
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
USACE /  NAVFAC /  AFCEC UFGS- 23 44 00. 00 10 ( Febr uar y 2016)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE Super sedi ng

UFGS- 23 40 00. 00 10 ( Oct ober  2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Apr i l  2024
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SECTI ON TABLE OF CONTENTS

DI VI SI ON 23 -  HEATI NG,  VENTI LATI NG,  AND AI R CONDI TI ONI NG ( HVAC)

SECTI ON 23 44 00. 00 10

CHEMI CAL,  BI OLOGI CAL,  AND RADI OLOGI CAL ( CBR)  AI R FI LTRATI ON SYSTEM

02/ 16

PART 1   GENERAL

  1. 1   REFERENCES
  1. 2   SUBMI TTALS
  1. 3   QUALI TY ASSURANCE
    1. 3. 1   Gener al
    1. 3. 2   Wel di ng
  1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

PART 2   PRODUCTS

  2. 1   SYSTEM REQUI REMENTS
    2. 1. 1   Gener al
    2. 1. 2   St r uct ur al  Desi gn
  2. 2   STANDARD PRODUCTS
  2. 3   NAMEPLATES
  2. 4   FI LTRATI ON SYSTEM HOUSI NG
    2. 4. 1   Fi l t r at i on El ement  Access Door
    2. 4. 2   Fi l t r at i on El ement  Seal i ng Mechani sm
    2. 4. 3   Casi ngs and I nsul at i on
    2. 4. 4   Housi ng Man- Ent r y Door s
    2. 4. 5   Housi ng Leak and Pr essur e Test
  2. 5   FI LTRATI ON ELEMENTS
    2. 5. 1   Roughi ng Fi l t er
    2. 5. 2   Pr e- f i l t er  and Post - f i l t er
    2. 5. 3   Hi gh- Ef f i c i ency Par t i cul at e Ai r  ( HEPA)  Fi l t er
    2. 5. 4   Car bon Adsor ber
      2. 5. 4. 1   Ai r f l ow Resi st ance
      2. 5. 4. 2   Ref r i ger ant  Leak Test
      2. 5. 4. 3   Di met hyl met hyl phosphonat e ( DMMP)  Br eakt hr ough Li f e Test
      2. 5. 4. 4   Moi st ur e Cont ent / Cyanogen Chl or i de ( CK)  Gas Li f e Sampl i ng
      2. 5. 4. 5   Moi st ur e Cont ent
      2. 5. 4. 6   CK Gas Li f e Test
    2. 5. 5   Gasket  Seal

SECTI ON 23 44 00. 00 10  Page 1



    2. 5. 6   Fl ui d Seal
  2. 6   BAG- I N/ BAG- OUT ASSEMBLY AND BANDI NG KI TS
  2. 7   I N- PLACE DOP/ GAS AEROSOL TEST SECTI ON
  2. 8   I N- PLACE TEST PORTS
  2. 9   WEATHER COVER
  2. 10   I SOLATI ON DAMPERS
    2. 10. 1   El ect r i cal l y and Manual l y Act uat ed I sol at i on Damper  Oper at or s
    2. 10. 2   Fan Uni t
    2. 10. 3   Fl exi bl e Duct  Connect or s
  2. 11   DUCTWORK AND DUCT TRANSI TI ONS
  2. 12   THERMAL I NSULATI ON
  2. 13   PRESSURE GAUGE
  2. 14   PRESSURE PORTS

PART 3   EXECUTI ON

  3. 1   I NSTALLATI ON AND ERECTI ON
  3. 2   ACCEPTANCE TESTS
    3. 2. 1   Vi sual  I nspect i on
    3. 2. 2   Ai r f l ow Capaci t y and Di st r i but i on Test
    3. 2. 3   Ai r - Aer osol  Mi xi ng Uni f or mi t y Test
    3. 2. 4   Damper  Oper at i on and Leakage Test
    3. 2. 5   Syst em Bypass Test  ( Fi l t er  and Adsor ber  Mount i ng Fr ame)
  3. 3   FI ELD TRAI NI NG
  3. 4   FI ELD ACCEPTANCE TEST

- -  End of  Sect i on Tabl e of  Cont ent s - -

SECTI ON 23 44 00. 00 10  Page 2



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
USACE /  NAVFAC /  AFCEC UFGS- 23 44 00. 00 10 ( Febr uar y 2016)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE Super sedi ng

UFGS- 23 40 00. 00 10 ( Oct ober  2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Apr i l  2024
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SECTI ON 23 44 00. 00 10

CHEMI CAL,  BI OLOGI CAL,  AND RADI OLOGI CAL ( CBR)  AI R FI LTRATI ON SYSTEM
02/ 16

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  chemi cal ,  bi ol ogi cal ,  and 
r adi ol ogi cal  ai r  f i l t r at i on syst ems.

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

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

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

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

SECTI ON 23 44 00. 00 10  Page 3



t o updat e t he i ssue dat es.

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

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

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

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

ASHRAE 52. 2 ( 2017)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 90. 1 -  SI ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

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

ASME AG- 1 ( 2023)  Code on Nucl ear  Ai r  and Gas 
Tr eat ment

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME N509 ( 2002;  R 2008)  Nucl ear  Power  Pl ant  
Ai r - Cl eani ng Uni t s and Component s

ASME NQA- 1 ( 2022)  Qual i t y Assur ance Requi r ement s f or  
Nucl ear  Faci l i t y  Appl i cat i ons

ASTM I NTERNATI ONAL ( ASTM)

ASTM A240/ A240M ( 2023a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM D1056 ( 2020)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Sponge or  Expanded 
Rubber

ASTM D2867 ( 2009;  R 2014)  Moi st ur e i n Act i vat ed Car bon

ASTM E283 ( 2019)  St andar d Test  Met hod f or  
Det er mi ni ng t he Rat e of  Ai r  Leakage 
Thr ough Ext er i or  Wi ndows,  Cur t ai n Wal l s,  
and Door s Under  Speci f i ed Pr essur e 
Di f f er ences Acr oss t he Speci men

I NSTI TUTE OF ENVI RONMENTAL SCI ENCES AND TECHNOLOGY ( I EST)

I EST RP- CC- 001 ( 2016;  Rev 6)  HEPA and ULPA Fi l t er s
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I EST RP- CC- 008 ( 2007;  Rev 2)  Gas- Phase Adsor ber  Cel l s

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

NFPA 701 ( 2023;  ERTA 1 2023)  St andar d Met hods of  
Fi r e Test s f or  Fl ame Pr opagat i on of  
Text i l es and Fi l ms

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 32101 ( 2019;  Rev B;  Not i ce 1 -  Cont r ol l ed 
Di st r i but i on Document )  Car bon,  Act i vat ed,  
I mpr egnat ed,  
Copper - Si l ver - Zi nc- Mol ybdenum- Tr i et hyl enedi ami ne 
( ASZM- TEDA)

MI L- PRF- 32016 ( 2002;  Rev A)  Cel l ,  Gas Phase,  Adsor ber

MI L- STD- 282 ( 2015;  Rev B;  Not i ce 1 2020)  Fi l t er  Uni t s,  
Pr ot ect i ve Cl ot hi ng,  Gas- Mask Component s 
and Rel at ed Pr oduct s:   Per f or mance Test  
Met hods

U. S.  DEPARTMENT OF ENERGY ( DOE)

DOE HDBK- 1169 ( 2003)  Nucl ear  Ai r  Cl eani ng Handbook

UNDERWRI TERS LABORATORI ES ( UL)

UL 586 ( 2009;  Repr i nt  Sep 2022)  UL St andar d f or  
Saf et y Hi gh- Ef f i c i ency Par t i cul at e,  Ai r  
Fi l t er  Uni t s

UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 900 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et ySt andar d f or  Ai r  Fi l t er  Uni t s

1. 2   SUBMI TTALS

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

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

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

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

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

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

SD- 02 Shop Dr awi ngs

CBR Ai r  Fi l t r at i on Syst em;  G[ ,  [ _____] ]

I nst al l at i on and Er ect i on;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

St andar d Pr oduct s

Wel di ng

Accept ance Test s

Fact or y Test s

Fi el d Tr ai ni ng

SD- 06 Test  Repor t s

Accept ance Test s

SD- 07 Cer t i f i cat es

Fi el d Accept ance Test

Pr ot ect i ve Shi ppi ng

Car bon Adsor ber

SD- 10 Oper at i on and Mai nt enance Dat a
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Fi l t r at i on Uni t  Manual s;  G[ ,  [ _____] ]

Oper at i ng and Mai nt enance I nst r uct i ons;  G[ ,  [ _____] ]

1. 3   QUALI TY ASSURANCE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew ASME NQA- 1 and i ncl ude or  excl ude 
r equi r ement s as necessar y.   ASME NQA- 1 i s used f or  
saf et y c l ass f i l t r at i on syst ems t hat  per f or m a 
f ai l - saf e f unct i on,  t ypi cal l y f or  cont ai nment  of  
hi ghl y t oxi c mat er i al s.

