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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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use Sect i on 43 21 29 FLOW MEASURI NG EQUI PMENT 
[ POTABLE WATER]  [ SEWAGE TREATMENT PLANT]  f or  s i mpl e 
l i qui d f l ow appl i cat i ons.

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

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

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

ANSI  I NCI TS 154 ( 1988;  R 2004)  Of f i ce Machi nes and 
Suppl i es -  Al phanumer i c Machi nes -  
Keyboar d Ar r angement

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

ASME B31. 8 ( 2022;  Suppl ement  2022)  Gas Tr ansmi ssi on 
and Di st r i but i on Pi pi ng Syst ems

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C606 ( 2022)  Gr ooved and Shoul der ed Joi nt s

ASTM I NTERNATI ONAL ( ASTM)

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 D635 ( 2018)  St andar d Test  Met hod f or  Rat e of  
Bur ni ng and/ or  Ext ent  and Ti me of  Bur ni ng 
of  Pl ast i cs i n a Hor i zont al  Posi t i on

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D792 ( 2013)  Densi t y and Speci f i c  Gr avi t y 
( Rel at i ve Densi t y)  of  Pl ast i cs by 
Di spl acement

ASTM D1238 ( 2013)  Mel t  Fl ow Rat es of  Ther mopl ast i cs 
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by Ext r usi on Pl ast omet er

ASTM D1693 ( 2015)  St andar d Test  Met hod f or  
Envi r onment al  St r ess- Cr acki ng of  Et hyl ene 
Pl ast i cs

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book

I EEE C37. 90. 1 ( 2013)  St andar d f or  Sur ge Wi t hst and 
Capabi l i t y  ( SWC)  Test s f or  Rel ays and 
Rel ay Syst ems Associ at ed wi t h El ect r i c 
Power  Appar at us

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 60584- 1 ( 2013)  Ther mocoupl es -  Par t  1:   EMF 
Speci f i cat i ons and Tol er ances

I EC 61131- 3 ( 2013)  Pr ogr ammabl e Cont r ol l er s -  Par t  3:   
Pr ogr ammi ng Languages

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

I SA 7. 0. 01 ( 1996)  Qual i t y St andar d f or  I nst r ument  Ai r

I SA 92. 00. 01 ( 2010;  R 2015)  Per f or mance Requi r ement s 
f or  Toxi c Gas Det ect or s

I SA 101. 01 ( 2015)  Human Machi ne I nt er f aces f or  
Pr ocess Aut omat i on Syst ems

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 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 3 ( 2005;  R 2010)  Medi um- Vol t age Cont r ol l er s 
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Rat ed 2001 t o 7200 V AC

NEMA I CS 4 ( 2015)  Appl i cat i on Gui del i ne f or  Ter mi nal  
Bl ocks

NEMA I CS 5 ( 2017)  I ndust r i al  Cont r ol  and Syst ems:   
Cont r ol  Ci r cui t  and Pi l ot  Devi ces

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

NFPA 70 ( 2023;  ERTA 4 2023;  ERTA 5 2023;  ERTA 6 
2023)  Nat i onal  El ect r i cal  Code

NFPA 79 ( 2015)  El ect r i cal  St andar d f or  I ndust r i al  
Machi ner y

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST SP 250 ( 1991)  Cal i br at i on Ser vi ces User s Gui de

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 60 St andar ds of  Per f or mance f or  New 
St at i onar y Sour ces

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2023;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 508A ( 2018;  Repr i nt  Jul  2022)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Panel s

UL 1059 ( 2019;  Repr i nt  Jul  2022)  UL St andar d f or  
Saf et y Ter mi nal  Bl ocks

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 
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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

Cont r act or  Desi gn Dr awi ngs;  G[ ,  [ _____] ]

Dr af t  As- Bui l t  Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t he r equi r ement  f or  compr essed ai r  
st at i on on syst ems t hat  do not  ut i l i ze pneumat i c 
devi ces.

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

Cont r ol  Dr awi ngs

Sensor s and Met er s

Per f or mance Ver i f i cat i on Test  ( PVT)

Fact or y Test  Pr ocedur e

Compr essed Ai r  St at i ons

SD- 06 Test  Repor t s

Fact or y Test  Repor t

Test i ng,  Adj ust i ng and Commi ssi oni ng

Per f or mance Ver i f i cat i on Test ( PVT)
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Endur ance Test

Tur bi ne Fl owmet er

SD- 07 Cer t i f i cat es

Cont r ol  and Sensor  Wi r i ng

Gr ound Rods

Wi r i ng

I nst al l at i on

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

Tr ai ni ng Manual ;  G[ ,  [ _____] ]

Cont r ol  Syst em;  G[ ,  [ _____] ]

SD- 11 Cl oseout  Submi t t al s

Fi nal  As- Bui l t  Dr awi ngs;  G

1. 3   SI TE ENVI RONMENTAL CONDI TI ONS

The expect ed si t e envi r onment al  condi t i ons ar e a mi ni mum of  [ _____]  degr ees C
 [ _____]  degr ees F and a maxi mum of  [ _____]  degr ees C [ _____]  degr ees F.

1. 4   SEQUENCI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de Tabl e I  pr ovi des br acket ed t ext  i n 
whi ch t he f ol l owi ng si t e number  of  days bet ween 
i t ems may be speci f i ed.   I n many cases t hi s 
i nf or mat i on wi l l  be speci f i ed el sewher e.   When 
pr oj ect  schedul e i s speci f i ed el sewher e r emove 
br acket ed t ext  and Tabl e I  wi l l  pr ovi de sequenci ng 
but  not  speci f i c  i nt er val s.   I f  t i me i nt er val s ar e 
t o be speci f i ed her e keep t he br acket ed t ext  and 
ent er  t he number  of  days i n t he space pr ovi ded.

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

TABLE I :  PROJECT SEQUENCI NG speci f i es t he sequenci ng of  submi t t al s as 
speci f i ed i n par agr aph SUBMI TTALS ( denot ed by an ' S'  i n t he ' TYPE'  col umn)  
and act i v i t i es as speci f i ed i n PART 3 EXECUTI ON ( denot ed by an ' E'  i n t he 
' TYPE'  col umn) .

1. 5. 1   Sequenci ng f or  Submi t t al s

The sequenci ng speci f i ed f or  submi t t al s i s t he deadl i ne by whi ch t he 
submi t t al  must  be i ni t i al l y  submi t t ed t o t he Gover nment .    Fol l owi ng 
submi ssi on t her e wi l l  be a Gover nment  r evi ew per i od as speci f i ed i n Sect i on 
01 33 00 SUBMI TTAL PROCEDURES.   I f  t he submi t t al  i s  not  accept ed by t he 
Gover nment ,  r evi se t he submi t t al  and r esubmi t  i t  t o t he Gover nment  wi t hi n 
[ 14]  [ _____]  days of  not i f i cat i on t hat  t he submi t t al  has been r ej ect ed.   
Upon r e- submi t t al  t her e wi l l  be an addi t i onal  Gover nment  r evi ew per i od.   I f  
t he submi t t al  i s  not  accept ed t he pr ocess r epeat s unt i l  t he submi t t al  i s  
accept ed by t he Gover nment .
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1. 5. 2   Sequenci ng f or  Act i v i t i es

The sequenci ng speci f i ed f or  act i v i t i es i ndi cat es t he ear l i est  t he act i v i t y 
may begi n.

1. 5. 3   Abbr evi at i ons

I n TABLE I  t he abbr evi at i on AAO i s used f or  ' af t er  appr oval  of '  and ' ACO'  i s 
used f or  ' af t er  compl et i on of ' .

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Add si t e speci f i c  r equi r ement s.   Suppl ement  
t hi s speci f i cat i on wi t h dr awi ngs whi ch i ncl ude a 
pi pi ng and i nst r ument at i on di agr am ( P&I D)  and a 
compr ehensi ve cont r ol  di agr am showi ng devi ces,  a 
sequence of  oper at i ons,  and a poi nt s schedul e.

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

The pr ocess cont r ol  syst em must  be used t o moni t or  and cont r ol  t he 
oper at i on of  pr ocess equi pment  as speci f i ed and i n accor dance wi t h t he 
sequence of  oper at i on and cont r ol  schemat i cs shown on t he dr awi ngs.   The 
pr ocess cont r ol  syst em must  pr ovi de f or  oper at or  i nt er act i on,  over al l  
pr ocess cont r ol  syst em super vi s i on,  and pr ocess equi pment  cont r ol  and 
moni t or i ng.   The syst em must  adher e t o Sect i on 25 05 11 CYBERSECUI RI TY OF 
FACI LI TY- RELATED CONTROL SYSTEMS.   Pr ovi de har dwar e conf i gur ed and si zed 
t o suppor t  expansi on as speci f i ed and shown on t he dr awi ngs.

The pr ocess cont r ol  syst em must  be coml et e i ncl udi ng sensor s,  f i el d 
pr eampl i f i er s,  s i gnal  condi t i oner s,  of f est  and span adj ust ment s,  
ampl i f i er s,  t r ansducer s,  t r ansmi t t er s,  cont r ol  devi ces,  engi neer i ng uni t s 
conver si ons and al gor i t hms f or  t he appl i cat i ons;  and must  mai nt ai n t he 
speci f i ed end- t o- end pr ocess cont r ol  l oop accur acy f r om t he sensor  t o 
di spl ay and f i nal  cont r ol  el ement .   Connect i ng conduct or s must  be sui t abl e 
f or  i nst al l ed cont r ol s.   Encl oser s must  be r at ed f or  NEMA [ 1]  [ 4]  [ _____] .

2. 1. 1   Oper at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show t he number  of  cont r ol  panel s t o be 
pr ovi ded on t he dr awi ngs.   Pr ovi de set poi nt  r anges,  
al ar m set t i ngs and ot her  par amet er s not  addr essed i n 
t he sequence of  cont r ol  i n a poi nt s schedul e on t he 
dr awi ngs.

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

The pr ocess cont r ol  syst em pr ovi ded under  t hi s speci f i cat i on must  oper at e 
usi ng a combi nat i on of  sequent i al  f unct i on char t s,  f unct i on bl ock 
di agr ams,  st r uct ur ed t ext ,  i nst r uct i on,  and l adder  l ogi c t ype as def i ned 
i n I EC 61131- 3 and super vi sor y cont r ol  t o pr ovi de t he r equi r ed sequences 
of  oper at i on.   I nput  dat a t o t he cont r ol l er  must  be obt ai ned by usi ng 
i nst r ument s and cont r ol s i nt er f aced t o mechani cal ,  el ect r i cal ,  ut i l i t y  
syst ems and ot her  syst ems as shown and speci f i ed.   Al l  r equi r ed set poi nt s,  
set t i ngs,  al ar m l i mi t s,  and sequences of  oper at i on must  be as i dent i f i ed 
[ i n t he dat abase/  set t i ngs t abl es]  [ and]  [ or ]  [ sequences of  oper at i on 
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i ndi cat ed] .

2. 1. 2   Poi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de an i nput / out put  ( I / O)  summar y t abl e 
on t he dr awi ngs.   Li st  al l  i nput s t o and out put s 
f r om t he pr ocess cont r ol  syst em.   I dent i f y each 
poi nt  t ype,  anal og,  bi nar y,  pul se accumul at or ;  
i nput ,  out put ,  cont r ol ,  moni t or i ng,  et c.   I dent i f y 
al ar ms,  t r ends,  sof t war e and f ai l ur e mode set t i ng 
associ at ed wi t h each poi nt  i n t he t abl e.   Label  each 
poi nt  so t hat  i t  can be easi l y r ef er enced t o t he 
pr ocess cont r ol  syst em schemat i c dr awi ngs or  pr ocess 
and i nst r ument at i on dr awi ngs.

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

Pr ovi de i nput s t o and out put s f r om t he pr ocess cont r ol  syst em i n 
accor dance wi t h t he I nput / Out put  ( I / O)  Summar y Tabl e i ndi cat ed.   Each 
connect ed anal og out put  ( AO) ,  anal og i nput  ( AI ) ,  bi nar y out put  ( BO) ,  
bi nar y i nput  ( BI ) ,  pul se accumul at or  ( PA)  i nput  and ot her  i nput  or  out put  
devi ce connect ed t o t he cont r ol  syst em must  r epr esent  a " poi nt "  wher e 
r ef er r ed t o i n t hi s speci f i cat i on.

2. 1. 3   Bui l di ng Tel ecommuni cat i ons Cabl i ng ( BTC)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude i n t he pr oj ect  speci f i cat i on any of  
t he f ol l owi ng UFGS f or  t he appr opr i at e BTC:   Sect i on 
27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM,  
Sect i on 33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT 
( OSP) .

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

Pr ovi de dat a t r ansmi ssi on syst ems f or  communi cat i on [ bet ween PLCs]  [ and]  
[ bet ween PLCs and t he cent r al  st at i on]  [ and]  [ ser ver ]  as speci f i ed i n 
[ Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM] [ Sect i on 
33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP) ]  and as i ndi cat ed.

2. 1. 4   Syst em Rel i abi l t y

The syst em must  be desi gned f or  maxi mum r el i abi l i t y ,  saf et y and i nt egr i t y 
whi l e mai nt ai ni ng an avai l abi l i t y  of  [ 99. 99%]  or  bet t er .

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   Pr oduct  Cer t i f i cat i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Not e:   FCC par t  15 does not  appl y t o many of  
t he comput i ng devi ces used f or  i ndust r i al  
appl i cat i ons.   Ti t l e 47 Par t  15 pr ovi des f or  
exqampt i on of  uni nt ent i onal  r adi at or s consi der ed 
" di gi t al  devi ces used excl usi vel y as an el ect r oni c 
cont r ol "  or  power  syst em ut i l i zed by a publ i c 
ut i l i t y  or  i n and i ndust r i al  pl ant .  

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

Comput i ng devi ces,  as def i ned i n FCC Par t  15,  suppl i ed as par t  of  t he 

SECTI ON 40 60 00  Page 16



pr ocess cont r ol  syst em must  be cer t i f i ed t o compl y wi t h t he r equi r ement s 
of  Cl ass B comput i ng devi ces.

2. 2. 2   St andar d Pr oduct s

Mat er i al s and equi pment  must  be st andar d unmodi f i ed pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s.   
Uni t s of  t he same t ype of  equi pment  must  be pr oduct s of  a s i ngl e 
manuf act ur er .   I t ems of  t he same t ype and pur pose must  be i dent i cal  and 
suppl i ed by t he same manuf act ur er ,  unl ess r epl aced by a new ver si on 
appr oved by t he Gover nment .

2. 2. 3   Namepl at es

Each maj or  component  of  equi pment  must  have t he manuf act ur er ' s name and 
addr ess,  and t he model  and ser i al  number  i n a conspi cuous pl ace.   
Lami nat ed pl ast i c namepl at es must  be pr ovi ded f or  equi pment  devi ces and 
panel s f ur ni shed.   Each namepl at e must  i dent i f y t he devi ce,  such as pump 
" P- 1"  or  val ve " VLV- 402" .   Label s must  be coor di nat ed wi t h t he schedul es 
and t he pr ocess and i nst r ument at i on dr awi ngs.   Lami nat ed pl ast i c must  be 3 
mm 1/ 8 i nch t hi ck,  whi t e wi t h bl ack cent er  cor e.   Namepl at es must  be a 
mi ni mum of  25 by 75 mm 1 by 3 i nches wi t h mi ni mum 6 mm 1/ 4 i nch hi gh 
engr aved bl ock l et t er i ng.   Namepl at es f or  devi ces smal l er  t han 25 by 75 mm 
1 by 3 i nches must  be at t ached by a nonf er r ous met al  chai n.   Al l  ot her  
namepl at es must  be at t ached t o t he devi ce.

2. 3   GENERAL REQUI REMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Show hazar dous ar ea cl assi f i cat i on on t he dr awi ngs.

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

Equi pment  l ocat ed out door s,  not  pr ovi ded wi t h c l i mat e cont r ol l ed 
encl osur e,  must  be capabl e of  oper at i ng i n t he ambi ent  t emper at ur e r ange.   
El ect r i cal  equi pment  wi l l  conf or m t o Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Equi pment  and wi r i ng must  be i n accor dance wi t h 
NFPA 70,  wi t h pr oper  consi der at i on gi ven t o envi r onment al  condi t i ons such 
as moi st ur e,  di r t ,  cor r osi ve agent s,  and hazar dous ar ea cl assi f i cat i on.  

2. 4   SENSORS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de a schedul e on t he dr awi ngs t hat  
i ncl udes al l  r equi r ed i nst r ument at i on.   Pr ovi de 
devi ce i nf or mat i on such as:   Al pha- Numer i c 
desi gnat or ,  t he oper at i ng r ange ( pr essur e,  
t emper at ur e,  f l ow)  of  const r uct i on mat er i al ,  medi a 
t o be moni t or ed or  cont r ol l ed,  cont r ol  s i gnal ,  val ve 
t ype ( 2- way,  3- way,  nor mal l y open,  nor mal l y c l osed,  
et c. ) .   I ncl ude aut omat i c cont r ol  val ves and 
manual l y oper at ed cont r ol  val ves.

I t  may be appr opr i at e t o def er  t he encl osur e 
r equi r ement s t o t he el ect r i cal  sect i on or  t o pr ovi de 
di f f er ent  encl osur es f or  di f f er ent  ar eas:  i ndoor ,  
out door ,  ar eas wi t h hazar d c l assi f i cat i on i ndi cat ed 
on t he dr awi ngs,  et c.   Wi t hi n an ar ea,  t he 
r equi r ement s shoul d be consi st ent .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2. 4. 1   Tr ansmi t t er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show al l  panel s on t he dr awi ngs.   Di st ance 
bet ween t r ansmi t t er  and sensor  i s cr i t i cal .   
Speci f y i ng t he di gi t al  communi cat i on of  sensor s 
opens up t he possi bi l i t y  of  pr opr i et ar y sensor s.

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

Unl ess i ndi cat ed ot her wi se,  each sensor  must  be pr ovi ded wi t h a 
t r ansmi t t er ,  sel ect ed t o mat ch t he sensor .   Except  wher e speci f i cal l y 
i ndi cat ed ot her wi se on t he dr awi ngs,  t he t r ansmi t t er  must  be pr ovi ded wi t h 
a [ f our ]  [ _____]  di gi t  or  anal og vi sual  di spl ay of  t he measur ed par amet er  
and wi t h a [ 4 t o 20 mAdc]  [ bi nar y]  [ 0- 10 vdc]  [ _____]  out put  s i gnal  
pr opor t i onal  t o t he l evel  of  t he measur ed par amet er .   Accur acy must  be 
pl us or  mi nus [ 0. 5]  [ 1]  [ 2]  [ 5]  [ _____]  per cent  of  f ul l  scal e r eadi ng wi t h 
out put  er r or  not  exceedi ng pl us or  mi nus [ 0. 25]  [ 0. 5]  [ _____]  per cent  of  
[ t he cal i br at ed measur ement ]  [ f ul l  scal e] .   Tr ansmi t t er  must  be l ocat ed 
wher e i ndi cat ed,  mount ed i nt egr al l y wi t h t he sensor ,  pi pe mount ed,  wal l  
mount ed or  i nst al l ed i n t he cont r ol  panel .   The di st ance bet ween t he 
sensor  and t r ansmi t t er  must  not  exceed t he manuf act ur er ' s r ecommendat i on.   
Fi el d pr eampl i f i er s and si gnal  condi t i oner s must  be i ncl uded when 
necessar y t o mai nt ai n t he accur acy f r om sensor  t o t he pr ogr ammabl e l ogi c 
cont r ol l er  or  r ecor der .

2. 4. 2   Of f - Gas or  Vapor  Ser vi ce

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t her e ar e subst ant i al  t emper at ur e or  
pr essur e changes acr oss a bl ower  or  uni t  pr ocess,  i t  
may be cost  ef f ect i ve t o speci f y di f f er i ng 
r equi r ement s upst r eam and downst r eam of  t he pr ocess.

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

Sensor s and met er s i n [ of f - gas]  [ or ]  [ vapor ]  ser vi ce must  be r at ed f or  
cont i nuous dut y ser vi ce at  f l ui d appr oach vel oci t i es f r om 2. 5 t o 25 m/ s 
500 t o 5000 f pm wi t h cor r espondi ngl y hi gher  const r i ct i on vel oci t i es over  a 
f l ui d t emper at ur e r ange f r om mi nus [ 18]  [ 25]  [ _____]  degr ees C t o [ 40]  
[ 50]  [ 66]  [ _____]  degr ees C mi nus [ 0]  [ 15]  [ _____]  degr ees F t o [ 105]  
[ 120]  [ 150]  [ _____]  degr ees F at  pr essur es f r om mi nus [ 50]  [ _____]  kPa 
gage up t o [ 100]  [ 700]  [ _____]  kPa gage mi nus [ 7. 2]  [ _____]  psi  gage up t o 
[ 15]  [ 100]  [ _____]  psi  gage.

2. 4. 3   Li qui d Ser vi ce

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t her e ar e subst ant i al  t emper at ur e or  
pr essur e changes acr oss a pump or  uni t  pr ocess,  i t  
may be cost  ef f ect i ve t o speci f y di f f er i ng 
r equi r ement s upst r eam and downst r eam of  t he pr ocess.

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

Sensor s and met er s i n l i qui d ser vi ce must  be r at ed f or  cont i nuous dut y 
ser vi ce at  f l ui d appr oach vel oci t i es f r om [ 0. 1]  [ 0. 75]  [ _____]  m/ s t o [ 2]  
[ 3]  [ _____]  m/ s [ 0. 327]  [ 2. 5]  [ _____]  f t / s t o [ 7]  [ 10]  [ _____]  f t / s wi t h 
cor r espondi ngl y hi gher  const r i ct i on vel oci t i es over  a f l ui d t emper at ur e 
r ange f r om [ 0]  [ - 50]  [ _____]  degr ees C t o [ 40]  [ 50]  [ 250]  [ _____]  degr ees C
 [ 32]  [ - 58]  [ _____]  degr ees F t o [ 105]  [ 120]  [ 482]  [ _____]  degr ees F at  

SECTI ON 40 60 00  Page 18



pr essur es up t o [ 70]  [ 350]  [ 700]  [ 1000]  [ _____]  kPa [ 10]  [ 50]  [ 100]  
[ 150] [ _____]  psi  gage.

2. 4. 4   Fl ow Rat e Sensor s and Met er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Most  f l ow met er s need st r ai ght  unobst r uct ed 
pi pi ng of  10 pi pe di amet er s upst r eam and 5 pi pe 
di amet er s downst r eam.   Ver i f y t hat  t he l ocat i on wi l l  
al l ow i nst al l at i on meet i ng t he cr i t er i a or  t hat  t he 
accur acy of  t ype of  f l ow met er  sel ect ed i s not  
af f ect ed by t he l ocat i on.   Desi gn i ncl udes at t endant  
el ement s such as mount i ng devi ces,  di f f er ent i al  
pr essur e t r ansmi t t er  and i nt er pr et i ve anci l l ar y 
component s i n t hi s and ot her  sect i ons and on t he 
dr awi ngs t o compl et e t he syst em.

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

Li qui d f l ow i ndi cat i on must  be pr ovi ded i n [ L/ s]  [ gpm] .   [ Of f - gas]  [ or ]  
[ Vapor ]  f l ow i ndi cat i on must  be pr ovi ded i n [ cubi c m/ second]  [ cubi c f eet  
per  mi nut e] .   Pr essur e t aps must  i ncor por at e appr opr i at e snubber s.   Unl ess 
i ndi cat ed ot her wi se,  t he f l ow t r ansmi t t er  must  pr oduce a s i gnal  t hat  i s  
pr opor t i onal  t o t he vol umet r i c f l ow r at e,  compensat ed f or  f l ui d 
t emper at ur e,  and must  have an accur acy of  pl us or  mi nus [ 1]  [ 3]  [ _____]  
per cent  of  [ f ul l  f l ow]  [ t he act ual  f l ow] .   Fl ow t r ansmi t t er  must  be 
l ocat ed wi t hi n [ 5 m]  [ 15 f eet ]  of  t he f l ow el ement .   The f l ow t r ansmi t t er  
must  i ncl ude a [ di gi t al ]  [ _____]  r eadout  of  t he vol umet r i c f l ow r at e t o 
[ 3]  [ _____]  s i gni f i cant  f i gur es.   [ The cont r ol l er  must  be pr ovi ded wi t h a 
mi ni mum of  t hr ee al ar m l i ght s.   The f i r st  al ar m l i ght  must  i ndi cat e when 
t he l ower  ( war ni ng)  det ect i on l evel  has been exceeded.   The second al ar m 
l i ght  must  i ndi cat e when t he upper  ( al ar m)  det ect i on l evel  has been 
exceeded.   The t hi r d al ar m l i ght  must  i ndi cat e a cont r ol l er  mal f unct i on,  
i ncl udi ng l oss of  power  or  l oss of  sensor  i nput . ]   [ The cont r ol l er  must  be 
pr ovi ded wi t h a mi ni mum of  t hr ee set s of  dr y cont act s r at ed i n accor dance 
wi t h NEMA I CS 1.   The f i r st  set  of  cont act s must  c l ose when t he l ower  
( war ni ng)  det ect i on l evel  has been exceeded.   The second set  of  cont act s 
must  c l ose when t he upper  ( al ar m)  det ect i on l evel  has been exceeded.   The 
t hi r d set  of  cont act s must  c l ose when a cont r ol l er  mal f unct i on has 
occur r ed,  i ncl udi ng l oss of  power  or  l oss of  sensor  i nput . ]   The al ar m 
l evel s must  be i ndi v i dual l y adj ust abl e.   The cont r ol l er  must  be pr ovi ded 
wi t h an audi bl e war ni ng hor n t hat  sounds when t he upper  det ect i on l evel  
has been exceeded,  and a war ni ng hor n s i l ence but t on.   The cont r ol l er  must  
pr ovi de a [ 4- 20 mAdc]  [ _____]  out put  s i gnal  t o t he pr ogr ammabl e l ogi c 
cont r ol l er ,  pr opor t i onal  t o t he measur ed par amet er .   The cont r ol l er  must  
be pr ovi ded wi t h an i nt er nal  bat t er y t o mai nt ai n oper at i on f or  a mi ni mum 
of  12 hour s i f  power  i s l ost .   Fl ow r at e must  be cont r ol l ed t o wi t hi n pl us 
or  mi nus [ 5]  [ _____]  per cent  of  t he desi gn f l ow.    

2. 4. 4. 1   Fl ow Nozzl e

Fl ow nozzl e must  be made of  aust eni t i c  st ai nl ess st eel .   The i nl et  nozzl e 
f or m must  be el l i pt i cal  and t he nozzl e t hr oat  must  be t he quadr ant  of  an 
el l i pse.   The t hi ckness of  t he nozzl e wal l  and f l ange must  be such t hat  
t he accur acy wi l l  not  be degr aded by di st or t i on of  t he nozzl e t hr oat  f r om 
st r ai ns caused by t he pi pel i ne t emper at ur e and pr essur e,  f l ange bol t i ng,  
or  ot her  met hods of  i nst al l i ng t he nozzl e i n t he pi pel i ne.   The out si de 
di amet er  of  t he nozzl e f l ange or  t he desi gn of  t he f l ange f aci ng must  be 
such t hat  t he nozzl e t hr oat  i s cent er ed accur at el y i n t he pi pe.
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2. 4. 4. 2   Fl ow Swi t ch

Fl ow swi t ch must  have a r epet i t i ve accur acy of  pl us or  mi nus [ 10]  [ _____]  
per cent  of  act ual  f l ow set t i ng.   Swi t ch act uat i on must  be adj ust abl e over  
t he oper at i ng f l ow r ange.   Fl ow swi t ch f or  use i n [ wat er ]  [ cont ami nat ed 
gr oundwat er ]  [ sewage]  [ ai r ]  [ vapor ]  [ gas]  [ hot  gas]  [ cor r osi ve vapor ]  
[ _____]  syst em must  be r at ed f or  use and const r uct ed of  sui t abl e mat er i al s 
f or  i nst al l at i on i n t he envi r onment  encount er ed.   The f l ow swi t ch must  
have non f l exi bl e [ paddl e]  [ shut t l e/ pi st on]  [ t her mal ]  [ pezi o]  wi t h For m C 
snap act i on cont act s,  r at ed i n accor dance wi t h NEMA I CS 1.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Magnet i c f l owmet er s ar e t o be used onl y f or  
conduct i ve f l ui ds.

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

2. 4. 4. 3   Magnet i c Fl owmet er

Magnet i c f l owmet er  must  be [ non- i nt r usi ve, ]  DC pul se t ype and must  measur e 
f l ui d f l ow t hr ough t he use of  a sel f  gener at ed magnet i c f i el d.   The met er  
must  have aut omat i c zer oi ng ci r cui t r y.   The magnet i c f l ow el ement  must  be 
encapsul at ed i n [ t ype 300 st ai nl ess st eel ]  [ or ]  [ anodi zed al umi num] .   
Fl owmet er  must  be capabl e of  measur i ng up t o a maxi mum f l ow vel oci t y of  
[ 3]  [ _____]  m/ s [ 10]  [ _____]  f ps.   The met er i ng t ube must  be const r uct ed 
of  [ 316 st ai nl ess st eel ]  [ anodi zed al umi num]  [ _____] .   The met er  must  be 
r at ed f or  a pr ocess t emper at ur e r ange of  [ 32 t o 212 F]  [ 0 t o 100C]  and [ 0 
t o 149F]  [ - 18 t o 65C]  ambi ent .   The maxi mum pr essur e dr op acr oss t he met er  
and appur t enances must  be 34 kPa 5 psi  at  t he maxi mum f l ow r at e.

2. 4. 4. 4   Nat ur al  Gas or  Pr opane Fl ow Met er

Fl owmet er  f or  nat ur al  gas or  pr opane f l ows,  cor r ect ed t o st andar d 
condi t i ons,  of  up t o 19. 7 L/ sec 2500 SCFH must  be of  t he posi t i ve 
di spl acement  di aphr agm or  bel l ows t ype and f or  f l ows above 0. 02 cu.  m/ sec 
2500 cf h,  must  be of  t he axi al  f l ow t ur bi ne t ype.   Met er s must  be desi gned 
speci f i cal l y f or  nat ur al  gas or  pr opane suppl y met er i ng and r at ed f or  t he 
pr essur e,  t emper at ur e and f l ow r at es of  t he i nst al l at i on.   Per manent  
met er s must  be sui t abl e f or  oper at i on i n conj unct i on wi t h an ener gy 
moni t or i ng and pr ocess cont r ol  syst em.   Met er  body must  be const r uct ed of  
[ 316 st ai nl ess st eel ]  [ _____] .   Met er  must  have a mi ni mum t ur ndown r at i o 
of  [ 10]  [ _____]  t o [ 1]  [ _____]  wi t h an accur acy of  pl us or  mi nus [ 1]  
[ _____]  per cent  of  act ual  f l ow r at e.   The met er  i ndex must  i ncl ude a 
di r ect  r eadi ng mechani cal  t ot al i z i ng r egi st er  and el ect r i cal  i mpul se dr y 
cont act  out put  f or  r emot e moni t or i ng.   The el ect r i cal  i mpul se dr y cont act  
out put  must  pr ovi de not  l ess t han 1 pul se per  2. 8 cubi c met er s 100 cubi c 
f eet  of  gas and must  r equi r e no f i el d adj ust ment  or  cal i br at i on.    The 
hi ghest  el ect r i cal  i mpul se r at e avai l abl e f r om t he manuf act ur er ,  not  
exceedi ng [ 15]  [ _____]  pul ses per  second,  f or  t he i nst al l ed appl i cat i on 
must  be pr ovi ded.

2. 4. 4. 5   Or i f i ce Pl at e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show t he oper at i ng r anges and r at i ngs on t he 
dr awi ngs f or  oper at i ng pr essur es and f l ow.    
Di f f er ent i al  pr essur e out put  r anges f or  f l ow 
condi t i ons ar e t o be coor di nat ed.   Accur acy of  
comput ed f l ow wi l l  be i mpr oved wi t h i ncl usi on of  
t emper at ur e and pr essur e of  upst r eam condi t i ons.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Or i f i ce pl at e must  be made of  [ 304]  [ 316]  ser i es st ai nl ess st eel  sheet .   
The out l et  s i de of  t he bor e must  be bevel ed at  a 45 degr ee angl e.   The 
t hi ckness of  t he cyl i ndr i cal  f ace of  t he or i f i ce must  [ not  exceed 
one- f i f t i et h of  t he pi pe i nsi de di amet er  or  one- ei ght h of  t he or i f i ce 
bor e,  whi chever  i s smal l er ]  [ be 3. 3 mm 0. 125 i nch nomi nal ] .   The or i f i ce 
pl at e must  be f l at  wi t hi n 0. 10 mm 20 mi l s.   The or i f i ce sur f ace r oughness 
must  not  exceed 0. 5 mi cr on 0. 02 mi l s.   Or i f i ce pl at es must  be concent r i c 
pl at es wi t h a squar e and shar p upst r eam edge of  t he or i f i ce.   Or i f i ce bor e 
must  be desi gned t o mat ch t he oper at i ng par amet er s st at ed i n t he 
dr awi ngs.   Pl at e must  be per manent l y i dent i f i ed wi t h l i ne s i ze,  f l ange 
r at i ng,  or i f i ce bor e di amet er ,  pl at e t hi ckness and mat er i al .   The accur acy 

must  be pl us or  mi nus [ 1]  [ _____]  per cent  of  f ul l  f l ow.

2. 4. 4. 6   Paddl e Type Fl owmet er

Sensor  accur acy must  be pl us or  mi nus [ 1]  [ _____]  per cent  of  r at e of  f l ow,  
mi ni mum oper at i ng f l ow vel oci t y must  be [ 0. 3]  [ _____]  m/ s [ 1. 0]  [ _____]  f ps.  
Sensor  r epeat abi l i t y  and l i near i t y must  be pl us or  mi nus [ 1]  [ _____]  
per cent .   Sensor  must  be non- magnet i c,  wi t h f or war d cur ved i mpel l er  bl ades 
desi gned f or  wat er  cont ai ni ng debr i s.   Wet t ed mat er i al s must  be made f r om 
non- cor r osi ve mat er i al s and must  not  cont ami nat e wat er .   The sensor  must   
be pr ovi ded wi t h i sol at i on val ves.   The t r ansmi t t er  housi ng must  be a NEMA 
250 Type 4 encl osur e.   The sensor  must  be r at ed f or  i nst al l at i on i n pi pes 
of  76 mm t o 1 m 3 t o 40 i nch di amet er s.

2. 4. 4. 7   Pi t ot  Tube Ai r  Fl ow Measur ement  Ar r ay ( AFMA)

Each Pi t ot  Tube AFMA must  cont ai n an ar r ay of  vel oci t y sensi ng el ement s.   
The vel oci t y sensi ng el ement s must  be of  t he mul t i pl e pi t ot  t ube t ype wi t h 
aver agi ng mani f ol ds.   The sensi ng el ement s must  be di st r i but ed acr oss t he 
duct  cr oss sect i on i n t he quant i t y and pat t er n speci f i ed or  r ecommended by 
t he publ i shed i nst al l at i on i nst r uct i ons of  t he AFMA manuf act ur er .

a.    Pi t ot  Tube AFMAs f or  use i n ai r f l ows over  3. 0 m/ s 600 f pm must  
have an accur acy of  pl us or  mi nus [ 5]  per cent  over  a r ange of  2. 5 t o 
12. 5 m/ s 500 t o 2500 f pm.

b.    Pi t ot  Tube AFMAs f or  use i n ai r f l ows under  3. 0 m/ s 600 f pm must  
have an accur acy of  pl us or  mi nus [ 5]  per cent  over  a r ange of  0. 6 t o 
12. 5 m/ s 125 t o 2500 f pm.

2. 4. 4. 8   Annul ar  Pi t ot  Tube

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Annul ar  pi t ot  t ubes shoul d not  be used wher e
t he f l ow i s pul sat i ng or  wher e pi pe vi br at i on i s 
al l owed.    Pul se f l ow i s char act er i st i c of  posi t i ve 
di spl acement  pumps and bl ower s.

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

Sensor  must  have an accur acy of  pl us or  mi nus [ 2]  [ _____]  per cent  of  f ul l  
f l ow and a r epeat abi l i t y  of  pl us or  mi nus [ 0. 5]  [ _____]  per cent  of  
measur ed val ue.   Annul ar  pi t ot  t ube must  be aver agi ng t ype di f f er ent i al  
pr essur e sensor s wi t h no l ess t han f our  t ot al  head pr essur e por t s wi t h an 
aver agi ng mani f ol d and at  l east  one st at i c por t  made of  aust eni t i c  
st ai nl ess st eel .   The t ot al  head pr essur e por t s must  ext end di amet r i cal l y 
acr oss t he ent i r e pi pe.
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2. 4. 4. 9   El ect r oni c AFMA

Each el ect r oni c AFMA must  consi st  of  an ar r ay of  vel oci t y sensi ng el ement s 
of  t he r esi st ance t emper at ur e det ect or  ( RTD)  or  t her mi st or  t ype.   The 
sensi ng el ement s must  be di st r i but ed acr oss t he duct  cr oss sect i on i n t he 
quant i t y and pat t er n speci f i ed or  r ecommended by t he publ i shed appl i cat i on 
dat a of  t he AFMA manuf act ur er .   El ect r oni c AFMAs must  have an accur acy of  
pl us or  mi nus [ 5]  per cent  over  a r ange of  [ . 6]  [ _____]  m/ s t o [ 25] [ 50]  m/ s 
[ 120]  [ _____]  f pm t o [ 5, 000]  [ 10, 000]  f pm and t he out put  must  be 
t emper at ur e compensat ed over  a r ange of  0 t o 100 degr ees C 32 t o 212 
degr ees F.

2. 4. 4. 10   Posi t i ve Di spl acement  Fl owmet er

Out put  accur acy must  be pl us or  mi nus [ 2]  per cent  of  t he f l ow r ange.   The 
f l ow met er  must  be a di r ect  r eadi ng,  ger ot or ,  nut at i ng di sc or  vane t ype 
di spl acement  devi ce r at ed f or  l i qui d ser vi ce.   A count er  must  be mount ed 
on t op of  t he met er ,  and must  consi st  of  a non- r eset t abl e mechani cal  
t ot al i zer  f or  l ocal  r eadi ng,  and a pul se t r ansmi t t er  f or  r emot e r eadi ng.   
The t ot al i zer  must  have a s i x di gi t  r egi st er  t o i ndi cat e t he vol ume passed 
t hr ough t he met er  i n L gal l ons.   A sweep- hand di al  wi l l  i ndi cat e down t o 5 
L 1 gal l on.   The pul se t r ansmi t t er  must  have a her met i cal l y seal ed r eed 
swi t ch whi ch i s act i vat ed by magnet s f i xed on gear s of  t he count er .   The 
met er  must  have a br onze body wi t h t hr eaded or  f l anged connect i ons as 
r equi r ed f or  t he appl i cat i on.   The maxi mum pr essur e dr op at  f ul l  f l ow must  
be 35 kPa 5 psi  gage.

2. 4. 4. 11   Tur bi ne Met er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he l ocat i on wi l l  al l ow 
i nst al l at i on wi t h t he mi ni mum st r ai ght  unobst r uct ed 
pi pi ng of  10 pi pe di amet er s upst r eam and 5 pi pe 
di amet er s downst r eam.

