r ol  Devi ce

Pr ovi de i nput  of  t he vacuum pump wi t h an adj ust abl e ai r  vol ume cont r ol  
devi ce t o pr event  acci dent al  over l oad and t o pr ovi de a means of  adj ust i ng 
t he upper  desi gn capaci t y l i mi t .   The vol ume cont r ol  devi ce may be bui l t - i n 
or  i mmedi at el y adj acent  t o t he f i r st  or  i nput  st age of  t he exhaust er  and 
shal l  be pr eset  by t he manuf act ur er  dur i ng cer t i f i cat i on pr ocedur e.

2. 9. 6   Exhaust  Si l encer

The vacuum pump shal l  out put  t o an ai r  di schar ge s i l encer  of  t he open- bor e 
expansi on t ype.   No i nt er i or  baf f l i ng or  shr oudi ng wi l l  be per mi t t ed.   The 
si l encer  shal l  sat i sf act or i l y  at t enuat e ai r  noi se t o a l evel  bel ow 85 dBA.

2. 9. 7   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each vacuum pump f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag vacuum pump.   Pr ovi de aut omat i c al t er nat i on of  vacuum pumps based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag vacuum pump shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead vacuum 
pump f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
vacuum pump i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each vacuum pump.   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de vacuum cont r ol  swi t ches.   Pr ovi de 
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i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng oper at i ng sequence of  
vacuum pumps.   Pr ovi de back- up c i r cui t  i n case of  PLC f ai l ur e.   Pr ovi de 
di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay al l  al ar m 
condi t i ons,  vacuum pump mai nt enance i nt er val s,  vacuum pump per f or mance 
war ni ngs,  aver age syst em vacuum demand,  vacuum pumps on/ of f  st at us,  syst em 
model  number  and ser i al  number ,  and phone number  t o cal l  f or  ser vi ce.   
Pr ovi de audi bl e and vi sual  l ocal  al ar ms wi t h s i l ence but t on,  r emot e al ar m 
connect i ons,  and saf et y devi ces as r equi r ed by NFPA 99.   Local  al ar ms shal l  
have cont act s t o al l ow i ndi cat i on of  a f aul t  condi t i on at  t he mast er  al ar m 
panel  i f  one or  mor e l ocal  al ar ms ar e act i vat ed.   Pr ovi de t he f ol l owi ng 
al ar ms:   Lag vacuum pump I n Use.

2. 9. 8   Cent r al  Separ at or

Pr ovi de f r eest andi ng cent r al  separ at or  of  heavy- gauge st eel  and al l - wel ded 
const r uct i on.   The separ at or  chamber  shal l  be of  t he cycl oni c t ype and 
shal l  ef f ect i vel y separ at e and t r ap al l  par t i cul at e mat t er  cont ai ned i n t he 
vacuum i nput .   The i nt er nal  conf i gur at i on of  t he separ at or  shal l  be such 
t hat  ai r  l eavi ng t he cycl oni c chamber  shal l  be di r ect ed upwar d t hr ough 
f i l t er  bags t o ef f ect  f i nal  c l eani ng of  t he ai r  bef or e i t s  ent r y i nt o t he 
vacuum pump.   The l ower  par t  of  t he separ at or  encl osur e shal l  cont ai n an 
easi l y accessi bl e and ser vi ceabl e debr i s cont ai ner .   The cont ai ner  shal l  
l ock i nt o oper at i ng posi t i on t o f or m a posi t i ve seal  bet ween t he r emovabl e 
cont ai ner  and t he separ at or  encl osur e.   The debr i s  cont ai ner  shal l  be 
r emovabl e and r ei nst al l abl e wi t hout  t he use of  t ool s.   The cont ai ner  shal l  
be equi pped wi t h cast er s t o f aci l i t at e movi ng f or  empt yi ng and 
r ei nst al l at i on al i gnment  and shal l  have a pi vot i ng handl e t o f aci l i t at e 
handl i ng.   The separ at or  shal l  be equi pped wi t h a f i l t er - shaker  mechani sm 
act uat ed by an el ect r i c  mot or  oper at i ng t hr ough mechani cal  l i nkage t o t he 
shaker  mechani sm.   An el ect r i cal  swi t ch t o cont r ol  t he shaker  mot or  shal l  
be on or  adj acent  t o t he separ at or .   The separ at or  shal l  be equi pped wi t h 
an easi l y r emoved scr ew-  or  bol t - f ast ened access panel  t o pr ovi de easy 
access f or  f i l t er  i nspect i on and ser vi ce.

2. 9. 9   Pr i mar y Separ at or

When necessar y t o sat i sf y speci f i c  desi gn r equi r ement s,  a pr i mar y separ at or  
shal l  be used i n addi t i on t o,  and ahead of ,  t he cent r al  separ at or .   The 
pr i mar y separ at or  shal l  be of  t he cycl oni c t ype and shal l  ef f ect  i ni t i al  
separ at i on of  abr asi ve par t i cul at es bef or e vacuum ai r  and debr i s ent er  t he 
cent r al  separ at or .   The pr i mar y separ at or  shal l  be of  heavy- gauge st eel ,  
al l  wel ded- seam const r uct i on,  and may be f r eest andi ng or  wal l - mount ed.

2. 9. 10   Ai r  Vol ume Rel i ef  Val ve

Pr ovi de mechani cal l y oper at ed ai r  vol ume r el i ef  val ve,  r equi r i ng no 
el ect r i cal  power .   The val ve shal l  oper at e aut omat i cal l y ,  sensi ng negat i ve 
pr essur e i n t he syst em and openi ng and cl osi ng pr opor t i onat el y t o mai nt ai n 
desi gned ai r  capaci t y t o t he vacuum pump r egar dl ess of  t he number  of  i nl et s 
onl i ne.   Val ve shal l  be equi pped wi t h s i l encer  t o at t enuat e ai r  noi se t o 85 
dBA or  l ess.

2. 9. 11   Vacuum I nl et s

User  i nl et s f or  t echni c i ans'  benches shal l  be 32 mm 1- 1/ 4 i nches I D and f or  
f i xed- equi pment  l ocat i ons,  40 mm 1- 1/ 2 i nches I D,  wi t h r emovabl e f r i c t i on 
f i t  adapt er s s i zed t o r ecei ve 80 mm 3 i nch I D f l ex i bl e hose.   Adapt er s 
shal l  pr ovi de an ai r t i ght  seal  when i nser t ed i nt o t he vacuum i nl et .   I nl et s 
shal l  have at t ached pi vot  or  hi nge- mount ed door s.   When cl osed,  t he door s 
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shal l  pr ovi de an ai r t i ght  seal  t o c l ose of f  t he vacuum i nl et ;  when open,  
t hey shal l  not  i nt er f er e wi t h i nser t i on of  t he adapt er s wi t h 80 mm 3 i nch 
I D hose at t ached.

] 2. 10   MEDI CAL COMPRESSED AI R ( MA)  SOURCE

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n ai r  compr essor s,  r ecei ver ,  dr yer s,  
f i l t er s,  cont r ol  panel ,  sour ce shut of f ,  compr essor  i sol at i on val ves and 
ot her  component s r equi r ed by NFPA 99,  and necessar y t o pr ovi de compl et e 
per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  connect i ons t o power  
wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.   Tank- mount ed ai r  
compr essor s shal l  be manuf act ur ed t o compl y wi t h UL l i s t i ng r equi r ement s.   
Ai r  compr essor s shal l  have manuf act ur er ' s name and addr ess,  t oget her  wi t h 
t r ade name and cat al og number ,  on a namepl at e secur el y at t ached t o t he 
equi pment .   Pr ovi de guar ds t o shi el d exposed movi ng par t s.   Pr ovi de an 
i nt ake ai r  f i l t er  and si l encer  wi t h each compr essor .   Pr ovi de af t er cool er  
and moi st ur e separ at or  i nst al l ed bet ween compr essor s and ai r  r ecei ver s,  t o 
r emove moi st ur e bef or e t he ai r  ent er s t he r ecei ver .   Af t er cool er s shal l  be 
ai r  cool ed.   The ai r  shal l  pass t hr ough a suf f i c i ent  number  of  t ubes t o 
af f ect  cool i ng.   Tubes shal l  be s i zed t o gi ve maxi mum heat  t r ansf er .   
Cool i ng capaci t y  of  t he af t er cool er  shal l  be s i zed f or  t he t ot al  capaci t y 
of  t he compr essor s.

2. 10. 1   Ai r  Compr essor s

Pr ovi de [ scr ol l  t ype compr essor s]  [ r eci pr ocat i ng t ef l on- r i ng t ype 
compr essor s desi gned such t hat  no oi l  i s  admi ni st er ed t o t he ai r  cy l i nder ,  
t he por t i on of  t he pi st on r od t hat  t r avel s i n t he cr ankcase sect i on does 
not  t r avel  i n any por t i on of  t he ai r - cyl i nder  sect i on,  and wi t h pr ovi s i on 
t o pr event  t he f l ow of  l ubr i cat i on oi l  al ong t he pi st on r od i nt o t he 
ai r - cyl i nder  sect i on] .   Pr ovi de a pr essur e gauge cal i br at ed t o 2068 kPa 300 
psi ,  and equi pped wi t h a gauge cock and pul sat i on dampener  f or  i nst al l at i on 
adj acent  t o t he pr essur e swi t ch.   The mot or  and compr essor s shal l  be 
di r ect l y connect ed or  oper at ed by V- bel t  dr i ve.   Compr essor s shal l  be 
sequenced t o st ar t  aut omat i cal l y  when t he pr essur e dr ops t o a pr eset  
poi nt .   Compr essor s shal l  be ai r  cool ed.   Pr ovi de each compr essor  chamber  
wi t h a hi gh- t emper at ur e sensor  t o act i vat e a l ocal  al ar m.   Pr ovi de 
cont i nuous dut y NEMA r at ed,  open dr i ppr oof  mot or  wi t h 1. 15 ser vi ce f act or ,  
and maxi mum of  3600 RPM.

2. 10. 2   Ai r  Recei ver

Pr ovi de r ecei ver  desi gned f or  1034 kPa 150 psi  mi ni mum wor ki ng pr essur e,  
f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng pr essur e,  meet i ng 
ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h saf et y r el i ef  val ves 
and accessor i es,  i ncl udi ng but  not  l i mi t ed t o pr essur e gauge,  s i ght  gl ass,  
and aut omat i c and manual  dr ai ns.   The out s i de of  r ecei ver  shal l  be 
gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  enamel  f i ni sh.   The 
i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed v i nyl  l i ni ng.   Pr ovi de 
a di spl ay of  t he ASME seal  on t he r ecei ver ,  or  a cer t i f i ed t est  r epor t  f r om 
an appr oved i ndependent  t est i ng l abor at or y i ndi cat i ng conf or mance t o t he 
ASME Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee ( 3)  val ve bypass f or  ser vi c i ng.

2. 10. 3   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each compr essor  f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
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l ag compr essor s.   Pr ovi de aut omat i c al t er nat i on of  compr essor s based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag compr essor  shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead 
compr essor  f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
compr essor  i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each compr essor .   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de pr essur e cont r ol  swi t ches or  pr essur e 
t r ansducer .   Pr ovi de i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng 
oper at i ng sequence of  compr essor s.   Pr ovi de back- up c i r cui t  i n case of  PLC 
f ai l ur e.   Pr ovi de di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay 
al l  al ar m condi t i ons,  pump mai nt enance i nt er val s,  compr essor  per f or mance 
war ni ngs,  aver age syst em ai r  demand,  aver age dewpoi nt  and CO l evel s on 
syst em,  compr essor s on/ of f  st at us,  syst em model  number  and ser i al  number ,  
and phone number  t o cal l  f or  ser v i ce.   Pr ovi de audi bl e and vi sual  l ocal  
al ar ms wi t h s i l ence but t on,  r emot e al ar m connect i ons,  and saf et y devi ces as 
r equi r ed by NFPA 99.   Local  al ar ms shal l  have cont act s t o al l ow i ndi cat i on 
of  a f aul t  condi t i on at  t he mast er  al ar m panel  i f  one or  mor e l ocal  al ar ms 
ar e act i vat ed.   Pr ovi de t he f ol l owi ng al ar ms:

a.   Lag compr essor  I n Use.

b.   Hi gh di schar ge t emper at ur e.

c.   Hi gh car bon monoxi de l evel s.

d.   Hi gh dewpoi nt  l evel .

2. 10. 4   Desi ccant  Ai r  Dr yer s

Pr ovi de t wo i dent i cal  t wi n- t ower  heat l ess desi ccant  ai r  dr yer s.   Pr ovi de 
dr yer s s i zed t o achi eve a pr essur e dewpoi nt  - 40 degr ees C - 40 degr ees F at  
t he maxi mum cal cul at ed NFPA syst em capaci t y.   Pr ovi de l ubr i cant  f r ee 
oper at i on.   Pr ovi de economi zer  cycl e t hat  r educes pur ge ai r  r equi r ement s t o 
mat ch act ual  moi st ur e l oadi ng.   Pr ovi de sol i d- st at e cycl e t i mer ,  OSHA pur ge 
exhaust  muf f l er s,  and a pr essur e gauge f or  each t ower .

2. 10. 5   Fi l t r at i on and Pr essur e Reduci ng St at i on

Pr ovi de t wo pr e- f i l t er s r at ed 0. 01 mi cr on f i l t r at i on wi t h an ef f i c i ency 
exceedi ng 99. 9999 per cent  D. O. P.   ( Val i dat ed) ,  t wo act i vat ed car bon 
f i l t er s,  and t wo 1 mi cr on f i l t er s wi t h an ef f i c i ency exceedi ng 99. 9999 
per cent  D. O. P.   ( Val i dat ed)  i nst al l ed downst r eam of  t he car bon f i l t er s.   
Pr ovi de al l  f i l t er s wi t h a di f f er ent i al  pr essur e gauge wi t h col or  change 
i ndi cat or  and aut omat i c dr ai n val ve except  t he act i vat ed car bon f i l t er s.   
Pr ovi de downst r eam of  t he f i nal  f i l t er s a dual - l i ne pr essur e r egul at i ng 
assembl y consi st i ng of  t wo pr essur e r egul at or s wi t h pr essur e gauges,  i nl et  
and out l et  i sol at i on bal l  val ves,  and pr essur e r el i ef  val ves.   Al l  
f i l t er s/ pr essur e r egul at or s shal l  be ar r anged so t hat  t he i sol at i on of  one 
f i l t er /  r egul at or  wi l l  not  af f ect  t he oper at i on of  t he second 
filter/regulator.

2. 10. 6   Dew Poi nt  Moni t or

Pr ovi de dew poi nt  moni t or  t o cont i nuousl y moni t or  t he dew poi nt  of  t he 
medi cal  compr essed ai r .   Pr ovi de cer ami c t ype ( al umi num oxi de t ype i s not  
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accept abl e)  sensor  wi t h syst em accur acy of  +/ -  1 degr ee C 2 degr ees F.   The 
dew poi nt  al ar m shal l  be f act or y set  at  2 degr ees C 36 degr ees F and be 
f i el d adj ust abl e.   Pr ovi de act i vat i on of  l ocal  al ar m and al l  mast er  al ar ms 
when t he dew poi nt  at  syst em pr essur e exceeds + 4 degr ees C 39 degr ees F.   
Pr ovi de act i vat i on of  moni t or ' s  s i gnal  at  al l  mast er  al ar m panel s i f  t he 
moni t or  l oses power .   Moni t or  shal l  meet  r equi r ement s of  NFPA 99.

2. 10. 7   Car bon Monoxi de Moni t or

Pr ovi de car bon monoxi de moni t or  t o cont i nuousl y moni t or  t he medi cal  
compr essed ai r  f or  car bon monoxi de,  and t o act uat e a l ocal  al ar m i f  t he 
car bon monoxi de l evel  i s  10 ppm or  hi gher .   Pr ovi de act i vat i on of  moni t or ' s  
s i gnal  at  al l  mast er  al ar m panel s i f  t he moni t or  l oses power .   Moni t or  
shal l  meet  r equi r ement s of  NFPA 99.

2. 11   MEDI CAL- SURGI CAL VACUUM ( MV)  SOURCE

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n vacuum pumps,  r ecei ver ,  cont r ol  
panel ,  sour ce shut of f ,  pump i sol at i on val ves and ot her  component s as 
i ndi cat ed,  r equi r ed by NFPA 99,  and necessar y t o pr ovi de compl et e 
per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  connect i ons t o power  
wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.

2. 11. 1   Vacuum Pumps

**************************************************************************
NOTE:   Wat er  seal ed l i qui d r i ng vacuum pumps shoul d 
gener al l y not  be used.   I f  used t hen t hey must  f ul l y  
meet  t he wat er  conser vi ng f eat ur es out l i ned wi t hi n.

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

Pr ovi de [ non- l ubr i cat ed r ot ar y]  [ non- cont act i ng dr y c l aw]  [ r eci r cul at i ng 
wat er  seal ed l i qui d r i ng]  vacuum pumps.   Mount  each pump and i t s mot or  on 
modul ar  ski ds i n a hor i zont al  or  ver t i cal  conf i gur at i on wi t h coupl i ng and 
guar d.  Pumps and mot or s f or  smal l  syst ems may be t ank mount ed.   Pr ovi de 
hi gh ef f i c i ency mot or s.   Pr ovi de shut of f  val ve on each pump i nl et .   Pr ovi de 
vacuum gauge at  each pump i nl et .

