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UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS
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SECTI ON 46 30 13

ADVANCED OXI DATI ON PROCESSES ( AOP)
02/ 11

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  l i qui d phase advanced oxi dat i on 
pr ocesses usi ng t i t ani um di oxi de or  hydr ogen 
per oxi de and/ or  ozone wi t h or  wi t hout  ul t r avi ol et  
l i ght .

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 
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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 MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fi t t i ngs

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

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

ASME B31. 1 ( 2022)  Power  Pi pi ng

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

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

AMERI CAN WELDI NG SOCI ETY ( AWS)

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

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A53/ A53M ( 2024)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A182/ A182M ( 2024)  St andar d Speci f i cat i on f or  For ged 
or  Rol l ed Al l oy and St ai nl ess St eel  Pi pe 
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Fl anges,  For ged Fi t t i ngs,  and Val ves and 
Par t s f or  Hi gh- Temper at ur e Ser vi ce

ASTM A269/ A269M ( 2024)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Aust eni t i c  St ai nl ess St eel  
Tubi ng f or  Gener al  Ser vi ce

ASTM A276/ A276M ( 2024)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Bar s and Shapes

ASTM A312/ A312M ( 2022a)  St andar d Speci f i cat i on f or  
Seaml ess,  Wel ded,  and Heavi l y Col d Wor ked 
Aust eni t i c  St ai nl ess St eel  Pi pes

ASTM A403/ A403M ( 2022b)  St andar d Speci f i cat i on f or  Wr ought  
Aust eni t i c  St ai nl ess St eel  Pi pi ng Fi t t i ngs

ASTM A774/ A774M ( 2024)  St andar d Speci f i cat i on f or  
As- Wel ded Wr ought  Aust eni t i c  St ai nl ess 
St eel  Fi t t i ngs f or  Gener al  Cor r osi ve 
Ser vi ce at  Low and Moder at e Temper at ur es

ASTM A778/ A778M ( 2022)  St andar d Speci f i cat i on f or  Wel ded,  
Unanneal ed Aust eni t i c  St ai nl ess St eel  
Tubul ar  Pr oduct s

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

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

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

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

ASTM B209M ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e ( Met r i c)

ASTM D1710 ( 2008)  Ext r uded and Compr essi on Mol ded 
Pol yt et r af l uor oet hyl ene ( PTFE)  Rod and 
Heavy- Wal l ed Tubi ng

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
Schedul es 40,  80,  and 120

ASTM D2241 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pr essur e- Rat ed 
Pi pe ( SDR Ser i es)

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D3222 ( 2018a)  St andar d Speci f i cat i on f or  
Unmodi f i ed Pol y( Vi nyl i dene Fl uor i de)  
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( PVDF)  Mol di ng Ext r usi on and Coat i ng 
Mat er i al s

ASTM F593 ( 2022)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Bol t s,  Hex Cap Scr ews,  and 
St uds

COMPRESSED AI R AND GAS I NSTI TUTE ( CAGI )

CAGI  B19. 1 ( 2010)  Saf et y St andar d f or  Compr essor  
Syst ems

COMPRESSED GAS ASSOCI ATI ON ( CGA)

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

CGA G- 4. 4 ( 2020)  Oxygen Pi pel i ne Syst ems;  4t h Edi t i on

CGA HB ( 1999)  Handbook of  Compr essed Gases;  4t h 
Edi t i on

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

ANSI / I SA 5. 1 ( 2022)  I nst r ument at i on Symbol s and 
I dent i f i cat i on

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

MSS SP- 43 ( 2019)  Wr ought  St ai nl ess St eel  
But t - Wel di ng Fi t t i ngs

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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

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

NFPA 55 ( 2023;  TI A 22- 1;  TI A 22- 2;  TI A 23- 3;  TI A 
23- 4)  Compr essed Gases and Cr yogeni c 
Fl ui ds Codes

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023;  wi t h Change 1,  2023)  St r uct ur al  
Engi neer i ng
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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 
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

AOP Syst em;  G[ ,  [ _____] ]

Ai r  Pr epar at i on Syst em;  G[ ,  [ _____] ]

Oxygen Gener at i on Syst em;  G[ ,  [ _____] ]

LOX St or age Syst em;  G[ ,  [ _____] ]

Ozone Gener at i on Syst em;  G[ ,  [ _____] ]

React or  Vessel ;  G[ ,  [ _____] ]
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Met er i ng Pump;  G[ ,  [ _____] ]

Local  Cont r ol s and Panel s;  G[ ,  [ _____] ]

Li qui d Pr ocess Tank;  G[ ,  [ _____] ]

Mai nt enance;  G[ ,  [ _____] ]

  Dr awi ngs showi ng shop and er ect i on det ai l s and chemi cal  
appl i cat i on l ocat i ons;  i ncl udi ng cut s,  codes,  connect i ons,  hol es,  
bol t s,  wel ds,  anchor age,  i nst al l at i on det ai l s,  wi r i ng di agr ams,  
schemat i c di agr ams,  component  i dent i f i cat i on t abl es and di r ect or y,  
and cl ear ances f or  mai nt enance and oper at i ons.

SD- 03 Pr oduct  Dat a

AOP Syst em;  G[ ,  [ _____] ]

Cal cul at i ons;  G[ ,  [ _____] ]

Commi ssi oni ng/ Demonst r at i on Pl an;  G[ ,  [ _____] ]

Manuf act ur ed Uni t s

Per f or mance Requi r ement s;  G[ ,  [ _____] ]

Qual i f i cat i ons;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Per f or mance Requi r ement s;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

AOP Syst em

Fi el d Tr ai ni ng

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

AOP Syst em;  G[ ,  [ _____] ]

Mai nt enance;  G[ ,  [ _____] ]

1. 3   QUALI FI CATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  shoul d edi t  t he subsequent  
par agr aphs and r emove r equi r ement s not  appl i cabl e t o 
t he pr oj ect .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
1. 3. 1   Cont r act or

Pr ovi de document at i on of  a mi ni mum of  [ 3]  [ _____]  year s of  exper i ence i n 
t he const r uct i on of  wat er ,  wast ewat er ,  i ndust r i al  wast ewat er ,  or  hazar dous 
and t oxi c wast e wat er  t r eat ment  f aci l i t i es.   The Cont r act or  i s r esponsi bl e 
f or  i nst al l at i on and st ar t - up of  t he AOP equi pment  suppl i ed,  as wel l  as 
oper at or  t r ai ni ng.
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1. 3. 2   Equi pment  Manuf act ur er

Submi t  a st at ement  by t he equi pment  manuf act ur er  l i s t i ng any except i on t o 
or  devi at i ons f r om t he cont r act  dr awi ngs and speci f i cat i ons.   Wr i t t en 
evi dence t hat  equi pment  and accessor i es ar e a pr oduct  of  a qual i f i ed and 
exper i enced manuf act ur er .   St at ement  i ndi cat i ng t he syst em i s capabl e of  
t r eat i ng t he wast es t o t he l evel s i dent i f i ed.

1. 3. 3   Ul t r avi ol et  ( UV)  Oxi dat i on Syst em Suppl i er

Equi pment  pr ovi ded must  dupl i cat e equi pment  t hat  has been i n sat i sf act or y 
ser vi ce f or  a mi ni mum of  [ 2]  [ _____]  year s pr i or  t o bi d openi ng.   The UV 
oxi dat i on syst em suppl i er  i sr esponsi bl e f or  f ur ni shi ng a compl et e 
pr epackaged syst em.   The suppl i er  need not  manuf act ur e t he ent i r e syst em,  
but  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 syst em as speci f i ed.

1. 3. 4   Manuf act ur er ' s Repr esent at i ve

Pr ovi de ser vi ces,  as speci f i ed,  of  a qual i f i ed manuf act ur er ' s f i el d 
r epr esent at i ve 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  f ur ni shed and who has compl et e knowl edge of  t he pr oper  
oper at i on and mai nt enance of  t he syst em.   I ncl ude a st at ement  i ndi cat i ng 
t he oper at or s desi gnat ed t o t r ai n t he on si t e oper at or s have been t r ai ned 
t o oper at e t he i nst al l ed equi pment .

1. 3. 5   Wel di ng

Per f or m wel di ng f ol l owi ng qual i f i ed pr ocedur es,  usi ng per f or mance 
qual i f i ed wel der s and wel di ng oper at or s.   Fur ni sh a copy of  qual i f i ed 
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 t o t he Cont r act i ng Of f i cer  pr i or  t o 
begi nni ng any wor k on t he AOP equi pment .

1. 4   REGULATORY REQUI REMENTS

Conf or m t he AOP syst em t o al l  f eder al ,  st at e,  r egi onal ,  and l ocal  
r egul at i ons concer ni ng chemi cal  st or age,  ai r ,  noi se and wat er  pol l ut i on 
cont r ol  r equi r ement s.

1. 5   PRE- SUBMI TTAL CONFERENCE

Assembl e t he pr i mar y pr ocess desi gner ,  AOP equi pment  and maj or  component  
suppl i er s,  el ect r i cal  and mechani cal  subcont r act or s,  and maj or  component  
manuf act ur er ' s r epr esent at i ves at  [ t he const r uct i on s i t e]  [ _____]  pr i or  t o 
pr epar at i on of  t he Cont r act or ' s AOP submi t t al  f or  gover nment  appr oval .   
Thi s meet i ng i s i nt ended t o ensur e t hat  f aci l i t y  const r uct i on i s pr oper l y 
schedul ed;  power ,  cont r ol ,  pl umbi ng,  space i nt er f aces ar e ver i f i ed;  and 
r esponsi bi l i t i es coor di nat ed among subcont r act or ' s and suppl i er s and 
r ef l ect ed on t he Cont r act or ' s AOP submi t t al s.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  shoul d coor di nat e wi t h t he 
Cont r act i ng Of f i cer  and user  t o det er mi ne 
appr opr i at e l ocat i ons f or  equi pment  st or age.   
I dent i f y unusual  r equi r ement s ei t her  her e or  on t he 
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dr awi ngs.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Del i ver  equi pment  f r ee of  st r uct ur al  or  ot her  damage and pl ace i n st or age,  
i n accor dance wi t h t he manuf act ur er ' s r equi r ement s,  pr ot ect ed f r om 
st r uct ur al  damage,  t he weat her ,  excessi ve humi di t y and excessi ve 
t emper at ur e var i at i on;  and di r t ,  dust ,  or  ot her  cont ami nant s t hat  coul d 
ot her wi se damage i t s component s.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph shoul d be edi t ed t o i dent i f y 
t he appr opr i at e cont ami nant s of  concer n as wel l  as 
t hose par amet er s whi ch pot ent i al l y  i nhi bi t  t he 
pr ocess as i ndi cat ed i n ETL 1110- 1- 161 
ULTRAVI OLET/ CHEMI CAL OXI DATI ON dat ed 29 Mar ch 96.

Ef f l uent  l i mi t at i ons ar e gener al l y di ct at ed by 
r egul at or y r equi r ement s.   Li st  t he per f or mance 
r equi r ement s i n t hi s speci f i cat i on.

I f  t hi s speci f i cat i on i s used as par t  of  a Request  
f or  Pr oposal s,  t he desi gner  shoul d i dent i f y maxi mum 
val ues f or  power  and oxi dant  usage based on bench or  
pi l ot  st udi es and i ncl ude t hi s i nf or mat i on i n 
Par agr aph Per f or mance Requi r ement s.

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

Pr ovi de t he AOP i ncl udi ng al l  i t ems necessar y as a compl et e syst em f or  
r emoval  of  t hose chemi cal s i dent i f i ed bel ow t o t he l evel s i ndi cat ed.   
Equi pment  i ncl udes,  but  i s not  l i mi t ed t o,  AOP cont act  vessel s,  l amps when 
r equi r ed,  pi pi ng t o uni t s upst r eam and downst r eam of  t he cont act  vessel s,  
oxi dant  f eed syst em,  gas emi ssi on t r eat ment ,  cont r ol s,  accessor i es and 
equi pment  t o pr ovi de compl et e and f unct i onal  syst em wi t hi n t he l i mi t s 
i dent i f i ed.   Anal yt i cal  and sampl i ng pr ot ocol s ar eas speci f i ed i n [ _____] .

2. 1. 1   Desi gn Requi r ement s

Mi ni mum equi pment  l i f e [ 20]  [ _____]  year s

Max.  equi pment  di mensi ons [ As i ndi cat ed]  [ _____]

Maxi mum AOP r eact or  oper at i ng pr essur e [ _____]  kPa psi

React or  i nl et  pi pe di am. [ _____]  mm i nch

React or  out l et  pi pe di am. [ _____]  mm i nch

Max.  cool i ng wat er  t emp. [ _____]  degr ees C F

Max.  cool i ng wat er  f l ow r at e [ _____]  L/ s  gpm
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Max.  AOP i nf l uent  f l ow r at e [ _____]  L/ s  gpm

Mi ni mum r eact or  vessel  det ent i on t i me [ _____]  mi nut es

Max.  l i qui d t emper at ur e r i se acr oss AOP 
r eact or

[ _____]  degr ees C F

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

Submi t  per f or mance t est s r esul t s i ndi cat i ng t emper at ur e r i se t hr ough t he 
r eact or ,  oxi dant  dosage,  det ent i on t i me,  cat al yst  dosage,  ul t r avi ol et  
l i ght  dosage,  ambi ent  gas moni t or i ng r esul t s,  and t r eat ment  syst em of f  gas 
moni t or i ng and dest r uct i on r esul t s,  equi pment  and anal yt i cal  t est i ng 
met hods used,  and r emoval  of  const i t uent s i dent i f i ed bel ow st at ed i n 
mass/ uni t  vol ume t r eat ed r el at i ve t o t he i nf l uent  concent r at i on.

Repor t  i n bookl et  f or m,  upon compl et i on of  t he i nst al l ed syst em.   Test  
r epor t  wi l l  i ncl ude f i el d t est s per f or med t o adj ust  each component  and 
f i el d t est s conduct ed 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.   Test  r epor t  must  i ndi cat e t he r ecommended posi t i on of  t he 
cont r ol s.

a.   I nf l uent  char act er i st i cs:

I nor gani c Const i t uent  Concent r at i on

I r on ( Fe2+) [ _____]  mg/ L

HCO3-  ( as CaCO3) [ _____]  mg/ L

[ _____] [ _____]  mg/ L

Or gani c Const i t uent  Concent r at i on

[ _____] [ _____]  µg/ L

pH [ _____]  uni t s

Tot al  Or gani c Car bon ( TOC) [ _____]  mg/ L

b.   Ef f l uent  r equi r ement s:

Or gani c Const i t uent  Concent r at i on

[ _____] [ _____]  g/ L

Tot al  Or gani c Car bon ( TOC) [ _____]  mg/ L

pH [ _____]  uni t s

Maxi mum ef f l uent  t emper at ur e [ _____]  degr ees C F

c.   Ef f i c i ency f act or s:
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Ozone usage [ _____]  mg/ L

Hydr ogen per oxone usage [ _____]  mg/ L

Power  consumpt i on [ _____]  kW/ L

[ Cat al yst  usage] [ _____]  mg/ L

2. 1. 3   Tr eat abi l i t y  Test i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph shoul d be del et ed i f  pr evi ous 
t r eat abi l i t y  st udi es have not  been conduct ed.   The 
syst em par amet er s used dur i ng t he t r eat abi l i t y  st udy 
may not  dupl i cat e t he syst em pr oposed by t he 
Cont r act or .   The pr evi ous t r eat abi l i t y  st udi es 
shoul d be pr oper l y document ed t o i ncl ude t he 
i nf or mat i on cont ai ned i n ETL 1110- 1- 161.

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

The pr evi ousl y conduct ed t r eat abi l i t y  st udy i nf or mat i on cont ai ned i n 
Appendi x [ _____]  i s pr ovi ded f or  t he Cont r act or ' s i nf or mat i on.   The st udy 
r esul t s i ndi cat e [ ul t r avi ol et  oxi dat i on]  [ per oxone]  [ _____]  i s capabl e of  
meet i ng t he cr i t er i a i n par agr aph PERFORMANCE REQUI REMENTS.   Eval uat e t he 
appl i cabi l i t y  and adequacy of  t he t r eat abi l i t y  st udi es and r esul t s 
pr ovi ded.   I f  deemed necessar y by t he Cont r act or ,  addi t i onal  st udi es may 
be per f or med at  t he Cont r act or ' s expense t o conf i r m t he pr evi ousl y 
conduct ed t r eat abi l i t y  st udy and r esul t s.   Based on t he Cont r act or ' s own 
i nt er pr et at i on of  t he pr evi ous st udi es and r esul t s,  and addi t i onal  st udi es 
and r esul t s t he Cont r act or  el ect s t o per f or m,  pr ovi de a f ul l  scal e 
t r eat ment  pl ant  whi ch meet s t he r equi r ement s i dent i f i ed.