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

Tur bi ne met er s wet t ed met al  component s must  be [ ni ckel  pl at ed 
br ass] [ ser i es 300 st ai nl ess st eel ]  [ ser i es 316 st ai nl ess st eel ] [ br onze]  
wi t h an accur acy of  pl us or  mi nus [ 1]  [ _____]  per cent  f r om [ 30]  [ _____]  
per cent  t o 100 per cent  of  act ual  f l ow.

2. 4. 4. 12   Tur bi ne Fl owmet er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  t he l ocat i on wi l l  al l ow 
i nst al l at i on wi t h t he mi ni mum st r ai ght  unobst r uct ed 
pi pi ng of  10 pi pe di amet er s upst r eam and 5 pi pe 
di amet er s downst r eam.   Pl acement  downst r eam of  t he 
bl ower  or  pump i s pr ef er abl e f or  head l oss 
consi der at i ons.

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

Desi gn of  t he f l owmet er  pr obe assembl y must  i ncor por at e i nt egr al  f l ow,  
t emper at ur e,  and pr essur e moni t or i ng.    The met er  f l ow sensi ng el ement  
must  be [ s i ngl e] [ doubl e]  t ur bi ne and oper at e over  t he t emper at ur e r ange 
wi t h a pr essur e l oss l i mi t ed t o [ 1]  [ _____]  per cent  of  oper at i ng pr essur e 
at  maxi mum f l ow r at e.   The i nt er nal  t emper at ur e t r ansmi t t er  must  moni t or  
t he f ul l  t emper at ur e r ange of  t he f l ui d.   The i nt egr al  pr essur e 
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t r ansmi t t er  must  moni t or  t he pr essur e r ange wi t h end l i mi t s of  [ 0]  [ _____]  
MPa [ 0]  [ _____]  psi  t o [ 2]  MPa [ 300]  psi  gage.  The f l owmet er  el ect r oni cs 
must  be scal ed and r escal ed i n t he f i el d when appl i cat i on dat a changes.   
The f l owmet er  must  be desi gned f or  i nst al l at i on i n pi pe si zes of  75 mm 3 
i nches and l ar ger  t o accommodat e maxi mum pr obe i nser t i on dept hs up t o 1. 1 m
 44 i nches.   The r et r act or  assembl y must  have a r ot or  dept h gage havi ng 
gr aduat i ons of  2. 5 mm 0. 1 i nches t o det er mi ne exact  posi t i on of  t ur bi ne 
r ot or  i n t he pi pe.   The met er  r et r act or  assembl y and t he t ur bi ne r ot or  
assembl y must  be const r uct ed of  [ Ser i es 300 st ai nl ess st eel ]  [ _____]  wi t h 
[ pol yt et r af l uor oet hyl ene ( PTFE) ]  [ _____]  seal s.    The met er  r et r act or  
assembl y must  be desi gned t o pr ot ect  t he t ur bi ne r ot or  dur i ng i nser t i on 
i nt o t he pi pel i ne.   Ret r act i on of  t he t ur bi ne r ot or  must  be accompl i shed 
by usi ng a hand wheel  and must  enabl e i nser t i on and r emoval  of  t he met er  
wi t hout  syst em shut down.   The r et r act or  assembl y must  i ncl ude an i sol at i on 
val ve pr ovi di ng a means of  r emoval  of  t he   met er  f r om ser vi ce t o al l ow 
f or  f i el d mai nt enance and f i el d r epl acement  of  t he r ot or  assembl y or  
par t s.     The t ur bi ne r ot or  must  have an over  r ange oper at i ng capaci t y of  
150 per cent  of  maxi mum f l ow f or  up t o 5 seconds.   The r ot or  must  be 
cal i br at ed at  t he f act or y i n an act ual  f l ow of  s i mi l ar  f l ui d over  t he f l ow 
r ange per f or med on t est  equi pment  wi t h accur acy t r aceabl e t o t he Nat i onal  
I nst i t ut e of  St andar ds and Technol ogy ( NI ST) .    A copy of  t he cal i br at i on 
t est  dat a,  i ncl udi ng al l  of  t he physi cal  par amet er s under  whi ch t he 
cal i br at i on t est s wer e per f or med,  must  be submi t t ed wi t h each t ur bi ne 
r ot or .   Cal i br at i on t est  dat a must  be anal yzed t o det er mi ne t he r ot or ' s 
ar i t hmet i c aver age " K"  f act or ,  t he best  l i ne f i t  and t he pl us or  mi nus 
devi at i on f r om t hese f i gur es.   Tur bi ne f l owmet er  accur acy must  be pl us or  
mi nus 1 per cent  of  r eadi ng f or  a mi ni mum t ur ndown r at i o of  1: 1 t hr ough a 
maxi mum t ur ndown r at i o of  50: 1.   Repeat abi l i t y  must  be pl us or  mi nus 0. 25 
per cent  of  r eadi ng.   Accur acy of  t he t r ansmi t t er  must  be pl us or  mi nus  
0. 25 per cent  over  t he cal i br at ed span.   The t ur bi ne r ot or  r esponse t i me 
f r om mi ni mum t o maxi mum f l ow must  be l ess t han 10 mi l l i seconds.   The 
f l owmet er  must  i ncl ude one of  t he f ol l owi ng:  dr y cont act  pul se out put s,  
4- 20mA,  0- 10Vdc or  0- 5Vdc out put s.

2. 4. 4. 13   Ul t r asoni c Fl owmet er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Doppl er  met er s r el y on r ef l ect or s i n t he 
f l owi ng l i qui d.   To obt ai n r el i abl e measur ement s 
at t ent i on must  be gi ven t o t he l ower  l i mi t s f or  
concent r at i ons and si zes of  sol i ds or  bubbl es.   The 
f l ow must  al so be r api d enough t o keep t hese 
mat er i al s i n suspensi on.   One manuf act ur er  gi ves 
val ues of  1. 8 m/ s 6 f t / s f or  sol i ds and 0. 75 m/ s 2. 5 
f t / s f or  smal l  bubbl es.   To per f or m wi t hi n t hei r  
st at ed speci f i cat i ons,  some Doppl er  met er s r equi r e a 
mi ni mum Reynol ds number  of  4, 000.

Tr ansi t - t i me met er s r el y on an ul t r asoni c s i gnal ' s 
compl et el y t r aver si ng t he pi pe,  so t he pat h must  be 
r el at i vel y f r ee of  sol i ds and ai r  or  gas bubbl es.   
To per f or m wi t hi n st at ed speci f i cat i ons,  one t ype of  
t r ansi t - t i me met er  r equi r es a mi ni mum Reynol ds 
number  of  10, 000.

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

Ul t r asoni c f l owmet er  must  ut i l i ze hi gh f r equency [ Doppl er  shi f t ]
[ t r ansi t - t i me]  t r ansducer .   Fl owmet er  must  be capabl e of  measur i ng f l ow up 
t o a maxi mum f l ow r at e of  [ 5]  [ _____]  m/ s [ 15]  [    ]  f ps.  Pr ovi de 
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Ul t r asoni c Fl ow Met er s compl et e wi t h mat ched t r ansducer s,  sel f  al i gni ng 
i nst al l at i on har dwar e and t r ansducer  cabl es.   Ul t r asoni c t r ansducer s must  
be opt i mi zed f or  t he speci f i c  pi pe and pr ocess condi t i ons f or  t he 
appl i cat i on.   The f l ow met er  accur acy must  pl us or  mi nus 1 per cent  of  r at e 
f r om 0. 3 t o 12 met er s/ sec 0 t o 40 f t / sec.   The f l owmet er  must  i ncl ude one 
of  t he f ol l owi ng:  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put .

2. 4. 4. 14   Var i abl e Ar ea Fl ow I ndi cat or

I ndi cat or  must  have an accur acy of  pl us or  mi nus [ 5]  [    ]  per cent  of  f ul l  
scal e.   The body must  be cl ear  acr yl i c pl ast i c wi t h [ br ass]  [ st ai nl ess 
st eel ]  end f i t t i ngs.   The f l oat  must  be [ gl ass]  [ or ]  [ st ai nl ess st eel ] .   
The met er i ng t ube must  be t aper ed and must  be pr ovi ded wi t h a di r ect  
r eadi ng f l ow scal e engr aved on t he met er  body.

2. 4. 4. 15   Vent ur i  Tube

Vent ur i  t ube must  be made of  cast  i r on or  cast  st eel  and must  have an 
accur acy of  pl us or  mi nus [ 1]  per cent  of  f ul l  f l ow.   The t hr oat  sect i on 
must  be l i ned wi t h aust eni t i c  st ai nl ess st eel .   Ther mal  expansi on 
char act er i st i cs of  t he l i ni ng must  be t he same as t hat  of  t he t hr oat  
cast i ng mat er i al .    The sur f ace of  t he t hr oat  l i ni ng must  be machi ned t o a 
pl us or  mi nus 1. 2 mi cr on 50 mi l s f i ni sh,  i ncl udi ng t he shor t  cur vat ur e 
l eadi ng f r om t he conver gi ng ent r ance sect i on i nt o t he t hr oat .    The 
met er i ng t ube must  be r at ed f or  cont i nuous dut y ser vi ce at  mi ni mum 
pr essur e of  [ 700]  [ _____]  kPa [ 100]  [ _____]  psi  gage.

2. 4. 4. 16   Vor t ex Sheddi ng Fl owmet er

The accur acy must  be wi t hi n pl us or  mi nus [ 0. 8]  [ _____]  per cent  of  t he 
act ual  vol umet r i c f l ow.   St eam met er s must  cont ai n densi t y compensat i on by 
di r ect  measur ement  of  t emper at ur e.    Mass f l ow i nf er r ed f r om speci f i ed 
st eam pr essur e ar e not  accept abl e.   The f l ow met er  body must  be made of  
aust eni t i c  st ai nl ess st eel  and i ncl ude a weat her  t i ght  NEMA 4X el ect r oni cs 
encl osur e.   Fl owmet er  must  be r at ed f or  cont i nuous dut y ser vi ce at  mi ni mum 
pr essur e of  [ 700]  [ _____]  kPa [ 100]  [ _____]  psi  gage.   The vor t ex sheddi ng 
f l owmet er  body must  not  r equi r e r emoval  f r om t he pi pi ng i n or der  t o 
r epl ace t he sheddi ng sensor .

2. 4. 5   Level  I nst r ument at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e t he l ocat i on and t he NFPA hazar d 
c l assi f i cat i on on t he dr awi ngs.   Hazar d 
c l assi f i cat i on of  sumps and t ank i nt er i or s 
f r equent l y di f f er  f r om t he gener al  ar ea hazar d 
c l assi f i cat i on.   I ncl ude a schedul e of  l evel  sensi ng 
el ement s wi t h oper at i ng r ange r equi r ement s.    
Tabul at i on of  devi ces i s t o be i ncl uded on t he 
dr awi ngs.   Component  i dent i f i er s ar e t o be 
coor di nat ed wi t h t he dr awi ngs.   Use t he I nst r ument  
Soci et y of  Amer i ca ( I SA)  suggest ed al phanumer i c 
syst em f or  devel opment  of  di scr et e devi ce number i ng.

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

Pr essur e t aps must  i ncor por at e appr opr i at e snubber s.   Rel ays and housi ng 
must  be i nt r i nsi cal l y saf e or  expl osi on pr oof  as r equi r ed by t he NFPA 
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hazar d r at i ng f or  compat i bi l i t y  wi t h t he cont ent s of  t he t ank or  sump.  
[ The cont r ol l er  must  be pr ovi ded wi t h a mi ni mum of  t hr ee al ar m l i ght s.   
The f i r st  al ar m l i ght  must  i ndi cat e when t he l ower  ( war ni ng)  det ect i on 
l evel  has been exceeded.   The second al ar m l i ght  must  i ndi cat e when t he 
upper  ( al ar m)  det ect i on l evel  has been exceeded.   The t hi r d al ar m l i ght  
must  i ndi cat e a cont r ol l er  mal f unct i on,  i ncl udi ng l oss of  power  or  l oss of  
sensor  i nput . ] [ The cont r ol l er  must  be pr ovi ded wi t h a mi ni mum of  t hr ee 
set s of  dr y cont act s r at ed i n accor dance wi t h NEMA I CS 1.   The f i r st  set  
of  cont act s must  c l ose when t he l ower  ( war ni ng)  det ect i on l evel  has been 
exceeded.   The second set  of  cont act s must  c l ose when t he upper  ( al ar m)  
det ect i on l evel  has been exceeded.   The t hi r d set  of  cont act s must  c l ose 
when a cont r ol l er  mal f unct i on has occur r ed,  i ncl udi ng l oss of  power  or  
l oss of  sensor  i nput . ]   The al ar m l evel s must  be i ndi v i dual l y adj ust abl e.   
The cont r ol l er  must  be pr ovi ded wi t h an audi bl e war ni ng hor n t hat  sounds 
when t he upper  det ect i on l evel  has been exceeded,  and a war ni ng hor n 
s i l ence but t on.   The cont r ol l er  must  pr ovi de a [ 4- 20 mAdc]  [ _____]  out put  
s i gnal  t o t he pr ogr ammabl e l ogi c cont r ol l er ,  pr opor t i onal  t o t he measur ed 
par amet er .   The cont r ol l er  must  be pr ovi ded wi t h an i nt er nal  bat t er y t o 
mai nt ai n oper at i on f or  a mi ni mum of  12 hour s i f  power  i s l ost .

2. 4. 5. 1   Bubbl e Type Level  Sensor

Bubbl e t ype l i qui d l evel  sensor  must  be of  t he hydr ost at i c bal ance t ype,  
oper at i ng f r om compr essed ai r .   Each gaugi ng syst em must  cont ai n t he 
f ol l owi ng:  an ai r  set  i ncl udi ng [ compr essor ]  [ or ]  [ connect i on t o pl ant  
ai r ] ,  compr essed ai r  pr essur e r egul at i ng val ve,  ai r  f i l t er  and moi st ur e 
t r ap;  a s i ght  f eed bubbl er  wi t h bui l t - i n adj ust i ng needl e val ve;  a t ank 
ent r y gl and wi t h ai r  suppl y and equal i zed pi l ot  s i gnal  connect i ons;  a [ 13 
mm 1/ 2 i nch]  [ st andar d wei ght  316 st ai nl ess st eel ]  [ schedul e 80 car bon 
st eel ]  di p t ube;  a di r ect  r eadi ng ci r cul ar  gauge 300 mm 12 i nch i n 
di amet er  cal i br at ed f or  t he connect ed t ank and t ank l i qui d;  connect i ons t o 
t he c i r cul ar  gauge and t o t he pr essur e t r ansducer  f or  zer o set t i ng and 
cal i br at i on check;  a connect i ng bubbl er  suppl y and equal i zed pi l ot  s i gnal  
[ copper ]  [ al umi num]  [ st ai nl ess]  t ubi ng wi t h mi ni mum f i el d made j oi nt s;  and 
a pr essur e t r ansmi t t er  mount ed at  t he t op of  t he di p t ube,  sel ect ed t o 
cor r espond t o t he r ange r equi r ed t o gauge t he connect ed t ank.   I nst r ument  
ai r  l i nes must  be t r ace heat ed i f  t her e i s a f r ost  r i sk wi t h an ai r  
f l owr at e of  [ 28 L/ H] [ 1. 0SCFH] .

2. 4. 5. 2   Capaci t ance Type Level  Sensor

Li qui d l evel  sensor  must  pr oduce a s i gnal  t hat  i s  pr opor t i onal  t o t he 
measur ed l evel .    Sensor  must  be capaci t ance t ype.   Sensor  must  [ wor k wi t h 
conduct i ve mat er i al ]  [ wor k wi t h non- conduct i ve mat er i al ]  [ be pr oxi mi t y or  
non- cont act  t ype] .   The t r ansmi t t er  must  have non- i nt er act i ng zer o and 
span adj ust ment s,  and must  have an accur acy of  pl us or  mi nus [ 0. 1]  [ _____]  
per cent  of  cal i br at ed span.    Assembl i es must  i ncl ude wal l  br acket  or  
mount i ng pl at e,  aust eni t i c  st ai nl ess st eel  r ods,  st ai nl ess st eel  bol t s and 
cor r osi on r esi st ant  housi ng.

2. 4. 5. 3   Conduct i v i t y Swi t ch

The swi t ch must  det ect  t he pr esence of  a f l ui d by measur i ng t he el ect r i cal  
r esi st ance bet ween a sensor  and a gr ound el ect r ode.    El ect r odes must  be 
const r uct ed of  [ 316 st ai nl ess st eel ]  [ Hast el l oy]  [ t i t ani um] .   El ect r odes 
must  be f ul l y c l ad usi ng [ pol yol ef i n]  [ pol yt et r af l uor oet hyl ene ( PTFE) ] .   
The conduct i v i t y swi t ch must  be capabl e of  [ 1]  [ 2]  [ 3]  [ 4]  separ at e l evel  
set  poi nt s.   The swi t ch must  [ be pr ovi ded wi t h]  [ use t he cont ai ner  as]  a 
gr ound el ect r ode.   El ect r ode l engt hs must  be as necessar y,  based on t he 
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appl i cat i on and t o meet  t he r equi r ement s of  t he cont r ol  sequence.   A r el ay 
swi t chi ng poi nt  must  be pr ovi ded f or  each sensor .   Cont act s must  be r at ed 
f or  a maxi mum of  240 VAC,  5 A.   Swi t ch must  have a maxi mum r esponse t i me 
of  2 seconds.   Assembl y must  be [ f l ange mount ed]  [ NPT t hr ead ( mal e) ]  
[ i ncl udi ng sur f ace mount i ng br acket ]  and sui t abl e f or  t he i ndi cat ed 
envi r onment .

2. 4. 5. 4   Di spl acement  Type Level  Swi t ch

Li qui d l evel  swi t ch must  be di spl acement  t ype,  havi ng a mi ni mum of  t wo 
t andem f l oat s wi t h each f l oat  i ndependent l y act i vat i ng a set  of  For m C 
cont act s at  t wo di f f er ent  l evel  set t i ngs.   Each swi t ch must  have an 
adj ust abl e di f f er ent i al  band.   The mount i ng connect i ons must  be t hr eaded,  
f l anged or  sur f ace mount ed t o sui t  t he appl i cat i on.   Al l  sur f aces i n 
cont act  wi t h t he t ank cont ent s must  be aust eni t i c  st ai nl ess st eel .   The 
swi t ch encl osur e must  be expl osi on pr oof  f or  use i n a hazar dous 
envi r onment ,  compl et e wi t h a seal ed wat er  t i ght  j unct i on box,  t er mi nal  
bl ock,  and mount i ng pl at e.   Each set  of  cont act s must  be snap act i on,  dr y 
cont act  t ype wi t h one nor mal l y open and one nor mal l y c l osed,  cont act  r at ed 
i n accor dance wi t h NEMA I CS 1.   The swi t ch must  be act uat ed by a 
magnet i cal l y equi pped st ai nl ess st eel  di spl acer .   Repet i t i ve accur acy must  
be pl us or  mi nus 6 mm 1/ 4 i nch of  act ual  di spl acer  set t i ng.

2. 4. 5. 5   Mer cur y Fl oat  Swi t ch

Fl oat  swi t ch assembl i es f or  use i n l i qui d syst ems must  consi st  of  wal l  
br acket  or  mount i ng pl at e,  gal vani zed st eel  r ods,  st ai nl ess st eel  bol t s,  
expl osi on pr oof  and cor r osi on r esi st ant  housi ng,  and i nt r i nsi cal l y saf e 
r el ays.   Each swi t ch must  consi st  of  t wo nor mal l y open mer cur y swi t ches,  
encapsul at ed i n epoxy r esi n.   The f l oat  casi ng must  be pol ypr opyl ene.   The 
swi t ch cabl e must  be oi l  r esi st ant  neopr ene or  PVC cabl e wi t h 4 No.  18 
gauge st r anded copper  conduct or s,  r at ed f or  600 Vol t  appl i cat i on.

2. 4. 5. 6   Reed Swi t ch

Swi t ch must  consi st  of  a t r ansmi t t er  t ube wi t h a r eed st r i p l ocat ed 
i nsi de.   The t ube l engt h must  [ be of  suf f i c i ent  l engt h t o per mi t  
adj ust ment  of  swi t ch act uat i on wi t hi n pr ocess par amet er s]  [ ext end t he f ul l  
hei ght  of  t he t ank] .   A f l oat  cont ai ni ng a per manent  magnet  must  f i t  over  
t he t r ansmi t t er  t ube and must  move up and down wi t h t he l i qui d l evel .   The 
t r ansmi t t er  t ube and sl i di ng f l oat  assembl y must  be as r equi r ed f or  t he 
appl i cat i on as shown on t he dr awi ngs.   Wet t ed par t s must  be [ _____] ,  [ 316 
st ai nl ess st eel , ]  [ PVC, ]  [ pol ypr opyl ene, ]  or  [ pol yt et r af l uor oet hyl ene 
( PTFE) ]  sui t abl e f or  t he i nst al l ed ser vi ce i ndi cat ed.   Assembl y must  be 
[ f l ange mount ed]  [ NPT t hr ead ( mal e) ]  [ i ncl ude sur f ace mount i ng br acket ] .   
Maxi mum swi t chi ng power  must  be [ 15 Wat t s] ,  maxi mum swi t chi ng cur r ent  [ 1 
amp] ,  maxi mum car r y i ng cur r ent  [ 200Vdc] ,  br eakdown vol t age [ 300Vdc] ,  and 
i ni t i al  cont act  r esi st ance [ 0. 10 ohms] .   Maxi mum oper at i ng t i me must  be 
[ 0. 50 msec] .

2. 4. 5. 7   Non- Cont act  Ul t r asoni c Level  Sensor

The sensor  must  be mi cr opr ocessor  based and must  pr ovi de cont i nuous,  
non- cont act  l evel  measur ement  of  l i qui ds and sol i ds ut i l i z i ng mi cr owave 
pul sed t i me of  f l i ght  measur ement  met hod.    [ Sensor  must  have pushbut t on 
cal i br at i on and LCD di spl ay. ]   The sensor  must  oper at e i n a f r equency band 
appr oved f or  i ndust r i al  use.   The sensor  must  be capabl e of  measur i ng i n a 
r ange of  0 t o [ 7]  [ 1]  [ _____]  m 0 t o [ 20]  [ 3]  [ _____]  f eet  wi t h an 
accur acy of  pl us or  mi nus [ . 25]  [ _____]  per cent  of  f ul l  scal e and 
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r epeat abi l i t y  [ ±0. 125"  3mm] .   The sensor  must  be capabl e of  di st i ngui shi ng 
bet ween r eal  echoes,  r ef l ect i ons and backgr ound noi se.   The sensor  must  
aut omat i cal l y compensat e f or  t emper at ur e changes.   The sensor  must  be 
capabl e of  oper at i ng i n a t emper at ur e r ange f r om mi nus [ 25]  [ _____]  
degr ees C t o [ 40]  [ 50]  [ _____]  degr ees C mi nus [ 15]  [ _____]  degr ees F t o 
[ 105]  [ 120]  [ _____]  degr ees F.  Assembl y must  be [ f l ange mount ed]  [ NPT 
t hr ead ( mal e) ]  [ i ncl ude sur f ace mount i ng br acket ]  of  suf f i c i ent  s i ze t o 
el i mi nat e echoi ng and sui t abl e f or  t he i nst al l ed envi r onment  i ndi cat ed.   
Mount i ng assembl y must  be sui t abl e f or  ser vi ce wi t hout  r equi r i ng ent r y or  
dr ai nage of  t he [ vessel ]  [ sump]  wher e l evel  i s  bei ng measur ed.

2. 4. 5. 8   Leak Det ect i on

Doubl e wal l ed cont ai nment  syst em l eak det ect or s must  use el ect r odes 
mount ed i n t he i nt er st i ces of  doubl e wal l ed cont ai nment  syst ems wi t h a 
mi ni mum t i me del ay of  [ 0. 5]  [ _____]  seconds.    Leak det ect or s f or  open 
syst ems must  be mount ed at  s l ab or  f l oor  l evel  wi t h ei t her  a mi ni mum t i me 
del ay of  [ 0. 5]  [ _____]  seconds or  a mi ni mum bui l t - i n- ver t i cal  adj ust ment  
of  [ 3]  [ _____]  mm [ 1/ 8]  [ _____]  i nch t o pr event  act i vat i on due t o hi gh 
humi di t y.   Det ect or  must  have a cont act  r at i ng of  1. 0 amps r esi st i ve or  
200 mA i nduct i ve at  28 VDC.   Leak det ect or  panel  must  i ndi cat e t he 
l ocat i on and det ect or  causi ng t he al ar med st at e.   The i ndi cat or  must  be 
manual  r eset  t ype.   A f r amed,  non- f adi ng hal f - s i ze as- bui l t  l ocat i on map 
i n l ami nat ed pl ast i c must  be pr ovi ded f or  t he cabl e l eak det ect i on syst em 
i n doubl e cont ai nment  pi pi ng syst ems i ndi cat i ng t he as i nst al l ed syst em 
conf i gur at i on;  sensi ng st r i ng l ayout  must  be f ur ni shed.    Mar ks i n met er s 
f eet  al ong t he l engt h of  pi pel i ne i nt er st i t i al  cabl e must  be pr ovi ded as 
r ef er ences t o l ocat e l eaks.

2. 4. 6   Pr essur e I nst r ument at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e on t he dr awi ngs wher e vi sual  
i ndi cat i on of  t he measur ed pr essur e i s r equi r ed.   
I ncl ude a schedul e of  pr essur e sensi ng el ement s wi t h 
oper at i ng r ange r equi r ement s.   I ncl ude a t abul at i on 
of  devi ces dr awi ngs.   Component  i dent i f i er s ar e t o 
be coor di nat ed wi t h t he dr awi ngs usi ng t he 
I nst r ument  Soci et y of  Amer i ca ( I SA)  suggest ed 
al phanumer i c syst em f or  devel opment  of  di scr et e 
devi ce number i ng.

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

Pr essur e t aps must  i ncor por at e appr opr i at e snubber s.

2. 4. 6. 1   Pr essur e Cont r ol l er

The cont r ol l er  must  be pr ovi ded wi t h a mi ni mum of  t hr ee [ al ar m l i ght s.   
The f i r st  al ar m l i ght  must  i ndi cat e when t he l ower  ( war ni ng)  det ect i on 
l evel  has been exceeded.  The second al ar m l i ght  must  i ndi cat e when t he 
upper  ( al ar m)  det ect i on l evel  has been exceeded.   The t hi r d al ar m l i ght  
must  i ndi cat e a cont r ol l er  mal f unct i on,  i ncl udi ng l oss of  power  or  l oss of  
sensor  i nput ]  [ set s of  dr y cont act s r at ed i n accor dance wi t h NEMA I CS 1.   
The f i r st  set  of  cont act s must  c l ose when t he l ower  ( war ni ng)  det ect i on 
l evel  has been exceeded.   The second set  of  cont act s must  c l ose when t he 
upper  ( al ar m)  det ect i on l evel  has been exceeded.   The t hi r d set  of  
cont act s must  c l ose when a cont r ol l er  mal f unct i on has occur r ed,  i ncl udi ng 
l oss of  power  or  l oss of  sensor  i nput ] .   The al ar m l evel s must  be 
i ndi v i dual l y adj ust abl e.   The cont r ol l er  must  be pr ovi ded wi t h an audi bl e 
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war ni ng hor n t hat  sounds when t he upper  det ect i on l evel  has been exceeded,  
and a war ni ng hor n s i l ence but t on.   The cont r ol l er  must  pr ovi de a [ 4- 20 
mAdc]  [ _____]  out put  s i gnal  t o t he pr ogr ammabl e l ogi c cont r ol l er ,  
pr opor t i onal  t o t he measur ed par amet er .   The cont r ol l er  must  be pr ovi ded 
wi t h an i nt er nal  bat t er y t o mai nt ai n oper at i on f or  a mi ni mum of  12 hour s 
i f  power  i s l ost .    Pr essur es must  be cont r ol l ed t o wi t hi n pl us or  mi nus 
[ 5]  [ _____]  per cent  of  desi gn pr essur es.

2. 4. 6. 2   Pr essur e Sensor  and Tr ansducer

The sensi ng el ement  must  be ei t her  [ capsul e]  [ di aphr agm]  [ bel l ows]  
[ Bour don t ube]  [ sol i d st at e]  t ype.   The pr essur e t r ansducer  must  wi t hst and 
up t o 150 per cent  of  r at ed pr essur e,  wi t h an accur acy of  pl us or  mi nus 
[ 1. 0]  [ _____]  per cent  of  f ul l  scal e sel ect ed t o put  t he desi gn r ange of  
t he measur ed pr essur e i n t he mi ddl e t hi r d of  t he t r ansducer ' s r ange.   
Pr essur e must  be measur ed i n [ kPa psi ]  gage wi t h a r ange,  pl us or  mi nus 
[ 10]  [ _____]  per cent  of  desi gn r ange and must  be f ur ni shed wi t h [ di spl ay]  
[ di spl ay and pr i nt out ]  t o t he near est  [ 1. 0]  [ _____]  kPa [ 0. 145]  [ _____]  psi .    
The t r ansmi t t er  out put  er r or  must  not  exceed [ 0. 1]  [ _____]  per cent  of  
cal i br at ed span.

2. 4. 6. 3   Pr essur e Swi t ch

Sensor s must  be [ di aphr agm]  [ Bour don t ube]  [ sol i d st at e]  and must  be 
const r uct ed of  [ br ass]  [ 316 st ai nl ess st eel ]  [ _____] .   Pr essur e swi t ch 
must  have a r epet i t i ve accur acy of  pl us or  mi nus [ 5. 0]  [ _____]  per cent  of  
t he oper at i ng r ange and must  wi t hst and up t o [ 150]  [ _____]  per cent  of  
r at ed pr essur e.

Swi t ch act uat i on set  poi nt  must  be adj ust abl e over  t he oper at i ng pr essur e 
r ange wi t h a di f f er ent i al  adj ust ment  span of  [ 20]  [ _____]  t o [ 40]  [ _____]  
per cent  of  t he r ange of  t he swi t ch.   The swi t ch must  have For m C 
snap- act i on cont act s r at ed i n accor dance wi t h NEMA I CS 1.

2. 4. 6. 4   Di f f er ent i al  Pr essur e

The sensor / t r ansmi t t er  assembl y accur acy must  be pl us or  mi nus [ 1]  [ _____]  
per cent  of  f ul l  scal e.   The over  pr essur e r at i ng must  be a mi ni mum of  
[ 150]  [ _____]  per cent  of  t he oper at i ng pr essur e.   Tr ansmi t t er  must  be 
sui t abl e f or  i nst al l at i on wi t h t he l ow pr essur e connect i on r emoved.

2. 4. 6. 5   Di f f er ent i al  Pr essur e Swi t ch

Pr ovi de di f f er ent i al  pr essur e swi t ches wi t h a user - adj ust abl e set poi nt  
t hat  ar e s i zed f or  t he appl i cat i on such t hat  t he set poi nt  i s  bet ween 25 
per cent  and 75 per cent  of  t he f ul l  r ange.   The over  pr essur e r at i ng must  
be a mi ni mum of  150 per cent  of  t he hi ghest  desi gn pr essur e of  ei t her  i nput  
t o t he sensor .   The swi t ch must  have t wo set s of  cont act s and each cont act  
must  have a r at i ng gr eat er  t han i t ' s  connect ed l oad.   Cont act s must  open 
or  c l ose upon r i se of  pr essur e above t he set poi nt  or  dr op of  pr essur e 
bel ow t he set poi nt  as i ndi cat ed.   Each swi t ch must  have t aps f or  sensi ng 
l i nes f or  connect i on of  pr essur e f i t t i ngs desi gned t o sense f l ui d 
pr essur e.   [ For  measur i ng ai r ,  gas or  vapor  st r eam di f f er ent i al  pr essur e,  
t hese f i t t i ngs must  be of  t he angl ed- t i p t ype wi t h t i ps poi nt i ng i nt o t he 
ai r  st r eam. ]   The adj ust abl e di f f er ent i al  r ange must  be a maxi mum of  
[ 0. 037]  [ 0. 125]  [ _____]  kPa [ 0. 15]  [ 0. 5]  [ _____]  i nches wat er  at  t he l ow 
end t o a mi ni mum of  [ 0. 087]  [ 1. 49]  [ _____]  kPa [ 0. 35]  [ 6. 0]  [ _____]  i nches 
wat er  at  t he hi gh end.   Two For m C cont act s r at ed i n accor dance wi t h 
NEMA I CS 1 must  be pr ovi ded.
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2. 4. 6. 6   Pneumat i c t o El ect r i c ( PE)  Swi t ch

Pr ovi de each swi t ch wi t h an adj ust abl e set  poi nt  r ange of  [ 20]  [ _____]  t o 
[ 137]  [ _____]  kPa [ 3. 0]  [ _____]  t o [ 20]  [ _____]  psi  gage and an adj ust abl e 
di f f er ent i al  f r om [ 13]  [ _____]  t o [ 41]  [ _____]  kPa [ 2. 0]  [ _____]  t o [ 6. 0]  
[ _____]  psi .   Cont act s must  be For m C r at ed i n accor dance wi t h NEMA I CS 1.

2. 4. 7   Temper at ur e I nst r ument at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Component  i dent i f i er s ar e t o be coor di nat ed 
wi t h t he dr awi ngs usi ng t he I nst r ument  Soci et y of  
Amer i ca ( I SA)  suggest ed al phanumer i c syst em f or  
devel opment  of  di scr et e devi se number i ng.

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

Temper at ur e sensor s may be pr ovi ded wi t hout  t r ansmi t t er s.   Wher e 
t r ansmi t t er s ar e used,  t he r ange must  be t he smal l est  avai l abl e f r om t he 
manuf act ur er  and sui t abl e f or  t he appl i cat i on such t hat  t he r ange 
encompasses t he expect ed r ange of  t emper at ur es t o be measur ed.   The end t o 
end accur acy i ncl udes t he combi ned ef f ect  of  sensi t i v i t y,  hyst er esi s,  
l i near i t y and r epeat abi l i t y  bet ween t he measur ed var i abl e and t he end user  
i nt er f ace ( gr aphi c pr esent at i on)  i ncl udi ng t r ansmi t t er s i f  used.

2. 4. 7. 1   Temper at ur e Cont r ol l er

The cont r ol l er  must  be pr ovi ded wi t h a mi ni mum of  [ t hr ee]  al ar m l i ght s.  
[ The f i r st  al ar m l i ght  must  i ndi cat e when t he l ower  ( war ni ng)  det ect i on 
l evel  has been exceeded.   The second al ar m l i ght  must  i ndi cat e when t he 
upper  ( al ar m)  det ect i on l evel  has been exceeded.   The t hi r d al ar m l i ght  
must  i ndi cat e a cont r ol l er  mal f unct i on,  i ncl udi ng l oss of  power  or  l oss of  
sensor  i nput ] .   Al so [ 3]  set s of  dr y cont act s r at ed i n accor dance wi t h 
NEMA I CS 1.   [ The f i r st  set  of  cont act s must  c l ose when t he l ower  
( war ni ng)  det ect i on l evel  has been exceeded.   The second set  of  cont act s 
must  c l ose when t he upper  ( al ar m)  det ect i on l evel  has been exceeded.   The 
t hi r d set  of  cont act s must  c l ose when a cont r ol l er  mal f unct i on has 
occur r ed,  i ncl udi ng l oss of  power  or  l oss of  sensor  i nput ] .   The al ar m 
l evel s must  be i ndi v i dual l y adj ust abl e.   The cont r ol l er  must  be pr ovi ded 
wi t h an audi bl e war ni ng hor n t hat  sounds when t he upper  det ect i on l evel  
has been exceeded,  and a war ni ng hor n s i l ence but t on.   The cont r ol l er  must  
pr ovi de a [ 4- 20 mAdc]  [ _____]  out put  s i gnal  t o t he pr ogr ammabl e l ogi c 
cont r ol l er ,  pr opor t i onal  t o t he measur ed par amet er .   The cont r ol l er  must  
be pr ovi ded wi t h an i nt er nal  bat t er y t o mai nt ai n oper at i on f or  a mi ni mum 
of  12 hour s i f  power  i s l ost .

2. 4. 7. 2   Fl ui d Temper at ur e Range

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude a schedul e of  t emper at ur e sensi ng 
el ement s wi t h oper at i ng r ange r equi r ement s.   The 
f ol l owi ng i ncl udes sampl e t abl es t o assi st  i n 
def i ni ng t he exposur e and ser vi ce r equi r ement s.   
Al t er nat i vel y,  t abul at i on of  devi ces may be i ncl uded 
on t he dr awi ngs.   I ncl ude a t abl e on t he dr awi ngs 
wi t h t he f ol l owi ng headi ngs:
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I D No. Descr i pt i on Mi ni mum,  C Maxi mum,  C Type

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

Al l  devi ces must  be sui t abl e f or  pr ocess t emper at ur es,  whi ch def i ne t he 
exposur e of  t he el ement ,  and ar e descr i bed i n t he t abl e on t he dr awi ngs.   
Mer cur y must  not  be used i n t her momet er s.

2. 4. 7. 2. 1   Type A Bi met al  Ther momet er

Di r ect  r eadi ng,  her met i cal l y seal ed,  sui t abl e f or  ext er nal  adj ust ment .  
Accur at e wi t hi n 1 per cent  of  f ul l  r ange.   St ai nl ess st eel  const r uct i on.  
Compl et e wi t h t her mowel l .   Ther momet er s must  have ei t her  230 mm 9 i nch l ong
 scal es or  90 mm 3. 5 i nch di amet er  di al s,  wi t h i nser t i on,  i mmer si on,  or  
aver agi ng el ement s.

2. 4. 7. 2. 2   Type B Remot e Readi ng Gas/ Vapor  Ther momet er

Di r ect  r eadi ng,  [ st ai nl ess st eel ]  [ al umi num]  [ phenol i c]  case desi gned f or  
panel  mount i ng,  compl et e wi t h ar mor  cabl e,  bul b and anci l l ar y component s 
f or  compl et e syst em.    Mot i onl ess desi gn,  r esi st ant  t o shock and vi br at i on 
and f r ee f r om er r or  cr eat ed by el evat i on.    Pr ovi ded wi t h gas oper at ed 
mol ecul ar  s i eve.   Accur at e wi t hi n 1 per cent  over  f ul l  r ange.

2. 4. 7. 2. 3   Type C Resi st ance Temper at ur e Det ect or  ( RTD)

RTD must  be [ pl at i num]  [ copper ]  [ _____] ,  wi t h an accur acy of  pl us or  mi nus 
[ 0. 1]  [ _____]  per cent  at  0 degr ees C 32 degr ees F.   RTD must  be 
encapsul at ed i n [ epoxy, ]  [ st ai nl ess st eel  Ser i es 300, ]  [ anodi zed 
al umi num, ]  [ copper ] .

2. 4. 7. 3   Cont i nuous Aver agi ng RTD

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e on t he dr awi ngs wher e aver agi ng 
t emper at ur e pr obes ar e r equi r ed.

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

Cont i nuous aver agi ng RTD must  have an accur acy of  pl us or  mi nus [ 0. 5]  [ 2]  
[ _____]  degr ees C [ 0. 9]  [ 3. 6]  [ _____]  degr ees F at  t he r ef er ence 
t emper at ur e,  and must  be of  suf f i c i ent  l engt h t o ensur e t hat  t he 
r esi st ance r epr esent s an aver age over  t he cr oss- sect i on i n whi ch i t  i s  
i nst al l ed.    The sensor  must  have a bendabl e copper  sheat h.