[ a.   Pr ovi de compl et el y dr y non- l ubr i cat ed r ot ar y vane pumps equi pped wi t h 
sel f - l ubr i cat i ng car bon/ gr aphi t e vanes.    Bear i ngs shal l  be l ubr i cat ed 
and seal ed.   No oi l  i s  per mi t t ed i n any pump.   Each pump shal l  be 
compl et el y ai r - cool ed and have absol ut el y no wat er  r equi r ement .   Each 
pump shal l  be f i t t ed wi t h a 5 mi cr on i nl et  f i l t er  and be equi pped wi t h 
a vacuum r el i ef  val ve,  check val ve t o pr event  backf l ow t hr ough 
of f - cycl e uni t s,  f l exi bl e connect or ,  i sol at i on val ve,  and vi br at i on 
i sol at or s at  each mount i ng l ocat i on.   Pr ovi de cont i nuous dut y NEMA 
r at ed,  C- f ace,  open dr i ppr oof  mot or  wi t h 1. 15 ser v i ce f act or ,  and 
maxi mum of  1800 RPM. ]

[ b.   Pr ovi de non- cont act i ng dr y c l aw st y l e r ot ar y pumps.   I nt er nal  
const r uct i on shal l  be f r i c t i on f r ee and t he r ot or s shal l  be 
non- cont act i ng.   The ai r  end shal l  be oi l  f r ee and r equi r e no 
seal ant s.   Each pump shal l  be ai r  cool ed and cont i nuous dut y r at ed.   
Each pump shal l  be pr ovi ded wi t h a s i ngl e l ubr i cat ed gear box r equi r i ng 
oi l  change not  mor e of t en t han 5, 000 oper at i ng hour s.   Each pump shal l  
be pr ovi ded wi t h an exhaust  s i l encer .   The pumps shal l  be equi pped wi t h 
hi gh vacuum shut down,  hi gh t emper at ur e shut down and al ar m.   The 
l ubr i cant  suppl i ed shal l  be i ner t  wi t h oxygen.   Each pump shal l  be 
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f i t t ed wi t h a 5 mi cr on i nl et  f i l t er  and be equi pped wi t h a vacuum 
r el i ef  val ve,  check val ve t o pr event  backf l ow t hr ough of f - cycl e uni t s,  
f l exi bl e connect or ,  i sol at i on val ve,  and vi br at i on i sol at or s at  each 
mount i ng l ocat i on.   Pr ovi de cont i nuous dut y NEMA r at ed,  C- f ace,  TEFC 
mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  3500 RPM. ]

[ c.  Pr ovi de oi l - f r ee,  s i ngl e- st age posi t i ve di spl acement ,  and non- pul sat i ng 
r eci r cul at i ng wat er  seal ed l i qui d r i ng t ype pumps.   The pumps shal l  be 
f i t t ed wi t h mechani cal  seal s.   The pump shal l  be of  al l  i r on 
const r uct i on wi t h a br onze or  st ai nl ess r ot or  and car bon st eel  shaf t .   
Under  nor mal  oper at i on,  syst em shal l  mi ni mi ze f r esh seal  wat er  r equi r ed 
t o 0. 05 L/ s 0. 75 gpm.   Syst em shal l  i ncl ude r eser voi r  suf f i c i ent  f or  up 
t o 48 hour s oper at i on wi t hout  f r esh wat er  suppl y.   Each pump shal l  be 
equi pped wi t h a vacuum r el i ef  val ve,  check val ve t o pr event  backf l ow 
t hr ough of f - cycl e uni t s,  f l exi bl e connect or ,  i sol at i on val ve,  and 
vi br at i on i sol at or s at  each mount i ng l ocat i on.   Syst em shal l  be t ot al l y  
sel f  cont ai ned.   Pr ovi de cont i nuous dut y NEMA r at ed,  open dr i ppr oof  
mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  1800 RPM. ]

2. 11. 2   Vacuum Recei ver

Pr ovi de r ecei ver  desi gned f or  1034 kPa 150 psi  mi ni mum wor ki ng pr essur e,  
f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng pr essur e,  meet i ng 
ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h saf et y r el i ef  val ves 
and accessor i es,  i ncl udi ng but  not  l i mi t ed t o vacuum gauge,  s i ght  gl ass,  
and aut omat i c and manual  dr ai ns.   The out s i de of  r ecei ver  shal l  be 
gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  enamel  f i ni sh.   The 
i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed v i nyl  l i ni ng.   Pr ovi de 
a di spl ay of  t he ASME seal  on t he r ecei ver  or  a cer t i f i ed t est  r epor t  f r om 
an appr oved i ndependent  t est i ng l abor at or y i ndi cat i ng conf or mance t o t he 
ASME Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee ( 3)  val ve bypass f or  ser vi c i ng.

2. 11. 3   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each vacuum pump f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag vacuum pump.   Pr ovi de aut omat i c al t er nat i on of  vacuum pumps based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag vacuum pump shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead vacuum 
pump f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
vacuum pump i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each vacuum pump.   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de vacuum cont r ol  swi t ches.   Pr ovi de 
i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng oper at i ng sequence of  
vacuum pumps.   Pr ovi de back- up c i r cui t  i n case of  PLC f ai l ur e.   Pr ovi de 
di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay al l  al ar m 
condi t i ons,  vacuum pump mai nt enance i nt er val s,  vacuum pump per f or mance 
war ni ngs,  aver age syst em vacuum demand,  vacuum pumps on/ of f  st at us,  syst em 
model  number  and ser i al  number ,  and phone number  t o cal l  f or  ser vi ce.   
Pr ovi de audi bl e and vi sual  l ocal  al ar ms wi t h s i l ence but t on,  r emot e al ar m 
connect i ons,  and saf et y devi ces as r equi r ed by NFPA 99.   Local  al ar ms shal l  
have cont act s t o al l ow i ndi cat i on of  a f aul t  condi t i on at  t he mast er  al ar m 
panel  i f  one or  mor e l ocal  al ar ms ar e act i vat ed.   Pr ovi de t he f ol l owi ng 
al ar ms:   Lag vacuum pump I n Use.
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[ 2. 12   WASTE ANESTHESI A GAS DI SPOSAL VACUUM ( WAGD)  SOURCE

Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n vacuum pumps,  r ecei ver ,  cont r ol  
panel ,  sour ce shut of f ,  pump i sol at i on val ves and ot her  component s as 
i ndi cat ed,  r equi r ed by NFPA 99,  and necessar y t o pr ovi de compl et e 
per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  connect i ons t o power  
wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.

2. 12. 1   Vacuum Pumps

Pr ovi de [ non- l ubr i cat ed r ot ar y]  [ non- cont act i ng dr y c l aw]  [ r egener at i ve 
bl ower ]  [ r eci r cul at i ng wat er  seal ed l i qui d r i ng]  vacuum pumps.   Mount  each 
pump and i t s mot or  on modul ar  ski ds i n a hor i zont al  or  ver t i cal  
conf i gur at i on wi t h coupl i ng and guar d.  Pumps and mot or s f or  smal l  syst ems 
may be t ank mount ed.   Pr ovi de hi gh ef f i c i ency mot or s.   Pr ovi de shut of f  
val ve on each pump i nl et .   Pr ovi de vacuum gauge at  each pump i nl et .

[ a.  Pr ovi de compl et el y dr y non- l ubr i cat ed r ot ar y vane pumps equi pped wi t h 
sel f - l ubr i cat i ng car bon/ gr aphi t e vanes.   Bear i ngs shal l  be l ubr i cat ed 
and seal ed.   No oi l  i s  per mi t t ed i n any pump.   Each pump shal l  be 
compl et el y ai r - cool ed and have absol ut el y no wat er  r equi r ement .   Each 
pump shal l  be f i t t ed wi t h a 5 mi cr on i nl et  f i l t er  and be equi pped wi t h 
a vacuum r el i ef  val ve,  check val ve t o pr event  backf l ow t hr ough 
of f - cycl e uni t s,  f l exi bl e connect or ,  i sol at i on val ve,  and vi br at i on 
i sol at or s at  each mount i ng l ocat i on.   Pr ovi de cont i nuous dut y NEMA 
r at ed,  C- f ace,  open dr i ppr oof  mot or  wi t h 1. 15 ser v i ce f act or ,  and 
maxi mum of  1800 RPM. ]

[ b.  Pr ovi de non- cont act i ng dr y c l aw st y l e r ot ar y pumps.   I nt er nal  
const r uct i on shal l  be f r i c t i on f r ee and t he r ot or s shal l  be 
non- cont act i ng.   The ai r  end shal l  be oi l  f r ee and r equi r e no 
seal ant s.   Each pump shal l  be ai r  cool ed and cont i nuous dut y r at ed.   
Each pump shal l  be pr ovi ded wi t h a s i ngl e l ubr i cat ed gear box r equi r i ng 
oi l  change not  mor e of t en t han 5, 000 oper at i ng hour s.   Each pump shal l  
be pr ovi ded wi t h an exhaust  s i l encer .   The pumps shal l  be equi pped wi t h 
hi gh vacuum shut down,  hi gh t emper at ur e shut down and al ar m.   The 
l ubr i cant  suppl i ed shal l  be i ner t  wi t h oxygen.   Each pump shal l  be 
f i t t ed wi t h a 5 mi cr on i nl et  f i l t er  and be equi pped wi t h a vacuum 
r el i ef  val ve,  check val ve t o pr event  backf l ow t hr ough of f - cycl e uni t s,  
f l exi bl e connect or ,  i sol at i on val ve,  and vi br at i on i sol at or s at  each 
mount i ng l ocat i on.   Pr ovi de cont i nuous dut y NEMA r at ed,  C- f ace,  TEFC 
mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  3500 RPM. ]

[ c.  Pr ovi de r egener at i ve bl ower  vacuum pumps consi st i ng of  one i mpel l er ,  
mount ed di r ect l y  on t he mot or  shaf t .   Pr ovi de pr eci s i on cast  al umi num 
i mpel l er  wi t h mul t i pl e r adi al  bl ades at  i t s  per i pher y.   The i mpel l er  
shal l  be t he onl y movi ng par t ,  and shal l  not  r equi r e any l ubr i cat i on.   
Dynami cal l y bal ance t he i mpel l er  t o pr ovi de v i br at i on- f r ee oper at i on 
wi t hout  t he need f or  v i br at i on i sol at or s.   The i mpel l er  shal l  be 
i nst al l ed bet ween t he bl ower  housi ng and cover .   Pr ovi de housi ng and 
cover  of  cast  al umi num and pr ovi ded wi t h mul t i pl e heat - di ssi pat i ng 
f i ns.  Ther e shal l  be no met al - t o- met al  cont act  wi t hi n t he bl ower  
housi ng.   Oi l  l ubr i cat i on shal l  not  be r equi r ed pr ovi di ng oi l  f r ee 
di schar ge gas.   The heat - di ssi pat i ng f i ns shal l  ef f i c i ent l y mi ni mi ze 
heat i ng of  t he compr essed gas.   Bl ower  shal l  have a guar ant eed ul t i mat e 
vacuum of  11 i nches Hg vacuum.   Pr ovi de mot or  suppor t ed by out boar d 
mount ed,  gr ease l ubr i cat ed,  ant i - f r i c t i on bear i ngs.   The bear i ngs shal l  
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be l ocat ed out s i de of  t he compr essi on chamber  t o maxi mi ze oper at i ng 
ef f i c i ency and bear i ng l i f e.   Pr ovi de bear i ng housi ng conser vat i vel y 
l oaded and r at ed f or  an L( 10)  l i f e of  not  l ess t han 200, 000 hour s.   
Shaf t  mai n bear i ngs of  t he s l eeve t ype wi t h heavy dut y bushi ngs or  
r ol l i ng el ement  t ype i n accor dance wi t h ABMA 9 or  ABMA 11.   Pr ovi de a 
l i p seal  t o mi ni mi ze l eakage wher e t he mot or  shaf t  passes t hr ough t he 
bl ower  housi ng.   Bl ower  pr oduci ng noi se l evel s shal l  not  exceed 75 
dBA.   Addi t i onal  s i l encer s may be i nst al l ed t o f ur t her  r educe t he noi se 
l evel .   Pr ovi de cont i nuous dut y NEMA r at ed,  TEFC mot or  wi t h 1. 15 
ser vi ce f act or ,  and maxi mum of  3600 RPM.   Bl ower  shal l  be di r ect  
dr i ven.   Pr ovi de bl ower  manuf act ur ed i n accor dance wi t h I SO 9001,  and 
UL l i s t ed,  CE compl i ant ,  DI N VDE 0530.   Each pump shal l  i ncl ude a check 
val ve,  i nl et  f i l t er ,  f l ex connect or ,  i sol at i on val ve and a r el i ef  val ve 
mount ed at  t he pump i nl et .   The vacuum pump cont r ol  swi t ches shal l  be 
cont r ol  panel  mount ed and shal l  be set  as f ol l ows:

Lead Pump Cont i nuous Oper at i on

Lag Pump St ar t  88 kPa 4 i nches Hg vacuum

St op 81 kPa 6 i nches Hg vacuum

]
[ d.  Pr ovi de oi l - f r ee,  s i ngl e- st age posi t i ve di spl acement ,  and non- pul sat i ng 

r eci r cul at i ng wat er  seal ed l i qui d r i ng t ype pumps.   The pumps shal l  be 
f i t t ed wi t h mechani cal  seal s.   The pump shal l  be of  al l  i r on 
const r uct i on wi t h a br onze or  st ai nl ess r ot or  and car bon st eel  shaf t .   
Under  nor mal  oper at i on,  syst em shal l  mi ni mi ze f r esh seal  wat er  r equi r ed 
t o 0. 05 L/ s 0. 75 gpm.   Syst em shal l  i ncl ude r eser voi r  suf f i c i ent  f or  up 
t o 48 hour s oper at i on wi t hout  f r esh wat er  suppl y.   Each pump shal l  be 
equi pped wi t h a vacuum r el i ef  val ve,  check val ve t o pr event  backf l ow 
t hr ough of f - cycl e uni t s,  f l exi bl e connect or ,  i sol at i on val ve,  and 
vi br at i on i sol at or s at  each mount i ng l ocat i on.   Syst em shal l  be t ot al l y  
sel f  cont ai ned.   Pr ovi de cont i nuous dut y NEMA r at ed,  open dr i ppr oof  
mot or  wi t h 1. 15 ser vi ce f act or ,  and maxi mum of  1800 RPM. ]

2. 12. 2   Vacuum Recei ver

Pr ovi de r ecei ver  desi gned f or  1034 kPa 150 psi  mi ni mum wor ki ng pr essur e,  
f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng pr essur e,  meet i ng 
ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h saf et y r el i ef  val ves 
and accessor i es,  i ncl udi ng but  not  l i mi t ed t o vacuum gauge,  s i ght  gl ass,  
and aut omat i c and manual  dr ai ns.   The out s i de of  r ecei ver  shal l  be 
gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  enamel  f i ni sh.   The 
i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed v i nyl  l i ni ng.   Pr ovi de 
a di spl ay of  t he ASME seal  on t he r ecei ver  or  a cer t i f i ed t est  r epor t  f r om 
an appr oved i ndependent  t est i ng l abor at or y i ndi cat i ng conf or mance t o t he 
ASME Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee ( 3)  val ve bypass f or  ser vi c i ng.

2. 12. 3   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each vacuum pump f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag vacuum pump.   Pr ovi de aut omat i c al t er nat i on of  vacuum pumps based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag vacuum pump shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead vacuum 
pump f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
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vacuum pump i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each vacuum pump.   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de vacuum cont r ol  swi t ches.   Pr ovi de 
i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng oper at i ng sequence of  
vacuum pumps.   Pr ovi de back- up c i r cui t  i n case of  PLC f ai l ur e.   Pr ovi de 
di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay al l  al ar m 
condi t i ons,  vacuum pump mai nt enance i nt er val s,  vacuum pump per f or mance 
war ni ngs,  aver age syst em vacuum demand,  vacuum pumps on/ of f  st at us,  syst em 
model  number  and ser i al  number ,  and phone number  t o cal l  f or  ser vi ce.   
Pr ovi de audi bl e and vi sual  l ocal  al ar ms wi t h s i l ence but t on,  r emot e al ar m 
connect i ons,  and saf et y devi ces as r equi r ed by NFPA 99.   Local  al ar ms shal l  
have cont act s t o al l ow i ndi cat i on of  a f aul t  condi t i on at  t he mast er  al ar m 
panel  i f  one or  mor e l ocal  al ar ms ar e act i vat ed.   Pr ovi de t he f ol l owi ng 
al ar ms:   Lag vacuum pump I n Use.

][ 2. 13   I NSTRUMENT COMPRESSED AI R ( I A)  SOURCE

**************************************************************************
NOTE:   I nst r ument  compr essed ai r  may be used i n l i eu 
of  ni t r ogen as a suppor t  gas i n medi cal  and dent al  
f aci l i t i es wi t h pr i or  appr oval  by t he usi ng 
f aci l i t y .   I f  i nst r ument  compr essed ai r  i s  pr esent  
i n t he f aci l i t y ,  t he sour ce equi pment  can al so 
suppl y t he l abor at or y compr essed ai r  ( LA)  and/ or  t he 
pr ocess compr essed ai r  ( PA)  syst ems.   Pr essur e 
r egul at or s ar e r equi r ed.

