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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  syst ems t o t r ansf er  or gani c 
cont ami nant s f r om a cont ami nat ed ai r / gas st r eam 
( e. g.  l andf i l l  of f  gas,  soi l  vapor  ext r act i on,  ai r  
st r i ppi ng,  pr ocess t ank vapor s,  t her mal  desor pt i on)  
t o act i vat ed car bon adsor pt i on medi a.

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 speci f i cat i on onl y cover s of f s i t e 
di sposal  or  r egener at i on of  act i vat ed car bon;  i t  
does not  cover  onsi t e r egener at i on

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

1. 1   UNI T PRI CES

**************************************************************************
NOTE:   On many hazar dous,  t oxi c and r adi oact i ve 
wast e ( HTRW)  pr oj ect s,  t he Cont r act or  i s  r equi r ed t o 
t r eat  cont ami nat ed ai r / gas,  as wel l  as f ur ni sh t he 
equi pment .   Measur ement  and payment  and uni t  pr i c i ng 
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may be necessar y t o cover  t r eat ment  cost s.   Wr i t e 
t he cont r act  t o pr ovi de an i ncent i ve f or  t he 
Cont r act or  t o do t he j ob ef f i c i ent l y.   I t  may be 
pr ef er abl e t o base payment  on t he kg l bs of  
cont ami nant s r emoved f r om t he ai r / gas st r eam 
ent er i ng t he car bon vessel .   However ,  i f  car bon i s  
bei ng used t o t r eat  t he ai r  f r om an ai r  st r i pper ,  
t he basi s woul d be t he vol ume of  wat er  t r eat ed i n 
t he ai r  st r i pper  or  kg l bs of  vol at i l e or gani c 
chemi cal s i n t he wat er  st r eam ent er i ng t he ai r  
st r i pper .   Or ,  i f  t he mass of  cont ami nant  decr eases 
dur i ng t he l ong t er m oper at i on of  t he uni t ,  whi l e at  
t he same t i me t he O&M expenses st ay appr oxi mat el y 
const ant ,  i t  may be pr ef er abl e t o base t he payment  
on t he vol ume of  ai r / gas t r eat ed.

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

Payment  f or  cont ami nat ed ai r / gas t r eat ed wi l l  be as descr i bed i n t he 
Payment  Schedul e of  t he Bi d For m.

1. 2   REFERENCES

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

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

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

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

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

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

ASHRAE FUN I P ( 2017)  Fundament al s Handbook,  I - P Edi t i on

ASHRAE FUN SI ( 2017)  Fundament al s Handbook,  SI  Edi t i on

ASME I NTERNATI ONAL ( ASME)

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments
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ASTM I NTERNATI ONAL ( ASTM)

ASTM D2652 ( 2011)  Act i vat ed Car bon

ASTM D2854 ( 2009;  R 2014)  Appar ent  Densi t y of  
Act i vat ed Car bon

ASTM D2862 ( 2016)  St andar d Test  Met hod f or  Par t i c l e 
Si ze Di st r i but i on of  Gr anul ar  Act i vat ed 
Carbon

ASTM D2866 ( 2011)  Tot al  Ash Cont ent  of  Act i vat ed 
Carbon

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

ASTM D3802 ( 2016)  St andar d Test  Met hod f or  Bal l - Pan 
Har dness of  Act i vat ed Car bon

ASTM D4607 ( 2014)  Det er mi nat i on of  I odi ne Number  of  
Act i vat ed Car bon

ASTM D5228 ( 2016)  St andar d Test  Met hod f or  
Det er mi nat i on of  t he But ane Wor ki ng 
Capaci t y of  Act i vat ed Car bon

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

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

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

SD- 02 Shop Dr awi ngs

Act i vat ed Car bon Adsor pt i on Uni t s;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Emissions

Act i vat ed Car bon Adsor pt i on Uni t s;  G[ ,  [ _____] ]

Vapor  Phase Act i vat ed Car bon;  G[ ,  [ _____] ]

Post ed Fr amed I nst r uct i ons;  G[ ,  [ _____] ]

SD- 05 Desi gn Dat a

Act i vat ed Car bon Adsor pt i on Uni t s;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Fi el d Qual i t y Cont r ol

SD- 07 Cer t i f i cat es

Vapor  Phase Act i vat ed Car bon

  Cer t i f i cat i on of  t he act i vat ed car bon [ suppl i er ]  [ t r anspor t er ]  
[ r egener at i on f aci l i t y ] .   [ Copi es of  t he Depar t ment  of  
Tr anspor t at i on l i censes of  car bon t r anspor t er  ser v i ce. ]
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Act i vat ed Car bon Adsor pt i on Uni t s Car bon Vessel  Fabr i cat i on

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

Act i vat ed Car bon Adsor pt i on Uni t s

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

Oper at i ng and Mai nt enance Manual s;  G[ ,  [ _____] ]

1. 4   QUALIFICATIONS

1. 4. 1   Contractor

Pr ovi de document at i on of  havi ng [ a mi ni mum of  [ 2]  [ _____]  year s exper i ence 
i n t he const r uct i on,  st ar t up and oper at i on of  i ndust r i al  ai r  pol l ut i on 
cont r ol  devi ces]  [ i nst al l ed a mi ni mum of  [ 2]  [ _____]  vapor  phase car bon 
adsor pt i on uni t s  i n t he past  [ 5]  [ _____]  year s] .

1. 4. 2   Si ngl e Sour ce Suppl i er

Assi gn t o a s i ngl e suppl i er  f ul l  r esponsi bi l i t y  f or  f ur ni shi ng of  t he 
act i vat ed car bon syst em.   The desi gnat ed s i ngl e suppl i er ,  however ,  need not  
manuf act ur e t he syst em but  shal l  coor di nat e t he sel ect i on,  assembl y,  
i nst al l at i on,  and t est i ng of  t he ent i r e adsor pt i on syst em,  i ncl udi ng 
pr eheat er ,  t he bl ower  and duct wor k speci f i ed i n ot her  Sect i ons.   The 
suppl i er  shal l  have [ been i n t he busi ness of  manuf act ur i ng,  f abr i cat i ng or  
i nst al l i ng t hese syst ems f or  a mi ni mum of  [ 2]  [ _____]  year s]  [ manuf act ur ed 
and suppl i ed a mi ni mum of  [ 5]  [ _____]  vapor  phase car bon adsor pt i on uni t s] .

1. 4. 3   Car bon Vessel  Fabr i cat or

**************************************************************************
NOTE:   Ver i f i cat i on f r om a r egi st er ed pr of essi onal  
engi neer  shoul d onl y be r equi r ed f or  l ar ge syst ems 
whi ch have t o be bol t ed t o t he f oundat i on.   Del et e 
t hi s par agr aph f or  smal l  uni t s whi ch ar e on 
f or kt ubes or  a f l at  base and not  f ast ened t o t he 
foundation.

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

Pr ovi de ver i f i cat i on f r om a Regi st er ed Pr of essi onal  Engi neer ,  l i censed t o 
pr act i ce mechani cal  or  st r uct ur al  engi neer i ng,  as appr opr i at e,  i n t he St at e 
i n whi ch t he syst em i s t o be i nst al l ed t o ver i f y t hat :   1)  The f abr i cat i on 
dr awi ngs and pr essur e cal cul at i ons f or  t he vessel s and appur t enances wer e 
done f or  t he s i t e condi t i ons i n accor dance wi t h t he appr opr i at e codes and 
st andar ds.   2)  The er ect i on dr awi ngs f or  t he shel l s and t ank f oundat i ons 
and suppor t s wer e done f or  t he s i t e condi t i ons i n accor dance wi t h t he 
appr opr i at e codes and st andar ds.   Submi t  cer t i f i cat i on f r om t hi s Engi neer  
document i ng t he ver i f i cat i on.

1. 5   PARTNERI NG AND/ OR PRE- SUBMI TTAL MEETI NG

**************************************************************************
NOTE:   Remove t hi s par agr aph when a meet i ng i s not  
required.