2. 4. 7. 4   I nf r ar ed Temper at ur e Sensor

I nf r ar ed t emper at ur e sensor  must  be encapsul at ed i n ser i es 300 st ai nl ess 
st eel  or  anodi zed al umi num.    Sensor  must  have an accur acy of  pl us or  
mi nus 1 per cent  of  t emper at ur e measur ed or  1. 4 degr ees C 2. 5 degr ees F,  
whi chever  i s l ess.

2. 4. 7. 5   Temper at ur e Swi t ch

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude a t abl e on t he dr awi ngs wi t h t he 
f ol l owi ng headi ngs:
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I D No. Descr i pt i on Mi ni mum,  C Maxi mum,  C

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

Al l  devi ces must  be sui t abl e f or  pr ocess t emper at ur es,  whi ch def i ne t he 
exposur e of  t he el ement ,  and as descr i bed i n t he t abl e shown on t he 
dr awi ngs.   Temper at ur e swi t ch must  have a r epet i t i ve accur acy of  pl us or  
mi nus [ 1]  [ _____]  per cent  of  t he oper at i ng r anges shown.   Swi t ch act uat i on
must  be adj ust abl e over  t he oper at i ng t emper at ur e r ange.   The swi t ch must  
have For m C snap act i on cont act s,  r at ed i n accor dance wi t h NEMA I CS 1.

2. 4. 7. 6   Ther mocoupl e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther mocoupl es shoul d not  be used f or  
measur i ng t emper at ur es bel ow 260 degr ees C 500 
degr ees F.

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

Ther mocoupl e must  be f act or y assembl ed wi t h Ser i es 300 st ai nl ess st eel  
sheat hi ng.   Wi r i ng i nsul at i on must  be magnesi um oxi de.   Mi ni mum i nsul at i on 
r esi st ance wi r e t o wi r e or  wi r e t o sheat h must  be 1. 5 megohm at  500 V dc.  
Ther mocoupl e must  be [ Type E, ]  [ Type K, ]  [ Type J, ]  [ or ]  [ Type R] .   
Ther mocoupl e er r or  must  not  exceed t hat  speci f i ed i n I EC 60584- 1.   Al l  
wi r e/ cabl e f r om t her mocoupl e t o t r ansmi t t er  must  be of  t he t ype necessar y 
t o mat ch t he t her mocoupl e used.   Tr ansmi t t er  sel ect ed must  mat ch t he t ype 
of  t her mocoupl e pr ovi ded.   The t r ansmi t t er  must  i ncl ude aut omat i c col d 
j unct i on r ef er ence compensat i on wi t h span and of f set  adj ust ment s,  and 
upscal e open t her mocoupl e det ect i on.

2. 4. 7. 7   Ther mowel l

Ther mowel l  must  be monel ,  br ass,  or  copper  f or  use i n wat er  l i nes;  wr ought  
i r on f or  measur i ng f l ue gases;  and aust eni t i c  st ai nl ess st eel  f or  ot her  
appl i cat i ons.   Cal i br at ed t her mowel l s must  be pr ovi ded wi t h t hr eaded pl ug 
and chai n,  50 mm 2 i nch l aggi ng neck and i nsi de di amet er  i nser t i on neck as 
r equi r ed f or  t he appl i cat i on.   The t her mowel l  must  i ncl ude a connect i on 
box,  s i zed t o accommodat e t he t emper at ur e sensi ng devi se.

2. 4. 8   Pr ocess Anal yt i cal  I nst r ument at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Add r equi r ement s f or  addi t i onal  s i t e speci f i c  
measur ement s,  i ncl udi ng span and accur acy f or  any 
appl i cat i on not  i ncl uded i n t hi s speci f i cat i on.

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

Pr obes must  be easi l y r emovabl e wi t hout  i nt er r upt i ng ser vi ce.   Sampl i ng 
pumps must  be i ncl uded wher e necessar y or  appl i cabl e t o t he sensi ng 
devi ce.   For  sensor s i nt egr al  t o t he el ect r oni c cont r ol l er  t he sampl e may 
be dr awn di r ect l y i nt o t he sensor  or  may be dr awn t hr ough a sampl e t ube.  
For  sensor s r emot el y l ocat ed t he sampl e may be dr awn t hr ough a sampl e 
t ube.   Out door  sampl e t ubes must  be heat  t r aced.    Sensor  and cont r ol l er  
const r uct i on must  be sui t abl e f or  oper at i on i n t he moni t or ed medi um.   
Syst ems r equi r i ng aut omat ed zer o and cal i br at i on gas or  r eagent s must  be 
pr ovi ded wi t h [ _____]  days suppl y of  cal i br at i on gas or  r eagent .   The 
cont r ol l er  must  be pr ovi ded wi t h a mi ni mum of  t hr ee [ al ar m l i ght s.   The 
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f i r st  al ar m l i ght  must  i ndi cat e when t he l ower  ( war ni ng)  det ect i on l evel  
has been exceeded.   The second al ar m l i ght  hal l  i ndi cat e when t he upper  
( al ar m)  det ect i on l evel  has been exceeded.   The t hi r d al ar m l i ght  must  
i ndi cat e a cont r ol l er  mal f unct i on,  i ncl udi ng l oss of  power  or  l oss of  
sensor  i nput ]  [ set s of  dr y cont act s r at ed i n accor dance wi t h NEMA I CS 1.  
The f i r st  set  of  cont act s must  c l ose when t he l ower  ( war ni ng)  det ect i on 
l evel  has been exceeded.   The second set  of  cont act s must  c l ose when t he 
upper  ( al ar m)  det ect i on l evel  has been exceeded.   The t hi r d set  of  
cont act s must  c l ose when a cont r ol l er  mal f unct i on has occur r ed,  i ncl udi ng 
l oss of  power  or  l oss of  sensor  i nput ] .   The al ar m l evel s must  be 
i ndi v i dual l y adj ust abl e.   The cont r ol l er  must  be pr ovi ded wi t h an audi bl e 
war ni ng hor n t hat  sounds when t he upper  det ect i on l evel  has been exceeded,  
and a war ni ng hor n s i l ence but t on.   The cont r ol l er  must  pr ovi de a [ 4- 20 
mAdc]  [ _____]  out put  s i gnal  t o t he pr ogr ammabl e l ogi c cont r ol l er ,  
pr opor t i onal  t o t he measur ed par amet er .   The cont r ol l er  must  be pr ovi ded 
wi t h an i nt er nal  bat t er y t o mai nt ai n oper at i on f or  a mi ni mum of  12 hour s 
i f  power  i s l ost .

2. 4. 8. 1   Ammoni a Gas

The sensor  must  be capabl e of  moni t or i ng ammoni a i n t he r ange of  [ 0]  
[ _____]  t o [ 100]  [ _____]  mg/ L wi t h an accur acy of  pl us or  mi nus [ 1]  
[ _____]  per cent  of  f ul l  scal e r eadi ng.   The sensor  r esponse t i me must  be 
[ 90]  [ _____]  per cent  i n a maxi mum of  [ 20]  [ _____]  seconds.

2. 4. 8. 2   Cal or i met er  ( Heat  Capaci t y/ Fuel  Val ue)

Cal or i met er  must  be a sel f - cont ai ned devi ce capabl e of  measur i ng t he heat  
capaci t y of  a sampl e.   The col or i met er  must  measur e t he heat  r el eased f r om 
t he sampl e by i gni t i ng t he sampl e r eadi ng use of  mul t i pl e t emper at ur e 
sensor s.   The sensor  must  be capabl e of  det ect i ng met hane i n t he r ange of  
[ 0]  [ _____]  t o [ 100]  [ _____]  ppmv wi t h an accur acy of  pl us or  mi nus [ 1]
[ _____]  per cent  of  f ul l  scal e r eadi ng.

2. 4. 8. 3   Car bon Di oxi de

Cont i nuous emi ssi ons moni t or i ng syst ems ( CEMS)  f or  measur i ng CO2 must  be 
pr ovi ded wi t h i nst al l ed back- up devi ces.   The CEMS must  compl y wi t h 
40 CFR 60,  Appendi x B,  Per f or mance Speci f i cat i on 2 and t he QA/ QC 
r equi r ement s of  40 CFR 60,  Appendi x F.   Cal cul at i on of  emi ssi on r at es must  
be i n conf or mance wi t h 40 CFR 60,  Appendi x A,  Ref er ence Met hod 19.   
Pr ovi de phot omet r i c t ype CO2 sensor s wi t h i nt egr al  t r ansducer s and l i near  
out put .  Car bon di oxi de ( CO2)  sensor s must  measur e CO2 concent r at i ons 
bet ween [ 0 t o 2000]  par t s per  mi l l i on ( ppm)  usi ng non- di sper si ve i nf r ar ed 
( NDI R)  t echnol ogy wi t h an accur acy of  pl us or  mi nus [ 50 ppm]  and a maxi mum 
r esponse t i me of  1 mi nut e.   The sensor  must  be r at ed f or  oper at i on at  
ambi ent  ai r  t emper at ur es wi t hi n t he r ange of  0 t o 50 degr ees C 32 t o 122 
degr ees F and r el at i ve humi di t y wi t hi n t he r ange of  20 t o 95 per cent  
( non- condensi ng) .   The sensor  must  not  exceed a maxi mum dr i f t  of  2 per cent  
by vol ume a year .   The sensor  chamber  must  be manuf act ur ed wi t h a 
non- cor r osi ve mat er i al  t hat  does not  af f ect  car bon di oxi de sampl e 
concent r at i on.   Sensor s must  be desi gned t o pr ot ect  t he sensi ng el ement  
f r om dust  accumul at i on and mechani cal  damage.   The sensor  must  have a 
cal i br at i on i nt er val  no l ess t han 5 year s.

2. 4. 8. 4   Car bon Monoxi de -  CO

Cont i nuous emi ssi ons moni t or i ng syst ems ( CEMS)  f or  measur i ng CO must  be 
pr ovi ded wi t h i nst al l ed back- up devi ces.   The CEMS must  compl y wi t h 
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40 CFR 60,  Appendi x B,  Per f or mance Speci f i cat i on 4 and t he QA/ QC 
r equi r ement s of  40 CFR 60,  Appendi x F.   Cal cul at i on of  emi ssi on r at es must  
be i n conf or mance wi t h 40 CFR 60,  Appendi x A,  Ref er ence Met hod 19.   Car bon 
monoxi de anal yzer  must  consi st  of  an i nf r ar ed l i ght  sour ce i n a weat her  
pr oof  st eel  encl osur e f or  duct  or  st ack mount i ng.   An opt i cal  
det ect or / anal yzer  i n a s i mi l ar  encl osur e,  sui t abl e f or  duct  or  st ack 
mount i ng must  be pr ovi ded.   Bot h assembl i es must  i ncl ude i nt er nal  bl ower  
syst ems t o keep opt i cal  wi ndows f r ee of  dust  and ash at  al l  t i mes.   The 
t hi r d component  of  t he anal yzer  must  be t he el ect r oni cs cabi net .   
Aut omat i c f l ue gas t emper at ur e compensat i on and manual / aut omat i c zer oi ng 
devi ces must  be pr ovi ded.   Uni t  must  r ead par t s per  mi l l i on ( ppm)  of  
car bon monoxi de i n t he r ange of  [ 0]  [  ]  t o [ 100] [  ]  ppm and t he r esponse 
t i me must  be l ess t han 3 seconds t o 90 per cent  val ue.   Uni t  measur ement  
r ange must  not  exceed speci f i ed r ange by mor e t hat  50 per cent .   
Repeat abi l i t y  must  be pl us or  mi nus 1 per cent  of  f ul l  scal e wi t h an 
accur acy of  pl us or  mi nus 1 per cent  of  f ul l  scal e.

2. 4. 8. 5   Chl or i ne Gas

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fol l ow Chl or i ne I nst i t ut e Recommendat i ons.

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

Al l  par t s of  t he chl or i ne measur ement  syst em,  i ncl udi ng t he sensor s,  
t r ansmi t t er s,  cont r ol l er s and per i pher al  devi ces,  t hat  may come i n cont act  
wi t h chl or i ne or  a chl or i ne- f i l l ed envi r onment  must  be const r uct ed of  
mat er i al s sui t abl e f or  t hi s appl i cat i on.   The chl or i ne sensor  must  pr ovi de 
cont i nuous moni t or i ng of  t he chl or i ne concent r at i on.   The det ect or  must  
measur e concent r at i ons of  chl or i ne i n ai r  wi t h a r ange of  [ 0 t o 10 ppm]  
[ wi t h a r epeat abi l i t y  of  pl us or  mi nus [ 1]  per cent  of  f ul l  scal e]  and an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e.    The Chl or i ne Det ect or  
t r ansmi t t er  must  be housed i n a non- cor r osi ve NEMA 250 Type 4X encl osur e.   
Det ect or  must  i ncl ude a l ocal  panel  wi t h adj ust abl e al ar m t r i p l evel ,  
l ocal  audi o and vi sual  al ar m wi t h s i l ence f unct i on.    The sensor  r esponse 
t i me must  be [ 90]  [ _____]  per cent  i n a maxi mum of  [ 30]  [ _____]  seconds.

2. 4. 8. 6   Chl or i ne i n Li qui d

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fol l ow Chl or i ne I nst i t ut e r ecommendat i ons.

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

Al l  par t s of  t he chl or i ne measur ement  syst em,  i ncl udi ng t he sensor s,  
t r ansmi t t er s,  cont r ol l er s and per i pher al  devi ces,  t hat  may come i n cont act  
wi t h chl or i ne or  a chl or i ne- f i l l ed envi r onment  must  be const r uct ed of  
mat er i al s sui t abl e f or  t hi s appl i cat i on.   Resi dual  chl or i ne sensor  must  
cont i nuousl y moni t or  t he chl or i ne r esi dual .   The sensor  must  be capabl e of  
det ect i ng chl or i ne i n t he r ange of  [ 0]  [ _____]  t o [ 1]  [ 5]  [ 10]  [ 20]  
[ _____]  mg/ L wi t h an accur acy of  pl us or  mi nus [ 1]  [ _____]  per cent  of  f ul l  
scal e r eadi ng.   The sensor  r esponse t i me must  be [ 90]  [ _____]  per cent  i n a 
maxi mum of  [ 60]  [ _____]  seconds.

2. 4. 8. 7   Combust i bl e Gas

Combust i bl e gas sensor  must  be pr ovi ded wi t h a means t o col l ect  
r epr esent at i ve cont i nuous sampl es and measur e f or  t he pr esence of  
expl osi ve vapor s.   Measur i ng r ange must  be f r om [ 0]  [ _____]  per cent  of  t he 
l ower  expl osi ve l i mi t  ( LEL)  t o 100 [ _____]  per cent  of  t he [ l ower  expl osi ve 
l i mi t  ( LEL) ]  [ upper  expl osi ve l i mi t  ( UEL) ] .   Response t i me must  be l ess 
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t han [ 10]  [ _____]  seconds t o i ndi cat e [ 50]  [ _____]  per cent  LEL when 
exposed t o [ 100]  [ _____]  per cent  LEL.   Dr i f t  must  be l ess t han [ 3]  [ _____]  
per cent  per  year .   The sensor  must  have a mi ni mum oper at i onal  l i f e of  [ 1]  
[ _____]  year .   The syst em must  be pr ovi ded wi t h [ _____]  days of  zer o and 
cal i br at i on gas.

2. 4. 8. 8   Cal or i met r i c Anal yzer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li mi t  t he r ange t o i mpr ove t he sensi t i v i t y.   
Subst i t ut e t he appr opr i at e anal yzer  name and r ange 
i n t he f i r st  sent ence.   The r emai nder  of  t he 
par agr aph appl i es t o any of  t he f ol l owi ng:

Phenol pht hal ei n Al kal i ni t y 
Anal yzer

0 t o [ 50]  [ 100]  mg/ L

Tot al  Al kal i ni t y Anal yzer 0 t o [ 50]  [ 100]  [ 500]  mg/ L

Fr ee Chl or i ne Anal yzer 0 t o [ 0. 5]  [ 1. 0]  [ 2. 0]  [ 5. 0]  
mg/ L

Tot al  Chl or i ne Anal yzer 0 t o [ 0. 5]  [ 1. 0]  [ 2. 0]  mg/ L

Hexaval ent  Chr omi um Anal yzer 0 t o [ 0. 2]  [ 1. 0]  mg/ L

Copper  Anal yzer 0 t o [ 5. 0]  [ 10. 0]  mg/ L

Har dness Anal yzer 0 t o [ 0. 5]  [ 1. 0]  [ 2. 0]  [ 5. 0]  
[ 10]  [ 20]  [ 50]  [ 100]  mg/ L

Si l i ca Anal yzer 0 t o [ 25]  [ 50]  mg/ L

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

[ Har dness]  [ _____]  anal yzer  must  be sui t abl e f or  r ange of  [ 0]  [ _____]  t o 
[ _____]  mg/ L as [ Cal c i um Car bonat e ( CaCO3)  equi val ent ]  [ _____] .   
Cal or i met r i c anal yzer  must  be an on- l i ne cont i nuous r eadi ng pr ocess 
i nst r ument  usi ng a col or i met er  t hat  compensat es f or  moder at e changes i n 
t he l i ght  sour ce,  t he sampl e cel l  condi t i on,  sampl e t ur bi di t y and 
backgr ound col or .   Anal yzer  must  i ncl ude sampl i ng pumps,  r eagent  st or age 
and di spenser  as wel l  as col or i met er  and col or i met er  cel l .  Syst em must  be 
sel f - c l eani ng.  Anal yzer  must  r equi r e no mor e t han weekl y i nst r ument  
st andar di zat i on.  Repeat abi l i t y  and r epr oduci bi l i t y  must  be pl us or  mi nus 
[ 10]  per cent  of  t he al ar m t r i p val ue on 1 and 2 mg/ L r ange and pl us or  
mi nus 4 per cent  of  al ar m t r i p val ue on t he r emai ni ng r anges.   Reagent  
r equi r ement s must  be no gr eat er  t han 1 L each of  i ndi cat or  and buf f er  
ever y t wo mont hs f or  cont i nuous oper at i on.

2. 4. 8. 9   Fl ame I oni zat i on Det ect or  ( FI D)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A ver si on wi t h non- met hane ( NMOC)  measur ement  
capabi l i t y  i s  avai l abl e when r egul at i ons r equi r e i t .

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

A cont i nuous f l ame i oni zat i on det ect or  ( FI D)  must  be i nst al l ed on a pumped 
sampl i ng l i ne t o measur e t he t ot al  hydr ocar bon ( THC)  cont ent .   The 
anal yzer  must  have been conf i gur ed at  t he f act or y f or  ei t her  H2,  H2/ He,  or  
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H2 and ni t r ogen f uel  and cal i br at ed f or  pr opane or  met hane equi val ence.   
Tot al  accur acy ( i ncl udes cal i br at i on gas,  r esponse f act or ,  and sampl e mi x 
accur aci es)  must  be not  l ess t han [ _____]  [ 4 ppmv]  [  ± 3 per cent  of  f ul l  
scal e]  as met hane.   Repeat abi l i t y  must  be [ ± 1%]  maxi mum.   Range and span 
must  be cont i nuousl y var i abl e.   Zer o st abi l i t y  must  be [ ± 1% i n 30 days] ,  
span st abi l i t y  must  be [ ±5% i n 1 year ] .   Li near i t y must  be wi t hi n 1% of  
f ul l  scal e.   Out put s must  i ncl ude one 4- 20mA and [ 6]  r el ays f or  [ war ni ng,  
danger ,  f aul t ,  hor n,  cal i br at i on- i n- pr ogr ess,  and ser vi ce needed] .   
Det ect or  r esponse t i me must  be [ 1. 2 seconds]  or  l ess.

2. 4. 8. 10   Hydr ogen Sul f i de Gas

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  OSHA has est abl i shed a per mi ssi bl e exposur e 
l i mi t  ( PEL)  of  10 ppm.   10- 20 ppm i s t he bor der l i ne 
concent r at i on f or  eye i r r i t at i on.   20 ppm i s t he 
accept abl e cei l i ng concent r at i on est abl i shed by 
OSHA.   50 ppm i s t he accept abl e maxi mum peak above 
t he cei l i ng concent r at i on f or  an 8 hour  shi f t ,  wi t h 
a maxi mum dur at i on of  10 mi nut es.

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

The hydr ogen sul f i de sensor  must  be r at ed f or  cont i nuous moni t or i ng of  t he 
hydr ogen sul f i de l evel  i n t he r ange f r om [ 0]  [ _____]  t o [ 20]  [ 50]  [ 100]  
[ _____]  ppmv wi t h an accur acy of  pl us or  mi nus [ 1]  [ _____]  per cent  of  f ul l  
scal e r eadi ng.    The sensor  r esponse t i me must  be a maxi mum of  [ 30]  
[ _____]  seconds wi t h f ul l  scal e gas appl i ed accor di ng t o I SA 92. 00. 01.  
Repeat abi l i t y  must  be ± 2ppm or  10% of  t he appl i ed gas,  whi chever  i s 
gr eat er .  The sensor  must  have a cal i br at i on,  cal i br at i on check,  and set up 
modes.

2. 4. 8. 11   Oxi des of  Ni t r ogen ( NOx)  Gas

Cont i nuous emi ssi ons moni t or i ng syst ems ( CEMS)  f or  measur i ng NOx must  be 
pr ovi ded wi t h i nst al l ed back- up devi ces.   The CEMS must  compl y wi t h 
40 CFR 60,  Appendi x B,  Per f or mance Speci f i cat i on 3 and t he QA/ QC 
r equi r ement s of  40 CFR 60,  Appendi x F.   Cal cul at i on of  emi ssi on r at es must  
be i n conf or mance wi t h 40 CFR 60,  Appendi x A,  Ref er ence Met hod 19.   
Moni t or  must  be desi gned t o ver i f y compl i ance wi t h st andar ds f or  NOx 
nor mal i zed t o a 3 per cent  oxygen basi s and must  have a r ange of  f r om [ 0]  
[ _____]  t o [ 100]  [ _____]  ppmv.   Sensor  must  be accur at e t o pl us or  mi nus 
[ 5]  [ _____]  ppmv.   Sensor  must  be compl et e wi t h aut omat i c zer o and span 
cal i br at i on usi ng a t i med cal i br at i on gas syst em,  and must  r equi r e no 
per i odi c cal i br at i on.

2. 4. 8. 12   Oxygen Gas

Cont i nuous emi ssi ons moni t or i ng syst ems ( CEMS)  f or  measur i ng O2 must  be 
pr ovi ded wi t h i nst al l ed back- up devi ces.   The CEMS must  compl y wi t h 
40 CFR 60,  Appendi x B,  Per f or mance Speci f i cat i on 2 and t he QA/ QC 
r equi r ement s of  40 CFR 60,  Appendi x F.   Cal cul at i on of  emi ssi on r at es must  
be i n conf or mance wi t h 40 CFR 60,  Appendi x A,  Ref er ence Met hod 19.   Oxygen 
i n ai r  must  be moni t or ed by an oxygen sensor  and el ect r oni c cont r ol l er .  
The oxygen sensor  must  be r at ed f or  cont i nuous moni t or i ng of  t he oxygen 
l evel  i n ai r  i n t he r ange of  [ 0]  [ _____]  t o [ 20]  [ 25]  [ 30]  [ _____]  per cent  
wi t h an accur acy of  pl us or  mi nus [ 1]  [ _____]  per cent  of  f ul l  scal e 
r eadi ng at  const ant  t emper at ur e and pr essur e and pl us or  mi nus [ 5]  per cent  
of  f ul l  scal e r eadi ng over  oper at i ng t emper at ur e r ange.   The sensor  
r esponse t i me must  be [ 90]  [ _____]  per cent  i n a maxi mum of  [ 5]  [ _____]  
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seconds.   The cont r ol l er  must  have aut omat i c zer oi ng and must  r equi r e no 
nor mal  mai nt enance or  per i odi c r ecal i br at i on.

2. 4. 8. 13   Oxygen Di ssol ved

The di ssol ved oxygen sensor  must  pr ovi de cont i nuous measur e of  di ssol ved 
oxygen.   Wet t ed mat er i al s must  be [ st ai nl ess st eel , ]  [ PVC]  or  gl ass.   
Sensor  must  be r at ed f or  cont i nuous use t o a dept h of  [ 15]  [ _____]  m [ 50]  
[ _____]  f eet  and must  be aut omat i cal l y t emper at ur e compensat i ng over  t he 
t emper at ur e r ange.   Sensor  must  be capabl e of  measur i ng di ssol ved oxygen 
l evel  of  f r om [ 0]  [ _____]  t o [ 15]  [ _____]  ppmv.   The sensor  must  have an 
accur acy of  pl us or  mi nus [ 1]  [ _____]  per cent  of  f ul l  scal e r eadi ng,  
r epeat abi l i t y  of  [ ±0. 05]  and r esponse t i me of  [ 25 sec t o 63%]  of  f i nal  
r eadi ng at  25° C 77F.

2. 4. 8. 14   Oxygen Reduct i on Pot ent i al  ( ORP)

The sensor  must  be [ submer si bl e]  [ f l ow- t hr ough]  t ype.   Sensor  must  have a 
r edox pot ent i al  r ange of  pl us or  mi nus [ 500]  [ _____]  mV and must  have an 
accur acy of  pl us or  mi nus [ 1]  per cent  of  sensor  span.   The sensor  must  
aut omat i cal l y compensat e f or  t emper at ur e over  t he t emper at ur e r ange.   The 
sensor  body must  be [ PVC,  CPVC,  Li qui d Cr yst al  Pol ymer  ( LCP)  or  epoxy]  and 
sui t abl e f or  i nst al l at i on i n t he envi r onment .

2. 4. 8. 15   Ozone ( O3)  Gas

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The st andar d i nst r ument  pr ovi des t he r ange 
0- 1, 000 ppmv ( par t s per  mi l l i on by vol ume)  an 
al t er nat e di spl ay of  ozone concent r at i on i s i n 
mi l l i pascal s.

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

Ozone i n ai r  must  be moni t or ed by an ozone gas sensor  and el ect r oni c 
cont r ol l er .   The sensor  must  be capabl e of  det ect i ng ozone i n t he r ange of  
[ 0]  [ _____]  t o [ 1, 000]  [ _____]  ppmv wi t h an accur acy of  pl us or  mi nus [ 1]  
[ _____]  per cent  of  t he f ul l  scal e r eadi ng.   The sensor  r esponse t i me must  
be [ 90]  [ _____]  per cent  i n a maxi mum of  [ 60]  [ _____]  seconds.

2. 4. 8. 16   Ozone ( O3)  i n Wat er

The di ssol ved ozone sensor  must  pr ovi de cont i nuous measur ement  of  
di ssol ved ozone l evel  f r om [ 0]  [ _____]  t o [ 5]  [ _____]  mg/ L.   The sensor  
must  aut omat i cal l y compensat e f or  t emper at ur e over  t he t emper at ur e r ange.   
The sensor  must  have an accur acy of  pl us or  mi nus [ 1]  [ _____]  per cent  of  
t he f ul l  scal e r eadi ng.   [ Syst em must  i ncl ude var i abl e ar ea f l ow met er  and 
needl e val ve t o r egul at e r at e of  sampl e f l ow t hr ough sensor  uni t . ]  [ Sensor  
must  be sui t abl e f or  di r ect  submer si on. ]

2. 4. 8. 17   pH Moni t or i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li mi t  t he r ange t o i mpr ove t he sensi t i v i t y.

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

The sensor  must  be [ submer si bl e]  [ or ]  [ f l ow- t hr ough]  t ype.  [ Sensor  must  be 
a di f f er ent i al  t ype] .  Sensor  must  have a r ange of  [ 1]  [ 4]  [ 5]  [ 5. 5]  
[ _____] .  pH uni t s t o [ 8. 5]  [ 9]  [ 11]  [ 14]  [ _____] .  pH uni t s and must  have 
an accur acy of  pl us or  mi nus [ 0. 1]  [ 0. 01]  [ _____] .  pH uni t .   The sensor  
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must  aut omat i cal l y compensat e f or  t emper at ur e over  t he t emper at ur e 
r ange.    The sensor  body must  be PVC,  CPVC or  epoxy.

2. 4. 8. 18   VOC Det ect or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show sampl i ng poi nt s on t he dr awi ngs.

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

Det ect or  must  be ei t her  phot oi oni zat i on or  Gas Sensi t i ve Semi conduct or  
t ype.   Cont ami nant  and backgr ound concent r at i ons ar e [ as f ol l ows: ]  
[ _____] .  Det ect or  must  be pr ovi ded wi t h a means t o col l ect  r epr esent at i ve 
cont i nuous sampl es and measur e f or  t he pr esence of  vol at i l e or gani c 
compounds ( VOCs) .   Sampl i ng poi nt s ar e as i ndi cat ed on t he dr awi ngs.   The 
syst em must  be pr ovi ded wi t h aut omat ed zer o and cal i br at i on gas syst em as 
wel l  as a [ 4- 20ma]  [ r el ay cont r ol l er ]  out put .

2. 4. 8. 19   Tot al  Di ssol ved Sol i ds ( TDS)

The TDS sensor  must  measur e t he speci f i c  conduct ance usi ng a conduct i v i t y 
sensor ,  di spl ayi ng t he t ot al  di ssol ved sol i ds val ue i n [ mi l l i gr ams per  
l i t er  ( mg/ L)  of  di ssol ved NaCl  equi val ent ]  [ mi cr oohms ( mi cr oSi emens)  per  
cent i met er  ( uS/ cm) ]  and t r ansmi t t i ng an anal og si gnal  f or  r emot e 
pr ocessi ng.   Syst em must  be i ndust r i al  gr ade,  [ cont act i ng] [ t or odi al ]  and 
sui t abl e f or  measur ement  of  conduct i v i t y i n a sol ut i on [ by i nser t i on of  
t he sensi ng el ement  i nt o t he pi pel i ne,  usi ng a hot  t ap assembl y]  
[ i ncl udi ng a var i abl e ar ea f l ow met er  and needl e val ve t o r egul at e r at e of  
sampl e f l ow t hr ough sensor  uni t ] .   Sensor  assembl y must  be sui t abl e f or  
per i odi c r emoval  f or  adj ust ment  and cl eani ng wi t hout  r equi r i ng shut  down 
of  t he pr ocess.    Sensor  must  be sui t abl e f or  r ange of  [ 0]  [ _____]  t o 
[ 10, 000]  [ _____]  [ mi l l i gr ams per  l i t er  ( mg/ L)  of  di ssol ved NaCl  
equi val ent ]  [ mi cr oohms per  cent i met er  ( uS/ cm) ] .   Range must  be f i el d 
ver i f i ed f or  t he appl i cat i on and adj ust ed as r equi r ed.   Sensi ng el ement  
must  be const r uct ed of  [ 316 st ai nl ess st eel ]  [ _____]  and gl ass,  i ncl udi ng 
t emper at ur e el ement ,  and be capabl e of  cont i nuous oper at i on.    Sensi ng 
el ement  must  be unaf f ect ed by col or  i n t he f l ui d,  pr essur e,  and r at e of  
f l ow.   Sensor  must  have aut omat i c t emper at ur e compensat i on and must  
r equi r e no nor mal  mai nt enance or  per i odi c r ecal i br at i on.

2. 4. 8. 20   Wat er  Tur bi di t y

Syst em must  be compl et e and i ncl ude i ndi cat i ng met er ,  sensi ng el ement  and 
a t r ansmi t t er .   Syst em must  be i ndust r i al  gr ade and sui t abl e f or  
measur ement  of  t ur bi di t y by [ i nser t i on of  t he sensi ng el ement  i nt o t he 
pi pel i ne,  usi ng a hot  t ap assembl y]  [ di r ect  submer si on of  t he sensi ng 
el ement  i nt o t he vessel  or  f l ow channel ] .   Sensor  assembl y must  be 
sui t abl e f or  per i odi c r emoval  f or  adj ust ment  and cl eani ng wi t hout  
r equi r i ng shut down of  t he pr ocess.   Sensor  must  be sui t abl e f or  r ange f r om 
[ 0]  [ _____]  t o [ 2]  [ 20]  [ 200]  Nephel omet r i c t ur bi di t y uni t s ( NTU) .    The 
accur acy must  be pl us or  mi nus [ 2]  [ _____]  per cent  of  f ul l  scal e r eadi ng.   
Range must  be f i el d ver i f i ed f or  t he appl i cat i on and adj ust ed as 
r equi r ed.   Sensi ng el ement  must  be const r uct ed of  [ 316 st ai nl ess st eel ]  
[ _____]  and gl ass.   Sensi ng el ement  must  be unaf f ect ed by col or  i n t he 
f l ui d,  pr essur e,  t emper at ur e and r at e of  f l ow.   Sensor  must  have aut omat i c 
zer oi ng and must  r equi r e no nor mal  mai nt enance or  per i odi c r ecal i br at i on.   
Sensor  must  have [ act i ve and]  passi ve ant i - f oul i ng mechani sms.
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2. 4. 9   El ect r i cal  I nst r ument at i on

El ect r i cal  power  measur ement s wi t h a r ange f or  t he speci f i c  appl i cat i on,  
pl us or  mi nus [ 1. 0]  [ _____]  per cent  of  r ange ( di spl ay and pr i nt  t o near est  
kWh and kW) .   El ect r i cal  measur ement s wi t h a r ange f or  t he speci f i c  
appl i cat i on pl us or  mi nus [ 1. 0]  [ _____]  per cent  of  r ange ( di spl ay and 
pr i nt  t o near est  [ 0. 1]  [ _____]  f or  vol t s and amper es,  and t o t he near est  
[ 0. 01]

2. 4. 9. 1   Hour  Met er

Hour  met er  must  pr ovi de a t ot al i zed r eadout  of  t he number  of  hour s of  
oper at i on f or  t he equi pment  moni t or ed.   Met er  must  pr ovi de r eadout  wi t h a 
mi ni mum of  [ 5]  [ 6]  [ 7]  di gi t s i ncl udi ng [ 1]  [ _____]  deci mal  pl aces.   The 
di spl ay must  be non- r eset t abl e.   The met er  must  be dr i ven by a [ 24]  [ 120]  
[ 240]  VAC synchr onous mot or .

2. 4. 9. 2   Wat t - Hour  Met er

Wat t - hour  met er s must  be i n accor dance wi t h Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC.

2. 4. 10   Li mi t  Swi t ch

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See NEMA I CS 5 Par t  9 f or  appl i cat i on 
gui del i nes.  To i ncr ease t he number  of  oper at i ons 
dur i ng t he l i f e of  t he cont act ,  sel ect  cont act s wi t h 
make and br eak val ues much hi gher  t han t hose appl i ed

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

Li mi t  swi t ch must  be [ r ot ar y/ l ever ]  [ i nduct i on/ pr oxi mi t y]  t ype,  cont act s 
must  be heavy dut y and r at ed A600 or  N600.   Encl osur e must  be met al .   The 
act uat i ng head must  var y based upon t he appl i cat i on.

2. 4. 11   Absol ut e Rot ar y Encoder

The absol ut e r ot ar y encoder  must  r et ai n t he count  upon l oss of  power  
wi t hout  use of  bat t er y or  al t er nat e power  sour ce.  The encoder  must  
i ncr ease t he count  when t ur ni ng i n t he di r ect i on whi ch causes [ t he gat e t o 
r ai se]  [ _____]  and must  decr ease t he count  i n t he opposi t e di r ect i on.  The 
encoder  must  be capabl e of  count i ng at  l east  [ 4, 096]  dat a poi nt s per  
r evol ut i on and [ count i ng [ 4096]  r evol ut i ons. ] [ t r acki ng t he f ul l  r ange of  
oper at i on. ]  The out put  s i gnal  must  be [ synchr onous ser i al  i nt er f ace 
( SSI ) ] [ Common I ndust r i al  Pr ot ocol  ( CI P) ]  [ _____] .   Dr aw wi r e st r i ng 
encoder  t ype of  absol ut e r ot ar y enconder  must  not  be used i n out door  
set t i ngs.

2. 4. 12   Li near  Di spl acement  Posi t i on Sensor

The l i near  di spl acement  posi t i on sensor  must  be a magnet ost r i ct i ve 
posi t i on sensor  capabl e of  0. 02% accur acy or  bet t er  al ong t he ent i r e 
hydr aul i c cyl i nder  st r oke l engt h.  The sensor  mmust  measur e t he f ul l  st r oke 
of  t he hydr aul i c cyl i nder .  The sensor  must  be capabl e of  4- 20mA anal og 
out put  wi t h an updat e cycl e of  at  most  10ms.   The sensor  modul e and r od 
must  meet  I P 67 st andar ds.   The sensor  must  mount  t o t he hydr aul i c 
cyl i nder  by t hr eaded f l ange and be const r uct ed t o i nt egr at e wi t h t he 
hydr aul i c cyl i nder .
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2. 4. 13   Emer gency St op

Emer gency st op pushbut t on must  have r ed mushr oom act uat or  and yel l ow 
backgr ound.  Act uat or  must  be sel f - l at chi ng and manual l y r eset .  Pr ovi de 
cont act s t hat  ar e NEMA I CS A600 and di r ect l y opened.   Pushbut t on must  meet  
NFPA 79 SECTI ON 10. 7.

2. 5   COMPRESSED AI R STATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  I f  t he pr ocess cont r ol  syst em does not  ut i l i ze 
pneumat i c devi ces,  t he ai r  compr essor  and 
accessor i es shoul d be del et ed.

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

Submi t  i nst r ument at i on compr essed- ai r  st at i on schemat i c di agr am showi ng 
equi pment  ut i l i zed,  i ncl udi ng compr essor  wi t h mot or  out put  and vol t age;  
st ar t er ;  i sol at or s;  manual  bypasses;  t ubi ng si zes;  dr ai n pi pi ng and dr ai n 
t r aps;  r educi ng val ves;  ai r - dr yer ;  and dat a on manuf act ur er ' s names and 
model  number s,  mount i ng,  access,  and cl ear ance r equi r ement s.   I ncl ude i n 
t he ai r - compr essor  and ai r - dr yer  dat a cal cul at i ons of  t he ai r  consumpt i on 
of  pneumat i c cont r ol  val ves and of  ot her  pr ocess cont r ol  syst em devi ces t o 
be connect ed t o t he compr essed- ai r  st at i on;  t he number  of  st ar t s per  hour ,  
t he r unni ng t i me f or  t he uni t  sel ect ed;  and t he compr essed ai r - suppl y 
dewpoi nt  t emper at ur e at  552 kPa 80 psi g.