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

a.   Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n ai r  compr essor s,  r ecei ver ,  
dr yer s,  f i l t er s,  cont r ol  panel ,  sour ce shut of f ,  compr essor  i sol at i on 
val ves and ot her  component s as i ndi cat ed,  r equi r ed by NFPA 99,  and 
necessar y t o pr ovi de compl et e per f or mance.   Each sour ce shal l  r equi r e 
s i ngl e- poi nt  connect i ons t o power  wi r i ng,  war ni ng syst em wi r i ng,  and 
pi pi ng syst em.

b.   Tank- mount ed ai r  compr essor s shal l  be manuf act ur ed t o compl y wi t h UL 
l i s t i ng r equi r ement s.   Ai r  compr essor s shal l  have manuf act ur er ' s name 
and addr ess,  t oget her  wi t h t r ade name and cat al og number ,  on a 
namepl at e secur el y at t ached t o t he equi pment .   Pr ovi de guar ds t o shi el d 
exposed movi ng par t s.   Pr ovi de an i nt ake ai r  f i l t er  and si l encer  wi t h 
each compr essor .   Pr ovi de af t er cool er  and moi st ur e separ at or  i nst al l ed 
bet ween compr essor s and ai r  r ecei ver s,  t o r emove moi st ur e bef or e t he 
ai r  ent er s t he r ecei ver .   Af t er cool er s shal l  be ai r  cool ed.   The ai r  
shal l  pass t hr ough a suf f i c i ent  number  of  t ubes t o af f ect  cool i ng.   
Tubes shal l  be s i zed t o gi ve maxi mum heat  t r ansf er .   Cool i ng capaci t y 
of  t he af t er cool er  shal l  be s i zed f or  t he t ot al  capaci t y of  t he 
compressors.

2. 13. 1   Ai r  Compr essor s

Pr ovi de compr essor s wi t h t he schedul ed capaci t y at  a mi ni mum of  1378 kPa 
200 psi .   Pr ovi de t wo st age,  hi gh pr essur e oi l - l ubr i cat ed cont i nuous dut y 
r eci pr ocat i ng t ype ai r  compr essor s.   A pr essur e gauge cal i br at ed t o 2068 kPa
 300 psi ,  and equi pped wi t h a gauge cock and pul sat i on dampener  shal l  be 
f ur ni shed f or  i nst al l at i on adj acent  t o t he pr essur e swi t ch.   The mot or  and 

SECTI ON 22 60 70  Page 36



compr essor s shal l  be connect ed by V- bel t  dr i ve.   Compr essor s shal l  be 
sequenced t o st ar t  aut omat i cal l y  when t he pr essur e dr ops t o a pr eset  
poi nt .   Compr essor s shal l  be ai r  cool ed.   Each compr essor  chamber  shal l  
have a hi gh- t emper at ur e sensor  t o act i vat e a l ocal  al ar m.   Pr ovi de 
cont i nuous dut y NEMA r at ed,  C- f ace,  open dr i ppr oof  mot or  wi t h 1. 15 ser vi ce 
f act or ,  and maxi mum of  1800 RPM.

2. 13. 2   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each compr essor  f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag compr essor s.   Pr ovi de aut omat i c al t er nat i on of  compr essor s based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag compr essor  shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead 
compr essor  f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
compr essor  i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each compr essor .   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de pr essur e cont r ol  swi t ches or  pr essur e 
t r ansducer .   Pr ovi de i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng 
oper at i ng sequence of  compr essor s.   Pr ovi de back- up c i r cui t  i n case of  PLC 
f ai l ur e.   Pr ovi de di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay 
al l  al ar m condi t i ons,  pump mai nt enance i nt er val s,  compr essor  per f or mance 
war ni ngs,  aver age syst em ai r  demand,  aver age dewpoi nt  and CO l evel s on 
syst em,  compr essor s on/ of f  st at us,  syst em model  number  and ser i al  number ,  
and phone number  t o cal l  f or  ser v i ce.   Pr ovi de audi bl e and vi sual  l ocal  
al ar ms wi t h s i l ence but t on,  r emot e al ar m connect i ons,  and saf et y devi ces as 
r equi r ed by NFPA 99.   Local  al ar ms shal l  have cont act s t o al l ow i ndi cat i on 
of  a f aul t  condi t i on at  t he mast er  al ar m panel  i f  one or  mor e l ocal  al ar ms 
ar e act i vat ed.   Pr ovi de t he f ol l owi ng al ar ms:

a.   Lag compr essor  I n Use.

b.   Hi gh di schar ge t emper at ur e.

c.   Hi gh car bon monoxi de l evel s.

d.   Hi gh dewpoi nt  l evel .

2. 13. 3   Ai r  Recei ver

Pr ovi de r ecei ver  desi gned f or  1724 kPa 250 psi  mi ni mum wor ki ng pr essur e,  
f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng pr essur e,  meet i ng 
ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h saf et y r el i ef  val ves 
and accessor i es,  i ncl udi ng but  not  l i mi t ed t o pr essur e gauge,  s i ght  gl ass,  
and aut omat i c and manual  dr ai ns.   The out s i de of  r ecei ver  shal l  be 
gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  enamel  f i ni sh.   The 
i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed v i nyl  l i ni ng.   A 
di spl ay of  t he ASME seal  on t he r ecei ver  or  a cer t i f i ed t est  r epor t  f r om an 
appr oved i ndependent  t est i ng l abor at or y i ndi cat i ng conf or mance t o t he ASME 
Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee ( 3)  val ve bypass f or  ser vi c i ng.

2. 13. 4   Desi ccant  Ai r  Dr yer s

Pr ovi de t wo i dent i cal  t wi n- t ower  heat l ess desi ccant  ai r  dr yer s.   Pr ovi de 
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dr yer s s i zed t o achi eve a pr essur e dewpoi nt  - 40 degr ees C - 40 degr ees F at  
t he maxi mum cal cul at ed NFPA syst em capaci t y.   Pr ovi de l ubr i cant  f r ee 
oper at i on.   Pr ovi de economi zer  cycl e t hat  r educes pur ge ai r  r equi r ement s t o 
mat ch act ual  moi st ur e l oadi ng.   Pr ovi de sol i d- st at e cycl e t i mer ,  OSHA pur ge 
exhaust  muf f l er s,  and a pr essur e gauge f or  each t ower .

2. 13. 5   Fi l t r at i on and Pr essur e Reduci ng St at i on

Pr ovi de t wo separ at or s wi t h zer o l oss dr ai n val ve,  t wo pr e- f i l t er s r at ed 
0. 01 mi cr on f i l t r at i on wi t h an ef f i c i ency exceedi ng 99. 9999 per cent  D. O. P.  
( Val i dat ed) ,  t wo act i vat ed car bon f i l t er s,  and t wo f i nal  f i l t er s r at ed 0. 01 
mi cr on f i l t r at i on wi t h an ef f i c i ency exceedi ng 99. 9999 per cent  D. O. P.  
( Val i dat ed)  i nst al l ed downst r eam of  t he car bon f i l t er s.   Pr ovi de al l  
f i l t er s wi t h a di f f er ent i al  pr essur e gauge wi t h col or  change i ndi cat or  and 
aut omat i c dr ai n val ve except  t he act i vat ed car bon f i l t er s.   Pr ovi de 
downst r eam of  t he f i nal  f i l t er s wi t h a dual - l i ne pr essur e r egul at i ng 
assembl y consi st i ng of  t wo pr essur e r egul at or s wi t h pr essur e gauges,  i nl et  
and out l et  i sol at i on bal l  val ves,  and pr essur e r el i ef  val ves.   Al l  
f i l t er s/ pr essur e r egul at or s shal l  be ar r anged so t hat  t he i sol at i on of  one 
f i l t er /  r egul at or  wi l l  not  af f ect  t he oper at i on of  t he second 
filter/regulator.

2. 13. 6   Dew Poi nt  Moni t or

Pr ovi de dew poi nt  moni t or  t o cont i nuousl y moni t or  t he dew poi nt  of  t he 
i nst r ument  compr essed ai r .   Pr ovi de cer ami c t ype ( al umi num oxi de t ype i s 
not  accept abl e)  sensor  wi t h syst em accur acy of  +/ -  1 degr ee C 2 degr ees F.   
The dew poi nt  al ar m shal l  be f act or y set  at  - 30 degr ees C - 22 degr ees F and 
be f i el d adj ust abl e.   Pr ovi de act i vat i on of  l ocal  al ar m and al l  mast er  
al ar ms when t he dew poi nt  at  syst em pr essur e exceeds + - 30 degr ees C - 22 
degr ees F.   Pr ovi de act i vat i on of  moni t or ' s  s i gnal  at  al l  mast er  al ar m 
panel s i f  t he moni t or  l oses power .   Moni t or  shal l  meet  r equi r ement s of  
NFPA 99.

][ 2. 14   LAB COMPRESSED AI R ( LA)  [ AND PROCESS COMPRESSED AI R ( PA) ]  SOURCE

a.   Pr ovi de compl et e f act or y- packaged,  f act or y- t est ed,  cont i nuous- dut y 
sour ce( s) .   Each sour ce shal l  cont ai n ai r  compr essor s,  r ecei ver ,  
dr yer s,  f i l t er s,  cont r ol  panel ,  sour ce shut of f ,  compr essor  i sol at i on 
val ves and ot her  component s r equi r ed by NFPA 99,  and necessar y t o 
pr ovi de compl et e per f or mance.   Each sour ce shal l  r equi r e s i ngl e- poi nt  
connect i ons t o power  wi r i ng,  war ni ng syst em wi r i ng,  and pi pi ng syst em.

b.   Tank- mount ed ai r  compr essor s shal l  be manuf act ur ed t o compl y wi t h UL 
l i s t i ng r equi r ement s.   Ai r  compr essor s shal l  have manuf act ur er ' s name 
and addr ess,  t oget her  wi t h t r ade name and cat al og number ,  on a 
namepl at e secur el y at t ached t o t he equi pment .   Pr ovi de guar ds t o shi el d 
exposed movi ng par t s.   Pr ovi de an i nt ake ai r  f i l t er  and si l encer  wi t h 
each compr essor .   Pr ovi de af t er cool er  and moi st ur e separ at or  bet ween 
compr essor s and ai r  r ecei ver s,  t o r emove moi st ur e bef or e t he ai r  ent er s 
t he r ecei ver .   Af t er cool er s shal l  be ai r  cool ed.   The ai r  shal l  pass 
t hr ough a suf f i c i ent  number  of  t ubes t o af f ect  cool i ng.   Tubes shal l  be 
s i zed t o gi ve maxi mum heat  t r ansf er .   Cool i ng capaci t y of  t he 
af t er cool er  shal l  be s i zed f or  t he t ot al  capaci t y of  t he compr essor s.

2. 14. 1   Ai r  Compr essor s

Pr ovi de [ scr ol l  t ype compr essor s]  [ r eci pr ocat i ng t ef l on- r i ng t ype 
compr essor s desi gned such t hat  no oi l  i s  admi ni st er ed t o t he ai r  cy l i nder ,  

SECTI ON 22 60 70  Page 38



t he por t i on of  t he pi st on r od t hat  t r avel s i n t he cr ankcase sect i on does 
not  t r avel  i n any por t i on of  t he ai r - cyl i nder  sect i on,  and wi t h pr ovi s i on 
t o pr event  t he f l ow of  l ubr i cat i on oi l  al ong t he pi st on r od i nt o t he 
ai r - cyl i nder  sect i on] .   Pr ovi de a pr essur e gauge cal i br at ed t o 2068 kPa 300 
psi ,  and equi pped wi t h a gauge cock and pul sat i on dampener  f or  i nst al l at i on 
adj acent  t o t he pr essur e swi t ch.   The mot or  and compr essor s shal l  be 
di r ect l y connect ed or  oper at ed by V- bel t  dr i ve.   Compr essor s shal l  be 
sequenced t o st ar t  aut omat i cal l y  when t he pr essur e dr ops t o a pr eset  
poi nt .   Compr essor s shal l  be ai r  cool ed.   Pr ovi de each compr essor  chamber  
wi t h a hi gh- t emper at ur e sensor  t o act i vat e a l ocal  al ar m.   Pr ovi de 
cont i nuous dut y NEMA r at ed,  open dr i ppr oof  mot or  wi t h 1. 15 ser vi ce f act or ,  
and maxi mum of  3600 RPM.

2. 14. 2   Ai r  Recei ver

Pr ovi de ai r  r ecei ver  del i ver i ng ai r  t o dent al  oper at or i es desi gned f or  1034 
kPa 150 psi  wor k i ng pr essur e,  f act or y ai r  t est ed t o 1. 5 t i mes t he wor ki ng 
pr essur e,  meet i ng ASME BPVC SEC VI I I  D1.   Pr ovi de r ecei ver  equi pped wi t h 
saf et y r el i ef  val ves and accessor i es,  i ncl udi ng but  not  l i mi t ed t o pr essur e 
gauge,  s i ght  gl ass,  and aut omat i c and manual  dr ai ns.   The out s i de of  
r ecei ver  shal l  be gal vani zed or  suppl i ed wi t h f act or y appl i ed commer ci al  
enamel  f i ni sh.   The i nt er i or  of  t he r ecei ver  shal l  be a f act or y appl i ed 
v i nyl  l i ni ng.   Pr ovi de a di spl ay of  t he ASME seal  on t he r ecei ver ,  or  a 
cer t i f i ed t est  r epor t  f r om an appr oved i ndependent  t est i ng l abor at or y 
i ndi cat i ng conf or mance t o t he ASME Code.   Pr ovi de r ecei ver ( s)  wi t h a t hr ee 
( 3)  val ve bypass f or  ser vi c i ng.

2. 14. 3   Cont r ol  Panel

Provide UL 508A l i s t ed and l abel ed cont r ol  panel  i n a NEMA 250 Type 12 
encl osur e.   Pr ovi de Hand- Of f - Aut o swi t ch f or  each compr essor  f or  sel ect i on 
of  nor mal  oper at i on ( aut omat i c al t er nat i on)  or  manual  sel ect i on of  l ead and 
l ag compr essor s.   Pr ovi de aut omat i c al t er nat i on of  compr essor s based on a 
f i r st - on/ f i r st - of f  pr i nci pl e wi t h pr ovi s i ons f or  s i mul t aneous oper at i on.   
The l ag compr essor  shal l  be abl e t o st ar t  aut omat i cal l y  i f  t he l ead 
compr essor  f ai l s  t o oper at e.   Pr ovi de manual  r eset  f or  t her mal  mal f unct i on 
shut down.   Al l  cont r ol  and al ar m f unct i ons shal l  r emai n ener gi zed whi l e any 
compr essor  i n t he syst em r emai ns el ect r i cal l y  onl i ne.   Pr ovi de magnet i c 
mot or  st ar t er s wi t h i nt egr al  over l oad and shor t  c i r cui t  pr ot ect i on,  wi t h 
l ockabl e di sconnect i ng means.   Pr ovi de r unni ng l i ght  and el apsed r un- t i me 
met er  f or  each compr essor .   Pr ovi de c i r cui t  br eaker s wi t h s i ngl e poi nt  
power  f eed connect i on.   Pr ovi de 120 VAC cont r ol  c i r cui t  t r ansf or mer s wi t h 
f used pr i mar y and secondar y.   Pr ovi de pr essur e cont r ol  swi t ches or  pr essur e 
t r ansducer .   Pr ovi de i nt egr al  PLC cont r ol l er  f or  aut omat i cal l y  swi t chi ng 
oper at i ng sequence of  compr essor s.   Pr ovi de back- up c i r cui t  i n case of  PLC 
f ai l ur e.   Pr ovi de di gi t al  di spl ay i nt er f ace.   User  i nt er f ace shal l  di spl ay 
al l  al ar m condi t i ons,  pump mai nt enance i nt er val s,  compr essor  per f or mance 
war ni ngs,  aver age syst em ai r  demand,  aver age dewpoi nt  and CO l evel s on 
syst em,  compr essor s on/ of f  st at us,  syst em model  number  and ser i al  number ,  
and phone number  t o cal l  f or  ser v i ce.   Pr ovi de audi bl e and vi sual  l ocal  
al ar ms wi t h s i l ence but t on,  r emot e al ar m connect i ons,  and saf et y devi ces as 
r equi r ed by NFPA 99.   Local  al ar ms shal l  have cont act s t o al l ow i ndi cat i on 
of  a f aul t  condi t i on at  t he mast er  al ar m panel  i f  one or  mor e l ocal  al ar ms 
ar e act i vat ed.   Pr ovi de t he f ol l owi ng al ar ms:

a.   Lag compr essor  I n Use.

b.   Hi gh di schar ge t emper at ur e.
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2. 14. 4   Desi ccant  Ai r  Dr yer s

Pr ovi de t wo i dent i cal  t wi n- t ower  heat l ess desi ccant  ai r  dr yer s.   Pr ovi de 
dr yer s t o achi eve a pr essur e dewpoi nt  - 40 degr ees C - 40 degr ees F at  t he 
maxi mum cal cul at ed NFPA syst em capaci t y.   Pr ovi de l ubr i cant  f r ee 
oper at i on.   Pr ovi de economi zer  cycl e t hat  r educes pur ge ai r  r equi r ement s t o 
mat ch act ual  moi st ur e l oadi ng.   Pr ovi de sol i d- st at e cycl e t i mer ,  OSHA pur ge 
exhaust  muf f l er s,  and a pr essur e gauge f or  each t ower .

2. 14. 5   Fi l t r at i on and Pr essur e Reduci ng St at i on

Pr ovi de t wo pr e- f i l t er s r at ed 0. 01 mi cr on f i l t r at i on wi t h an ef f i c i ency of  
99. 9999 per cent  D. O. P.  ( Val i dat ed) ,  t wo act i vat ed car bon f i l t er s,  and t wo 1 
mi cr on f i nal  f i l t er s wi t h an ef f i c i ency 99. 9999 per cent  D. O. P.  ( Val i dat ed)  
i nst al l ed downst r eam of  t he car bon f i l t er s.   Fi l t er s wi t hout  val i dat i on 
shal l  not  be used except  t he act i vat ed car bon f i l t er s.   Pr ovi de al l  f i l t er s 
wi t h a di f f er ent i al  pr essur e gauge wi t h col or  change i ndi cat or  and 
aut omat i c dr ai n val ve except  t he act i vat ed car bon f i l t er s.   Pr ovi de 
downst r eam of  t he f i nal  f i l t er s a dual - l i ne pr essur e r egul at i ng assembl y 
consi st i ng of  t wo pr essur e r egul at or s wi t h pr essur e gauges,  i nl et  and 
out l et  i sol at i on bal l  val ves,  and pr essur e r el i ef  val ves.   Al l  
f i l t er s/ pr essur e r egul at or s shal l  be ar r anged so t hat  t he i sol at i on of  one 
f i l t er /  r egul at or  wi l l  not  af f ect  t he oper at i on of  t he second 
filter/regulator.