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

1. 3. 1   Gener al

Manuf act ur e t he f i l t r at i on uni t s and st and- al one i sol at i on damper s under  a 
qual i t y assur ance pr ogr am t hat  meet s t he r equi r ement s st at ed i n ASME NQA- 1.

1. 3. 2   Wel di ng 

Qual i f y wel di ng pr ocedur es,  wel der s,  and wel di ng oper at or s i n accor dance 
wi t h ASME BPVC SEC I X.   Submi t  a copy of  qual i f i ed wel di ng pr ocedur es,  and 
a l i s t  of  names and i dent i f i cat i on symbol s of  qual i f i ed wel der s and 
wel di ng oper at or s,  at  l east  2 weeks pr i or  t o t he st ar t  of  wel di ng 
oper at i ons.   Per f or m al l  wel di ng i n accor dance wi t h t he r equi r ement s 
speci f i ed i n ASME BPVC SEC I X and as r equi r ed by ASME N509.   Pr essur e 
r et ai ni ng wel d j oi nt s must  compl y wi t h t he r equi r ement s of  ASME BPVC SEC I X.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Mount  t he f i l t r at i on syst em wi t h pr ot ect i ve shi ppi ng ski ds,  cr at ed or  
cover ed,  bl ocked,  br aced,  and cushi oned as necessar y t o pr event  physi cal  
damage dur i ng shi ppi ng.   Submi t  cer t i f i cat i on of  compl i ance,  i ncl udi ng a 
cer t i f i ed l i s t  of  mat er i al s.   Pr ot ect  equi pment  del i ver ed and pl aced i n 
st or age f r om t he weat her ,  humi di t y and t emper at ur e var i at i ons,  di r t  and 
dust ,  or  ot her  cont ami nant s.

PART 2   PRODUCTS

2. 1   SYSTEM REQUI REMENTS

2. 1. 1   Gener al

a.   Pr ovi de duct wor k,  f i t t i ngs,  and accessor i es as r equi r ed t o pr ovi de a 
compl et e i nst al l at i on and t o el i mi nat e i nt er f er ence wi t h ot her  
const r uct i on.   The CBR Ai r  Fi l t r at i on Syst em must  i ncl ude 
ASTM A240/ A240M Type 304 st ai nl ess st eel  bag- i n/ bag- out  housi ng,  
i sol at i on damper s l ocat ed wher e i ndi cat ed,  r oughi ng f i l t er ,  
pr e- f i l t er ,  HEPA f i l t er s,  car bon adsor ber s,  [ post - f i l t er ] ,  i n- pl ace 
t est  sect i ons,  and a [ bl ow- t hr ough]  [ dr aw- t hr ough]  f an uni t  mount ed on 
a st r uct ur al  st eel  equi pment  ski d as i ndi cat ed.   Pr ovi de t he 
f i l t r at i on syst em wi t h f i l t r at i on el ement  r emoval  t r ays,  r emovabl e 
access door s,  [ f i l t r at i on el ement  bandi ng ki t s, ]  pr essur e por t s,  
pr essur e gauges,  duct  t r ansi t i ons,  f l exi bl e connect i ons,  t est  bl anks,  
and ot her  appur t enances r equi r ed f or  t he speci f i ed oper at i on.

b.   The f i l t r at i on syst em physi cal  di mensi ons must  be sui t abl e t o f i t  t he 
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space al l ot t ed.   Joi n t oget her  sect i ons of  t he f i l t r at i on syst em i n 
ser i es t o make a syst em t hat  meet s t he r equi r ed capaci t y.   
Mechani cal l y t est  t he f i l t r at i on syst em f or  l eaks whi l e i n t he f act or y.

c.   The f i l t r at i on syst em must  be sui t abl e f or  cont i nuous oper at i on wi t h 
an ai r  st r eam t emper at ur e of  up t o 57. 2 degr ees C 135 degr ees F and 
sui t abl e f or  r adi oact i ve and chemi cal  war f ar e ser vi ce.   The syst em 
must  al so meet  t he appl i cabl e r equi r ement s of  ASME AG- 1,  ASME N509,  
and UL 586.   Syst ems l ocat ed i n t emper at ur e cont r ol l ed ar eas t hat  
f i l t er  condi t i oned ai r  or  l ow t emper at ur e ambi ent  ai r  must  be 
[ ext er nal l y or  i nt er nal l y i nsul at ed as i ndi cat ed]  [ of  doubl e wal l ed 
const r uct i on wi t h t her mal  i nsul at i on i n t he i nt er st i t i al  space] .

d.    The f i l t r at i on syst em must  meet  t he r equi r ement s of  ASHRAE 90. 1 -  SI
ASHRAE 90. 1 -  I P.

2. 1. 2   St r uct ur al  Desi gn

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sei smi c pr ot ect i on i s r equi r ed f or  f i l t r at i on 
syst ems t hat  per f or m a saf et y f unct i on dur i ng and 
af t er  a sei smi c event .   Manuf act ur er ' s st andar d 
equi pment  i s nor mal l y consi der ed qual i f i ed f or  t he 
r equi r ement s speci f i ed bel ow.   Revi ew ASME AG- 1,  
Sect i on AA- 4000,  and pr ovi de speci f i c  addi t i onal  
r equi r ement s f or  t he desi gn appl i cat i on.

Coor di nat e sei smi c pr ot ect i on r equi r ement s wi t h UFC 
3- 301- 01.

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

St r uct ur al l y desi gn and t est  t he f i l t r at i on syst em,  component s,  and 
accessor i es and submi t  appr opr i at e document at i on and cer t i f i cat i on as 
r equi r ed by ASME AG- 1 Sect i on AA.   The ser vi ce condi t i on of  t he f i l t r at i on 
syst em must  meet  l evel  [ A]  [ B]  [ C]  [ D]  ser vi ce l i mi t s wi t h t he desi gn 
l oads i ndi cat ed.   Ver i f y t he st r uct ur al  desi gn of  t he f i l t r at i on syst em,  
component s,  and accessor i es by anal ysi s,  t est i ng,  or  a combi nat i on of  
anal ysi s and t est i ng.   The f i l t r at i on syst em must  be subj ect ed t o [ 5]  
[ _____]  oper at i ng based ear t hquakes ( OBE)  and one saf e shut down ear t hquake 
( SSE)  as i ndi cat ed by t he r equi r ed r esponse spect r um.   Each OBE and SSE 
must  have a mi ni mum t est  dur at i on of  [ 30]  [ _____]  seconds.   Ensur e t he 
sei smi c pr ot ect i on r equi r ement s of  t he f i l t r at i on syst em,  component s,  and 
accessor i es compl y wi t h Sect i on 13 48 73 SEI SMI C CONTROL FOR MI SCELLANEOUS 
EQUI PMENT.

2. 2   STANDARD PRODUCTS 

Pr ovi de component s and equi pment  whi ch ar e 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 i ng of  pr oduct s t hat  ar e 
of  a s i mi l ar  mat er i al ,  desi gn,  and wor kmanshi p and have been i n 
sat i sf act or y commer ci al  or  i ndust r i al  use f or  5 year s bef or e bi d openi ng.   
Submi t  a st at ement  demonst r at i ng successf ul  compl et i on of  s i mi l ar  ser vi ces 
on at  l east  f i ve pr oj ect s of  s i mi l ar  s i ze and scope,  at  l east  2 weeks 
pr i or  t o submi t t al  of  ot her  i t ems r equi r ed by t hi s sect i on.   I ncl ude 
manuf act ur er ' s cat al og dat a f or  t he speci f i ed i t ems.   Hi ghl i ght  t he dat a 
t o show model ,  s i ze,  opt i ons,  et c. ,  t hat  ar e i nt ended f or  consi der at i on.

a.   I ncl ude t he 5- year  exper i ence appl i cat i ons of  component s and equi pment  
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The 5 year s must  be 
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sat i sf act or i l y  compl et ed by a pr oduct  whi ch has been sol d or  i s 
of f er ed f or  sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er ' s cat al ogs,  or  br ochur es.   Pr oduct s havi ng l ess t han a 
5- 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 15, 000 hour s 
excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.   Submi t  
pr oposed schedul e f or  f act or y t est s,  at  l east  2 weeks pr i or  t o t he 
st ar t  of  r el at ed t est s.

b.   The equi pment  i t ems must  be suppor t ed by a ser vi ce or gani zat i on.   
Asbest os and asbest os- cont ai ni ng pr oduct s ar e not  accept abl e.

c.   Demonst r at e compl i ance wi t h cont r act  r equi r ement s f or  t he f ol l owi ng:

( 1)  Fi l t r at i on Syst em

( 2)  Fi l t r at i on El ement s i ncl udi ng Roughi ng Fi l t er ,  Pr e- f i l t er ,  HEPA 
Fi l t er ,  Car bon Adsor ber , [  Post - Fi l t er ] ,  Gasket  Seal ,  Fl ui d Seal  
and Bag- I n/ Bag- Out  Assembl y and Bandi ng Ki t s