2. 5. 1   Ai r  Compr essor  Assembl y

The ai r  compr essor  must  be a hi gh- pr essur e compr essi ng uni t  wi t h el ect r i c 
mot or .   The compr essor  must  be equi pped wi t h a mot or  wi t h t ot al l y encl osed 
bel t  guar d,  an oper at i ng- pr essur e swi t ch,  saf et y r el i ef  val ves,  gauges,  
i nt ake f i l t er  and i nt ake si l encer  and combi nat i on t ype magnet i c st ar t er  
wi t h under  vol t age pr ot ect i on and t her mal  over l oad pr ot ect i on f or  each 
phase,  and must  be suppor t ed by a st eel  base mount ed on an ai r  st or age 
t ank.   The ai r  compr essor  must  pr ovi de t he compr essed ai r  r equi r ed f or  
cont r ol  oper at i on whi l e oper at i ng not  mor e t han one- t hi r d of  t he t i me.   
The t ank must  be of  suf f i c i ent  vol ume so t hat  no mor e t han si x compr essor  
st ar t s per  hour  ar e r equi r ed wi t h t he st ar t i ng pr essur e swi t ch 
di f f er ent i al  set  at  140 kPa 20 psi  gage.   The ai r  st or age t ank must  be 
f abr i cat ed f or  a wor ki ng pr essur e of  not  l ess t han 1380 kPa 200 psi  gage 
and const r uct ed and cer t i f i ed i n accor dance wi t h ASME BPVC SEC VI I I  D1.    
The t ank must  be pr ovi ded wi t h an aut omat i c condensat e dr ai n t r ap wi t h 
manual  over r i de f eat ur e.   [ A second ( dupl ex ar r angement )  compr essor  of  
capaci t y equal  t o t he pr i mar y compr essor  must  be pr ovi ded,  wi t h 
i nt er l ocked cont r ol  t o pr ovi de aut omat i c changeover  upon mal f unct i on or  
f ai l ur e of  ei t her  compr essor .   A manual  sel ect or  swi t ch must  be pr ovi ded 
t o i ndex t he l ead compr essor  i ncl udi ng t he aut omat i c changeover . ]

2. 5. 2   Compr essed Ai r  St at i on Speci al t i es

2. 5. 2. 1   Ref r i ger at ed Dr yer ,  Fi l t er s and Pr essur e Regul at or

A r ef r i ger at ed dr yer  must  be pr ovi ded i n t he ai r  out l et  l i ne of  t he ai r  
st or age t ank.   The dr yer  must  be of  t he s i ze r equi r ed f or  t he f ul l  
del i ver y capaci t y of  t he compr essor .   The ai r  must  be dr i ed at  a pr essur e 
of  not  l ess t han 483 kPa 70 psi  gage t o a t emper at ur e not  gr eat er  t han 2 
degr ees C 35 degr ees F.   The dr yer  must  be pr ovi ded wi t h an aut omat i c 
condensat e dr ai n t r ap wi t h manual  over r i de f eat ur e.   The r ef r i ger ant  used 
i n t he dr yer  must  be one of  t he f l uor ocar bon gases.   A 5 mi cr on pr ef i l t er  
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and coal esci ng- t ype oi l  r emoval  f i l t er  wi t h shut - of f  val ves must  be 
pr ovi ded i n t he dr yer  di schar ge.   Each f i l t er  bowl  must  be r at ed f or  1034 
kPa 150 psi  gage maxi mum wor ki ng pr essur e.   A pr essur e r egul at or  wi t h hi gh 
si de and l ow si de pr essur e gauges and a saf et y val ve must  be pr ovi ded 
downst r eam of  t he f i l t er .   Pr essur e r egul at or s of  t he r el i evi ng t ype must  
not  be used.

2. 5. 2. 2   Coal esci ng Fi l t er

A coal esci ng pr ef i l t er ,  t oget her  wi t h an aut omat i c dr ai n val ve,  must  be 
pr ovi ded f or  r emoval  of  l i qui ds.   The f l ow t hr ough t he pr ef i l t er  must  be 
f r om i nsi de t o out si de and r educe an ent r ai ned quant i t y of  50 ppmv oi l  t o 
0. 0013 ppmv ef f l uent  l i qui d oi l  and wat er  and r emove al l  par t i cul at es 
gr eat er  t han 0. 6 mi cr on absol ut e.   The pr ef i l t er  housi ng ( bowl )  must  be 
f i t t ed wi t h a dr ai n por t  t o el i mi nat e col l ect ed l i qui ds and pr ovi de 
suf f i c i ent  sump vol ume t o pr event  l i qui d r e- ent r ai nment ,  and an aut omat i c 
dr ai n val ve wi t h adj ust abl e cycl e and dr ai n t i mes.   Pr ef i l t er  pr essur e 
dr op must  be l ess t han 21 kPa 3 psi  sat ur at ed.   A par t i cul at e af t er  
f i l t er ,  out s i de t o i nsi de f l ow,  desi gned t o r emove desi ccant  f i nes must  be 
pr ovi ded.   The af t er  f i l t er  car t r i dge must  have a par t i cul at e r emoval  
r at i ng of  0. 5 mi cr on absol ut e.   Bot h pr ef i l t er  and af t er  f i l t er  housi ngs 
must  al l ow f or  ser vi ce of  el ement s wi t hout  r emovi ng t he ent i r e assembl y 
f r om t he syst em.   Fi l t er  l i f e must  be st at ed and guar ant eed by t he vendor .

2. 5. 2. 3   Fl exi bl e Pi pe Connect i ons

The f l exi bl e pi pe connect or s must  be desi gned f or  1034 kPa 150 psi  gage 
and 121 degr ees C 250 degr ees F ser vi ce and must  be const r uct ed of  r ubber ,  
pol yt et r af l uor oet hyl ene ( PTFE)  r esi n or  br ai ded cor r osi on- r esi st ant  st eel ,  
br onze,  monel  or  gal vani zed st eel .   The connect or s must  be sui t abl e f or  
t he ser vi ce i nt ended and may have t hr eaded or  sol der ed ends.   The l engt h 
of  t he connect or s must  be as r ecommended by t he manuf act ur er  f or  t he 
ser vi ce i nt ended.

2. 5. 2. 4   Vi br at i on I sol at i on Uni t s

The vi br at i on i sol at i on uni t s must  be st andar d pr oduct s wi t h publ i shed 
l oadi ng r at i ngs and must  be si ngl e r ubber - i n- shear ,  doubl e r ubber - i n- shear  
or  spr i ng t ype.

2. 5. 2. 5   Compr essed Ai r  Pi pi ng

Cont r ol  ai r  del i ver ed t o t he syst em must  conf or m t o I SA 7. 0. 01.   Ai r  l i nes 
f or  pneumat i c cont r ol s must  be seaml ess copper  t ubi ng or  nonmet al l i c  
t ubi ng.   Nonmet al l i c  t ubi ng must  be compounded f r om pol yet hyl ene.   Ai r  
l i nes conceal ed i n wal l s must  be har d- dr awn copper  t ubi ng or  nonmet al l i c  
t ubi ng i n r i gi d condui t .   Ter mi nal  s i ngl e l i nes must  be har d- dr awn copper  
t ubi ng except  when t he r un i s l ess t han 300 mm 12 i nches i n l engt h,  
f l exi bl e pol yet hyl ene may be used.   Nonmet al l i c  t ubi ng wi l l  not  be used 
f or  appl i cat i ons wher e t he t ubi ng coul d be subj ect ed t o a t emper at ur e 
exceedi ng 55 degr ees C 130 degr ees F.  Fi t t i ngs f or  nonmet al l i c  t ubi ng must  
be f or  i nst r ument  ser vi ce and may be br ass or  acet yl  r esi n of  t he 
compr essi on or  bar bed push- on t ype.  Tubi ng must  be as f ol l ows:

a.   Copper  t ubi ng must  conf or m t o ASTM B88M ASTM B88 and must  have sweat  
f i t t i ngs and val ves. Exposed t ubi ng must  be har d dr awn i n exposed ar eas 
and har d- dr awn or  anneal ed i n conceal ed ar eas.   Onl y t ool  made bends 
must  be used.   Fi t t i ngs f or  copper  t ubi ng must  be br ass or  copper  
sol der  j oi nt  t ype except  at  connect i ons t o t he appar at us,  wher e 
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f i t t i ngs must  be br ass compr essi on t ype.   Gr ooved mechani cal  j oi nt s 
and f i t t i ngs must  be desi gned f or  not  l ess t han 862 kPa 125 psi g 
ser vi ce and must  be t he pr oduct  of  t he same manuf act ur er .   Gr ooved 
f i t t i ngs and mechani cal  coupl i ng housi ng must  be duct i l e conf or mi ng t o 
ASTM A536.   Gasket s f or  use i n gr ooved j oi nt s must  be mol ded synt het i c 
pol ymer  of  pr essur e r esponsi ve desi gn and must  conf or m t o ASTM D2000 
f or  c i r cul at i ng medi um up t o 110 degr ees C 230 degr ees F.   Gr ooved 
j oi nt s must  conf or m t o AWWA C606.   Tubi ng must  be r ack mount ed wher e 
mul t i pl e t ubes r un i n par al l el .   Mul t i pl e t ubes may be bundl ed when 
conceal ed.

b.   Tubi ng must  be f l ame r esi st ant ,  mul t i pl e pol yet hyl ene t ubi ng i n an 
ext r uded PVC pr ot ect i ve sheat h,  or  unsheat hed pol yet hyl ene t ubi ng i n 
r i gi d met al ,  i nt er medi at e met al ,  or  el ect r i cal  met al l i c  t ubi ng condui t  
f or  ar eas wher e t ubi ng i s exposed.   Tubi ng must  have bar bed f i t t i ngs 
and val ves,  and must  conf or m t o t he f ol l owi ng:   Bur st  pr essur e must  be 
3. 8 MPa 550 psi  gage at  24 degr ees C 75 degr ees F t o 1. 2 MPa 175 psi  
gage at  66 degr ees C 150 degr ees F,  mi ni mum.   St r ess cr ack r esi st ance 
i n accor dance wi t h ASTM D1693 must  be 200 hour s,  mi ni mum.   Tensi l e 
st r engt h i n accor dance wi t h ASTM D638 must  be 14 MPa 2000 psi ,  
mi ni mum.   Aver age densi t y i n accor dance wi t h ASTM D792 must  be 920 
kg/ m3.   Aver age f l ow r at e i n accor dance wi t h ASTM D1238 must  be 0. 30 
deci gr am per  mi nut e.

c.   Pl ast i c t ubi ng must  have t he bur ni ng char act er i st i cs of  l i near  l ow 
densi t y pol yet hyl ene t ubi ng,  must  be sel f  ext i ngui shi ng when t est ed i n 
accor dance wi t h ASTM D635,  must  have UL 94 V- 2 f l ammabi l i t y  
c l assi f i cat i on,  and must  wi t hst and st r ess cr acki ng when t est ed i n 
accor dance wi t h ASTM D1693.   Pol yet hyl ene t ubi ng must  not  be used f or  
smoke r emoval  syst ems.

2. 5. 3   Bar r i er  Jacket

Pr ovi de pl ast i c t ubi ng bundl es myl ar  bar r i er  and f l ame r et ar dant  
pol yet hyl ene j acket .   Each t ube must  be number ed.

2. 6   PROGRAMMABLE LOGI C CONTROLLER ( PLC)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Typi cal l y,  ei t her  modul ar  or  l oop t ype PLCs
wi l l  be used t hr oughout  t he pr ocess cont r ol  syst em.   
The desi gner  must  det er mi ne whi ch i s best  sui t ed f or  
t he appl i cat i on and del et e t he par agr aph per t ai ni ng 
t o t he t ype t hat  wi l l  not  be used.   I f  i t  i s  
det er mi ned t hat  t he use of  bot h t ypes i s necessar y,  
t he dr awi ngs wi l l  i ndi cat e wher e each t ype wi l l  be 
used and bot h t ypes wi l l  be i ncl uded i n t he edi t ed 
speci f i cat i on.

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

2. 6. 1   PLC Gener al  Requi r ement s

 PLCs must  be mi cr o- pr ocessor  based,  capabl e of  r ecei v i ng bi nar y and 
anal og i nput s and,  t hr ough pr ogr ammi ng,  must  be abl e t o cont r ol  bi nar y and 
anal og out put  f unct i ons,  per f or m dat a handl i ng oper at i ons and communi cat e 
wi t h ext er nal  devi ces.   PLCs must  meet  t he r equi r ement s of  Cl ass A 
comput i ng devi ces,  and must  be l abel ed as set  f or t h i n 47 CFR 15 and must  
be abl e t o wi t hst and conduct ed suscept i bi l i t y  t est  as out l i ned i n 
NEMA I CS 1,  NEMA I CS 2,  NEMA I CS 3,  [ and]  [ or ]  I EEE C37. 90. 1.   PLCs must  
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f unct i on pr oper l y at  t emper at ur es bet ween 0 and 50 degr ees C 32 and 122 
degr ees F at  5 t o 95 per cent  r el at i ve humi di t y non- condensi ng and must  
t ol er at e st or age t emper at ur es bet ween mi nus 40 and pl us 60 degr ees C 40 
and pl us 140 degr ees F at  5 t o 95 per cent  r el at i ve humi di t y non- condensi ng.

2. 6. 2   Modul ar  PLC

PLCs must  be based on a modul ar ,  f i el d expandabl e desi gn al l owi ng t he 
syst em t o be t ai l or ed t o t he pr ocess cont r ol  appl i cat i on.   The syst em must  
be expandabl e t hr ough t he use of  addi t i onal  har dwar e and/ or  user  
sof t war e.   As a mi ni mum,  t he PLC must  i ncl ude a mount i ng backpl ane,  power  
suppl y modul e,  cent r al  pr ocessi ng uni t  ( CPU)  modul e,  communi cat i ons 
modul e,  and i nput / out put  ( I / O)  modul e.   The modul es must  be gr ouped 
t oget her  i n a mount i ng r ack or  cabi net .   The mount i ng r ack backpl ane must  
pr ovi de t he communi cat i ons mechani sm t o f ul l y  i nt egr at e t he i ndi v i dual  
modul es l ocat ed wi t hi n t he r ack.   Modul es ot her  t han I / O modul es must  pl ug 
di r ect l y i nt o t he backpl ane.   The use of  wi r e connect or s bet ween modul es 
wi l l  not  be al l owed except  f or  expansi on of  t he syst em t o i ncl ude mul t i pl e 
backpl anes.   The r ack s i ze must  be as needed t o hol d t he equi pment  
necessar y whi l e per f or mi ng t he r equi r ed cont r ol  f unct i ons.   [ The syst em 
conf i gur at i on must  al l ow f or  t he r emoval  and/ or  i nst al l at i on of  modul es 
under  power . ]

2. 6. 2. 1   Cent r al  Pr ocessi ng Uni t  ( CPU)  Modul e

The CPU modul e must  be a sel f  cont ai ned,  mi cr opr ocessor  based uni t  t hat  
pr ovi des t i me of  day,  scanni ng,  appl i cat i on  pr ogr am execut i on,  st or age of  
appl i cat i on pr ogr ams,  st or age of  numer i cal  val ues r el at ed t o t he 
appl i cat i on pr ocess and l ogi c,  I / O bus t r af f i c  cont r ol ,  per i pher al  and 
ext er nal  devi ce communi cat i ons and sel f  di agnost i cs.   The scan t i me must  
be [ 250 mi l l i seconds]  or  bet t er  i ncl udi ng spar e I / O channel s.

2. 6. 2. 2   Communi cat i ons Modul e

The communi cat i ons modul e must  al l ow peer - t o- peer  communi cat i on wi t h ot her  
PLCs and must  al l ow t he PLC t o communi cat e wi t h t he cent r al  st at i on,  or  
wor kst at i on.   The communi cat i on modul e must  ut i l i ze t he manuf act ur er ' s 
st andar d communi cat i on ar chi t ect ur e and pr ot ocol ,  et her net  ar chi t ect ur e 
and pr ot ocol  or  a combi nat i on of  t hese.   The communi cat i on modul e must  
al l ow pr ogr ammi ng of  t he PLC t o be done l ocal l y t hr ough t he use of  a 
l apt op comput er [  or  f r om t he cent r al  st at i on or  r emot e wor kst at i on] .

2. 6. 2. 3   Power  Suppl y Modul e

One or  mor e power  suppl y modul es must  be pr ovi ded as necessar y t o power  
ot her  modul es i nst al l ed i n t he same cabi net .   Power  suppl y modul es must  
pl ug di r ect l y i nt o t he backpl ane.   Auxi l i ar y power  suppl i es may be used t o 
suppl y power  t o r emot e cabi net s or  modul es.

a.   Power  suppl y modul es must  use [ AC]  [ DC]  power  wi t h a nomi nal  vol t age 
of  [ 120 VAC]  [ 220 VAC]  [ 24 VDC]  [ 48 VDC]  [ 125VDC]  pl us or  mi nus 5 
per cent .   The power  suppl y modul e must  moni t or  t he i ncomi ng l i ne 
vol t age l evel  and must  pr ovi de over  cur r ent  and over  vol t age 
pr ot ect i on.   I f  t he vol t age l evel  i s  det ect ed as bei ng out  of  r ange 
t he power  suppl y modul e must  cont i nue t o pr ovi de power  f or  an adequat e 
amount  of  t i me t o al l ow f or  a saf e and or der l y shut down.   Power  suppl y 
modul es must  be capabl e of  wi t hst andi ng a power  l oss f or  a mi ni mum of  
20 mi l l i seconds whi l e st i l l  r emai ni ng i n oper at i on and pr ovi di ng 
adequat e power  t o al l  connect ed modul es.
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b.   Each power  suppl y modul e must  be pr ovi ded wi t h an on- of f  swi t ch 
i nt egr al  t o t he modul e.   I f  t he manuf act ur er ' s st andar d power  suppl y 
modul e i s not  pr ovi ded wi t h an on- of f  swi t ch,  a mi ni at ur e t oggl e t ype 
swi t ch must  be i nst al l ed near  t he PLC and must  be cl ear l y l abel ed as 
t o i t s f unct i on. .

c.   Pr ovi de power  suppl y modul es wi t h an i ndi cat i ng l i ght  whi ch must  be 
l i t  when t he modul e i s oper at i ng pr oper l y.

2. 6. 2. 4   I nput / Out put  ( I / O)  Modul es

Modul es must  be sel f  cont ai ned,  mi cr opr ocessor  based uni t s t hat  pr ovi de an 
i nt er f ace t o f i el d devi ces. [ The modul es must  be l ocat ed i n t he same 
cabi net  as t he ot her  PLC component s. ]   Each modul e must  cont ai n v i sual  
i ndi cat i on t o di spl ay t he on- of f  st at us of  i ndi v i dual  i nput s or  out put s.   
Each I / O must  be pr ot ect ed agai nst  r ever sal  of  pol ar i t y of  t he s i gnal .   
Anal og i nput s and anal og out put s must  have ' open,  shor t  and out  of  r ange 
ci r cui t '  det ect i on.   I t  must  be conf i gur abl e per  channel .

2. 6. 3   Loop PLC

PLCs must  be si ngl e or  mul t i pl e l oop cont r ol l er s dependi ng on t he pr ocess 
cont r ol  syst em r equi r ement s.   Cont r ol l er s must  be sel f  cont ai ned and must  
i ncl ude a cent r al  pr ocessi ng uni t  ( CPU) ,  pr ogr am memor y,  power  suppl y,  
i nput / out put  capabi l i t y ,  [ net wor k communi cat i ons capabi l i t y ]  and 
di spl ay/ keyboar d.   The cont r ol l er  must  have a scal eabl e pr ocess var i abl e 
f or  each l oop.   Cont r ol l er  must  have pr opor t i onal ,  i nt egr al  and der i vat i ve 
( PI D)  cont r ol  l ogi c.   Anal og out put s must  be conf i gur ed as di r ect  act i ng 
or  r ever se act i ng.   The cont r ol l er  must  have keyboar d,  di spl ay,  
aut o/ manual  sel ect i on f or  cont r ol  of  each l oop out put ,  r emot e set poi nt ,  
adj ust ment / l ocal  set poi nt  adj ust ment  sel ect i on wi t h adj ust abl e hi gh- end 
and l ow- end l i mi t s,  r at i o and bi as adj ust ment  on r emot e set poi nt  i nput ,  
[ oper at or - i ni t i at ed sel f - t une/ manual - t une sel ect i on]  [ and ant i - r eset  
wi nd- up f eat ur e] .   Cont r ol l er  must  power  anal og out put  l oops t o 20 mAdc 
when connect ed t o a l oad of  600 ohms.

2. 6. 3. 1   Cent r al  Pr ocessi ng Uni t  ( CPU)

The cent r al  pr ocessi ng uni t  must  be mi cr opr ocessor  based and must  pr ovi de 
t i me of  day,  scanni ng,  appl i cat i on pr ogr am ( l adder  r ung l ogi c)  execut i on,  
st or age of  appl i cat i on pr ogr ams,  st or age of  numer i cal  val ues r el at ed t o 
t he appl i cat i ons pr ocess and l ogi c,  I / O bus t r af f i c  cont r ol ,  per i pher al  
and ext er nal  devi ce communi cat i ons and sel f  di agnost i cs.

2. 6. 3. 2   Power  Requi r ement s

Each cont r ol l er  must  be power ed by [ AC]  [ DC]  power  wi t h a nomi nal  vol t age 
of  [ 120 VAC]  [ 220 VAC]  [ 24 VDC]  [ 48 VDC]  [ 125VDC] .   Power  consumpt i on must  
not  exceed 25 wat t s.   Cont r ol l er  must  pr ovi de el ect r i cal  noi se i sol at i on 
bet ween t he AC power  l i ne and t he pr ocess var i abl e i nput s,  r emot e set poi nt  
i nput s and out put  s i gnal s of  not  l ess t han 100 dB at  60 Her t z common mode 
r ej ect i on r at i on and not  l ess t han 60 dB at  60 her t z nor mal - mode r ej ect i on 
r at i on.

2. 6. 3. 3   On- Of f  Swi t ch

Each cont r ol l er  must  be pr ovi ded wi t h an i nt egr al  on- of f  swi t ch.   I f  t he 
cont r ol l er  i s  not  pr ovi ded wi t h a manuf act ur er s st andar d on- of f  swi t ch,  a 
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mi ni at ur e t oggl e t ype swi t ch must  be i nst al l ed near  t he cont r ol l er  and 
must  be cl ear l y l abel ed as t o i t s f unct i on.

2. 6. 3. 4   Par amet er  I nput  and Di spl ay

Ent er  and di spl ay cont r ol  par amet er s di r ect l y,  i n t he cor r ect  engi neer i ng 
uni t s,  t hr ough a ser i es of  keyst r okes on a f r ont  panel  di spl ay wi t h 
deci mal  poi nt  and pol ar i t y i ndi cat i on.   Pr ovi de di spl ay [ i n met r i c Engl i sh 
uni t s]  [ i n met r i c or  Engl i sh uni t s as sel ect ed by t he oper at or ] .

[ 2. 6. 3. 5   Sel f  Tuni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he pr ocess cont r ol  syst em does not  
ut i l i zeAnal og cont r ol ,  or  i f  sel f  t uni ng i s not  
needed del et e t hi s br acket ed sect i on as i t  l i mi t s 
t he number  of  vendor s.

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

Pr ovi de cont r ol l er s wi t h sel f - t uni ng oper at i on whi ch appl i es t o 
pr opor t i onal ,  i nt egr al  and der i vat i ve modes of  cont r ol  and modi f y t he mode 
const ant s as r equi r ed.   Sel f - t uni ng must  onl y be i n oper at i on when 
sel ect ed f r om t he f r ont  panel .

] 2. 6. 3. 6   Manual  Tuni ng

Cont r ol l er s must  be pr ovi ded wi t h manual  t uni ng oper at i on whi ch must  appl y 
t o pr opor t i onal ,  i nt egr al  and der i vat i ve modes of  cont r ol ,  by means of  
i ndi v i dual l y adj ust abl e mode const ant s.   These adj ust ment s must  be set  f or  
t he appr opr i at e val ue i f  a par t i cul ar  cont r ol  mode act i on i s r equi r ed or  
t o zer o i f  t hat  par t i cul ar  mode i s not  desi r ed.   The pr opor t i onal  mode 
const ant  must  be adj ust abl e f r om 0 t o 200 per cent  of  t he i nput  s i gnal  
r ange.   The i nt egr al  mode const ant  must  be adj ust abl e f r om 0 t o 20 r epeat s 
per  mi nut e.   The der i vat i ve mode const ant  must  be adj ust abl e f r om 0 t o [ 5]  
[ ____]  mi nut es.  

2. 6. 4   Pr ogr am St or age/ Memor y Requi r ement s

The CPU must  ut i l i ze t he manuf act ur er ' s st andar d non- vol at i l e memor y f or  
t he oper at i ng syst em.   The cont r ol l er  must  have el ect r oni cal l y [ r eadabl e 
and wr i t eabl e non vol at i l e memor y ( EPROM,  EEPROM,  or  Fl ash PROM) ]  [ bat t er y 
backup vol at i l e memor y.   Must  be possi bl e t o change bat t er y wi t h power  on]  
f or  st or age of  user  pr ogr ams.   The user  pr ogr ams must  be l oaded t hr ough 
t he cont r ol l er  keypad,  cent r al  st at i on or  t hr ough t he use of  a l apt op 
comput er .   The CPU memor y capaci t y must  be based on t he syst em' s cont r ol  
r equi r ement s.   The memor y capaci t y must  be si zed such t hat ,  when t he 
syst em i s compl et el y pr ogr ammed and f unct i onal ,  no mor e t han 50 per cent  of  
t he memor y al l ocat ed f or  t hese pur poses i s used.

2. 6. 5   I nput / Out put  Char act er i st i cs

Each cont r ol l er  must  al l ow f or  anal og i nput ,  anal og out put ,  bi nar y i nput  
and bi nar y out put .   The number  and t ype of  i nput s and out put s f or  t he 
syst em must  be as shown on t he dr awi ngs and must  compl y wi t h t he sequence 
of  cont r ol .   The syst em capaci t y must  i ncl ude a mi ni mum of  20 per cent  
spar e i nput  and out put  poi nt s ( no l ess t han t wo poi nt s)  f or  each poi nt  
t ype pr ovi ded.   Dur i ng nor mal  oper at i on,  a mal f unct i on i n any i nput / out put  
channel  must  af f ect  t he oper at i on of  t hat  channel  onl y and must  not  af f ect  
t he oper at i on of  t he CPU or  any ot her  channel .   Al l  i nput  c i r cui t s must  
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have a mi ni mum opt i cal  i sol at i on of  1500 VRMS and must  be f i l t er ed t o 
guar d agai nst  hi gh vol t age t r ansi ent s f r om t he ext er nal l y connect ed 
devi ces.   Al l  out put  c i r cui t s must  have a mi ni mum opt i cal  i sol at i on of  
1500 VRMS and must  be f i l t er ed t o guar d agai nst  hi gh vol t age t r ansi ent s 
f r om t he ext er nal l y connect ed devi ces.

2. 6. 5. 1   Anal ong I nput s

Anal og i nput  c i r cui t s must  be avai l abl e i n [ +/ - 10V]  [ +/ - 5V]  [ 0- 10V]  [ 0- 5V]  
[ 4- 20 mA] .

2. 6. 5. 2   Bi nar y I nput s

Bi nar y i nput  c i r cui t s must  be avai l abl e i n [ 5 vol t  TTL]  [ 10- 30 VDC]
[ 18- 26 VDC]  [ 79- 132VDC]  [ 79- 132 VAC] .

2. 6. 5. 3   Anal og Out put s

Anal og out put  c i r cui t s must  be avai l abl e i n [ +/ - 10V]  [ 4- 20 mA] .

2. 6. 5. 4   Bi nar y Out put s

Bi nar y out put  c i r cui t s must  be avai l abl e i n [ 5 vol t  TTL]  [ 10- 30 VDC]  
[ 18- 26 VDC]  [ 79- 132 VAC] .

2. 6. 5. 5   Pul se I nput s

Pul se i nput s must  be abl e t o det ect  a pul se of  [ x mi l l i seconds]  or  l ess.

2. 6. 6   Wi r i ng Connect i ons

Wi r i ng connect i ons must  be heavy dut y,  sel f  l i f t i ng,  pr essur e t ype scr ew 
t er mi nal s t o pr ovi de easy wi r e i nser t i on and secur e connect i ons.   The 
t er mi nal s must  accept  t wo #14 AWG wi r es.   A hi nged pr ot ect i ve cover  must  
be pr ovi ded over  t he wi r i ng connect i ons.   The cover  must  have wr i t e- on 
ar eas f or  i dent i f i cat i on of  t he ext er nal  c i r cui t s.

2. 6. 7   On- Of f  Swi t ch

Each cont r ol l er  must  be pr ovi ded wi t h an i nt egr al  on- of f  power  swi t ch.   I f  
t he cont r ol l er  i s  not  pr ovi ded wi t h a manuf act ur er ' s st andar d on- of f  
swi t ch,  a mi ni at ur e t oggl e t ype swi t ch must  be i nst al l ed i n t he cont r ol  
panel  near  t he cont r ol l er  and must  be cl ear l y l abel ed as t o i t s f unct i on.

2. 6. 8   Di agnost i cs

Each PLC must  have di agnost i c r out i nes i mpl ement ed i n f i r mwar e.   The CPU 
must  cont i nuousl y per f or m sel f - di agnost i c r out i nes t hat  wi l l  pr ovi de 
i nf or mat i on on t he conf i gur at i on and st at us of  t he CPU,  memor y,  
communi cat i ons and i nput / out put .   The di agnost i c r out i nes must  be 
r egul ar l y per f or med dur i ng nor mal  syst em oper at i on.   A por t i on of  t he scan 
t i me of  t he cont r ol l er  must  be dedi cat ed t o per f or mi ng t hese housekeepi ng 
f unct i ons.   I n addi t i on,  a mor e ext ensi ve di agnost i c r out i ne must  be 
per f or med at  power  up and dur i ng nor mal  syst em shut down.   The CPU must  l og 
i nput / out put  and syst em f aul t s i n f aul t  t abl es whi ch must  be accessi bl e 
f or  di spl ay.   When a f aul t  af f ect s i nput / out put  or  communi cat i ons modul es 
t he CPU must  shut  down onl y t he har dwar e af f ect ed and cont i nue oper at i on 
by ut i l i z i ng t he heal t hy syst em component s.   Al l  f aul t s must  be 
annunci at ed at  [ t he PLC]  [ and]  [ t he cent r al  st at i on] .   Di agnost i c sof t war e 
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must  be useabl e i n conj unct i on wi t h t he por t abl e t est er .   The f ol l owi ng 
di agnost i cs must  be per f or med:

a.   Anal ong I nput s:   Sensor  out  of  r ange,  open or  shor t ed l oop,  
anal og- t o- di gi t al  conver t er  check

b.   Anal og Out put s:   Open or  shor t ed l oop

c.   Conf i gur at i on:   Check compat i bi l i t y  and avai l abi l i t y  of  sel ect ed I / O 
har dwar e and sof t war e

d.   Memor y:   Checksum,  par i t y check End- t o End CPU memor y

2. 6. 9   Accur acy

Pr ovi de cont r ol l er s wi t h an accur acy of  pl us or  mi nus [ 0. 25]  per cent  of  
i nput  span.

[ 2. 6. 10   Pr i mar y/ Secondar y PLC

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det er mi ne i f  t he syst em i s cr i t i cal  enough t o 
r equi r e a Pr i mar y/ Secondar y PLC ar r angement .   Thi s 
i s a s i gni f i cant  cost  addi t i on and makes t he syst em 
mor e compl ex.

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

The Pr i mar y/ Secondar y PLCs must  have  r edundancy  bui l t  i nt o t he pr ocess 
cont r ol  syst em by havi ng t wo syst ems ( power  suppl y and CPU)  ei t her  of  
whi ch  i s  capabl e of  cont r ol l i ng t he syst em.     Dat a must  be t r ansf er r ed 
f r om t he pr i mar y pr ocessor  t o t he secondar y pr ocessor  each l ogi c cycl e.   
[ The I / O scan must  be t r ansf er r ed f r om t he PLC cur r ent l y i n char ge t o t he 
ot her  at  t he end of  each l ogi c execut i on and t he l ogi c must  be execut ed. ]  
[ The dat a must  be t r ansf er r ed vi a asynchr onous t r ansf er  wher e t he pr i mar y 
pr ocessor  haws t wo separ at e mi cr opr ocessor s embedded i n i t s c i r cui t r y and 
at  t he end of  l ogi c execut i on al l  dat a must  be passed t o t he second 
mi cr opr ocessor  and t he second mi cr opr ocessor  must  handl e al l  t r ansf er  
t asks whi l e t he f i r st  execut es t he next  pr ogr am scan. ]   The Pr i mar y must  
per f or m t he execut i on of  t he out put s unl ess a f aul t  i s  det ect ed i n whi ch 
case execut i on of  t he out put s i s per f or med by t he Secondar y.   Swi t chover  
must  be aut omat i c and i ndi cat i on of  t he swi t chover  must  be di spl ayed on 
t he Cent r al  Oper at or  Wor kst at i on.

] 2. 7   PLC SOFTWARE

Fur ni sh al l  PLC sof t war e descr i bed i n t hi s speci f i cat i on as par t  of  t he 
compl et e cont r ol  syst em.

2. 7. 1   Oper at i ng Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  l oadi ng of  cont r ol  l ogi c i s al l owed f r om 
t he cent r al  st at i on t hi s pr esent s a secur i t y r i sk.

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

Each PLC must  be pr ovi ded wi t h t he manuf act ur er ' s st andar d oper at i ng 
syst em sof t war e package.   The PLC must  mai nt ai n a poi nt  dat abase i n i t s 
memor y t hat  i ncl udes al l  par amet er s,  const r ai nt s and t he l at est  val ue or  
st at us of  al l  poi nt s connect ed t o t he PLC.   Execut i on of  t he PLC 
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appl i cat i on pr ogr ams must  use t he dat a i n memor y r esi dent  f i l es.   The 
oper at i ng syst em must  suppor t  a f ul l  compl i ment  of  pr ocess cont r ol  
f unct i ons.   I t  must  be possi bl e t o def i ne t hese f unct i ons usi ng a mi x of  
l adder  l ogi c di agr ams,  f unct i on bl ocks,  sequent i al  f unct i on char t s and 
t ext  pr ogr ammi ng.   Pr ogr ammi ng met hods and i nt er act i ons must  be based on 
I EC 61131- 3.   A combi nat i on of  t he pr ogr ammi ng met hods must  be possi bl e 
wi t hi n a s i ngl e cont r ol l er .   The oper at i ng syst em must  al l ow l oadi ng of  
cont r ol  l ogi c l ocal l y [ or  f r om t he cent r al  st at i on i n whi ch case i t  must  
r equi r e a passwor d t o do so]  and dat a f i l es f r om t he por t abl e t est er .   I t  
must  al so suppor t  dat a ent r y and di agnost i cs usi ng an oper at or  i nt er f ace 
panel  at t ached di r ect l y t o t he PLC.   Each PLC must  be capabl e of  oper at i ng 
i n st and al one mode.

2. 7. 1. 1   St ar t up

The PLC must  have st ar t up sof t war e t hat  causes aut omat i c commencement  of  
oper at i on wi t hout  human i nt er vent i on,  i ncl udi ng st ar t up of  al l  connect ed 
I / O f unct i ons.   A PLC r est ar t  pr ogr am based on det ect i on of  power  f ai l ur e 
at  t he PLC must  be i ncl uded i n t he PLC sof t war e.   The r est ar t  pr ogr am must  
i ncl ude st ar t  t i me del ays bet ween successi ve commands t o pr event  demand 
sur ges or  over l oad t r i ps.

2. 7. 1. 2   Fai l ur e Mode

Upon f ai l ur e f or  any r eason,  each PLC must  per f or m an or der l y shut down.   
Syst ems whi ch ar e not  Pr i mar y/ Secondar y must  f or ce al l  PLC out put s t o a 
pr edet er mi ned ( f ai l ur e mode)  st at e,  consi st ent  wi t h t he f ai l ur e modes 
shown and t he associ at ed cont r ol  devi ce.   Pr i mar y/ Secondar y syst ems must  
t r ansf er  I / O scan and cont r ol  t o t he PLC not  cur r ent l y f ai l ed.

2. 7. 2   Funct i ons

The cont r ol l er  oper at i ng syst em must  be abl e t o scan i nput s,  cont r ol  
out put s,  and r ead and wr i t e t o i t s i nt er nal  memor y i n or der  t o per f or m t he 
r equi r ed cont r ol  as i ndi cat ed i n t he sequence of  cont r ol  on t he dr awi ngs.  
The cont r ol l er  must  per i odi cal l y per f or m sel f  di agnost i cs t o ver i f y t hat  
i t  i s  f unct i oni ng pr oper l y.   [ I f  t he syst em i s set  up as a 
Pr i mar y/ Secondar y syst em t he syst em must  at t empt  t o swi t ch t o t he ot her  
PLC upon sensi ng a f aul t  i n t he cur r ent l y cont r ol l i ng PLC. ]  

2. 7. 2. 1   Anal og Moni t or i ng

Measur e and t r ansmi t  al l  anal og val ues i ncl udi ng cal cul at ed anal og poi nt s.

2. 7. 2. 2   Logi c ( Vi r t ual )

Logi c ( v i r t ual )  poi nt s must  be sof t war e poi nt s ent er ed i n t he poi nt  
dat abase whi ch ar e not  di r ect l y associ at ed wi t h a physi cal  I / O f unct i on.  
Logi c ( v i r t ual )  poi nt s must  be anal og or  bi nar y poi nt s cr eat ed by 
cal cul at i on f r om any combi nat i on of  bi nar y and anal og poi nt s,  or  ot her  
dat a havi ng al l  t he pr oper t i es of  r eal  poi nt s,  i ncl udi ng al ar ms,  wi t hout  
t he associ at ed har dwar e.   Logi c ( v i r t ual )  poi nt s must  be def i ned or  
cal cul at ed and ent er ed i nt o t he dat abase.   The cal cul at ed anal og poi nt  
must  have poi nt  i dent i f i cat i on i n t he same f or mat  as any ot her  anal og 
poi nt .

2. 7. 2. 3   St at e Var i abl es

I f  an anal og poi nt  r epr esent s mor e t han t wo ( up t o 8)  speci f i c  st at es,  
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each st at e must  be nameabl e.   For  exampl e,  a l evel  sensor  must  be 
di spl ayed at  i t s  measur ed engi neer i ng uni t s pl us a st at e var i abl e wi t h 
named st at es usabl e i n pr ogr ams or  f or  di spl ay such as l ow 
al ar m/ l ow/ nor mal / hi gh/ hi gh al ar m.

2. 7. 2. 4   Anal og Tot al i zat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he anal og t ot al i zat i on i s t o be
per f or med at  t he cent r al  st at i on and i s not  t o be 
done at  t he PLC,  t hi s r equi r ement  wi l l  be del et ed.

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

Any anal og poi nt  must  be oper at or  assi gnabl e t o t he t ot al i zat i on pr ogr am.  
Up t o ei ght  anal og val ues must  be t ot al i zed wi t hi n a sel ect abl e t i me 
per i od.

2. 7. 3   Al ar m Pr ocessi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he al ar m pr ocessi ng f unct i on i s t o be 
per f or med at  t he cent r al  st at i on and i s not  t o be 
done at  t he PLC,  t hi s r equi r ement  wi l l  be del et ed.

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

Each PLC must  have al ar m pr ocessi ng sof t war e f or  AI ,  DI ,  and PA al ar ms f or  
al l  r eal  and vi r t ual  poi nt s connect ed t o t hat  PLC.

2. 7. 3. 1   Bi nar y Al ar ms

Bi nar y al ar ms ar e t hose abnor mal  condi t i ons i ndi cat ed by BI s as speci f i ed 
and shown.   The syst em must  aut omat i cal l y suppr ess anal og al ar m r epor t i ng 
associ at ed wi t h a bi nar y poi nt  when t hat  poi nt  i s  t ur ned of f .