2. 14. 6   Dew Poi nt  Moni t or

Pr ovi de dew poi nt  moni t or  t o cont i nuousl y moni t or  t he dew poi nt  of  t he 
l abor at or y compr essed ai r .   Pr ovi de cer ami c t ype ( al umi num oxi de t ype i s 
not  accept abl e)  sensor  wi t h syst em accur acy of  +/ -  1 degr ee C 2 degr ees F.   
The dew poi nt  al ar m shal l  be f act or y set  at  2 degr ees C 36 degr ees F and be 
f i el d adj ust abl e.   Pr ovi de act i vat i on of  l ocal  al ar m and al l  mast er  al ar ms 
when t he dew poi nt  at  syst em pr essur e exceeds + 4 degr ees C 39 degr ees F.   
Pr ovi de act i vat i on of  moni t or ' s  s i gnal  at  al l  mast er  al ar m panel s i f  t he 
moni t or  l oses power .   Moni t or  shal l  meet  r equi r ement s of  NFPA 99.

] 2. 15   PI PE AND FI TTI NGS

2. 15. 1   Ser vi ce Ent r ance

Pi pi ng at  ser vi ce ent r ance ( f r om 300 mm 12 i nches i nsi de bui l di ng t o 1500 mm
 5 f eet  out s i de) :  Same as I ndi cat ed f or  out s i de ut i l i t i es.

2. 15. 2   Posi t i ve pr essur e pi pi ng syst ems up t o 1379 kPa 200 psi

**************************************************************************
NOTE:   The f ol l owi ng appl i es t o dent al / medi cal  
compr essed ai r ,  i nst r ument  compr essed ai r ,  
l abor at or y compr essed ai r ,  pr ocess compr essed ai r ,  
oxygen,  ni t r ogen,  ni t r ous oxi de,  car bon di oxi de.

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

Har d- dr awn seaml ess copper  t ubi ng ( ASTM B819) ,  Type K or  L,  bear i ng one of  
t he f ol l owi ng mar ki ngs,  OXY,  MED,  OXY/ MED,  and br azed sol der - t ype wr ought  
copper  f i t t i ngs ( ASME B16. 22) ,  or  br azed f i t t i ngs ( ASME B16. 50)  c l eaned f or  
oxygen ser vi ce by t he manuf act ur er  i n accor dance wi t h Pamphl et  CGA G- 4. 1.   
Cast  f i t t i ngs shal l  not  be used.   Mi ni mum si ze shal l  be 15 mm 1/ 2 i nch.   
I nst al l  br anch pi pi ng f ul l  s i ze t o each t er mi nal  devi ce,  i ncl udi ng ver t i cal  
dr ops,  and pr ovi de r educer  f i t t i ng at  t he devi ce pi gt ai l .   Type L t ubi ng i s 
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not  accept abl e f or  i nst al l at i on bel ow gr ade.   Pr ovi de wi t h NF ni t r ogen 
pur ge and capped/ pl ugged ends unt i l  pr epar ed f or  i nst al l at i on.   Tubi ng 
j oi ni ng mat er i al  shal l  be ANSI / AWS- BCuP ser i es f i l l er  mat er i al .

2. 15. 3   [ Dent al  sur gi cal ]  [ Medi cal - Sur gi cal ]  [ WAGD]  vacuum pi pi ng syst ems up 
t o 34 kPa 20 i nches Hg vacuum

**************************************************************************
NOTE:   The f ol l owi ng appl i es t o dent al / medi cal  
vacuum,  WAGD.

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

Har d- dr awn seaml ess copper  t ubi ng ( ASTM B819) ,  Type K or  L,  and sol der - t ype 
wr ought  copper  f i t t i ngs ( ASME B16. 22)  or  br azed f i t t i ngs ( ASME B16. 50) .   
Cast  f i t t i ngs shal l  not  be used.   Mi ni mum si ze shal l  be 20 mm 3/ 4 i nch.   
I nst al l  br anch pi pi ng f ul l  s i ze t o each t er mi nal  devi ce,  i ncl udi ng ver t i cal  
dr ops,  and pr ovi de r educer  f i t t i ng at  t he devi ce pi gt ai l .   Tubi ng j oi ni ng 
mat er i al  shal l  be ANSI / AWS- BCuP ser i es f i l l er  mat er i al .   Ni t r ogen pur ge not  
r equi r ed.   Label ed or  ot her wi se i dent i f i ed pr i or  t o i nst al l at i on i n or der  
t o pr ecl ude i nadver t ent  i ncl usi on i nt o t he pr essur i zed syst ems.   Label i ng 
i s not  r equi r ed i f  i nst al l at i on meet s al l  r equi r ement s f or  pr essur i zed 
pi pi ng i ncl udi ng pr ohi bi t i on of  f l ux on copper - t o- copper  j oi nt s and t he use 
of  a NF ni t r ogen pur ge dur i ng br azi ng.

2. 15. 4   Dent al  Or al  Evacuat i on Syst em

Pr ovi de pol yvi nyl  chl or i de ( PVC)  dr ai nage,  wast e and vent  ( DWV)  pi pe and 
f i t t i ngs conf or mi ng t o ASTM D2665.   Sol vent  cement  f or  PVC pi pe f i t t i ngs 
shal l  conf or m t o ASTM D2564.   Fi t t i ngs,  suppor t s,  and j oi nt  assembl y shal l  
compl y wi t h I CC I PC.   Fi t t i ngs shal l  be t he l ong- r adi us t ype f or  t ur ns and 
t he wye t ype f or  br anches.   The most  di st ant  end of  each t r unk l i ne f r om 
t he separ at or s may t er mi nat e wi t h a vacuum r el i ef  val ve.

2. 15. 5   Hi gh- Vol ume Labor at or y Dust  Evacuat i on Syst em

Pr ovi de pol yvi nyl  chl or i de ( PVC)  dr ai nage,  wast e and vent  ( DWV)  pi pe and 
f i t t i ngs conf or mi ng t o ASTM D2665.   Sol vent  cement  f or  PVC pi pe f i t t i ngs 
shal l  conf or m t o ASTM D2564.   Fi t t i ngs,  suppor t s and j oi nt  assembl y shal l  
compl y wi t h I CC I PC.   The assembl ed pi pi ng syst em shal l  be sui t abl e f or  84 
kPa 5 i nches Hg vacuum.   Fi t t i ngs shal l  be t he l ong- r adi us t ype f or  t ur ns 
and t he wye t ype f or  br anches.   The most  di st ant  end of  t he mai n t r unk l i ne 
f r om t he cent r al  f i l t er - separ at or  may t er mi nat e wi t h an ai r  vol ume r el i ef  
valve.

2. 15. 6   Compr essed Ai r  I nt ake and Vacuum Pump Exhaust  Li ne( s)

Har d- dr awn seaml ess copper  t ubi ng ( ASTM B88 or  ASTM B819) ,  Type K or  L,  and 
sol der - t ype wr ought  copper  f i t t i ngs ( ASME B16. 22) .   Cast  f i t t i ngs shal l  not  
be used.   Tubi ng j oi ni ng mat er i al  shal l  be ANSI / AWS- BCuP ser i es f i l l er  
material.

2. 16   VALVES AND ASSEMBLI ES

2. 16. 1   Valves

a.   Posi t i ve pr essur e pi pi ng syst ems up t o 1379 kPa 200 psi :  Br onze,  f ul l  
por t ,  quar t er - t ur n bal l  t ype,  t hr ee pi ece const r uct i on,  4137 kPa 600 psi
 WOG,  bl ow- out  pr oof  st em,  i n- l i ne r epai r abl e.   Cl eaned f or  oxygen 
ser vi ce by manuf act ur er  i n accor dance wi t h Pamphl et  CGA G- 4. 1.   Al l  
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si zes:  316 st ai nl ess st eel  bal l  and st em,  gl ass r ei nf or ced 
pol yt et r af l uor oet hyl ene ( RPTFE)  seat  seal s and packi ngs.   Cl ean,  cap 
and del i ver  t o s i t e i n seal ed package bear i ng manuf act ur er ' s 
i dent i f y i ng t ag or  st amp.  Keep seal ed unt i l  pr epar ed f or  i nst al l at i on.   
Pr ovi de wi t h val ve manuf act ur er  i nst al l ed br azed Type K copper  t ube 
ext ensi ons a mi ni mum of  150 mm 6 i nch l ong on t he i nl et  and out l et  s i de 
of  t he val ve f or  maki ng connect i on t o t he pi pel i ne( s) .   A pur ge por t  
shal l  be pr ovi ded on bot h t he i nl et  and out l et  t ube ext ensi ons.   Val ves 
i n l ocat i ons ot her  t han zone val ve boxes shal l  be l ockabl e.

b.   Vacuum pi pi ng syst ems up t o 34 kPa 20 i nches Hg vacuum:  Br onze f ul l  
por t ,  quar t er - t ur n bal l  t ype,  t hr ee pi ece const r uct i on,  3 kPa 29 i nches 
Hg vacuum,  bl ow out  pr oof  st em,  i n- l i ne r epai r abl e.   Al l  s i zes:  316 
st ai nl ess st eel  bal l  and st em,  gl ass r ei nf or ced pol yt et r af l uor oet hyl ene 
( RPTFE)  seat  seal s and packi ngs.   Pr ovi de wi t h val ve manuf act ur er  
i nst al l ed br azed Type K copper  t ube ext ensi ons a mi ni mum of  150 mm 6 
i nch l ong on t he i nl et  and out l et  s i de of  t he val ve f or  maki ng 
connect i on t o t he pi pel i ne( s) .   A pur ge por t  shal l  be pr ovi ded on bot h 
t he i nl et  and out l et  t ube ext ensi ons.   Val ves i n l ocat i ons ot her  t han 
zone val ve boxes shal l  be l ockabl e.

2. 16. 2   Zone Val ve Assembl i es

**************************************************************************
NOTE:   Coor di nat e st ud dept h wi t h ar chi t ect s.   
Pr ovi de mi ni mum 6 i nch 150 mm st ud t o al l ow f or  
var yi ng box dept hs.

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

a.   Recessed wal l  box,  mi ni mum 1. 2 mm 18 GA sheet  st eel ,  baked enamel  
f i ni sh.   St ai nl ess st eel  or  chr ome f r ont  t r i m.   Tr anspar ent  pl ast i c  
door  wi t h pul l  handl e or  r i ng f or  emer gency access t o val ves.   Ser v i ce 
access t o val ves shal l  be by r emoval  and r epl acement  of  door ,  whi ch 
shal l  nei t her  cause damage nor  r equi r e speci al  t ool s.   Opaque pl ast i c 
i s  not  accept abl e.   Openi ngs t o box i nt er i or  shal l  be dust - t i ght .   
Pr ovi de each shut of f  val ve wi t h pr essur e gauge and i nt egr al  ext ensi on 
t ubes f or  j oi ni ng t o pi pi ng syst em out si de of  box.   Pr ovi de gauge por t  
on each t ubi ng ext ensi on.   Val ves shal l  not  be l ockabl e.

b.   Up t o 5 shut of f  val ves of  25 mm 1 i nch s i ze or  smal l er  may be i nst al l ed 
i n one box.   Use si ngl e- val ve boxes f or  32 mm 1- 1/ 4 i nch val ves and 
l ar ger .   Fr ont  t r i m wi t h i nt er l ocki ng edges wher e s i ngl e- val ve boxes 
ar e j oi nt ed t oget her  f or  mul t i pl e val ve i nst al l at i ons.   Pr ovi de 
cust om- made boxes as speci f i ed above f or  t hose val ves t hat  ar e t oo 
l ar ge f or  pr e- manuf act ur ed boxes.

c.   Sur f ace mount ed wal l  box,  same as r ecess mount ed except  pr ovi de wi t h 
exposed sur f ace f i ni sh pr i med f or  f i el d pai nt i ng and pr ovi de onl y wher e 
sur f ace mount i ng i s speci f i cal l y  i ndi cat ed on dr awi ngs.

d.   Ar r ange shut of f  val ves i n f ol l owi ng or der  f r om t op t o bot t om:  Oxygen,  
ni t r ous oxi de,  car bon di oxi de,  dent al  compr essed ai r ,  medi cal  
compr essed ai r ,  ni t r ogen,  WAGD,  dent al  sur gi cal  vacuum,  and 
medi cal - sur gi cal  vacuum.   I f  2 or  mor e val ves f or  same ser vi ce ar e 
l ocat ed i n common box,  l ar ger  of  val ves shal l  be l ower .

2. 17   NI TROGEN AND I NSTRUMENT COMPRESSED AI R CONTROL PANELS

Ni t r ogen and i nst r ument  compr essed ai r  cont r ol  panel s shal l  be desi gned t o 
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del i ver  var i abl e pr essur es t o power  pneumat i c sur gi cal  t ool s.   The cont r ol  
panel  shal l  be pr ovi ded wi t h a 0- 2070 kPa 0- 300 psi  pr essur e gauge,  shut of f  
val ve,  pr essur e r egul at or ,  del i ver y pr essur e gauge and DI SS out l et .   A 
quar t er  t ur n of  t he val ve handl e shal l  be r equi r ed t o obt ai n a f ul l y  " open"  
or  " c l osed"  posi t i on.   Pr ovi de an adj ust abl e sel f  r el i evi ng t ype pr essur e 
r egul at or ,  wi t h a oper at i ng r ange of  70 t o 1725 kPa 10 t o 250 psi .   Cont r ol  
panel s shal l  be pr e- pi ped i nt er nal l y r equi r i ng onl y ext er nal  suppl y l i ne 
connect i ons.   Addi t i onal  out l et s i n t he same r oom may be connect ed t o t he 
r emot e out l et  pi gt ai l  f ur ni shed i n t he cont r ol  panel .   Remot e out l et s shal l  
be r egul at ed by t he adj ust abl e pr essur e r egul at or  wi t hi n t he panel  and 
shal l  mat ch t he ni t r ogen cont r ol  panel  out l et  t ype.   Cont r ol  panel s shal l  
be avai l abl e i n hor i zont al  or  ver t i cal  or i ent at i on.

2. 18   HANGERS AND SUPPORTS

Pi pe hanger s and suppor t s shal l  be copper  pl at ed when i n di r ect  cont act  
wi t h copper  t ubi ng.   Tubi ng i nst al l ed on t r apeze hanger  shal l  be secur ed i n 
pl ace wi t h appr opr i at el y s i zed c l amp and be f ul l y  i sol at ed f r om di ssi mi l ar  
metals.

2. 19   GAUGES

a.   Pr ovi de f or  l i ne pr essur e use adj acent  t o sour ce equi pment ,  ASME B40. 100
 pr essur e gauges,  115 mm 4 1/ 2 i nches i n di amet er  wi t h met al  case f or  
oxygen,  ni t r ous oxi de,  car bon di oxi de,  dent al  compr essed ai r ,  medi cal  
compr essed ai r ,  l abor at or y compr essed ai r ,  pr ocess compr essed ai r ,  and 
ni t r ogen,  accur at e t o wi t hi n t wo per cent .   Range shal l  be t wo t i mes 
oper at i ng pr essur e.   Di al  gr aduat i ons and f i gur es shal l  be bl ack on a 
whi t e backgr ound,  or  whi t e on a bl ack backgr ound.   Gauges shal l  be 
expr essl y made f or  and cl eaned f or  oxygen use,  l abel ed f or  appr opr i at e 
ser vi ce,  and mar ked " USE NO OI L" .   Pr ovi de bour don t ube and br ass 
movement .   I nst al l  wi t h gauge cock.   Gauges f or  al l  ser vi ces downst r eam 
of  mai n shut of f  val ve shal l  be same as t hose adj acent  t o sour ce 
equi pment  except  di amet er  may be r educed t o 40 mm 1- 1/ 2 i nches.   Di al  
r anges shal l  be 0 t o 690 kPa 0 t o 100 psi  f or  pr essur i zed gases and 
compr essed ai r  ser vi ces except  ni t r ogen and i nst r ument  compr essed ai r ;  
0 t o 2070 kPa 0 t o 300 psi  f or  ni t r ogen and i nst r ument  compr essed ai r .

b.   Pr ovi de f or  vacuum l i ne use adj acent  t o sour ce equi pment ,  ASME B40. 100 
vacuum compound gauges,  115 mm 4 1/ 2 i nches i n di amet er  wi t h met al  case 
f or  dent al  sur gi cal  vacuum,  medi cal - sur gi cal  vacuum,  dent al  or al  
evacuat i on,  WAGD,  and l abor at or y dust  evacuat i on,  accur at e t o wi t hi n 
t wo per cent .   Di al  gr aduat i ons and f i gur es shal l  be bl ack on a whi t e 
backgr ound,  or  whi t e on a bl ack backgr ound.   Label  f or  vacuum ser vi ce.   
Pr ovi de wi t h bour don t ube and br ass movement .   I nst al l  wi t h gauge 
cock.   Gauges f or  al l  ser vi ces upst r eam of  mai n shut of f  val ve shal l  be 
same as t hose adj acent  t o sour ce except  di amet er  may be r educed t o 40 mm
 1 1/ 2 i nches.   Di al  r ange shal l  be 100 t o 0 kPa 0 t o 30 i nches Hg 
vacuum.