( 3)  I sol at i on Damper s and Damper  Oper at or s

( 4)  Fan Uni t s

( 5)  Fl exi bl e Connect i on

( 6)  Pr essur e Gauge

( 7)  Manuf act ur er ' s Qual i t y Assur ance Pr ogr am

( 8)  Test i ng Agency Qual i f i cat i ons

2. 3   NAMEPLATES

Pr ovi de equi pment  wi t h a namepl at e t hat  i dent i f i es t he manuf act ur er ' s 
name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number .   
Pr ovi de each f i l t r at i on el ement  access door  wi t h a met al  namepl at e of  t he 
same mat er i al  as t he f i l t er  housi ng,  f ast ened t o t he ext er i or  whi ch st at es 
t he cr i t i cal  r epl acement  component s and par t  number s f or  t he equi pment  
cont ai ned i nsi de.   I ncl ude f i l t r at i on el ement  model  number ,  f i l t r at i on 
el ement  ef f i c i ency,  and si ze on t he namepl at e.   Pr ovi de each f i l t r at i on 
el ement  housi ng wi t h an ext er nal  met al  pocket ,  f or  hol di ng t he oper at i on 
and mai nt enance i nst r uct i on manual ,  whi ch must  be pr ovi ded wi t h t he 
housi ng.   I f  housi ng i s exposed t o t he weat her ,  pr ovi de met al  pocket  t hat  
i s  weat her  r esi st ant  and equi pped wi t h weep hol es.   Pr ovi de i nst r uct i ons 
whi ch ar e compl et e and det ai l ed f or  t he act ual  f i l t r at i on syst em pr ovi ded.

2. 4   FI LTRATI ON SYSTEM HOUSI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A bag- i n/ bag- out  housi ng i s pr i mar i l y used 
f or  f i l t r at i on syst ems t hat  cont i nuousl y f i l t er  
cont ami nant s.   For  f i l t r at i on syst ems i n st andby 
mode or  t hat  wi l l  not  l i kel y f i l t er  cont ami nant s,  a 
bag- i n/ bag- out  housi ng i s not  r equi r ed.   A 
bl ow- t hr ough f i l t r at i on syst em wi l l  be used when 
l ocat ed i n a cont ami nat ed envi r onment  and a 
dr aw- t hr ough f i l t r at i on syst em ar r angement  wi l l  be 
used when l ocat ed i n a c l ean envi r onment .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de housi ngs of  [ s i ngl e]  [ 50 mm 2 i nch doubl e]  [ 100 mm 4 i nch doubl e]  
wal l  const r uct i on,  f abr i cat ed of  a mi ni mum 2 and 3 mm 12 and 14 gauge 
ASTM A240/ A240M Type 304 st ai nl ess st eel ,  wi t h al l  pr essur e boundar y 
j oi nt s,  seams,  and penet r at i ons wel ded ai r t i ght .   The housi ng must  conf or m 
t o ASME N509.   Pr ovi de  housi ngs of  a [ s i ngl e]  [ dual ]  s i de ser vi c i ng bank 
t ype ar r angement .   Equi p a housi ng t wo or  mor e f i l t r at i on el ement s wi de 
wi t h a f i l t r at i on el ement  r emoval  r od.   Desi gn and const r uct  t he housi ng 
f or  a pr essur e of  5, 000 Pa 20 i nches wg and wi t h an i nt egr al  st r uct ur al  
st eel  f r ame.   Pr ovi de l i f t i ng l ugs wi t h a mi ni mum of  50 mm 2 i nch di amet er  
eyehol es,  made of  t he same mat er i al  as t he housi ng,  on t he t op of  each 
f i l t r at i on uni t .   Al l  por t i ons of  t he f i l t r at i on syst em housi ng must  be 
f r ee of  shar p edges and bur r s.

2. 4. 1   Fi l t r at i on El ement  Access Door

Pr ovi de each f i l t r at i on el ement  l ocat i on wi t h an access door  t o r emove t he 
f i l t r at i on el ement  and r epl ace i t  wi t h anot her .   Pr ovi de [ s i ngl e- wal l ]  
[ doubl e- wal l  i nsul at ed]  t ype access door s,  f ul l y  gasket ed t o t he 
f i l t r at i on syst em housi ng.   Pr ovi de each r i gi d access door  wi t h at  l east  
f our  t i e- down l at ches [ wi t h l ocki ng hasps]  [ wi t h t amper - pr oof  f ast ener s] .   
Desi gn t he access door  such t hat ,  when r emoved,  no shar p pr oj ect i ons 
r emai n [ and access t o t he bag- out  por t  i s  not  i mpeded] .   [ When t he access 
door  i s c l osed,  i t  must  not  pr ess agai nst  t he bag- out  por t  or  t he PVC bag. ]

2. 4. 2   Fi l t r at i on El ement  Seal i ng Mechani sm

[ Fi l t r at i on el ement s pr ovi ded wi t h gasket  seal s must  have a seal i ng 
mechani sm t hat  i s a r epl aceabl e uni t ,  const r uct ed of  ser i es 300 st ai nl ess 
st eel ,  pr ovi di ng a t ot al  c l ampi ng f or ce of  6200 N 1400 l bs per  f i l t r at i on 
el ement  i n accor dance wi t h DOE HDBK- 1169. ]  [ Fi l t r at i on el ement s pr ovi ded 
wi t h f l ui d seal s must  have a ser i es 300 st ai nl ess st eel  r epl aceabl e 
seal i ng mechani sm t hat  engages and di sengages t he el ement  on t he housi ng 
mount i ng f r ame' s kni f e edge. ]

2. 4. 3   Casi ngs and I nsul at i on

Fi el d i nsul at e casi ngs as speci f i ed i n Sect i on 23 30 00 HVAC AI R 
DI STRI BUTI ON,  par agr aph:  Casi ngs.   Pl ace al l  of  t he r equi r ed i nsul at i on 
f or  doubl e wal l  t ype casi ng sect i ons i nsi de t he cavi t y ar ea.

2. 4. 4   Housi ng Man- Ent r y Door s

Pr ovi de [ s i ngl e wal l ]  [ 50 mm 2 i nch]  [ 100 mm 4 i nch t hi ck doubl e wal l  t ype 
access door s i nj ect ed wi t h a mi ni mum of  0. 028 kg/ cubi c met er  2. 2 
pounds/ cubi c f oot  of  pol yur et hane f oam] .   Fi ni sh each door  wi t h t he same 
mat er i al  as t he housi ng f r ont  and back.   [ Bond i nt er i or  and ext er i or  
panel s t o cr eat e a seaml ess r i gi d panel  wi t h a mi ni mum i nsul at i ng val ue 
of ]  [ R- 13]  [ _____] .   Door  panel s must  [ use a hi gh densi t y pol yur et hane 
t her mal  br eak and]  i ncor por at e an ext r uded gasket  and be i mper vi ous t o 
v i r t ual l y al l  chemi cal s and be hi ghl y f l exi bl e i n ext r eme heat  or  col d.   
Pr ovi de heavy dut y st ai nl ess st eel  hi nges and a mi ni mum 200 by 200 mm 8 by 
8 i nch [ s i ngl e]  [ doubl e]  pane saf et y gl ass v i ew wi ndows wi t h i nt egr al  wi r e 
mesh r ei nf or ci ng.   Usi ng t est  met hod ASTM E283 conf i r m zer o t ot al  CFM ai r  
l eakage at  1250 Pa 5. 0 i nches wg st at i c pr essur e f or  a 600 by 1500 mm 24 
by 60 i nch [ out ]  [ i n]  swi ng door  wi t h t wo hi nges and t wo l at ch poi nt s 
oper abl e f r om i nsi de and out si de t he housi ng.
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2. 4. 5   Housi ng Leak and Pr essur e Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use housi ng l eakage r at e of  0. 20 per cent  of  
housi ng vol ume f or  al l - wel ded man- ent r y st eel  
housi ngs and 0. 05 per cent  f or  smal l  s i ngl e- f i l t er  
housi ngs.

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

Fact or y l eak t est  t he f i l t r at i on syst em housi ng i n accor dance wi t h 
ASME AG- 1,  Sect i on 6,  usi ng t he pr essur e decay met hod.   The maxi mum 
housi ng l eakage r at e accept ance cr i t er i a i s i n accor dance wi t h 
DOE HDBK- 1169 t abl e 4. 5,  whi ch i s [ 0. 05]  [ 0. 20]  per cent  of  housi ng vol ume 
at  2480 Pa 10 i nches wg pr essur e di f f er ent i al .   Test  t he housi ng bot h 
posi t i vel y and negat i vel y t o t he desi gn pr essur e of  [ 5, 000]  [ _____]  Pa 
[ 20]  [ _____]  i nches wg bef or e per f or mi ng t he DOE HDBK- 1169 housi ng l eak 
accept ance cr i t er i a t est .

2. 5   FI LTRATI ON ELEMENTS

Pr ovi de ai r  f i l t r at i on el ement s l i s t ed i n accor dance wi t h UL 900.   
Hi gh- ef f i c i ency par t i cul at e ai r  f i l t er s and car bon adsor ber s must  meet  t he 
r equi r ement s i ndi cat ed.