2. 2   STANDARD PRODUCTS

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
whi ch 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.   Equi pment  i s t o be suppor t ed by a 
ser vi ce or gani zat i on t hat  i s,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  
r easonabl y conveni ent  t o t he s i t e.

2. 3   NAMEPLATES

Pr ovi de each maj or  i t em of  equi pment  wi t h 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 .   Namepl at es ar e t o be pr ovi ded 
f or ,  but  not  l i mi t ed t o,  each cont act  vessel ,  pumps,  mot or s,  oxi dant  
equi pment  and accessor i es,  and el ect r i cal  component s such as t r ansf or mer s.

2. 4   MATERI ALS

2. 4. 1   Pl at es,  Shapes and Bar s

Conf or m st eel  t o ASTM A36/ A36M;  st ai nl ess st eel  must  conf or m wi t h 
ASTM A276/ A276M,  t ype 316.
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2. 4. 2   Pi pe and Fi t t i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  shoul d coor di nat e wi t h t he oxi di zer  
equi pment  suppl i er s t o coor di nat e pi pi ng and gasket  
mat er i al  r equi r ement s.

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

Gasket  mat er i al s f or  pi pe and f i t t i ngs ar e t o be si l i con,  or  t ef l on unl ess 
ot her wi se shown or  speci f i ed.

2. 4. 2. 1   St ai nl ess St eel  Pi pe

a.   Conf or m pi pe 100 mm 4 i nch and l ar ger  t o ASTM A312/ A312M,  Schedul e 40,  
Type 316L wi t h maxi mum car bon cont ent  of  0. 04 per cent .   Conf or m 
f l anged f i t t i ngs st o ASME B16. 5,  F316L Cl ass 150 wi t h 2 mm 1/ 16 i nch 
mi ni mum t hi ckness si l i con,  t ef l on,  expanded PTFE,  PVDF,  or  v i t on 
gasket s.   But t  wel d f i t t i ngs must  conf or m t o ASTM A403/ A403M and 
MSS SP- 43,  Gr ade 316L,  Schedul e 10S wi t h f ul l  penet r at i on wel ds.

b.   Pi pe l ess t han 100 mm 4 i nch wi l l  be t ype TP316,  and conf or m t o 
ASTM A312/ A312M Schedul e 80S f or  t hr eaded j oi nt s,  and Schedul e 40S f or  
wel ded j oi nt s.   Conf or m f l anged j oi nt s t o ASTM A182/ A182M,  F316 or  
F316L,  Cl ass 150;  di mensi ons and dr i l l i ng ar e t o be i n accor dance wi t h 
ASME B16. 5 wi t h 2 mm 1/ 16 i nch mi ni mum t hi ckness si l i cone,  t ef l on,  
expanded PTFE,  PVDF,  or  v i t on gasket s.   But t  wel d f i t t i ngs must  
conf or m t o ASTM A774/ A774M,  ASTM A778/ A778M,  and ASME B16. 9.

c.   Li qui d t ubi ng 10 mm 3/ 8 i nch and smal l er  wi l l  be seaml ess aust eni t i c  
st ai nl ess st eel  and conf or m t o ASTM A269/ A269M,  Type TP316.   Wal l  
t hi ckness ar e t o be adequat e f or  t he pr essur e r equi r ed.   Fi t t i ngs must  
be compr essi on t ype made f r om bar  st ock mat er i al  conf or mi ng t o 
ASTM A276/ A276M,  Type 316,  wi t h f or gi ngs conf or mi ng wi t h 
ASTM A182/ A182M,  Type 316.   Assembl i es wi l l  consi st  of  t ube,  f i t t i ngs 
and component s of  one manuf act ur er .

2. 4. 2. 2   Pol yvi nyl  Chl or i de ( PVC)  Pi pe

PVC pi pe and f i t t i ngs l ess t han 100 mm 4 i nch di amet er  wi l l  be i n 
accor dance wi t h ASTM D1785 or  ASTM D2241.   PVC pi pe and f i t t i ngs 100 mm 4 
i nch i n di amet er  and l ar ger  wi l l  be i n accor dance wi t h ASTM D2241.   Pi pe 
and j oi nt s ar e t o be r at ed f or  a wor ki ng pr essur e of  [ _____]  kPa psi .   
Sol vent  cement  j oi nt s must  conf or m t o t he r equi r ement s of  ASTM D2564.   
Fl anged j oi nt  di amet er  and dr i l l i ng must  conf or m t o ASME B16. 5,  Cl ass 150.

2. 4. 2. 3   Pol yt et r af l uor oet hyl ene ( PTFE)  Pi pe and Tubi ng

Conf or m pi pe and f i t t i ngs t o ASTM D1710,  Type I ,  Gr ade 1,  Cl ass A,  wi t h 
PTFE compr essi on t ype f i t t i ngs.   Pi pe,  t ubi ng and associ at ed f i t t i ngs ar e 
t o be r at ed f or  a mi ni mum wor ki ng pr essur e of  [ _____]  kPa psi .

2. 4. 2. 4   Pol yvi nyl i dene Fl uor i de ( PVDF)  Pi pe and Tubi ng

PVDF pi pe,  t ubi ng and f i t t i ngs ar e t o be manuf act ur ed f r om mat er i al s 
conf or mi ng t o ASTM D3222 f or  t ype I I  homopol ymer s.   Pi pe t ol er ances f or  
out si de di amet er  and wal l  t hi ckness wi l l  be i n accor dance wi t h ASTM D1785 
f or  schedul e 80 pi pe.   Tubi ng and associ at ed f i t t i ngs ar e t o be r at ed f or  
a mi ni mum wor ki ng pr essur e of  [ _____]  kPa psi .
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2. 4. 2. 5   Copper  Pi pe

Pi pe 100 mm 4 i nch and smal l er  wi l l  be st andar d wei ght ,  seaml ess,  col d 
dr awn t ype conf or mi ng t o ASTM B88M ASTM B88 Type K,  t emper  H.   Fi t t i ngs 
ar e t o be cast  or  wr ought  copper  al l oy,  sol der  j oi nt  t ype,  conf or mi ng wi t h 
ASME B16. 18 or  ASME B16. 22,  as appr opr i at e.   Sol der  used wi l l  be l ead f r ee 
and compl y wi t h ASTM B32,  gr ade Sb5,  95- 5 t i n- ant i mony or  Sn96,  96- 4 
t i n- s i l ver  sol der .

2. 4. 3   Pi pe Hanger s and Suppor t s

Pi pe hanger s and suppor t s wi l l  conf or m t o MSS SP- 58.

2. 4. 4   St ai nl ess St eel  Gas Tubi ng and Fi t t i ngs

St ai nl ess st eel  t ubi ng wi l l  conf or m t o ASTM A778/ A778M.   Wal l  t hi cknesses 
wi l l  be a mi ni mum of  1. 5 mm 0. 062 i nch f or  t ubi ng 250 mm 10 i nches and 
smal l er ,  t ubi ng 300 mm 12 i nch i n di amet er  wi l l  have a mi ni mum wal l  
t hi ckness of  1. 9 mm 0. 078 i nch,  t ubi ng 350 t hr ough 450 mm 14 t hr ough 18 
i nch i n di amet er  wi l l  have a mi ni mum wal l  t hi ckness of  2. 7 mm 0. 109 i nch.   
Fi t t i ngs wi l l  conf or m t o ASTM A774/ A774M,  and be of  t he same mat er i al ,  
gr ade,  schedul e or  wal l  t hi ckness as speci f i ed f or  t ubi ng.   Joi nt s ar e t o 
be f ul l  penet r at i on but t  wel ded j oi nt s or  Van St one t ype j oi nt s usi ng 
angl e f ace r i ngs wi t h br aci ng f l anges dr i l l ed i n accor dance wi t h ASME B16. 5.

2. 4. 5   Val ves

2. 4. 5. 1   Li qui d Oxygen ( LOX)

LOX val ves ar e t o be br onze or  Type 316 st ai nl ess st eel  i nt ended f or  
cr yogeni c ext ended ser vi ce.   Mat er i al s must  be compat i bl e wi t h t he pi pi ng 
i nst al l ed.

2. 4. 5. 2   Gat e

Gat e val ves ar e t o compl y wi t h t he r equi r ement s of  Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

2. 4. 5. 3   Bal l

Bal l  val ves ar e t o compl y wi t h t he r equi r ement s of  Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.   Val ves used f or  hydr ogen per oxi de ser vi ce ar e 
t o be passi vat ed and vent ed i n accor dance wi t h t he hydr ogen per oxi de 
suppl i er  r ecommendat i ons.

2. 4. 5. 4   Check

Check val ves ar e t o compl y wi t h t he r equi r ement s of  Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

2. 4. 6   I nj ect or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  shoul d coor di nat e pr essur e 
r equi r ement s wi t h equi pment  manuf act ur er s t o 
det er mi ne i f  suppl ement al  pumpi ng i s r equi r ed t o 
ensur e adequat e gas t r ansf er .   I n cer t ai n 
s i t uat i ons,  mul t i pl e i nj ect or s may be r equi r ed i f  
l ar ge f l ow var i at i ons ar e expect ed.   I nj ect or s ar e 
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most  commonl y used on smal l er  appl i cat i ons such as 
mul t i pl e col umns i n ser i es wher e ozone can be 
i nj ect ed t o t he i ndi v i dual  col umns.

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

Hi gh ef f i c i ency vent ur i  t ype i nj ect or s wi l l  be const r uct ed of  316L 
st ai nl ess st eel  or  PVDF at  a r at ed pr essur e of  [ _____]  kPa psi .   Each uni t  
wi l l  have a l i qui d f l ow capaci t y of  [ _____]  L/ s gpm,  and be capabl e of  
appl y i ng 150 per cent  of  t he desi gn gas f l ow of  st andar d [ _____]  L/ mi nut e 
cubi c f eet / hour  of  a [ _____]  per cent  ozone i n [ ai r ]  [ oxygen]  mi xt ur e.   
I nj ect or s ar e t o be desi gned t o oper at e wi t h an avai l abl e pr essur e head t o 
t he i nj ect or  of  [ _____]  kPa psi ,  and a back pr essur e of  [ _____]  kPa psi .

2. 4. 7   Di f f user s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  shoul d coor di nat e wi t h di f f user  
manuf act ur er s t o det er mi ne t he pr oper  f l ow r at e and 
cover age per  di f f user .   Rod t ype di f f user s ar e 
gener al l y used on l ar ger  r ect angul ar  t anks ver sus 
t he dome or  di sc t ype whi ch can be used i n ei t her  
c i r cul ar  r eact or s,  or  on r ect angul ar  uni t s.

Coor di nat e access r equi r ement s wi t h par agr aph AOP 
React or  Vessel .

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

Fi ne bubbl e di f f user s ar e t o be cer ami c const r uct i on,  of  t he t ube,  di sc or  
dome t ype.   Cer ami c ar e t o be of  bonded si l i ca or  al umi na,  and be 
r esi st ant  t o degr adat i on by ozone i n oxygen concent r at i ons of  [ 16]  [ _____]  
per cent .   Por e s i ze wi l l  be a maxi mum of  [ 50]  [ _____]  um [ 0. 002]  [ _____]  
i nch or  t he manuf act ur er ' s st andar d por e s i ze whi ch wi l l  pr oduce bubbl es 
[ 2]  [ _____]  mm [ 0. 005]  [ _____]  i nch i n di amet er  or  smal l er .   Gas f l ow per  
di f f user  wi l l  be a maxi mum of  st andar d [ _____]  L/ s cubi c f eet / mi nut e at  a 
submer gence of  [ _____]  m f eet .   Maxi mum al l owabl e headl oss per  di f f user  
i s l i mi t ed t o [ _____]  mm i nch.   Br acket s,  hol der s,  bol t s,  r ods,  washer s and 
ot her  accessor i es ar e t o be 316 st ai nl ess st eel  unl ess ot her wi se 
i ndi cat ed.   Gasket s ar e t o be of  s i l i cone const r uct i on.

2. 4. 8   Coupl i ngs

Fi t t i ngs,  f l anges,  bol t s,  nut s and washer s ar e t o be t he same mat er i al  as 
t he pi pi ng unl ess ot her wi se i ndi cat ed.   Sl eeve t ype coupl i ngs f or  ozone 
ser vi ce ar e t o be of  st ai nl ess st eel  conf or mi ng wi t h ASTM A312/ A312M,  
Gr ade TP316L wi t h ozone r esi st ant  gasket s.   Coupl i ngs f or  non- ozone 
f er r ous met al  pi pi ng wi l l  be ASTM A53/ A53M,  Gr ade B.

2. 4. 9   I nsul at i ng Joi nt s

I nsul at i ng j oi nt s ar e t o be pr ovi ded when f er r ous met al  pi pi ng i s j oi ned 
wi t h non- f er r ous met al  pi pi ng,  f i t t i ng or  val ve mat er i al s.   I nsul at i ng 
f l anges ar e t o be i nst al l ed and have i nsul at i ng f l ange gasket s,  i nsul at i ng 
s l eeves f or  st uds,  and i nsul at i ng washer s f or  bot h s i des of  f l anges.   
St eel  washer s ar e t o be i nst al l ed bet ween t he i nsul at i ng washer s and 
nut s.   Coupl i ngs ar e t o be of  t he same pr essur e r at i ng as t he pi pe 
i nst al l ed.
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2. 4. 10   I n Pi pel i ne St at i c Mi xer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St at i c mi xer s ar e gener al l y r ecommended t o 
ensur e compl et e mi xi ng when per oxi de i s used.   
St at i c mi xer s may al so be needed i n ot her  pr ocesses 
i n t he t r eat ment  t r ai n;  i f  so,  coor di nat e and l i s t  
t hose r equi r ement s separ at el y or  coor di nat e t hem 
wi t h ot her  speci f i cat i on sect i ons t o ensur e t her e i s 
no dupl i cat i on.

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

I n pi pel i ne st at i c mi xer s ar e t o be i nst al l ed [ at  t he l ocat i ons i ndi cat ed]  
[ upst r eam of  t he r eact i on chamber ] .   Mi xer s ar e t o be [ i nst al l ed i n a 
f l anged sect i on of  pi pi ng]  [ wi t h r emovabl e mi xi ng sect i ons]  [ i nser t ed i nt o 
t he pi pel i ne] ,  have a pr essur e r at i ng equal  t o t hat  of  t he pi pi ng 
i nst al l ed,  have a maxi mum headl oss of  [ _____]  mm i nch of  wat er ,  [ at  [ _____]
 L/ s gpm]  whi l e i nduci ng compl et el y t ur bul ent  mi xi ng condi t i ons i n t he 
pi pel i ne i nst al l ed.   Mi xer s [ and housi ng]  ar e t o be const r uct ed of  [ Gr ade 
316 st ai nl ess st eel ]  [ _____]  and be compat i bl e wi t h [ hydr ogen per oxi de]  
[ _____] .   [ The st at i c mi xer  must  be por t ed f or  di r ect  appl i cat i on of  t he 
appl i ed chemi cal . ]

2. 4. 11   Bol t s,  Nut s,  Anchor s and Fast ener s

Bol t s,  nut s,  anchor s and f ast ener s wi l l  be st ai nl ess st eel  i n conf or mance 
wi t h ASTM F593.

2. 5   MANUFACTURED UNI TS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  t he f ol l owi ng par agr aphs t o r ef l ect  t he 
t ype of  ozone gener at or  f eed gas ( ai r  or  oxygen)  
t hat  i s  i ncl uded i n t he desi gn package.   A cost  
compar i son shoul d be per f or med pr i or  t o sel ect i ng 
t he f eed gas.   Typi cal l y,  oxygen i n a l i qui d f or m or  
gener at ed onsi t e f r om ambi ent  ai r  wi l l  be used.   Ai r  
f eed ozone gener at or s t ypi cal l y pr oduce ozone 
concent r at i ons of  appr oxi mat el y 2 per cent  i n ai r ,  
whi l e oxygen f eed syst ems t ypi cal l y pr oduce ozone 
concent r at i ons of  6 per cent  or  gr eat er  i n oxygen.   
VSA syst ems ar e gener al l y used f or  syst ems t hat  
gener at e gr eat er  t han 900 kg 2000 pounds per  day.