2. 20   DENTAL GAS AND SUPPORT SYSTEMS OUTLETS AND VACUUM SYSTEMS I NLETS

2. 20. 1   St at i on Out l et s/ I nl et s

**************************************************************************
NOTE:   The t ype of  connect or s at  st at i on out l et s 
wi l l  be as speci f i ed by t he usi ng ser vi ce.   Thi s i s  
r equi r ed t o ensur e t hat  t he connect or s pr ovi ded ar e 
compat i bl e wi t h t hose on Gover nment - f ur ni shed mobi l e 
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appar at us.   Unl ess ot her wi se r equi r ed by t he usi ng 
f aci l i t y ,  out l et s/ i nl et s shal l  be DI SS t ype.

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

Submi t  pr oof  t hat  out l et s/ i nl et s,  as an assembl y,  ar e l i s t ed by 
Under wr i t er s Labor at or i es,  I nc. ,  and ar e manuf act ur ed i n accor dance wi t h 
applicable NFPA 99 and CGA st andar ds.   Pr ovi de st at i on out l et s/ i nl et s 
( Oxygen,  Ni t r ogen,  Ni t r ous Oxi de,  Dent al  Sur gi cal  Vacuum,  WAGD,  I nst r ument  
Compr essed Ai r )  conf or mi ng t o NFPA 99.   Pr ovi de st at i on out l et s/ i nl et s f or  
conceal ed pi pi ng made of  br ass and havi ng an adj ust abl e val ve mechani sm t o 
compensat e f or  var i at i on i n wal l  t hi ckness.   Each uni t  shal l  be secur el y 
mount ed and sel f - seal i ng.   Each uni t  as an assembl y shal l  conf or m t o t he 
r equi r ement s of  t he Under wr i t er s Labor at or i es I nc. ;  submi t  pr oof  of  such 
conf or mance.   The l abel  or  l i s t i ng of  t he speci f i ed agency wi l l  be 
accept abl e evi dence.   I n l i eu of  t he l abel  or  l i s t i ng,  t he Cont r act or  may 
submi t  a wr i t t en cer t i f i cat e f r om any appr oved nat i onal l y r ecogni zed 
t est i ng or gani zat i on adequat el y equi pped and compet ent  t o per f or m such 
ser vi ces,  i ncl udi ng t he f ol l ow- up ser vi ce,  st at i ng t hat  t he i t em has been 
t est ed and conf or ms t o t he r equi r ement s,  i ncl udi ng met hod of  t est i ng,  of  
t he speci f i ed agency.   St at i on out l et s/ i nl et s shal l  be equi pped wi t h 
t hr eaded DI SS connect or  per  CGA st andar ds [ noni nt er changeabl e qui ck 
di sconnect  coupl er ,  except  f or  ni t r ogen whi ch shal l  be equi pped wi t h DI SS 
connect i ons as assi gned f or  gas and vacuum syst ems i n CGA V- 5,  except  t hat  
i nl et s f or  t he WAGD syst em shal l  be 22 mm 7/ 8 i nch nont hr eaded 
connect i ons] .   DI SS out l et s shal l  be used f or  al l  dent al  vacuum and cei l i ng 
mount  appl i cat i ons.   Pr ovi de r ecessed wal l  t ype out l et s/ i nl et s unl ess 
speci f i ed ot her wi se.   St at i on out l et s shal l  be c l eaned f or  oxygen ser vi ce 
i n accor dance wi t h Pamphl et  CGA G- 4. 1 and t he assembl y shal l  be capped and 
t he f i ni shed assembl y pol y bagged f or  shi pment .

[ 2. 20. 1. 1   Couplers

Wher e qui ck- di sconnect  coupl er s ar e f ur ni shed t hey shal l  be of  t he 
noni nt er changeabl e t ype.   Connect or  shal l  l ock f i r ml y i nt o posi t i on and 
shal l  have a f i nger - t ype qui ck r el ease.

] 2. 20. 1. 2   Faceplates

Facepl at es shal l  be pol i shed chr omi um- pl at ed met al  or  sat i n- f i ni sh 
st ai nl ess st eel  secur ed wi t h chr omi um- pl at ed count er sunk scr ews.   Pr ovi de 
ser vi ce i dent i f i cat i on ei t her  cast  i nt o,  or  per manent l y et ched by t he 
manuf act ur er  i nt o each f acepl at e.

2. 20. 1. 3   Rough- I n Assembl y

The r ough i n assembl y shal l  be of  modul ar  desi gn and i ncl ude a gas speci f i c  
16 gauge st eel  mount i ng pl at e desi gned t o per mi t  on- si t e gangi ng of  
mul t i pl e out l et s,  on 125 mm 5 i nch cent er  l i ne spaci ng.   A machi ned br ass 
out l et  bl ock shal l  be per manent l y  at t ached t o t he mount i ng br acket  t o 
per mi t  t he 13 mm 1/ 2 i nch OD,  t ype- K copper  i nl et  t o swi vel  360 degr ees f or  
at t achment  t o t he pi pi ng syst em.   The r ough i n assembl y shal l  cont ai n a 
doubl e seal  t o pr event  gas l eakage bet ween t he r ough i n and l at ch- val ve 
assembl i es af t er  t he wal l  i s  f i ni shed.   A s i ngl e o- r i ng seal  shal l  not  be 
accept abl e.   The l at ch- val ve assembl y shal l  t el escope up t o 19 mm 3/ 4 i nches
 t o al l ow f or  var i at i on i n f i ni shed wal l  t hi ckness f r om 13 t o 32 mm 1/ 2 t o 
1- 1/ 4 i nches.
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2. 20. 1. 4   Cei l i ng Appl i cat i ons/ Hose Assembl i es

Pr ovi de hose assembl i es f or  al l  cei l i ng out l et s f or  t he f i ni shed cei l i ng 
hei ght  as i ndi cat ed on dr awi ngs.   Pr ovi de each hose wi t h a heavy- dut y chai n 
t ype dual  r et r act or  f or  pr essur e gases and f or  vacuum.   Ret r act i ons made of  
st ai nl ess cabl e ar e not  accept abl e.   Al l ow an ext r a 450 mm 18 i nches of  
hose l engt h f or  r et r act or s.

2. 20. 1. 5   Vacuum Sl i des

Pr ovi de one vacuum sl i de of  t he same manuf act ur er  of  t he vacuum i nl et  f or  
each vacuum i nl et .   Coor di nat e l ocat i on wi t h r oom el evat i ons.

2. 20. 2   Dent al  Compr essed Ai r  Out l et s

Pr ovi de dent al  compr essed ai r  out l et s as f ol l ows:

a.   Pr ovi de dent al  t r eat ment  r ooms ( DTR)  wi t h a 13 mm 1/ 2 i nch ser v i ce pi pe 
t er mi nat ed wi t h a 13 x 10 mm 1/ 2 x 3/ 8 i nch compr essi on angl e st op 
valve.

b.   Dent al  l abor at or y.   Pr ovi de each of  t he f ol l owi ng,  and coor di nat e 
l ocat i ons wi t h t he l abor at or y casewor k suppl i er .

( 1)   13 mm 1/ 2 i nch ser vi ce pi pe t er mi nat ed wi t h a bal l  val ve.

( 2)   13 mm 1/ 2 i nch ser vi ce pi pe t er mi nat ed wi t h a needl e val ve.

( 3)   13 mm 1/ 2 i nch ser vi ce pi pe t er mi nat ed wi t h a qui ck di sconnect  
br ass body coupl er  and sl eeve,  10 mm 3/ 8 i nch NPT,  2070 kPa 300 psi
maxi mum pr essur e r at i ng,  Buna- N seal s,  and compl yi ng wi t h t he 
di mensi onal  r equi r ement s of  mi l i t ar y speci f i cat i on MI L- C- 4109.

c.   Pr ovi de dent al  i nst r ument  pr ocessi ng cent er  wi t h a 16 mm 5/ 8 i nch OD 
ser vi ce pi pe t er mi nat ed wi t h a qui ck di sconnect  br ass body coupl er  and 
sl eeve,  10 mm 3/ 8 i nch NPT,  2070 kPa 300 psi  maxi mum pr essur e r at i ng,  
Buna- N seal s,  and compl yi ng wi t h t he di mensi onal  r equi r ement s of  
mi l i t ar y speci f i cat i on MI L- C- 4109.

2. 20. 3   Dent al  Or al  Evacuat i on I nl et s ( Dent al  Tr eat ment  Room)

Pr ovi de dent al  t r eat ment  r ooms ( DTR)  wi t h a 13 mm 1/ 2 i nch ser vi ce pi pe 
t er mi nat ed 50 mm 2 i nches above bot t om of  f l oor  box or  above f i ni shed 
f l oor .   Cover  pi pe end t o pr event  ent r ance of  debr i s.   Pr epar e end f or  
cont i nuat i on of  ser vi ce by anot her  Di v i s i on.

2. 21   MEDI CAL GAS AND SUPPORT SYSTEMS OUTLETS AND VACUUM SYSTEMS I NLETS

2. 21. 1   St at i on Out l et s/ I nl et s

**************************************************************************
NOTE:   The t ype of  connect or s at  st at i on out l et s 
wi l l  be as speci f i ed by t he usi ng ser vi ce.   Thi s i s  
r equi r ed t o ensur e t hat  t he connect or s pr ovi ded ar e 
compat i bl e wi t h t hose on Gover nment - f ur ni shed mobi l e 
appar at us.   Unl ess ot her wi se r equi r ed by t he usi ng 
f aci l i t y ,  out l et s/ i nl et s shal l  be DI SS t ype.

**************************************************************************
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Pr ovi de st at i on out l et s/ i nl et s ( Oxygen,  Ni t r ogen,  Ni t r ous Oxi de,  Car bon 
Di oxi de,  Medi cal  Compr essed Ai r ,  Medi cal - Sur gi cal  Vacuum,  WAGD,  I nst r ument  
Compr essed Ai r )  conf or mi ng t o NFPA 99.   Pr ovi de st at i on out l et s/ i nl et s f or  
conceal ed pi pi ng made of  br ass and havi ng an adj ust abl e val ve mechani sm t o 
compensat e f or  var i at i on i n wal l  t hi ckness.   Each uni t  shal l  be secur el y 
mount ed and sel f - seal i ng.   Each uni t  as an assembl y shal l  conf or m t o t he 
r equi r ement s of  t he Under wr i t er s Labor at or i es I nc. ;  submi t  pr oof  of  such 
conf or mance.   The l abel  or  l i s t i ng of  t he speci f i ed agency wi l l  be 
accept abl e evi dence.   I n l i eu of  t he l abel  or  l i s t i ng,  t he Cont r act or  may 
submi t  a wr i t t en cer t i f i cat e f r om any appr oved nat i onal l y r ecogni zed 
t est i ng or gani zat i on adequat el y equi pped and compet ent  t o per f or m such 
ser vi ces,  i ncl udi ng t he f ol l ow- up ser vi ce,  st at i ng t hat  t he i t em has been 
t est ed and conf or ms t o t he r equi r ement s,  i ncl udi ng met hod of  t est i ng,  of  
t he speci f i ed agency.   St at i on out l et s/ i nl et s shal l  be equi pped wi t h  
t hr eaded DI SS connect or  per  CGA st andar ds [ noni nt er changeabl e qui ck 
di sconnect  coupl er ,  except  f or  ni t r ogen whi ch shal l  be equi pped wi t h DI SS 
connect i ons as assi gned f or  gas and vacuum syst ems i n CGA V- 5,  except  t hat  
i nl et s f or  t he WAGD syst em shal l  be 22 mm 7/ 8 i nch nont hr eaded 
connect i ons] .   DI SS out l et s shal l  be used f or  al l  cei l i ng mount  
appl i cat i ons.   Pr ovi de r ecessed wal l  t ype out l et s/ i nl et s unl ess speci f i ed 
ot her wi se.   St at i on out l et s shal l  be c l eaned f or  oxygen ser vi ce i n 
accor dance wi t h Pamphl et  CGA G- 4. 1 and t he assembl y shal l  be capped and t he 
f i ni shed assembl y pol y bagged f or  shi pment .

[ 2. 21. 1. 1   Couplers

Wher e qui ck- di sconnect  coupl er s ar e f ur ni shed t hey shal l  be of  t he 
noni nt er changeabl e t ype.   Connect or  shal l  l ock f i r ml y i nt o posi t i on and 
shal l  have a f i nger - t ype qui ck r el ease.

] 2. 21. 1. 2   Faceplates

Facepl at es shal l  be pol i shed chr omi um- pl at ed met al  or  sat i n- f i ni sh 
st ai nl ess st eel  secur ed wi t h chr omi um- pl at ed count er sunk scr ews.   Pr ovi de 
ser vi ce i dent i f i cat i on ei t her  cast  i nt o,  or  per manent l y et ched by t he 
manuf act ur er  i n t o each f acepl at e.

2. 21. 1. 3   Rough- I n Assembl y

The r ough i n assembl y shal l  be of  modul ar  desi gn and i ncl ude a gas speci f i c  
16 gauge st eel  mount i ng pl at e desi gned t o per mi t  on- si t e gangi ng of  
mul t i pl e out l et s,  on 125 mm 5 i nch cent er  l i ne spaci ng.   A machi ned br ass 
out l et  bl ock shal l  be per manent l y  at t ached t o t he mount i ng br acket  t o 
per mi t  t he 13 mm 1/ 2 i nch OD,  t ype- K copper  i nl et  t o swi vel  360 degr ees f or  
at t achment  t o t he pi pi ng syst em.   The r ough i n assembl y shal l  cont ai n a 
doubl e seal  t o pr event  gas l eakage bet ween t he r ough i n and l at ch- val ve 
assembl i es af t er  t he wal l  i s  f i ni shed.   A s i ngl e o- r i ng seal  shal l  not  be 
accept abl e.   The l at ch- val ve assembl y shal l  t el escope up t o 19 mm 3/ 4 i nches
 t o al l ow f or  var i at i on i n f i ni shed wal l  t hi ckness f r om 13 t o 32 mm 1/ 2 t o 
1- 1/ 4 i nches.

2. 21. 1. 4   Cei l i ng Appl i cat i ons/ Hose Assembl i es

Pr ovi de hose assembl i es f or  al l  cei l i ng out l et s f or  t he f i ni shed cei l i ng 
hei ght  as i ndi cat ed on dr awi ngs.   Pr ovi de each hose wi t h a heavy- dut y chai n 
t ype dual  r et r act or  f or  pr essur e gases and f or  vacuum.   Ret r act i ons made of  
st ai nl ess cabl e ar e not  accept abl e.   Al l ow an ext r a 450 mm 18 i nches of  
hose l engt h f or  r et r act or s.
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2. 21. 1. 5   Vacuum Sl i des

Pr ovi de one vacuum sl i de of  t he same manuf act ur er  of  t he vacuum i nl et  f or  
each vacuum i nl et .   Coor di nat e l ocat i on wi t h r oom el evat i ons.

2. 22   LABORATORY COMPRESSED AI R [ AND PROCESS COMPRESSED AI R]  TERMI NATI ON

Pr ovi de 13 mm 1/ 2 i nch t ube at  each l ocat i on and t er mi nat e 100 mm 4 i nches 
f r om f i ni shed f ace of  wal l / par t i t i on wi t h 13 mm 1/ 2 i nch bal l  val ve and 150 
mm 6 i nch l ong capped ext ensi on.

2. 23   WARNI NG SYSTEMS

**************************************************************************
NOTE:   Coor di nat e al ar m panel  l ocat i ons and power  
r equi r ement s wi t h Di v i s i on 26.

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

Al ar m panel s f or  gas and vacuum syst ems shal l  be l ocat ed as speci f i ed and 
i ndi cat ed.   Each si gnal  and gauge shal l  be appr opr i at el y l abel ed 
" OPERATI NG"  and " EMERGENCY. "   Each gauge and devi ce shal l  be c l ear l y 
i dent i f i ed by means of  engr aved pl ast i c namepl at es.   Al ar ms and pr essur e 
gauges shal l  be pr ovi ded f or  each pr essur i zed syst em.   Al ar ms and vacuum 
gauges shal l  be pr ovi ded f or  each vacuum,  WAGD,  and or al  evacuat i on 
syst em.   Si gnal  syst ems shal l  be ener gi zed by t he nor mal  and emer gency 
power  syst ems.

2. 23. 1   Mast er  Al ar m Panel s

**************************************************************************
NOTE:   Coor di nat e l ocat i ons wi t h usi ng f aci l i t y .   
Recommended l ocat i ons i ncl ude emer gency r oom,  
cent r al  i nf or mat i on desk,  and a connect i on t o t he 
UMCS ( UFGS 23 09 00)  as det er mi ned by t he pr oj ect .

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

a.   Mast er  al ar m panel  f eat ur es:

( 1)   Pr ovi de r ecessed panel ,  compl et e wi t h al l  necessar y di spl ays,  
f act or y wi r i ng,  t r ansf or mer s,  and ci r cui t r y r equi r i ng onl y [ 115]  
[ 230]  VAC 60 Hz pr i mar y power  connect ed t o t he Li f e Saf et y 
br anch.   Pr ovi de wi t h met al l i c  back ( r ough- i n)  box.   Pr ovi de panel  
t hat  i s  compl i ant  wi t h NFPA 99 and UL Li st ed as an assembl y.

( 2)   Pr ovi de one gr een Li ght  Emi t t i ng Di ode ( LED)  i ndi cat i ng t hat  t he 
panel  i s  power ed and oper at i ng nor mal l y,  and one r ed LED 
i ndi cat i ng a f aul t  i n t he panel  power  and/ or  mi cr opr ocessor  has 
been det ect ed.   The r ed LED shal l  not  be abl e t o be r eset  unt i l  
t he f aul t  has been r epai r ed,  and t hen t he r ed LED shal l  
aut omat i cal l y  r eset  t o gr een.   Mut i ng of  t he audi bl e al ar m i n 
" Abnor mal "  st at us shal l  not  cancel  i l l umi nat i on of  t he r ed LED.   
Onl y cor r ect i on of  t he abnor mal  condi t i on shal l  al l ow r eset t i ng of  
t he LED t o gr een.