**************************************************************************
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A [ par t ner i ng]  [ and]  [ Pr e- submi t t al ]  meet i ng wi l l  be r equi r ed.   Ensur e t hat  
i nvol ved subcont r act or s,  suppl i er s,  and manuf act ur er s ar e not i f i ed.   
Fur ni sh t he dat e and t i me of  t he meet i ng t o t he Cont r act i ng Of f i cer  f or  
approval.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Pr eassembl e par t s t o t he l ar gest  ext ent  possi bl e,  compat i bl e wi t h 
t r anspor t at i on l i mi t at i ons and equi pment  pr ot ect i on consi der at i ons.   Fi el d 
assembl y,  i f  any,  shal l  r equi r e mer el y bol t i ng t oget her  of  mat ch- mar ked 
component s.   Equi pment  shal l  be cr at ed and del i ver ed t o pr ot ect  agai nst  
damage dur i ng shi ppi ng.   Fl ange f aces shal l  be pr ot ect ed f r om damage.   Al l  
openi ngs shal l  be cover ed t o pr event  ent r ance of  di r t ,  wat er  and debr i s.   
Pr oper l y pr ot ect  al l  par t s so t hat  no damage or  det er i or at i on wi l l  occur  
dur i ng a pr ol onged del ay f r om t he t i me of  shi pment  unt i l  i nst al l at i on i s 
compl et ed and unt i l  t he uni t s and equi pment  ar e r eady f or  oper at i on.   
Pr oper l y pr ot ect  f i ni shed i r on or  st eel  sur f aces t o pr event  r ust  and 
cor r osi on.   Pr ot ect  al l  equi pment ,  del i ver ed and desi gnat ed f or  st or age,  
f r om t he weat her  ( humi di t y and t emper at ur e) ,  di r t  and dust ,  and ot her  
contaminants.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

**************************************************************************
NOTE:   Pr ovi de addi t i onal  i nf or mat i on about  
equi pment  pr ecedi ng and f ol l owi ng t he car bon 
vessel .   Thi s i s  t o pr ovi de t he vendor  wi t h a 
compl et e pi ct ur e of  t he uni t ' s  pur pose and 
oper at i on.   Some par agr aphs may be el i mi nat ed or  
modi f i ed i f  t hi s  Sect i on i s t o be i ssued as a 
per f or mance speci f i cat i on.   Ot her s wi l l  be 
el i mi nat ed or  modi f i ed i f  i t  i s  t o be i ssued as a 
desi gn speci f i cat i on.

Labor at or y adsor pt i on st udi es ar e sel dom done f or  
ai r / gas adsor pt i on.   Est i mat es ar e obt ai ned f r om 
i sot her mal  dat a or  f r om vendor  comput er  pr ogr ams.   
The ASTM St andar ds do not  pr ovi de i nf or mat i on on t he 
mi ni mum and maxi mum val ues t hat  ar e accept abl e f or  
speci f y i ng car bon.   Manuf act ur er s may need t o be 
cont act ed t o det er mi ne t he accept abl e val ues.   The 
char act er i st i cs f or  v i r gi n and r egener at ed car bon 
wi l l  be di f f er ent .   Ver i f y t hat  t he r equi r ement s ar e 
cor r ect  f or  t he t ype of  car bon speci f i ed.

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

Pr ovi de a vapor  phase act i vat ed car bon adsor pt i on syst em as a compl et e 
once- t hr ough f or ced f l ow syst em.   The syst em shal l  be capabl e of  r educi ng 
t he l evel s of  t he l i s t ed or gani c cont ami nant s t o t he val ues shown i n 
par agr aph Per f or mance Requi r ement s.   Fi l l  t he uni t  wi t h gr anul ar  act i vat ed 
car bon f or  r emoval  of  or gani c cont ami nant s f r om [ l andf i l l  gas]  [ soi l  vapor  
ext r act i on ai r / gas]  [ ai r  st r i ppi ng ai r / gas]  [ pr ocess t ank vapor  emi ssi ons]  
[ l ow t emper at ur e t her mal  desor pt i on ai r / gas]  [ _____] .   Equi pment  shal l  
i ncl ude,  but  shal l  not  be l i mi t ed t o,  vessel s cont ai ni ng act i vat ed car bon,  
suppor t i ng equi pment  and accessor i es.   Ter mi nol ogy i s i n conf or mance wi t h 
ASTM D2652.   The syst em shal l  be compl et e wi t h [ [ 2]  [ _____]  par al l el  t r ai ns 
of  [ 2]  [ _____]  car bon vessel s i n [ ser i es]  [ par al l el ] ]  [ [ 2]  [ _____]  car bon 
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vessel s [ i n ser i es]  [ par al l el ] ] ,  act i vat ed car bon,  [ bl ower s] ,  i nst r ument s,  
cont r ol s,  val ves,  pi pi ng,  pr e- heat er / cool er  and ot her  speci f i ed 
appur t enances.   The pi pi ng shal l  be ar r anged [ as shown on t he dr awi ngs]  
[ _____]  t o al l ow any of  t he [ 2]  [ _____]  uni t s t o ser ve as t he pr i mar y uni t  
and shal l  al so al l ow any uni t  t o oper at e al one whi l e t he ot her  uni t s ar e 
bei ng empt i ed and r ef i l l ed wi t h f r esh car bon.   The syst em shal l  be desi gned 
t o oper at e cont i nuousl y,  24 hour s per  day,  7 days per  week.

2. 1. 1   Desi gn Requi r ement s

**************************************************************************
NOTE:   The most  di f f i cul t  par t  of  desi gni ng an 
act i vat ed car bon adsor pt i on syst em may be 
det er mi ni ng t he cont ami nant  concent r at i on i n t he 
ai r / gas st r eam t o be t r eat ed.   Many t i mes desi gn 
est i mat es ar e based on l i mi t ed dat a.   The act ual  
r at e,  par t i cul ar l y af t er  t he uni t  has oper at ed f or  a 
whi l e,  may be much di f f er ent .   An appr oach may be t o 
desi gn t he pr ocess f or  easy addi t i on or  r emoval  of  
car bon uni t s as det er mi ned af t er  st ar t up.

Det er mi ne sei smi c par amet er s f r om par agr aph Sei smi c 
Requi r ement s,  and wi nd speed f r om ASCE 7,  Chapt er  1,  
or  UFC- 3- 301- 01.   Speci f y whet her  t he uni t  wi l l  be 
i nst al l ed i nsi de or  out s i de and any ot her  condi t i ons 
t hat  wi l l  af f ect  t he oper at i on of  t he uni t .   
Coor di nat e t hi s Sect i on wi t h ot her  per t i nent  
Sect i ons t o ensur e t hat  i nf or mat i on i s pr esent ed 
onl y once.   Ver i f y t hat  t he f l oor  and f oot i ngs ar e 
desi gned t o suppor t  t he equi pment .

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

The f ol l owi ng r equi r ement s shal l  be met :

a.   Mi ni mum equi pment  desi gn l i f e:   [ _____]  year s.

b.   Vessel  t ype:  [ per manent  wi t h car bon]  [ r epl acement ]  [ i nt er changeabl e 
canisters].

c.   Adsor pt i on syst em desi gn r equi r ement s:

( 1)   Maxi mum ver t i cal  pr oj ect i on:  [ _____]  m f t .

( 2)   Maxi mum gr ound sur f ace cover age:  [ _____]  by [ _____]  m f t .

d.   Sei smi c par amet er s:  [ _____] .

e.   Wi nd speed ( maxi mum) :  [ _____]  km/ h mph.

f .   Gr ound snow l oad:  [ _____]  kPa psf .

g.   Ambi ent  ai r  t emper at ur e:

( 1)   Maxi mum:  [ _____]  degr ees C degr ees F.

( 2)   Mi ni mum:  [ _____]  degr ees C degr ees F.
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2. 1. 2   I nf l uent  Ai r / Gas Condi t i ons

**************************************************************************
NOTE:   Remove t hi s par agr aph i f  t he speci f i cat i on i s 
t o be i ssued as a desi gn speci f i cat i on.   Obt ai n an 
anal ysi s of  t he ai r / gas t o be t r eat ed gi v i ng 
appr opr i at e i nf or mat i on t o be i nser t ed i n t he bl ank 
spaces.   The i nl et  ai r / gas composi t i on may be 
di f f i cul t  t o obt ai n.   I f  t he speci f i cat i on i s t o be 
i ssued as a per f or mance speci f i cat i on t he i nl et  
composi t i on wi l l  need t o be est i mat ed.

Oxygen and met hane dat a ar e usef ul  i f  t he met hane 
concent r at i on i s  hi gh enough t o have a pot ent i al  t o 
be i n t he expl osi ve r ange.   I f  t he concent r at i on i s 
wel l  bel ow t hi s r ange,  r emove t he met hane and oxygen 
concent r at i on l i nes.   Pr ovi de al l  avai l abl e 
i nf or mat i on.   Al l  avai l abl e per t i nent  s i t e 
char act er i zat i on dat a shoul d be pl aced i n an 
appendi x of  t he t echni cal  speci f i cat i ons or  on t he 
dr awi ngs,  and r ef er enced her e.   I ndi cat e t he det ai l  
t o whi ch s i t e char act er i zat i on has been per f or med 
and i ndi cat e wher e dat a gaps exi st .   The i nf or mat i on 
shoul d al so i ncl ude soi l  gas dat a,  chemi cal  dat a,  
geot echni cal  dat a,  sampl i ng l ocat i ons,  and bor i ng 
l ogs.   Tabl e must  be edi t ed t o add cont ami nant s not  
l i s t ed and del et e t hose t hat  ar e not  appl i cabl e.   
Ver i f y t hat  car bon wi l l  adsor b t he or gani c chemi cal s 
s i nce many or gani c chemi cal s do not  adsor b wel l  on 
carbon.