2. 7. 3. 2   Anal og Al ar ms

Anal og al ar ms ar e t hose condi t i ons hi gher  or  l ower  t han a def i ned val ue,  
as measur ed by an AI .   Anal og r eadi ngs must  be compar ed t o pr edef i ned hi gh 
and l ow l i mi t s,  and al ar med each t i me a val ue ent er s or  r et ur ns f r om a 
l i mi t  condi t i on.   Uni que hi gh and l ow l i mi t s must  be assi gned t o each 
anal og poi nt  i n t he syst em.   I n cont r ol  poi nt  adj ust ment  ( CPA)  
appl i cat i ons,  key t he l i mi t  t o a f i ni t e devi at i on t r avel i ng wi t h t he 
set poi nt .   The syst em must  aut omat i cal l y suppr ess anal og al ar m r epor t i ng 
associ at ed wi t h an anal og poi nt  when t hat  anal og poi nt  i s  t ur ned of f .

2. 7. 3. 3   Pul se Accumul at or  ( PA)  Al ar ms

Pul se accumul at or  al ar ms ar e t hose condi t i ons cal cul at ed f r om t ot al i zed 
val ues of  accumul at or  i nput s or  PA i nput  r at es t hat  ar e out si de def i ned 
l i mi t s as speci f i ed and shown.   PA t ot al i zed val ues must  be compar ed t o 
pr edef i ned l i mi t s and al ar med each t i me a val ue ent er s a l i mi t  condi t i on.  
Uni que l i mi t s must  be assi gned t o each PA poi nt  i n t he syst em.

2. 7. 4   Const r ai nt s

2. 7. 4. 1   Equi pment  Const r ai nt s Def i ni t i ons

Each cont r ol  poi nt  i n t he dat abase must  have PLC r esi dent  const r ai nt s 
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def i ned and ent er ed by t he Cont r act or ,  i ncl udi ng as appl i cabl e:  maxi mum 
st ar t s ( cycl es)  per  hour ;  mi ni mum of f  t i me;  mi ni mum on t i me;  hi gh l i mi t  
( val ue i n engi neer i ng uni t s) ;  and l ow l i mi t  ( val ue i n engi neer i ng uni t s) .

2. 7. 4. 2   Const r ai nt s Checks

Al l  cont r ol  devi ces connect ed t o t he syst em must  have t he PLC const r ai nt s 
checked and passed bef or e each command i s i ssued.   Each command poi nt  must  
have uni que const r ai nt s assi gned.   Hi gh and l ow " r easonabl eness"  val ues or  
one di f f er ent i al  " r at e- of - change"  val ue must  be assi gned t o each AI .   Each 
i ndi v i dual  poi nt  must  be capabl e of  bei ng sel ect i vel y di sabl ed by t he 
oper at or  f r om t he cent r al  st at i on.

2. 7. 5   Cont r ol  Sequences and Cont r ol  Loops

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sequences t o be i mpl ement ed wi l l  be devel oped 
by t he desi gner  t o meet  s i t e r equi r ement s.   The 
desi gner  wi l l  def i ne al l owabl e pr ocess cont r ol  l oop 
accur aci es as a par t  of  t he sequences.   Cont r ol  
sequences and dat abase t abl es wi l l  be shown on t he 
dr awi ngs.

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

Speci f i c  f unct i ons t o be i mpl ement ed ar e def i ned i n i ndi v i dual  syst em 
cont r ol  sequences and dat abase t abl es shown on t he dr awi ngs,  and must  
i ncl ude,  as appl i cabl e,  t he f ol l owi ng f unct i ons:  PI  cont r ol  must  pr ovi de 
pr opor t i onal  cont r ol  and pr opor t i onal  pl us i nt egr al  cont r ol ;  t wo posi t i on 
cont r ol  must  pr ovi de cont r ol  f or  a t wo st at e devi ce by compar i ng a set  
poi nt  agai nst  a pr ocess var i abl e and an est abl i shed dead band;  f l oat i ng 
poi nt  cont r ol  must  exer ci se cont r ol  when an er r or  s i gnal  exceeds a 
sel ect ed dead band,  and must  mai nt ai n cont r ol  unt i l  t he er r or  i s wi t hi n 
t he dead band l i mi t s;  s i gnal  sel ect i on must  al l ow t he sel ect i on of  t he 
hi ghest  or  l owest  anal og val ue f r om a gr oup of  anal og val ues as t he basi s 
of  cont r ol  and must  i ncl ude t he abi l i t y  t o cascade anal og val ues so t hat  
l ar ge number s of  i nput s can be r educed t o one or  t wo out put s;  s i gnal  
aver agi ng must  al l ow t he mat hemat i cal  cal cul at i on of  t he aver age anal og 
val ue f r om a gr oup of  anal og val ues as t he basi s of  cont r ol  and must  
i ncl ude t he abi l i t y  t o " wei ght "  t he i ndi v i dual  anal og val ues so t hat  t he 
f unct i on out put  can be bi ased as necessar y t o achi eve pr oper  cont r ol ;  
r eset  f unct i on must  devel op an AO based on up t o t wo AI s and one oper at or  
speci f i ed r eset  schedul e.

2. 7. 6   Command Pr i or i t i es

A scheme of  pr i or i t y l evel s must  be pr ovi ded t o pr event  i nt er act i on of  a 
command of  l ow pr i or i t y wi t h a command of  hi gher  pr i or i t y.    Over r i de 
commands ent er ed by t he oper at or  must  have hi gher  pr i or i t y t han t hose 
emanat i ng f r om appl i cat i ons pr ogr ams.

2. 7. 7   Resi dent  Appl i cat i on Sof t war e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The dat a base and set t i ngs t abl es wi l l  be 
i ncor por at ed i nt o t he cont r act  package.   Speci f y 
onl y t hose appl i cat i ons pr ogr ams t o be i mpl ement ed 
at  t i me of  accept ance.   Do not  speci f y a pr ogr am 
unl ess sensor s and cont r ol s r equi r ed t o i mpl ement  i t  
ar e i ncl uded i n t he desi gn package.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de r esi dent  appl i cat i ons pr ogr ams devel oped i n accor dance wi t h 
par agr aph GRAPHI CAL PROGRAMMI NG t o achi eve t he sequences of  oper at i on,  
par amet er s,  const r ai nt s,  and i nt er l ocks necessar y t o pr ovi de cont r ol  of  
t he pr ocess syst ems connect ed t o t he pr ocess cont r ol  syst em.   Al l  
appl i cat i on pr ogr ams must  be r esi dent  i n t he PLC and must  execut e i n t he 
PLC,  and must  coor di nat e wi t h each ot her ,  t o ensur e t hat  no conf l i c t s or  
cont ent i ons r emai n unr esol ved.

2. 7. 7. 1   Pr ogr am I nput s and Out put s

Use pr ogr am i nput s l i s t ed f or  each appl i cat i on pr ogr am t o cal cul at e t he 
r equi r ed pr ogr am out put s.   Wher e speci f i c  pr ogr am i nput s ar e not  
avai l abl e,  a " def aul t "  val ue or  v i r t ual  poi nt  appr opr i at e f or  t he 
equi pment  bei ng cont r ol l ed and t he pr oposed sequence of  oper at i on must  be 
pr ovi ded t o r epl ace t he mi ssi ng i nput ,  t hus al l owi ng t he appl i cat i on 
pr ogr am t o oper at e.

2. 7. 7. 2   Fai l ur e Mode

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Assur e t hat  t he appr opr i at e f ai l ur e modes ar e 
i dent i f i ed on t he dr awi ngs.

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

I n t he event  of  a PLC f ai l ur e,  t he cont r ol l ed equi pment  must  cont i nue t o 
f unct i on i n t he f ai l ur e mode shown on t he dr awi ngs.   Syst ems t hat  ar e 
Pr i mar y/ Secondar y must  t r ansf er  cont r ol  t o t he non- f ai l ed syst em.

2. 8   CONTROL PANELS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  l ocat i ons or  equi pment  t hat  wi l l  be 
power ed by an uni nt er r upt i bl e power  suppl y ( UPS)  
dur i ng a commer ci al  power  out age,  t he cont r ol  panel  
must  be i ncl uded on t he UPS.

I ncl ude i n t he desi gn package r equi r ement s f or  
suf f i c i ent  vent i l at i on,  heat i ng or  ai r  condi t i oni ng 
t o ensur e t hat  t he cont r ol  panel  i nt er nal  
t emper at ur e and humi di t y wi l l  be mai nt ai ned wi t hi n 
t he PLCs oper at i onal  par amet er s when exposed t o t he 
t emper at ur e and humi di t y i ndi cat ed i n par agr aph SI TE 
ENVI RONMENTAL CONDI TI ONS.   I ncl ude al l owance f or  any 
sol ar  gai n.   I f  t he r equi r ement s f or  vent i l at i on,  
heat i ng and ai r  condi t i oni ng ar e not  necessar y,  t hey 
wi l l  be del et ed.

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

2. 8. 1   Component s

2. 8. 1. 1   Encl osur es

The encl osur e f or  each cont r ol  panel  must  conf or m t o t he r equi r ement s of  
NEMA 250 f or  t he t ypes speci f i ed.   Fi ni sh col or  must  be t he manuf act ur er ' s 
st andar d,  unl ess ot her wi se i ndi cat ed.   Encl osur es f or  i nst al l at i on i n 
mechani cal  equi pment  r ooms must  be Type [ 1]  [ 4]  [ 12] ;  t hose f or  
i nst al l at i on i n c l ean,  dr y i ndoor  occupi ed space may be Type 1;  ot her  
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l ocat i ons must  be as ot her wi se speci f i ed or  shown.   Encl osur es f or  
equi pment  i nst al l ed out door s must  be Type 4 or  as shown.   Encl osur es f or  
i nst al l at i on i n a cor r osi ve envi r onment  must  be Type 4X and must  be 
const r uct ed of  [ st ai nl ess st eel ]  [ f i ber gl ass]  [ pol ymer  pl ast i c] .   Pai nt ed 
st eel  must  not  be al l owed f or  use i n a cor r osi ve envi r onment .   Encl osur e 
must  be pr ovi ded wi t h a s i ngl e,  cont i nuousl y hi nged ext er i or  door  wi t h 
pr i nt  pocket ,  3- poi nt  l at chi ng mechani sm and key l ock and a s i ngl e,  
cont i nuousl y hi nged i nt er i or  door .

2. 8. 1. 2   Cont r ol l er s

Pr ovi de cont r ol l er s i n accor dance wi t h par agr aph Pr ogr ammabl e Logi c 
Cont r ol l er  ( PLC) .

2. 8. 1. 3   St andar d I ndi cat or  Li ght

I ndi cat or  l i ght s showi ng on,  of f ,  st and- by,  aut omat i c,  manual  dependi ng on 
t he appl i cat i on must  compl y wi t h NEMA I CS 1,  NEMA I CS 2 and UL 508A.  
Li ght s must  be heavy dut y,  r ound and must  mount  i n a 22. 5 mm 0. 875 i nch 
mount i ng hol e.   I ndi cat or  l i ght s must  be LED t ype and must  oper at e at  120 
VAC or  24 VDC.   Long l i f e bul bs must  be used.   I ndi cat or  l i ght  must  be 
pr ovi ded wi t h a l egend pl at e l abel ed as shown on t he dr awi ngs.   Lens col or  
must  be as i ndi cat ed on t he dr awi ngs.   Li ght s must  be push t o t est  ( l amp)  
t ype.

2. 8. 1. 4   Sel ect or  Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e on t he dr awi ngs wher e key oper at ed 
swi t ches ar e r equi r ed.

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

Sel ect or  swi t ches must  compl y wi t h NEMA I CS 1,  NEMA I CS 2 and UL 508A.  
Sel ect or  swi t ches must  be heavy dut y,  r ound and must  mount  i n a 22. 5 mm 
0. 875 i nch mount i ng hol e.   The number  of  posi t i ons must  be as i ndi cat ed on 
t he dr awi ngs.   Swi t ches must  be [ i l l umi nat ed]  [ non- i l l umi nat ed]  [ as 
i ndi ct ed of  t he dr awi ngs] .   Swi t ches must  be r at ed f or  600 vol t s,  10 
amper es cont i nuous.   Sel ect or  swi t ches must  be pr ovi ded wi t h a l egend 
pl at e l abel ed as shown on t he dr awi ngs.   Wher e i ndi cat ed or  r equi r ed,  dual  
auxi l i ar y cont act s must  be pr ovi ded f or  t he aut omat i c posi t i on t o pr ovi de 
posi t i on sensi ng at  t he cent r al  st at i on or  wor kst at i on.   Auxi l i ar y 
cont act s must  be r at ed f or  120 VAC,  1A as a mi ni mum.   Wher e i ndi cat ed on 
t he dr awi ngs,  swi t ches must  be key oper at ed.   Al l  keys must  be i dent i cal .

2. 8. 1. 5   Push But t ons

Push but t ons must  compl y wi t h NEMA I CS 1,  NEMA I CS 2 and UL 508A.   Push 
but t ons must  be heavy dut y,  r ound and must  mount  i n a 22. 5 mm 0. 875 i nch 
mount i ng hol e.   The number  and t ype of  cont act s must  be as i ndi cat ed on 
t he dr awi ngs or  r equi r ed by t he Sequence of  Cont r ol .   Push but t ons must  be 
r at ed f or  600 vol t s,  10 amper es cont i nuous.   Push but t ons must  be pr ovi ded 
wi t h a l egend pl at e l abel ed as shown on t he dr awi ngs.

2. 8. 1. 6   Rel ays

Rel ays must  compl y wi t h NEMA I CS 5 and der at ed f or  al t i t ude above 1, 500 
m.   Rel ays must  be [ s i ngl e- pol e,  s i ngl e- t hr ow ( SPST) ]  [ s i ngl e- pol e,  
doubl e- t hr ow ( SPDT) ]  [ doubl e- pol e,  s i ngl e t hr ow ( DPST) ]  [ doubl e- pol e,  
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doubl e- t hr ow ( DPDT) ]  [ as r equi r ed by t he Sequence of  Cont r ol ] .   Rel ay coi l  
must  be [ 120 VAC]  [ 24 VDC]  and must  be pr ovi ded wi t h mat chi ng mount i ng 
socket .   Power  consumpt i on must  not  be gr eat er  t han 3 wat t s.   Coi l s must  
have a mi ni mum cur r ent  r at i ng of  [ ___]  amps and mi ni mum vol t age r at i ng of  
[ ___]  vol t s.   Cont act s must  have a mi ni mum cur r ent  r at i ng of  [   ]  amps and 
mi ni mum vol t age r at i ng of  [ ___]  vol t s.

2. 8. 1. 7   Ter mi nal  Bl ocks

Ter mi nal  bl ocks must  compl y wi t h NEMA I CS 4 and UL 1059.   Ter mi nal  bl ocks 
f or  conduct or s exi t i ng cont r ol  panel s must  be t wo- way t ype wi t h doubl e 
t er mi nal s,  one f or  i nt er nal  wi r i ng connect i ons and t he ot her  f or  ext er nal  
wi r i ng connect i ons.   Ter mi nal  bl ocks must  be made of  bakel i t e or  ot her  
sui t abl e i nsul at i ng mat er i al  wi t h f ul l  deep bar r i er s bet ween each pai r  of  
t er mi nal s.   A t er mi nal  i dent i f i cat i on st r i p must  f or m par t  of  t he t er mi nal  
bl ock and each t er mi nal  must  be i dent i f i ed by a number  i n accor dance wi t h 
t he number i ng scheme on t he appr oved wi r i ng di agr ams.

2. 8. 1. 8   Al ar m Hor ns

Al ar m hor ns must  be pr ovi ded wher e i ndi cat ed on t he dr awi ngs.   Hor ns must  
be vi br at i ng t ype and must  compl y wi t h UL 508A.   Hor ns must  pr ovi de 100 dB 
at  10 f eet .   Ext er i or  mount ed hor ns must  be weat her  pr oof  by desi gn or  
must  be mount ed i n a weat her  pr oof  encl osur e t hat  does not  r educe t he 
ef f ect i veness of  t he hor n.

2. 8. 2   Panel  Assembl y

Cont r ol  panel s must  be f act or y assembl ed and shi pped t o t he j obsi t e as a 
s i ngl e uni t .   Panel s must  be f abr i cat ed as i ndi cat ed and devi ces must  be 
mount ed as shown or  r equi r ed.   Each panel  must  be f abr i cat ed as a 
bot t om- ent r y connect i on poi nt  f or  pr ocess cont r ol  syst em el ect r i cal  power ,  
[ pr ocess cont r ol  syst em mai n ai r  sour ce, ]  pr ocess cont r ol  syst em wi r i ng,  
[ cont r ol  ai r  pneumat i c t ubi ng, ]  [ communi cat i ons syst em wi r i ng t o [ ot her  
cont r ol  panel s]  [ oper at or s wor kst at i on] ] .

2. 8. 3   El ect r i cal  Requi r ement s

Each panel  must  be power ed by a dedi cat ed [ 120 vol t s ac]  [ 208 vol t s ac]  
[ 125VDC]  c i r cui t ,  wi t h a f use,  [ 10 amp]  [ ____]  [ s i zed as r ecommended by 
t he equi pment  manuf act ur er ] ,  and a di sconnect  swi t ch l ocat ed i nsi de t he 
panel .  Wi r i ng must  t er mi nat e i nsi de t he panel  on t er mi nal  bl ocks.    
El ect r i cal  wor k must  be as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and as shown on t he dr awi ngs.

2. 8. 4   Power  Li ne Condi t i oner

Each cont r ol  panel  must  be pr ovi ded wi t h a power  l i ne condi t i oner  t o 
pr ovi de bot h vol t age r egul at i on and noi se r ej ect i on.   The power  l i ne 
condi t i oner  must  be of  t he f er r o- r esonant  desi gn,  wi t h no movi ng par t s and 
no t ap swi t chi ng,  whi l e el ect r i cal l y i sol at i ng t he secondar y f r om t he 
power  l i ne s i de.   The power  l i ne condi t i oner  must  be si zed f or  125 per cent  
of  t he act ual  connect ed kva l oad.   Char act er i st i cs of  t he power  l i ne 
condi t i oner  must  be as f ol l ows:

2. 8. 4. 1   85 Per cent  Load

At  85 per cent  l oad,  t he out put  vol t age must  not  devi at e by mor e t han pl us 
or  mi nus 1 per cent  of  nomi nal  vol t age when t he i nput  vol t age f l uct uat es 
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bet ween mi nus 20 per cent  t o pl us 10 per cent  of  nomi nal  vol t age.

2. 8. 4. 2   Load Changes

Dur i ng l oad changes of  zer o t o f ul l  l oad,  t he out put  vol t age must  not  
devi at e by mor e t han pl us or  mi nus 3 per cent  of  nomi nal  vol t age.   Ful l  
cor r ect i on of  l oad swi t chi ng di st ur bances must  be accompl i shed wi t hi n 5 
cycl es,  and 95 per cent  cor r ect i on must  be accompl i shed wi t hi n 2 cycl es of  
t he onset  of  t he di st ur bance.

2. 8. 5   Gr oundi ng

Cont r ol  panel  encl osur es must  be equi pped wi t h a sol i d copper  gr ound bus 
or  equi val ent .   The gr ound bus must  be secur el y anchor ed t o t he encl osur e 
so as t o ef f ect i vel y gr ound t he ent i r e st r uct ur e.   Cl amp- t ype t er mi nal s 
s i zed l ar ge enough t o car r y t he maxi mum expect ed cur r ent  must  be pr ovi ded 
on t he gr ound bus f or  gr oundi ng cabl es.   Wher e a def i ni t e c i r cui t  gr ound 
i s r equi r ed,  a s i ngl e wi r e not  l ess t han #10 AWG must  r un i ndependent l y t o 
t he panel  gr ound bus and must  be f ast ened t o t he gr ound bus wi t h a bol t ed 
t er mi nal  l ug.   Cases of  i nst r ument s,  r el ays and ot her  devi ces must  be 
ef f ect i vel y gr ounded t hr ough t he encl osur es st eel  st r uct ur e unl ess 
ot her wi se i ndi cat ed.   I nsul at ed wi r i ng havi ng a cont i nuous r at ed cur r ent  
of  not  l ess t han t he ci r cui t  f use r at i ng must  be used f or  gr oundi ng.   
Gr oundi ng t er mi nal s of  power  r ecept acl es must  be sol i dl y gr ounded t o t he 
panel  encl osur e.

2. 8. 6   Conveni ence Out l et

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h el ect r i cal  dr awi ngs t o 
pr ovi de power  f or  cont r ol  panel  conveni ence out l et  
and ot her  r equi r ed accessor i es.

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

A 120 vol t  ac,  20 amp,  gr ound f aul t  i nt er r upt i on ( GFI )  t ype dupl ex 
conveni ence out l et  must  be pr ovi ded i nsi de t he panel .   The out l et  c i r cui t  
must  be separ at e f r om t he panel  power  c i r cui t .

2. 8. 7   Panel  I nt er i or  Li ght

[ Wher e i ndi cat ed, ]  [ Each]  cont r ol  panel [ s]  must  be pr ovi ded wi t h a [ 60 
wat t  i ncandescent ]  [ 40 wat t  f l uor escent ]  [ 15 wat t  LED]  l i ght .   The l i ght  
must  be oper at ed by a manual  on- of f  swi t ch mount ed on t he i nt er i or  door  of  
t he encl osur e.   The l i ght  must  be power ed by t he same ci r cui t  as t he 
conveni ence out l et .

2. 8. 8   Vent i l at i on Syst em

[ Wher e i ndi cat ed, ]  [ Each]  cont r ol  panel [ s]  must  be pr ovi ded wi t h t wo 
si ngl e phase,  120 vol t  ac vent i l at i on f ans.   Each f an must  suppl y a 
mi ni mum of  50 L/ s 100 cf m of  vent i l at i on ai r  t hr ough t he encl osur e.   Each 
f an must  be pr ovi ded wi t h a l i ne vol t age t her most at .   Ther most at  set poi nt s 
must  be adj ust abl e i n a r ange of  21 t o 60 degr ees C 70 t o 140 degr ees F as 
a mi ni mum.   Each suppl y and exhaust  gr i l l e must  cont ai n a f i l t er  t hat  i s  
easi l y r emoved f or  c l eani ng or  r epl acement .

2. 8. 9   Heat i ng Syst em

[ Wher e i ndi cat ed, ]  [ Each]  cont r ol  panel ( s)  must  be pr ovi ded wi t h a 
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t her most at i cal l y cont r ol l ed el ect r i c heat er  capabl e of  mai nt ai ni ng an 
encl osur e t emper at ur e of  [ 2]  [ _____]  degr ees C [ 35]  [ _____]  degr ees F when 
cont i nuousl y exposed t o an ambi ent  t emper at ur e of  [ _____]  degr ees C 
degr ees F.

2. 8. 10   Ai r  Condi t i oni ng Syst em

[ Wher e i ndi cat ed, ]  [ Each]  cont r ol  panel [ s]  must  be pr ovi ded wi t h a 
mechani cal  r ef r i ger at i on ai r  condi t i oni ng syst em.   The syst em must  be 
capabl e of  mai nt ai ni ng a t emper at ur e of  [ 38]  [ _____]  degr ees C [ 100]  
[ _____]  degr ees F i nsi de t he encl osur e wi t h al l  equi pment  i n t he panel  
oper at i ng and whi l e cont i nuousl y exposed t o [ f ul l  sunl i ght  and]  an ambi ent  
ai r  t emper at ur e of  [ _____]  degr ees C degr ees F.   The compr essor  and 
condenser  must  be l ocat ed out si de t he cont r ol  panel  encl osur e.   Pr ovi s i ons 
must  be made t o r emove condensat e f r om t he cont r ol  panel  and t o pr ot ect  
al l  devi ces wi t hi n t he encl osur e f r om condensat e.

2. 9   COMPUTER HARDWARE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  must  edi t  t he f ol l owi ng
par agr aph t o r equi r e onl y t he comput er  equi pment  
t hat  i s  necessar y based on t he r equi r ement s and 
compl exi t y of  t he pr ocess cont r ol  syst em.    Must  
Ver i f y t hat  t he l ocat i on f or  t he equi pment  wi l l  be 
pr ovi ded wi t h c l i mat e cont r ol s t o pr ovi de a sui t abl e 
envi r onment  f or  t he equi pment .

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

For  comput er  har dwar e f ur ni shed under  t hi s speci f i cat i on pr ovi de st andar d 
pr oduct s of  a s i ngl e manuf act ur er  whi ch adver t i ses ser vi ce i n al l  48 
cont i guous st at es,  and pr ovi de onl y model  cur r ent l y i n pr oduct i on.  Except  
f or  PCI - E car ds i nst al l ed i nt o expansi on sl ot s pr ovi ded i n a deskt op or  
ser ver  comput er  i n or der  t o meet  t he r equi r ement s of  t hi s speci f i cat i on,  
do not  modi f y comput er  har dwar e f r om t he manuf act ur er  conf i gur at i on.

[ 2. 9. 1   Ser ver  Har dwar e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he pr oj ect  s i t e t o det er mi ne 
i f  t he ser ver ( s)  wi l l  be cont r act or  suppl i ed or  
Gover nment  Fur ni shed.   I f  cont r act or  suppl i ed,  
coor di nat e wi t h t he Pr oj ect  Si t e' s NEC ( I T gr oup)  
and i ncl ude t he si t es ' st andar d'  ser ver  r edundancy 
r equi r ement s.  Not e t hat  comput er  t echnol ogy changes 
qui ckl y and t hese r equi r ement s shoul d be edi t ed t o 
r ef l ect  cur r ent  pr oduct s.  Def aul t  r equi r ement s 
( cur r ent  as of  2012)  have been pr ovi ded i n br acket s.

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

Comput er  Ser ver  Har dwar e ( ser ver )  [ wi l l  be f ur ni shed by t he Gover nment ]  
[ must  be a deskt op or  ser ver  comput er  meet i ng t he f ol l owi ng mi ni mum 
r equi r ement s: ]

2. 9. 1. 1   Pr ocessor

[ ____] [ Quad- cor e pr ocessor  desi gned f or  ser ver  appl i cat i ons.  Pr ocessor
speed must  be at  l east  50 per cent  of  t he speed of  t he f ast est  I nt el  ser ver
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pr ocessor  commer ci al l y avai l abl e] .

2. 9. 1. 2   Random Access Memor y ( RAM)

[ ____] [ 300 per cent  of  t he r ecommended r equi r ement s of  t he sof t war e t o be
i nst al l ed on t he ser ver [ and no l ess t han 24GB] . ]

2. 9. 1. 3   Communi cat i ons Por t s

[ ____] [ Four  USB 3 3. 0 3. 1 por t s. ]

2. 9. 1. 4   Har d Dr i ves

2. 9. 1. 4. 1   I nt er nal  Har d Dr i ves

[ ____] [ Sol i d St at e Har d dr i ves wi t h SATA- 3 Cont r ol l er  pr ovi di ng at  l east  
[ 2TB] [ ____]  usabl e di sk space.  Har d dr i ves must  use RAI D ( Redundant  Ar r ay 
of  I nexpensi ve Di sks)  at  l evel s 1 or  5 ( RAI D- 1 or  RAI D- 5) . ]

2. 9. 1. 5   Opt i cal  Dr i ve

[ ____] [ Bl ue- Ray bur ner  dr i ve. ]

2. 9. 1. 6   Vi deo Out put

[ ____] [ 32- bi t  col or  at  a mi ni mum r esol ut i on of  1920 by 1080 at  a mi ni mum 
r ef r esh r at e of  70 Hz and a DVI  or  di spl ay por t  out put . ]

2. 9. 1. 7   Net wor k I nt er f ace

[ [ ____] [ [ Two]  i nt egr at ed 1000Base- T Et her net  wi t h RJ45 connect or . ] ]

2. 9. 1. 8   Moni t or

[ ____] [ Wi descr een f l at  panel  LCD moni t or  s i zed as i ndi cat ed but  no l ess 
t han 24 i nch nomi nal  wi t h a mi ni mum r esol ut i on of  1920 by 1080 pi xel s and 
a mi ni mum r ef r esh r at e of  70Hz. ]

2. 9. 1. 9   Keyboar d

[ ____] [ 101 key wi r ed USB keyboar d havi ng a mi ni mum 64 char act er  st andar d 
ASCI I  char act er  set  based on ANSI  I NCI TS 154. ]

2. 9. 1. 10   Mouse

[ ____] [ 2- but t on wi r ed USB opt i cal  scr ol l  mouse wi t h a mi ni mum r esol ut i on 
of  400 dot s per  i nch. ]

2. 9. 1. 11   Power  Suppl i es

[ ____] [ Hot - swappabl e r edundant  power  suppl i es. ]
]
2. 9. 2   Wor kst at i on Har dwar e ( Deskt op and Lapt op)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he pr oj ect  s i t e t o det er mi ne 
i f  t he wor kst at i on( s)  wi l l  be cont r act or  suppl i ed or  
Gover nment  Fur ni shed,  or  a mi x wher e some 
wor kst at i ons ar e Gov' t  f ur ni shed and ot her s ar e 
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cont r act or  suppl i ed:  

" Repl ace Br acket s"  i nst r uct i ons

1)  Gover nment  f ur ni shed onl y :  Keep f i r st  br acket ed 
t ext  and r emove t he [ as i ndi cat ed] .

2)  Cont r act or  suppl i ed onl y:  Keep t he second 
br acket ed t ext .

3)  Combi nat i on of  Gover nment  f ur ni shed and 
Cont r act or  suppl i ed:  Keep al l  br acket ed t ext .   When 
keepi ng br acket ed t ext  ( Cont r act or  suppl i ed or  
combi nat i on of  Gover nment  and Cont act or  suppl i ed)  
not e t hat  comput er  t echnol ogy changes qui ckl y and 
t hese r equi r ement s shoul d be edi t ed t o r ef l ect  
cur r ent  pr oduct s.  Def aul t  r equi r ement s ( cur r ent  as 
of  2012)  have been pr ovi ded i n br acket s.

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

[ The Gover nment  wi l l  pr ovi de t he]  [ Pr ovi de a st andar d deskt op comput er  or  a
l apt op meet i ng t he f ol l owi ng mi ni mum r equi r ement s f or  t he]  Comput er
Wor kst at i on Har dwar e ( wor kst at i on)  [ as i ndi cat ed] .

2. 9. 2. 1   Pr ocessor

2. 9. 2. 1. 1   Deskt op

Quad- cor e pr ocessor  desi gned f or  deskt op appl i cat i ons.  Pr ocessor  speed 
must  be at  l east  75 per cent  of  t he speed of  t he f ast est  I nt el  deskt op 
pr ocessor  commer ci al l y avai l abl e.

2. 9. 2. 1. 2   Lapt op

Quad- cor e pr ocessor  desi gned f or  l apt op appl i cat i ons.  Pr ocessor  speed must  
be at  l east  50 per cent  of  t he speed of  t he f ast est  I nt el  l apt op pr ocessor  
commer ci al l y avai l abl e.

2. 9. 2. 2   Random Access Memor y ( RAM)

[ ____] [ 300 per cent  of  t he r ecommended r equi r ement s of  t he sof t war e t o be 
i nst al l ed on t he ser ver [  and no l ess t han 16GB] . ]

2. 9. 2. 3   Communi cat i ons Por t s

2. 9. 2. 3. 1   Deskt op

[ ____] [ Si x USB por t s. ]

2. 9. 2. 3. 2   Lapt op

[ ____] [ Two USB por t s,  pl us a PCMCI A car d s l ot  or  an addi t i onal  USB por t ,  
pl us an i nt egr al  RS- 232 ser i al  por t  or  an addi t i onal  USB por t  and a USB t o 
RS- 232 ser i al  adapt er . ]
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2. 9. 2. 4   Har d Dr i ve and Cont r ol l er

2. 9. 2. 4. 1   Deskt op

[ ____] [ [ 1. 5TB] [ ____]  or  l ar ger  wi t h a SATA- 3 cont r ol l er . ]

2. 9. 2. 4. 2   Lapt op

[ ____] [ [ 250GB] [ ____]  or  l ar ger  sol i d st at e dr i ve. ]

2. 9. 2. 5   Opt i cal  Dr i ve

[ ____] [ Bl ue- Ray dr i ve]

2. 9. 2. 6   Vi deo Out put

2. 9. 2. 6. 1   Deskt op

[ ____] [ 32- bi t  col or  wi t h dual  moni t or  suppor t  mi ni mum r esol ut i ons of  3840 
by 2160 at  mi ni mum r ef r esh r at es of  70 Hz and dual  DVI  or  di spl ay por t  
out put s. ]

2. 9. 2. 6. 2   Lapt op

[ ____] [ 32- bi t  col or  wi t h a mi ni mum r esol ut i on of  3840 by 2160 at  mi ni mum 
r ef r esh r at es of  70 Hz and VGA or  HDMI  out put . ]

2. 9. 2. 7   Net wor k I nt er f ace

2. 9. 2. 7. 1   Deskt op

[ ____] [ I nt egr at ed 1000Base- T Et her net  wi t h RJ45 connect or . ]

2. 9. 2. 7. 2   Lapt op

[ ____] [ I nt egr at ed 1000Base- T Et her net  wi t h RJ45 connect or . ]

2. 9. 2. 8   Moni t or

2. 9. 2. 8. 1   Deskt op

[ ____] [ Dual  wi descr een f l at  panel  LCD moni t or s s i zed as i ndi cat ed but  no 
l ess t han 600 mm 24 i nch nomi nal  wi t h mi ni mum r esol ut i ons of  3840 by 2160 
pi xel s and a mi ni mum r ef r esh r at e of  70Hz. ]

2. 9. 2. 8. 2   Lapt op

[ ____] [ LCD Scr een si zed as i ndi cat ed but  no l ess t han 325 mm 13 i nch 
nomi nal  wi t h a maxi mum suppor t ed r esol ut i on of  no l ess t han 3840 by 2160 
pi xel s. ]

2. 9. 2. 9   Keyboar d 

2. 9. 2. 9. 1   Deskt op

[ ____] [ 101 key wi r ed USB keyboar d havi ng a mi ni mum 64 char act er  st andar d 
ASCI I  char act er  set  based on ANSI  I NCI TS 154]
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2. 9. 2. 9. 2   Lapt op

[ ____] [ St andar d l apt op keyboar d. ]

2. 9. 2. 10   Mouse

2. 9. 2. 10. 1   Deskt op

[ ____] [ 2- but t on wi r ed USB opt i cal  scr ol l  mouse wi t h a mi ni mum r esol ut i on 
of  400 dot s per  i nch. ]

2. 9. 2. 10. 2   Lapt op

[ ____] [ I nt egr at ed t ouch- pad pl us a 2- but t on wi r ed USB opt i cal  scr ol l  mouse 
wi t h a mi ni mum r esol ut i on of  400 dot s per  i nch. ]

2. 9. 2. 11   Pr i nt er s

Pr ovi de [ l ocal  or  net wor k]  pr i nt er s as i ndi cat ed.  Pr ovi de l ocal  pr i nt er s 
whi ch have a USB i nt er f ace.  Pr ovi de net wor k pr i nt er s whi ch have a 
100Base- T or  f ast er  i nt er f ace wi t h an RJ45 connect i on.

2. 9. 2. 11. 1   Al ar m Pr i nt er

Pr ovi de al ar m pr i nt er s whi ch use spr ocket - f ed f anf ol d paper  wi t h 
adj ust abl e spr ocket s f or  paper  wi dt h up t o 280 mm 11 i nches.  Al ar m 
pr i nt er s must  have pr ogr ammabl e cont r ol  of  t op- of - f or m.  [ Pr ovi de f l oor  
st ands wi t h paper  r acks f or  al ar m pr i nt er s. ]

2. 9. 2. 11. 2   Laser  Pr i nt er

Pr ovi de l aser  pr i nt er s as i ndi cat ed meet i ng t he f ol l owi ng mi ni mum 
r equi r ement s:

Resol ut i on 600 by 600 dot s per  i nch
Pr i nt i ng Ti me 10 pages per  mi nut e
Dat a Buf f er  Si ze 16 Megabyt es
Medi a Type Paper  and t r anspar ency f i l m
Medi a Si ze ANSI  A(  216 by 279 mm 8. 5 by 11 i nches)  or  11 by 17 i nches
[ Col or ]  and ot her  s i zes as i ndi cat ed
Paper  Casset t e 250 sheet  capaci t y

2. 9. 3   Uni nt er r upt i bl e Power  Suppl y ( UPS)

A sel f  cont ai ned UPS sui t abl e f or  i nst al l at i on and oper at i on at  t he Ser ver  
and Wor kst at i on must  be pr ovi ded.   The uni t [ s]  must  be si zed t o pr ovi de a 
mi ni mum of  10 mi nut es of  oper at i on of  t he cent r al  st at i on [ and oper at or ' s 
wor kst at i on]  comput er .   The UPS must  i ncor por at e sur ge suppr essi on,  noi se 
f i l t er i ng ( nor mal  and common mode)  shor t  c i r cui t  pr ot ect i on and vol t age 
r egul at i on ( br ownout  and over vol t age pr ot ect i on) .   UPS must  be compl et e 
wi t h al l  necessar y power  suppl i es,  t r ansf or mer s,  bat t er i es,  and 
accessor i es and must  i ncl ude vi sual  i ndi cat i on of  nor mal  power  oper at i on,  
UPS oper at i on,  abnor mal  oper at i on and vi sual  and audi bl e i ndi cat i on of  l ow 
bat t er y power .   The UPS must  compl y wi t h t he Feder al  Communi cat i ons 
Commi ssi on St andar d 15J par t  A f or  r adi o noi se emi ssi ons.

2. 9. 4   Communi cat i on and Pr ogr ammi ng Devi ce

A hand- hel d communi cat i on [ and pr ogr ammi ng ] devi ce must  be pr ovi ded.   The 
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communi cat i on [ and pr ogr ammi ng ] devi ce must  connect  t o t he PLC di r ect l y 
f or  r eadout  of  var i abl es,  over r i de,  cont r ol ,  ser vi c i ng,  t r oubl eshoot i ng 
and adj ust ment  of  cont r ol  par amet er s.   The devi ce must  be pr ovi ded wi t h 
al l  necessar y cabl es,  connect or s and adapt er s t o al l ow connect i on t o t he 
PLC.  The devi ce must  communi cat e i n Engl i sh l anguage f or  i nqui r y,  
r epor t i ng [ and pr ogr ammi ng]  pur poses.

2. 10   TOUCHSCREEN HMI

Human Machi ne I nt er f ace ( HMI )  di spl ay scr eens must  be suppl i ed t o pr ovi de 
an i nt er f ace t o t he PLC.  The t ouch scr eens must  be compat i bl e wi t h t he 
speci f i c  PLC bei ng f ur ni shed.  Locat e t ouch scr eens i n t he cabi net s as 
shown i n t he Cont r act  Dr awi ngs.  The t ouch scr eens must  pr ovi de mai nt enance 
i nf or mat i on and i ndi cat i on of  t he syst ems.  The t ouch scr eens must  be [ 15" ]  
[   ]  panel  mount  wi t h a mi ni mum r esol ut i on of  1024x768.  Pr ovi de oper at or  
i nt er f ace as shown on t he Cont r act  Dr awi ngs or  appr oved equal .

2. 10. 1   TOUCHSCREEN HMI  Di spl ay Layout

Devel op HMI  cont r ol  and super vi s i on di spl ay l ayout s compl yi ng wi t h t he 
mi ni mum r equi r ement s of  t he Cont r ol  Nar r at i ve i n t he Cont r act  Dr awi ngs.  
Submi t  f or  appr oval  pr i or  t o i mpl ement at i on.