For  l i qui d oxygen ( LOX)  t anks,  smal l er  t han t he 
mi ni mum capaci t y st at ed i n NFPA 55,  st at e t hat  t he 
r equi r ement s i ndi cat ed i n t he st andar d ar e t o be 
appl i ed t o t he t ank si ze speci f i ed.   LOX t anks 
shoul d not  be l ocat ed i nsi de a t r eat ment  f aci l i t y .   
Thi s par agr aph cont ai ns st at ement s descr i bi ng a 
compl et e manuf act ur ed uni t ,  usual l y a st andar d 
cat al og i t em;  st at ement s may i ncl ude descr i pt i ve 
r equi r ement s f or  t he mat er i al s,  speci f i c  
f abr i cat i on,  f i ni shes,  and f unct i on.   Separ at e 
par agr aphs f or  each di f f er ent  i t em shoul d be used 
when appr opr i at e.   The name used f or  t he 
manuf act ur ed uni t  must  be consi st ent  t hr oughout  t he 
speci f i cat i on.
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Gener al l y,  ski d mount ed equi pment  i s pr ef er r ed;  
however ,  t hi s may not  be possi bl e wi t h l ar ger  oxygen 
gener at i on uni t s ( gr eat er  t han 225 kg 500 pounds per  
day) .   Ver i f y di mensi ons wi t h manuf act ur er s t o 
ensur e t he ski d mount ed uni t s ar e t r anspor t abl e and 
do not  have an excessi vel y l ar ge space r equi r ement  
over  equi pment  t hat  i s  f i el d assembl ed.   The 
f ol l owi ng par agr aphs may need t o be modi f i ed t o 
al l ow assembl y,  wi r i ng,  and pl umbi ng i n t he f i el d.

Addi t i onal  i nf or mat i on i s cont ai ned i n ETL 
1110- 1- 161.

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

Submi t  wi r i ng and cont r ol  di agr ams,  syst ems l ayout s and i somet r i cs,  
component  i dent i f i cat i on t abl es,  i nst r uct i ons,  and ot her  sheet s,  pr i or  t o 
post i ng.   Condensed oper at i ng i nst r uct i ons expl ai ni ng pr event at i ve 
mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  saf e oper at i on,  
maki ng adj ust ment s,  and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he 
syst em ar e t o be pr epar ed i n t yped f or m,  f r amed and post ed besi de t he 
di agr ams.

2. 5. 1   Swi ng Adsor pt i on Oxygen Gener at i on Syst em

The Oxygen Gener at i on Syst em ar e t o be Swi ng Adsor pt i on t ype.   [ Pr essur e 
swi ng adsor pt i on ( PSA) ]  [ Vacuum swi ng adsor pt i on ( VSA) ]  syst em equi pment  
must  be a compl et e uni t  pr ocess,  i ncl udi ng t he compr essor ,  [ par t i cul at e 
f i l t er s, ]  [ af t er cool er  separ at or , ]  heat  exchanger s,  swi t chi ng val ves,  
i nst r ument  ai r  dr yer ,  adsor bent  beds,  adsor bent  mat er i al ,  [ oxygen 
r ecei ver , ]  cont r ol l er  and ot her  equi pment  as r equi r ed by t he manuf act ur er  
t o pr ovi de a compl et e and oper at i onal  oxygen gener at i on syst em.   [ The 
uni t ]  [ Each component ]  wi l l  be compl et el y wi r ed r equi r i ng onl y 
[ i nt er connect i ng wi r i ng bet ween component s]  [ an ext er nal  connect i on f or  a 
s i ngl e ext er nal  power  suppl y and r emot e moni t or i ng]  [ and cont r ol ]  be done 
i n t he f i el d.   [ PSA]  [ VSA]  syst em equi pment  must  i ncl ude al l  wor k f r om t he 
out si de ai r  i nl et  t o t he ozone gener at or  i nl et  connect i on.   The [ PSA]  
[ VSA]  syst em must  be a cont i nuous out put  syst em wi t h t he f ol l owi ng 
char act er i st i cs:

Mi n.  oxygen gener at i on capaci t y [ _____]  kg/ day l bs/ day

Oxygen pur i t y ( mi ni mum) [ 90]  [ _____]  per cent

Temper at ur e t o gener at or  ( max. ) [ 30]  [ _____]  degr ees C[ 86]  [ _____]  degr ees 
F

Dewpoi nt  maxi mum ( bel ow 0 degr ees) [ 60]  [ _____]  degr ees C[ 76]  [ _____]  degr ees 
F

Oxygen ut i l i zat i on ef f i c i ency ( mi n. ) ( Rat i o 
of  oxygen del i ver ed t o t he ozone 
gener at or / oxygen pr esent  i n t he ai r  f eed 
t o t he oxygen gener at or )

[ 40]  [ _____]  per cent

Cycl e t i me ( adj ust abl e r ange) [ _____]  mi nut es

Hydr ocar bon concent r at i on t o ozone 
gener at or  ( maxi mum)

[ 0]  [ 3]  [ _____]  ppm
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Di schar ge pr essur e t o ozone gener at or [ _____]  kPa psi

Power  suppl y [ 480]  [ _____]  vol t ,  3 phase,  60 her t z.

Cool i ng wat er  suppl y ( max.  t emper at ur e) [ _____]  degr ees C F

Cool i ng wat er  f l ow r at e ( maxi mum) [ _____]  L/ s  gpm

Adsor pt i on vessel s wi l l  be desi gned and const r uct ed i n accor dance wi t h 
ASME BPVC SEC VI I I  D1.

2. 5. 2   Li qui d Oxygen ( LOX)  St or age and Suppl y Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de sei smi c r equi r ement s f or  pi pi ng,  
t anks and r el at ed equi pment  suppor t s,  i f  a 
Gover nment  desi gner  i s t he Engi neer  of  Recor d,  and 
show on t he dr awi ngs.   Del et e t he i nappr opr i at e 
br acket ed phr ase.   Per t i nent  por t i ons of  UFC 
3- 301- 01 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR 
MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  
BRACI NG FOR HVAC,  pr oper l y edi t ed,  must  be encl osed 
i n t he cont r act  document s.

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

LOX st or age syst em and associ at ed equi pment  must  compl y wi t h NFPA 55 and 
CGA G- 4. 4.   Tanks,  vapor i zer s and r egul at or s ar e t o be sui t abl e f or  
ext er i or  i nst al l at i ons.   Cl eani ng f or  component s,  equi pment ,  val ves,  
pi pi ng and t anks f or  oxygen ser vi ce ar e t o be accompl i shed i n accor dance 
wi t h CGA G- 4. 1,  CGA HB.   The syst em must  be r at ed t o wi t hst and a mi ni mum 
wi nd speed of  [ _____]  km mi l es per  hour ,  maxi mum ambi ent  t emper at ur e 
[ _____]  degr ees C F,  mi ni mum ambi ent  t emper at ur e [ _____]  degr ees C F,  
[ _____]  r el at i ve humi di t y,  and [ _____]  met er s f eet  mean sea l evel  
al t i t ude.   Syst em must  be suppor t ed and br aced t o r esi st  sei smi c l oads [ as 
speci f i ed i n UFC 3- 301- 01 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR 
MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC]  [ as 
i ndi cat ed] .

2. 5. 2. 1   LOX St or age Tanks

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Typi cal l y,  304 st ai nl ess st eel  i s  used f or  
LOX i nner  t anks l ess t han 6000 L 1500 gal l ons or  
6750 kg 15, 000 pounds,  whi l e 9 per cent  ni ckel  uni t s 
ar e gener al l y speci f i ed f or  l ar ger  t anks pr i nci pal l y 
due t o economi c consi der at i ons.   Typi cal  maxi mum 
oper at i ng pr essur e f or  t he LOX syst em wi l l  gener al l y 
be l ess t han 515 kPa 75 psi ;  s i gni f i cant  cost  
savi ngs can be achi eved by r educi ng t he t ank 
pr essur e r equi r ement s,  but  l ower  pr essur e t anks may 
r equi r e a l onger  l ead t i me t o pr ocur e s i nce t he 
1. 2/ 1. 7 MPa 175/ 250 psi  t anks ar e most  commonl y 
pr ovi ded.

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

Bul k LOX st or age t anks ar e t o be [ _____]  kg pound doubl e wal l ed ver t i cal  
t anks const r uct ed i n conf or mance wi t h [ ASME BPVC SEC VI I I  D1]  [ _____] ,  
r at ed f or  a maxi mum oper at i ng pr essur e of  [ 1. 2]  [ _____]  MPa [ 175]  [ _____]  
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psi  and desi gn t emper at ur e bet ween mi nus 212 and pl us 65 degr ees C mi nus 
350 and pl us 150 degr ees F,  and sei smi c par amet er s def i ned i n pr evi ous 
par agr aph.   Const r uct  t he i nner  wal l  of  [ Gr ade 304 st ai nl ess st eel ]  [ 9 
per cent  ni ckel  st eel ]  [ _____] ,  t he out er  shel l  const r uct ed of  car bon st eel  
wi t h a mi ni mum out er  shel l  t hi ckness of  [ 10]  [ _____]  mm [ 0. 375]  [ _____]  
i nch.   Annul ar  ar ea bet ween t he i nner  and out er  wal l s ar e t o be i nsul at ed 
t o l i mi t  oxygen boi l  of f  r at e t o l ess t han [ 0. 25]  [ _____]  per cent  of  t he 
t ank capaci t y per  day at  t he maxi mum ambi ent  condi t i ons.   Pi pi ng must  be 
copper  or  316 st ai nl ess st eel .   Fi t t i ngs must  be br onze or  316 st ai nl ess 
st eel .

2. 5. 2. 2   Vapor i zer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Vapor i zer s shoul d be desi gned f or  t he 
ant i c i pat ed f l ow r at e t o t he ozone gener at or .   I f  
vapor i zer s ar e over si zed,  gas t emper at ur es wi l l  
r each out si de ambi ent  t emper at ur es,  r esul t i ng i n 
hi gher  oxygen gas t emper at ur es dur i ng t he summer  
mont hs bei ng f ed t o t he ozone gener at or ,  r educi ng 
i t s ef f i c i ency.   Nor mal  oper at i ng pr essur e  f or  an 
ozone gener at or  i s appr oxi mat el y 103 kPa 15 psi .   
Resul t i ng pr essur e at  t he di f f user s i s appr oxi mat el y 
103 kPa 15 psi  l ess syst em l osses.

I n col d c l i mat es,  heat er s may be r equi r ed t o war m 
t he oxygen gas f eed t o t he ozone gener at or .   The 
act ual  heat i ng r equi r ement s shoul d be coor di nat ed 
wi t h t he ozone gener at or  manuf act ur er .   I n cases 
wher e ambi ent  t emper at ur es f al l  bel ow f r eezi ng f or  
ext ended per i ods,  suppl ement ar y heat i ng may be 
necessar y.

LOX syst ems may r equi r e a smal l  quant i t y of  ni t r ogen 
gas be added t o t he f eed st r eam t o f aci l i t at e ozone 
gas f l ow t hr ough t he gener at or .   Thi s may be 
accompl i shed by addi ng a smal l  vol ume of  dr i ed 
ambi ent  ai r  ( about  2 per cent ) .

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

Vapor i zat i on equi pment  wi l l  consi st  of  a mi ni mum of  [ 2]  [ 3]  ambi ent  ai r  
vapor i zer s and [ s i ngl e]  [ doubl e]  r egul at or  syst em compl et e wi t h aut omat i c 
swi t chi ng and a manual  bypass.   Each vapor i zer  must  be r at ed f or  100 
per cent  capaci t y,  under  cont i nuous oper at i on at  a [ _____]  cubi c 
met er s/ second SCFM wi t hdr awal  r at e and al so capabl e of  suppl y i ng a peak 
wi t hdr awal  r at e of  [ _____]  cubi c met er s/ second scf m.   Desi gn t he 
vapor i zat i on equi pment  f or  an i nl et  pr essur e of  [ _____]  kPa psi ,  and a 
maxi mum headl oss bet ween t he t ank and ozone gener at or  of  [ _____]  kPa psi .   
The vapor i zer  ext r usi ons must  have ext r a wi de spaci ngs bet ween t he 
i ndi v i dual  ext r usi ons wi t h a mi ni mum ar ea per  ext r usi on of  [ 1. 65]  [ _____]  
squar e met er s/ met er  [ 5]  [ _____]  sf / f t .   [ Heat er s ar e t o be pr ovi ded t o 
aut omat i cal l y war m t he oxygen f eed gas t o t he ozone gener at or  when t he 
oxygen f eed t emper at ur e f al l s  t o l ess t han [ _____]  degr ees C F.   Ensur e 
heat er s ar e capabl e of  war mi ng t he oxygen f eed gas t o a t emper at ur e r ange 
bet ween [ 10 and 22]  [ _____]  degr ees C [ 50 and 72]  [ _____]  degr ees F] .   
Each vapor i zer  must  oper at e f or  a mi ni mum of  [ 8]  [ _____]  hour s at  t he 
mi ni mum ambi ent  condi t i ons and cont i nuous wi t hdr awal  r at e speci f i ed.   The 
def r ost  cycl e f or  each vapor i zer  be a maxi mum of  [ 8]  [ _____]  hour s at  t he 
mi ni mum ambi ent  condi t i ons and cont i nuous wi t hdr awal  r at e speci f i ed.   
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Pi pi ng bet ween t he LOX t ank and ozone gener at or  ar e t o be i nsul at ed as 
speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 5. 2. 3   Regul at or s

Regul at or s ar e t o be f act or y t est ed wi t h out l et  pr essur e f i el d adj ust abl e 
over  a downst r eam pr essur e r ange f r om [ 69 t o 172]  [ _____]  kPa [ 10 t o 25]  
[ _____]  psi ,  f r om 0 t o 100 per cent  of  t he speci f i ed oxygen f l ow r at e.   
Regul at or s ar e t o be r at ed at  1030 kPa 150 psi ,  and const r uct ed of  316 
st ai nl ess st eel .

2. 5. 3   Ozone Gener at or  Ai r  Feed Syst em

Syst em equi pment  whi ch pr ocesses ambi ent  ai r  di r ect l y as t he ozone 
gener at or  f eed gas must  be pr ovi ded by a s i ngl e suppl i er ,  [ be of  t he 
pr essur e swi ng t ype and]  i ncl ude an ai r  compr essor  and r ecei ver ,  
af t er cool er ,  [ r ef r i ger at i ve dr yer ] ,  vapor / l i qui d separ at or ,  [ coal esci ng 
and]  [ par t i cul at e]  f i l t er s,  desi ccant  ai r  dr yer ,  par t i cul at e af t er  f i l t er ,  
swi t chi ng val ves,  pr essur e,  t emper at ur e and moi st ur e moni t or s,  l ocal  
cont r ol l er  and ot her  equi pment  as r equi r ed by t he manuf act ur er  t o pr ovi de 
a compl et e and oper at i onal  ai r  pr epar at i on syst em.   [ The equi pment  must  be 
ski d mount ed. ]   Adsor pt i on vessel s ar e t o be desi gned and const r uct ed i n 
accor dance wi t h ASME BPVC SEC VI I I  D1.   Adsor pt i on mat er i al  must  be 
[ act i vat ed al umi na]  [ _____] .   The uni t  i s  t o be compl et el y wi r ed r equi r i ng 
onl y an ext er nal  connect i on f or  a s i ngl e ext er nal  power  suppl y and r emot e 
moni t or i ng [ and cont r ol ] .   The ai r  pr epar at i on syst em suppl i er  
i sr esponsi bl e f or  al l  wor k f r om t he out si de ai r  i nl et  t o t he ozone 
gener at or  i nl et  connect i on.   The ai r  pr epar at i on syst em i s t o be a 
cont i nuous out put  syst em wi t h t he f ol l owi ng char act er i st i cs based on 100 
per cent  r el at i ve humi di t y and maxi mum ambi ent  t emper at ur e of  [ _____]  
degr ees C F:

Mi ni mum dr y ai r  f eed t o ozonat or [ _____]  cms scf m/ m

Oper at i ng pr essur e at  st at ed capaci t y [ 345]  [ _____]  kPa[ 50]  [ _____]  psi

Pr essur e dr op t hr ough desi ccant  dr yer s 
( maxi mum)

[ 20]  [ _____]  kPa[ 3]  [ _____]  psi

Maxi mum ai r  t emper at ur e t o ozone 
gener at or

[ 30]  [ _____]  degr ees C[ 86]  [ _____]  
degr ees F

Maxi mum dewpoi nt  ( bel ow 0 degr ees) [ 60]  [ _____]  degr ees C[ 76]  [ _____]  
degr ees F

Maxi mum hydr ocar bon concent r at i on [ 0]  [ 1]  [ _____]  ppm

Di schar ge pr essur e t o ozone gener at or  
( mi n)

[ _____]  kPa psi

Cycl e t i me adj ust abl e r ange [ 1 t o 5]  [ _____]  mi nut es

Power  suppl y [ 480]  [ _____]  vol t ,  3 phase,  60 her t z

2. 5. 4   Ozone Gener at or  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  an ozone gener at or  
i s not  used.   Hor i zont al  t ube,  medi um f r equency 
gener at or s ar e t he most  common;  however ,  s i nce t he 
st at e of  t he ar t  i s  const ant l y changi ng,  ver i f y t hat  
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ot her  t ypes of  gener at or s ar e not  avai l abl e or  
appr opr i at e f or  t he par t i cul ar  appl i cat i on.