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

Minimum Average Maximum Uni t  of  Measur e

Oxygen [_____] percent

Methane [_____] percent

Relative 
Humidity

[_____] [_____] 50 percent

Carbon 
Tetrachloride

[_____] [_____] [_____] ppmv

Trichloroethene [_____] [_____] [_____] ppmv

Benzene [_____] [_____] [_____] ppmv

Toluene [_____] [_____] [_____] ppmv

Xylene [_____] [_____] [_____] ppmv

Car bon Monoxi de [_____] [_____] [_____] ppmv

Ozone [_____] [_____] [_____] ppmv
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[_____] [_____] [_____] [_____] ppmv

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

**************************************************************************
NOTE:   Remove t hese par agr aphs i f  t he speci f i cat i on 
i s t o be i ssued as a desi gn speci f i cat i on.   Removal  
expr essed as a per cent  i s  dependent  on i nl et  
concent r at i ons whi ch can var y.   Ensur e t hat  t he 
desi r ed emi ssi on r at es can be met  bef or e usi ng 
per cent  r emoval .

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

2. 1. 3. 1   Physi cal  Requi r ement s

Minimum Maximum

Ai r / gas f l ow r at e 0. 0005 cu m/ s1 scf m

Ai r / gas t emper at ur e 60 degr ees C140 degr ees F

I nl et  Pr essur e 70 kPa10 psi g

2. 1. 3. 2   Chemi cal  Requi r ement s

Maxi mum Emi ssi on Per cent  Removal

Car bon Tet r achl or i de [ _____]  ppmv [_____]

Trichloroethene [ _____]  ppmv [_____]

Benzene [ _____]  ppmv [_____]

Toluene [ _____]  ppmv [_____]

Xylene [ _____]  ppmv [_____]

[_____] [ _____]  ppmv [_____]

2. 1. 3. 3   Car bon Repl acement

I nt er val s bet ween car bon r epl acement s shal l  not  be l ess t han [ _____]  days.

2. 1. 4   Desi gn Cal cul at i ons

**************************************************************************
NOTE:   Del et e t hi s par agr aph when desi gn i s done by 
t he Gover nment .

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

Suppl y a copy of  al l  t he desi gn cal cul at i ons t o t he Cont r act i ng Of f i cer  
bef or e i ni t i at i on of  const r uct i on.
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2. 1. 5   Conf or mance t o Desi gn

Pr ovi de cal cul at i ons,  l ayout s and dr awi ngs of  t he car bon adsor pt i on syst em 
t o c l ear l y show t he basi s f or  t he desi gn;  i ncl udi ng i sot her ms,  est i mat ed 
br eakt hr ough vol umes,  and cal cul at i ons t o show t hat  t he ent i r e syst em wi l l  
conf or m t o par agr aph Per f or mance Requi r ement s.

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  
[ 2]  [ _____]  year s pr i or  t o bi d openi ng.   Mat er i al s  and equi pment  shal l  be 
suppor t ed by a ser vi ce or gani zat i on t hat  i s  l ocat ed wi t hi n [ _____]  km mi l es 
of  t he s i t e.

2. 2. 2   Nameplates

Maj or  equi pment  i t ems such as adsor pt i on vessel s,  bl ower s and mot or s shal l  
have 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  on a pl at e secur ed t o t he i t em of  equi pment .

2. 3   VAPOR PHASE ACTI VATED CARBON

**************************************************************************
NOTE:   Per f or mance speci f i cat i ons ar e r ecommended t o 
al l ow t he Cont r act or  t o i nst al l  pr oven 
" of f - t he- shel f "  uni t s suppl i ed by t wo or  t hr ee 
r eput abl e manuf act ur er s.   Det er mi ne i f  t he f i r st  
char ge of  car bon needs t o be v i r gi n car bon f or  
l i abi l i t y  r equi r ement s.   Remove i t ems not  r equi r ed 
below.

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

Mat er i al  shal l  conf or m t o t he f ol l owi ng l i s t ;  submi t  cer t i f i cat es at t est i ng 
t hat  t he act i vat ed car bon f ur ni shed meet s t he speci f i ed r equi r ement s.   
Al so,  submi t  t he t ype of  act i vat ed car bon,  wi t h i sot her ms f or  t he sel ect ed 
car bon,  wi t h each of  t he vol at i l e or gani c compounds l i s t ed i n t he ef f l uent  
r equi r ement s f or  t he ant i c i pat ed t emper at ur e r ange at  50 per cent  r el at i ve 
humi di t y.   Use desi gn cal cul at i ons or  vendor  comput er  model s t o est i mat e 
t he mass of  car bon r equi r ed and t he br eakt hr ough cur ves f or  t he l i s t ed 
or gani c compounds i n t he car bon bed.

a.   The i ni t i al  char ge of  car bon shal l  be [ v i r gi n]  [ r egener at ed]  [ v i r gi n or  
r egener at ed]  car bon.   Subsequent  char ges shal l  be [ v i r gi n]  
[ r egener at ed]  [ v i r gi n or  r egener at ed]  car bon.

b.   The car bon adsor pt i on syst em shal l  be capabl e of  r educi ng emi ssi ons f or  
i ndi v i dual  compounds t o bel ow t he l i mi t s speci f i ed i n SYSTEM 
DESCRIPTION.

c.   Appr oxi mat e aver age vol at i l e or gani c composi t i on of  t he vapor  st r eam 
shal l  be based on est i mat ed i nf l uent  component  l evel s as speci f i ed i n 
SYSTEM DESCRI PTI ON.

d.   Mi ni mum but ane wor ki ng capaci t y of  new act i vat ed car bon of  [ 23. 8]  
[ _____]  per cent  by wei ght  shal l  be as det er mi ned by ASTM D5228.
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e.   Mi ni mum i odi ne number  of  v i r gi n or  r eact i vat ed car bon of  [ 1000]  [ _____]  
shal l  be as det er mi ned by ASTM D4607.

f .   Maxi mum moi st ur e cont ent  of  [ 2]  [ _____]  per cent  by wei ght  shal l  be as 
det er mi ned by ASTM D2867.

g.   Maxi mum t ot al  ash cont ent  of  [ 10]  [ _____]  per cent  by wei ght  shal l  be as 
det er mi ned by ASTM D2866.

h.   Mi ni mum har dness number  of  [ 90]  [ _____]  necessar y f or  t he r equi r ed l i f e 
i n vapor  phase appl i cat i ons shal l  be as det er mi ned by ASTM D3802.

i .   Act i vat ed car bon par t i c l e s i ze shal l  be uni f or m f or  consi st ent  pr essur e 
dr op char act er i s t i cs.   Maxi mum par t i c l e s i ze shal l  be 4. 6 mm 0. 2 i nch 
di amet er  as det er mi ned by ASTM D2862.

j .   The gr anul ar  act i vat ed car bon shal l  be of  t he t ype t hat  can be accept ed 
f or  of f s i t e r egener at i on of  t he spent  act i vat ed car bon by an appr oved 
car bon r egener at i on f aci l i t y .

k.   Mi ni mum appar ent  densi t y of  [ 0. 45]  [ _____]  g/ cc shal l  be as det er mi ned 
by ASTM D2854.

l .   Maxi mum pr essur e dr op shal l  be [ _____]  kPa/ m i nches of  wat er  per  f oot  
of  bed dept h,  measur ed i n ai r  at  21 degr ees C 70 degr ees F.

m.   US Si eve s i ze shal l  be [ 4 x 8]  [ _____] .

n.   Mat er i al  shal l  be f r ee f r om i mpur i t i es t hat  af f ect  t he ser vi ceabi l i t y  
and appear ance of  t he f i ni shed pr oduct .

2. 4   ACTI VATED CARBON ADSORPTI ON UNI TS

**************************************************************************
NOTE:   Gener al  r ul es t o t he syst em desi gner  f or  
conf i gur at i on of  a vapor  phase act i vat ed car bon 
syst em ar e as f ol l ows:

a.   Two st age ser i es oper at i on t o pr ovi de l onger  
cont act  and mor e compl et e exhaust i on of  t he car bon 
i s pr ef er r ed.   I n ser i es oper at i on,  t he uni t  wi t h 
t he f r eshest  car bon at  any gi ven t i me shoul d be i n 
t he l ag posi t i on.   For  cr i t i cal  oper at i ons,  l ead,  
l ag and st andby uni t s shoul d be pr ovi ded as 
speci f i ed i n par agr aph SYSTEM DESCRI PTI ON.

b.   Mul t i pl e uni t s i n par al l el  oper at i on ar e 
f r equent l y used f or  hi gh f l ows wi t h l ow 
cont ami nat i on l evel s when shor t  cont act  t i mes ar e 
adequat e.   Si ngl e uni t s shoul d be used onl y i n 
i nst al l at i ons i n whi ch t he syst em can be shut  down 
f or  change out  of  t he act i vat ed car bon adsor pt i on 
medi a.   Mul t i pl e smal l er  uni t s cont ai ni ng t he same 
amount  of  car bon and pr ovi di ng equal  cont act  ar e 
usual l y pr ef er abl e t o s i ngl e l ar ge uni t .

c.   An appr opr i at e pi pi ng conf i gur at i on whi ch can 
adapt  t he uni t s f or  ser i es or  par al l el  oper at i on 
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shoul d be consi der ed.   Ar r angement s t hat  al l ow 
conver si on f r om par al l el  t o ser i es and t he r ever se 
al l ow t he f l exi bi l i t y  t o r espond t o di f f er i ng 
conditions.

d.   Sur f ace l oadi ng r anges bet ween 12 and 24 cu 
m/ mi n/ sq m 40 and 80 cf m/ mi n/ sq f t  ar e of t en used.

e.   Mi ni mum bed dept h at  a gi ven vel oci t y i s  based 
on t he mi ni mum cont act  t i me r equi r ed t o achi eve t he 
r equi r ed r emoval .   Addi t i onal  bed vol ume al l ows mor e 
t i me bet ween car bon changes.

f .   The r el at i ve humi di t y of  t he ai r / gas ent er i ng 
t he car bon uni t  shoul d be 50 per cent  or  l ess.   I f  
t he ai r / gas ent er i ng t he uni t  has ent r ai ned wat er  an 
ai r / gas- wat er  separ at or  shoul d be used.   Wi t hout  
t hi s,  t he t emper at ur e of  t he ai r / gas wi l l  have t o be 
el evat ed enough t o vapor i ze t he mi st  and l ower  t he 
r el at i ve humi di t y t o about  50 per  cent .   At  t hi s 
hi gher  t emper at ur e t he or gani c chemi cal  may not  
adsor b wel l .