2. 11   MONI TORI NG AND CONTROL SOFTWARE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d edi t  t hi s par agr aph,  as 
needed,  t o r equi r e onl y t he cent r al  st at i on sof t war e 
t hat  i s necessar y based on t he r equi r ement s and 
compl exi t y of  t he pr ocess cont r ol  syst em.   Wher e no 
i nf or mat i on i s avai l abl e on f ut ur e expansi on,  
r equi r e a mi ni mum expansi on capabi l i t y  of  50 
per cent .   Wher e speci f i c  expansi on r equi r ement  
i nf or mat i on i s avai l abl e,  i t  must  be used t o 
det er mi ne t he expansi on capabi l i t y  r equi r ement s.

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

Pr ovi de a s i ngl e sof t war e package whi ch i mpl ement s t he Schedul i ng,  
Al ar mi ng,  Tr endi ng,  Gr aphi cal  Syst em Di spl ay,  and Syst em Di spl ay Edi t or  
f unct i onal i t y.   Ot her  speci f i ed M&C f unct i onal i t y may be i mpl ement ed i n 
t he same sof t war e package or  i n addi t i onal  sof t war e packages.   The 
moni t or i ng and cont r ol  sof t war e must  pr ovi de t he communi cat i on,  
pr ogr ammi ng and cont r ol  capabi l i t i es necessar y t o suppor t  al l  speci f i ed 
poi nt s and f unct i ons,  pl us a mi ni mum expansi on of  [ 50]  [ ____]  per cent  of  
t he cur r ent  number  of  poi nt s,  compl et e wi t h t hei r  poi nt  dat abase.   The 
moni t or i ng and cont r ol  st at i on must  be onl i ne at  al l  t i mes and must  
per f or m al l  r equi r ed f unct i ons as speci f i ed.   Wher e mul t i pl e modul es ar e 
used t he modul es must  be capabl e of  shar i ng dat a and oper at i ng t oget her  
seaml essl y.   [ Sof t war e must  be a c l i ent - ser ver  sof t war e package wi t h a 
gr aphi cal  user  i nt er f ace ( GUI )  usi ng web- br owser  based cl i ent s.   ] The 
syst em must  suppor t  mul t i pl e user  oper at i on wi t h mul t i pl e t asks f or  each 
user  and must  suppor t  oper at i on and management  of  al l  per i pher al  devi ces.

2. 11. 1   M&C Sof t war e Updat e Li censi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The i nst al l at i on may pr ocur e i t s own sof t war e 
updat e l i censi ng or  cont r act  and t hus need l ess t han 
5 year s.    Al t er nat i vel y t he i nst al l at i on may 
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r equi r e l onger  t han f i ve year s ( al t hough t hi s wi l l  
l i kel y i ncr ease t he cost s s i gni f i cant l y) .    
Coor di nat e wi t h t he i nst al l at i on t o det er mi ne i f  
t hey have any speci f i c  r equi r ement ;    i f  t hey don' t  
t hen keep t he 5 year  r equi r ement .

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

I n addi t i on t o al l  ot her  l i censi ng r equi r ement s,  pr ovi de M&C Sof t war e 
l i censi ng whi ch i ncl udes l i censi ng of  t he f ol l owi ng sof t war e updat es f or  a 
per i od [ of  no l ess t han 5 year s] [ ____] :

a.   Secur i t y and bug- f i x pat ches i ssued by t he M&C Sof t war e manuf act ur er .

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

2. 11. 2   Gr aphi cal  Oper at i ons

2. 11. 2. 1   Gr aphi cal  User  I nt er f ace

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St andal one or  web based ar e desi gner  opt i ons.

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

The cent r al  st at i on must  be pr ovi ded wi t h a mouse dr i ven,  gr aphi cal  user  
i nt er f ace.

2. 11. 2. 2   Di spl ay I nf or mat i on

The cent r al  st at i on must  di spl ay i nf or mat i on necessar y t o suppor t  al l  
r equi r ement s speci f i ed,  i ncl udi ng:  oper at or  commands;  al ar m not i f i cat i on;  
r epor t s;  syst em gr aphi cs as speci f i ed and as shown,  i ncor por at i ng dynami c 
dat a;  and cur ve pl ot t i ng.

2. 11. 2. 3   Syst em Gr aphi cs I mpl ement at i on

Syst em gr aphi cs di spl ays must  be hi er ar chi cal  di spl ays whi ch i nt egr at e 
dynami c dat a i nt o t he di spl ay.    Syst em gr aphi cs must  r ef l ect  act ual  
syst em conf i gur at i on.   Each syst em schemat i c must  be i ncl uded as a 
separ at e di spl ay.   Di f f er ent  col or s,  t ext ur es,  and use of  i nver t ed vi deo 
must  be used f or  var i ous component s and dynami c dat a.   The di spl ays must  
i ncl ude st andar d and/ or  cust om symbol s.   A l i br ar y of  cal l abl e di spl ay 
symbol s cont ai ni ng symbol s f or  al l  necessar y equi pment  and cont r ol  devi ces 
must  be f ur ni shed.    Symbol s must  conf or m t o I SA 101. 01 wher e appl i cabl e.   
Dat a associ at ed wi t h a di spl ay must  be updat ed wi t hi n 5 seconds of  t he 
bi nar y st at us change or  t he anal og change i n excess of  t he anal og change 
di f f er ent i al .   Any dynami c dat a whi ch i s not  cur r ent ,  due t o PLC 
communi cat i ons f ai l ur e,  PLC f ai l ur e,  or  poi nt  out  of  ser vi ce,  must  be 
hi ghl i ght ed or  f l agged.

2. 11. 2. 4   Di spl ay Edi t or

The di spl ay edi t or  must  enabl e t he user  t o cr eat e,  modi f y,  save and del et e 
di spl ays and symbol s.   Wi t hi n t he di spl ay t her e must  by dynami c f i el ds 
wi t h t he f unct i on of  l i nki ng t he dynami c f i el ds wi t h t he dat abase and must  
be execut ed aut omat i cal l y as t he l ast  st ep of  t he dat abase gener at i on and 
modi f i cat i on pr ocedur e.
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2. 11. 2. 5   Gr aphi cal  Pr ogr ammi ng

The syst em must  i ncl ude a gr aphi cal  pr ogr ammi ng f unct i on whi ch must  be 
used t o cr eat e al l  cont r ol  sequences ut i l i zed i n t he cont r ol  panel s.   Thi s 
f unct i on must  r esi de i n t he cent r al  st at i on t o cr eat e,  modi f y,  and t est  
sof t war e f or  cont r ol  panel  r esi dent  pr ogr ams.   The gr aphi cal  pr ogr ammi ng 
f unct i on must  pr ovi de pr ogr ammi ng el ement s   t o be connect ed t oget her  t o 
cr eat e a l ogi c di agr am.   The di agr am must  be compi l i abl e t o pr oduce 
execut abl e code f or  t he cont r ol  panel .   The gr aphi cal  pr ogr ammi ng f unct i on 
must  i ncl ude el ement s necessar y t o cr eat e l ogi c di agr ams t hat  r epr esent  
sequences of  oper at i on.   Pr ogr am el ement s must  be abl e t o be combi ned i nt o 
a cust om t empl at e whi ch can t hen be used as a st andar d f unct i on.   Pr ogr am 
checkout  and debug f aci l i t i es must  i ncl ude di spl ay of  dynami c and/ or  
s i mul at ed syst em var i abl es and poi nt s on t he pr ogr ammi ng scr eens.    The 
user  must  be abl e t o f i x  or  f or ce val ues of  var i abl es t o enabl e pr ogr am 
checkout  dur i ng debuggi ng.   The pr ogr ammi ng must  al l ow f or  t he use of  t he 
por t abl e t est er  f or  l oadi ng f i l es di r ect l y i nt o t he cont r ol  panel ,  
upl oadi ng of  exi st i ng cont r ol  panel  pr ogr ammi ng and dat abase i nf or mat i on 
and downl oadi ng of  cont r ol  panel  pr ogr ammi ng and dat abase i nf or mat i on.

2. 11. 2. 6   Syst em Menus and Di spl ays

The user  must  be abl e t o cal l  up t he f ol l owi ng di spl ays by dedi cat ed 
f unct i on key,  pul l  down menu or  by i con and must  be abl e t o page f or war d 
and backwar d on l i nked mul t i pl e page di spl ays.    The syst em menu and i ndex 
di spl ays must  al so cont ai n i cons whi ch can be used t o cal l  up subsequent  
di spl ays.

a.   Syst em Menu ( l i s t  of  al l  gr aphi cs and menus) .

b.   I ndex ( l i s t  of  al l  PLCs) .

c.   Al ar m Summar y ( l i s t  of  al l  uncl ear ed al ar ms) .

d.   Abnor mal  Summar y ( l i s t  of  al l  devi ces not  i n nor mal  st at e;  keeps t r ack 
of  al ar m condi t i ons whi ch have been cl ear ed) .

e.   Dat a Communi cat i ons Summar y ( l i s t i ng of  avai l abi l i t y  f or  each 
communi cat i on channel ,  by st at i st i cal l y pr ocessi ng t he number  of  
t r ansmi ssi on er r or s,  out ages,  and ot her  abnor mal  condi t i ons f or  each 
channel ) .

2. 11. 2. 7   Har d- Copy Scr een Request

The cent r al  st at i on must  be abl e t o obt ai n a har d copy of  t he moni t or  
di spl ay bei ng vi ewed.   Thi s must  be an exact  " snapshot "  of  t he dat a and 
devi ce symbol s shown on t he sel ect ed moni t or .

2. 11. 3   Command Sof t war e

The sof t war e must  pr ovi de f or  def i ni ng and sel ect i ng poi nt s,  par amet er s,  
gr aphi cs,  r epor t  gener at i on,  and al l  ot her  f unct i ons associ at ed wi t h 
oper at i on.   The oper at or  commands must  be usabl e f r om cent r al  st at i on 
comput er  and wor kst at i on keyboar ds wi t h i ndi v i dual  oper at or  passwor ds as 
speci f i ed.
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2. 11. 3. 1   Command I nput

Command menus must  ut i l i ze f ul l  wor ds and acr onyms sel ect ed t o al l ow 
oper at or s t o use t he syst em wi t hout  ext ensi ve t r ai ni ng or  dat a pr ocessi ng 
backgr ounds.   The syst em must  pr ompt  t he oper at or .

2. 11. 3. 2   Command I nput  Er r or s

The syst em must  super vi se oper at or  i nput s t o ensur e t hey ar e cor r ect  f or  
pr oper  execut i on.   Pr ovi de oper at or  i nput  assi st ance whenever  a command 
cannot  be execut ed because of  oper at or  i nput  er r or s.

2. 11. 3. 3   Speci al  Funct i ons

The syst em must  suppor t  t he f ol l owi ng speci al  f unct i ons by usi ng a mouse,  
i n addi t i on t o al l  ot her  commands speci f i ed:

2. 11. 3. 3. 1   Hel p

Pr oduce a di spl ay of  al l  commands avai l abl e t o t he oper at or .    The hel p 
command,  f ol l owed by a speci f i c  command,  must  pr oduce cont ext  sensi t i ve 
l i s t i ng wi t h a shor t  expl anat i on of  t he pur pose,  use,  and syst em r eact i on 
t o t hat  command.

2. 11. 3. 3. 2   St ar t / Enabl e

Manual l y st ar t  equi pment  and enabl e moni t or i ng and cont r ol  of  poi nt s.

2. 11. 3. 3. 3   St op/ Di sabl e

Manual l y st op equi pment  and di sabl e moni t or i ng and cont r ol  component s.

2. 11. 3. 3. 4   Di spl ay Di agr am

Di spl ay di agr ams of  speci f i c  ut i l i t y  syst ems or  ot her  syst ems.

2. 11. 3. 3. 5   Di agr am Devel opment

Faci l i t at e devel opment  of  di agr ams of  speci f i c  ut i l i t y  syst ems or  ot her  
syst ems.

2. 11. 3. 3. 6   Aut o/ Over r i de

Over r i de aut omat i c oper at i on of  a poi nt  or  r et ur n a poi nt  t o aut omat i c 
oper at i on.

2. 11. 3. 3. 7   Pr i nt  Repor t

Al l ow t he oper at or  t o pr i nt  r epor t s.

2. 11. 3. 3. 8   Conf i r m Act i on

Al l ow t he oper at or  t o conf i r m t hat  t he desi r ed command sequence has been 
cor r ect l y ent er ed and i s t o be execut ed.

2. 11. 3. 3. 9   Cancel  Act i on

Per f or m t he opposi t e f unct i on of  t he conf i r m act i on,  at  any t i me pr i or  t o 
execut i ng conf i r m act i on.
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2. 11. 3. 3. 10   Memo Pad

Al l ow t he oper at or  t o cr eat e,  st or e and r et r i eve pop- up not es.

2. 11. 3. 4   Oper at or ' s Commands

The oper at or ' s commands must  pr ovi de t he means f or  ent r y of  cont r ol  and 
moni t or i ng commands,  and f or  r et r i eval  of  i nf or mat i on.   The oper at or ' s 
commands must  per f or m such t asks as r equest i ng a di spl ay of  any bi nar y,  
anal og,  or  accumul at or  poi nt ,  or  any gr oup of  r el at ed poi nt s,  st ar t up and 
shut down sel ect ed syst ems or  devi ces,  modi f y i ng

2. 11. 3. 5   Level  of  Addr essi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When speci f y i ng l evel  of  addr essi ng f or  
i dent i f i cat i on,  del et e Ar ea or  Faci l i t y  wher e not  
r equi r ed.

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

Pr ovi de f our  l evel s of  addr essi ng f or  i dent i f i cat i on as f ol l ows:

2. 11. 3. 5. 1   Poi nt

The i ndi v i dual  sensor  or  cont r ol  devi ce wi t hi n a uni t .

2. 11. 3. 5. 2   Uni t

The uni t  t hat  a poi nt  i s  associ at ed wi t h,  such as a bl ower .

2. 11. 3. 5. 3   Sub- Syst em

The sub- syst em t hat  a poi nt  i s  l ocat ed i n or  near .

2. 11. 3. 5. 4   Syst em

The syst em t hat  a sub- syst em i s l ocat ed i n or  near .

2. 11. 3. 6   Syst em Access Cont r ol

A mi ni mum of  [ _____]  passwor ds must  be usabl e wi t h t he pr ocess cont r ol  
syst em sof t war e.   The syst em must  mai nt ai n an ASCI I  di sk f i l e l oggi ng al l  
oper at or s l ogged ont o t he syst em,  al ar m acknowl edgment s,  commands i ssued 
and al l  dat abase modi f i cat i ons f or  each passwor d.   Each passwor d must  be 
def i nabl e as t o t he f unct i ons t hat  t he oper at or  can per f or m.

2. 11. 4   Al ar ms

Pr ovi de M&C Sof t war e meet i ng t he f ol l owi ng mi ni mum r equi r ement s f or  al ar ms:

a.   The M&C sof t war e must  be capabl e of  gener at i ng al ar ms by compar i ng t he 
val ue of  any poi nt  f r om any connect ed syst em t o user - conf i gur abl e 
l i mi t s and  must  not i f y an oper at or  of  t he occur r ence of  an al ar m 
condi t i on.   The pr ocess cont r ol  syst em al ar m hi st or y must  be st or ed 
and must  be r ecal l abl e by t he oper at or  usi ng t he r epor t  gener at or .  
Al ar m messages must  t ake pr ecedence over  ot her  f unct i ons.   A mi ni mum 
of  t he most  r ecent  [ 25]  [ _____]  syst em al ar ms must  be di r ect l y 
avai l abl e at  t he cent r al  st at i on comput er .   Oper at or  acknowl edgment  of  
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one al ar m must  not  be consi der ed as acknowl edgment  of  any ot her  al ar m 
nor  must  i t  i nhi bi t  r epor t i ng of  subsequent  al ar ms.   Al ar m dat a t o be 
di spl ayed and st or ed must  i ncl ude:  i dent i f i cat i on of  t he al ar m;  dat e 
and t i me t o t he near est  second of  occur r ence;  devi ce or  sensor  t ype;  
l i mi t  exceeded ( i f  anal og) ;  engi neer i ng uni t s;  cur r ent  val ue or  
st at us;  al ar m cl ass;  and al ar m messages.

b.   The M&C sof t war e must  suppor t  at  l east  t wo al ar m pr i or i t y l evel s:   
cr i t i cal  and i nf or mat i onal .   Cr i t i cal  al ar ms must  r emai n i n al ar m 
unt i l  acknowl edged by an oper at or  and t he al ar m condi t i on no l onger  
exi st s;  i nf or mat i onal  al ar ms must  r emai n i n al ar m unt i l  t he al ar m 
condi t i on no l onger  exi st s or  unt i l  t he al ar m i s acknowl edged.

c.   The cr eat i on,  modi f i cat i on,  and handl i ng ( r out i ng)  of  al ar ms must  be 
f ul l y accessi bl e and f ul l y adj ust abl e f r om t he gr aphi cal  user  
i nt er f ace.

d.   Al ar m Dat a.  Al ar m dat a t o be di spl ayed and st or ed must  i ncl ude:
   1)   I dent i f i cat i on of  al ar m i ncl udi ng bui l di ng,  syst em ( or  sub- syst em) ,  

and devi ce name.
 
2)   Dat e and t i me t o t he near est  second of  occur r ence.

3)   Al ar m t ype:

4)   Unr el i abl e:  I ndi cat es t hat  t he sour ce devi ce has f ai l ed due t o t he 
sensi ng devi ce or  al ar m par amet er  bei ng out - of - r ange or  bad dat a.

5)   Hi gh Al ar m.

6)   Low Al ar m.

7)   Cur r ent  val ue or  st at us of  t he al ar m poi nt ,  i ncl udi ng engi neer i ng 
uni t s

8)   Al ar m l i mi t s,  i ncl udi ng engi neer i ng uni t s.

9)   Al ar m pr i or i t y.

10)   Al ar m Message:  A uni que message wi t h a f i el d of  at  l east  60 
char act er s.    Assi gnment  of  messages t o an al ar m must  be an oper at or  
edi t abl e f unct i on.

11)   Acknowl edgement  st at us of  t he al ar m i ncl udi ng t he t i me,  dat e and 
user  of  acknowl edgement .

2. 11. 4. 1   Bi nar y Al ar ms

Bi nar y al ar ms must  be subj ect  t o i mmedi at e r epor t i ng,  wi t hi n t he al ar m 
r esponse t i me,  at  t he cent r al  st at i on.

2. 11. 4. 2   Anal og Al ar ms

These al ar ms must  be subj ect  t o i mmedi at e r epor t i ng,  wi t hi n t he al ar m 
r esponse t i me,  at  t he cent r al  st at i on.    The cont r ol  panel  anal og r eadi ngs 
must  be compar ed t o pr edef i ned hi gh and l ow l i mi t s,  and al ar med t o t he 
cent r al  st at i on each t i me a val ue ent er s or  r et ur ns f r om a l i mi t  
condi t i on.   The pr ogr am must  aut omat i cal l y change t he hi gh or  l ow l i mi t s,  
or  bot h,  of  any anal og poi nt ,  based on t i me schedul ed oper at i ons as 
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speci f i ed,  al l owi ng f or  a t i me i nt er val  bef or e t he new al ar m l i mi t  becomes 
ef f ect i ve.   For  t hose appl i cat i ons wher e set poi nt  adj ust ment s ar e made,  
t he al ar m l i mi t  must  be keyed t o a f i ni t e devi at i on t r avel i ng wi t h t he 
set poi nt .

2. 11. 4. 3   Al ar m Messages

A uni que message wi t h a f i el d of  60 char act er s must  be pr ovi ded f or  each 
al ar m.   Assi gnment  of  messages t o a poi nt  must  be an oper at or  edi t abl e 
f unct i on.   Secondar y messages must  be assi gnabl e by t he oper at or  f or  
pr i nt i ng t o pr ovi de f ur t her  i nf or mat i on,  such as t el ephone l i s t s or  
mai nt enance f unct i ons,  and must  be edi t abl e by t he oper at or .

2. 11. 4. 4   Al ar m Cl asses

Cl asses of  al ar ms,  whi ch wi l l  be i dent i f i ed f or  each i t em,  i ncl ude cl ass 1 
and cl ass 2 al ar m condi t i ons.    Cl ass 1 ( Cr i t i cal )  must  i ncl ude di spl ay,  
pr i nt ,  and audi bl e al ar m at  occur r ence and at  r et ur n- t o- nor mal .  
Acknowl edgment  of  c l ass 1 al ar ms by t he oper at or  must  be r equi r ed at  
occur r ence and at  r et ur n- t o- nor mal .    Cl ass 2 ( I nf or mat i onal )  must  i ncl ude 
di spl ay,  pr i nt ,  and audi bl e al ar m at  occur r ence and at  r et ur n- t o- nor mal .   
No acknowl edgment  of  c l ass 2 al ar ms i s r equi r ed unl ess ot her wi se shown.

2. 11. 5   Pop- up Not e Funct i on

A pop- up not e f unct i on must  be i ncl uded wi t h t he wor kst at i on,  pr ovi di ng 
t he oper at or  a capabi l i t y  of  not i ng any dat a whi ch may be associ at ed wi t h 
al ar ms or  wi t h any ot her  event .   A not e cr eat ed by an oper at or  must  be 
aut omat i cal l y cal l ed up when any ot her  wor kst at i on cal l s up t he associ at ed 
poi nt ,  al ar m,  or  al ar m summar y.   The pop- up not e f unct i on must  al so 
suppor t  f r ee f or m ent r y of  dat a whi ch can be used by any wor kst at i on 
oper at or s as gener al  r emi nder s or  i nst r uct i ons.

2. 11. 6   Real  Ti me Cl ock Synchr oni zat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  r eal  t i me cl ock synchr oni zat i on i s not  
r equi r ed,  t hi s par agr aph wi l l  be del et ed.

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

The syst em must  synchr oni ze each cent r al  st at i on comput er ,  r eal  t i me 
cl ock,  wi t hi n one second and at  l east  once per  day aut omat i cal l y,  wi t hout  
oper at or  i nt er vent i on and wi t hout  r equi r i ng syst em shut down.   The cent r al  
st at i on comput er  must  aut omat i cal l y i ni t i at e a cal l  once per  day t o t he 
NI ST cl ock t o obt ai n t he cor r ect  t i me and dat e and updat e t he r eal  t i me 
cl ock.   The cent r al  st at i on comput er  must  gener at e a r epor t  showi ng t he 
t i me di f f er ence.

2. 11. 7   Syst em React i on

Under  syst em nor mal  heavy l oad,  no mor e t han [ 10]  [ _____]  seconds must  
l apse f r om t he t i me a bi nar y st at us al ar m or  anal og al ar m occur s at  a PLC 
unt i l  t he change i s di spl ayed at  t he cent r al  st at i on [ and oper at or ' s 
wor kst at i on] .    The t ot al  syst em r esponse t i me f r om i ni t i at i on of  a 
cont r ol  act i on command t o di spl ay of  t he r esul t i ng st at us change must  not  
exceed [ 20]  [ _____]  seconds under  syst em nor mal  heavy l oad condi t i ons,  
assumi ng a zer o r esponse t i me f or  oper at i on of  t he PLC' s cont r ol  devi ce.   
The al ar m pr i nt er  must  cont i nue t o pr i nt  out  al l  occur r ences,  i ncl udi ng 
t i me of  occur r ence,  t o t he near est  second.   Al l  syst em nor mal  heavy l oad 
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condi t i ons must  be i nt r oduced t o t he syst em vi a AI s and DI s.

2. 11. 7. 1   Occur r ence

Syst em nor mal  heavy l oad condi t i ons ar e def i ned as t he occur r ence 
t hr oughout  t he syst em of  a t ot al  of  t hr ee st at us changes,  t hr ee bi nar y 
al ar ms,  t hr ee anal og hi gh or  l ow l i mi t  al ar ms,  and t hr ee anal og quant i t y 
changes wi t hi n t he hi gh and l ow l i mi t s dur i ng a s i ngl e 1- second i nt er val .  
Thi s number  of  s i mi l ar  occur r ences must  r epeat  on a cont i nuous basi s 
dur i ng successi ve 1- second i nt er val s f or  a per i od of  2 mi nut es.

2. 11. 7. 2   Locat i on

Syst em nor mal  heavy l oad condi t i ons,  as speci f i ed,  must  have 50 per cent  of  
t he changes and al ar ms,  i ncl udi ng no l ess t han one of  each t ype,  occur r i ng 
at  a s i ngl e PLC wi t h t he r emai ni ng changes and al ar ms di st r i but ed among 
t he r emai ni ng PLCs.

2. 11. 8   Repor t  Gener at or

Sof t war e must  be pr ovi ded t o gener at e and f or mat  st andar d and cust om 
r epor t s f or  di spl ayi ng,  pr i nt i ng,  and st or i ng on di sk.   Repor t s must  use 
dat abase val ues and par amet er s,  val ues cal cul at ed usi ng t he r eal  t i me 
st at i c dat abase or  hi st or i cal  dat a base;  wi t h t he r epor t s subsequent l y 
st or ed on har d di sk or  z i p dr i ve.   Dynami c oper at i on of  t he syst em must  
not  be i nt er r upt ed t o gener at e a r epor t .   The r epor t  must  cont ai n t he t i me 
and dat e when t he sampl e was t aken,  and t he t i me and dat e when t he r epor t  
was pr i nt ed.   The sof t war e must  al l ow f or  aut omat i c and manual  gener at i on 
of  r epor t s.  For  aut omat i c r epor t s an oper at or  must  be abl e t o speci f y t he 
t i me t he i ni t i al  r epor t  i s  t o be gener at ed,  t he t i me i nt er val  bet ween 
r epor t s,  end of  per i od,  and t he out put  f or mat  f or  t he r epor t .   Manual  
r epor t  gener at i on must  al l ow f or  t he oper at or  t o r equest  at  any t i me t he 
out put  of  any r epor t .

2. 11. 8. 1   Per i odi c Aut omat i c Repor t

The syst em must  al l ow f or  speci f y i ng,  modi f y i ng,  or  i nhi bi t i ng t he r epor t  
t o be gener at ed,  t he t i me t he i ni t i al  r epor t  i s  t o be gener at ed,  t he t i me 
i nt er val  bet ween r epor t s,  end of  per i od,  and t he out put  per i pher al .

2. 11. 8. 2   Request  Repor t  Mode

The syst em must  al l ow f or  t he oper at or  t o r equest ,  at  any t i me,  an 
i mmedi at e pr i nt out  of  any r epor t .

2. 11. 9   Dat a I nt er change

Sof t war e must  be pr ovi ded t o f or mat  and st or e on a gover nment  appr oved 
r emovabl e har d dr i ve t he dat a,  t r ends,  pr of i l es,  r epor t s and l ogs as 
speci f i ed i n a def i ned,  st andar d f or mat  such as ASCI I  t ext  or  DI F f or  
expor t  and f ur t her  pr ocessi ng by ot her  sof t war e and/ or  comput er  syst ems.

2. 11. 10   Cont r ol  Panel  and DTS Ci r cui t  Al ar ms

The syst em must  super vi se each cont r ol  panel ,  I / O f unct i on and DTS ci r cui t  
f or  al ar m r epor t i ng,  i ncl udi ng:  cont r ol  panel  not  r espondi ng;  cont r ol  
panel  r espondi ng ( r et ur n t o nor mal ) ;  cont r ol  panel  t o cent r al  st at i on DTS 
ci r cui t  hi gh er r or  r at e;  cont r ol  panel  t o cont r ol  panel  DTS ci r cui t  hi gh 
er r or  r at e;  cont r ol  panel / cent r al  st at i on r eal  t i me cl ock er r or  mor e t han 
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15 seconds ( adj ust abl e) ;  cont r ol  panel  i nt r usi on al ar m;  cont r ol  panel  
of f l i ne;  cont r ol  panel  onl i ne ( r et ur n t o nor mal ) ;  cont r ol  panel  f ai l ur e 
( sel f - di agnost i cs) ;  poi nt  not  r espondi ng t o command;  and poi nt  change of  
st at e wi t hout  command.

2. 11. 11   Cent r al  St at i on Dat abase

The cent r al  st at i on dat abase must  be st or ed on di sk and i n memor y.   The 
st at i c dat abase must  be downl oadabl e as r equi r ed t o cont r ol  panel s i n t he 
syst em.

2. 11. 11. 1   Dat abase Def i ni t i on Pr ocess

Sof t war e must  be pr ovi ded t o def i ne and modi f y each poi nt  i n t he dat abase 
usi ng oper at or  commands.   The def i ni t i on must  i ncl ude al l  physi cal  
par amet er s and const r ai nt s associ at ed wi t h each poi nt .   Each dat abase i t em 
must  be cal l abl e f or  di spl ay or  pr i nt i ng,  i ncl udi ng EEPROM,  ROM and RAM 
r esi dent  dat a.   Each poi nt  must  be def i ned and ent er ed i nt o cent r al  
st at i on dat abase.

2. 11. 11. 2   Dynami c Dat abase

The dynami c dat abase i ncl udes t hose var i abl es whi ch change wi t h t i me or  
condi t i ons i ncl udi ng al l  DI s,  AI s,  PAs,  and vi r t ual  ( l ogi c)  poi nt s.

2. 11. 11. 3   Dynami c Dat abase Updat e

Updat e t he dynami c dat abase f r om t he f i el d,  al l owi ng t he oper at or  t o 
sel ect  updat e t i mes f r om 0. 1 seconds t o 2. 0 seconds.

2. 11. 11. 4   St at i c Dat abase

The st at i c dat abase i ncl udes t hose f i xed par amet er s and const r ai nt s f r om 
al l  PLCs whi ch def i ne t he char act er i st i cs of  t he syst em and I / O f unct i ons 
such as al ar m l i mi t s,  st ar t / st op t i mes,  poi nt  names,  PLC channel  
addr esses,  and sensor  spans.

2. 11. 11. 5   Cent r al  St at i on St at i c Dat abase Updat e

A copy of  each cont r ol  panel s st at i c dat abase must  be updat ed 
aut omat i cal l y once per  day,  each t i me an aut hor i zed change i s submi t t ed or  
upon demand f r om t he cent r al  st at i on dat abase.

2. 11. 11. 6   Wor kst at i on Access t o Dynami c Dat a

Any wor kst at i on wi t h pr oper  access passwor d and connect ed t o t he cent r al  
st at i on v i a t he BTS must  have access t o t he cent r al  st at i on' s dynami c 
dat a.   Di spl ay of  dat a must  commence wi t hi n 5 seconds.

2. 11. 12   Hi st or i cal  Dat a St or age and Ret r i eval

A hi st or i cal  dat a st or age and r et r i eval  f unct i on must  be pr ovi ded at  t he 
cent r al  st at i on t o col l ect  and st or e dynami c dat a.    Thi s f unct i on must  be 
i n addi t i on t o ot her  dat a st or age r equi r ement s.    The f unct i on must  have 
t he capabi l i t y  t o col l ect  and st or e al ar m st at us changes,  poi nt  val ues,  
event s and oper at or  commands,  and syst em r esponses.   The st or age f unct i on 
must  al so have t he capabi l i t y  t o col l ect  and st or e mul t i pl e set s of  anal og 
dat a at  pr e- speci f i ed sampl i ng r at es.   Thi s f unct i on must  have t he 
capabi l i t y  t o r et ai n hi st or i cal  dat a on har d di sk f or  pr e- speci f i ed t i me 
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per i ods,  up t o f or t y f i ve days usi ng l ast  day r ol l  over ,  f or  shor t - t er m 
anal ysi s,  and t hen out put  t he dat a t o a sol i d st at e dr i ve i n a SQL 
dat abase f or  l ong- t er m r et ent i on.   The oper at or  must  al so be abl e t o 
sel ect i vel y r ecal l  shor t - t er m dat a st or ed on har d di sk.   Ret r i eval  and 
pr i nt i ng of  t he cont ent s of  any sel ect ed hi st or i cal  dat a f i l e must  be 
avai l abl e usi ng t he dat a r et r i eval  and r epor t  gener at i on pr ogr am.   The 
out put  of  t he r epor t  gener at i on pr ogr am must  be capabl e of  bei ng vi ewed on 
t he scr een,  pr i nt ed i n a r epor t ,  or  st or ed.

2. 11. 13   Tr endi ng

Pr ovi de M&C sof t war e capabl e of  cr eat i ng,  modi f y i ng,  upl oadi ng and 
ar chi v i ng Poi nt  pr oper t i es and per f or mi ng r eal - t i me di spl ay of  poi nt  
pr oper t i es wi t h a mi ni mum t r endi ng r at e of  100 poi nt s per  second.

a.   The M&C Sof t war e must  i ncl ude a gr aphi cal  di spl ay f or  t r end 
conf i gur at i on,  cr eat i on and del et i on accessi bl e t hr ough t he gr aphi cal  
user  i nt er f ace.   Each t r end must  be user - conf i gur abl e f or :

    ( 1)   Poi nt  t o t r end.

( 2)   Sampl i ng i nt er val :  adj ust abl e bet ween 1 second and 1 hour .

( 3)   St ar t  and St op Ti me of  Tr end:  St ar t  and st op t i mes det er mi ned by 
one or  mor e of  t he f ol l owi ng met hods:

   ( a)   St ar t  t i me and st op t i me

   ( b)   St ar t  t i me and dur at i on

   ( c)   St ar t  t i me and number  of  sampl es

b.   The M&C sof t war e must  be capabl e of  di spl ayi ng and pr i nt i ng a 
gr aphi cal  r epr esent at i on of  each t r end,  and of  mul t i pl e t r ended poi nt s 
on t he same gr aph.   The sof t war e must  be capabl e of  savi ng t r end l ogs 
t o a f i l e.   I f  t he f i l e f or mat  i s not  pl ai n ASCI I  t ext  i n a 
Comma- Separ at ed- Val ue ( CSV)  f or mat ,  pr ovi de a means t o expor t  or  
conver t  t he f i l e t o pl ai n ASCI I  t ext  i n a CSV f or mat .

2. 11. 14   Anal og Moni t or i ng

The syst em must  measur e,  t r ansmi t ,  and di spl ay anal og val ues,  i ncl udi ng 
cal cul at ed anal og poi nt s.   Di f f er ent i al  measur ement s must  be di spl ayed as 
posi t i ve or  negat i ve val ues wi t h r espect  t o t hei r  r ef er ence poi nt s shown.  
An anal og change i n val ue i s def i ned as a change exceedi ng a pr eset  
di f f er ent i al  val ue as speci f i ed.   Each anal og change i n val ue must  be 
oper at or  sel ect abl e and set t abl e t o pr ovi de f or  a mi ni mum r epor t i ng change 
i n val ue of  one- hal f  t he speci f i ed end- t o- end accur acy of  t he measur ed 
var i abl e.   Di spl ays and r epor t s must  expr ess anal og val ues i n pr oper  
engi neer i ng uni t s wi t h s i gn.   Pr ovi de [ 128]  [ ____]  di f f er ent  set s of  
engi neer i ng uni t  conver si ons.   Each engi neer i ng conver si on uni t  must  
i ncl ude r ange,  span,  and conver si on equat i on.

2. 11. 15   Anal og Tot al i zat i on

Any anal og or  cal cul at ed poi nt  must  be oper at or  assi gnabl e t o t he 
t ot al i zat i on pr ogr am.   The anal og t ot al i zat i on t i me per i od must  be def i ned 
uni quel y f or  each poi nt .   At  t he end of  t he per i od,  t ot al s must  be st or ed 
on di sk f or  f ut ur e r ef er ence.   Tot al i zat i on must  t hen r est ar t  f r om zer o 
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f or  t he next  t i me per i od.   The pr ogr am must  keep t r ack of  t he peak and 
t ot al  val ue measur ed dur i ng t he cur r ent  per i od and f or  t he pr evi ous 
per i od.   The oper at or  must  be abl e t o i ni t i at e a summar y of  t ot al i zat i on 
i nf or mat i on on a poi nt ,  uni t ,  sub- syst em or  syst em.   The oper at or  must  be 
abl e t o set  or  r eset  each t ot al i zed val ue i ndi v i dual l y.   The oper at or  must  
be abl e t o def i ne,  modi f y,  or  del et e t he t i me per i od onl i ne.

2. 11. 16   LAN Sof t war e

A net wor k oper at i ng syst em must  be suppl i ed as par t  of  t he LAN sof t war e.  
The net wor k oper at i ng syst em must  suppor t  net wor k devi ce access t o t he 
cent r al  st at i on.   The syst em must  pr ovi de wor kst at i on access t o t he 
cent r al  st at i on as a v i r t ual  t er mi nal .   The net wor k must  pr ovi de net wor k 
access t o shar ed per i pher al s.   The LAN sof t war e must  pr ovi de f or  
t r anspar ent  communi cat i on wi t h any node on t he syst em.   The LAN sof t war e 
must  suppor t  t he f ol l owi ng:

2. 11. 16. 1   Access Cont r ol

Access cont r ol  t o t he cent r al  st at i on comput er  and wor kst at i ons.   
Oper at or s must  be abl e t o per f or m al l  speci f i ed f unct i ons,  gi ven t he 
pr oper  passwor ds,  i ncl udi ng dat abase def i ni t i on/ modi f i cat i on,  gr aphi c 
cr eat i on/ modi f i cat i on,  and t r endi ng.

2. 11. 16. 2   Ot her  Funct i ons and Conf i gur at i ons

2. 11. 17   Vi r us Pr ot ect i on Sof t war e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he pr oj ect  s i t e t o 
det er mi nei f  t he Vi r us Pr ot ect i on Sof t war e wi l l  be 
cont r act or  suppl i ed or  Gover nment  Fur ni shed.

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

[ Pr ovi de Vi r us Pr ot ect i on Sof t war e consi st i ng of  t he pr oj ect  s i t e' s 
st andar d v i r us pr ot ect i on sof t war e compl et e wi t h a v i r us def i ni t i on updat e 
subscr i pt i on]  [ Vi r us Pr ot ect i on Sof t war e wi l l  be f ur ni shed by t he 
Gover nment ] .

2. 11. 18   Di sk I magi ng ( Backup)  Sof t war e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he pr oj ect  s i t e t o 
det er mi nei f  t he Di sk I magi ng ( Backup)  Sof t war e wi l l  
be cont r act or  suppl i ed or  Gover nment  Fur ni shed.

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

[ Pr ovi de Di sk i magi ng ( backup)  sof t war e capabl e of  per f or mi ng a bar e- met al  
r est or e ( i magi ng and r est or i ng t o a new bl ank har d dr i ve such t hat  
r est or at i on of  t he i mage i s suf f i c i ent  t o r est or e syst em oper at i on t o t he 
i maged st at e wi t hout  t he need f or  r e- i nst al l at i on of  sof t war e) . ]  [ Pr ovi de 
Di sk i magi ng ( backup)  sof t war e consi st i ng of  t he pr oj ect  s i t e' s st andar d 
di sk i magi ng sof t war e. ]  [ Di sk i magi ng ( backup)  sof t war e wi l l  be f ur ni shed 
by t he Gover nment . ]

2. 12   DATA COMMUNI CATI ON REQUI REMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  edi t  t he f ol l owi ng 
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par agr aph as needed t o r equi r e onl y t he dat a 
communi cat i ons r equi r ement s t hat  ar e necessar y based 
on t he r equi r ement s and compl exi t y of  t he cont r ol  
syst em.   A communi cat i ons syst em l ayout  or  bl ock 
di agr am must  be pr ovi ded on t he dr awi ngs t o c l ear l y 
show t he communi cat i ons syst em conf i gur at i on 
r equi r ement s.