2. 5. 1   Roughi ng Fi l t er

Pr ovi de [ 50]  [ 100]  mm [ 2]  [ 4]  i nch deep UL 586 Cl ass I I  r oughi ng f i l t er ,  
r i gi d pl eat  panel  f i l t er ,  consi st i ng of  cot t on and synt het i c medi a,  heavy 
gauge expanded met al  suppor t  gr i d,  and r i gi d boar d encl osi ng f r ame.   
Pr ovi de r oughi ng f i l t er   havi ng a par t i c l e s i ze r emoval  ef f i c i ency ( PSE)  
of  25 t o 30 per cent  based on ASHRAE 52. 2.   I ni t i al  r esi st ance at  [ _____]  
m/ s f eet / second must  not  exceed [ _____]  Pa i nches wg.

2. 5. 2   Pr e- f i l t er  and Post - f i l t er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Post  f i l t er s ar e r equi r ed by ASME N 509,  ar e 
l ocat ed downst r eam of  adsor ber s f or  car bon f i nes 
col l ect i on,  and used f or  non- mi l i t ar y appl i cat i ons.

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

Pr ovi de ext ended,  dr y medi a t ype [ pr e- f i l t er ]  [ pr e- f i l t er  and 
post - f i l t er ] ,  [ 100]  [ 150]  [ 300]  mm [ 4]  [ 6]  [ 12]  i nch deep,  wi t h a par t i c l e 
s i ze r emoval  ef f i c i ency ( PSE)  of  95 per cent  based on ASHRAE 52. 2.   I ni t i al  
r esi st ance at  [ _____]  m/ s f eet / second must  not  exceed [ _____]  Pa i nches wg.

2. 5. 3   Hi gh- Ef f i c i ency Par t i cul at e Ai r  ( HEPA)  Fi l t er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fr ames const r uct ed of  pl ywood ar e usual l y 
used i n appl i cat i ons wher e di sposal  of  f i l t er s i s by 
i nci ner at i on.

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

Pr ovi de HEPA f i l t er s and f r ames meet i ng t he mat er i al s,  desi gn,  i nspect i on,  
f abr i cat i on,  qual i t y assur ance,  and namepl at e mar ked as speci f i ed i n 
ASME AG- 1,  Sect i on FC,  and havi ng a 99. 97 per cent  ef f i c i ency wi t h a 0. 3 µm 
mi cr on di amet er  par t i c l e s i ze as det er mi ned by t he di oct y l  pht hal at e ( DOP)  
t est  met hod i n accor dance wi t h I EST RP- CC- 001.   Qual i f y and l abel  HEPA 
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f i l t er s i n accor dance wi t h UL 586.   HEPA f i l t er s must  have t he i ndi cat ed 
capaci t y and pr essur e dr op f or  c l ean f i l t er s.   Pr ovi de [ Type I I  -  
st ai nl ess st eel  sheet ,  Type 304]  [ Type I V pl ywood]  const r uct i on f i l t er  
f r ames as def i ned i n ASME AG- 1,  Sect i on FC.   Manuf act ur e t he HEPA f i l t er  
medi a i n accor dance wi t h ASME AG- 1,  Sect i on FC.   Pr ovi de f i l t r at i on medi a 
f r ames wi t h an i nt egr al  per i met er  gasket  seal .   I ni t i al  r esi st ance at  
[ _____]  m/ s f eet / second of  f i l t er  f ace ar ea must  not  exceed [ _____]  Pa 
i nch wg.

2. 5. 4   Car bon Adsor ber

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   To r emove al l  chemi cal  war f ar e agent s 
( i ncl uded i n FM 3- 9)  f r om an ai r  st r eam use 
i mpr egnat ed ASZM- TEDA car bon medi a.   To r emove 
chemi cal  agent s t hat  onl y have l ow vol at i l i t y  ( vapor  
pr essur e l ess t han 1, 000 Pa 4 i nches wg)  use 
act i vat ed car bon conf or mi ng t o ASME AG- 1.   Many 
t oxi c i ndust r i al  chemi cal  vapor s ar e not  ef f ect i vel y 
r emoved by ASZM- TEDA car bon.

Commer ci al  car bon adsor ber s ar e t ypi cal l y desi gned 
f or  235 sL/ s 500 scf m when conf i gur ed as a s i ngl e 
st age syst em;  however ,  desi gns f or  var i ous ai r  f l ow 
capaci t i es 165 t o 354 sL/ s 350 t o 750 scf m ar e 
avai l abl e as i ndi cat ed i n t he t abl e bel ow.

Adsor ber  Ai r  Fl ow Rat e

Nomi nal  Adsor ber
Dept h,  mm i nches

Si ngl e St age,  L/ s  
cf m

Dual  St age,  L/ s  cf m

35514 177375 354750

40516 236500 4721000

45518 295625 5901250

51024 354750 7081500

The ai r  f l ow r at es l i s t ed above ar e at  0. 25 seconds 
r esi dence t i me.

Car e shoul d be t aken t o mai nt ai n r esi dence t i me of  
ai r  passi ng t hr ough t he car bon adsor ber .   For  
exampl e,  pl aci ng t wo adsor ber s i n ser i es mai nt ai ns 
t he r esi dence t i me whi l e doubl i ng t he ai r f l ow 
capaci t y.

At  472 sL/ s 1000 scf m t he ASZM- TEDA adsor ber  uses a 
12 x 30 mesh of  car bon medi a t hat  has a pr essur e 
dr op of  appr oxi mat el y 1, 500 Pa 6 i nches wg per  
car bon adsor ber  st age.   Act i vat ed car bon adsor ber s,  
conf or mi ng t o ASME AG- 1 and usi ng 8 x 16 mesh 
car bon,  have a pr essur e dr op of  appr oxi mat el y 682 Pa 
at  472 sL/ s 2. 75 i nches wg at  1000 scf m per  car bon 

SECTI ON 23 44 00. 00 10  Page 12



adsor ber  st age.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de car bon adsor ber s consi st i ng of  s i x 50 mm 2 i nch t hi ck panel s 
conf i gur ed as a V- bed si mi l ar  t o t he shape of  a Type I  cel l  i n accor dance 
wi t h I EST RP- CC- 008.   The adsor ber  consi st s of  [ ASZM- TEDA car bon 
conf or mi ng t o MI L- DTL- 32101]  [ non- i mpr egnat ed hi ghl y act i vat ed car bon 
conf or mi ng t o ASME AG- 1,  Sect i on FF] .   Pr ovi de car bon adsor ber  meet i ng t he 
r equi r ement s f or  ai r f l ow r esi st ance,  r ef r i ger ant  l eak t est ,  
di met hyl met hyl phosphonat e ( DMMP)  br eakt hr ough l i f e t est ,  moi st ur e cont ent ,  
cyanogen chl or i de ( CK)  gas l i f e,  and gas l i f e capaci t y t est i ng.   Pr ovi de 
car bon adsor ber  havi ng an ai r f l ow r at e capaci t y as i ndi cat ed and desi gned 
t o adsor b chemi cal  vapor  wi t h an over al l  syst em mi ni mum r esi dence t i me of  
[ 0. 25]  [ ______]  seconds.   Use ASTM A240/ A240M Type 304 st ai nl ess st eel  f or  
al l  i nner  and out er  case mat er i al s. [   Desi gn t he adsor ber  t o i ncl ude a 
means t o obt ai n sampl es of  t he adsor bent .   The pr ef er r ed met hod 
i ncor por at es a set  of  sampl e cani st er s.   Ot her  met hods or  desi gns ar e 
accept abl e i f  i t  can be shown t hat  a r epr esent at i ve sampl e of  t he t ot al  
bed t hi ckness i s pr oduced wi t hout  voi ds or  t hat  r esul t  i n a bypass 
condi t i on. ]   Pr ovi de car bon adsor ber  f r ames wi t h an i nt egr al  per i met er  
[ gasket  seal ]  [ f l ui d seal ] .   Submi t  document at i on,  i ncl udi ng t abl e and/ or  
schemat i c,  i dent i f y i ng out l i ne or  s i gni f i cant  i nt er f ace di mensi ons,  
cer t i f i ed l i s t  of  mat er i al s,  adsor bent  t ype and i t s cer t i f i ed t est  
r epor t s,  wel der  qual i f i cat i ons,  cer t i f i ed t est  r epor t s f or  al l  per f or mance 
r equi r ement s speci f i ed,  cer t i f i cat i on of  compl i ance wi t h speci f i ed 
packagi ng and shi ppi ng r equi r ement s.