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

2. 4. 1   Velocity

**************************************************************************
NOTE:   I n an up- f l ow syst em t he vel oci t y shoul d 
gener al l y be i n t he r ange of  12 t o 24 m/ sec 40 t o 80 
f eet  per  mi nut e;  t hi s depends on t he par t i c l e s i ze.   
I n a down- f l ow syst em,  t he f l ow vel oci t y i s  onl y 
l i mi t ed by t he al l owabl e pr essur e dr op.

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

The mi ni mum and maxi mum accept abl e f l ow vel oci t i es shal l  be as f ol l ows:  
0. 25 m/ sec at  [ _____]  cu m/ sec mi ni mum;  and 0. 375 m/ sec at  [ _____]  cu m/ sec 
maxi mum 40 f t / mi n at  [ _____]  scf m mi ni mum;  and 80 f t / mi n at  [ _____]  scf m 
maximum.

2. 4. 2   Vapor  Di st r i but i on/ Col l ect i on Syst ems

Vapor  di st r i but i on/ col l ect i on syst ems shal l  pr ovi de ef f ect i ve di st r i but i on 
acr oss t he bed t hr oughout  t he st at ed capaci t y r ange.   A syst em shal l  be 
pr ovi ded t o mi ni mi ze shor t  c i r cui t i ng or  channel i ng of  cont ami nat ed ai r / gas 
t hr ough t he car bon vessel .   The syst em shal l  be desi gned t o evenl y 
di st r i but e t he cont r ol l ed cont ami nat ed ai r / gas f l ow acr oss t he cr oss 
sect i on,  wi t h t he nomi nal  vel oci t y under  desi gn condi t i ons not  exceedi ng 
0. 41 m/ sec 80 f pm f or  up- f l ow syst ems.   Desi gn of  t he i nl et  and out l et  
shal l  be adequat e t o pr event  l ocal  pr essur i zat i on i n excess of  t he vessel  
r at i ng or  desi gn.

2. 4. 3   Shel l  Desi gn

**************************************************************************
NOTE:   Most  car bon vessel s ar e not  desi gned f or  
vacuum.   Ver i f y t hat  a vacuum cannot  be dr awn on t he 
vessel  exceedi ng t he manuf act ur er ' s r ecommendat i on.   
I f  t he vessel  wi l l  have i nt er nal  pr essur e gr eat er  
t han 103 kPa 15 psi g,  i t  may need t o be ASME r at ed.   
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Vessel s wi t h l ess t han t hi s pr essur e may or  may not  
need t o be pr essur e r at ed dependi ng on speci al  ASME 
or  St at e/ l ocal  codes.

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

2. 4. 3. 1   Cor r osi on Pr event i on

Cor r osi on r esi st ant  st eel ,  f i ber gl ass,  or  ot her  pl ast i c shal l  be used f or  
shel l  const r uct i on or  a st eel  shel l  wi t h a cor r osi on r esi st ant  [ enamel ]  
[ _____]  coat i ng.   The l i ni ng syst em shal l  have a cor r osi on r esi st ant  [ epoxy 
or  phenol i c r esi n]  [ _____]  coat i ng.   Pai nt  k i t s shal l  be f ur ni shed f or  use 
af t er  assembl y and f i ni shi ng.

2. 4. 3. 2   Manways

Mi ni mum manway r equi r ement s,  f or  access,  addi t i on and r emoval  of  car bon 
shal l  be [ 1]  [ _____]  per  adsor ber  and 610 mm 24 i n mi ni mum nomi nal  di amet er .

2. 4. 3. 3   Insulation

**************************************************************************
NOTE:   I nsul at i on i s opt i onal .   I t  may be needed i f  
t he car bon uni t s  ar e i nst al l ed out s i de i n col d 
c l i mat es.   A hi gh di f f er ent i al  pr essur e acr oss a f an 
or  bl ower  t hat  pr ecedes t he car bon uni t  may r esul t  
i n a hi gh ai r / gas di schar ge t emper at ur e.   Pi pes and 
f i t t i ngs down st r eam may not  need i nsul at i on.   
Pl ast i c or  f i ber gl ass pi pes and f i t t i ngs shoul d not  
be used i f  t he di schar ge t emper at ur e can exceed t hat  
r ecommended f or  t he mat er i al .

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

I nsul at i on [ and heat  t ape]  t o pr event  cool i ng of  t he ai r / gas i n t he syst em 
shal l  be i nst al l ed as speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Al l  out s i de sur f aces of  t he f ol l owi ng equi pment  shal l  
be i nsul at ed:   [ adsor ber s]  [ pi pes]  [ f i t t i ngs]  [ st acks]  [ _____] .

2. 4. 3. 4   Vessel

**************************************************************************
NOTE:   I f  t he speci f i cat i on i s t o be i ssued as a 
per f or mance speci f i cat i on,  r emove  adsor ber  di amet er  
and car bon qual i t y  i n t hi s par agr aph.   Del et e t he 
mi ni mum bed dept h f or  a per f or mance speci f i cat i on.   
Smal l  uni t s do not  need i nl et  ai r / gas di st r i but or s.   
Add a par agr aph r equi r i ng an out s i de access l adder  
i f  t he t op of  t he vessel  must  be accessed 
f r equent l y.   The number  of  car bon vessel s shoul d 
conf or m t o t hose speci f i ed i n SYSTEM DESCRI PTI ON.

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

Compl y wi t h t he f ol l owi ng r equi r ement s:

a.   Mi ni mum Number  of  Vessel s:   [ 2]  [ _____] .

b.   Mi ni mum Adsor ber  Di amet er :   [ _____]  m f t .

c.   Mat er i al  of  Const r uct i on:   [ car bon st eel ]  [ _____] .
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d.   Maxi mum Al l owabl e Wor ki ng Pr essur e:   [ _____]  kPa psi g.

e.   Mi ni mum Car bon Quant i t y per  Vessel :   [ _____]  kg l bs.

f .   Mi ni mum Car bon Bed Dept h:   922 mm 36 i nches.

g.   Fl ow Di r ect i on:   [ upf l ow]  [ downf l ow] .

h.   Out l et  Col l ect or :   [ _____] .

i .   I nl et  Di st r i but or :   I nt egr al

j .   Mi n.  Al l owabl e Temper at ur e:   [ _____]  degr ees C degr ees F.

Each uni t  shal l  be [ ski d- mount ed.   Ski ds shal l  be f abr i cat ed of  [ cast  i r on]  
[ st eel ]  channel s and shal l  be desi gned t o suppor t  t he equi pment  and t o 
di st r i but e t he wei ght  i n t r ansi t  and i n ser vi ce wi t hout  l oadi ng on t he t ank 
or  concr et e s l ab; ]  [ equi pped wi t h l i f t i ng l ugs]  and pr e- pi ped i nt er nal l y.   
Each vessel  shal l  be secur ed t o a st r uct ur al  st eel  f r ame sui t abl e f or  
shi pment  or  t r anspor t  wi t h a f or k l i f t  or  cr ane and set  on a l evel  ar ea f or  
oper at i on.   Ext er i or  st r uct ur al  s t eel  sur f aces shal l  be coat ed wi t h a 
sui t abl e pr i mer  and t op coat  t o r esi st  cor r osi on due t o wat er  spr ay.   Each 
uni t  shal l  have a mi ni mum of  one gr ound connect i on.   Each uni t  shal l  be 
pr ovi ded wi t h an i nl et  ai r / gas di st r i but or , i f  r equi r ed.   Sampl i ng por t s 
shal l  be pr ovi ded on t he i nl et  and out l et  pi pes of  each vessel  t o al l ow 
i ndependent  sampl i ng and measur ement  of  br eakt hr ough f or  each uni t .

2. 4. 3. 5   Fi r e Spr i nkl er s

**************************************************************************
NOTE:   A f i r e suppr essi on syst em i s needed i f  t he 
car bon manuf act ur er  bel i eves t he adsor bed 
cont ami nant  can r eact  and cause a f i r e.