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

Pr ocess cont r ol  syst em dat a communi cat i ons must  suppor t  t he speci f i ed 
f unct i ons and pr ocess cont r ol  syst em conf i gur at i on shown on t he dr awi ngs.

2. 12. 1   Cent r al  St at i on/ Wor kst at i on

Each wor kst at i on must  be abl e t o communi cat e wi t h t he cent r al  st at i on as a 
v i r t ual  t er mi nal .   The wor kst at i on must  be abl e t o i ni t i at e upl oads or  
downl oads of  pr ogr ams and r esi dent  dat a,  i ncl udi ng par amet er s of  connect ed 
syst ems PLCs and devi ces,  const r ai nt s and pr ogr ams i n t he cent r al  st at i on.

2. 12. 2   Cent r al  St at i on/ PLC

The cent r al  st at i on must  be abl e t o i ni t i at e an upl oad or  downl oad of  PLC 
dat a pr ogr ams.

2. 12. 3   Communi cat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e on t he communi cat i ons syst em l ayout  
di agr am,  on t he dr awi ngs,  wher e modem communi cat i on 
i s r equi r ed.   Coor di nat e t hi s wi t h t he cent r al  
st at i on/ wor kst at i on comput er  r equi r ement s.

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

Communi cat i on wi t h ot her  comput er  syst ems must  be accompl i shed usi ng an 
Et her net  communi cat i ons por t .   The cent r al  st at i on or  wor kst at i on must  be 
abl e t o i ni t i at e upl oad or  downl oad of  dat a f i l es.

2. 12. 4   Er r or  Det ect i on and Ret r ansmi ssi on

Er r or  det ect i on and r et r ansmi ssi on must  compl y wi t h cur r ent  Et her net  
st andar ds.

2. 13   FACTORY TEST

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Eval uat e t he need f or  f act or y t est s.    Take
i nt o account  t he s i ze of  t he syst em,  t he compl exi t y 
of  t he syst em,  t he devi ces t hat  compr i se t he syst em
as wel l  as ot her  per t i nent  i nf or mat i on.    I f  a 
f act or y t est  i s  deemed necessar y,  t he f act or y t est  
r equi r ement s bel ow must  be t ai l or ed t o t he pr ocess 
cont r ol  syst em t o be t est ed.   I f  any f act or y t est  i s  
deemed unnecessar y,  del et e i t  f r om t he f ol l owi ng 
par agr aphs.

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

The pr ocess cont r ol  syst em must  be t est ed at  t he f act or y pr i or  t o 
shi pment .  Wr i t t en not i f i cat i on of  pl anned t est i ng must  be gi ven t o t he 
Gover nment  at  l east  21 days pr i or  t o t est i ng,  and i n no case must  not i ce 
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be gi ven unt i l  af t er  t he Cont r act or  has r ecei ved wr i t t en Gover nment  
appr oval  of  t he t est  pr ocedur es.

2. 13. 1   Fact or y Test  Set up

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I t ems not  appl i cabl e t o t he f act or y t est  
shoul d be del et ed.

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

Assembl e and i nt egr at e t he f act or y t est  set up as speci f i ed t o pr ove t hat  
per f or mance of  t he syst em sat i sf i es al l  r equi r ement s of  t hi s pr oj ect ,  
i ncl udi ng syst em communi cat i ons r equi r ement s i n accor dance wi t h t he 
appr oved t est  pr ocedur es.   The f act or y t est  must  t ake pl ace dur i ng r egul ar  
dayt i me wor ki ng hour s on weekdays.   Equi pment  used must  be t he same 
equi pment  t hat  i s  t o be del i ver ed t o t he s i t e.   The f act or y t est  set up 
must  i ncl ude t he f ol l owi ng:

Fact or y Test

cent r al  st at i on equi pment one each of  t he component s

wor kst at i on one of  each t ype

cont r ol  panel not  l ess t han t wo cont r ol  panel s:  at  
l east  one of  each t ype used i n t he syst em 
pl us at  l east  one per  DTS t ype

t est  set one of  each t ype

por t abl e t est er one of  each t ype

communi cat i ons c i r cui t s one of  each t ype and speed t o be ut i l i zed 
i n t he pr oposed syst em i ncl udi ng br i dges,  
modems,  encoder / decoder s,  t r anscei ver s 
and r epeat er s

sur ge pr ot ect i on equi pment f or  power ,  communi cat i ons,  I / O f unct i ons 
and net wor ks

I / O f unct i ons suf f i c i ent  t o demonst r at e t he I / O 
capabi l i t y and syst em nor mal  oper at i on

sof t war e sof t war e r equi r ed f or  pr oper  oper at i on of  
t he pr oposed syst em i ncl udi ng appl i cat i on 
pr ogr ams and sequences of  oper at i on

2. 13. 2   Fact or y Test  Pr ocedur e

Test  pr ocedur es must  def i ne t he t est s r equi r ed t o ensur e t hat  t he syst em 
meet s t echni cal ,  oper at i onal ,  and per f or mance r equi r ement s.   The t est  
pr ocedur es must  def i ne l ocat i on of  t est s,  mi l est ones f or  t he t est s,  and 
i dent i f y s i mul at i on pr ogr ams,  equi pment ,  per sonnel ,  f aci l i t i es,  and 
suppl i es r equi r ed.   Pr ovi de f or  t est i ng al l  pr ocess cont r ol  syst em 
capabi l i t i es and f unct i ons speci f i ed and shown.   Cover  act ual  equi pment  
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and sequences t o be used f or  t he speci f i ed pr oj ect  and i ncl ude det ai l ed 
i nst r uct i ons f or  t est  set up,  execut i on,  and eval uat i on of  t est  r esul t s.   
The t est  r epor t s must  document  r esul t s of  t he t est s.   Sur ge t est i ng need 
not  be conduct ed accept abl e document ed pr oof  can be pr ovi ded t hat  such 
t est i ng has been sat i sf act or i l y  demonst r at ed t o t he Gover nment  wi t h 
i dent i cal  sur ge pr ot ect i on appl i ed.   The pr ocedur es must  i ncl ude t he 
f ol l owi ng:

Test  Pr ocedur e

equi pment bl ock di agr am

har dwar e and sof t war e descr i pt i ons

commands oper at or  commands

I / O f unct i ons t est  dat abase poi nt s wi t h f ai l ur e modes

passwor ds r equi r ed f or  each oper at or  access l evel

each t ype of  di gi t al  and anal og 
poi nt  i n t he t est  dat abase

descr i pt i on

t est  equi pment l i st

sur ge pr ot ect i on ci r cui t  di agr ams

i nput s r equi r ed ( I / O poi nt  val ues 
and st at us)  and cor r espondi ng 
expect ed r esul t s of  each set  of  
i nput  val ues

f or  each appl i cat i on pr ogr am

def aul t  val ues f or  t he appl i cat i on pr ogr am i nput s not  
i mpl ement ed or  pr ovi ded f or  i n t he cont r act  
document s f or  t he appl i cat i on pr ogr ams t o be 
t est ed

2. 13. 3   Fact or y Test  Repor t

Submi t  or i gi nal  copi es of  dat a pr oduced dur i ng t he f act or y t est ,  i ncl udi ng 
r esul t s of  each demonst r at i on pr ocedur e wi t hi n 7 days af t er  compl et i on of  
each t est .   Ar r ange t he r epor t  so t hat  commands,  r esponses,  and dat a 
acqui r ed ar e cor r el at ed t o al l ow l ogi cal  i nt er pr et at i on of  t he dat a.

PART 3   EXECUTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det er mi ne t he appl i cabi l i t y  and need f or  a 
Fact or y Test  and r emove t he Fact or y Test  
r equi r ement s i f  a Fact or y Test  i s not  needed.

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

3. 1   FACTORY TEST

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t he r ef er ence t o sect i on 25 08 10 
UTI LI TY MONI TORI NG AND CONTROL SYSTEM TESTI NG i f  
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appr opr i at e.   Ot her wi se i ndi cat e anot her  basi s f or  
t he Fact or y Test  Pr ocedur es.

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

Per f or m f act or y t est i ng of  t he Syst em as speci f i ed.   The Cont r act or  i s 
r esponsi bl e f or  pr ovi di ng per sonnel ,  equi pment ,  i nst r ument at i on,  and 
suppl i es necessar y t o per f or m r equi r ed t est i ng.   Pr ovi de wr i t t en 
not i f i cat i on of  pl anned t est i ng t o t he Gover nment  at  l east  21 days pr i or  
t o t est i ng,  and do not  gi ve t hi s not i ce unt i l  af t er  r ecei v i ng wr i t t en 
Gover nment  appr oval  of  t he speci f i c  Fact or y Test  Pr ocedur es.    Pr ovi de 
Fact or y Test  Pr ocedur es whi ch def i ne t he t est s r equi r ed t o ensur e t hat  t he 
syst em meet s t echni cal ,  oper at i onal ,  and per f or mance speci f i cat i ons.  
Wi t hi n t he Pr ocedur es def i ne l ocat i on of  t est s,  mi l est ones f or  t he t est s,  
and i dent i f y s i mul at i on pr ogr ams,  equi pment ,  per sonnel ,  f aci l i t i es,  and 
suppl i es r equi r ed.   Pr ovi de pr ocedur es whi ch t est  al l  capabi l i t i es and 
f unct i ons speci f i ed and i ndi cat ed.   Per f or m t he Fact or y Test  usi ng 
equi pment  and sof t war e of  t he same manuf act ur er ,  model  and r evi s i on as 
wi l l  be used f or  t he speci f i ed pr oj ect .   I ncl ude det ai l ed i nst r uct i ons f or  
t est  set up,  execut i on,  and eval uat i on of  t est  r esul t s i n t he Pr ocedur es.   
Upon compl et i on of  t he t est ,  pr epar e a Fact or y Test  Repor t ,  document i ng 
t he r esul t s of  t he Test ,  and submi t  i t  as speci f i ed.   Thi s r epor t  must  be 
appr oved bef or e any equi pment  i s shi pped.

Per f or m t he Fact or y Test  and pr ovi de Fact or y Test  Submi t t al s as shown i n 
TABLE I I .  FACTORY TEST SEQUENCI NG.

TABLE I I  FACTORY TEST SEQUENCI NG

                                          SEQUENCI NG
                                       ( START of  ACTI VI TY or
I TEM #         DESCRI PTI ON            DEADLI NE FOR SUBMI TTAL)
                     

1      Submi t  Fact or y Test  Pr ocedur e      [ [ _____]  days af t er  not i ce t o
                                          Pr oceed]  [ _____]

2      Per f or m Fact or y Test                Af t er  Appr oval  of  #1

3      Submi t  Fact or y Test  Repor t          [ ____]  days Af t er  Compl et i on of  #2

3. 2   EQUI PMENT I NSTALLATI ON REQUI REMENTS

3. 2. 1   I nst al l at i on

I nst al l  syst em component s and appur t enances i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons and pr ovi de necessar y i nt er connect i ons,  
ser vi ces,  and adj ust ment s r equi r ed f or  a compl et e and oper abl e syst em.  
Adj ust  or  r epl ace devi ces not  conf or mi ng t o t he r equi r ed accur aci es.   
Repl ace f act or y seal ed devi ces,  r at her  t han adj ust i ng.   I nst al l at i on,  
adj ust ment ,  and oper at i on of  t he equi pment  speci f i ed must  be super vi sed by 
a manuf act ur er ' s r epr esent at i ve exper i enced i n t he i nst al l i ng,  adj ust i ng,  
and t est i ng of  t he equi pment .

a.   I nst al l  i nst r ument at i on and communi cat i on equi pment  and cabl e 
gr oundi ng as necessar y t o pr ecl ude gr ound l oops,  noi se,  and sur ges 
f r om adver sel y af f ect i ng syst em oper at i on.

b.   I nst al l  wi r i ng i n exposed ar eas,  i ncl udi ng l ow vol t age wi r i ng,  i n 
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[ met al l i c  r aceways]   [ EMT condui t ]  [ r i gi d condui t ]  as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Wi r i ng i n ai r  pl enum 
ar eas i nst al l ed wi t hout  condui t  must  be pl enum- r at ed i n accor dance 
wi t h NFPA 70.

c.   Submi t  det ai l  dr awi ngs cont ai ni ng compl et e pi pi ng,  wi r i ng,  schemat i c,  
f l ow di agr ams and any ot her  det ai l s r equi r ed t o demonst r at e t hat  t he 
syst em has been coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .  
Pi pi ng and I nst r ument at i on ( P&I D)  dr awi ngs ( pr epar ed usi ng i ndust r y 
r ecogni zed devi ce symbol s,  c l ear l y def i ned and descr i bi ng pi pi ng 
desi gnat i ons t o def i ne t he ser vi ce and mat er i al s of  i ndi v i dual  pi pe 
segment s and i nst r ument  t ags empl oyi ng I nst r ument  Soci et y of  Amer i ca 
suggest ed i dent i f i er s) .   I ncl ude i n t he Dr awi ngs,  as appr opr i at e:  
pr oduct  speci f i c  cat al og cut s;  a dr awi ng i ndex;  a l i s t  of  symbol s;  a 
ser i es of  dr awi ngs f or  each pr ocess cont r ol  syst em usi ng 
abbr evi at i ons,  symbol s,  nomencl at ur e and i dent i f i er s as shown;  val ve 
schedul es;  compr essed i nst r ument  ai r  st at i on schemat i cs and ASME ai r  
st or age t ank cer t i f i cat es f or  each t ype and make of  compr essed 
i nst r ument  ai r  st at i on.

3. 2. 1. 1   I sol at i on,  Penet r at i ons and Cl ear ance f r om Equi pment

Di el ect r i c i sol at i on must  be pr ovi ded wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   Penet r at i ons t hr ough and mount i ng hol es i n t he 
bui l di ng ext er i or s must  be made wat er t i ght .   Hol es i n concr et e,  br i ck,  
st eel  and wood wal l s must  be dr i l l ed or  cor e dr i l l ed wi t h pr oper  
equi pment ;  condui t s i nst al l ed t hr ough openi ngs must  be seal ed wi t h 
mat er i al s whi ch ar e compat i bl e wi t h exi st i ng mat er i al s.   Openi ngs must  be 
seal ed wi t h mat er i al s whi ch meet  t he r equi r ement s of  NFPA 70 and Sect i on 
07 84 00 FI RESTOPPI NG.   I nst al l at i on must  pr ovi de cl ear ance f or  
cont r ol - syst em mai nt enance.   Pr ocess cont r ol  syst em i nst al l at i on must  not  
i nt er f er e wi t h t he c l ear ance r equi r ement s f or  mechani cal  and el ect r i cal  
syst em mai nt enance.

3. 2. 1. 2   Devi ce Mount i ng

Devi ces must  be i nst al l ed i n accor dance wi t h manuf act ur er s '  
r ecommendat i ons and as shown.   Cont r ol  devi ces t o be i nst al l ed i n pi pi ng 
must  be pr ovi ded wi t h r equi r ed gasket s,  f l anges,  t her mal  compounds,  
i nsul at i on,  pi pi ng,  f i t t i ngs,  and manual  val ves f or  shut of f ,  equal i zat i on,  
pur gi ng,  and cal i br at i on.   Any devi at i ons must  be document ed and submi t t ed 
t o t he Gover nment  f or  appr oval  pr i or  t o mount i ng.   Damaged i nsul at i on must  
be r epl aced or  r epai r ed af t er  devi ces ar e i nst al l ed t o mat ch exi st i ng 
wor k.   Damaged gal vani zed sur f aces must  be r epai r ed by t ouchi ng up wi t h 
z i nc pai nt .

3. 2. 1. 3   Pneumat i c Tubi ng

Tubi ng must  be conceal ed i n f i ni shed ar eas.   Tubi ng may be r un exposed i n 
unf i ni shed ar eas,  such as mechani cal  equi pment  r ooms.   For  t ubi ng t o be 
encl osed i n concr et e,  r i gi d met al  or  i nt er medi at e met al  condui t  must  be 
pr ovi ded.   Tubi ng must  be i nst al l ed par al l el  or  per pendi cul ar  t o bui l di ng 
wal l s t hr oughout .   Maxi mum spaci ng bet ween t ubi ng suppor t s must  be 1. 5 m 5 
f eet .   Each t ubi ng syst em must  be t est ed pneumat i cal l y at  1. 5 t i mes t he 
wor ki ng pr essur e f or  24 hour s,  wi t h a maxi mum pr essur e dr op of  [ 0. 15]  
[ ___]  kPa [ 1. 0]  [ ___]  psi g wi t h compr essed ai r  suppl y t ur ned of f .  Joi nt  
l eaks must  be cor r ect ed by r emaki ng t he j oi nt .   Caul k i ng of  j oi nt s wi l l  
not  be per mi t t ed.   Tubi ng and t wo i nsul at ed copper  phone wi r es f or  
i nst al l at i on checkout  may be r un i n t he same condui t .   Tubi ng and 
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el ect r i cal  power  conduct or s must  not  be r un i n t he same condui t ;  however ,  
cont r ol  c i r cui t  conduct or s may be r un i n t he same condui t  as pol yet hyl ene 
t ubi ng.

3. 2. 1. 4   Gr ooved Mechani cal  Joi nt s

Gr ooves must  be pr epar ed accor di ng t o t he coupl i ng manuf act ur er ' s 
i nst r uct i ons.   Gr ooved f i t t i ngs,  coupl i ngs,  and gr oovi ng t ool s must  be t he 
pr oduct s of  t he same manuf act ur er .   Pi pe and gr oove di mensi ons must  compl y 
wi t h t he t ol er ances speci f i ed by t he coupl i ng manuf act ur er .   The di amet er  
of  gr ooves made i n t he f i el d must  be measur ed usi ng a " go/ no- go"  gauge,  
ver ni er  or  di al  cal i per ,  nar r ow- l and mi cr omet er ,  or  ot her  met hod 
speci f i cal l y appr oved by t he coupl i ng manuf act ur er  f or  t he i nt ended 
appl i cat i on.   Gr oove wi dt h and di mensi on of  gr oove f r om end of  pi pe must  
be measur ed and r ecor ded.

3. 2. 2   Sequences of  Oper at i on

St udy t he oper at i on and sequence of  l ocal  equi pment  cont r ol s,  as a par t  of  
t he condi t i ons r epor t ,  and not e any devi at i ons f r om t he descr i bed 
sequences of  oper at i on on t he cont r act  dr awi ngs.   Per f or m necessar y 
adj ust ment s t o make t he equi pment  oper at e i n an opt i mum manner  and must  
f ul l y  document  changes made.

3. 3   I NSTALLATI ON OF EQUI PMENT

I nst al l  equi pment  as speci f i ed,  as shown and as r equi r ed i n t he 
manuf act ur er ' s i nst r uct i ons f or  a compl et e and f ul l y oper at i onal  cont r ol  
syst em.

3. 3. 1   Cont r ol  Panel s

Cont r ol  panel s must  be l ocat ed as i ndi cat ed on t he dr awi ngs.   Devi ces 
l ocat ed i n t he cont r ol  panel s must  be as shown on t he dr awi ngs or  as 
needed t o pr ovi de t he i ndi cat ed cont r ol  sequences.

3. 3. 2   Fl ow Measur i ng Devi ce

Fl ui d f l ow i nst r ument s must  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons,  unl ess ot her wi se i ndi cat ed i n t he speci f i cat i on.   The 
mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  t he f l owmet er  i nst al l at i on must  
be 10. 0 pi pe di amet er s upst r eam and 5. 0 pi pe di amet er s downst r eam.   Met er s 
f or  gases and vapor s must  be i nst al l ed i n ver t i cal  pi pi ng,  and met er s f or  
l i qui ds must  be i nst al l ed i n hor i zont al  pi pi ng,  unl ess ot her wi se 
r ecommended by t he manuf act ur er  or  i ndi cat ed i n t he speci f i cat i ons.

3. 3. 2. 1   Fl ow Nozzl e

Fl ow nozzl es f l anges must  be i nst al l ed so t hat  t he pr essur e t aps ar e i n a 
hor i zont al  pl ane wi t h t he cent er l i ne of  t he pi pe.   Fl ow nozzl es must  be 
i nst al l ed f or  ease of  accessi bi l i t y  f or  per i odi c mai nt enance.   
Di f f er ent i al  pr essur e sensor s must  be i nst al l ed as c l ose t o t he f l ow 
nozzl e as possi bl e.

3. 3. 2. 2   Fl ow Swi t ch

Fl ow swi t ches must  be i nst al l ed i n such a manner  as t o mi ni mi ze 
di st ur bance of  t he f l ow of  f l ui d whi l e mai nt ai ni ng r el i abl e oper at i on of  
t he swi t ch.
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3. 3. 2. 3   Magnet i c Fl owmet er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Locat i ng magnet i c f l owmet er s near  l ar ge 
el ect r i c mot or s or  t r ansf or mer s shoul d be avoi ded.

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

Met er  must  be i nst al l ed i n ver t i cal  pi pi ng so t hat  t he f l ow t ube r emai ns 
f ul l  of  t he pr ocess f l ui d under  al l  oper at i ng condi t i ons.   A mi ni mum of  
t en pi pe di amet er s st r ai ght  r un upst r eam of  t he f l owmet er  and f i ve pi pe 
di amet er s st r ai ght  r un downst r eam of  t he f l owmet er  must  be pr ovi ded.   The 
f l owmet er  and pi pi ng syst em must  be gr ounded t o ear t h gr ound.

3. 3. 2. 4   Nat ur al  Gas or  Pr opane Fl owmet er

I nst al l  met er s i n accor dance wi t h ASME B31. 8.   Per manent  gas met er s must  
be i nst al l ed wi t h pr ovi s i ons f or  i sol at i on and r emoval  f or  cal i br at i on and 
mai nt enance,  and must  be sui t abl e f or  oper at i on i n conj unct i on wi t h an 
ener gy moni t or i ng and cont r ol  syst em.

3. 3. 2. 5   Or i f i ce Pl at es

Or i f i ce pl at es must  be i nst al l ed f or  ease of  accessi bi l i t y  f or  per i odi c 
mai nt enance.   Di f f er ent i al  pr essur e sensor s must  be as c l ose t o t he 
or i f i ce pl at es as possi bl e.   Or i f i ce pl at es f or  l i qui d measur ement  must  be 
l ocat ed i n hor i zont al  pi pe r uns wi t h t he or i f i ce pl at e f l anges i nst al l ed 
so t hat  t he pr essur e t aps ar e i n t he hor i zont al  pl ane wi t h t he cent er l i ne 
of  t he pi pe.   For  l i qui d,  t he di f f er ent i al  pr essur e t r ansmi t t er  must  be 
i nst al l ed bel ow t he or i f i ce t aps.   For  gas measur ement ,  t he or i f i ce pl at e 
f l anges must  be i nst al l ed so t hat  t he pr essur e t aps ar e 45 degr ees or  mor e 
above t he hor i zont al  pl ane wi t h t he cent er l i ne of  t he pi pe.   For  gas 
measur ement  t he r equi r ed di f f er ent i al  pr essur e t r ansmi t t er  must  be 
physi cal l y i nst al l ed above t he or i f i ce t aps.

3. 3. 2. 6   Paddl e Fl owmet er

Met er  must  be i nst al l ed usi ng manuf act ur er ' s publ i shed pr ocedur es.  
I nst al l er s must  be t r ai ned f or  such i nst al l at i ons i n t he pi pes 
encount er ed.   Pr ovi de cer t i f i cat es demonst r at i ng i nst al l er ' s 
qual i f i cat i ons.

3. 3. 2. 7   Annul ar  Pi t ot  Tubes

Annul ar  pi t ot  t ubes must  be i nst al l ed so t hat  t he t ot al  head pr essur e 
por t s ar e set - i n- l i ne wi t h t he pi pe axi s upst r eam and t he st at i c por t  
f aci ng downst r eam.   The t ot al  head pr essur e por t s must  ext end 
di amet r i cal l y acr oss t he ent i r e pi pe.   Annul ar  pi t ot  t ubes must  not  be 
used wher e t he f l ow i s pul sat i ng or  wher e pi pe vi br at i on i s al l owed.

3. 3. 2. 8   Posi t i ve Di spl acement  Fl ow Met er s

Fl ow met er s must  be i nst al l ed hor i zont al l y,  and al i gned cor r ect l y i n t he 
di r ect i on of  f l ow.

3. 3. 2. 9   Tur bi ne Met er s

Tur bi ne met er s must  be i nst al l ed so t hat  t he sensor  i s l ocat ed i n t he 
cent er  of  t he f l ui d f l ow pi pe on t he mai n axi s.   Tur bi ne met er s must  be 
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i nst al l ed wi t hout  i nt er r upt i on t o ser vi ce.   I nst al l  a wel ded f l anged r i ser  
of  appr opr i at e pi pe l i ne r at i ng,  wi t h a f ul l  openi ng val ve bol t ed t o i t .   
Sensor  must  be l ocat ed i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons 
f or  t he speci f i ed f l ow r at es and i nst al l at i on condi t i ons.   Reduced 
di amet er  pi pe sect i ons must  be pr ovi ded as necessar y t o achi eve r equi r ed 
f l ow vel oci t i es.   Met er s must  be i nst al l ed usi ng t he hot - t ap met hod wi t h 
t ool s r ecommended by t he manuf act ur er .   The mi ni mum st r ai ght  unobst r uct ed 
pi pi ng f or  t he f l ow met er  i nst al l at i on must  be 10 pi pe di amet er s upst r eam 
and 5 pi pe di amet er s downst r eam.   The met er  must  be i nst al l ed i n a 
hor i zont al  sect i on unl ess manuf act ur er  speci f i cal l y al l ows ot her wi se.

3. 3. 2. 10   Ul t r asoni c Fl owmet er

Met er  must  be i nst al l ed usi ng manuf act ur er ' s publ i shed pr ocedur es f or  
i nst al l at i on.   I nst al l er s must  be t r ai ned f or  such i nst al l at i ons i n t he 
pi pes encount er ed.   Pr ovi de cer t i f i cat es demonst r at i ng i nst al l er ' s 
qual i f i cat i ons.

3. 3. 2. 11   Var i abl e Ar ea Fl owmet er

Met er s must  be i nst al l ed i n a ver t i cal  pi pi ng sect i on wi t h f ul l  f l ow 
t hr ough t he met er .

3. 3. 2. 12   Vent ur i  Fl owmet er

The f l owmet er  must  be i nst al l ed wi t h i t s t op above t he pi pel i ne i n 
hor i zont al  pi pe r un i nst al l at i ons.    The di r ect i on of  f l ow must  be upwar d 
i n ver t i cal  pi pe r un i nst al l at i ons.   The f l owmet er  must  be al i gned t o t he 
di r ect i on of  t he f l ow and must  be r i gi dl y mount ed and vi br at i on f r ee.   The 
mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  t he f l ow met er  i nst al l at i on must  
be 10 pi pe di amet er s upst r eam and 5 pi pe di amet er s downst r eam.

3. 3. 2. 13   Vor t ex Sheddi ng Fl owmet er s

The f l owmet er  must  be i nst al l ed wi t h i t s t op above t he pi pel i ne i n 
hor i zont al  pi pe r un i nst al l at i ons.   The di r ect i on of  f l ow must  be upwar d 
i n ver t i cal  pi pe r un i nst al l at i ons.   The f l owmet er  must  be al i gned t o t he 
di r ect i on of  t he f l ow and must  be r i gi dl y mount ed and vi br at i on f r ee.   The 
mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  t he f l ow met er  i nst al l at i on must  
be 10 pi pe di amet er s upst r eam and 5 pi pe di amet er s downst r eam.

3. 3. 3   Level  I nst r ument s

3. 3. 3. 1   Li qui d Level  Sensor  ( Bubbl e Type)

The ai r  pr essur e r egul at i ng val ve,  ai r  f i l t er ,  moi st ur e t r ap,  ai r  f l ow 
adj ust ment  val ve,  l evel  gauge,  ai r  i sol at i on val ve and pr essur e t r ansducer  
must  be mount ed on a panel  wher e i ndi cat ed on t he dr awi ngs.   The l evel  
gauge must  be l abel ed t o i dent i f y t he t ank bei ng measur ed.   The i sol at i on 
val ve must  be l ocat ed i n t he ai r  suppl y l i ne upst r eam of  t he moi st ur e 
t r ap,  ai r  f i l t er  and pr essur e r egul at or .   The ai r  i nl et  l i ne t o t he di p 
t ube and t he di p t ube must  be mount ed t o a f l ange at  t he t op of  t he t ank.   
The di p t ube must  ext end t o t he bot t om of  t he t ank,  l eavi ng t he 
manuf act ur er ' s r ecommended cl ear ance bet ween t he di p t ube and t ank 
bot t om.   The di p t ube mat er i al  must  be compat i bl e wi t h t he t ank cont ent s.   
The pr essur e r egul at i ng val ve must  be adj ust ed t o t he out l et  pr essur e 
r ecommended by t he manuf act ur er .   Wher e exposed,  t he ai r  suppl y l i ne t o 
t he t ank and f r om t he t ank t o t he l evel  gauge and pr essur e t r ansducer  must  
be pr ot ect ed f r om damage.
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3. 3. 3. 2   Capaci t ance Li qui d Level  Sensor s

The sensi ng pr obes must  be l ocat ed cl ose t o,  and par al l el  wi t h,  t he t ank 
or  sump wal l .

3. 3. 3. 3   Conduct i v i t y Level  Swi t ch

Level  swi t ches must  be i nst al l ed ver t i cal l y and i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons.   Swi t ches must  be accessi bl e f or  mai nt enance 
and cal i br at i on.   I n appl i cat i ons wher e swi t ches cannot  be di r ect l y 
mount ed t o a t ank by t he t hr eaded or  f l anged connect i on,  a mount i ng 
br acket  must  be pr ovi ded f or  connect i on t o t he i nsi de t ank wal l ,  
mai nt ai ni ng t he mi ni mum r ecommended di st ance f r om t he t ank f i l l  openi ng.

3. 3. 3. 4   Di spl acement  Type Li qui d Level  Swi t ch

Level  swi t ches must  be i nst al l ed i n accor dance wi t h t he manuf act ur er ' s 
i nst r uct i ons.   Swi t ches must  be accessi bl e f or  mai nt enance and 
cal i br at i on.   I n appl i cat i ons wher e swi t ches cannot  be di r ect l y mount ed t o 
a t ank by t he t hr eaded or  f l anged connect i on,  a mount i ng br acket  must  be 
pr ovi ded f or  connect i on t o t he i nsi de t ank wal l .

3. 3. 3. 5   Mer cur y Fl oat  Swi t ches

Swi t ches must  be mount ed i n accor dance wi t h manuf act ur er ' s publ i shed 
i nst r uct i ons.   Pr ocedur es must  be t hose used f or  equi pment  i n hazar dous 
l ocat i ons.

3. 3. 3. 6   Ul t r asoni c Level  Sensor

Sensor  must  be i nst al l ed ver t i cal l y i n t he t op of  t he t ank and i n 
accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   Swi t ches must  be 
accessi bl e f or  mai nt enance and cal i br at i on.   I n appl i cat i ons wher e 
swi t ches cannot  be di r ect l y mount ed t o a t ank by t he t hr eaded or  f l anged 
connect i on,  a mount i ng br acket  must  be pr ovi ded f or  connect i on t o t he 
i nsi de t ank wal l .   Sensor  must  be posi t i oned t o maxi mi ze t he r et ur n echo 
si gnal  and mi ni mi ze vessel  obst r uct i ons i n t he sensor s l i ne of  s i ght .    
The mi ni mum r ecommended di st ance f r om t he t ank f i l l  openi ng and f r om t he 
si de of  t he t ank must  be mai nt ai ned.

3. 3. 4   Pr essur e I nst r ument s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  use di f f er ent i al  pr essur e swi t ches on
l i qui d pumps.   Gage pr essur e swi t ches ar e bet t er  
sui t ed f or  l i qui d appl i cat i on.    I ndi cat e by 
appr opr i at e i con on t he dr awi ngs wher e t he swi t ches 
ar e t o be l ocat ed and whi ch t ype i s t o be used.

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

Pr essur e sensor s and pr essur e t r ansducer s must  be ver i f i ed by 
cal i br at i on.   Al l  pr essur e t aps must  i ncor por at e appr opr i at e snubber s.  
Pr essur e sensor s and pr essur e swi t ches must  have val ves f or  i sol at i on,  
vent i ng,  and t aps f or  cal i br at i on.   Pr essur e swi t ches and pr essur e 
t r ansducer s i nst al l ed on l i qui d or  st eam l i nes must  have dr ai ns.   Pr essur e 
t r ansducer s,  di f f er ent i al  pr essur e sensor s and di f f er ent i al  pr essur e 
swi t ches must  have nul l i ng val ves.   Pr essur e swi t ches must  be adj ust ed t o 
t he pr oper  set poi nt  and must  be ver i f i ed by cal i br at i on.   Swi t ch cont act  
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r at i ngs and dut y must  be sel ect ed f or  t he appl i cat i on.

3. 3. 5   Temper at ur e I nst r ument  I nst al l at i on

3. 3. 5. 1   RTD

[ When t he RTD i s i nst al l ed i n pi pe or  i s suscept i bl e t o cor r osi on or  
v i br at i on,  t he]  [ Each]  RTD must  be i nst al l ed i n a t her mowel l .   Ther mowel l s 
must  be f i l l ed wi t h conduct i ve heat  t r ansf er  f l ui d pr i or  t o i nst al l at i on 
of  t he RTD i n t he t her mowel l .   RTDs used f or  space t emper at ur e sensi ng 
must  i ncl ude a housi ng sui t abl e f or  wal l  mount i ng.   RTDs used f or  out si de 
ai r  sensi ng must  have an i nst r ument  shel t er  or  sun shi el d as shown t o 
mi ni mi ze sol ar  ef f ect s,  and must  be mount ed t o mi ni mi ze bui l di ng ef f ect s.   
RTD assembl i es must  be r eadi l y accessi bl e and i nst al l ed t o al l ow easy 
r epl acement .

3. 3. 5. 2   Temper at ur e Swi t ches

Temper at ur e swi t ches must  be i nst al l ed as speci f i ed f or  RTDs.   Temper at ur e 
swi t ches must  be adj ust ed t o t he pr oper  set poi nt  and must  be ver i f i ed by 
cal i br at i on.   Swi t ch cont act  r at i ngs and dut y must  be sel ect ed f or  t he 
appl i cat i on.

3. 3. 5. 3   Ther momet er s and Temper at ur e Sensi ng El ement s

Ther momet er s and t emper at ur e sensi ng el ement s i nst al l ed i n l i qui d syst ems 
must  be i nst al l ed i n t her mowel l s.

3. 3. 5. 4   Ther mocoupl es

Each t her mocoupl e must  be i nst al l ed i n a pr ot ect i ve t ube or  i n a 
t her mowel l .   Ther mocoupl es must  be i nsul at ed f r om ambi ent  t emper at ur e 
ef f ect s.   Ther mocoupl e wi r es must  not  be i nst al l ed i n t he same condui t s as 
power  wi r i ng.   Ther mocoupl es must  not  be used f or  measur i ng t emper at ur es 
bel ow 260 degr ees C 500 degr ees F.   Type E t her mocoupl es may be used when 
t he at mospher e i s chemi cal l y r educi ng envi r onment .   Type K t her mocoupl es 
may be used when t he at mospher e i s a chemi cal l y oxi di z i ng envi r onment .

3. 3. 6   Pr ocess Anal yt i cal  I nst r ument at i on

3. 3. 6. 1   Ammoni a Moni t or

The cont r ol l er  must  be l ocat ed as shown on t he dr awi ngs.   The ammoni a 
sensor  must  be mount ed as r ecommended by t he manuf act ur er .   The l ocat i on 
of  t he sensor  must  be r epr esent at i ve of  t he ar ea t o be moni t or ed and must  
al l ow access t o t he sensor  f or  per i odi c cal i br at i on.   The sensor  must  be 
l ocat ed i n a dr y ar ea or  must  be pr ot ect ed f r om moi st ur e wi t hout  
r est r i ct i ng t he f l ow of  ammoni a gas t o t he sensor .

3. 3. 6. 2   Car bon Di oxi de Measur ement

The cont r ol l er  must  be l ocat ed i n t he cont r ol  panel  or  ot her  l ocat i on as 
shown on t he dr awi ngs.  Wher e a sampl e t ube i s used,  t he s i ze and maxi mum 
l engt h of  sampl e t ubi ng must  be as r ecommended by t he manuf act ur er .   
Sampl e t ubi ng must  be not  cr i mped or  k i nked.

3. 3. 6. 3   Car bon Monoxi de Measur ement

Car bon monoxi de cont r ol l er  and sensor  must  be l ocat ed as shown on t he 
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dr awi ngs or  as r ecommended by t he manuf act ur er .   The l ocat i on must  be 
r epr esent at i ve of  t he ar ea t o be moni t or ed.   I nst al l at i on must  be i n 
accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.

3. 3. 6. 4   Chl or i ne i n Ai r

The cont r ol l er  must  be l ocat ed i n t he cont r ol  panel  or  ot her  l ocat i on as 
shown on t he dr awi ngs.   Wher e a sampl e t ube i s used,  t he s i ze and maxi mum 
l engt h must  be a r ecommended by t he manuf act ur er .   The sampl e t ube must  
not  be cr i mped or  k i nked.   The l ocat i on of  t he [ cont r ol l er ]  [ sampl e t ube 
i nl et ]  must  be near  t he bot t om of  t he ar ea t o be moni t or ed.

3. 3. 6. 5   Chl or i ne i n Wat er

The cont r ol l er  must  be l ocat ed i n t he cont r ol  panel  or  ot her  l ocat i on as 
shown on t he dr awi ngs.    The chl or i ne sensor  must  be i mmer sed i n t he f l ui d 
bei ng moni t or ed usi ng an assembl y t hat  wi l l  al l ow r emoval  of  t he sensor  
f r om t he wat er .   The sensor s must  be l ocat ed i n an ar ea of  cont i nuous f l ow.

3. 3. 6. 6   Combust i bl e Gas Sensor

The sensor  and t r ansmi t t er  must  be l ocat ed as shown or  t he dr awi ngs or  as 
r ecommended by t he manuf act ur er .   The l ocat i on of  t he sensor  must  be 
r epr esent at i ve of  t he ar ea t o be moni t or ed and must  al l ow access t o t he 
sensor  f or  per i odi c r epl acement .

3. 3. 6. 7   Hydr ogen Sul f i de

The cont r ol l er  must  be l ocat ed as shown on t he dr awi ngs or  as r ecommended 
by t he manuf act ur er .   Wher e a sampl e t ube i s used,  t he t ube si ze and 
maxi mum l engt h must  be a r ecommended by t he manuf act ur er .   The sampl e t ube 
must  not  be cr i mped or  k i nked.   The l ocat i on of  t he [ cont r ol l er ]  [ sampl e 
t ube i nl et ]  must  be r epr esent at i ve of  t he ar ea t o be moni t or ed.