Coor di nat e pr essur e r equi r ement s wi t h par agr aph 
Ozone Gener at or  Ai r  Feed Syst em.   Typi cal  pr essur e 
r anges r equi r ed f or  ozone syst ems ar e dependant  upon 
t he f i nal  ozone out l et  pr essur e,  gener al l y bet ween 
69 and 103 kPa 10 and 15 psi  pl us l osses t hr ough t he 
equi pment .

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

Ozone gener at i on equi pment  ar e t o be cont i nuous dut y wat er  cool ed,  
mul t i - t ube gl ass or  non- gl ass mul t i t ube di el ect r i c [ hor i zont al  t ube]  
[ ver t i cal  t ube]  assembl i es cont ai ned i n a pr essur e vessel  [ wi t h hi nged 
gas- t i ght  door s]  wi t h a r at ed desi gn pr essur e of  [ _____]  kPa psi .   Each 
uni t  i s  t o be pr ovi ded wi t h [ medi um]  [ hi gh]  f r equency el ect r i cal  power  
suppl y uni t s i ncl udi ng i nput  and out put  t r ansf or mer s,  power  cont r ol l er ,  
f r equency i nver t er ,  har moni c mi t i gat i on equi pment  ( i f  r equi r ed) .   The 
gener at or  must  be pr ovi ded wi t h compl et e cont r ol s,  [ compat i bl e wi t h t he 
cent r al  cont r ol  uni t , ]  i nst r ument at i on,  panel s,  appur t enances and 
mi scel l aneous equi pment  r equi r ed f or  a compl et e ozone gener at i ng syst em 
usi ng [ oxygen]  [ ai r ] .   Al l  equi pment ,  val ves,  pi pi ng,  associ at ed 
appur t enances must  be sui t abl e f or  ozone i n [ oxygen]  [ ai r ]  ser vi ce.  
Gener at or  desi gn r equi r ement s ar e as f ol l ows:

Capaci t y [ _____]  kg l bs / day

Gas f l ow r at e t o gener at or [ _____]  cms scf m

Out l et  pr essur e + 5 per cent ) [ _____]  kPa psi

Ozone concent r at i on [ _____]  per cent

Gener at or  vessel  desi gn pr essur e [ _____]  kPa psi

Ozone out put  concent r at i on t ur n down [ 10: 1]  [ _____]

Cool i ng wat er  t emper at ur e r i se at  r at ed 
pr oduct i on capaci t y ( maxi mum)

[ 3]  [ _____]  degr ees C[ 5]  [ _____]  
degr ees F

Car r i er  gas r i se acr oss gener at or  ( max. ) [ 30]  [ _____]  degr ees C[ 17]  [ _____]  
degr ees F

I nl et  hydr ocar bon concent r at i on ( max) [ 0]  [ _____]  ppm

Power  suppl y [ 480]  [ _____]  vol t ,  3 phase,  60 her t z

2. 5. 4. 1   Ozone Gener at or  Vessel s

Al l  ozone gener at or  met al  par t s whi ch come i nt o cont act  wi t h ozone or  
cool i ng wat er  ar e t o be const r uct ed of  Type 316L st ai nl ess st eel .   The 
vessel  must  be desi gned t o r esi st  an i nt er nal  pr essur e of  1. 5 t i mes t he 
desi gn pr essur e,  i ncl udi ng t he t ubes and shel l .   Pr ovi de over  pr essur e 
pr ot ect i on based on wor st  case oper at i ng condi t i ons.   The vessel s ar e t o 
be const r uct ed i n accor dance wi t h ASME BPVC SEC VI I I  D1 code.   Pr ovi de 
vi ewi ng por t s  t o al l ow vi sual  i nspect i on of  al l  i nt er nal  di el ect r i cs 
dur i ng oper at i on.
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2. 5. 4. 2   Di el ect r i c Tubes

Di el ect r i c t ubes ar e t o be const r uct ed t o r esi st  t her mal  shock and t o 
evenl y di st r i but e t he appl i ed el ect r i cal  char ge over  t he ent i r e di el ect r i c 
sur f ace wi t hout  ar ci ng.   Di el ect r i c t ubes ar e t o be f or med f r om ei t her  
gl ass or  a non- gl ass mat er i al  wi t h a cer t i f i ed vol t age br eakage st r engt h 
of  1. 5 t i mes t he maxi mum possi bl e oper at i ng vol t age under  maxi mum 
t emper at ur e and appl i ed power  condi t i ons.   Di el ect r i c t ubes ar e t o be 
pr ot ect ed by f uses or  f unct i onal l y equi val ent  devi ces t o pr event  shor t i ng 
di el ect r i c t ubes f r om damagi ng t he shel l  and t ube st r uct ur e i n t he ozone 
gener at or .

2. 5. 5   Ozone Dest r uct  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Hi gh concent r at i ons of  chl or i nat ed or gani cs 
may be l i ber at ed by syst ems whi ch use ozone i n ai r  
or  oxygen.   These chl or i nat ed or gani cs may " poi son"  
a cat al yst  bed desi gned onl y f or  ozone dest r uct i on.   
I f  consi der abl e concent r at i ons of  chl or i nat ed 
or gani cs ar e ant i c i pat ed ( gr eat er  t han 1000 ppm)  i n 
t he r eact or  of f  gas,  a chl or i ne r esi st ant  cat al yst  
shoul d be speci f i ed or  a separ at e speci f i cat i on 
sect i on shoul d be used.

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

Ozone of f  gas dest r uct i on equi pment  must  be t her mal  assi st ed cat al yst  
dest r uct  t ype uni t s sui t abl e f or  moi st  ozone i n [ oxygen]  [ ai r ]  ser vi ce.   
The cat al yst  cont ai nment  uni t ,  pi pi ng,  duct wor k,  and ot her  met al l i c  
component s ar e t o be const r uct ed of  316 st ai nl ess st eel .   The uni t s ar e t o 
be capabl e of  dest r oyi ng cont act or  of f  gas gener at ed by t he ozone 
gener at or s whi ch f eed t he AOP r eact or s.   The ozone dest r uct i on uni t  must  
have t he capabi l i t y  t o f unct i on at  a mi ni mum t ur n down r at i o of  20 t o 1.   
Each of f  gas dest r uct i on uni t  ar e t o be a ski d mount ed uni t  consi st i ng of  
[ a demi st er , ]  an el ect r i c r esi st ance heat er ,  cat al yst  t r ays and 
cont ai nment  vessel  [ ,  and a cent r i f ugal  bl ower ] .   The dest r uct i on uni t  
di schar ge duct  must  be sl oped away f r om t he dest r uct  uni t  t o r educe t he 
pr obabi l i t y  of  cat al yst  f oul i ng f r om condensat i on.   Duct s car r y i ng ozone 
l aden of f  gas f r om t he AOP r eact or s ar e t o be sl oped t o a l ow poi nt  val ved 
dr ai n l ocat ed upst r eam of  t he ozone dest r uct  syst em.   The ozone dest r uct  
syst em must  r educe t he ozone concent r at i on f r om t he of f  gas f l ow t o l ess 
t han [ 0. 10]  [ _____]  ppm by vol ume of  ozone f r om zer o f l ow t o t he maxi mum 
of f  gas f l ow r at e.   Nor mal  oper at i on i s def i ned as [ 50]  [ _____]  per cent  of  
t he maxi mum of f  gas f l ow r at e wi t h an ozone concent r at i on of  [ 1. 0]  [ _____]  
per cent  by wei ght .   Ozone dest r uct i on equi pment  ar e t o meet  t he f ol l owi ng 
r equi r ement s:

Maxi mum pr essur e dr op t hr ough cat al yst  
at  maxi mum f l ow r at e

[ _____]  mm of  mer cur y [ _____]  i nches of  
wat er

Maxi mum pr essur e dr op t hr ough heat er  at  
maxi mum f l ow r at e

[ _____]  mm of  mer cur y [ _____]  i nches of  
wat er

Maxi mum of f  gas r el at i ve humi di t y [ _____]  per cent

Max.  t emper at ur e r i se acr oss heat er [ 20]  [ _____]  degr ees C[ 35]  [ _____]  
degr ees F
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Cat al yst  chamber  empt y bed cont act  t i me [ 1. 0]  [ _____]  seconds

Max.  ozone concent r at i on i nt o dest r uct  
uni t

[ 1. 0]  [ _____]  per cent  by wei ght

Of f  gas f l ow r at e ( maxi mum) [ _____]  cubi c m/ s scf m

Maxi mum cat al yst  bed t emper at ur e [ 120]  [ _____]  degr ees C[ 250]  [ _____]  
degr ees F

Of f  gas t emper at ur e t o cat al yst  bed [ 15]  [ _____]  degr ees C[ 60]  [ _____]  
degr ees F

Power  suppl y [ 480]  [ _____]  vol t s,  [ 3]  [ _____]  phase,  
60 her t z

The cat al yst  ar e t o be non- hazar dous [ manganese di oxi de/ copper  oxi de]  
[ ni ckel ]  [ _____]  based mat er i al  sui t abl e f or  cat al yt i c ozone dest r uct i on 
at  t he speci f i ed condi t i ons.   Pr ovi de t he cat al yst  cont ai nment  uni t  swi t h 
a f l anged and bol t ed t op or  hat ch a mi ni mum of  300 mm 12 i nch i n di amet er  
t o f aci l i t at e change out  of  t he cat al yst  mat er i al  when t he cat al yst  i s  
exhaust ed.

2. 5. 6   Hydr ogen Per oxi de Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  Sect i on 46 30 00 WATER AND WASTEWATER 
CHEMI CAL FEED SYSTEMS t o pr ovi de on- of f ,  set  poi nt ,  
or  pr opor t i onal  cont r ol  as appr opr i at e.

Hydr ogen per oxi de st or age syst em r equi r ement s shoul d 
be coor di nat ed wi t h suppl i er s t o ensur e mat er i al  
compat i bi l i t y .   Fl oat i ng r oof  manway ar ea shoul d 
equal  1 i n 2 per  400 L 100 gal l ons f or  sol ut i ons 
l ess t han 52 per cent ,  and 2 i n 2 per  400 L 100 
gal l ons f or  sol ut i ons gr eat er  t han 52 per cent .   
Pr ocess saf et y management  r equi r ement s must  be 
f ol l owed any t i me mor e t han 3375 kg 7500 pounds of  
H2O2 i s st or ed,  or  t he sol ut i on st r engt h i s gr eat er  
t han 52 per cent ;  r ef er  t o 29 CFR 1910. 119 f or  
i nf or mat i on.

Hydr ogen per oxi de st or age t anks shoul d be l ocat ed 
out si de when possi bl e.   Pol yet hyl ene shoul d not  be 
used f or  per oxi de concent r at i ons gr eat er  t han 52 
per cent .

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

The hydr ogen per oxi de st or age t ank must  be const r uct ed of  cr oss l i nked 
pol yet hyl ene,  316 st ai nl ess st eel ,  or  99. 5 per cent  pur e al umi num al l oys 
desi gnat ed i n [ ASTM B209M]  [ ASTM B209]  as 1060,  5254,  5652.   Hydr ogen 
per oxi de st or age t anks ar e t o be pr ovi ded wi t h secondar y cont ai nment  [ as 
det ai l ed on t he dr awi ngs]  [ _____]  wi t h a mi ni mum capaci t y equal  t o [ 110]  
[ _____]  per cent  of  t he maxi mum st or age t ank vol ume.   Hydr ogen per oxi de 
st or age t anks ar e t o be equi pped wi t h [ 50]  [ _____]  mm [ 2]  [ _____]  i nch 
f emal e qui ck f i l l  connect i on;  [ 600]  [ _____]  mm [ 24]  [ _____]  i nch hi nged,  
wei ght ed and gasket ed manway cover ;  [ 50]  [ _____]  mm [ 2]  [ _____]  i nch 
f i l t er ed br eat her  vent ;  l i qui d l evel  s i t e t ube;  and [ 600]  [ _____]  mm [ 24]  
[ _____]  i nch f r ee f l oat i ng r oof  manway cover .   Al l  pi pi ng connect i ons must  
be f l anged.   Conf or m f eed pumps t o t he r equi r ement s of  Sect i on 46 30 00 
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WATER AND WASTEWATER CHEMI CAL FEED SYSTEMS.

2. 5. 7   Redox Pot ent i al  Met er

Pr ovi de t he oxi dat i on r educt i on met er  [ wher e i ndi cat ed on t he dr awi ngs]  
[ on t he ef f l uent  l i ne of  each r eact or ] .   Pr obe i s t o be easi l y r emovabl e 
wi t hout  i nt er r upt i ng ser vi ce.   Pr obe mat er i al s ar e t o be r esi st ant  t o 
ozone as wel l  hydr ogen per oxi de at t ack over  a pH r ange of  2 t o 12 and 
oper at i ng pr essur es of  up t o [ _____]  kPa psi  and sui t abl e f or  a 
t emper at ur e r ange f r om [ 0 t o 100]  [ _____]  degr ees C [ 32 t o 212]  [ _____]  
degr ees F and sui t abl e f or  t he medi um moni t or ed.   Pr obe must  t r ansmi t  
out put  t o an ORP anal yzer  wi t h di gi t al  out put .   The ORP anal yzer  must  
t r ansmi t  a [ [ 4 t o 20]  [ _____]  mA si gnal  pr opor t i onal  t o t he ORP]  [ di r ect  
di gi t al  r eadi ng]  t o t he cent r al  cont r ol  uni t .

2. 5. 8   pH Pr obe

The pH pr obe i s t o be pr ovi ded [ wher e i ndi cat ed on t he dr awi ngs]  [ on t he 
ef f l uent  l i ne of  each r eact or ] .   Ensur e pr obe i s easi l y r emovabl e wi t hout  
i nt er r upt i ng ser vi ce.   Pr obe mat er i al s ar e t o be r esi st ant  t o ozone as 
wel l  hydr ogen per oxi de at t ack over  a pH r ange of  0 t o 14 and oper at i ng 
pr essur es of  up t o [ _____]  kPa psi  and sui t abl e f or  a t emper at ur e r ange 
f r om [ 0 t o 100]  [ _____]  degr ees C [ 32 t o 212]  [ _____]  degr ees F and 
sui t abl e f or  t he medi um moni t or ed.   Pr obe must  t r ansmi t  out put  t o a pH 
anal yzer  wi t h di gi t al  out put .   The pH anal yzer  must  t r ansmi t  a [ [ 4 t o 20]  
[ _____]  mA si gnal  pr opor t i onal  t o t he pH]  [ di r ect  di gi t al  r eadi ng]  t o t he 
cent r al  cont r ol  uni t .