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

The car bon vessel s shal l  be equi pped wi t h an i nt er nal  wat er  spr i nkl er  t o 
suppr ess car bon f i r es.

2. 4. 3. 6   Sei smi c Requi r ement s

**************************************************************************
NOTE:   Pr ovi de sei smi c r equi r ement s,  i f  a gover nment  
desi gner  ( ei t her  Cor ps of f i ce or  A/ E)  i s  t he 
Engi neer  of  Recor d,  and show on t he dr awi ngs.   
Remove t he br acket ed phr ase i f  sei smi c det ai l s  ar e 
not  pr ovi ded.   Per t i nent  por t i ons of  UFC 3- 310- 04 
and Sect i ons 13 48 00 [ SEI SMI C]  BRACI NG FOR 
MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  
BRACI NG FOR HVAC pr oper l y edi t ed,  must  be i ncl uded 
i n t he cont r act  document s.

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

Adsor pt i on uni t s  shal l  be suppor t ed and br aced t o r esi st  sei smi c l oads as 
speci f i ed under  UFC 3- 310- 04 and Sect i ons 13 48 00 [ SEI SMI C]  BRACI NG FOR 
MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC [ as 
shown on t he dr awi ngs] .
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2. 4. 4   Uni t  Submi t t al s

2. 4. 4. 1   Layout  and Det ai l  Dr awi ngs

Dr awi ngs showi ng compl et e equi pment  l ayout ,  pi pi ng,  wi r i ng and schemat i c 
di agr ams,  and i nst al l at i on i nst r uct i ons and any ot her  det ai l s  r equi r ed t o 
show equi pment  r el at i onshi ps,  c l ear ances f or  mai nt enance and oper at i on and 
t o demonst r at e t hat  t he syst em has been coor di nat ed and wi l l  pr oper l y 
f unct i on as a uni t .   Pr ocess f l ow di agr ams and i nst r ument at i on di agr ams 
showi ng al l  maj or  pi eces of  pr ocess equi pment  wi t h cont r ol s.   Det ai l s  on 
t he car bon adsor ber  shel l  i ncl udi ng i nf or mat i on on vapor  di f f usi on,  car bon 
cont act  shel l  di mensi ons,  const r uct i on mat er i al s and st r uct ur al  and 
suppor t i ng desi gn cal cul at i ons.

2. 4. 4. 2   Cal cul at i ons and Model i ng

Desi gn cal cul at i ons or  comput er  model i ng r esul t s f or  vapor  phase car bon 
adsor pt i on syst em i ndi cat i ng r emoval s of  each of  t he or gani c compounds 
l i s t ed.   Demonst r at i on of ,  or  desi gn cal cul at i ons f or ,  t he t ot al  head l oss 
t hr ough t he car bon uni t .   I sot her m and desi gn cal cul at i ons or  
manuf act ur er ' s comput er  model s shal l  be pr ovi ded t o est i mat e t he mass of  
car bon r equi r ed and t he br eakt hr ough cur ves.   Cal cul at i ons showi ng how t he 
vapor  phase car bon adsor pt i on syst em f unct i ons wi t h t he ent i r e ai r / gas 
syst em i ncl udi ng car bon vessel ,  [ r egener at i on equi pment ] ,  pr eheat er ,  
i nst r ument at i on and cont r ol s,  di mensi ons,  capaci t i es,  make and model ,  
mat er i al s of  const r uct i on,  coat i ng syst ems,  pr essur e dr op t hr ough each 
component  of  t he syst em,  i ncl udi ng l i ne s i z i ng,  val v i ng,  pr essur e and 
t emper at ur e gauges.   St r uct ur al  cal cul at i ons f or  f abr i cat i on and er ect i on 
dr awi ngs i f  r equest ed ( not  needed f or  dr um/ cani st er  appl i cat i ons) .

2. 4. 4. 3   Syst em Suppl i er  Test i ng

Submi t  cer t i f i cat e f r om syst em suppl i er  showi ng t hat  t he equi pment  has been 
t est ed and has passed al l  qual i t y  cont r ol  cr i t er i a.

2. 5   ACCESSORIES

2. 5. 1   Blowers

The bl ower s shal l  conf or m t o Sect i on 43 11 00 FANS/ BLOWERS/ PUMPS;  OFF- GAS.

2. 5. 2   Pr econdi t i oni ng Equi pment  f or  I nl et  Ai r / Gas St r eam

**************************************************************************
NOTE:   An ai r / gas pr eheat er  may not  be needed i f  t he 
car bon uni t  i s  pr eceded wi t h a bl ower .   Bl ower s heat  
t he ai r / gas whi ch r educes t he r el at i ve humi di t y.   A 
bl ower  may r ai se t he t emper at ur e of  t he ai r / gas mor e 
t han needed.   I f  t hi s occur s,  cool i ng wi l l  be 
r equi r ed bef or e ent er i ng t he car bon uni t .   I f  a 
speci f i c  t ype of  pr eheat er  i s  needed,  speci f i c  
i nf or mat i on on t he t ype of  heat er ,  mat er i al s of  
const r uct i on and t ype of  ener gy sour ce ( el ect r i c i t y,  
st eam,  nat ur al  gas)  shoul d be i ndi cat ed on t he 
dr awi ngs or  added t o t he speci f i cat i ons.   Ei t her  t he 
par agr aph on t he ai r / gas pr eheat er  or  t he ai r / gas 
cool er  or  bot h shoul d be del et ed.

**************************************************************************
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[ A pr eheat er  shal l  be r equi r ed i f  t he r el at i ve humi di t y i s  gr eat er  t han 
[ 50]  [ _____]  per  cent .   The pr eheat er  shal l  be [ of  t he t ype and si ze as 
shown on t he schedul e on t he dr awi ngs]  [ _____] .   The pr eheat er  shal l  l ower  
t he r el at i ve humi di t y of  t he i nf l uent  t o [ 50]  [ _____]  per cent .   Mat er i al s 
of  const r uct i on and cont r ol s and cut of f s shal l  be pr ovi ded.   The heat i ng 
el ement  shal l  be [ di r ect l y]  [ i ndi r ect l y]  heat ed. ]  [ The vapor  st r eam l eavi ng 
a f or ced dr af t  bl ower  t hat  pr ecedes t he car bon vessel  shal l  pass t hr ough a 
heat  exchanger  t hat  cool s t he ai r / gas st r eam.   The heat  exchanger  shal l  be 
of  t he t ype and si ze as shown on t he schedul e on t he dr awi ngs.   The heat  
exchanger  shal l  l ower  t he t emper at ur e enough t o r ai se t he r el at i ve humi di t y 
t o no mor e t han 50 per cent . ]

2. 5. 3   Car bon St or age and Tr ansf er  Syst em

**************************************************************************
NOTE:   Fr esh car bon st or age vessel s and exhaust ed 
car bon st or age vessel s ar e not  usual l y used i n vapor  
phase syst ems.   I n l ar ge syst ems,  t he car bon i s 
vacuumed or  r emoved by educt or  ( wat er )  and put  i nt o 
a t r uck.   I n smal l er  syst ems t he car bon i s usual l y  
r emoved by vacuum.

I f  t her e i s no onsi t e st or age,  t wo t r ucks ar e 
needed,  one empt y t o r ecei ve t he used car bon and one 
wi t h f r esh car bon.   Economi cs shoul d di ct at e whet her  
t o i nst al l  ext r a vessel s at  t he s i t e or  t o have an 
empt y t r uck accompany t he t r uck wi t h t he f r esh 
car bon.   I t  i s  of t en desi r abl e t o s i ze t he vessel s 
t o hol d a f ul l  t r uck l oad of  act i vat ed car bon t o 
r educe shi ppi ng cost s.   On many smal l  syst ems,  t he 
ent i r e vessel  cont ai ni ng t he used car bon i s r epl aced 
wi t h a vessel  cont ai ni ng f r esh car bon.   Vessel s ar e 
somet i mes f i l l ed f r om 400 t o 450 kg 900 t o 1000 pound
 sacks or  90 kg 200 pound dr ums.   I n t hi s s i t uat i on,  
no st or age t anks ar e needed.   Remove t he par agr aph 
on f r esh Car bon St or age Tank and Exhaust ed Car bon 
St or age Tanks i f  t hese wi l l  not  be r equi r ed.

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

2. 5. 3. 1   Fr esh Car bon St or age Tanks

A f r esh car bon st or age syst em shal l  be pr ovi ded.   Mi ni mum capaci t y of  t he 
syst em shal l  pr ovi de st or age of  [ _____]  kg pounds of  dr y car bon at  a bul k 
densi t y of  [ _____]  kg/ cubi c met er  pcf .

2. 5. 3. 2   Exhaust ed Car bon St or age Tanks

An exhaust ed car bon st or age suppl y syst em shal l  be pr ovi ded.   Mi ni mum 
capaci t y of  t he syst em shal l  pr ovi de st or age of  [ _____]  kg pounds of  wet  
car bon sat ur at ed wi t h or gani c chemi cal s.