2. 5. 4. 1   Ai r f l ow Resi st ance

The ai r f l ow r esi st ance must  be [ 750 Pa 3. 0 I WG +/ -  10 per cent ]  [ 1, 500 
Pascal  6. 0 I WG]  [ [ _____]  Pascal  I WG +/ -  10 per cent ]  at  t he r at ed ai r  f l ow 
wi t h an ai r  st r eam t emper at ur e of  21 degr ees C 70 degr ees F and a 
bar omet r i c pr essur e of  760 mm 29. 92 i nches Hg.   Test  each cel l  t o be 
del i ver ed t o t he Pur chaser  at  t he manuf act ur er ' s l ocat i on  pr i or  t o 
packagi ng.   Mar k ai r f l ow r esi st ance and cer t i f i cat i on on each cel l .   
Rej ect  any cel l  not  meet i ng t he ai r f l ow r esi st ance r equi r ement .   I nst al l  
t he cel l  i n t he t est  t unnel  i n i t s ser vi ce or i ent at i on and t he ai r f l ow 
t hr ough t he cel l  adj ust ed t o [ 236 L/ s 500 SCFM +/ -  5 per cent ]  [ 472 L/ s 
1, 000 SCFM +/ -  5 per cent ]  [ [ _____]  L/ s SCFM +/ -  5 per cent ] .   Per f or m t he 
f ol l owi ng:   1)  Recor d t he bar omet r i c pr essur e.   2)  Measur e and r ecor d t he 
ai r  st r eam t emper at ur e.   3)  Det er mi ne and r ecor d t he di f f er ence i n t he 
st at i c pr essur e head upst r eam of  t he cel l  t o t hat  downst r eam of  t he cel l .   
Subt r act  t he t est  f i x t ur e r esi st ance so t hat  t he r ecor ded r esi st ance i s 
t hat  of  t he cel l .   I f  t est i ng occur s at  nonst andar d condi t i ons,  cal cul at e 
and r ecor d t he ai r f l ow r esi st ance,  and cor r ect  t he t est  measur ement s t o 
st andar d condi t i ons.

2. 5. 4. 2   Ref r i ger ant  Leak Test

Each cel l  t o be del i ver ed t o t he Pur chaser  must  have been t est ed by t he 
manuf act ur er  pr i or  t o packagi ng.   Dur i ng t he t est ,  t he downst r eam 
concent r at i on of  t he r ef r i ger ant  gas cannot  exceed 0. 0005 t i mes t he 
upst r eam concent r at i on.   Rej ect  cel l s t hat  do not  meet  t hi s r equi r ement .   
I nst al l  t he cel l  i n t he t est  t unnel  i n i t s ser vi ce or i ent at i on and t he 
ai r f l ow t o [ 236 L/ s +/ -  12 L/ s 500 SCFM +/ -  25 SCFM]  [ 472 L/ s +/ -  24 L/ s 
1, 000 SCFM +/ -  50 SCFM] .   Chal l enge t he cel l  wi t h a r ef r i ger ant  vapor  
( R- 134a or  equi val ent )  at  a concent r at i on equi val ent  t o at  l east  20, 000 
t i mes t he mi ni mum sensi t i v i t y of  t he moni t or  used t o measur e f i l t er  
l eakage.   Locat e t he chal l enge- gas i nj ect i on por t  i n such a manner  t o 
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ensur e uni f or m mi xi ng of  t he t r acer  gas.   Locat e t he downst r eam t est  por t  
t o ensur e a r epr esent at i ve sampl e.   Qual i f i cat i on dat a t o ver i f y t est  por t  
sel ect i on must  be on f i l e f or  i nspect i on upon r equest .   I nj ect  t he l eak 
t r acer  chemi cal  ( r ef r i ger ant )  cont i nuousl y i nt o t he f i l t er  i nf l uent  over  
an i nt er val  suf f i c i ent  t o ensur e t he ef f l uent  moni t or  i s capabl e of  
accur at el y measur i ng t he r equi r ed l eakage l evel .

2. 5. 4. 3   Di met hyl met hyl phosphonat e ( DMMP)  Br eakt hr ough Li f e Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  pr oduct i on l ot s consi st i ng of  a l ar ge 
number  of  f i l t er s,  l ess t han 10 per cent  of  t he 
f i l t er s can be t est ed t o obt ai n a hi gh l evel  of  
conf i dence of  accept abl e per f or mance.

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

The adsor ber  cel l  bei ng dest r uct i vel y t est ed f or  DMMP gas l i f e val ue as 
speci f i ed f or  a mi ni mum of  [ 50]  [ _____]  mi nut es when subj ect ed t o t he 
r at ed ai r  f l ow at  52 degr ees C 125 degr ees F,  at  l ess t han 40 per cent  
r el at i ve humi di t y and havi ng an i nl et  concent r at i on i ndi cat ed.   Test  cel l s 
whi ch ar e f i l l ed wi t h an adsor bent  meet i ng t he speci f i ed r equi r ement s wi l l  
be r andoml y sel ect ed by t he Cont r act i ng Of f i cer  f r om t he l ot .   The number  
of  cel l s r equi r ed f or  DMMP t est i ng i s 10 per cent ,  r ounded down f or  t he 
t ot al  number  of  adsor ber s i n t he l ot ,  but  not  l ess t han one.   Ther ef or e,  
t he r equi r ed number  of  del i ver abl es i s equal  t o t he number  r equi r ed f or  
t he syst em pl us t he number  of  cel l s t o under go t hi s dest r uct i ve t est i ng.   
Har d- mount  each t est  cel l  t o a r ough handl i ng machi ne i n i t s ser vi ce 
or i ent at i on and vi br at e f or  10 mi nut es at  a f r equency of  200 cycl es per  
mi nut e at  an ampl i t ude of  19. 1 mm +/ -  0. 32 mm 3/ 4 i nch +/ -  1/ 8 i nch i n 
accor dance wi t h MI L- STD- 282,  Test  Met hod 105. 11.   I mmedi at el y f ol l owi ng 
t he r ough handl i ng,  DMMP br eakt hr ough l i f e t est  t he cel l s at  t he same t est  
f aci l i t y  t he cel l s wer e r ough handl ed i n or der  t o mi ni mi ze car bon 
r edi st r i but i on.   I f  at  l east  one cel l  f ai l s  t o meet  t he cr i t er i a,  r ej ect  
t he l ot .   Adj ust  t he f i l l i ng pr ocedur e and submi t  anot her  l ot  f or  DMMP 
br eakt hr ough l i f e t est .   Just  pr i or  t o r unni ng t he DMMP t est ,  measur e and 
r ecor d ai r f l ow r esi st ance dat a f or  t he sampl e cel l  and t he ai r f l ow 
r esi st ance cal cul at ed at  st andar d condi t i ons as i ndi cat ed.   I nst al l  cel l   
i n t he t est  t unnel  i n i t s ser vi ce or i ent at i on.   Adj ust  ai r f l ow t o [ 236 L/ s 
500 SCFM +/ -  5 per cent ]  [ 472 L/ s 1, 000 SCFM +/ -  5 per cent ] .   Run t he t est  
t o cel l  l i f e.   Test  t he cel l  f or  DMMP br eakt hr ough l i f e at  t he f ol l owi ng 
t est  par amet er s:

Chal l enge Concent r at i on 5, 000 ( 400 mg/ m3 1050 ppm +/ -  80 ppm)

Br eakt hr ough Concent r at i on 0. 02 mg/ m3 0. 004 ppm

Rel at i ve Humi di t y l ess t han 40 per cent

Temper at ur e 45 degr ees C +/ -  5 degr ees C 113 degr ees F +/ -  9 
degr ees F

a.   For  t he adsor ber  cel l  t o be accept abl e,  t he br eakt hr ough t i me f or  t he 
DMMP concent r at i on of  t he f i l t er  ef f l uent  t o i ncr ease t o 0. 02 mg/ m3 
0. 004 ppm must  be as i ndi cat ed.   Whi l e t he chal l enge concent r at i on i s 
per mi t t ed t o var y wi t hi n t he st at ed r ange dur i ng t he cour se of  t he 
t est ,  nor mal i ze t he br eakt hr ough t i me measur ed t o t he 5000 mg/ m3 1050 
ppm concent r at i on by t he f ol l owi ng cal cul at i on:
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b.   Cor r ect ed br eakt hr ough t i me = Measur ed br eakt hr ough t i me x Aver age 
concent r at i on dur i ng t est  x 5000 mg/ m3 1050 ppm.

c.   The DMMP vapor  i n ai r  chal l enge concent r at i on must  be cr eat ed t o 
ensur e uni f or m mi xi ng of  t he DMMP vapor  wi t h t he ai r  once i t  r eaches 
t he t est  cel l .   Have qual i f i cat i on t est i ng t o ver i f y t he DMMP vapor  
concent r at i on i s uni f or m acr oss t he cel l  f ace on f i l e and avai l abl e 
f or  i nspect i on.   Oper at e t he t est  t unnel  at  t he r at ed f l ow.   Chal l enge 
t he i nl et  f ace of  t he cel l  as speci f i ed above.   Recor d t he t ot al  t i me 
f r om t he st ar t  of  t he cel l  chal l enge unt i l  t he br eakt hr ough 
concent r at i on i s r eached ( i . e.  t he l i f e of  t he cel l )  as t he 
br eakt hr ough t i me.   Thi s t est i ng wi l l  be per f or med by t he Gover nment  
at  t he f ol l owi ng l ocat i on:

Qual i t y Eval uat i on Labor at or y, Engi neer i ng Di r ect or at e,
U. S.  Ar my Edgewood Resear ch,  Devel opment  and Engi neer i ng Cent er
Aber deen Pr ovi ng Gr ound,  MD 21010- 5423
( 410)  436- 2284
( 410)  436- 4804 ( FAX)

2. 5. 4. 4   Moi st ur e Cont ent / Cyanogen Chl or i de ( CK)  Gas Li f e Sampl i ng

Obt ai n a mi ni mum 0. 45 kg one pound speci men of  car bon dur i ng f i l l i ng of  
t he f i r st  cel l ,  t he mi ddl e cel l ,  and t he l ast  cel l  of  t he day.   Pl ace each 
car bon speci men i n an open cont ai ner  or  i n a c l ot h bag and accompany i t s 
cel l  t hr ough t he assembl y l i ne.   Do not  expose t he speci men t o 
r ef r i ger ant .   Label  t he car bon speci men t o mat ch i t  t o i t s adsor ber  cel l .   
Upon compl et i on of  t he l ot ,  choose a sampl e f r om t he speci mens i n each 
quar t er  of  t he l ot .   Shi p t hese 4 sampl es f or  t est i ng by t he Gover nment  at  
t he l ocat i on i ndi cat ed above.