2. 5. 9   Ozone Moni t or s

2. 5. 9. 1   Vapor  Phase

Separ at e ozone moni t or s ar e t o be pr ovi ded t o moni t or  ozone i n ambi ent  
ai r ,  [ at  t he l ocat i ons shown on t he dr awi ngs, ]  det er mi ni ng t he ozone 
l evel s downst r eam of  t he of f  gas ozone dest r uct  syst em,  [ and t he ozone 
concent r at i on i n t he ozone gener at or  di schar ge] .   The ambi ent  ai r  
moni t or i ng uni t  i nt ake i s t obe l ocat ed [ wi t hi n 455 mm 18 i nches above t he 
t r eat ment  pl ant  f l oor ]  [ at  t he l ocat i on shown on t he dr awi ngs]  [ adj acent  
t o t he AOP pr ocess equi pment ] .   The ambi ent  ai r  moni t or s ar e t o be 
i nt er l ocked wi t h t he ozone gener at i on syst em t o i ni t i at e an al ar m 
condi t i on,  and ozone gener at or  shut  down when r eadi ngs exceed pr eset  
l evel s.   Anal yzer s ar e t o be [ 4 t o 20 mA]  [ di r ect  di gi t al ]  out put  
ul t r avi ol et  adsor pt i on phot omet er  t ype wi t h bui l t  i n pr essur e and 
t emper at ur e compensat i on.   Ozone of f  gas moni t or  must  have a mi ni mum of  
f i ve separ at e r anges t o moni t or  concent r at i ons bet ween [ [ 0 t o 15]  [ _____]  
per cent , ]  [ [ 0 t o 99, 000]  [ _____]  ppm by vol ume] .   Ambi ent  ai r  and of f  gas 
dest r uct  moni t or s must  have a mi ni mum of  f i ve separ at e r anges t o moni t or  
concent r at i ons bet ween [ 0 t o 10]  [ _____]  ppm.   Each moni t or  i s t o be 
pr ovi ded wi t h a bui l t i n di gi t al  ozone concent r at i on r eadout  at  t he uni t .

2. 5. 9. 2   Li qui d Phase

Li qui d phase moni t or s ar e t o be pr ovi ded [ wher e i ndi cat ed on t he dr awi ngs]  
[ on t he ef f l uent  l i ne of  t he l ast  r eact or ] .   Sensor  must  t r ansmi t  out put  
t o an ozone anal yzer  wi t h di gi t al  di spl ay and r emot e s i gnal  t r ansmi ssi on 
t o t he cent r al  cont r ol  uni t .   Pr obe must  t r ansmi t  out put  t o a l i qui d phase 
ozone anal yzer  wi t h di gi t al  out put .   The l i qui d phase ozone anal yzer  must  
t r ansmi t  a [ [ 4 t o 20]  [ _____]  mA si gnal  pr opor t i onal  t o t he ozone 
concent r at i on]  [ di r ect  di gi t al  r eadi ng]  t o t he cent r al  cont r ol  uni t .
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2. 5. 10   Temper at ur e Sensor s

Temper at ur e sensor s ar e t o be dual  swi t ch t r i p poi nt  i ndependent l y 
adj ust abl e t ype wi t h a mi ni mum accur acy of  0. 5 per cent  of  f ul l  scal e.   
Ther mal  syst em i s t o be const r uct ed of  316L st ai nl ess st eel .   Temper at ur e 
r ange wi l l  be f r om [ 0 t o 100]  [ _____]  degr ees C [ 32 t o 212]  [ _____]  
degr ees F and sui t abl e f or  t he medi um moni t or ed.   Sensor  must  t r ansmi t  
out put  t o an anal yzer  wi t h di gi t al  out put .   The anal yzer  must  t r ansmi t  a 
[ [ 4 t o 20]  [ _____]  mA si gnal  pr opor t i onal  t o t he t emper at ur e]  [ di r ect  
di gi t al  r eadi ng]  t o t he cent r al  cont r ol  uni t .

2. 5. 11   Compr essor s

Ai r  compr essor s ar e t o conf or m t o CAGI  B19. 1.   Ai r  compr essor s ar e t o be 
f act or y packaged [ r ot ar y scr ew]  [ cent r i f ugal ]  [ r ot ar y]  [ r eci pr ocat i ng]  
t ype uni t s.   The ai r  compr essor s ar e t o be packaged i n an encl osur e wi t h 
sound at t enuat i ng pr oper t i es whi ch al l ow a maxi mum noi se l evel  measur ement  
of  75 dBA at  t he equi pment  encl osur e.   Ai r  compr essor s ar e t o be [ wat er ]  
[ ai r ]  cool ed and r at ed f or  cont i nuous oper at i on.   Guar ds must  shi el d 
exposed movi ng par t s.   Compr essor  mot or s and st ar t er s ar e t o conf or m wi t h 
t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Ai r  
compr essor s ar e t o have t he manuf act ur er ' s name and addr ess,  t oget her  wi t h 
t r ade name,  and cat al og number  on a namepl at e secur el y at t ached t o t he 
equi pment .   Any speci al  mai nt enance i nst r uct i ons ( r equi r ed bef or e st ar t up 
or  shut down)  ar e t o be i ncl uded i n t he Oper at i ons and Mai nt enance 
Manual s.   Compr essor  equi pment  used f or  pr ocessi ng ambi ent  ai r  f or  t he 
ozone gener at or  f eed gas ar e t o i ncl ude t he ai r  compr essor ,  r ecei ver  wi t h 
aut omat i c condensat e dr ai n,  i nt ake ai r  f i l t er  and si l encer ,  af t er  cool er ,  
a hi gh ef f i c i ency moi st ur e separ at or ,  [ r ef r i ger at i ve dr yer ] ,  pr essur e,  
t emper at ur e and moi st ur e moni t or s,  l ocal  cont r ol l er  and ot her  equi pment  as 
r equi r ed by t he manuf act ur er  t o pr ovi de a compl et e and oper at i onal  oi l  
f r ee,  dr y compr essed ai r  syst em.   Compr essor  r ecei ver s,  ai r  pi pi ng,  val ves 
and appur t enances unl ess ot her wi se speci f i ed,  ar e t o be i n conf or mance 
wi t h Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE.   Dr y cont act s and 4 t o 20 
mA si gnal s ar e t o be pr ovi ded i n t he cont r ol  panel  f or  r emot e moni t or i ng.

Mi ni mum capaci t y [ _____]  cms scf m

Oper at i ng pr essur e at  st at ed capaci t y [ 345]  [ _____]  kPa[ 50]  [ _____]  psi

Maxi mum ai r  t emper at ur e t o PSA/ VSA 
syst em

[ 30]  [ _____]  degr ees C[ 86]  [ _____]  
degr ees F

Maxi mum dewpoi nt  t o PSA/ VSA syst em 
( bel ow 0 degr ees)

[ 60]  [ _____]  degr ees C[ 76]  [ _____]  
degr ees F

Maxi mum hydr ocar bon concent r at i on [ 0]  [ _____]  ppm

Cycl e t i me adj ust abl e r ange [ 1 t o 5]  [ _____]  mi nut es

2. 5. 12   Bl ower s

Bl ower s ar e t o conf or m t o [ Sect i on 43 11 00. 10 OFF- GAS FANS,  BLOWERS AND 
PUMPS]  [ _____] .   Dr y cont act s and 4 t o 20 mA si gnal s ar e t o be pr ovi ded i n 
t he cont r ol  panel  f or  r emot e moni t or i ng.
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2. 5. 13   Dew Poi nt  Moni t or

The dew poi nt  t r ansmi t t er  ar e t o be of  a sol i d st at e desi gn housed i n a 
NEMA 4 encl osur e as def i ned i n NEMA 250,  wi t h an accur acy of  pl us or  mi nus 
3 degr ees C over  an oper at i ng ambi ent  t emper at ur e r ange of  mi nus 10 t o 
pl us 60 degr ees C,  over  a dew poi nt  r ange of  mi nus 110 t o pl us 10 degr ees 
C.   The t r ansmi t t er  must  r ecei ve t he si gnal  f r om t he t hi n f i l m al umi num 
met al  oxi de sensor ,  conver t  and send i t  as a [ s i ngl e 4 t o 20 mA DC si gnal  
pr opor t i onal  t o t he dewpoi nt  l evel ]  [ di r ect  di gi t al  r eadi ng]  t o t he 
cent r al  cont r ol  uni t .   Sensor  must  t r ansmi t  out put  t o an anal yzer  wi t h 
di gi t al  di spl ay.

2. 5. 14   Pr essur e Gauges

Wat er  pr essur e gauges ar e t o be gl ycer i ne f i l l ed uni t s conf or mi ng t o t he 
r equi r ement s of  ASME B40. 100.

2. 5. 15   Sampl i ng Por t s

Aqueous and gas phase sampl i ng por t s ar e t o be pr ovi ded [ wher e i ndi cat ed 
on t he dr awi ngs]  [ upst r eam and downst r eam of  each r eact or  vessel ] .   
Sampl i ng por t s ar e t o be pr ovi ded at  l ocat i ons accessi bl e t o pl ant  
oper at or s.   Por t s and associ at ed pi pi ng ar e t o be const r uct ed of  [ 6]  [ 12]  
[ _____]  mm [ 1/ 4]  [ 1/ 2]  [ _____]  i nch mi ni mum di amet er  [ PVDF]  [ 316 st ai nl ess 
st eel ]  [ t ef l on]  [ _____]  wi t h [ PVDF]  [ 316 st ai nl ess st eel ]  [ _____]  [ NPT x 
hose]  bal l  val ves.

2. 5. 16   Gas Fl ow Met er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Numer ous met er s may be r equi r ed whi ch may 
necessi t at e a t abl e be i ncl uded i dent i f y i ng t he f l ow 
capaci t y f or  each uni t .

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

Fl ow met er s f or  ozone or  oxygen appl i cat i ons must  have st ai nl ess st eel  
body,  t ube,  val ves,  f l oat s,  and knobs wi t h gl ass wi ndows.   Fl ow met er  must  
be r at ed f or  a f l ow r at e of  [ _____]  cms scf m at  a mi ni mum pr essur e of  
[ 345]  [ _____]  kPa [ 50]  [ _____]  psi .   Pr ovi de each f l ow met er  wi t h a 
separ at e st ai nl ess st eel  val ved connect i on f or  ease of  mai nt enance.   Equi p 
each pi pe penet r at i on t hr ough t he r eact or  wal l  ser vi ng a s i ngl e ozone 
di f f user  or  bank of  di f f user s wi t h a f l ow met er .   The [ ai r ]  [ oxygen]  f eed 
st r eam t o t he ozone gener at or  must  al so be equi pped wi t h a f l ow met er .   
Each f l ow met er  must  have an easi l y r eadabl e scal e i n cms scf m wi t h a 
mi ni mum of  t en di v i s i ons f r om zer o t o 150 per cent  of  t he expect ed f l ow 
t hr ough t he met er .   Pr ovi de each met er  wi t h an anal yzer  whi ch r ecei ves t he 
si gnal  f r om t he f l ow met er  t r ansmi t t er ,  conver t s and sends i t  as a [ s i ngl e 
4 t o 20 mA DC si gnal  pr opor t i onal  t o t he f l ow r at e]  [ di r ect  di gi t al  
r eadi ng]  t o t he cent r al  cont r ol  uni t .   Sensor  must  t r ansmi t  out put  t o an 
anal yzer  wi t h di gi t al  di spl ay.

2. 5. 17   Level  Moni t or i ng

Pr essur e t ype l evel  sensor s,  associ at ed anal yzer s and t r ansmi t t er s ar e t o 
be pr ovi ded f or  each l i qui d pr ocess t ank associ at ed wi t h t he AOP syst em.   
Ensur e sensor  el ement  i s r emovabl e f or  ser vi c i ng or  r epl acement  wi t hout  
t aki ng t he t ank out  of  ser vi ce.   As a mi ni mum,  t he f ol l owi ng t anks ar e t o 
be equi pped wi t h l evel  moni t or i ng equi pment :   [ r eact or  vessel s, ]  [ hydr ogen 
per oxi de st or age and f eed t anks, ]  [ equal i zat i on t ank, ]  [ ef f l uent  st or age 
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and equal i zat i on t anks, ]  [ _____] .   Each l evel  cont r ol  el ement  ar e t o be of  
sol i d st at e desi gn const r uct ed of  mat er i al s compat i bl e wi t h t he l i qui d 
st or ed.   Pr ovi de each cont r ol l er  wi t h an anal yzer  whi ch r ecei ves t he 
si gnal  f r om t he l evel  sensor ,  conver t s and sends i t  as a [ s i ngl e 4 t o 20 
mA DC si gnal  pr opor t i onal  t o t he l i qui d l evel ]  [ di r ect  di gi t al  r eadi ng]  t o 
t he cent r al  cont r ol  uni t .

2. 5. 18   React or  Vessel

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e par agr aph Gas Fl ow Met er s 
r equi r ement s f or  t he appl i cat i on;  i ndi cat e 
penet r at i on r equi r ement s,  i f  a packi ng suppor t  i s  
r equi r ed;  v i ew por t s;  s i t e gl asses;  or  mat er i al  
opt i ons t o st ai nl ess st eel  r eact or s.   Al so i ncl ude 
access r equi r ement s f or  r emoval  and mai nt enance of  
di f f user s.   Coor di nat e uni que concr et e mat er i al  
ozone r esi st ance r equi r ement s wi t h Sect i on 03 30 00 
CAST- I N- PLACE CONCRETE i f  concr et e r eact or  vessel s 
ar e used.

React or s f or  per oxone syst ems,  wher e ei t her  t he 
ozone or  hydr ogen per oxi de dose i s not  expect ed t o 
exceed 25 ppm,  may be const r uct ed of  f i ber gl ass i f  
appr opr i at e r esi ns ar e used.   Coor di nat e wi t h t ank 
suppl i er s r egar di ng speci f i cat i on r equi r ement s.

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

The r eact or  vessel  wi l l  be [ c i r cul ar ]  [ r ect angul ar ] ,  f abr i cat ed of  [ 316L 
st ai nl ess st eel ]  [ concr et e conf or mi ng t o Sect i on [ 03 30 00 CAST- I N- PLACE 
CONCRETE]  [ _____]  pr ovi ded wi t h [ _____]  mm i nch,  [ _____]  kPa psi  f l anged 
connect i ons. ]   React or  vessel s wi l l  have a mi ni mum wat er  dept h above t he 
di f f user s of  [ 6]  [ _____]  m [ 18]  [ _____]  f eet ,  wi t h a mi ni mum f r ee boar d 
wat er  dept h above t he l i qui d l evel  of  600 mm 2 f eet .   [ React or  wi l l  be 
desi gned t o accommodat e a vacuum of  [ 25]  [ _____]  mm [ 1]  [ _____]  i nch 
appl i ed t o t he r eact or  headspace. ]   Wel di ng wi l l  be per f or med i n 
accor dance wi t h AWS D1. 1/ D1. 1M by wel der s cer t i f i ed t o have passed 
qual i f i cat i on t est s usi ng pr ocedur es cover ed i n AWS B2. 1/ B2. 1M or  
ASME BPVC SEC I X.   React or s ar e t o be equi pped wi t h openi ngs r equi r ed t o 
ensur e mai nt enance and i nst al l at i on/ r emoval  of  t he f ol l owi ng equi pment :   
l i qui d i nl et s and out l et s,  gas i nl et  suppl y and of f  gas col l ect i on poi nt s,  
sampl i ng connect i ons,  [ quar t z sheat h wi per s] ,  [ UV l amps] ,  [ pH pr obe] ,  
[ r edox met er ] ,  [ l evel  swi t ch] ,  s i t e gl ass l i qui d l evel  i ndi cat or ,  and 
ot her  connect i ons as i ndi cat ed or  r equi r ed.   React or  vessel s ar e t o be 
equi pped wi t h a mi ni mum of  [ one]  [ _____]  v i ewi ng por t  no smal l er  t han 
[ 0. 5]  [ _____]  m [ 1. 5]  [ _____]  f eet  l ocat ed [ 0. 7]  [ _____]  m [ 2]  [ _____]  f eet
 mi ni mum above t he bot t om of  t he r eact or .   The vi ewi ng por t  must  be 
cover ed wi t h c l ear  pl ast i c mat er i al  not  suscept i bl e t o ozone degr adat i on,  
wi t h a mi ni mum t hi ckness of  [ 10]  [ _____]  mm [ 3/ 8]  [ _____]  i nch.

2. 6   ELECTRI CAL

El ect r i cal  pr oduct s ar e t o be i n accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   React or  vessel s cont ai ni ng ul t r avi ol et  l amps ar e t o 
be i ndependent l y gr ounded.

2. 6. 1   Mot or s

Mot or s,  al l  mot or  st ar t er s,  and any cont r ol  or  s i gnal  wi r i ng r equi r ed f or  
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t he oper at i on of  t he speci f i ed equi pment  ar e t o be pr ovi ded and i nst al l ed 
under  t hi s sect i on i n accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM unl ess ot her wi se speci f i ed her ei n,  i n ot her  sect i ons,  
or  i ndi cat ed on t he dr awi ngs.