( 3)   Pr ovi de each i ndi v i dual  s i gnal  wi t h one gr een and one r ed LED.   
Pr ovi de i l l umi nat ed gr een LED f or  " Nor mal "  st at us.   Pr ovi de 
i l l umi nat ed r ed LED f or  " Abnor mal "  st at us.   Mut i ng of  t he audi bl e 
al ar m i n " Abnor mal "  st at us shal l  not  cancel  i l l umi nat i on of  t he 
r ed LED.   Onl y cor r ect i on of  t he abnor mal  condi t i on shal l  al l ow 
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r eset t i ng of  t he LED t o gr een.

( 4)   Pr ovi de audi bl e al ar m upon act uat i on of  any abnor mal  condi t i on.   
Pr ovi de audi bl e s i gnal  pr oduci ng a mi ni mum sound pr essur e l evel  of  
80 dBA measur ed at  a di st ance of  1 met er  3 f eet .   The audi bl e 
al ar m shal l  be pr ovi ded wi t h a r eset  r el ay t o shut  of f  onl y t he 
audi bl e al ar m and not  af f ect  t he i l l umi nat ed " Abnor mal "  LED,  unt i l  
t he condi t i on i s  cor r ect ed.   The audi bl e al ar m shal l  sound agai n 
upon act uat i on of  any addi t i onal  abnor mal  condi t i on.

( 5)   Pr ovi de back ( r ough- i n)  box f act or y conf i gur ed f or  i nt er nal  
sensor  mount i ng.   Pr ovi de gas speci f i c  sensor s f or  per i odi c 
t est i ng wi t hout  i nt er r upt i ng pi pel i ne pr essur es or  vacuum.   
Ext er nal  sensor s,  when appl i cabl e,  shal l  be desi gned t o f unct i on 
up t o 1524 m 5, 000 f eet  f r om t he al ar m panel .

( 6)   Pr ovi de f r ont  panel  TEST but t on t o i ni t i at e a sel f - t est  f unct i on 
t o t est  t he LED i ndi cat or s,  v i sual  di spl ays,  audi bl e al ar m,  and t o 
v i ew al ar m set  poi nt s.

( 7)   Pr ovi de cont act s f or  connect i ng t o  UMCS ( UFGS 23 09 00) .   Al ar ms 
r equi r i ng i nst al l at i on of  addi t i onal  c i r cui t  boar ds f or  PC- based 
moni t or i ng ar e not  accept abl e.

b.   Pr ovi de al ar m poi nt s based on i nst al l ed syst ems:

( 1)   Oxygen Li qui d ( Mai n Suppl y)  Less Than One Day [ Not i f y [ _____] ]

( 2)   Oxygen Changeover  t o Secondar y Suppl y [ Not i f y  [ _____] ]

( 3)   Oxygen Reser ve i n Use [ Not i f y [ _____] ]

( 4)   Oxygen Reser ve Suppl y Less Than One Day [ Not i f y [ _____] ]

( 5)   Oxygen Reser ve Pr essur e Low [ Not i f y [ _____] ]

( 6)   Oxygen Mai n Li ne Pr essur e Hi gh/ Low

( 7)   Ni t r ous Oxi de Mai n Suppl y Less Than One Day [ Not i f y [ _____] ]

( 8)   Ni t r ous Oxi de Changeover  t o Secondar y Suppl y [ Not i f y [ _____] ]

( 9)   Ni t r ous Oxi de Reser ve i n Use [ Not i f y [ _____] ]

( 10)  Ni t r ous Oxi de Reser ve Suppl y Less Than One Day [ Not i f y [ _____] ]

( 11)  Ni t r ous Oxi de Reser ve Pr essur e Low [ Not i f y [ _____] ]

( 12)  Ni t r ous Oxi de Mai n Li ne Pr essur e Hi gh/ Low

( 13)  Ni t r ogen Changeover  t o Secondar y Suppl y [ Not i f y [ _____] ]

( 14)  Ni t r ogen Mai n Li ne Pr essur e Hi gh/ Low

[ ( 15)  Car bon Di oxi de Changeover  t o Secondar y Suppl y [ Not i f y [ _____] ] ]

[ ( 16)  Car bon Di oxi de Mai n Li ne Pr essur e Hi gh/ Low]

( 17)  Medi cal  Compr essed Ai r  Mai n Li ne Pr essur e Hi gh/ Low
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( 18)  Medi cal  Compr essed Ai r  Dew Poi nt  Hi gh

**************************************************************************
NOTE:   Use f ol l owi ng onl y i f  medi cal  compr essed ai r  
i s  pr ovi ded by cyl i nder  mani f ol d.

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

[ ( 19)  Medi cal  Compr essed Ai r  Changeover  t o Secondar y Suppl y [ Not i f y  
[_____]]]

( 20)  Medi cal - Sur gi cal  Vacuum Mai n Li ne Vacuum Low

( 21)  WAGD Mai n Li ne Vacuum Low

( 22)  I nst r ument  Compr essed Ai r  Mai n Li ne Pr essur e Hi gh/ Low

( 23)  I nst r ument  Compr essed Ai r  Dew Poi nt  Hi gh

**************************************************************************
NOTE:   Use f ol l owi ng onl y i f  i nst r ument  compr essed 
ai r  i s  pr ovi ded by cyl i nder  mani f ol d.

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

[ ( 24)  I nst r ument  Compr essed Ai r  Cyl i nder  Reser ve i n Use [ Not i f y [ _____] ]
]

[ ( 25)  I nst r ument  Compr essed Ai r  Cyl i nder  Reser ve Less Than One Hour  
Suppl y [ Not i f y [ _____] ] ]

( 26)  Dent al  Compr essed Ai r  Mai n Li ne Pr essur e Hi gh/ Low

( 27)  Dent al  Sur gi cal  Vacuum Mai n Li ne Vacuum Low

( 28)  Dent al  Or al  Evacuat i on Vacuum Low

( 29)  Medi cal  Compr essed Ai r  Compr essor ( s)  Local  Al ar m

( 30)  I nst r ument  Compr essed Ai r  Compr essor ( s)  Local  Al ar m

( 31)  Medi cal - Sur gi cal  Vacuum Pump( s)  Local  Al ar m

( 32)  WAGD Vacuum Pump( s)  Local  Al ar m

2. 23. 2   Ar ea Al ar m Panel s

**************************************************************************
NOTE:   Al ar m panel s ar e onl y r equi r ed i n ar eas 
desi gnat ed i n NFPA 99 unl ess ot her wi se r equi r ed by 
usi ng f aci l i t y .

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

a.   Ar ea al ar m panel  f eat ur es:

( 1)   Pr ovi de r ecessed panel ,  compl et e wi t h al l  necessar y di spl ays,  
f act or y wi r i ng,  t r ansf or mer s,  and ci r cui t r y r equi r i ng onl y [ 115]  
[ 230]  VAC 60 Hz pr i mar y power  connect ed t o t he Li f e Saf et y 
br anch.   Pr ovi de wi t h met al l i c  back ( r ough- i n)  box.   Pr ovi de panel  
t hat  i s  compl i ant  wi t h NFPA 99 and UL Li st ed as an assembl y.
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( 2)   Pr ovi de one gr een Li ght  Emi t t i ng Di ode ( LED)  i ndi cat i ng t hat  t he 
panel  i s  power ed and oper at i ng nor mal l y.

( 3)   Pr ovi de each i ndi v i dual  s i gnal  wi t h one gr een and one r ed LED.   
Pr ovi de i l l umi nat ed gr een LED f or  " Nor mal "  st at us.   Pr ovi de 
i l l umi nat ed r ed LED f or  " Abnor mal "  st at us.   Mut i ng of  t he audi bl e 
al ar m i n " Abnor mal "  st at us shal l  not  cancel  i l l umi nat i on of  t he 
r ed LED.   Onl y cor r ect i on of  t he abnor mal  condi t i on shal l  al l ow 
r eset t i ng of  t he LED t o gr een.

( 4)   Pr ovi de audi bl e al ar m upon act uat i on of  any abnor mal  condi t i on.   
Pr ovi de audi bl e s i gnal  pr oduci ng a mi ni mum sound pr essur e l evel  of  
80 dBA measur ed at  a di st ance of  1 met er  3 f eet .   The audi bl e 
al ar m shal l  be pr ovi ded wi t h a r eset  r el ay t o shut  of f  onl y t he 
audi bl e al ar m and not  af f ect  t he i l l umi nat ed " Abnor mal "  LED,  unt i l  
t he condi t i on i s  cor r ect ed.   The audi bl e al ar m shal l  sound agai n 
upon act uat i on of  any addi t i onal  abnor mal  condi t i on.

( 5)   Pr ovi de back ( r ough- i n)  box f act or y conf i gur ed f or  i nt er nal  
sensor  mount i ng.   Pr ovi de gas speci f i c  sensor s f or  per i odi c 
t est i ng wi t hout  i nt er r upt i ng pi pel i ne pr essur es or  vacuum.   
Ext er nal  sensor s ar e not  per mi t t ed.

( 6)   Pr ovi de f r ont  panel  TEST but t on t o i ni t i at e a sel f - t est  f unct i on 
t o t est  t he LED i ndi cat or s,  v i sual  di spl ays,  audi bl e al ar m,  and t o 
v i ew al ar m set  poi nt s.

[ ( 7)   Al ar m panel s shal l  be pr ovi ded i n each nur si ng uni t  on a 
wi ng/ war d basi s as i ndi cat ed,  but  t hese panel s shal l  not  i ncl ude 
ni t r ous oxi de,  ni t r ogen,  nor  WAGD and or al  evacuat i on vacuum 
al ar ms,  unl ess speci f i cal l y  i ndi cat ed. ]

b.   Pr ovi de al ar m poi nt s based on i nst al l ed syst ems:

( 1)   Hi gh/ Low Li ne Pr essur e ( f or  each posi t i ve pr essur e syst em pi ped 
t o t he ar ea) .   Act uat i on when t he pr essur e i n t he l i ne bei ng 
moni t or ed r eaches appr oxi mat el y 20 per cent  above or  bel ow nor mal  
oper at i ng pr essur e.

( 2)   Low Li ne Vacuum ( f or  each vacuum syst em pi ped t o t he ar ea) .   
Medi cal - sur gi cal  al ar m shal l  be act uat ed when t he vacuum i n t he 
l i ne bei ng moni t or ed r eaches 60 kPa 12 i nches Hg vacuum.   [ WAGD 
and or al  evacuat i on al ar m[ s]  shal l  be act uat ed when t he vacuum i n 
t he l i ne bei ng moni t or ed r eaches 80 kPa 6 i nches Hg vacuum] .

2. 23. 3   Local  Al ar m Panel s

a.  Pr ovi de al ar m poi nt s based on i nst al l ed syst ems:

**************************************************************************
NOTE:   Use f ol l owi ng f or  oi l - l ess and oi l - f r ee 
medi cal  compr essed ai r  sour ces.

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

( 1)   Medi cal  Compr essed Ai r  Sour ce Backup ( Lag)  Compr essor  Oper at i ng

( 2)   Medi cal  Compr essed Ai r  Sour ce Car bon Monoxi de Hi gh
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( 3)   Medi cal  Compr essed Ai r  Sour ce Hi gh Di schar ge Ai r  Temper at ur e

( 4)   Medi cal  Compr essed Ai r  Sour ce Hi gh Wat er  i n Recei ver

( 5)   Medi cal  Compr essed Ai r  Sour ce Dew Poi nt  Hi gh

**************************************************************************
NOTE:   Use f ol l owi ng f or  i nst r ument  compr essed ai r  
sources.

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

( 6)   I nst r ument  Compr essed Ai r  Sour ce Backup ( Lag)  Compr essor  Oper at i ng

( 7)   I nst r ument  Compr essed Ai r  Sour ce Dew Poi nt  Hi gh

**************************************************************************
NOTE:   Use f ol l owi ng f or  medi cal - sur gi cal  vacuum 
sources.

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

( 8)   Medi cal - Sur gi cal  Vacuum Sour ce Backup ( Lag)  Vacuum Pump Oper at i ng

**************************************************************************
NOTE:   Use f ol l owi ng f or  WAGD vacuum sour ces.

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

( 9)   WAGD Vacuum Sour ce Backup ( Lag)  Vacuum Pump Oper at i ng

PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h det ai l s  of  t he wor k,  ver i f y 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   BULK LI QUI D OXYGEN SOURCE

**************************************************************************
NOTE:   I ncl ude onl y i f  bul k l i qui d oxygen sour ce 
exists.

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

Bul k l i qui d oxygen sour ce:  Connect  oxygen gas suppl y l i ne t o bul k st or age 
f aci l i t y  i n accor dance wi t h t he Regul at or y Requi r ement s.

][ 3. 3   EMERGENCY OXYGEN SUPPLY CONNECTI ON

**************************************************************************
NOTE:   Del et e i f  no emer gency oxygen suppl y 
connect i on exi st s.

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

Pi pe r el i ef  val ve di schar ge t o ext er i or  of  bui l di ng.

] 3. 4   CYLI NDER MANI FOLD SUPPLY SOURCE

a.   Pr ovi de compl et e set  of  f ul l  pr i mar y and secondar y cyl i nder s af t er  
successf ul  compl et i on of  f i nal  t est s.   Coor di nat e sour ce of  cyl i nder s 
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wi t h Owner .

b.   Pi pe syst em r el i ef  di schar ges t o ext er i or  of  bui l di ng.

c.   Pr ovi de check val ve bet ween each cyl i nder  head and t he mani f ol d 
header .   Each header  shal l  be connect ed t o t he mani f ol d cont r ol s wi t h 
shut of f  val ves.   The r el i ef  val ve shal l  be vent ed t o t he out s i de 
at mospher e i f  t he t ot al  capaci t y of  t he syst em i s mor e t han 57 cubi c 
met er s 2, 000 cubi c f eet  of  gas.   Vent i ng shal l  be accompl i shed by 
pi pi ng t he r el i ef  val ve t o t he out s i de at mospher e or  by appr oved 
duct wor k havi ng a mi ni mum openi ng of  0. 047 squar e met er s 72 squar e 
i nches.   The mani f ol d shal l  be i nst al l ed accor di ng t o t he 
manuf act ur er ' s r ecommendat i on and as r equi r ed by NFPA 99.

3. 5   COMPRESSED AI R AND VACUUM SOURCES

I nst al l at i on shal l  be i n accor dance wi t h manuf act ur er ' s i nst r uct i ons and 
r ecommendat i ons.   Al i gn compr essor  and vacuum pump coupl i ngs i n accor dance 
wi t h manuf act ur er s '  speci f i cat i ons.   Pr ovi de f act or y ser vi ce r epr esent at i ve 
t o super vi se i nst al l at i on and t o set  pr essur e and vacuum swi t ches.   Syst em 
st ar t - up shal l  be per f or med by f act or y t r ai ned per sonnel  and document ed.

3. 5. 1   Cent r al  Dr y Separ at or  f or  Hi gh- Vol ume Labor at or y Dust  Evacuat i on

Locat e t he separ at or  so t hat  t he l ower  cani st er  can be r emoved easi l y and 
cl eaned.   The separ at or  shal l  be equi pped wi t h a cut - of f  val ve t o per mi t  
shut down when t he syst em i s not  i n use.

3. 5. 2   Amal gam Separ at or  f or  Dent al  Or al  Evacuat i on

Amal gam separ at or  shal l  be i nst al l ed bet ween t he t r eat ment  r ooms and t he 
cent r al  wet  separ at or  i n a l ocat i on t hat  i s  accessi bl e f r om a st andi ng 
posi t i on adj acent  t o t he separ at or .

3. 6   PI PI NG SYSTEMS

a.   Pi pi ng shal l  be c l eaned,  t est ed,  and i nst al l ed as speci f i ed i n NFPA 99.

b.   Pr ovi de Ni t r ogen NF gas pur ge t o pr event  oxi de f or mat i on i nsi de t he 
copper  t ubi ng when br azi ng j oi nt s.   Joi nt s shal l  be made wi t h BCuP 
ser i es br azi ng al l oy,  except  as per mi t t ed ot her wi se by NFPA 99.   
Br azi ng al l oy shal l  f ul l y  penet r at e j oi nt s.

c.   Make up t hr eaded j oi nt s,  as per mi t t ed by NFPA 99,  wi t h 
pol yt et r af l uor oet hyl ene t ape,  or  ot her  t hr ead seal ant  appr oved f or  
oxygen ser vi ce.   Thr ead seal ant  shal l  be appl i ed t o mal e t hr eads onl y.

d.   I nst al l  pi pe l i nes wher e t hey wi l l  not  be subj ect  t o physi cal  damage.

e.   I nst al l  br anch pi pi ng f ul l  s i ze t o each out l et / i nl et ,  i ncl udi ng 
ver t i cal  dr ops.   Pr ovi de r educer  at  t he out l et / i nl et  pi gt ai l  connect i on.

f .   Pr ovi de pr ot ect i on of  under gr ound pi pi ng agai nst  f r ost ,  cor r osi on,  and 
physi cal  damage by i nst al l i ng pi pi ng i n nonmet al l i c  duct s or  casi ngs.   
Encase under gr ound pi pi ng passi ng beneat h l oad bear i ng sur f aces and 
t r af f i c  ar eas i n spl i t  PVC pi pe s i zed t o accommodat e pi pi ng.   Secur e 
spl i t  PVC pi pi ng wi t h gal vani zed st eel  dr aw bands.   Suppor t  at  r egul ar  
i nt er val s by i nsul at i ng spacer s pr ovi di ng compl et e c i r cumf er ent i al  
clearance.
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g.   I nst al l  pi pi ng i nt ended t o cont ai n cr yogeni c l i qui ds such t hat  t he 
l i qui d does not  come i n cont act  wi t h concr et e i n t he event  of  a l eak.

h.   Pi pi ng shal l  be connect ed near  t he t op of  r ecei ver s.

i .   Compr essed ai r  i nt ake pi pe,  and vacuum pump exhaust  pi pe shal l  be 
ext ended t o t he out s i de of  t he bui l di ng and t hei r  end t ur ned down and 
scr eened agai nst  i nsect s.

j .   Pr ovi de v i br at i on- absor bi ng coupl i ngs bet ween t he compr essed ai r  and 
vacuum sour ce( s)  and t he syst em pi pel i ne,  and t he compr essed ai r  and 
vacuum sour ces and t he i nt ake ai r / vacuum pump exhaust  pi pi ng.

k.   Pr ovi de l abor at or y and pr ocess ai r  pi pi ng syst em( s)  separ at e f r om t he 
dent al  and medi cal  compr essed ai r  syst em( s) .

l .   Dent al  or al  evacuat i on syst em pi pi ng shal l  be i nst al l ed wi t h a mi ni mum 
sl ope of  7 mm per  3. 05 m 1/ 4 i nch per  10 f eet  f r om t he DTR ut i l i t y  box 
t o t he separ at or  t anks.

m.   Pr ovi de pi pel i nes wi t h appr opr i at e syst em l abel i ng conf or mi ng t o NFPA 99.