2. 5. 3. 3   Sampl i ng Val ves

Sampl i ng val ves shal l  be pr ovi ded at  t he i nl et  and out l et  of  each car bon 
unit.

2. 5. 3. 4   Piping

Pi pi ng shal l  be i n accor dance wi t h Sect i on 31 21 00 PI PI NG;  OFF- GAS.
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2. 6   ACTI VATED CARBON I NSTRUMENTATI ON AND CONTROLS

**************************************************************************
NOTE:   These par agr aphs can be used i n conj unct i on 
wi t h Sect i ons 25 10 10 UTI LI TY MONI TORI NG AND 
CONTROL SYSTEM ( UMCS)  FRONT END AND I NTEGRATI ON and 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC 
modi f i ed as r equi r ed f or  t hi s appl i cat i on.   An 
i nst r ument at i on and cont r ol  Gui de Speci f i cat i on f or  
hazar dous wast e syst ems i s bei ng wr i t t en.

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

2. 6. 1   Sensor s and Tr ansmi t t er s

**************************************************************************
NOTE:   The humi di t y i nt er l ock wi l l  pr event  
condensat i on of  wat er  vapor  i n t he car bon dur i ng 
st ar t up i f  condi t i ons exi st  t hat  coul d al l ow hi gh 
humi di t y ai r  t o t he car bon uni t .

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

Sensor s and t r ansmi t t er s shal l  have a r ange sel ect ed f or  t he appl i cat i on,  
usi ng t he smal l est  r ange avai l abl e f r om t he cont r ol s manuf act ur er  t hat  wi l l  
meet  al l  expect ed sensed condi t i ons i n t he sequence of  cont r ol .   Sensor s 
and t r ansmi t t er s shal l  consi st  of  t he f ol l owi ng:

2. 6. 1. 1   Rel at i ve Humi di t y Sensor s

Rel at i ve humi di t y sensi ng el ement  shal l  have a r el at i ve humi di t y sendi ng 
r ange f r om 0 t o 100 per cent  ( condensi ng) .   The sensor  shal l  be capabl e of  
sensi ng a condensi ng ai r  st r eam ( 100 per cent  RH)  wi t hout  af f ect i ng t he 
sensor s cal i br at i on or  har mi ng t he sensor .   Sensi ng el ement s shal l  have an 
accur acy of  pl us or  mi nus 5 per cent  of  f ul l  scal e wi t hi n t he r ange of  20 t o 
80 per cent  r el at i ve humi di t y.   Al l  sensor s shal l  be mount ed i n l ocat i ons 
t hat  ar e accessi bl e f or  cal i br at i on and shal l  be f i t t ed f or  ease of  
cal i br at i on and r e- cal i br at i on.

2. 6. 1. 2   Ai r f l ow Measur i ng

**************************************************************************
NOTE:   Pi t ot - t ube t ype f l ow measur i ng devi ces can 
mal f unct i on i f  t he ai r / gas cont ai ns wat er  dr opl et s.

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

The vel oci t y sensi ng el ement s shal l  be of  t he [ RTD or  t her mi st or  t ype,  wi t h 
l i near i z i ng means.   The sensi ng el ement s shal l  be di st r i but ed acr oss t he 
pi pe i n t he quant i t y and pat t er n set  f or t h f or  measur ement s and 
i nst r uct i ons i n ASHRAE FUN SI ASHRAE FUN I P and SMACNA 1780 f or  t r aver si ng 
of  duct ed ai r f l ows.   The r esi st ance t o ai r f l ow t hr ough t he ai r f l ow 
measur ement  st at i on shal l  not  exceed 2 mm 0. 08 i nch wat er  gauge at  an 
ai r f l ow of  600 m/ mi n 2, 000 f pm.   St at i on const r uct i on shal l  be sui t abl e f or  
oper at i on at  ai r f l ows of  up t o 1500 m/ mi n 5, 000 f pm over  a t emper at ur e 
r ange of  4 t o 60 degr ees C 40 t o 140 degr ees F,  and accur acy shal l  be pl us 
or  mi nus 3 per cent  over  a r ange of  40 t o 760 m/ mi n 125 t o 2, 500 f pm scal ed 
t o ai r  vol ume. ]  [ mul t i pl e pi t ot  t ube t ype wi t h aver agi ng mani f ol ds.   The 
sensi ng el ement s shal l  be di st r i but ed acr oss t he pi pe i n t he quant i t y and 
pat t er n set  f or t h f or  measur ement s and i nst r ument s i n ASHRAE FUN SI
ASHRAE FUN I P or  SMACNA 1780 f or  t he t r aver s i ng of  duct ed ai r f l ows.   The 

SECTI ON 43 13 13. 13  Page 19



r esi st ance t o ai r f l ow t hr ough t he ai r f l ow measur ement  st at i on shal l  not  
exceed 2 mm 0. 08 i nch wat er  gauge at  an ai r f l ow of  600 m/ mi n 2, 000 f pm.   
St at i on const r uct i on shal l  be sui t abl e f or  oper at i on at  ai r f l ows of  up t o 
1500 m/ mi n 5, 000 f pm over  a t emper at ur e r ange of  4 t o 60 degr ees C 40 t o 
140 degr ees F,  and accur acy shal l  be pl us or  mi nus 3 per cent  over  a r ange of
 150 t o 760 m/ mi n 500 t o 2, 500 f pm scal ed t o ai r  vol ume.   Thi s devi ce shal l  
not  be used i f  t he r equi r ed vel oci t y measur ement  i s  bel ow 210 m/ mi n 700 f pm. ]

2. 6. 1. 3   Pr essur e Gauges

Pr essur e gauges shal l  conf or m t o ASME B40. 100.

2. 6. 1. 4   Thermometers

Ther momet er s shal l  be di al  t ype,  88 mm 3- 1/ 2 i nch di amet er ,  chr omi um pl at ed 
case;  r emot e or  di r ect - t ype bul b as r equi r ed;  pl us or  mi nus 0. 5 degr ee C 1 
degr ee F accur acy;  whi t e f ace wi t h bl ack di gi t s gr aduat ed i n 1 degr ee C 2 
degr ee F i ncr ement s.   Ther momet er  wel l s of  t he separ abl e socket  t ype shal l  
be pr ovi ded f or  each t her momet er  wi t h di r ect - t ype bul b.   Range of  
t her momet er s shal l  be [ _____]  t o [ _____]  degr ees C degr ees F.

2. 6. 2   Controllers

Cont r ol l er s shal l  have set  poi nt ,  act i on,  pr opor t i onal  band,  aut hor i t y 
t hr ot t l i ng r ange,  r at i o,  and r emot e set  poi nt  adj ust ment  as r equi r ed t o 
meet  r equi r ement s of  t he sequence of  cont r ol .   Cont r ol l er s shal l  be mount ed 
on a uni t  cont r ol  panel  l ocat ed [ i n t he same r oom as t he syst em bei ng 
cont r ol l ed]  [ near  t he car bon vessel s] .

2. 6. 2. 1   Rel at i ve Humi di t y Cont r ol l er s

Humi di t y cont r ol l er s shal l  be space- t ype and shal l  t ake f ul l  cont r ol  act i on 
f or  a r el at i ve humi di t y change of  pl us or  mi nus 5 per cent  of  t he set t i ng of  
t he cont r ol l er .   Set  poi nt  adj ust ment  r ange shal l  be appr oxi mat el y [ 20]  
[ _____]  per cent  t o [ 80]  [ _____]  per cent  r el at i ve humi di t y.   Cont r ol l er s 
shal l  have adj ust abl e t hr ot t l i ng r anges.   Cont r ol l er s t o be mount ed i n t he 
i nt er i or  of  pi pi ng shal l  be of  t he i nser t i on t ype,  f i t t ed wi t h ai r  shi el ds 
wher e so r ecommended by t he manuf act ur er .

2. 6. 2. 2   Alarms

Al ar m annunci at i on shal l  be by [ v i sual ]  [ and]  [ audi bl e]  i ndi cat i on.   Al ar m 
si gnal s shal l  be l ocked i n and r equi r e manual  r eset .   [ An aut o di al er  shal l  
be f ur ni shed]  [ Al ar ms shal l  be t el emet er ed t o t he mast er  cont r ol  panel  i n 
t he cont r ol  r oom] .

2. 6. 2. 3   Rel at i ve Humi di t y Al ar ms

Rel at i ve humi di t y al ar ms shal l  be i nst al l ed i mmedi at el y upst r eam f r om t he 
car bon vessel s t o al er t  t he oper at or  of  r el at i ve humi di t y exceedi ng [ 50]  
[ _____]  per cent .

2. 6. 2. 4   Pr essur e Al ar ms

Pr essur e [ al ar ms]  [ i ndi cat or s]  shal l  be i nst al l ed on each si de of  t he 
car bon vessel s t o al er t  t he oper at or  of  excessi ve pr essur e dr op.
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2. 6. 2. 5   Temper at ur e Al ar ms

**************************************************************************
NOTE:   Temper at ur e or  car bon monoxi de al ar ms can be 
used t o moni t or  f or  f i r e i n t he car bon bed.