2. 6. 2   Local  Cont r ol s and Panel s

Manual  or  aut omat i c cont r ol s,  pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  
t he oper at i on speci f i ed,  and any cont r ol  wi r i ng r equi r ed f or  cont r ol s and 
devi ces,  pr ovi ded.   Encl osur es f or  l ocal  power  and cont r ol  panel s ar e t o 
conf or m t o NEMA I CS 6.

2. 6. 3   Ul t r avi ol et  Equi pment  El ect r i cal  Requi r ement s

a.   Pr ovi de a separ at e pr ewi r ed power  panel  f or  each modul e.

b.   Gr ound f aul t  det ect i on or  i ndependent  gr ound wi l l  be st andar d wi t h t he 
UV l amp equi pment .

c.   Cont r ol  and moni t or i ng component s ar e t o be housed i n NEMA 
encl osur es.   I nt er nal  component s ar e t o be seal ed f r om t he 
envi r onment .   Syst em el ect r oni cs t o be used i n an i nt er i or  envi r onment  
ar e t o be housed i n encl osur es conf or mi ng t o NEMA 250 TYPE 12.   Syst em 
el ect r oni cs t o be used i n an ext er i or  and cor r osi ve envi r onment ,  as 
def i ned i n NEMA 250,  ar e t o be housed i n encl osur es conf or mi ng t o 
NEMA 250 TYPE 4X.

d.   Pr ovi de suf f i c i ent  cool i ng t o t he medi um and hi gh t emper at ur e UV bul bs 
as wel l  as associ at ed bal l ast s t o pr event  over heat i ng.

e.   Wi r i ng and el ect r i cal  connect i ons ar e t o be pr ot ect ed agai nst  moi st ur e 
and cor r osi ve gases t o pr event  el ect r i cal  shor t s or  f ai l ur e.   
El ect r i cal  i nst al l at i on and mat er i al s ar e t o conf or m t o NFPA 70.   The 
uni t  must  be compl et el y wi r ed r equi r i ng onl y an ext er nal  connect i on 
f or  a s i ngl e ext er nal  power  suppl y and r emot e moni t or i ng and cont r ol .

f .   I nt er connect i ng,  mul t i conduct or ,  unshi el ded cabl es must  be sui t abl e 
f or  out door  i nst al l at i on.   I nsul at i on wi l l  be t her mopl ast i c r ubber  
wi t h an oper at i ng r ange of  mi nus 60 t o 125 degr ees C mi nus 75 t o 260 
degr ees F wi t h l ow t emper at ur e f l exi bi l i t y  and f l ame r et ar dant s.   UV 
st abi l i zed j acket i ng must  be r esi st ant  t o oi l s,  chemi cal s,  f uel s,  
sol vent s,  and t o mechani cal  abuse and abr asi on.   Cabl e must  be 
suppl i ed by t he equi pment  manuf act ur er  and be of  suf f i c i ent  l engt h and 
number  f or  a compl et e syst em.

g.   Cabl eways pr ovi ded ar e t o be st ai nl ess st eel ,  1. 98 or  1. 59 mm 14 or  16 
gauge t hi ck.

2. 7   AOP CONTROL SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e i t ems wi t hi n t hi s par agr aph t hat  do 
not  appl y.   Not  al l  UV syst ems ( especi al l y t hose 
wi t h l ow i nt ensi t y l amps)  have l i ght  i nt ensi t y 
moni t or s;  ver i f y desi gn r equi r ement s f or  t ype or  
need of  l amps.   Hydr ogen per oxi de moni t or i ng on al l  
but  ver y l ar ge pl ant s ( l ar ger  t han5. 7 ML/ day 1. 5 MGD
)  wi l l  consi st  of  t ank l evel  r eadi ngs and an 
i ndi cat i on t hat  t he chemi cal  f eed pump i s wor ki ng.   
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Coor di nat e wi t h par agr aph Al ar ms and I nt er l ocks i f  
separ at e audi bl e or  v i sual  al ar ms beyond t he cont r ol  
syst em speci f i ed ar e r equi r ed,  and t hei r  l ocat i on.

I f  an aut odi al er  i s r equi r ed,  r ef er ence t he cont r ol s 
and i nst r ument at i on sect i on of  t he speci f i cat i on;  or  
i f  none i s i ncl uded and an aut odi al er  i s r equi r ed,  
i ncl ude t hose r equi r ement s i n t hi s par agr aph.

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

Equi pment  wi l l  be l ocal l y cont r ol l ed and capabl e of  r ecei v i ng st andar d 
di gi t al  or  anal og cont r ol  s i gnal s f r om t he pl ant  cent r al  cont r ol  syst em.   
Pr ovi de st at us and adj ust ment s t o t he equi pment  [ l ocal l y]  [ and]  [ f r om t he 
pl ant  cent r al  cont r ol  syst em] .   I nst r ument s ar e t o be pr ovi ded wi t h 
mount i ng har dwar e as appr opr i at e.   Tr ansmi t t er s wi t h di gi t al  out put s must  
be accur at e t o wi t hi n [ _____]  per cent .   Al l  equi pment  wi l l  be desi gned f or  
oper at i on on a 120 vol t s 60 her t z el ect r i cal  i nput .   Pr ovi de cont r ol s t o 
r emot el y moni t or  [ and adj ust ]  [ hydr ogen per oxi de del i ver y r at e, ]  [ oxygen]  
[ ai r ]  [ and ozone out put , ]  [ _____]  [ i ndi v i dual  l amp f ai l ur e, ]  [ power  on and 
of f  st at us f or  each l amp [ bal l ast ] ]  [ ul t r avi ol et  l amp i nt ensi t y] .   
[ Pr ovi de each l amp wi t h a nonr eset t abl e el apsed t i me met er  wi t h abi l i t y  t o 
r ecor d oper abl e hour s f r om 0 t o 99, 999] .

2. 7. 1   Ozonat i on Cont r ol  Syst em

The ozonat i on cont r ol  syst em must  be i nt er f aced wi t h t he pl ant  cent r al  
cont r ol  syst em.   Changes t o t he ozone gener at or  equi pment  oper at i ng 
condi t i ons ar e t o be accompl i shed l ocal l y or  f r om t he mast er  cont r ol  
panel .   The power ,  cont r ol  and i nst r ument at i on syst em pr ovi ded as 
speci f i ed or  as r ecommended by t he ozone gener at or  manuf act ur er  f or  saf e 
oper at i on and super vi s i on of  t he ozone gener at or  and r el at ed gas f eed 
equi pment .   Pr ovi de schemat i cs and i nt er connect i ng wi r i ng di agr ams f or  
power ,  cont r ol ,  and i nst r ument at i on c i r cui t s.   Pr ovi de cont r ol  power  
t r ansf or mer s,  r el ays,  adj ust abl e t i mer s,  auxi l i ar y cont act s,  swi t ches,  or  
addi t i onal  equi pment  t o i nt er connect  t he gener at or  t o ot her  auxi l i ar y 
equi pment  and mast er  cont r ol  panel ,  and cont r ol  c i r cui t s as shown on 
schemat i c or  i nst r ument  cont r ol  dr awi ngs.   An emer gency st op but t on must  
be pr ovi ded at  t he l ocal  gener at or  cont r ol  panel .   The ozone gener at or  
must  be pr ot ect ed f r om power  sur ges,  and var i at i ons i n power  suppl i ed t o 
t he equi pment .

2. 7. 2   Hydr ogen Per oxi de Feed

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Hydr ogen per oxi de met er i ng r at e i s gener al l y 
done manual l y wi t h an i nt er l ock t o shut  t he syst em 
down when a f l ow swi t ch or  ot her  i nt er l ock at  t he 
AOP mast er  cont r ol  i ndi cat es a f l ow i nt er r upt i on.   
I f  a var i abl e f l ow r at e i s ant i c i pat ed,  al t hough 
r ar el y used,  t he hydr ogen per oxi de f eed r at e can be 
t i ed t o t he i nf l uent  met er  or  AOP mast er  cont r ol .  
Coor di nat e oper at i on wi t h Sect i on 46 30 00 WATER AND 
WASTEWATER CHEMI CAL FEED SYSTEMS.

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

Conf or m hydr ogen per oxi de f eed pump and cont r ol  t o t he r equi r ement s of  
Sect i on 46 30 00 WATER AND WASTEWATER CHEMI CAL FEED SYSTEMS.
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2. 7. 3   Al ar ms and I nt er l ocks

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e i t ems i n t hi s par agr aph t hat  ar e not  
r equi r ed.

Coor di nat e t hi s par agr aph wi t h pr ocess and 
i nst r ument at i on di agr ams ( PI Ds)  and ot her  
speci f i cat i on sect i ons.   Met er i ng accur acy f or  
hydr ogen per oxi de i s gener al l y done manual l y.  
I ndi cat e i f  separ at e audi bl e or  v i sual  al ar ms beyond 
t he AOP mast er  cont r ol  syst em ar e r equi r ed,  and 
t hei r  l ocat i on.

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

Pr ovi de al ar ms and i nt er l ocks  t o ensur e pr oper  oper at i on of  t he advanced 
oxi dat i on equi pment ,  and i t s sequenced shut down based on pot ent i al l y  
unsaf e or  i mpr oper  condi t i ons t hat  may exi st .   The f ol l owi ng par agr aphs 
l i s t  al ar ms t hat  ( as a mi ni mum)  ar e t o be moni t or ed at  t he cent r al  cont r ol  
poi nt ,  or  t hat  wi l l  i ni t i at e shut down of  t he appr opr i at e advanced 
oxi dat i on equi pment  component s.

2. 7. 3. 1   AOP Syst em

Fai l ur e of  maj or  equi pment  component s such as l amps,  bal l ast s,  or  saf et y 
i nt er l ocks must  i ni t i at e syst em,  f ol l owed by pl ant  shut down,  i f  not  
acknowl edged.   

a.   AOP syst em al ar ms and cont r ol  i nt er l ocks ar e t o be pr ovi ded f or  t he 
f ol l owi ng i t ems:

( 1)  Lamp f ai l ur e
( 2)  Bal l ast  f ai l ur e
( 3)  Saf et y i nt er l ocks f or  open door  on r eact or  vessel  or  panel
( 4)  Hi gh wat er  t emper at ur e i n AOP r eact or  vessel
( 5)  Low wat er  f l ow t o t he r eact or  vessel
( 6)  Sl eeve wi per  f ai l ur e
( 7)  Hi gh pr essur e i n r eact or  vessel  headspace
( 8)  [ _____] .

b.   Submi t  t he f ol l owi ng dat a f or  t he AOP Syst em

( 1)   Manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e;  per f or mance 
char t s and cur ves,  cat al og cut s f or  speci f i ed equi pment  i ncl udi ng:  
i nst r ument at i on and cont r ol s;  capaci t i es and pr essur e dr op;  model  
number ;  and i nst al l at i on i nst r uct i ons.

( 2)   Mat er i al s of  const r uct i on;  i nl et  and out l et  pi pe s i zes;  power  
demand r equi r ement s;  and ozone gener at or  cool i ng wat er  f l ow r at e.

( 3)   Spar e par t s dat a f or  each pi ece of  equi pment ,  cur r ent  uni t  pr i ces 
and sour ce of  suppl y.

( 4)   Manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e;  per f or mance 
char t s and cur ves,  cat al og cut s f or  speci f i ed equi pment  i ncl udi ng:  
i nst r ument at i on and cont r ol s;  capaci t i es and pr essur e dr op;  model  
number ;  and i nst al l at i on i nst r uct i ons.

( 5)   Mat er i al s of  const r uct i on;  i nl et  and out l et  pi pe s i zes;  power  
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demand r equi r ement s;  and ozone gener at or  cool i ng wat er  f l ow r at e.

( 6)   Spar e par t s dat a f or  each pi ece of  equi pment ,  cur r ent  uni t  pr i ces 
and sour ce of  suppl y.

( 7)   Manuf act ur er ' s cer t i f i cat es st at i ng t hat  t he equi pment  meet s t he 
speci f i ed r equi r ement s,  and has been i nst al l ed i n accor dance wi t h 
t he equi pment  manuf act ur er ' s r equi r ement s.

2. 7. 3. 2   Met er i ng Pump

Pump f ai l ur e must  i ni t i at e syst em,  f ol l owed by pl ant  shut down,  i f  not  
acknowl edged.   Met er i ng Pump al ar ms and cont r ol  i nt er l ocks ar e t o be 
pr ovi ded f or  t he f ol l owi ng i t ems:

a.  Hydr ogen per oxi de f eed
b.  Cat al yst  f eed
c.  Pump f ai l ur e
d.  [ _____] .

2. 7. 3. 3   Hydr ogen Per oxi de Tank

Hydr ogen per oxi de t ank [ al ar ms]  [ and cont r ol  i nt er l ocks]  ar e t o be 
pr ovi ded f or  t he f ol l owi ng i t ems:

a.  Hi gh l i qui d l evel
b.  Low l i qui d l evel
c.  Low l ow l i qui d l evel
d.  Hi gh t emper at ur e
e.  Hi gh pr essur e
f .  [ _____] .

2. 7. 3. 4   Ozone Syst em

Ozone syst em al ar ms and cont r ol  i nt er l ocks ar e t o be pr ovi ded f or  t he 
f ol l owi ng i t ems:

a.  Hi gh dew poi nt  i n gas f eed t o ozone gener at or
b.  Over  cur r ent  t o t he power  suppl y uni t  ( PSU)
c.  Over  vol t age t o t he PSU,  r ect i f i er ,  and i nver t er
d.  Over  f r equency pr ot ect i on
e.  Hi gh t emper at ur e shut  down
f .  Hi gh i nl et  gas t emper at ur e
g.  Hi gh i nl et  cool i ng wat er  t emper at ur e
h.  Hi gh gas pr essur e t o t he gener at or
i .  I nsuf f i c i ent  gas f l ow t o t he gener at or
j .  Hi gh out l et  ozone gas t emper at ur e
k.  Hi gh moi st ur e l evel  i n cont r ol  cabi net
l .  [ _____] .

Maj or  equi pment  component  f ai l ur e such as over  cur r ent ,  over  vol t age,  over  
f r equency,  hi gh cool i ng wat er  t emper at ur e or  ot her  condi t i on t hat  coul d 
damage t he equi pment  or  r esul t  i n ef f l uent  non- compl i ance must  i ni t i at e 
syst em,  f ol l owed by pl ant  shut down,  i f  not  acknowl edged.

2. 7. 3. 5   Gas Feed Syst em

Gas f eed syst em al ar ms and cont r ol  i nt er l ocks ar e t o be pr ovi ded f or  t he 
f ol l owi ng i t ems:

SECTI ON 46 30 13  Page 32



a.  Hi gh pr essur e acr oss gas f i l t er s
b.  Hi gh t emper at ur e i n gas desi ccant  dr yer
c.  Hi gh pr essur e downst r eam of  r educi ng val ves
d.  Ai r  pr epar at i on syst em f ai l ur e
e.  Ozone moni t or  f ai l ur e
f .  [ _____] .

Maj or  equi pment  component  f ai l ur e,  such as hi gh cool i ng wat er  t emper at ur e,  
ai r  pr epar at i on f ai l ur e,  or  ot her  condi t i on t hat  coul d damage t he ai r  f eed 
or  ozone equi pment ,  or  r esul t  i n ef f l uent  non- compl i ance must  i ni t i at e 
syst em,  f ol l owed by pl ant  shut down,  i f  not  acknowl edged.

2. 7. 3. 6   Ozone Dest r uct  Syst em

Ozone dest r uct  syst em al ar ms and cont r ol  i nt er l ocks ar e t o be pr ovi ded f or  
t he f ol l owi ng i t ems:

a.  Hi gh ozone i n ambi ent  ai r  space
b.  Hi gh gas f l ow r at e t o dest r uct  uni t
c.  Low t emper at ur e i n ozone dest r uct  uni t
d.  Hi gh ozone i n dest r uct  uni t  exhaust  gas
e.  Ozone dest r uct  syst em f ai l ur e
f .  Hi gh ozone concent r at i on i n of f  gas
g.  Dest r uct  syst em f ai l ur e
h.  [ _____] .

Heal t h and saf et y ambi ent  ozone l evel  non- compl i ance must  i ni t i at e ozone 
syst em al ar m and shut down,  f ol l owed by over al l  pl ant  shut down,  i f  al ar m i s 
not  acknowl edged ( hi gh ambi ent  ozone l evel s wi l l  not  shut down t he ozone 
dest r uct  syst em concur r ent l y wi t h ot her  pr ocesses) .