2. 5. 4. 5   Moi st ur e Cont ent

Sampl e car bon as i ndi cat ed and moi st ur e cont ent  of  each car bon adsor bi ng 
cel l  cannot  exceed 3 per cent  by wei ght  when t est ed.   Det er mi ne t he 
moi st ur e cont ent  of  t he car bon sampl es i n accor dance wi t h ASTM D2867,  
except  t he oven t emper at ur e i s 103 t o 107 degr ees C 217 t o 225 degr ees F 
and t he dr yi ng t i me i s 3 hour s.   Shoul d any sampl e f ai l  t o meet  t he 
moi st ur e r equi r ement s,  r emove al l  cel l s f abr i cat ed f ol l owi ng t he l ast  cel l  
r epr esent ed by a sampl e car bon whi ch di d meet  t he r equi r ement  and bef or e 
t he car bon r epr esent ed by t he next  car bon sampl e whi ch does meet  t he 
r equi r ement  f r om t he pr oduct i on l ot .   These cel l s may be dr i ed at  a 
t emper at ur e not  t o exceed 66 degr ees C 150 degr ees F by bl owi ng ai r  l ess 
t han 10 per cent  r el at i ve humi di t y at  r at ed f l ow f or  3 hour s,  i mmedi at el y 
bef or e packagi ng.

2. 5. 4. 6   CK Gas Li f e Test

Af t er  compl et i on of  al l  manuf act ur es st eps,  t he adsor ber  cel l ' s  car bon 
must  compl y wi t h t he CK gas sor pt i on r equi r ement  of  MI L- DTL- 32101 f or  
unaged car bon.   Det er mi ne t he CK Gas Li f e of  t he car bon sampl es i n 
accor dance wi t h MI L- DTL- 32101.   Rej ect  t he pr oduct i on l ot  of  cel l s i f  any 
sampl e f ai l s  t o meet  t he CK gas l i f e r equi r ement s as i ndi cat ed.

2. 5. 5   Gasket  Seal

Mount  and seal  an i nt er l ocki ng dovet ai l ed gasket  t o t he per i met er  of  t he 
upst r eam f ace of  t he f i l t r at i on el ement  f r ame i n accor dance wi t h ASME AG- 1,  
Sect i on FC.   Pr ovi de oi l  r esi st ant  expanded cel l ul ar  el ast omer  gasket  
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conf or mi ng t o ASTM D1056 Gr ade 2C2,  and abl e t o wi t hst and t he speci f i ed 
appl i ed c l ampi ng f or ce wi t hout  l oss of  seal  r esi l i ent  memor y.

2. 5. 6   Fl ui d Seal

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fl ui d seal s ar e l i mi t ed t o l ow- t emper at ur e 
f i l t r at i on appl i cat i ons.

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

Pr ovi de f i l t r at i on el ement  f r ames havi ng an i nt egr al  channel  f i l l ed wi t h a 
f l ui d seal .   The f l ui d seal  must  engage a cont i nuous kni f e- edge on t he 
housi ng mount i ng f r ame.   The f l ui d seal  must  be hi ghl y v i scous,  odor l ess,  
bi ost at i c,  sel f - heal i ng,  non- evapor at i ng,  non- Newt oni an,  r adi at i on and 
chemi cal  r esi st ant ,  i nsol ubl e i n wat er ,  s i l i cone compound,  and sui t abl e 
f or  a t emper at ur e r ange of  - 50 t o 202 degr ees C - 58 t o 396 degr ees F.   
Seal  t he channel  bef or e t he f l ui d seal  i s  pl aced i nt o t he channel .   The 
f l ui d seal  cannot  pul l  out  of  t he gr oove or  l eave a r esi due on t he housi ng 
mount i ng f r ame kni f e- edge.

2. 6   BAG- I N/ BAG- OUT ASSEMBLY AND BANDI NG KI TS

Pr ovi de each f i l t r at i on el ement  access l ocat i on wi t h a bag- i n/ bag- out  
assembl y and 0. 20 mm 8 mi l  t r anspar ent  PVC bag si zed t o compl et el y encl ose 
t he el ement  and sui t abl e f or  57. 2 degr ees C 135 degr ees F ambi ent  
envi r onment .   Locat e t he assembl y i nsi de t he access door .   Pr ovi de t he bag 
wi t h an el ast i c shock cor d hemmed i nt o i t s mout h and secur ed by a st r ap t o 
t he assembl y t o pr event  bag sl i ppage dur i ng t he f i l t r at i on el ement  baggi ng 
pr ocedur e.   Test  t he bag at  t he f act or y t o ensur e i t  has no l eaks.   
Pr ovi de an addi t i onal  quant i t y of  [ one compl et e set  of ]  [ _____]  spar e bags 
t o t he Cont r act i ng Of f i cer .   Pr ovi de one compl et e bandi ng ki t  wi t h each 
f i l t r at i on uni t  equi pped wi t h a bag- i n/ bag- out  assembl y.   The bandi ng ki t  
must  pr ovi de a secur e c l ampi ng of f  of  t he bag bet ween t he housi ng and t he 
spent  f i l t r at i on el ement .   Pr ovi de wi t h each ki t  a bandi ng t ool ,  a 
bag- cut t i ng t ool ,  and t wo set s of  pl ast i c t i es,  st ai nl ess st eel  bands,  and 
r epl acement  bags.   Al so pr ovi de addi t i onal  t ool s r equi r ed t o compl et e t he 
bag- i n/ bag- out  pr ocedur e.

2. 7   I N- PLACE DOP/ GAS AEROSOL TEST SECTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Test  sect i ons ar e necessar y t o per f or m 
l eakage t est s and t o l ocat e l eaks i n mul t i pl e f i l t er  
ar r ays.   Fi l t er s or  adsor ber s pl aced i n ser i es wi l l  
r equi r e a t est  and sampl e combi nat i on sect i on 
bet ween st ages.

A swi ng- away mi xi ng devi ce i s onl y used i n l eakage 
t est i ng.   The devi ce swi ngs out  of  t he way i n nor mal  
f i l t r at i on oper at i on.

Upst r eam i nj ect i on and downst r eam sampl i ng sect i ons 
ar e r equi r ed i f  par t i cul at e i s t o be f i l t er ed f r om 
t he ai r  st r eam.

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

Pr ovi de t he t est  sect i ons as an i nj ect i on,  sampl i ng,  and/ or  i nj ect i on and 
sampl i ng combi nat i on as i ndi cat ed,  const r uct ed i n a manner  i dent i cal  t o 
t he r emai nder  of  t he f i l t r at i on syst em housi ng and meet i ng t he appl i cabl e 
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desi gn par amet er s of  ASME N509.   Wher e a second st age of  [ HEPA f i l t er s]  
[ or ]  [ car bon adsor ber s]  i s  r equi r ed,  use an i nj ect i on and sampl i ng 
combi nat i on t est  sect i on bet ween t he f i r st  and second st ages.   Const r uct  
t he t est  sect i ons such t hat  adj oi ni ng par al l el  t est  sect i ons ar e i sol at ed 
f r om each ot her .   Thi s wi l l  per mi t  [ i ndi v i dual  ef f i c i ency and mechani cal  
seal  t est  of  each HEPA f i l t er ]  [ and]  [ mechani cal  seal  t est s of  t he car bon 
adsor ber ]  and suppor t i ng f r amewor k i n accor dance wi t h ASME AG- 1.   The 
pr essur e dr op acr oss each t est  sect i on must  be no gr eat er  t han 62 Pa at  
472 L/ s 0. 25 i nches wg at  1000 cf m dur i ng t he t est .   St at i onar y baf f l e 
t ype t est  sect i ons ar e not  accept abl e.   Fur ni sh t he t est  sect i on wi t h 
swi ng- away mi xi ng devi ces.   Pr ovi de i nj ect i on and sampl e por t s and 
appar at us t o f or m an i nt egr al  par t  of  t he t est  sect i on.

2. 8   I N- PLACE TEST PORTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  onl y gas adsor pt i on i s t o be per f or med by 
t he f i l t r at i on syst em i n l i eu of  upst r eam and 
downst r eam sampl i ng sect i ons,  aer osol  i nj ect i on and 
sampl e por t s may be used.