3. 7   STATI ON OUTLETS/ I NLETS

3. 7. 1   Wal l  Out l et s/ I nl et s

Wal l  out l et s/ i nl et s shal l  be l ocat ed 1. 5 m 60 i nches f r om f i ni shed f l oor  or  
as i ndi cat ed.   Back boxes shal l  be per manent l y st amped wi t h t he gas or  
vacuum ser vi ce i dent i f i cat i on and shal l  be saf et y- keyed t o accept  onl y t he 
appr opr i at e gas or  vacuum f acepl at e.

3. 7. 2   DI SS Connect i ons

Wher e t hr eaded connect i ons ar e f ur ni shed,  DI SS connect i ons as descr i bed i n 
CGA V- 5 shal l  be used t o pr ovi de noni nt er changeabl e connect i ons.   I n or der  
t o f aci l i t at e connect i on maki ng,  t he t hr eads of  t he connect i on shal l  engage 
bef or e t he check val ve i s depr essed and pr essur e i s al l owed t o ent er  t he 
at t ached f i t t i ng.   No l eakage shal l  occur  when t hr eads ar e f i nger t i ght .

3. 7. 3   Hei ght  of  Hose- r eel  Type Out l et s/ I nl et s

Ter mi nat i on shal l  be a mi ni mum of  2 m 80 i nches above t he f i ni shed f l oor .

3. 8   VALVES AND ASSEMBLI ES

Val ve cabi net s shal l  be r ecess mount ed on t he cor r i dor  s i de of  t he 
par t i t i on.   Cabi net s shal l  house al ar m syst em sensor s and zone cont r ol  
val ves.   The val ves shal l  be i nst al l ed i n t he cabi net  1. 5 m 5 f eet  above 
t he f l oor  at  t he cent er  l i ne of  t he box and shal l  pr ovi de compl et e shut of f  
of  each of  t he pi ped ser vi ces.   Pr ovi de val ves and exposed pi pi ng 
connect i ng t he val ves wi t h appr opr i at e syst em l abel i ng conf or mi ng t o NFPA 99.   
Val ves and exposed pi pi ng connect i ng t he val ves shal l  be l abel ed or  
i dent i f i ed i n an appr oved manner  wi t h col or s as f ol l ows:
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System Color

Compr essed Ai r Yellow

Oxygen Green

Nitrogen Black

Ni t r ous Oxi de Blue

Vacuum White

Each val ve shal l  be secur el y mount ed i n a f i xed posi t i on by means of  
br acket s.   Posi t i on of  each val ve shal l  al l ow f or  a f i r m gr i p t o f aci l i t at e 
easy c l osi ng and openi ng.   Each val ve or  val ve box shal l  be l abel ed i n 
subst ance as f ol l ows:

" Caut i on -  ( Name of  appl i cabl e syst em)  Val ves.   Do not  c l ose except  i n 
emer gency.   Thi s val ve cont r ol s ( Name of  appl i cabl e syst em)  t o [ i nser t  
r oom name/ number ] . "

3. 9   GAUGES

a.   Cal i br at e and zer o gauges at  j ob s i t e.

b.   Per manent l y l abel  gauges wi t h syst em name.

3. 10   VI BRATI ON- ABSORBI NG FEATURES

**************************************************************************
NOTE:   Desi gner  wi l l  i ndi cat e on t he dr awi ngs wher e 
equi pment  shoul d be mount ed r esi l i ent l y.   Det ai l s  
f or  pr oper  mount i ng of  equi pment  wi l l  be i ndi cat ed 
on t he dr awi ngs.   Desi gner  wi l l  i nser t  r equi r ed 
i sol at i on ef f i c i ency i n t he bl ank space f or  
i nst al l at i ons wher e speci f i c  val ues f or  r educt i on of  
noi se and vi br at i on t r ansmi ssi on ar e necessar y;  
ot her wi se t he sent ence wi l l  be del et ed.   For  ar eas 
wher e t he maxi mum t ol er abl e t r ansmi ssi bi l i t y  i n 
per cent  i s  consi der ed necessar y,  t he i sol at i on 
ef f i c i ency wi l l  be gi ven.   Recommended 
t r ansmi ssi bi l i t y  i n per cent ages i s as f ol l ows:   10 
per cent  f or  equi pment  mount ed i n ver y cr i t i cal  
ar eas,  10 t o 20 per cent  f or  cr i t i cal  ar eas,  and 20 
t o 40 per cent  f or  noncr i t i cal  ar eas.   The dr awi ngs 
shoul d be checked t o ensur e t hat  al l  s t r uct ur al  and 
equi pment  connect i on f act or s or  condi t i ons 
sur r oundi ng t he equi pment ,  whi ch ar e t o be pr ovi ded 
wi t h v i br at i on i sol at i on uni t s,  f avor abl y i nf l uence 
t he ef f ect i veness of  t he i sol at or s.   Wher e many 
i t ems of  equi pment  r equi r e di f f er ent  t r ansmi ssi on 
val ues because of  di f f er ent  equi pment  l ocat i ons,  t he 
speci f i cat i on may be r evi sed t o i ndi cat e t he 
appr opr i at e val ues on t he dr awi ngs.

Del et e submi t t al  of  v i br at i on- absor pt i on f eat ur es 
when not  r equi r ed.

**************************************************************************
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Mechani cal  equi pment ,  i ncl udi ng compr essor s and pumps,  shal l  be i sol at ed 
f r om t he bui l di ng st r uct ur e by appr oved vi br at i on- absor bi ng f eat ur es unl ess 
ot her wi se shown.   Each f oundat i on shal l  i ncl ude st andar d i sol at i on uni t s as 
i ndi cat ed.   Each uni t  shal l  consi st  of  machi ne and f l oor  or  f oundat i on 
f ast eni ng,  t oget her  wi t h i nt er medi at e i sol at i on mat er i al ,  and shal l  be a 
st andar d pr oduct  wi t h pr i nt ed l oadi ng r at i ng.   Pi pi ng connect ed t o 
mechani cal  equi pment  shal l  be pr ovi ded wi t h f l exi bl e connect or s.   I sol at i on 
uni t  i nst al l at i on shal l  l i mi t  v i br at i on t o [ _____]  per cent  of  t he l owest  
equi pment  r pm.   Submi t  det ai l s  of  v i br at i on- absor bi ng f eat ur es,  i nc l udi ng 
ar r angement ,  f oundat i on pl an,  di mensi ons and speci f i cat i ons.

3. 10. 1   Tank or  Ski d Mount ed Compr essor s

Fl oor  at t achment  shal l  be as r ecommended by compr essor  manuf act ur er .   
Compr essor s shal l  be mount ed t o r esi st  sei smi c l oads as speci f i ed i n 
[ Sect i on 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC]  [ Sect i on 22 05 48. 00 20 
MECHANI CAL SOUND,  VI BRATI ON,  AND SEI SMI C CONTROL] .

3. 10. 2   Foundat i on Mount ed Compr essor s

Foundat i on at t achment  shal l  be as r ecommended by t he compr essor  
manuf act ur er .   Compr essor s shal l  be mount ed t o r es i st  sei smi c l oads as 
speci f i ed i n [ Sect i on 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC]  [ Sect i on 
22 05 48. 00 20 MECHANI CAL SOUND,  VI BRATI ON,  AND SEI SMI C CONTROL] .

3. 11   TRAINING

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

b.   I nst r uct i on shal l  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   The number  of  man- days ( 8 hour s per  day)  of  
i nst r uct i on f ur ni shed shal l  be as speci f i ed i n t he i ndi v i dual  sect i on.   
When mor e t han 4 man- days of  i nst r uct i on ar e speci f i ed,  use 
appr oxi mat el y hal f  of  t he t i me f or  c l assr oom i nst r uct i on.   Use ot her  
t i me f or  i nst r uct i on wi t h t he equi pment  or  syst em.

c.   When si gni f i cant  changes or  modi f i cat i ons i n t he equi pment  or  syst em 
ar e made under  t he t er ms of  t he cont r act ,  pr ovi de addi t i onal  
i nst r uct i on t o acquai nt  t he oper at i ng per sonnel  wi t h t he changes or  
modifications.

3. 12   GAS,  SUPPORT,  AND VACUUM SYSTEMS TESTI NG

3. 12. 1   Test  Repor t s

a.   Cer t i f i ed i nst al l er s,  i nspect or s,  and ver i f i er s shal l  conduct ,  document  
t est s i n accor dance wi t h NFPA 99,  f ur ni sh t hei r  own t est  equi pment  and 
suppl i es ( i ncl udi ng gases)  f or  t hei r  r espect i ve t est s.   Repor t s shal l  
be cer t i f i ed wi t h t he s i gnat ur e of  an of f i cer  of  t he company 
r esponsi bl e f or  conduct i ng t he t est .

b.   Submi t  r epor t s i n bookl et  f or m,  wi t hi n t wo weeks of  t est  dat e wi t h 
separ at e copi es of  each r epor t  f or  Cont r act or  Qual i t y Cont r ol ,  and 
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Cont r act i ng Of f i cer .   Submi t  r epor t s of  bot h f ai l ed and passed t est s.   
Except  as i ndi cat ed under  speci f i c  t est  descr i pt i on,  r epor t s may be 
subdi v i ded by t est ed ar ea t o al l ow t i mel y submi ssi on.   Submi t  t est  
r epor t s showi ng al l  f i el d t est s per f or med t o adj ust  each component  and 
f i el d t est s per f or med t o pr ove compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a,  upon compl et i on and t est i ng of  t he i nst al l ed 
syst ems.   Each t est  r epor t  shal l  i ndi cat e t he f i nal  posi t i on of  
controls.

c.   Document  each r epor t  separ at el y i n an easy- t o- f ol l ow manner ,  or gani zed 
by ar eas and syst ems t est ed.   ( An ar ea i s t ypi cal l y  a gr oup of  out l et s 
downst r eam of  a zone val ve assembl y. )

d.   At  t he begi nni ng of  each r epor t ,  document  t he f ol l owi ng i nf or mat i on:

( 1)   Name of  pr oj ect .

( 2)   Dat e of  r epor t .

( 3)   Name of  company r esponsi bl e f or  per f or mi ng t est .

( 4)   Name of  per son conduct i ng t est .

( 5)   Dat e of  t est .

( 6)   Ar ea( s)  t est ed.

( 7)   Name and addr ess of  f aci l i t y .

e.   Pr essur e r eadi ngs shal l  be made wi t h cal i br at ed gauges t hat  have 
accur aci es of  +/ -  7 kPa 1 psi .

f .   Temper at ur e r eadi ngs shal l  be made wi t h cal i br at ed t her momet er s t hat  
have accur aci es of  +/ -  0. 5 degr ees C 1 degr ees F.

3. 12. 2   Repor t  St at us

Pr oj ect  i s  accept abl e onl y af t er  syst ems have passed t est s per f or med by t he 
I nspect i on,  Test i ng,  and Ver i f i cat i on Agency.   Fai l ur e of  t est  r equi r es 
cor r ect i ve act i on and r et est i ng.   Cor r ect i ve act i ons t aken t o pass t est  and 
subsequent  r et est i ng shal l  be pr ovi ded at  no ext r a cost .

3. 12. 3   Test s and Repor t s Pr i or  t o St ar t  of  I nst al l at i on

**************************************************************************
NOTE:   Del et e t hi s t est  and r epor t  when 
i nt er connect i ons wi l l  not  be made bet ween new and 
exi st i ng syst ems.

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

Conduct  t est  of  exi st i ng medi cal  gas/ vacuum war ni ng syst em t o ver i f y 
exi st i ng condi t i ons and document .

3. 12. 4   Level  3 Syst ems Test i ng

3. 12. 4. 1   General

a.   I nspect i on and t est i ng shal l  be per f or med on al l  new pi ped syst ems,  
addi t i ons,  r enovat i ons,  t empor ar y i nst al l at i ons,  or  r epai r ed syst ems,  

SECTI ON 22 60 70  Page 56



t o ensur e by a document ed pr ocedur e,  t hat  al l  appl i cabl e pr ovi s i ons of  
NFPA 99 and t he Cont r act  Document s have been adher ed t o and syst em 
i nt egr i t y has been achi eved or  mai nt ai ned.

b.   I nspect i on and t est i ng shal l  i ncl ude al l  component s of  t he syst em or  
por t i ons t her eof ,  i ncl udi ng,  but  not  l i mi t ed t o,  medi cal  gas sour ce( s) ,  
compr essed ai r  sour ces ( e. g. ,  compr essor s,  dr yer s,  f i l t er s,  
r egul at or s) ,  al ar ms and moni t or i ng saf eguar ds,  pi pel i nes,  i sol at i on 
val ves,  and st at i on i nl et s ( vacuum)  and out l et s ( posi t i ve pr essur e 
gases).

c.   Al l  syst ems t hat  ar e br eached and component s t hat  ar e subj ect  t o 
addi t i ons,  r enovat i ons,  or  r epl acement  ( e. g. ,  new medi cal  gas sour ces,  
compr essor s,  dr yer s,  al ar ms)  shal l  be i nspect ed and t est ed.   Syst ems 
shal l  be deemed br eached at  t he poi nt  of  pi pel i ne i nt r usi on by physi cal  
separ at i on or  by syst em component  r emoval ,  r epl acement ,  or  addi t i on.   
Br eached por t i ons of  t he syst ems subj ect  t o i nspect i on and t est i ng 
shal l  be conf i ned t o onl y t he speci f i c  al t er ed zone and component s i n 
t he i mmedi at e zone or  ar ea t hat  i s  l ocat ed upst r eam ( i nl et  s i de)  f or  
vacuum syst ems and downst r eam ( out l et  s i de)  f or  posi t i ve pr essur e gases 
at  t he poi nt  or  ar ea of  i nt r usi on.

d.   Pr ovi de i nspect i on,  t est i ng and ver i f i er  r epor t s cont ai ni ng det ai l ed 
f i ndi ngs and r esul t s di r ect l y t o t he Cont r act i ng Of f i cer .  Al l  
i nspect i on,  t est i ng,  and ver i f i cat i on r ecor ds shal l  be mai nt ai ned 
on- si t e wi t hi n t he f aci l i t y .   The Cont r act i ng Of f i cer  shal l  r evi ew t he 
r ecor ds pr i or  t o t he use of  al l  syst ems.

e.   The Cont r act i ng Of f i cer  wi l l  accept  t he Ver i f i er ' s  Repor t  as 
det er mi ni ng t hat  t he gas/ vacuum del i ver ed t o t he out l et / i nl et  i s  t hat  
shown on t he out l et / i nl et  l abel  and t he pr oper  connect i ng f i t t i ngs ar e 
i nst al l ed f or  t he speci f i c  gas/ vacuum ser vi ce.

3. 12. 4. 2   I ni t i al  Test s and Repor t s -  Al l  Level  3 Syst ems

The i nst al l i ng Cont r act or ,  a r epr esent at i ve of  t he syst em suppl i er ,  or  a 
r epr esent at i ve of  t he syst em manuf act ur er  i s  r esponsi bl e f or  conduct i ng and 
document i ng t hese t est s.   Test  gas shal l  be oi l - f r ee,  dr y Ni t r ogen NF.   
Pr ovi de al l  necessar y mat er i al s and t est  appar at us t o sat i sf act or i l y  
per f or m t est s.

a.   I ni t i al  Bl ow Down Test .

b.   I ni t i al  Pr essur e Test  f or  Posi t i ve Pr essur e Gas Syst ems and Copper  
Vacuum Pi pi ng.

c.   I ni t i al  Leak Test  f or  PVC Vacuum Pi pi ng.   Subj ect  pi pi ng t o a vacuum of  
not  l ess t han 12 i nches Hg vacuum.

d.   I ni t i al  Cr oss- Connect i on Test .   Conduct  t hi s t est  onl y af t er  compl et i on 
of  ever y syst em wi t hi n t est  ar ea.

e.   I ni t i al  Pi pi ng Pur ge Test .

f .   I ni t i al  St andi ng Pr essur e Test  f or  Posi t i ve- Pr essur e Gas Pi pi ng.

g.   I ni t i al  St andi ng Vacuum Test  f or  Copper  and PVC Vacuum Syst ems.   
Subj ect  PVC pi pi ng t o a vacuum of  not  l ess t han 60 kPa 12 i nches Hg 
whi ch shal l  not  r educe t o l ess t han 73 kPa 8 i nches Hg vacuum at  t he 
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end of  t he 24 hour  t est  per i od.