3. 3. 6. 8   NOx Moni t or

The cont r ol l er  must  be mount ed i n t he cont r ol  panel  or  as ot her wi se 
shown.   Sensor  must  be l ocat ed i n t he f l ue as shown and i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i on.   I nst al l at i on must  pr event  al l  l eakage 
of  f l ue gases at  t he sensor .

3. 3. 6. 9   Oxygen and Ozone i n Ai r  Moni t or

The cont r ol l er  must  be mount ed i n t he cont r ol  panel  or  as ot her wi se shown 
on t he dr awi ngs.   The oxygen sensor  must  be l ocat ed i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons and as shown on t he dr awi ngs.   Hi gh and l ow 
al ar m set t i ngs must  be set  as r equi r ed by t he sequence of  cont r ol .   
Set t i ngs must  be ver i f i ed t hr ough t he use of  a manuf act ur er ' s st andar d 
cal i br at i on k i t .

3. 3. 6. 10   Di ssol ved Oxygen

The di ssol ved oxygen sensor  must  be i mmer sed i n t he f l ui d t o be moni t or ed 
usi ng manuf act ur er ' s mount i ng assembl y.   The sensor  must  be l ocat ed i n an 
ar ea of  cont i nuous f l ui d f l ow.   [ The t r ansmi t t er  must  be l ocat ed r emot e 
f r om t he sensor . ]   The t r ansmi t t er  and wi r i ng connect i ons must  be i n a 
weat her t i ght  encl osur e.   [ The t r ansmi t t er  must  be mount ed t o al l ow t he 
di gi t al  r eadout  t o be easi l y v i ewed. ]
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3. 3. 6. 11   PH and ORP Sensor

Pi pe mount ed f l ow sensor  must  be l ocat ed i n a t hr eaded t ee or  f i t t i ng t o 
al l ow r emoval  f r om t he pi pe.   Submer si bl e sensor  must  be compl et el y 
i mmer sed i n t he f l ui d bei ng moni t or ed usi ng an ensembl e t hat  wi l l  al l ow 
f or  r emoval  of  t he sensor  f r om t he f l ui d f or  r epl acement .    The sensor  
must  be l ocat ed i n an ar ea of  cont i nuous f l ow.   The t r ansmi t t er  must  be 
l ocat ed [ at  t he sensor ]  [ r emot e f r om t he sensor ] .   [ The t r ansmi t t er  must  
be mount ed t o al l ow t he di gi t al  r eadout  t o be easi l y v i ewed] .

3. 3. 6. 12   Tot al  Di ssol ved Sol i ds

The sensor  must  be [ pi pe]  [ t ank]  [ submer si bl e]  t ype as i ndi cat ed on t he 
dr awi ngs.   [ Pi pe mount ed sensor  must  be mount ed i n a t hr eaded t ee or  
f i t t i ng t o al l ow r emoval  of  t he sensor . ]  [ Tank mount ed sensor  must  be 
mount ed i n a t hr eaded f i t t i ng t o al l ow r emoval  of  t he sensor . ]  
[ Submer si bl e sensor  must  be mount ed i n an assembl y t hat  wi l l  al l ow r emoval  
of  t he sensor  f r om t he f l ui d f or  r epl acement . ]   The t r ansmi t t er  must  be 
l ocat ed [ at  t he sensor ]  [ r emot e f r om t he sensor ] .   The t r ansmi t t er  and 
wi r i ng connect i ons must  be l ocat ed i n a weat her t i ght  encl osur e.

3. 3. 7   I nst r ument  Shel t er s

I nst r ument  shel t er s must  be i nst al l ed i n t he l ocat i on shown wi t h t he 
bot t om 1. 2 met er  4. 0 f eet  above t he suppor t i ng sur f ace usi ng l egs and 
secur ed r i gi dl y t o mi ni mi ze vi br at i ons f r om wi nds.   I nst r ument  shel t er s 
must  be or i ent ed wi t h door  f aci ng Nor t h.   I nst r ument s l ocat ed i n shel t er s 
must  be mount ed i n t he 3- di mensi onal  cent er  of  t he open space of  t he 
shel t er .

3. 3. 8   El ect r i c Power  Devi ces

3. 3. 8. 1   Pot ent i al  and Cur r ent  Tr ansf or mer s

I nst al l  pot ent i al  and cur r ent  t r ansf or mer s i n encl osur es unl ess ot her wi se 
shown.   Cur r ent  t r ansf or mer  l eads must  be shor t ed when t hey ar e not  
connect ed t o t he measur ement  c i r cui t s.

3. 3. 8. 2   Hour  Met er s

Met er s must  be l ocat ed i n t he cont r ol  panel  or  as ot her wi se shown.   Power  
t o t he met er  must  be connect ed t o t he mot or  st ar t er  auxi l i ar y cont act s f or  
pumps,  bl ower s and ot her  mot or  dr i ven devi ces.   For  devi ces wi t hout  mot or  
st ar t er s,  t he met er  must  be connect ed i n par al l el  wi t h t he l oad.   Wher e 
t he met er  vol t age di f f er s f r om t he met er ed devi ces vol t age,  t r ansf or mer  
must  be pr ovi ded as necessar y.

3. 3. 8. 3   Wat t - hour  Met er s

I nst al l  wat t - hour  met er s and t r ansducer s i n encl osur es unl ess ot her wi se 
shown.

3. 3. 8. 4   Tr ansducer s

Tr ansducer s must  be wi r ed i n accor dance wi t h t he manuf act ur er ' s 
i nst r uct i ons,  and i nst al l ed i n encl osur es.
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3. 3. 8. 5   Cur r ent  Sensi ng Rel ays and Cur r ent  Tr ansducer s f or  Mot or s

When used t o sense met er / f an/ pump st at us,  cur r ent  sensi ng r el ays must  be 
used f or  appl i cat i ons under  4 kW 5 hp.   Appl i cat i ons over  4 kW 5 hp must  
use a cur r ent  t r ansducer .

3. 3. 9   Out put  Devi ces

Out put  devi ces ( t r ansducer s,  r el ays,  cont act or s,  or  ot her  devi ces)  whi ch 
ar e not  an i nt egr al  par t  of  t he cont r ol  panel ,  must  be mount ed i n an 
encl osur e mount ed adj acent  t o t he cont r ol  panel ,  unl ess ot her wi se shown.  
Wher e H- O- A and/ or  over r i de swi t ches on t he dr awi ngs or  r equi r ed by t he 
cont r ol  sequence,  t he swi t ches must  be i nst al l ed so t hat  t he pr ocess 
cont r ol  syst em cont r ol s t he f unct i on t hr ough t he aut omat i c posi t i on and 
ot her  cont r ol s wor k t hr ough t he hand posi t i on.

3. 3. 10   Encl osur es

Al l  encl osur e penet r at i ons must  be f r om t he bot t om of  t he encl osur e,  and 
must  be seal ed t o pr ecl ude ent r y of  wat er  usi ng a s i l i cone r ubber  seal ant .

3. 3. 11   Tr ansf or mer s

Tr ansf or mer s f or  cont r ol  vol t ages bel ow 120 VAC must  be f ed f r om t he 
near est  power  panel  or  mot or  cont r ol  cent er ,  usi ng ci r cui t s pr ovi ded f or  
t he pur pose.   Pr ovi de a di sconnect  swi t ch on t he pr i mar y s i de and a f use 
on t he secondar y s i de.   Tr ansf or mer s must  be encl osed i n a st eel  cabi net  
wi t h condui t  connect i ons.

3. 4   WI RE,  CABLE AND CONNECTI NG HARDWARE

3. 4. 1   LAN Cabl es and Connect i ng Har dwar e

LAN cabl es and connect i ng har dwar e must  be i nst al l ed i n accor dance wi t h 
Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM and Sect i on 
33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP) .

3. 4. 2   Met er i ng and Sensor  Wi r i ng

Met er i ng and sensor  wi r i ng must  be i nst al l ed i n accor dance wi t h t he 
r equi r ement s of  ANSI  C12. 1,  NFPA 70,  Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON and Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 4. 2. 1   Power  Li ne Sur ge Pr ot ect i on

Cont r ol  panel s must  be pr ot ect ed f r om power  l i ne sur ges.   Pr ot ect i on must  
meet  t he r equi r ement s of  I EEE C62. 41. 1 and I EEE C62. 41. 2.   Fuses must  not  
be used f or  sur ge pr ot ect i on.

3. 4. 2. 2   Sensor  and Cont r ol  Wi r i ng Sur ge Pr ot ect i on

Di gi t al  and anal og i nput s must  be pr ot ect ed agai nst  sur ges i nduced on 
cont r ol  and sensor  wi r i ng.   Pr ot ect  bi nar y and anal og out put s agai nst  
sur ges i nduced on cont r ol  and sensor  wi r i ng i nst al l ed out door s and as 
shown.   Fuses must  not  be used f or  sur ge pr ot ect i on.    Test  t he i nput s and 
out put s i n bot h t he nor mal  and common mode usi ng t he f ol l owi ng t wo 
wavef or ms:   The f i r st  wavef or m must  be 10 mi cr oseconds by 1000 
mi cr oseconds wi t h a peak vol t age of  1500 vol t s and a peak cur r ent  of  60 
amper es.  The second wavef or m must  be 8 mi cr oseconds by 20 mi cr oseconds 
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wi t h a peak vol t age of  1000 vol t s and a peak cur r ent  of  500 amper es.   
Submi t  cer t i f i ed t est  r esul t s f or  sur ge pr ot ect i on.

3. 5   SOFTWARE I NSTALLATI ON

Load sof t war e r equi r ed f or  an oper at i onal  pr ocess cont r ol  syst em,  
i ncl udi ng dat abases ( f or  poi nt s speci f i ed and shown) ,  oper at i onal  
par amet er s,  and syst em,  command,  and appl i cat i on pr ogr ams.    Adj ust ,  t une,  
debug,  and commi ssi on al l  sof t war e and par amet er s f or  cont r ol l ed syst ems 
t o assur e pr oper  oper at i on i n accor dance wi t h t he sequences of  oper at i on 
and dat abase t abl es.

3. 6   CONTROL DRAWI NGS

3. 6. 1   Cont r ol

Cont r ol  dr awi ngs,  [ f r amed,  non- f adi ng hal f - s i ze i n l ami nat ed pl ast i c]  
[ r epr oduci bl e,  wi t h cor r espondi ng CADD f i l es]  [ ____] ,  must  be pr ovi ded f or  
equi pment  f ur ni shed and f or  i nt er f aces t o equi pment  at  each r espect i ve 
equi pment  l ocat i on.   Condensed oper at i ng i nst r uct i ons expl ai ni ng 
pr event i ve mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  
nor mal  saf e oper at i on and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he 
syst em manual l y must  be pr epar ed i n t yped f or m,  [ f r amed as speci f i ed f or  
t he i nst r ument at i on and cont r ol  di agr ams]  [ r epr oduci bl e,  wi t h 
cor r espondi ng wor d pr ocessor  f i l es]  [ ____]  and post ed besi de t he 
di agr ams.   Di agr ams and i nst r uct i ons must  be submi t t ed pr i or  t o post i ng.   
The f r amed i nst r uct i ons must  be post ed bef or e accept ance t est i ng of  t he 
syst em.

3. 6. 2   Cont r act or  Desi gn Dr awi ngs

Cont r act or  Desi gn Dr awi ngs as a s i ngl e compl et e package:
[ _____]  har d copi es and [ _____]  copi es i n el ect r oni c f or m.  As a mi ni mum 
t hey must  i ncl ude wi r i ng,  l ogi c,  and l ayout .   Submi t  har dcopy dr awi ngs on 
[ I SO A1 841 by 594 mm 34 by 22 i nches] [ or ] [ A3 420 by 297 mm 17 by 11 
i nches]  sheet s,  and el ect r oni c dr awi ngs i n PDF and i n 
[ Aut oCAD] [ Mi cr ost at i on] [ Bent l ey BI M V8] [ Aut odesk Revi t  2013]  f or mat .  I n 
addi t i on,  submi t  el ect r oni c dr awi ngs i n edi t abl e Excel  f or mat  f or  al l  
dr awi ngs t hat  ar e t abul ar ,  i ncl udi ng but  not  l i mi t ed t o t he Poi nt  Schedul e 
and Equi pment  Schedul e.   Cont r act or  Desi gn Dr awi ngs must  be appr oved pr i or  
t o any f abr i cat i on.

3. 6. 2. 1   Dr af t  As- Bui l t

Dr af t  As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:  [ _____]  har d copi es 
and [ _____]  copi es i n el ect r oni c f or m.  Submi t  har dcopy dr awi ngs on [ I SO A1 
841 by 594 mm 34 by 22 i nches] [ or ] [ A3 420 by 297 mm 17 by 11 i nches]  
sheet s,  and el ect r oni c dr awi ngs i n PDF and i n 
[ Aut oCAD] [ Mi cr ost at i on] [ Bent l ey BI M V8] [ Aut odesk Revi t  2013]  f or mat .  I n 
addi t i on,  submi t  el ect r oni c dr awi ngs i n edi t abl e Excel  f or mat  f or  al l  
dr awi ngs t hat  ar e t abul ar ,  i ncl udi ng but  not  l i mi t ed t o t he Poi nt  Schedul e 
and Equi pment  Schedul e.

3. 6. 2. 2   Fi nal  As- Bui l t

Fi nal  As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:  [ _____]  har d copi es 
and [ _____]  copi es i n el ect r oni c f or m.  Submi t  har dcopy dr awi ngs on [ I SO A1 
841 by 594 mm 34 by 22 i nches] [ or ] [ A3 420 by 297 mm 17 by 11 i nches]  
sheet s,  and el ect r oni c dr awi ngs i n PDF and i n 
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[ Aut oCAD] [ Mi cr ost at i on] [ Bent l ey BI M V8] [ Aut odesk Revi t  2013]  f or mat .  I n 
addi t i on,  submi t  el ect r oni c dr awi ngs i n edi t abl e Excel  f or mat  f or  al l  
dr awi ngs t hat  ar e t abul ar ,  i ncl udi ng but  not  l i mi t ed t o t he Poi nt  Schedul e 
and Equi pment  Schedul e.

3. 6. 3   Poi nt s Schedul e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Templ at e Poi nt s Schedul es i n el ect r oni c 
f or mat  f or  use wi t h t hi s sect i on ar e avai l abl e i n 
onl i ne at :  
ht t p: / / www. wbdg. or g/ ccb/ NAVGRAPH/ gr apht oc. pdf

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

Pr ovi de a Poi nt s Schedul e i n t abul ar  f or m f or  each syst em,  wi t h t he 
i ndi cat ed col umns and wi t h each r ow r epr esent i ng a har dwar e poi nt ,  net wor k 
poi nt  or  conf i gur at i on poi nt  i n t he syst em.

a.   When a Poi nt s Schedul e was i ncl uded i n t he Cont r act  Dr awi ng package,  
use t he same f i el ds as t he Cont r act  Dr awi ng wi t h updat ed i nf or mat i on 
i n addi t i on t o t he i ndi cat ed f i el ds.

b.   When Poi nt  Schedul es ar e i ncl uded i n t he cont r act  package,  i t ems 
r equi r i ng cont r act or  ver i f i cat i on or  i nput  have been shown i n angl e 
br acket s ( " <"  and " >" ) ,  such as <___> f or  a r equi r ed ent r y or  <val ue> 
f or  a val ue r equi r i ng conf i r mat i on.  Compl et e al l  i t ems i n br acket s as 
wel l  as any bl ank cel l s.  Do not  modi f y val ues whi ch ar e not  i n 
br acket s wi t hout  appr oval .  Poi nt s Schedul e Col umns must  i ncl ude:

3. 6. 3. 1   Poi nt  Name

The abbr evi at ed name f or  t he poi nt  usi ng t he i ndi cat ed nami ng convent i on.

3. 6. 3. 2   Descr i pt i on

A br i ef  f unct i onal  descr i pt i on of  t he poi nt  such as " Suppl y Ai r
Temper at ur e" .

3. 6. 3. 3   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  shown on t he DDC Har dwar e Schedul e and 
used acr oss al l  dr awi ngs f or  t he DDC Har dwar e cont ai ni ng t he poi nt .

3. 6. 3. 4   Set t i ngs

The val ue and uni t s of  any set poi nt s,  conf i gur ed set poi nt s,  conf i gur at i on 
par amet er s,  and set t i ngs r el at ed t o each poi nt .

3. 6. 3. 5   Range

The r ange of  val ues,  i ncl udi ng uni t s,  associ at ed wi t h t he poi nt ,  i ncl udi ng 
but  not  l i mi t ed t o set poi nt  adj ust ment  r ange,  a sensor  measur ement  r ange,  
or  t he st at us of  a saf et y.

3. 6. 3. 6   I nput  or  Out put  ( I / O)  Type

The t ype of  i nput  or  out put  s i gnal  associ at ed wi t h t he poi nt .  Use t he 
f ol l owi ng abbr evi at i ons f or  ent i r es i n t hi s col umn:
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a.  AI :  The val ue comes f r om a har dwar e ( physi cal )  Anal og I nput

b.  AO:  The val ue i s out put  as a har dwar e ( physi cal )  Anal og Out put

c.  BI :  The val ue comes f r om a har dwar e ( physi cal )  Bi nar y I nput

d.  BO:  The val ue i s out put  as a har dwar e ( physi cal )  Bi nar y Out put

e.  PULSE:  The val ue comes f r om a har dwar e ( physi cal )  Pul se Accumul at or
I nput

f .  NET- I N:  The val ue i s pr ovi ded f r om t he net wor k ( gener al l y f r om 
anot her
devi ce) .  Use t hi s ent r y onl y when t he val ue i s r ecei ved f r om anot her
devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  oper at i on,  not
when t he val ue i s r ecei ved on t he net wor k f or  super vi sor y f unct i ons
such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay at  a user  i nt er f ace.

g.  NET- OUT:  The val ue i s pr ovi ded t o anot her  cont r ol l er  over  t he 
net wor k.
Use t hi s ent r y onl y when t he val ue i s t r ansmi t t ed t o anot her  devi ce as
par t  of  schedul i ng or  as par t  of  a sequence of  oper at i on,  not  when t he
val ue i s t r ansmi t t ed on t he net wor k f or  super vi sor y f unct i ons such as
t r endi ng,  al ar mi ng,  over r i de or  di spl ay at  a user  i nt er f ace.

3. 6. 3. 7   Net wor k Dat a Exchange I nf or mat i on 

( Get s Dat a Fr om,  Sends Dat a To)  Pr ovi de t he DDC Har dwar e I dent i f i er  of  
ot her  DDC Har dwar e t he poi nt  i s  shar ed wi t h.

3. 6. 3. 8   Over r i de I nf or mat i on 

For  each poi nt  r equi r i ng an Over r i de,  i ndi cat e i f  t he Obj ect  f or  t he poi nt  
i s  Commandabl e.

3. 6. 3. 9   Tr end Obj ect  I nf or mat i on

For  each poi nt  r equi r i ng a t r end,  i ndi cat e i f  t he t r end i s Local  or  
Remot e.  For  r emot e t r ends pr ovi de t he DDC Har dwar e I dent i f i er  f or  t he 
devi ce per f or mi ng t he t r end.

3. 6. 3. 10   Al ar m I nf or mat i on

I ndi cat e t he Al ar m Gener at i on Type.

3. 7   FI ELD TESTI NG AND ADJUSTI NG EQUI PMENT

Pr ovi de per sonnel ,  equi pment ,  i nst r ument at i on,  and suppl i es necessar y t o 
per f or m si t e t est i ng.    The Gover nment  wi l l  wi t ness t he PVT,  and wr i t t en 
per mi ssi on must  be obt ai ned f r om t he Gover nment  bef or e pr oceedi ng wi t h t he 
t est i ng.   Or i gi nal  copi es of  dat a pr oduced,  i ncl udi ng r esul t s of  each t est  
pr ocedur e,  dur i ng PVT must  be t ur ned over  t o t he Gover nment  at  t he 
concl usi on of  each phase of  t est i ng pr i or  t o Gover nment  appr oval  of  t he 
t est .    The t est  pr ocedur es must  cover  act ual  equi pment  and f unct i ons 
speci f i ed f or  t he pr oj ect .

3. 7. 1   Test i ng,  Adj ust i ng and Commi ssi oni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Del et e r ef er ence t o a f act or y t est  i f  no 
f act or y t est  i s  t o be r equi r ed.

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

Af t er  successf ul  compl et i on of  t he f act or y t est  as speci f i ed,  t he 
Cont r act or  wi l l  be aut hor i zed t o pr oceed wi t h t he i nst al l at i on of  t he 
syst em equi pment ,  har dwar e,  and sof t war e.    Once t he i nst al l at i on has been 
compl et ed,  t est ed,  adj ust ed,  and commi ssi oned each cont r ol  l oop and syst em 
i n accor dance wi t h NI ST SP 250 and must  ver i f y pr oper  oper at i on of  each 
i t em i n t he sequences of  oper at i on,  i ncl udi ng har dwar e and sof t war e.   
Cal i br at e f i el d equi pment ,  i ncl udi ng cont r ol  devi ces,  adj ust  cont r ol  
par amet er s and l ogi c ( v i r t ual )  poi nt s i ncl udi ng cont r ol  l oop set poi nt s,  
gai n const ant s,  const r ai nt s,  and ver i f y dat a communi cat i ons bef or e t he 
syst em i s pl aced onl i ne.   Test  i nst al l ed gr ound r ods as speci f i ed i n 
I EEE 142 and submi t  cer t i f i cat i on st at i ng t hat  t he t est  was per f or med i n 
accor dance wi t h I EEE 142.   Cal i br at e each i nst r ument at i on devi ce connect ed 
t o t he pr ocess cont r ol  syst em cont r ol  net wor k by maki ng a compar i son 
bet ween t he r eadi ng at  t he devi ce and t he di spl ay at  t he wor kst at i on,  
usi ng a st andar d at  l east  t wi ce as accur at e as t he devi ce t o be 
cal i br at ed.   Check each cont r ol  poi nt  wi t hi n t he pr ocess cont r ol  syst em 
cont r ol  net wor k by maki ng a compar i son bet ween t he cont r ol  command at  t he 
cent r al  st at i on and f i el d- cont r ol l ed devi ce.   Del i ver  t r end l ogs/ gr aphs of  
al l  poi nt s showi ng t o t he Gover nment  t hat  st abl e cont r ol  has been 
achi eved.   Poi nt s on common syst ems must  be t r ended si mul t aneousl y.   One 
l og must  be pr ovi ded showi ng concur r ent  sampl es t aken once a mi nut e f or  a 
t ot al  of  [ 4]  [ ___]  hour s.   One l og must  be pr ovi ded showi ng concur r ent  
sampl es t aken once ever y 30 mi nut es,  f or  a t ot al  of  [ 24]  [ ___]  hour s.   
Ver i f y oper at i on of  syst ems i n t he speci f i ed f ai l ur e modes upon Pr ocess 
cont r ol  syst em net wor k f ai l ur e or  l oss of  power ,  and ver i f y t hat  syst ems 
r et ur n t o pr ocess cont r ol  syst em cont r ol  aut omat i cal l y upon a r esumpt i on 
of  pr ocess cont r ol  syst em net wor k oper at i on or  r et ur n of  power .   Del i ver  a 
r epor t  descr i bi ng r esul t s of  f unct i onal  t est s,  di agnost i cs,  cal i br at i ons 
and commi ssi oni ng pr ocedur es i ncl udi ng wr i t t en cer t i f i cat i on t o t he 
Gover nment  t hat  t he i nst al l ed compl et e syst em has been cal i br at ed,  t est ed,  
adj ust ed and commi ssi oned and i s r eady t o begi n t he PVT.   The r epor t  must  
al so i ncl ude a copy of  t he appr oved PVT pr ocedur e.

3. 7. 2   Per f or mance Ver i f i cat i on Test  ( PVT)

Submi t  t est  pr ocedur es f or  t he PVT.    The t est  pr ocedur e must  descr i be al l  
t est s t o be per f or med and ot her  per t i nent  i nf or mat i on such as speci al i zed 
t est  equi pment  r equi r ed and t he l engt h of  t he PVT.    The t est  pr ocedur es 
must  expl ai n,  i n det ai l ,  st ep- by- st ep act i ons and t he expect ed r esul t s,  t o 
demonst r at e compl i ance wi t h al l  t he r equi r ement s of  t he dr awi ngs and t hi s 
speci f i cat i on.   The t est  pr ocedur e must  be si t e speci f i c  and based on t he 
i nput s and out put s,  r equi r ed cal cul at ed poi nt s and t he sequence of  
cont r ol .   Ref er  t o t he act i ons and expect ed r esul t s t o demonst r at e t hat  
t he pr ocess cont r ol  syst em per f or ms i n accor dance wi t h t he sequence of  
cont r ol .   I ncl ude a l i s t  of  t he equi pment  t o be used dur i ng t he t est i ng 
pl us manuf act ur er ' s name,  model  number ,  equi pment  f unct i on,  t he dat e of  
t he l at est  cal i br at i on and t he r esul t s of  t he l at est  cal i br at i on.

Demonst r at e t hat  t he compl et ed Pr ocess cont r ol  syst em compl i es wi t h t he 
cont r act  r equi r ement s.    Al l  physi cal  and f unct i onal  r equi r ement s of  t he 
pr oj ect  i ncl udi ng communi cat i on r equi r ement s must  be demonst r at ed and 
shown.   Demonst r at e t hat  each syst em oper at es as r equi r ed i n t he sequence 
of  oper at i on.   The PVT as speci f i ed must  not  be st ar t ed unt i l  af t er  
r ecei pt  of  wr i t t en per mi ssi on by t he Gover nment ,  based on t he wr i t t en 
r epor t  i ncl udi ng cer t i f i cat i on of  successf ul  compl et i on of  t est i ng,  
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adj ust i ng and commi ssi oni ng as speci f i ed,  and upon successf ul  compl et i on 
of  t r ai ni ng as speci f i ed.   Upon successf ul  compl et i on of  t he PVT,  f ur ni sh 
t est  r epor t s and ot her  document at i on.

3. 7. 3   Endur ance Test

Use t he endur ance t est  t o demonst r at e t he over al l  syst em r el i abi l i t y  of  
t he compl et ed syst em.    The endur ance t est  must  be conduct ed i n phases.   
The endur ance t est  must  not  be st ar t ed unt i l  t he Gover nment  not i f i es t he 
Cont r act or  i n wr i t i ng t hat  t he PVT i s sat i sf act or i l y  compl et ed,  t r ai ni ng 
as speci f i ed has been compl et ed,  out st andi ng def i c i enci es have been 
sat i sf act or i l y  cor r ect ed,  and t hat  t he Cont r act or  has per mi ssi on t o st ar t  
t he endur ance t est .   Pr ovi de an oper at or  t o man t he syst em [ 8 hour s per  
day dur i ng dayt i me oper at i ons,  i ncl udi ng weekends and hol i days, ]  [ dur i ng 
Phase I  endur ance t est i ng,  i n addi t i on t o any Gover nment  per sonnel  t hat  
may be made avai l abl e. ]    The Gover nment  may t er mi nat e t est i ng at  any t i me 
when t he syst em f ai l s t o per f or m as speci f i ed.   Upon t er mi nat i on of  
t est i ng by t he Gover nment  or  by t he Cont r act or ,  commence an assessment  
per i od as descr i bed f or  Phase I I .   Upon successf ul  compl et i on of  t he 
endur ance t est ,  del i ver  t est  r epor t s and ot her  document at i on,  as 
speci f i ed,  t o t he Gover nment  pr i or  t o accept ance of  t he syst em.

3. 7. 3. 1   Phase I  ( Test i ng)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  det er mi ne t he r equi r ed 
Phase I  t est i ng per i od.   The t est i ng per i od shoul d 
be based on t he syst em si ze and compl exi t y.

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

The t est  must  be conduct ed 24 hour s per  day,  7 days per  week,  f or  [ _____]  
consecut i ve cal endar  days,  i ncl udi ng hol i days,  and t he syst em must  oper at e 
as speci f i ed.   Make no r epai r s dur i ng t hi s phase of  t est i ng unl ess 
aut hor i zed by t he Gover nment  i n wr i t i ng.

3. 7. 3. 2   Phase I I  ( Assessment )

Af t er  t he concl usi on of  Phase I ,  i dent i f y f ai l ur es,  det er mi ne causes of  
f ai l ur es,  r epai r  f ai l ur es,  and del i ver  a wr i t t en r epor t  t o t he Gover nment .  
The r epor t  must  expl ai n i n det ai l  t he nat ur e of  each f ai l ur e,  cor r ect i ve 
act i on t aken,  r esul t s of  t est s per f or med,  and must  r ecommend t he poi nt  at  
whi ch t est i ng shoul d be r esumed.    Af t er  del i ver i ng t he wr i t t en r epor t ,  
convene a t est  r evi ew meet i ng at  t he j ob s i t e t o pr esent  t he r esul t s and 
r ecommendat i ons t o t he Gover nment .   The meet i ng must  not  be schedul ed 
ear l i er  t han 5 busi ness days af t er  r ecei pt  of  t he r epor t  by t he 
Gover nment .   As a par t  of  t hi s t est  r evi ew meet i ng,  demonst r at e t hat  
f ai l ur es have been cor r ect ed by per f or mi ng appr opr i at e por t i ons of  t he 
per f or mance ver i f i cat i on t est .   [ The Gover nment  r eser ves t he r i ght  t o 
cancel  t he t est  r evi ew meet i ng i f  no f ai l ur es or  def i c i enci es occur  dur i ng 
t he Phase I  t est i ng.   I f  t he Gover nment  chooses t o do so,  t he Cont r act or  
wi l l  be not i f i ed i n wr i t i ng. ]  Based on t he Cont r act or ' s r epor t  and t he 
t est  r evi ew meet i ng,  t he Gover nment  wi l l  det er mi ne i f  r et est i ng i s 
necessar y and t he r est ar t  poi nt .   The Gover nment  r eser ves t he r i ght  t o 
r equi r e t hat  t he Phase I  t est  be t ot al l y or  par t i al l y  r er un.   Do not  
commence any r equi r ed r et est i ng unt i l  af t er  r ecei pt  of  wr i t t en 
not i f i cat i on by t he Gover nment .   Af t er  t he concl usi on of  any r et est i ng 
whi ch t he Gover nment  may r equi r e,  t he Phase I I  assessment  must  be r epeat ed 
as i f  Phase I  had j ust  been compl et ed.
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3. 7. 3. 3   Excl usi ons

The Cont r act or  wi l l  not  be hel d r esponsi bl e f or  f ai l ur es r esul t i ng f r om 
t he f ol l owi ng:   Out age of  t he mai n power  suppl y i n excess of  t he 
capabi l i t y  of  any backup power  sour ce,  pr ovi ded t hat  t he aut omat i c 
i ni t i at i on of  al l  backup sour ces was accompl i shed and t hat  aut omat i c 
shut down and r est ar t  of  t he pr ocess cont r ol  syst em per f or med as 
speci f i ed.   Fai l ur e of  a Gover nment  f ur ni shed communi cat i ons l i nk,  
pr ovi ded t hat  t he PLC aut omat i cal l y and cor r ect l y oper at es i n t he 
st and- al one mode as speci f i ed,  and t hat  t he f ai l ur e was not  due t o 
Cont r act or  f ur ni shed equi pment ,  i nst al l at i on,  or  sof t war e.   Fai l ur e of  
exi st i ng Gover nment  owned equi pment ,  pr ovi ded t hat  t he f ai l ur e was not  due 
t o Cont r act or  f ur ni shed equi pment ,  i nst al l at i on,  or  sof t war e.

3. 8   FI ELD TRAI NI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The number  of  hour s r equi r ed t o i nst r uct  a
Gover nment  r epr esent at i ve i n oper at i on and 
mai nt enance of  t he syst em wi l l  depend on t he 
compl exi t y of  t he syst em speci f i ed.   Desi gner  i s t o 
est abl i sh t he number  of  hour s of  each t ype 
( pr el i mi nar y,  addi t i onal  mai nt enance,  speci al i zed,  
f l ow met er ,  and speci al i zed sensor )  of  t r ai ni ng 
based on equi pment  manuf act ur er  r ecommendat i ons,  
syst em compl exi t y and consul t at i on wi t h t he 
i nst al l at i on. .

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

Fi el d t r ai ni ng or i ent ed t o t he speci f i c  syst em must  be pr ovi ded f or  
desi gnat ed per sonnel .   Fur ni sh a copy of  t he t r ai ni ng manual  f or  each 
t r ai nee pl us [ t wo]  [ _____]  addi t i onal  copi es.   Manual s must  i ncl ude an 
agenda,  t he def i ned obj ect i ves f or  each l esson,  and a det ai l ed descr i pt i on 
of  t he subj ect  mat t er  f or  each l esson.   Fur ni sh audi ovi sual  equi pment  and 
ot her  t r ai ni ng suppl i es and mat er i al s.   Copi es of  t he audi ovi sual s must  be 
del i ver ed wi t h t he pr i nt ed t r ai ni ng manual s.   The Gover nment  r eser ves t he 
r i ght  t o v i deot ape t r ai ni ng sessi ons f or  l at er  use.   A t r ai ni ng day i s 
def i ned as 8 hour s of  c l assr oom i nst r uct i on,  excl udi ng l uncht i me,  Monday 
t hr ough Fr i day,  dur i ng t he dayt i me shi f t  i n ef f ect  at  t he t r ai ni ng 
f aci l i t y .   Submi t  t he t r ai ni ng manual  and schedul e t o r ecei ve appr oval  
f r om t he Gover nment  at  l east  30 days bef or e t he t r ai ni ng.

3. 8. 1   Pr el i mi nar y Oper at or  Tr ai ni ng

Pr i or  t o t he st ar t  of  f i el d t est i ng,  pr el i mi nar y oper at or  t r ai ni ng must  be 
t aught  at  t he pr oj ect  s i t e f or  [ ___]  consecut i ve t r ai ni ng [ days]  [ hour s] .   
Upon compl et i on of  t hi s cour se,  each st udent ,  usi ng appr opr i at e 
document at i on,  shoul d be abl e t o per f or m el ement ar y oper at i ons wi t h 
gui dance and descr i be t he gener al  har dwar e ar chi t ect ur e and f unct i onal i t y 
of  t he syst em.   Thi s cour se must  i ncl ude:  gener al  syst em ar chi t ect ur e;  
f unct i onal  oper at i on of  t he syst em,  i ncl udi ng wor kst at i ons;  oper at or  
commands;  appl i cat i on pr ogr ams,  cont r ol  sequences,  and cont r ol  l oops;  
dat abase ent r y and modi f i cat i on;  r epor t s gener at i on;  al ar m r epor t i ng;  
di agnost i cs;  and hi st or i cal  f i l es.

3. 8. 2   Addi t i onal  Oper at or  Tr ai ni ng

Fol l owi ng t he f i el d t est i ng,  addi t i onal  c l assr oom t r ai ni ng f or  oper at or s 
must  be t aught  f or  [ ___]  consecut i ve t r ai ni ng days;  i ndi v i dual  i nst r uct i on 
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sessi ons of  [ 4]  [ ___]  - hour  per i ods i n t he mor ni ng ( or  af t er noon)  of  t he 
same weekday f or  [ ___]  consecut i ve weeks and an addi t i onal  [ ___]  day 
cl assr oom sessi on f or  answer i ng oper at or  quest i ons.  I ndi v i dual  i nst r uct i on 
must  consi st  of  " hands- on"  t r ai ni ng under  t he const ant  moni t or i ng of  t he 
i nst r uct or .    Cl assr oom t r ai ni ng must  i ncl ude i nst r uct i on on t he speci f i c  
har dwar e conf i gur at i on of  t he i nst al l ed pr ocess cont r ol  syst em and 
speci f i c  i nst r uct i ons f or  oper at i ng t he i nst al l ed syst em.   Schedul e 
act i v i t i es dur i ng t hi s per i od so t hat  t he speci f i ed amount  of  t i me on t he 
equi pment  wi l l  be avai l abl e f or  each st udent .    The f i nal  sessi on wi l l  
addr ess speci f i c  t opi cs t hat  t he st udent s need t o di scuss and t o answer  
quest i ons concer ni ng t he oper at i on of  t he syst em.   Upon compl et i on of  t he 
cour se,  t he st udent s shoul d be f ul l y pr of i c i ent  i n syst em oper at i on and 
have no unanswer ed quest i ons r egar di ng oper at i on of  t he i nst al l ed pr ocess 
cont r ol  syst em.   Each st udent  shoul d be abl e t o st ar t  t he syst em,  oper at e 
t he syst em,  r ecover  t he syst em af t er  a f ai l ur e and descr i be t he speci f i c  
har dwar e ar chi t ect ur e and oper at i on of  t he syst em and be f ul l y pr of i c i ent  
i n al l  syst em oper at i ons.   Repor t  t he ski l l  l evel  of  each st udent  at  t he 
end of  t hi s cour se.

3. 8. 3   Mai nt enance Tr ai ni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  t r ai ni ng r equi r ement s t o t he syst ems.

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

Fol l owi ng t he [ endur ance t est ]  [ _____]  a mi ni mum per i od of  [ one]  [ _____]  
t r ai ni ng [ days] [ hour s]  must  be pr ovi ded by a f act or y r epr esent at i ve or  a 
qual i f i ed Cont r act or  t r ai ner  f or  [ f i ve]  [ _____]  desi gnat ed per sonnel  on 
mai nt enance of  t he equi pment .   The t r ai ni ng must  i ncl ude:  physi cal  l ayout  
of  each pi ece of  har dwar e,  cal i br at i on pr ocedur es,  pr event i ve mai nt enance 
pr ocedur es,  schedul es,  t r oubl eshoot i ng,  di agnost i c pr ocedur es and r epai r  
i nst r uct i ons.

3. 8. 4   Speci al i zed Tr ai ni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h speci f i cat i ons f or  t he uni t  
pr ocesses,  addi ng or  del et i ng par t s.

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

Fol l owi ng t he mai nt enance t r ai ni ng,  a mi ni mum per i od of  [ f i ve]  [ _____] ,  
t ot al  t r ai ni ng day( s)  must be pr ovi ded by a f act or y r epr esent at i ve or  a 
qual i f i ed Cont r act or  t r ai ner  f or  [ t en]  [ _____]  peopl e on t he i nput  devi ces.

3. 8. 4. 1   Fl ow Met er  Tr ai ni ng

Each t ype of  f l ow met er ,  t o i ncl ude cal i br at i on,  mai nt enance and t est i ng 
of  f l ow el ement s and t r ansducer s.

3. 8. 4. 2   Speci al i zed Sensor  Tr ai ni ng

Pr ovi de t r ai ni ng on each t ype of  speci al i zed sensor  such as [ chl or i ne, ]  
[ t ur bi di t y, ]  [ pH, ]  [ NOx, ]  [ _____]  t o i ncl ude cal i br at i on,  mai nt enance and 
t est i ng of  sensi ng el ement s and t r ansducer s f or  [ f i ve]  peopl e.

3. 9   OPERATI ON AND MAI NTENANCE DATA REQUI REMENTS

Out l i ne t he st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on 
and shut down.    I ncl ude i n t he i nst r uct i ons l ayout ,  wi r i ng and cont r ol  
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di agr ams of  t he syst em as i nst al l ed,  t he manuf act ur er ' s name,  model  
number ,  ser vi ce manual ,  par t s l i s t  and a 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.   Li st  r out i ne mai nt enance 
pr ocedur es,  possi bl e br eakdowns and r epai r s and t r oubl eshoot i ng gui des.

        - -  End of  Sect i on - -
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