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

[ Pr ovi de upst r eam chal l enge aer osol  i nl et  and sampl e por t s f or  each [ HEPA 
f i l t er ]  [ or ]  [ car bon adsor ber ]  sect i on.   Pr ovi de a 13 mm 1/ 2 i nch NPT Type 
304 st ai nl ess st eel  coupl i ng wi t h pl ug t est  por t ,  used f or  upst r eam 
sampl i ng,  l ocat ed upst r eam of  t he HEPA f i l t er  and wel ded t o t he t op si de 
of  t he f i l t r at i on syst em housi ng. ]  [ Pr ovi de t hr ee addi t i onal  t est  por t s 
shi pped l oose f or  f i el d i nst al l at i on i nt o t he duct wor k;  one used f or  
i nj ect i on upst r eam,  one used f or  sampl i ng bef or e t he f i l t er  housi ng,  and 
one used f or  downst r eam sampl i ng of  t he f i l t r at i on syst em housi ng.   Locat e 
upst r eam i nl et  and sampl e por t  and downst r eam sampl e por t  t o pr ovi de 
uni f or m mi xi ng dur i ng f i el d- t est i ng as r equi r ed by ASME N509 and ASME AG- 1. ]

2. 9   WEATHER COVER

Pr ot ect  f i l t r at i on syst ems l ocat ed i n unshel t er ed ar eas by usi ng an 
i nt egr al  weat her  cover .   Const r uct  t he weat her  cover  of  t he same mat er i al  
as t he f i l t er  housi ng and mechani cal l y f ast en, i ncl udi ng  gasket ,  t o t he 
f i l t er  housi ng.

2. 10   I SOLATI ON DAMPERS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dependi ng on syst em desi gn r equi r ement s,  
i sol at i on damper s may or  may not  be par t  of  t he 
f i l t r at i on syst em desi gn.   The gasket  mat er i al  must  
be but yl  r ubber  f or  Cl ass 0,  zer o l eakage damper s,  
and EPDM f or  Cl ass 1 l ow l eakage damper s.

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

Pr ovi de i sol at i on damper s as an i nt egr al  par t  of  t he f i l t r at i on syst em.   
[ Pr ovi de an i ndi v i dual  damper  t o i sol at e t he f i l t r at i on syst em. ]  [ Pr ovi de 
mul t i pl e damper s t o i sol at e i ndi v i dual  sect i ons of  t he f i l t r at i on 
syst em. ]   Cl assi f y,  const r uct ,  i nspect ,  and t est  damper s i n accor dance 
wi t h ASME N509 const r uct i on Cl ass B as a s i ngl e bl ade damper  or  a 
combi nat i on of  s i ngl e bl ade damper s.   The l eakage of  t he i sol at i on damper s 
must  conf or m t o ASME AG- 1,  Sect i on DA,  Cl ass [ 0,  zer o l eakage]  [ 1,  l ow 
l eakage] .   Const r uct  t he bl ade/ di sk,  f r ame,  shaf t s,  and l i nkages of  Type 
304 st ai nl ess st eel .   Pr ovi de t he damper s wi t h Type 304 st ai nl ess st eel  
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di sk wi t h a [ but y l  r ubber ]  [ EPDM]  gasket .   The i sol at i on damper  di sk 
gasket  ( seal )  and shaf t  seal  must  be r epl aceabl e.   Oper at e each i sol at i on 
damper  by an i ndependent  el ect r i cal l y- act uat ed dr i ve mechani sm [ wi t h 
manual  backup] .   Pr ovi de i sol at i on damper s of  al l  wel ded desi gn.   [ Fact or y 
dr i l l  i n i sol at i on damper  f l anges  11 mm 7/ 16 i nch hol es,  l ocat ed on t he 
f i l t r at i on uni t  [ as i ndi cat ed]  and no mor e t han 100 mm 4 i nches apar t  as 
descr i bed i n DOE HDBK- 1169] .   Rei nf or ce t he f l anges wi t h f l at  st ock of  t he 
same mat er i al  t o pr ovi de a combi ned mi ni mum t hi ckness of  6 mm 1/ 4 i nch.

2. 10. 1   El ect r i cal l y and Manual l y Act uat ed I sol at i on Damper  Oper at or s

Oper at e damper  oper at or s i n an aut omat i c mode [ wi t h manual  backup] .   
Pr ovi de an el ect r i c/ manual  oper at or  of  suf f i c i ent  capaci t y t o oper at e t he 
damper  under  al l  condi t i ons,  and t o guar ant ee t i ght  c l ose- of f  of  t he 
damper  agai nst  al l  syst em pr essur es encount er ed.   The maxi mum f or ce 
r equi r ed t o manual l y act uat e t he damper  i s 11. 3 kg 25 pounds.   Pr ovi de 
cont r ol s as speci f i ed i n [ Sect i on 23 09 23. 01 LONWORKS DI RECT
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS]  [ Sect i on 23 09
23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL
SYSTEMS] .

2. 10. 2   Fan Uni t

Pr ovi de f ans,  ai r f l ow cont r ol  damper s,  and act uat or s as speci f i ed i n 
Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON.   Pr ovi de si ngl e- i nl et ,  cent r i f ugal  
t ype f ans,  wi t h t he f an [ i nl et ]  [ out l et ]  connect ed t o t he f i l t r at i on uni t  
wi t h a f l exi bl e duct  connect or  and duct  t r ansi t i on t o t he f i l t r at i on uni t  
housi ng.   Cont r ol  t he f an by [ a manual l y]  [ an aut omat i c el ect r i cal l y]  
act uat ed,  [ i nl et  vor t ex]  [ out l et  opposed bl ade]  damper  sui t abl e f or  t he 
speci f i ed st at i c pr essur e.

2. 10. 3   Fl exi bl e Duct  Connect or s

Pr ovi de a f l exi bl e duct  connect or  appr oxi mat el y 152 mm 6 i nches i n wi dt h 
wher e sheet  met al  connect i ons ar e made t o t he f an uni t .   Lock t he f l exi bl e 
mat er i al ,  chemi cal l y r esi st ant  but yl  r ubber ,  t o met al  col l ar s and i nst al l  
usi ng nor mal  duct  const r uct i on met hods.   The f l exi bl e mat er i al  must  
wi t hst and t he i ndi cat ed syst em pr essur es.   Pr ovi de composi t e connect or  
syst em i n compl i ance wi t h NFPA 701 and cl assi f i ed as f l ame- r et ar ded 
f abr i cs i n UL 723.

2. 11   DUCTWORK AND DUCT TRANSI TI ONS

Pr ovi de duct wor k and duct  t r ansi t i ons of  st ai nl ess st eel ,   and as 
speci f i ed i n Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON.

2. 12   THERMAL I NSULATI ON

Pr ovi de t her mal  i nsul at i on f or  duct wor k and equi pment  as speci f i ed i n 
Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 13   PRESSURE GAUGE

Pr ovi de di al  t ype pr essur e gauges,  di aphr agm oper at ed,  wi t h t wo pr essur e 
r el ay swi t ches f or  l ow and hi gh l i mi t  r el ay cont r ol .   I ncor por at e 
adj ust abl e swi t ch poi nt  i ndi cat or s f or  cont i nuous i ndi cat i on of  swi t ch 
set t i ngs i nt o t he gauges.   Pr ovi de gauges f or  r oughi ng f i l t er ,  pr e- f i l t er ,  
HEPA f i l t er  banks,  post  f i l t er ,  and t ot al  f i l t er  syst em pr essur e dr op.   
Pr ovi de gauges t hat  ar e at  l east  98 mm 3- 7/ 8 i nches i n di amet er ,  have 
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whi t e di al s wi t h bl ack f i gur es wi t h gr aduat i ons,  and a mi ni mum r ange of  
250 Pa 1 i nch wg beyond t he speci f i ed f i nal  r esi st ance f or  t he i ndi v i dual  
f i l t er  ser ved.   I ncor por at e a scr ew oper at ed zer o adj ust ment  i nt o each 
gauge and f ur ni sh compl et e wi t h st ai nl ess st eel  compr essi on f i t t i ngs and 
t ubi ng.   Mount  al l  har dwar e i n one l ocat i on and t est  at  t he f act or y.   Al l  
gauges must  have a dual  di al  scal e r eadout  i n uni t s of  pascal s and i nches 
wat er  gauge.

2. 14   PRESSURE PORTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr essur e por t s ar e not  needed f or  car bon 
adsor ber  el ement s.

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

Locat e st at i c pr essur e por t s on t he f i l t r at i on uni t  upst r eam and 
downst r eam of  each r oughi ng f i l t er ,   pr e- f i l t er ,   HEPA f i l t er  bank,  and 
post  f i l t er .   Use 6 mm 1/ 4 i nch 300 ser i es st ai nl ess st eel  pi pe ni ppl es 
and caps f or  por t  connect i ons.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON AND ERECTI ON 

I nst al l  and er ect  CBR Ai r  f i l t r at i on syst ems i n accor dance wi t h ASME N509,  
as i ndi cat ed on t he dr awi ngs,  and i n accor dance wi t h t he manuf act ur er ' s 
di agr ams and r ecommendat i ons.