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

Temper at ur e al ar ms shal l  be pr ovi ded on excur si ons ( dr op or  r i se)  of  [ 10]  
[ _____]  degr ees C [ 18]  [ _____]  degr ees F out s i de t he cont r ol  r ange i n t he 
duct  l eavi ng t he car bon vessel .

2. 6. 2. 6   Car bon Monoxi de Al ar ms

Car bon monoxi de al ar ms shal l  be pr ovi ded t o al er t  t he oper at or  of  
concent r at i ons i n excess of  [ 100]  [ _____]  ppm i n t he exi t  gas.

2. 6. 2. 7   Ti mi ng I nt er l ock

A t i mi ng i nt er l ock shal l  be pr ovi ded t o del ay st ar t i ng t he bl ower  unt i l  t he 
pr eheat er  has been t ur ned on f or  [ 15]  [ _____]  seconds.   Thi s i nt er l ock 
shal l  pr event  sat ur at i on of  t he car bon dur i ng st ar t up pr ocedur es and shal l  
del ay bl ower  st ops af t er  ever y shut  per f or med.

PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h t he det ai l s  of  t he wor k,  ver i f y al l  di mensi ons 
i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any di scr epanci es 
bef or e per f or mi ng t he wor k.

3. 2   EQUI PMENT I NSTALLATI ON

I nst al l  equi pment  as shown and i n accor dance wi t h wr i t t en i nst r uct i ons of  
t he manuf act ur er .   Each vessel  shal l  be [ anchor ed t o a f oot i ng i sol at ed 
f r om t he f l oor  s l ab]  [ mount ed on a ski d base] .   Pr ovi de anchor  br acket s,  
anchor  r ods or  st r aps t o hol d t he shel l  t o anchor s i n t he f oot i ng.   
Rei nf or ced concr et e f oundat i ons f or  each car bon uni t  shal l  be desi gned t o 
suppor t  t he uni t  and shal l  be i n accor dance wi t h Sect i on 03 30 00. 00 10 
CAST- I N- PLACE CONCRETE.

3. 3   PAI NTI NG FOR CORROSI ON PREVENTI ON

Pai nt  equi pment  whi ch di d not  r ecei ve a f act or y f i ni sh,  unl ess speci f i ed 
ot her wi se.   The pai nt  syst em appl i ed t o t he out s i de of  t he t ank shal l  be i n 
accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.   Sur f aces t hat  have 
not  been f act or y pr i med shal l  be pr i med and t op coat ed wi t h t he 
manuf act ur er ' s st andar d f act or y f i ni sh.   Fact or y pai nt i ng shal l  conf or m t o 
manuf act ur er ' s st andar d f act or y f i ni sh.   Al l  def ect s i n t he f i ni sh pr i or  t o 
or  dur i ng i nst al l at i on of  t he equi pment  shal l  be r epai r ed as speci f i ed i n 
Sect i on 09 90 00 PAI NTS AND COATI NGS.   Al l  exposed f er r ous sur f aces not  
pai nt ed i n t he f act or y shal l  be pai nt ed i n accor dance wi t h Sect i on 09 90 00 
PAI NTS AND COATI NGS.   Pai nt i ng of  cor r osi on r esi st ant  mat er i al s such as 
copper ,  br ass,  br onze,  copper - ni ckel ,  and st ai nl ess st eel  i s  not  r equi r ed,  
unl ess ot her wi se speci f i ed.   Al l  f er r ous sur f aces shal l  be coat ed or  
pai nt ed.   Col or  shal l  be as i ndi cat ed on t he pai nt  schedul e or  as ot her wi se 
approved.
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3. 4   POSTED FRAMED I NSTRUCTI ONS

Post  i nst al l at i on i nst r uct i ons,  sequences,  and pr ecaut i ons,  i ncl udi ng 
t ol er ances f or  l evel ,  hor i zont al ,  and ver t i cal  al i gnment  as speci f i ed.   
Submi t  f or  appr oval  pr i or  t o post i ng:  Gr out i ng r equi r ement s,  i ncl udi ng 
gr out  spaces and mat er i al s;  wi r i ng and cont r ol  di agr ams;  syst em l ayout s and 
i somet r i cs;  i nst r uct i ons and ot her  sheet s;  oper at i ng i nst r uct i ons 
expl ai ni ng pr event i ve mai nt enance pr ocedur es and checks t o assur e t he 
syst em i s oper at i ng nor mal l y and saf el y.   Met hods of  checki ng t he syst em 
f or  nor mal  saf e oper at i on;  pr ocedur es f or  oper at i ng t he syst em;  and 
pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he syst em shal l  be pr epar ed i n 
t yped f or m,  f r amed and post ed besi de t he di agr ams.   I nst r uct i ons shal l  be 
wr i t t en f or  any r equi r ed sampl i ng,  car bon t r ansf er  and shi ppi ng of  
act i vat ed car bon t o r egener at i on or  di sposal  f aci l i t y .   Cat al og cut s ar e 
not  accept abl e.

3. 5   FI ELD QUALI TY CONTROL

Submi t  r epor t s on t est s per f or med t o show compl i ance wi t h i nst r uct i ons.   
I ncl ude i n t he t est  r epor t s al l  f i el d t est s per f or med t o adj ust  each 
component  and al l  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.   I ndi cat e i n each t est  r epor t  t he f i nal  
posi t i on of  al l  cont r ol s.   Per f or mance t est  dat a shal l  be r ef l ect ed i n t he 
oper at i ng i nst r uct i ons.

3. 5. 1   Equi pment  Test s

Af t er  i nst al l at i on of  t he car bon adsor pt i on syst em i s compl et e,  oper at i ng 
t est s shal l  be car r i ed out  t o ensur e t hat  t he uni t  i nst al l ed oper at es 
pr oper l y.   Al l  pr oduct s shal l  be car ef ul l y  i nspect ed f or  def ect s i n 
wor kmanshi p and mat er i al ;  debr i s and f or ei gn mat t er  shal l  be c l eaned out  of  
al l  equi pment ;  al l  oper at i ng mechani sms shal l  be t est ed t o check t hei r  
pr oper  f unct i oni ng;  and al l  nut s and bol t s shal l  be checked f or  t i ght ness.   
Val ves and ot her  equi pment  whi ch do not  oper at e easi l y or  ar e ot her wi se 
def ect i ve shal l  be r epai r ed or  r epl aced.   Test s shal l  assur e t hat  t her e i s 
no v i br at i on,  or  noi se f r om any par t s.   I f  def i c i enci es ar e r eveal ed dur i ng 
t est s,  such def i c i enci es shal l  be cor r ect ed and t he t est s shal l  be 
r econduct ed at  t he Cont r act or ' s expense.

3. 5. 2   Per f or mance Test s

**************************************************************************
NOTE:   Runni ng t he uni t  t o exhaust i on shoul d onl y be 
r equi r ed i f  t hi s  i s  expect ed t o occur  wi t hi n t he 
t est  per i od.   Some vessel s may not  get  t o exhaust i on 
f or  a l ong per i od of  t i me.   Ver i f y t hat  t he sampl e 
por t s ar e addr essed i n Sect i on 31 21 00 PI PI NG;  
OFF- GAS.   Coor di nat e sampl i ng r equi r ement s of  t hi s  
par agr aph wi t h t he sampl i ng r equi r ement s of  ot her  
uni t s/ pr ocesses i n t he ent i r e t r eat ment  t r ai n.

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

Af t er  i nst al l at i on of  t he act i vat ed car bon adsor pt i on syst em,  oper at i ng 
t est s shal l  be car r i ed out  t o ensur e t hat  t he syst em oper at es pr oper l y.   
Thi s shal l  i ncl ude t he adsor pt i on uni t s,  al l  accessor i es and i nst r ument s 
and cont r ol s.   I f  any def i c i enci es ar e r eveal ed dur i ng any t est s,  such 
def i c i enci es shal l  be cor r ect ed and t he t est s r epeat ed.  [ Each]  [ A t ypi cal ]  
adsor ber  shal l  be r un at  a const ant  f l ow r at e of  appr oxi mat el y [ _____]  
cubi c met er s/ second scf m [ unt i l  t he maxi mum emi ssi ons as l i s t ed i n 
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par agr aph Chemi cal  Requi r ement s occur ]  [ f or  [ 24]  [ _____]  hour s] .   A 
compl et e l og of  each t est  r un shal l  be made,  gi v i ng t he f ol l owi ng dat a:   
dat e,  t i me of  r eadi ngs and sampl i ng.   Tot al  chemi cal s r emoved shal l  be 
det er mi ned by anal yses of  t he i nl et  and out l et  f or  t he chemi cal  
r equi r ement s l i s t ed i n par agr aph Per f or mance Requi r ement s.   Sampl es shal l  
be t aken of  t he emi ssi ons f or  anal ysi s af t er  [ each [ _____]  cubi c met er s f eet
 have been r un t hr ough t he adsor ber ]  [ [ _____]  hour s of  oper at i on] .   Resul t s 
of  t he t est s shal l  be used i n det er mi ni ng t he capaci t y and per f or mance of  
t he adsor pt i on uni t .   Submi t  t he r epor t s t o document  emi ssi ons per mi t  
compl i ance.   Sampl i ng and anal yses shal l  be per f or med i n accor dance wi t h 
[_____].