2. 7. 3. 7   Cool i ng Wat er  Syst em

Cool i ng wat er  syst em al ar ms and cont r ol  i nt er l ocks ar e t o be pr ovi ded f or  
t he f ol l owi ng i t ems:

a.  Cool i ng syst ems f ai l ur e
b.  Hi gh wat er  t emper at ur e
c.  No/ l ow cool i ng wat er  f l ow
d.  Pump f ai l ur e
e.  [ _____] .

Maj or  equi pment  component  f ai l ur e such as no/ l ow cool i ng wat er  f l ow,  pump 
f ai l ur e or  ot her  condi t i on t hat  coul d damage t he gas f eed,  ozone equi pment  
or  r esul t  i n ef f l uent  non- compl i ance must  i ni t i at e ozone gener at or ,  
f ol l owed by pl ant  syst em shut down,  i f  not  acknowl edged.

2. 7. 3. 8   Met er i ng Accur acy

Met er i ng accur acy al ar ms and cont r ol  i nt er l ocks ar e t o be pr ovi ded f or  t he 
f ol l owi ng i t ems:   Ozone and Hydr ogen Per oxi de

2. 7. 3. 9   Gr ound Faul t

Pr ovi de a gr ound f aul t  pr ot ect i on al ar m.
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2. 8   SPECI AL EQUI PMENT AND TOOLS

Pr ovi de one set  of  speci al  t ool s,  cal i br at i on devi ces,  and i nst r ument s 
r equi r ed f or  oper at i on,  cal i br at i on,  and mai nt enance of  t he equi pment .   
Pr ovi de a t ube cl eani ng r ack or  r acks wi t h adequat e capaci t y t o hol d [ 50]  
[ 100]  per cent  of  t he di el ect r i c t ubes f r om t he ozone gener at or  bei ng 
ser vi ced.   Equi p each r ack wi t h l ocki ng cast er s t o al l ow t he r ack t o be 
easi l y moved bet ween t he ozone gener at or  and t he l ocat i on wher e t he 
di el ect r i c t ube cl eani ng wi l l  occur .   Each di el ect r i c i s t o be pr ovi ded 
wi t h an i ndi v i dual  padded hol der .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.   Compar e t he l i mi t s of  wor k f or  
t he equi pment  suppl i ed t o f i el d condi t i ons t o ensur e t he l i mi t s pr evi ousl y 
i dent i f i ed f or  pi pi ng,  el ect r i cal  and cont r ol  i nt er f aces meet  t he act ual  
physi cal  r equi r ement s at  t he f aci l i t y .   Br i ng any di scr epanci es t o t he 
at t ent i on of  t he Cont r act i ng Of f i cer  f or  cor r ect i on.

3. 2   PREPARATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph cover s act i ons r equi r ed t o 
physi cal l y pr epar e t he sur f ace,  ar ea,  or  s i t e t o 
i ncor por at e t he speci f i ed pr i mar y pr oduct s.

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

Pr ovi de t he r eact or  vessel ,  [ ozone and f eed gas equi pment , ]  [ hydr ogen 
per oxi de st or age and f eed syst em, ]  [ el ect r i cal  suppor t  equi pment , ]  and 
[ _____]  wi t h an equi pment  pad i sol at ed f r om t he f l oor  s l ab [ as det ai l ed on 
t he dr awi ngs]  [ adequat e t o pr oper l y suppor t  t he equi pment ] .   Rei nf or ced 
concr et e ar e t o be desi gned and i nst al l ed i n accor dance wi t h Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.   Pr i or  t o pl aci ng ozone pi pi ng,  or  ot her  
equi pment ,  i nt o ser vi ce i t  i s  t o be cl eaned by one of  t he met hods 
speci f i ed i n CGA G- 4. 1.   Pi pi ng and equi pment  used t o st or e or  f eed 
hydr ogen per oxi de must  be passi vat ed i n accor dance wi t h t he hydr ogen 
per oxi de suppl i er ' s r equi r ement s.

3. 3   EQUI PMENT I NSTALLATI ON

Per f or m t he equi pment  i nst al l at i on as i ndi cat ed on t he dr awi ngs,  shop 
dr awi ngs,  manuf act ur er ' s i nst r uct i ons and r ecommendat i ons.   Pi pi ng,  
val ves,  f i t t i ngs,  and appur t enances ar e t o be i nst al l ed i n accor dance wi t h 
t he manuf act ur er s r ecommendat i ons,  as speci f i ed i n Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE,  or  as ot her wi se i ndi cat ed.   Al l  val ves,  
f i t t i ngs,  met er s and ot her  appur t enances ar e t o be gi ven uni que 
i dent i f i cat i on number s cor r espondi ng t o t hose used i n oper at i on and 
mai nt enance manual s,  and i n AOP submi t t al s pr epar ed.   I dent i f i cat i on 
number s ar e t o be pl aced on br ass i dent i f i cat i on t ags and secur el y 
f ast ened t o al l  val ves,  f i t t i ngs,  met er s and ot her  appur t enances.   Tags 
ar e t o  be no l ess t han 38 mm 1- 1/ 2 i nches i n di amet er  wi t h depr essed 
bl ack f i gur es 13 mm 1/ 2 i nch hi gh.   Pi pi ng f or  wet  ozone ser vi ce must  be 
PVDF,  st ai nl ess st eel ,  or  PTFE.   Pi pi ng f or  dr y ozone ser vi ce must  be 
PVDF,  st ai nl ess st eel ,  or  PTFE.   Oxygen Pi pi ng wi l l  be copper  or  st ai nl ess 
st eel .   Hydr ogen per oxi de pi pi ng i s t o be st ai nl ess st eel ,  PTFE or  PVDF.   
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Oxygen pi pi ng wi l l  [ be i nsul at ed i n accor dance wi t h Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS]  [ not  be i nsul at ed] .

3. 4   ELECTRI CAL WORK

Per f or m el ect r i cal  wor k i n accor dance wi t h t he dr awi ngs and appl i cabl e 
r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Equi pment  
i s t o be appr opr i at e f or  cont i nuous dut y,  and i nst al l at i on i n a dust y,  
humi d and cor r osi ve envi r onment .   El ect r i cal  equi pment  and wi r i ng must  
compl y wi t h NFPA 70.

3. 5   TOOLS

Pr ovi de t ool s t o t he Cont r act i ng Of f i cer  pr i or  t o t he onsi t e t r ai ni ng 
i dent i f i ed i n par agr aph FI ELD TRAI NI NG.

3. 6   PAI NTI NG/ CORROSI ON PROTECTI ON

Al l  f er r ous sur f aces ar e t o be coat ed or  pai nt ed.   Col or  wi l l  be as 
i ndi cat ed on t he pai nt  schedul e or  as ot her wi se appr oved.   Fact or y pai nt ed 
i t ems ar e t o be t ouched up as needed.   Fact or y pai nt ed i t ems r equi r i ng 
t ouch up i n t he f i el d ar e t o be t hor oughl y c l eaned of  al l  f or ei gn 
mat er i al ,  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 i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  i ncl udi ng 
dr y f i ni sh t hi ckness.   Equi pment  whi ch di d not  r ecei ve a f act or y f i ni sh 
must  be pai nt ed i n accor dance wi t h t he r equi r ement s i ndi cat ed i n Sect i on 
09 90 00PAI NTS AND COATI NGS.   Pai nt i ng cor r osi on r esi st ant  met al s such as 
br ass,  br onze,  al umi num,  copper ,  gal vani zed st eel  and st ai nl ess st eel  i s  
not  r equi r ed unl ess ot her wi se speci f i ed.

3. 7   CHEMI CALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e t hese r equi r ement s wi t h ot her  
speci f i cat i ons whi ch may addr ess ext ended oper at i on 
and mai nt enance occur r i ng i n some HTRW Pr oj ect s.   I f  
ot her  suppl i es such as cat al yst s ar e r equi r ed,  
i ncl ude t hat  i nf or mat i on as wel l .

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

Pr ovi de t he chemi cal s needed t o do al l  t he oper at i onal  and st ar t  up 
t est i ng,  and compl et el y r ef i l l  t he [ oxygen] ,  [ hydr ogen per oxi de] ,  
[ cat al yst ] ,  [ _____]  t anks at  t he t i me of  cont r act  compl et i on.

3. 8   WELDI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use second set  of  br acket s when cr i t i cal  pi pe 
wel di ng i s r equi r ed.

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

[ Pi pi ng wi l l  be wel ded i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
per f or mance qual i f i ed wel der s and wel di ng oper at or s.   Pr ocedur es and 
wel der s ar e t o be qual i f i ed i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng 
pr ocedur es qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s 
qual i f i ed by anot her  empl oyer  may be accept ed as per mi t t ed by ASME B31. 1.   
Not i f y t he Cont r act i ng Of f i cer  24 hour s i n advance of  t est s.   St r uct ur al  
member s ar e t o be wel ded i n accor dance wi t h Sect i on 05 05 23. 16 STRUCTURAL 
WELDI NG. ]  [ Wel di ng and nondest r uct i ve t est i ng pr ocedur es f or  pi pi ng wi l l  
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be as speci f i ed i n Sect i on 40 05 13. 96 WELDI NG PROCESS PI PI NG. ]

3. 9   SAMPLI NG AND ANALYSI S

Per f or m sampl i ng,  anal ysi s,  and sampl e t ur n ar ound t i me t o demonst r at e 
syst em per f or mance and ef f l uent  compl i ance.   Submi t  a 
commi ssi oni ng/ demonst r at i on pl an f or  appr oval  t o ensur e t he equi pment  
meet s t he st andar ds i ndi cat ed.   Coor di nat e t hi s pl an wi t h ot her  pl ans and 
uni t  oper at i ons t o ensur e t hey do not  conf l i c t  and t he AOP syst em i s r eady 
f or  t est i ng.   Coor di nat e and obt ai n r egul at or y appr oval s pr i or  t o 
not i f y i ng t he cont r act i ng of f i cer  t hat  t he equi pment  i s r eady f or  t est i ng.

3. 9. 1   Pl an Det ai l s

The pl an wi l l  i ncl ude a det ai l ed descr i pt i on of  pr oposed sampl i ng and 
anal ysi s r equi r ed t o document  syst em per f or mance.     A pl an det ai l i ng t he 
sampl i ng l ocat i ons,  f r equency,  anal yt i cal  pr ot ocol s,  and dur at i on whi ch 
wi l l  ensur e t he equi pment  compl i es wi t h t he st andar ds i ndi cat ed.   Submi t  
t he pl an t o t he Cont r act i ng Of f i cer  [ _____]  [ 30]  days pr i or  t o equi pment  
st ar t  up.   Coor di nat e wor k wi t hi n t hi s sect i on wi t h ot her  sect i ons t o 
ensur e upst r eam and downst r eam uni t  pr ocesses ar e compl et e and oper at i onal  
pr i or  t o st ar t up/ commi ssi oni ng t he AOP uni t .

3. 9. 2   Pl an Cal cul at i ons

I ncl ude t he f ol l owi ng cal cul at i ons i n t he commi ssi oni ng/ demonst r at i on pl an.

a.   Headl oss cal cul at i ons t hr ough t he pr ocess uni t s at  t he desi gn f l ow 
r at e,  i ncl udi ng headl oss cal cul at i ons f or  associ at ed compr essed ai r  
and pumpi ng syst ems.

b.   Oxi dant  demand and subsequent  AOP uni t  s i z i ng.

c.   El ect r i cal  usage r at e.

d.   Removal  per f or mance and mat er i al  mass bal ance.

e.   Chemi cal  f eed r equi r ement s and equi pment  s i z i ng.

f .   Di f f user  syst em l ayout ,  mass t r ansf er  cal cul at i ons.

3. 9. 3   Chemi cal  Sampl i ng

 The chemi cal  par amet er s i dent i f i ed i n par agr aph PERFORMANCE REQUI REMENTS 
[ and ambi ent  and ozone of f - gas dest r uct i on concent r at i ons]  ar e t o be 
sampl ed [ dai l y]  [ _____] ,  moni t or ed [ at  t he l ocat i ons i dent i f i ed on t he 
dr awi ngs]  [ at  t he l ocat i ons i ndi cat ed i n t he st ar t up/ commi ssi oni ng pl an]  
f or  [ 7]  [ _____]  days of  cont i nuous 24 hour  oper at i on,  usi ng anal yses wi t h 
det ect i on l i mi t s one or der  of  magni t ude l ower  t hen t he l evel s i ndi cat ed i n 
par agr aph  PERFORMANCE REQUI REMENTS.

3. 10   POSTI NG FRAMED I NSTRUCTI ONS

Post  f r amed i nst r uct i ons cont ai ni ng wi r i ng and cont r ol  di agr ams,  under  
gl ass or  i n l ami nat ed pl ast i c,  adj acent  t o t he equi pment  or  wher e 
ot her wi se di r ect ed bef or e accept ance t est i ng of  t he syst em.   Condensed 
oper at i ng i nst r uct i ons,  pr epar ed i n t yped f or m,  ar e t o be f r amed as 
speci f i ed above and post ed besi de t he di agr ams.   Post  t he f r amed 
i nst r uct i ons bef or e accept ance t est i ng of  t he syst ems.
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3. 11   FI ELD TESTS AND I NSPECTI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   These t est s ar e r equi r ed f or  i nst al l ed or  
compl et ed wor k;  t hey ar e di f f er ent  and separ at e f r om 
t hose r equi r ed f or  mat er i al s and pr oduct s pr i or  t o 
i nst al l at i on or  appl i cat i on.   Del et e t est s not  
appl i cabl e or  r equi r ed.

Pr ovi de i n t hi s sect i on a r ef er ence t o t he pl ant  
commi ssi oni ng or  st ar t - up speci f i cat i on whi ch 
i ncl udes t he pr ocesses i n t he t r eat ment  f aci l i t y .

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

Accessor i es such as t he [ UV equi pment , ]  [ ozone gener at or , ]  [ compr essor , ]  
[ ozone gener at or  gas f eed equi pment , ]  and [ _____]  ar e t o be f act or y t est ed 
pr i or  t o shi pment  t o t he j ob s i t e.

3. 11. 1   AOP React or  Vessel

The AOP r eact or  vessel  and at t ached appur t enances ar e t o be assembl ed at  
t he f act or y and an oper at i onal  t est  of  al l  component s accompl i shed pr i or  
t o shi pment .   Cer t i f i cat i on t hat  t he equi pment  and component s assembl ed at  
t he f act or y ar e oper at i onal  and meet  t he speci f i cat i on r equi r ement s ar e t o 
be pr ovi ded t o t he Cont r act i ng Of f i cer  a mi ni mum of  [ 10]  [ _____]  cal endar  
days pr i or  t o shi pment .   Component s not  assembl ed at  t he f act or y 
ar esubj ect  t o t he same t est s and i nspect i ons pr i or  t o onsi t e l eak t est i ng 
usi ng pot abl e wat er .   Fol l owi ng i nst al l at i on at  t he pr oj ect  s i t e,  and 
pr i or  t o l eak t est i ng,  r et est  t he AOP syst em t o ensur e t he equi pment  and 
auxi l i ar y component s act  as a compl et e and oper at i onal  syst em.   Thi s wi l l  
i ncl ude oper at i on of  al l  val ves,  pumps,  bl ower s,  anal yzer s,  al ar ms,  
met er s,  i nt er l ocks,  moni t or s,  l evel  and pump cont r ol s,  sensor s,  swi t ches,  
of f  gas dest r uct  equi pment  and al l  ot her  equi pment  associ at ed wi t h t he AOP 
syst em.   Compl et e t est i ng pr i or  t o l eak t est i ng and wr i t t en not i f i cat i on 
pr ovi ded t o t he Cont r act i ng Of f i cer  st at i ng t he equi pment  i s wor ki ng i n 
accor dance wi t h t he cont r act  document s and manuf act ur er ' s r ecommendat i ons 
pr i or  t o t he commencement  of  l eak t est i ng.