Submi t  dr awi ngs consi st i ng of  equi pment  l ayout  i ncl udi ng assembl y and 
i nst al l at i on det ai l s and el ect r i cal  connect i on di agr ams;  duct wor k l ayout  
showi ng t he l ocat i on of  al l  suppor t s,  t ypi cal  suppor t  det ai l s,  gauge 
r ei nf or cement ,  r ei nf or cement  spaci ng r i gi di t y c l assi f i cat i on,  and st at i c 
pr essur e and seal  c l assi f i cat i ons;  and pr essur e gage t ubi ng l ayout  showi ng 
t he l ocat i on of  al l  gages.   I ncl ude i n t he dr awi ngs a t abl e and/ or  
schemat i c i dent i f y i ng out l i ne or  s i gni f i cant  i nt er f ace di mensi ons and any 
i nf or mat i on r equi r ed t o demonst r at e t hat  t he syst em has been coor di nat ed 
and pr oper l y f unct i ons as a uni t ,  and shows equi pment  r el at i onshi p t o 
ot her  par t s of  t he wor k,  i ncl udi ng cl ear ances r equi r ed f or  oper at i on and 
mai nt enance.

3. 2   ACCEPTANCE TESTS 

Conduct  al l  accept ance t est s i n accor dance wi t h t he pr ocedur es i n ASME AG- 1
 and as r equi r ed by MI L- PRF- 32016.

a.   Submi t  pr oposed t est  schedul es f or  adj ust i ng and bal anci ng,  housi ng 
l eak and pr essur e,  ai r - aer osol  mi xi ng uni f or mi t y,  damper  oper at i on and 
l eakage,  syst em bypass,  per f or mance t est s of  syst ems and t est  
pr ocedur es,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng.   

b.   Submi t  cer t i f i ed t est  r epor t  f or  adsor bent  f i l t r at i on t ype,  f or  
f i l t r at i on uni t  f act or y accept ance t est ,  f i l t r at i on uni t  f i el d t est ,  
i sol at i on damper  accept ance t est ,  ai r - aer osol  mi xi ng uni f or mi t y t est ,  
damper  oper at i on and l eakage t est ,  housi ng l eak and pr essur e t est ,  
syst em bypass t est ,  and per f or mance t est s i n bookl et  f or m,  upon 
compl et i on of  t est i ng.   Document ,  i n t he r epor t ,  phases of  t est s 
per f or med i ncl udi ng i ni t i al  t est  summar y,  r epai r s/ adj ust ment s made,  
and f i nal  t est  r esul t s.
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3. 2. 1   Vi sual  I nspect i on

Per f or m vi sual  i nspect i on i n accor dance wi t h ASME AG- 1.

3. 2. 2   Ai r f l ow Capaci t y and Di st r i but i on Test

Measur e t he ai r f l ow acr oss each f i l t r at i on el ement  bank t o ver i f y t hat  i t  
meet s t he desi gned f l ow r at e under  act ual  f i el d condi t i ons.   Al so ver i f y 
t hat  t he ai r f l ow i s di st r i but ed evenl y acr oss each f i l t r at i on el ement  bank 
as r equi r ed by ASME AG- 1 whi ch i s +/ -  20 per cent  of  t he aver age ai r f l ow 
t hr ough each f i l t er  bank.   Per f or m al l  t est s i n accor dance wi t h ASME AG- 1.

3. 2. 3   Ai r - Aer osol  Mi xi ng Uni f or mi t y Test

I nt r oduce a chal l enge gas i nt o t he ai r  syst em t o ver i f y t hat  i t  has 
uni f or ml y mi xed bef or e ent er i ng t he f i l t r at i on el ement  bank.   Fol l ow and 
compl y wi t h t he t est  pr ocedur e i n ASME AG- 1.

3. 2. 4   Damper  Oper at i on and Leakage Test

Test  t he damper  t o ver i f y t hat  i t  oper at es as speci f i ed.   Measur e and 
r ecor d t he ai r  l eakage r at e t hr ough t he i sol at i on damper s.   Funct i onal l y 
t est  t he damper  as r equi r ed i n ASME AG- 1.   [ Appl y t he pr essur e decay or  
bubbl e t est  met hod l eakage t est  f or  Cl ass 0 damper s as speci f i ed i n 
ASME AG- 1. ]  [ Per f or m t he l eakage t est  f or  Cl ass 1 damper s i n accor dance 
wi t h ASME AG- 1. ]

3. 2. 5   Syst em Bypass Test  ( Fi l t er  and Adsor ber  Mount i ng Fr ame)

Remove and r epl ace t he f i l t r at i on el ement s at  each [ HEPA]  [ HEPA and Car bon 
Adsor ber ]  mount i ng f r ame housi ng l ocat i on wi t h a t est  bl ank.   Test  t he 
f i l t r at i on el ement  housi ng and housi ng seal  i n accor dance wi t h ASME AG- 1.   
Measur e and r ecor d t he ai r  t hat  bypasses t he t est  bl ank as an ai r  l eakage 
r at e,  r epai r  by seal  wel di ng and r et est .   Caul k i ng or  ot her  t empor ar y 
seal i ng measur es ar e not  al l owed.   The accept abl e l eakage r at e i s zer o 
per cent .   Af t er  t est i ng i s compl et ed,  r emove t he bl ank and r ei nst al l  t he 
f i l t r at i on el ement s.   Tur n over  t he t est  bl ank t o t he Cont r act i ng Of f i cer .

3. 3   FI ELD TRAI NI NG

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

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

Submi t  pr oposed schedul e f or  f i el d t r ai ni ng,  at  l east  2 weeks pr i or  t o t he 
st ar t  of  r el at ed f i el d t r ai ni ng.   Conduct  a t r ai ni ng cour se f or  oper at i ng 
and mai nt enance per sonnel  as desi gnat ed by t he Cont r act i ng Of f i cer .   
Pr ovi de t r ai ni ng f or  a per i od of  [ _____]  hour s of  nor mal  wor ki ng t i me.   
St ar t t r ai ni ng af t er  t he syst em i s f unct i onal l y compl et e but  pr i or  t o t he 
per f or mance t est s.   The f i el d i nst r uct i on must  cover  al l  of  t he i t ems 
cont ai ned i n t he appr oved Oper at i ng and Mai nt enance I nst r uct i ons and t he 
Fi l t r at i on Uni t  Manual s.

Submi t  [ 6]  [ _____]  manual s i n [ har d copy f or m]  [ i n el ect r oni c f or m ( PDF)  
on DVD]  l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  
oper at i on,  shut down,  and r out i ne mai nt enance,  at  l east  2 weeks pr i or  t o 
f i el d t r ai ni ng.   The manual s must  i ncl ude t he manuf act ur er ' s name,  model  
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number ,  par t s l i s t ,  l i s t  of  par t s and t ool s t hat  shoul d be kept  i n st ock 
by t he owner  f or  r out i ne mai nt enance i ncl udi ng t he name of  a l ocal  
suppl i er ,  t r oubl eshoot i ng gui de,  and r ecommended ser vi ce or gani zat i on 
( i ncl udi ng addr ess and t el ephone number )  f or  each i t em of  equi pment .   Each 
ser vi ce or gani zat i on submi t t ed must  be capabl e of  pr ovi di ng [ 4] [ _____]  
- hour  on- si t e r esponse t o a ser vi ce cal l  on an emer gency basi s.

3. 4   FI ELD ACCEPTANCE TEST

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A number  of  f act or s wi l l  det er mi ne t he 
ef f i c i ency of  a car bon adsor ber  syst em;  gener al l y,  8 
x 16 mesh car bon gr anul es pr ovi de at  l east  99. 9 
per cent  ef f i c i ency.   Sel ect  t he appr opr i at e 
concent r at i on r educt i on val ue f or  t he f i el d t est s.

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

Af t er  i nst al l at i on,  f i el d t est  t he f i l t r at i on syst em f or  l eaks usi ng a 
mechani cal  t est  met hod.   Al so t est  t he syst em f or  l eaks bet ween t he f i l t er  
el ement  and i t s housi ng.   Per f or m t est i ng af t er  i nst al l at i on by an 
i ndependent  t est i ng agency i n accor dance wi t h ASME AG- 1.   Submi t  t est i ng 
agency cer t i f i cat i on pr i or  t o i n- pl ace f i l t r at i on el ement  t est i ng i n 
accor dance wi t h ASME NQA- 1 or  pr ovi de document at i on  demonst r at i ng 
pr evi ous exper i ence wi t h s i mi l ar  syst ems as appr oved by t he Cont r act i ng 
Of f i cer .   [ Chal l enge t he car bon adsor ber  syst em housi ng and car bon 
adsor ber  wi t h r ef r i ger ant  vapor  R- 134a or  equi val ent  wi t h t he downst r eam 
concent r at i on not  t o exceed [ 0. 001]  [ 0. 0001]  t i mes t he upst r eam 
concent r at i on. ]   [ The HEPA f i l t er  DOP aer osol  penet r at i on must  be l ess 
t han 0. 03 per cent . ]

        - -  End of  Sect i on - -
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