3. 5. 3   Spent  Act i vat ed Car bon Sampl i ng and Anal yses

Sampl i ng and anal yses of  t he spent  act i vat ed car bon medi a shal l  be 
per f or med i n accor dance wi t h r equi r ement s [ f or  spent  car bon t r anspor t  and 
r equi r ement s of  t he r egener at i on f aci l i t y ]  [ of  t he RCRA per mi t t ed 
t r eat ment ,  st or age and di sposal  f aci l i t y ] .

3. 5. 4   Car bon Test i ng

The car bon t o be used dur i ng t he per f or mance t est i ng shal l  be t est ed t o 
ensur e i t  meet s t he r equi r ement s of  [ _____] .

3. 5. 5   Br eakt hr ough Moni t or i ng

**************************************************************************
NOTE:   Cont i nuous emi ssi on moni t or s ar e not  
addr essed i n t hi s Sect i on.   I f  cont i nuous emi ssi on 
moni t or s ar e r equi r ed,  ver i f y t hat  t he det ect or  used 
i s speci f i c  f or  t he chemi cal s t o be moni t or ed.

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

Moni t or i ng t he emi ssi ons f or  t he chemi cal s i n par agr aph Chemi cal  
Requi r ement s shal l  be done once ever y [ 7]  [ _____]  days t o det er mi ne when t o 
r epl ace t he gr anul ar  act i vat ed car bon.   The vol ume of  ai r / gas t hat  was 
t r eat ed,  f r om t he t i me t hat  t he vessel  was pl aced i n t he upst r eam posi t i on 
unt i l  br eakt hr ough was consi st ent l y det er mi ned,  shal l  be r ecor ded as t he 
br eakt hr ough vol ume.   Br eakt hr ough vol ume i s t he vol ume of  ai r / gas t hat  was 
t r eat ed bef or e t he concent r at i on of  any one of  t he chemi cal s i n par agr aph 
Chemi cal  Requi r ement s was exceeded.   The cr i t er i a f or  det er mi ni ng when t o 
r epl ace gr anul ar  act i vat ed car bon may be modi f i ed as mor e dat a ar e 
generated.

3. 5. 6   Noncompl i ance wi t h Per f or mance Requi r ement s

Removal s shal l  meet  or  exceed t hose speci f i ed i n t he per f or mance 
r equi r ement s of  t hi s speci f i cat i on.   I f  at  any t i me dur i ng t he f i r s t  [ 12]  
[ _____]  mont hs of  oper at i on t he r esul t s of  t he or gani c anal yses of  t he 
ai r / gas emi ssi ons ar e not  i n compl i ance wi t h par agr aph Chemi cal  
Requi r ement s,  except  f or  per i ods when t he car bon i s sat ur at ed,  f l ow t hr ough 
t he uni t  shal l  be st opped and t he syst em shal l  be sai d t o be i noper abl e.   
I f  at  any t i me t he oper at i on of  t he syst em does not  meet  t he f l ow r at e 
r equi r ement s,  i nst r ument at i on or  cont r ol  r equi r ement s set  f or t h i n t hi s 
cont r act ,  f l ow t hr ough t he syst em shal l  be st opped.   Pr oceed i mmedi at el y t o 
r epai r  or  modi f y t he syst em f or  compl i ance wi t h t he cont r act  document s.   
Repai r s or  modi f i cat i ons shal l  be made ent i r el y at  t he Cont r act or ' s  
expense.   Not i f y  t he Cont r act i ng Of f i cer  one day bef or e t he syst em i s t o be 
r est ar t ed and r et est ed.
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3. 6   OPERATI ON AND MAI NTENANCE SUPPLI ES

3. 6. 1   PARTS,  TOOLS AND HANDLI NG EQUI PMENT

Submi t  a compl et e l i s t  of  par t s,  suppl i es,  speci al  t ool s,  i nst r ument s and 
accessor i es and speci al  l i f t i ng and handl i ng devi ces r equi r ed f or  per i odi c 
mai nt enance,  r epai r ,  adj ust ment  and cal i br at i on and r ecommended spar e par t s 
f or  each di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed,  wi t h cur r ent  
uni t  pr i ces and sour ce of  suppl y,  and a l i s t  of  t he par t s r ecommended by 
t he manuf act ur er  t o be r epl aced af t er  [ one]  [ _____]  and [ t hr ee]  [ _____]  
year s of  ser vi ce.

3. 6. 2   EXTRA MATERI ALS

Wi t hi n 30 days of  syst em appr oval ,  f ur ni sh a spar e par t s l i s t  f or  each 
di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed wi t h t he shop dr awi ngs 
submi t t ed.   I ncl ude i n t he l i s t  par t s,  suppl i es,  pr i ces and sour ces 
schedul e.   Fur ni sh t hose spar e par t s and speci al  t ool s whi ch ar e 
r ecommended by t he manuf act ur er .   Al so pr ovi de 12 mont hs suppl y of  any 
expendabl e i t ems and f r equent l y r epl aced par t s,  except  f or  car bon,  as 
i dent i f i ed by t he manuf act ur er .   Fol l owi ng compl et i on of  t he st ar t up and 
oper at i ng per i od [ r epl eni sh t he spar e par t s i nvent or y and pr ovi de a t wel ve 
mont h suppl y]  [ suppl y t he [ car bon r egener at i on]  [ car bon di sposal ]  f aci l i t y  
name,  addr ess and pr i ce schedul e] .

3. 7   MANUFACTURER' S FI ELD SERVI CE

Pr ovi de t he ser v i ces of  t he manuf act ur er ' s r epr esent at i ve,  who i s 
exper i enced i n t he i nst al l at i on,  adj ust ment  and oper at i on of  t he equi pment  
speci f i ed,  f or  a mi ni mum of  [ 16]  [ _____]  hour s at  t he s i t e.   The 
r epr esent at i ve shal l  super vi se t he i nst al l at i on,  adj ust ment ,  and t est i ng of  
t he equi pment .   Pr i or  t o st ar t up,  t he equi pment  shal l  be i nspect ed f or  
al i gnment  and connect i ons by a f act or y r epr esent at i ve.   The manuf act ur er ' s 
r epr esent at i ve shal l  i nspect  t he f i nal  i nst al l at i on and super vi se t he 
adj ust ment  and t est i ng of  t he equi pment .   Schedul e and coor di nat e t he 
t est i ng t o coi nci de wi t h t he l at er  phases of  t he car bon col umn t est i ng,  t o 
pr ove out  t he compl et e i nst al l at i on i n t he pr esence of  a Gover nment  
r epr esent at i ve.   Af t er  compl et i on of  al l  t est i ng,  t he manuf act ur er ' s 
r epr esent at i ve shal l  assi st  t he pl ant  oper at or s i n pl ant  st ar t up.

3. 8   CLOSEOUT ACTI VI TI ES

3. 8. 1   Oper at i ng and Mai nt enance Manual s

Submi t  [ s i x]  [ _____]  compl et e copi es of  oper at i ng i nst r uct i ons out l i ni ng 
t he st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on and 
shut down.   I ncl ude i n t he i nst r uct i ons l ayout ,  wi r i ng,  and cont r ol  di agr ams 
of  t he syst em as i nst al l ed.   Al so t he manuf act ur er ' s name,  model  number ,  
ser vi ce manual ,  par t s l i s t ,  br i ef  descr i pt i on of  al l  equi pment  and t hei r  
basi c oper at i on f eat ur es,  and oper at i ng i nst r uct i ons f or  each pi ece of  
equi pment  and bul l et i ns,  cut  sheet s and descr i pt i ve dat a.   [ Si x]  [ _____]  
compl et e copi es of  mai nt enance i nst r uct i ons l i s t i ng r out i ne pr event at i ve 
mai nt enance pr ocedur es,  possi bl e br eakdowns and r epai r s,  and t r oubl e 
shoot i ng gui des l i s t  showi ng l ubr i cant s f or  each i t em of  mechani cal  
equi pment ,  appr oxi mat e quant i t i es needed per  year  and r ecommended 
l ubr i cat i on i nt er val s.
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3. 9   FI ELD TRAI NI NG

Conduct  a t r ai ni ng cour se of  oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od,  f or  a t ot al  of  [ 24]  [ 36]  hour s 
of  nor mal  wor ki ng t i me,  shal l  s t ar t  af t er  t he syst em i s f unct i onal l y 
compl et e but  pr i or  t o f i nal  accept ance t est s.   The f i el d i nst r uct i ons shal l  
cover  t he t opi cs i ncl uded i n t he Oper at i ng and Mai nt enance Manual s.   Al so 
pr ovi de [ 16]  [ _____]  hour s of  t r ai ni ng,  as di r ect ed by t he Cont r act i ng 
Of f i cer ,  f ol l owi ng compl et i on of  t he [ one year ]  [ _____]  oper at i ng per i od 
f or  t he f ol l ow- i n Cont r act or .

       - -  End of  Sect i on - -
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