3. 12. 4. 3   I , T&V Agency Test s and Repor t s

**************************************************************************
NOTE:   Del et e Fi nal  Ti e- I n Test  Repor t  when 
i nt er connect i ons wi l l  not  be made bet ween new and 
exi st i ng syst ems.

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

The I nspect i on,  Test i ng and Ver i f i cat i on Agency i s  r esponsi bl e f or  
conduct i ng and document i ng gas and Ni t r ogen t est s.   Test  gas shal l  be 
oi l - f r ee,  dr y Ni t r ogen NF.   Pr ovi de al l  necessar y mat er i al s and t est  
appar at us t o sat i sf act or i l y  per f or m t est s.

[ a.   Ver i f i er  Fi nal  Ti e- I n Test . ]

b.   Ver i f i er  St andi ng Pr essur e Test .

c.   Ver i f i er  Cr oss- Connect i on Test .

d.   Ver i f i er  War ni ng Syst em Test .

e.   Ver i f i er  Pi pi ng Pur ge Test .

f .   Ver i f i er  Pi pi ng Par t i cul at e Test .

g.   Ver i f i er  Pi pi ng Pur i t y Test .

h.   Ver i f i er  Oper at i onal  Pr essur e Test .

i .   Ver i f i er  Gas Concent r at i on Test .

j .   Label i ng.

k.   Oxygen and Ni t r ous Oxi de Sour ce Equi pment  Oper at i onal  Test .

3. 12. 4. 4   Fi nal  Test s and Repor t s -  Al l  Level  3 

**************************************************************************
NOTE:   Del et e Fi nal  Ti e- I n Test  Repor t  when 
i nt er connect i ons wi l l  not  be made bet ween new and 
exi st i ng syst ems.

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

The i nst al l i ng Cont r act or ,  a r epr esent at i ve of  t he syst em suppl i er ,  a 
r epr esent at i ve of  t he syst em manuf act ur er ,  or  a cer t i f i ed syst em ver i f i er  
i s  r esponsi bl e f or  conduct i ng and document i ng Gas,  Suppor t ,  and Vacuum 
Syst ems ( except  Oxygen and Ni t r ous Oxi de)  t est s.   Test  gas shal l  be 
oi l - f r ee,  dr y Ni t r ogen NF.   Pr ovi de al l  necessar y mat er i al s and t est  
appar at us t o sat i sf act or i l y  per f or m t est s.

[ a.   Fi nal  Ti e- I n Test . ]

b.   Fi nal  St andi ng Pr essur e Test .

c.   Fi nal  St andi ng Vacuum Test .

d.   Fi nal  Cr oss- Connect i on Test .
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e.   Fi nal  Pi pi ng Pur ge Test .

f .   Label i ng.

g.   Gas,  Suppor t  Syst ems Sour ce Equi pment  Oper at i onal  Test .

h.   Vacuum Syst ems Sour ce Equi pment  Oper at i onal  Test .

i .   Dent al  Or al  Evacuat i on ( OE)  Syst em Test

Mat er i al s needed:   Two vacuum gauges,  accur acy of  at  l east  ±0. 15 kPa at  
79- 73 kPa ±0. 5"  Hg at  6- 8"  Hg.   Fl ow r est r i c t or s ( quant i t y = 70 per cent  x 
number  of  dent al  t r eat ment  r ooms) .   Fl ow r est r i c t or  component s:

( 1)   
Par t  A Hose,  smoot h bor e OE t ubi ng,  16 mm I D x 100 mm 5/ 8 i nch I D x 4 

i nch l ong.

Par t  B Hose adapt or ,  br ass,  15 mm mal e pi pe t hr ead x 10 mm 1/ 2 i nch 
mal e pi pe t hr ead x 3/ 8 i nch hose bar b.

Par t  C Tubi ng,  v i nyl ,  15 mm I D x 35 mm 1/ 2 i nch I D x 1- 3/ 8 i nch l ong.

Par t  D Tubi ng,  v i nyl ,  15 mm OD,  5 mm I D x 25 mm 1/ 2 i nch OD,  3/ 16 i nch 
I D x 1 i nch l ong.

Par t  E Tubi ng,  sof t  copper ,  8 mm x 50 mm 5/ 16 i nch x 2 i nch l ong.

( 2)   Cl ear  bur r s on cut  ends wi t h 24 mm 15/ 16 i nch dr i l l  bi t .

Fl ow r est r i c t or  assembl y:

a.   I nser t  t hr eaded end of  t he hose bar b ( Par t  B)  compl et el y i nt o t he 16 mm 
5/ 8 i nch OE hose ( Par t  A) .

b.   Sl i p t he 13 mm 1/ 2 i nch I D t ubi ng ( Par t  C)  compl et el y over  t he hose 
bar b ( Par t  B) .

c.   Sl i p 13 mm 1/ 2 i nch OD t ubi ng ( Par t  D)  i nt o t he 13 mm 1/ 2 i nch I D 
t ubi ng ( Par t  C)  t o but t  agai nst  t he hose bar b ( Par t  B) .

d.   Sl i p t he copper  t ubi ng ( Par t  E)  i nt o t he 13 mm 1/ 2 i nch OD t ubi ng ( Par t  
D)  appr oxi mat el y 19 mm 3/ 4 i nch.

e.   Fl ow r est r i c t or s as desi gned al l ow a f l ow of  3. 5 L/ s 7. 4 SCFM when 
at t ached t o pl umbi ng under  79 kPa 6 i nches Hg vacuum pr essur e.

**************************************************************************
NOTE:   Vacuum gauge No.  1 shal l  be shown on t he 
cont r act  document s.

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

( 1)   I nst al l  vacuum gauge No.  1 on a pi pe common t o t he power  uni t s  
c l ose t o t he separ at i ng t anks.   I nst al l  t hi s gauge i n a manner  
t hat  wi l l  have mi ni mal  ef f ect  on ai r f l ow t hr ough t he pi pe.

( 2)   I nst al l  vacuum gauge No.  2 on t he OE i nl et  i n t he f l oor  box of  
t he dent al  t r eat ment  r oom ( DTR)  f ar t hest  f r om t he vacuum power  
uni t s.   Not e t hat  t hi s i nl et  wi l l  be c l osed,  wi t h no f l ow passi ng 
t hr ough i t .
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( 3)   Pl ace a f l ow r est r i c t or  over  one OE i nl et  i n 70 per cent  of  t he 
f aci l i t y  DTRs.   DTRs f i t t ed wi t h f l ow r est r i c t or s shoul d i ncl ude a 
mi x of  DTRs most  di st ant  and DTRs near est  t he vacuum sour ce.

( 4)   Bl ock of f  al l  ot her  OE i nl et s and any ot her  openi ngs i n t he f i xed 
pi pe syst em.

**************************************************************************
NOTE:   OE syst ems ut i l i ze t wo or  mor e vacuum pumps 
and ar e s i zed so t hat  when one pump i s i noper abl e 
t he r emai ni ng pump( s)  ar e capabl e of  meet i ng t he 
demand of  70 per cent  of  t he f aci l i t y  DTRs.   For  t hi s 
r eason,  t est i ng wi l l  be conduct ed wi t h one pump 
i noper abl e.   Ut i l i zat i on of  f l ow r est r i c t or s 
s i mul at es f l ow obt ai ned t hr ough a f unct i oni ng dent al  
uni t .   At t achi ng f l ow r est r i c t or s t o i nl et s i n 70 
per cent  of  t he DTRs ( wi t h ot her  i nl et s bl ocked)  
ver i f i es t hat  an appr opr i at e vacuum l evel  can be 
obt ai ned,  wi t h one pump i noper abl e,  under  f l ow 
condi t i ons at  a 70 per cent  syst em demand.

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

( 5)   Oper at e t he vacuum syst em wi t h one pump i noper abl e and not e t he 
r eadi ngs on t he t wo vacuum pr essur e gauges.   Next ,  oper at e t he 
vacuum syst em wi t h a di f f er ent  pump i noper abl e and not e t he 
r eadi ng on bot h vacuum pr essur e gauges.   Cont i nue t hi s pr ocess 
unt i l  a vacuum r eadi ng has been obt ai ned wi t h each of  t he syst em 
pumps t aki ng a t ur n as t he i noper abl e pump.

( 6)   An accept abl e OE syst em shal l  be abl e t o mai nt ai n a mi ni mum of  79 
kPa 6 i nches Hg vacuum as measur ed on t he vacuum gauge on t he 
f ur t hest  DTR i nl et  ( gauge No.  2)  under  t he condi t i ons out l i ned 
above.   The syst em pi pi ng pr essur e dr op bet ween t he vacuum gauge 
near  t he power  uni t s ( gauge No.  1)  and t he vacuum gauge at  t he 
f ar t hest  DTR ( gauge No.  2)  shoul d be no mor e t han 0. 3 kPa 1 i nch 
Hg vacuum.

3. 12. 5   Level  1 Syst ems Test i ng

3. 12. 5. 1   General

a.   I nspect i on and t est i ng shal l  be per f or med on al l  new pi ped syst ems,  
addi t i ons,  r enovat i ons,  t empor ar y i nst al l at i ons,  or  r epai r ed syst ems,  
t o assur e by a document ed pr ocedur e,  t hat  al l  appl i cabl e pr ovi s i ons of  
NFPA 99 and t he Cont r act  Document s have been adher ed t o and syst em 
i nt egr i t y has been achi eved or  mai nt ai ned.

b.   I nspect i on and t est i ng shal l  i ncl ude al l  component s of  t he syst em or  
por t i ons t her eof ,  i ncl udi ng,  but  not  l i mi t ed t o,  bul k sour ce( s) ,  
cyl i nder  mani f ol ds,  compr essed ai r  sour ces ( e. g. ,  compr essor s,  dr yer s,  
f i l t er s,  r egul at or s) ,  sour ce al ar ms and moni t or i ng saf eguar ds,  mast er  
al ar ms,  pi pel i nes,  i sol at i on val ves,  ar ea al ar ms,  zone val ves,  and 
st at i on i nl et s ( vacuum)  and out l et s ( pr essur e gases) .

c.   Al l  syst ems t hat  ar e br eached and component s t hat  ar e subj ect  t o 
addi t i ons,  r enovat i ons,  or  r epl acement  ( e. g. ,  new gas sour ces:  bul k,  
mani f ol ds,  compr essor s,  dr yer s,  al ar ms)  shal l  be i nspect ed and t est ed.   
Syst ems shal l  be deemed br eached at  t he poi nt  of  pi pel i ne i nt r usi on by 
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physi cal  separ at i on or  by syst em component  r emoval ,  r epl acement ,  or  
addi t i on.   Br eached por t i ons of  t he syst ems subj ect  t o i nspect i on and 
t est i ng shal l  be conf i ned t o onl y t he speci f i c  al t er ed zone and 
component s i n t he i mmedi at e zone or  ar ea t hat  i s  l ocat ed upst r eam f or  
vacuum syst ems and downst r eam f or  pr essur e gases at  t he poi nt  or  ar ea 
of  i nt r usi on.

d.   Pr ovi de i nspect i on,  t est i ng,  and ver i f i er  r epor t s cont ai ni ng det ai l ed 
f i ndi ngs and r esul t s di r ect l y t o t he Cont r act i ng Of f i cer .   Al l  
i nspect i on,  t est i ng,  and ver i f i cat i on r ecor ds shal l  be mai nt ai ned 
on- si t e wi t hi n t he f aci l i t y .  The Cont r act i ng Of f i cer  or  t hei r  appoi nt ed 
r epr esent at i ve shal l  r evi ew t he r ecor ds pr i or  t o t he use of  al l  syst ems.

e.   Bef or e pi pi ng syst ems ar e i ni t i al l y  put  i nt o use t he Cont r act i ng 
Of f i cer  shal l  accept  t he Ver i f i er ' s  Repor t  as det er mi ni ng t hat  t he 
gas/ vacuum del i ver ed t o t he out l et / i nl et  i s  t hat  shown on t he 
out l et / i nl et  l abel  and t he pr oper  connect i ng f i t t i ngs ar e i nst al l ed f or  
t he speci f i c  gas/ vacuum ser vi ce.

3. 12. 5. 2   I nst al l er  Per f or med Test s and Repor t s

**************************************************************************
NOTE:   Del et e Connect i on Repor t  when 
i nt er connect i ons wi l l  not  be made bet ween new and 
exi st i ng syst ems.

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

The i nst al l i ng Cont r act or  i s  r esponsi bl e f or  conduct i ng and document i ng 
t hese t est s.   Test  gas shal l  be oi l - f r ee,  dr y Ni t r ogen NF.   Pr ovi de al l  
necessar y mat er i al s and t est  appar at us t o sat i sf act or i l y  per f or m t est s.   
Test s appl y t o al l  Gas,  Suppor t ,  and Vacuum Syst ems.

[ a.  Connect i on Repor t . ]

b.   I ni t i al  Bl ow Down Test .

c.   I ni t i al  Pr essur e Test .

d.   Cr oss Connect i on Test .

e.   Pi pi ng Pur ge Test .

f .   St andi ng Pr essur e Test  f or  Posi t i ve Pr essur e Pi pi ng.

g.   St andi ng Vacuum Test  f or  Vacuum Pi pi ng.

3. 12. 5. 3   I , T&V Agency Test s and Repor t s

**************************************************************************
NOTE:   Del et e Fi nal  Ti e- I n Test  Repor t  when 
i nt er connect i ons wi l l  not  be made bet ween new and 
exi st i ng syst ems.

Del et e I ni t i al  Al ar m Test  Repor t  when 
i nt er connect i ons wi l l  not  be made bet ween new and 
exi st i ng syst ems.

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

The I nspect i on,  Test i ng,  and Ver i f i cat i on Agency i s r esponsi bl e f or  
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conduct i ng and document i ng t hese t est s.   Test  gas shal l  be oi l - f r ee,  dr y 
Ni t r ogen NF.   Pr ovi de al l  necessar y mat er i al s and t est  appar at us t o 
sat i sf act or i l y  per f or m t est s.   Test s appl y t o al l  Gas,  Suppor t ,  and Vacuum 
Systems.

[ a.   Fi nal  Ti e- I n Test . ]

[ b.   I ni t i al  Al ar m Test .   For  each syst em,  document  oper at i on of  exi st i ng 
al ar m syst ems pr i or  t o i nt er connect i ng new and exi st i ng syst ems. ]

c.   St andi ng Pr essur e Test .

d.   Cr oss Connect i on Test .

e.   I ndi v i dual  Pr essur i zat i on Test .

f .   Pr essur e Di f f er ent i al  Test .

g.   Val ve Test .

h.   Al ar m Test .   Mast er  Al ar ms.   Ar ea Al ar ms.

i .   Pi pi ng Pur ge Test .

j .   Pi pi ng Par t i cul at e Test .

k.   Pi pi ng Pur i t y Test .

l .   Oper at i onal  Pr essur e Test .

m.   Medi cal  Gas Concent r at i on Test .

n.   Medi cal  Compr essed Ai r  Pur i t y  Test .

o.   Label i ng.

p.  Sour ce Equi pment  Ver i f i cat i on:

( 1)   Gas Cyl i nder  Suppl y Sour ces.

( 2)   Medi cal  Compr essed Ai r  Compr essor  Sour ces.

( 3)   Medi cal - Sur gi cal  Vacuum Sour ces.

3. 13   WARNI NG SYSTEM

Pr ovi de wi r i ng r equi r ed f or  war ni ng syst em except  f or  power  sour ce at  each 
al ar m panel ,  whi ch i s pr ovi ded by El ect r i cal  Speci f i cat i on Di v i s i on 
cont r act or .   I nst al l  wi r i ng i n condui t  [ i ncl udi ng under gr ound por t i on t o 
t he bul k oxygen si t e] .

a.   Label  each al ar m posi t i on on each al ar m panel .   Coor di nat e desi gnat i ons 
wi t h usi ng f aci l i t y .   Coor di nat e ar ea desi gnat i ons wi t h associ at ed zone 
val ve assembl y desi gnat i ons.

b.   Mast er  al ar m panel s shal l  not  be dai sy- chai ned.   Pr ovi de panel  
dedi cat ed sensor s and wi r i ng f r om t he al ar m poi nt s t o each i nst al l ed 
mast er  al ar m panel .
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c.   Pr ovi de mast er  al ar m panel s at  t he f ol l owi ng l ocat i ons:

Emer gency Recei vi ng Desk Room [ _____]

Cent r al  I nf or mat i on Desk Room [ _____]

Bui l di ng Engi neer s Of f i ce Room [ _____]

Bui l di ng Secur i t y Of f i ce Room [ _____]

d.   Pr ovi de mast er  al ar m connect i on t o UMCS ( UFGS  23 09 00) .

e.   Ar ea al ar m panel s shal l  not  be dai sy- chai ned.

[ 3. 14   EXI STI NG PI PED DI STRI BUTI ON SYSTEMS

**************************************************************************
NOTE:   I ncl ude exi st i ng pi ped di st r i but i on syst ems 
when r emodel s af f ect  t hem.   Edi t  t o mat ch pr oj ect .

When bul k oxygen syst ems ar e l eased t o t he Hospi t al ,  
t hei r  upgr ade i s  not  par t  of  t hese const r uct i on 
document s:   I ncl ude t he br acket ed sent ence.

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

Upgr ade exi st i ng syst ems as i ndi cat ed and as r equi r ed t o compl y wi t h t he 
Regul at or y Requi r ement s. [   Do not  upgr ade t he bul k oxygen syst em,  but  do 
pr ovi de upgr aded al ar ms at  syst em si t e. ]

]        - -  End of  Sect i on - -
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