3. 11. 2   Di f f user  or  I nj ect or  Syst em

Pr essur e t est  t he ent i r e gas pi pi ng syst em  wi t h dr y ai r  or  oxygen at  a 
mi ni mum of  [ t wo]  [ _____]  t i mes t he nor mal  desi gn pr essur e f or  a mi ni mum of  
60 mi nut es and such addi t i onal  t i me as r equi r ed f or  t he Cont r act or  t o 
i nspect  t he pi pi ng syst em f or  l eaks.   Al l  l eaks ar e t o be r epai r ed and t he 
syst em r et est ed unt i l  no l eakage i s det ect ed.   Do not  i nt r oduce ozone i nt o 
t he syst em unt i l  al l  l eaks have been i dent i f i ed,  r epai r ed,  and t he syst em 
r et est ed.   [ Di f f user s]  [ I nj ect or s]  ar e t o be i nst al l ed i n accor dance wi t h 
t he suppl i er s r ecommendat i ons.   Af t er  i nst al l at i on,  t he [ di f f user s]  
[ i nj ect or s]  ar e t o be cover ed wi t h c l ear  wat er  t o a dept h of  appr oxi mat el y 
[ 1]  [ _____]  m [ 3]  [ _____]  f eet .   Dr y ai r  or  oxygen must  be r el eased 
t hr ough t he [ di f f user s]  [ i nj ect or s]  and t he syst em ar e t o be i nspect ed f or  
uni f or m ai r  or  oxygen di st r i but i on t hr oughout  t he r eact or s.   Fol l owi ng t he 
i ni t i al  t est i ng at  [ 1]  [ _____]  m [ 3]  [ _____]  f eet ,  t he di st r i but i on 
t est i ng must  be r epeat ed at  a wat er  dept h of  [ 3]  [ _____]  m [ 9]  [ _____]  f eet
 t o ensur e bubbl e di st r i but i on i s adequat e t hr oughout  t he r eact or .   
[ Di f f user ]  [ I nj ect or ]  r epl acement  or  r eposi t i oni ng must  be accompl i shed as 
r equi r ed t o mai nt ai n uni f or m ai r  di st r i but i on t hr oughout  t he r eact or .   I f  
af t er  r eposi t i oni ng,  ai r  di st r i but i on t hr oughout  t he r eact or  l acks 
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uni f or mi t y,  addi t i onal  r edi st r i but or s or  def l ect or s ar e t o be i nst al l ed i n 
t he r eact or  as r ecommended by t he [ di f f user ]  [ i nj ect or ]  suppl i er  t o 
accompl i sh uni f or m f l ow di st r i but i on t hr oughout  t he r eact or .

3. 11. 3   Leak Test i ng

Leak t est i ng must  be accompl i shed at  t he f act or y t o ver i f y t he i nt egr i t y 
of  t he r eact or  vessel s and associ at ed gas and l i qui d pi pi ng.   The f act or y 
l eak t est  ar e t o be accompl i shed on t he r eact or  vessel  and appur t enances 
f ol l owi ng assembl y at  t he f act or y.   Onsi t e hydr ost at i c l eak t est i ng wi l l  
i ncl ude al l  pi pi ng bet ween t he upst r eam and downst r eam pr ocesses,  and be 
accompl i shed usi ng pot abl e wat er  at  a pr essur e 1. 5 t i mes t he wor ki ng 
pr essur e,  or  350 kPa 50 psi  unl ess ot her wi se appr oved by t he Cont r act i ng 
Of f i cer .   The r eact or  vessel  and appur t enances ar e t o be i sol at ed f r om t he 
connect i ng pi pi ng and r et est ed f or  l eaks usi ng pot abl e wat er  f ol l owi ng 
assembl y at  t he s i t e.   The ozone gener at or  gas connect i ons ar e t o be 
t est ed wi t h dr y ai r  or  oxygen at  t he maxi mum pr essur e al l owed by t he 
manuf act ur er ,  or  as i dent i f i ed i n t he pr evi ous par agr aph.   Any gas or  
l i qui d l eaks i dent i f i ed dur i ng t he af or ement i oned t est i ng must  be r epai r ed 
and t he syst em r et est ed unt i l  t he syst ems ar e f r ee of  l eaks.

3. 11. 4   Cont r ol  Panel

A l ocal  cont r ol  panel  f unct i onal i t y t est  ar e t o be per f or med and appr oved 
by t he Cont r act i ng Of f i cer  pr i or  t o commencement  of  l eak t est i ng or  
t est i ng usi ng oxi di zer s.   The cent r al  cont r ol  t est i ng must  be accompl i shed 
pr i or  t o over al l  pl ant  st ar t up.

3. 11. 5   Ozone Gener at i on Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The i nst al l er  or  manuf act ur er  shoul d 
demonst r at e t he oper at i on and ef f i c i ency of  t he 
equi pment .   Power  consumpt i on f or  ozone gener at i on 
shoul d be l ess t han 10 kWhr  per  0. 5 kg pound of  
ozone gener at ed assumi ng a PSA oxygen f eed syst em i s 
used t o gener at e a 10 per cent  ozone f eed;  ver i f y 
t hi s wi t h mul t i pl e equi pment  suppl i er s based on t he 
speci f i c  ozone appl i cat i on pr essur es t o be used,  gas 
f eed,  and appl i ed ozone concent r at i on.

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

The ozone gener at i on syst em must  be t est ed t o ensur e t hat  t he act ual  ozone 
pr oduct i on,  power  usage,  or  wat er  consumpt i on r at es meet  r ecommended 
r equi r ement s.   Power  usage must  be measur ed af t er  achi evi ng st eady st at e 
condi t i ons as det er mi ned by t he ozone gener at or  suppl i er .   Power  usage 
must  be measur ed at  t he cent r al  mot or  cont r ol  cent er  or  at  each i ndi v i dual  
component  i ncl udi ng t he [ ai r  dr yer , ]  [ r ef r i ger ant  dr i er s, ]  [ desi ccant  
dr i er s, ]  [ oxygen gener at or , ]  ozone gener at or ,  cool i ng wat er  pumps,  and 
mast er  cont r ol  panel .   Power  usage must  be wi t hi n [ 5]  [ _____]  per cent  of  
[ _____]  kWh per  kg pound of  ozone gener at ed at  100 per cent  of  r at ed 
capaci t y.   Al so measur e cool i ng wat er  suppl y.   Cool i ng wat er  consumpt i on 
r at e ar e not  t o exceed [ _____]  L/ s gpm at  t he par amet er s l i s t ed i n 
par agr aph Ozone Gener at or  Syst em by mor e t han [ 5]  [ _____]  per cent .   I f  t he 
equi pment  does not  meet  t he speci f i ed consumpt i on r at es,  make t he 
necessar y syst em r evi s i ons t o meet  t he r at es speci f i ed at  no addi t i onal  
cost  t o t he Gover nment .   Power  usage must  al so be eval uat ed at  25,  50,  and 
75 per cent  of  t he desi gn pr oduct i on r at e.
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3. 12   MANUFACTURER' S SERVI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s par agr aph when manuf act ur er s ar e t o 
pr ovi de f i el d qual i t y cont r ol  wi t h onsi t e per sonnel  
f or  i nst r uct i on/ super vi s i on of  t he i nst al l at i on or  
appl i cat i on of  t hei r  pr oduct s,  or  f or  st ar t up or  
demonst r at i on.

Thi s par agr aph cover s r equi r ement s of  t he i nst al l er  
or  manuf act ur er  t o demonst r at e t he oper at i on and 
mai nt enance of  equi pment  t o t he owner ' s per sonnel .

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

Pr ovi de a manuf act ur er  qual i f i ed ser vi ce r epr esent at i ve,  exper i enced i n 
t he i nst al l at i on,  adj ust ment ,  oper at i on and mai nt enance of  t he equi pment  
speci f i ed,  f or  a mi ni mum of  [ 3]  [ _____]  days t o super vi se t he 
i nst al l at i on,  adj ust ment ,  t est i ng,  and t o pr ovi de i nst r uct i on i n t he 
oper at i on,  and mai nt enance of  t he equi pment .   I f  maj or  component s f r om 
mul t i pl e suppl i er s ar e pr ovi ded,  such as an [ ozone gener at or ]  [ ai r  
pr epar at i on syst em]  [ oxygen pr epar at i on syst em]  [ ozone dest r uct  syst em]  
[ _____] ,  each suppl i er  i sr equi r ed t o v i s i t  t he s i t e a mi ni mum of  [ 1]  
[ _____]  t i mes dur i ng equi pment  i nst al l at i on or  st ar t up.   Dur i ng t he 
st ar t up and [ one]  [ _____]  year s oper at i ng per i od,  t he maj or  equi pment  
suppl i er s ar e r equi r ed t o be onsi t e [ 2]  [ _____]  t i mes t o ver i f y t hat  t he 
equi pment  i s i nst al l ed and oper at es pr oper l y,  and t o pr ovi de t r oubl e 
shoot i ng and t echni cal  assi st ance.

3. 13   FI ELD TRAI NI NG

Pr ovi de a f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng and mai nt enance 
st af f  member s.   The t r ai ni ng wi l l  i ncl ude oper at i on of  i ndi v i dual  
component s as wel l  as t he i nt egr at ed syst em,  mai nt enance needs and 
pr ocedur es,  i nst r ument  cal i br at i on,  saf et y i ssues and emer gency 
pr ocedur es,  cont r ol  and al ar m f eat ur es,  t r oubl eshoot i ng equi pment  and 
cont r ol  pr obl ems,  and l abor at or y anal yt i cal  pr ocedur es.   Tr ai ni ng wi l l  be 
pr ovi ded dur i ng nor mal  wor ki ng t i me and wi l 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 per f or mance t est i ng.   Fi el d t r ai ni ng 
must  cover  al l  of  t he i t ems cont ai ned i n t he oper at i ng and mai nt enance 
manual s.   Each maj or  equi pment  vendor  i ncl udi ng,  but  not  l i mi t ed t o,  t he 
ozone gener at or ,  ozone dest r uct  syst em,  ozone moni t or i ng syst em,  and gas 
f eed syst em i s r equi r ed t o pr ovi de t wo [ 8]  [ _____]  hour  per i ods of  
c l assr oom and hands- on oper at i ng i nst r uct i on t o t he i ndi v i dual s sel ect ed 
by t he Cont r act i ng Of f i cer .   The f i r st  per i od wi l l  be at  syst em st ar t up 
and t he second [ as def i ned by t he Cont r act i ng Of f i cer ]  [ at  t he end of  t he 
Cont r act or ' s oper at i ng cont r act ,  pr i or  t o t ur ni ng over  t o t he l ong t er m 
f aci l i t y  oper at or ] .   Upon compl et i on,  submi t  cer t i f i cat es i ndi cat i ng t he 
desi gnat ed per sonnel  have r ecei ved t r ai ni ng speci f i ed and have 
successf ul l y oper at ed t he i nst al l ed AOP equi pment .

3. 14   MAI NTENANCE

3. 14. 1   Ext r a Mat er i al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e i nappl i cabl e por t i ons of  t hese 
par agr aphs.   Coor di nat e t hi s sect i on wi t h ot her  
sect i ons of  t he speci f i cat i ons t o ensur e t her e ar e 
not  conf l i c t s r egar di ng suppl y i ng consumabl es.  
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Ver i f y t he dur at i on of  t he i ni t i al  oper at i ng per i od,  
whi ch i s gener al l y 1 year .

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

Fur ni sh t he i ni t i al  suppl i es t o f i l l  t he vessel s,  as wel l  as al l  
consumabl es dur i ng t he st ar t up,  pr ove out ,  and i ni t i al  oper at i on per i od.   
At  t he t i me t he Cont r act or  t ur ns t he pl ant  over  t o t he l ong t er m Oper at i on 
and Mai nt enance Cont r act or ,  t he vessel s st or i ng consumabl es such as LOX,  
hydr ogen per oxi de [ and]  [ _____]  ar e t o be r ef i l l ed wi t hi n [ t wo]  [ f i ve]  
days pr i or  t o t he pl ant  t ur n over .

3. 14. 1. 1   Lamps

Pr ovi de a compl et e set  of  l amps r eser ved f or  change out  by t he equi pment  
suppl i er  f ol l owi ng t he one year  war r ant y per i od.   Thi s ext r a set  of  l amps 
ar e t o be del i ver ed t o t he t r eat ment  f aci l i t y  60 days pr i or  t o t he end of  
t he one year  war r ant y per i od and i nst al l ed by t he Cont r act or .   Lamp 
r epl acement  dur i ng t he one year  war r ant y per i od i s t o be pr ovi ded by t he 
suppl i er ,  as needed by t he Cont r act or .

3. 14. 1. 2   Spar e Par t s

The suppl i er  must  pr ovi de,  i n addi t i on t o t he l amps speci f i ed above,  a 
mi ni mum of  t en per cent  of  each of  t he f ol l owi ng i t ems,  or  a mi ni mum of  
t wo,  whi chever  i s gr eat er :

a.   Lamp bal l ast s

b.   Quar t z s l eeves

c.   End seal s

d.   Socket  connect or s

e.   O- r i ngs

f .   Quar t z s l eeve cl eaner s

g.   Di f f user s

h.   Rot omet er s

i .   Gener at or  di el ect r i cs

j .   Gener at or  di el ect r i c f uses

k.   pH pr obe el ement

l .   ORP pr obe el ement

3. 14. 2   Mai nt enance Ser vi ce

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  UV l amps ar e not  
used.   The desi gner  may want  t o pr ovi de addi t i onal  
i nf or mat i on r egar di ng l amp change out  i f  t he syst em 
i s l i mi t ed t o a cer t ai n l amp t ype.   Medi um pr essur e 
l amps have an appr oxi mat e l i f e of  3 t o 4000 hour s,  
whi l e l ow pr essur e l amps have an appr oxi mat e l i f e of  
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7 t o 10000 hour s;  cer t ai n pr opr i et ar y,  hi gh 
i nt ensi t y l amps may have a l i f e l ess t han 2000 hour s.

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

Changi ng out  l amps,  bal l ast s,  and quar t z t ube wi per s,  at  t he f r equency 
r ecommended by t he manuf act ur er  dur i ng t he one year  war r ant y per i od or  as 
ot her wi se r equi r ed,  i s Cont r act or ' s r esponsi bi l i t y .   Lamps and bal l ast s 
suppl i ed as speci f i ed bel ow,  ar e t o be pr ovi ded i n addi t i on t o t he 
compl et e set  suppl i ed f or  i nst al l at i on ( f ol l owi ng t he war r ant y per i od)  and 
t hose i nst al l ed as needed dur i ng t he war r ant y per i od.   The ozone gener at or  
di el ect r i cs ar e t o be cl eaned i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons i mmedi at el y pr i or  t o t he concl usi on of  t he Cont r act or ' s 
oper at i ng per i od;  or  af t er  one year ,  i f  gr eat er  t han one year  af t er  
st ar t up,  and at  t he concl usi on of  t he Cont r act or ' s oper at i ng per i od.

3. 14. 3   Oper at i ng I nst r uct i ons

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,  r out i ne mai nt enance,  pot ent i al  br eakdowns and r epai r s,  and 
t r oubl eshoot i ng.   The i nst r uct i ons ar e t o i ncl ude dr awi ngs and schemat i cs 
of  t he syst em as i nst al l ed.   The i nst r uct i ons ar e t o i ncl ude t he 
manuf act ur er ' s name,  model  number ,  ser vi ce manual  par t s l i s t  and br i ef  
descr i pt i on of  al l  equi pment  and t hei r  basi c oper at i ng f eat ur es.   The 
i nst r uct i ons ar e t o i ncl ude,  but  not  be l i mi t ed t o,  t he f ol l owi ng:

a.   Syst em l ayout  showi ng pi pi ng,  val ves and cont r ol s,  pr ocess f l ow 
di agr ams,  pi pi ng and i nst r ument at i on di agr ams wi t h al l  val ves,  met er s,  
and si mi l ar  uni t s i dent i f i ed.

b.   Appr oved wi r i ng and cont r ol  di agr ams pr epar ed i n accor dance wi t h 
ANSI / I SA 5. 1 i ncl udi ng a dr awi ng i ndex,  l egend and symbol s l i s t ,  and 
abbr evi at i ons and i dent i f i er s.

c.   A cont r ol  sequence descr i bi ng st ar t up,  how t o make adj ust ment s t o t he 
equi pment  dur i ng oper at i on,  st andar d and emer gency shut down pr ocedur es.

d.   Oper at i ng and mai nt enance i nst r uct i ons f or  each pi ece of  equi pment ,  
i ncl udi ng l ubr i cat i on i nst r uct i ons and ot her  per i odi c mai nt enance and 
i nspect i on i nf or mat i on as wel l  as t r oubl e shoot i ng gui des.

e.   Manuf act ur er ' s bul l et i ns,  cut  sheet s and descr i pt i ve dat a,  par t s 
l i s t s,  and r ecommended spar e par t s,  and sour ces of  suppl y f or  al l  
maj or  pi eces of  equi pment .

        - -  End of  Sect i on - -
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