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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  f l ow measur i ng equi pment  f or  use i n 
pot abl e wat er  or  sewage t r eat ment  pl ant .

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

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

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

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

**************************************************************************
NOTE:   Speci al  consi der at i on not  i ncl uded i n t hi s 
gui de must  be gi ven t o sewage wi t h hi gh sal t  wat er  
concent r at i on or  car r y i ng i ndust r i al  wast es 
cont ai ni ng component s det r i ment al  t o mat er i al s used 
i n t ypi cal  t r eat ment  pl ant  and bi odegr adi ng 
micro-organisms.

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

PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.  The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
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and t i t l e.
 
Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.
 
Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

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

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C700 ( 2015)  Col d- Wat er  Met er s -  Di spl acement  
Type,  Met al  Al l oy Mai n Case

AWWA C704 ( 2015)  Pr opel l er - Type Met er s f or  
Wat er wor ks Appl i cat i ons

ASME I NTERNATI ONAL ( ASME)

ASME B16. 1 ( 2015)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME PTC 19. 5 ( 2004;  R 2013)  Fl ow Measur ement

ASTM I NTERNATI ONAL ( ASTM)

ASTM A126 ( 2004;  R 2014)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM B61 ( 2015)  St andar d Speci f i cat i on f or  St eam or  
Val ve Br onze Cast i ngs

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-DTL-24441 ( 2009;  Rev D)  Pai nt ,  Epoxy- Pol yami de,  
Gener al  Speci f i cat i on f or

1. 2   SYSTEM REQUI REMENTS

The f l ow measur i ng equi pment  shal l  be t he [ var i abl e head met er  t ype f or  
c l osed channel ]  [ var i abl e head met er  t ype f or  open channel ]  [ var i abl e ar ea 
met er  t ype]  [ pr opel l er  met er  t ype]  [ el ect r omagnet i c met er  t ype]  [ vol umet r i c 
met er  f or  [ open]  [ c l osed]  channel ]  [ ul t r asoni c met er  t ype] .   The desi gn 
shal l  per mi t  ease of  i nst al l at i on and shal l  not  have any f eat ur es hazar dous 
t o per sonnel  or  det r i ment al  t o t he equi pment .   Pr ovi s i on shal l  be made t o 
al i gn and adequat el y l ubr i cat e movi ng par t s.   I nt er i or  par t s shal l  be 
easi l y accessi bl e f or  adj ust ment ,  r epai r ,  and r epl acement .
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1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G" .   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.    Onl y add a “ G”  t o an i t em,  i f  t he 
submi t t al  i s  suf f i c i ent l y i mpor t ant  or  compl ex i n 
cont ext  of  t he pr oj ect .

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

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Fl ow measur i ng equi pment  component s

Read- out  devi ce

SD- 06 Test  Repor t s
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Fl ow measur i ng equi pment  cal i br at i on

Open channel  t est

Di mensi onal  i nspect i on r epor t

Cl osed channel  t est

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

Fl ow measur i ng equi pment  component s

  Submi t  manuf act ur er ' s wr i t t en r ecommendat i on f or  i nst al l at i on 
and handl i ng.

1. 4   QUALI TY ASSURANCE

1. 4. 1   Requirements

Per f or m cal i br at i on and submi t  t est  r epor t  f or  f l ume i n var i abl e head met er  
f or  open channel .   Submi t  di mensi onal  i nspect i on r epor t  and f l ow ver sus 
di f f er ent i al  head cur ve f or  var i abl e head met er s f or  c l osed channel ;  
accur acy shal l  be pl us or  mi nus 1. 0 per cent  over  a 10 t o 1 f l ow r ange.   
Submi t  as r equi r ed i n par agr aph ent i t l ed " Fi el d Test s and I nspect i ons. "

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

**************************************************************************
NOTE:   Choose t he par agr aphs whi ch f ol l ow based on 
t ype of  met er  needed f or  t he syst em sel ect ed i n t he 
par agr aph ent i t l ed " Syst em Requi r ement s. "

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

Unl ess ot her wi se speci f i ed,  al l  mat er i al s and equi pment  shal l  be st andar d 
commer ci al  pr oduct s i n r egul ar  pr oduct i on by t he manuf act ur er  and sui t abl e 
f or  t he r equi r ed ser vi ce.

2. 1. 1   Var i abl e Head Met er  f or  Cl osed Channel

**************************************************************************
NOTE:   Del et e t hi s par agr aph and t he subpar agr aphs 
whi ch f ol l ow when var i abl e head met er  f or  c l osed 
channel  i s  not  r equi r ed.

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

Shal l  i ncl ude [ an or i f i ce pl at e]  [ a f l ow nozzl e]  [ a Vent ur i  t ube]  as 
di f f er ent i al  head pr oducer ,  a di aphr agm met er  as di f f er ent i al  measur ement ,  
and [ an i ndi cat or ]  [ and an i nt egr at or ]  as r ead- out  devi ce[ s] .   [ Remot e 
t r ansmi ssi on al so shal l  be i ncl uded. ]   Met er  shal l  be pr ovi ded f or  [ pot abl e 
wat er ]  [ pl ant  wat er ]  [ wat er  f or  chl or i nat i on]  [ ai r  f or  aer at i on]  
[ r eci r cul at ed pl ant  ef f l uent ]  [ pl ant  ef f l uent ]  [ pl ant  i nf l uent ]  [ bypass 
l i ne]  [ pr i mar y s l udge]  [ r et ur n s l udge]  [ s l udge t o wast e]  [ di gest ed s l udge]  
f l ow wher e i ndi cat ed.
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2. 1. 1. 1   [ Or i f i ce Pl at e

**************************************************************************
NOTE:   Sel ect  t hi s par agr aph ent i t l ed " Or i f i ce 
Pl at e, "  or  t he par agr aphs bel ow ent i t l ed " Fl ow 
Nozzl e, "  " Vent ur i  Tube, "  or  " Modi f i ed Vent ur i . "

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

Shal l  be of  t he di f f er ent i al  pr oduci ng t ype wi t h c i r cul ar  hol e,  and 
desi gned f or  i nser t i on i n a [ _____]  mm i nch pi pe wher e i ndi cat ed.   The 
or i f i ce pl at e shal l  measur e t he f l ow of  [ _____]  t o [ _____]  [ cubi c met er  per  
second]  [ gpm] .  Pr ovi de t he or i f i ce pl at e wi t h a f l ange uni on t o hol d t he 
pl at e per pendi cul ar  t o t he axi s of  t he pi pe.   The f l ange shal l  have a 
pr essur e r at i ng of  862 kPa 125 psi  and shal l  have t hr eaded ends.   The 
or i f i ce pl at e shal l  be of  st ai nl ess st eel  and shal l  be f ur ni shed wi t h a t ab 
desi gnat i ng l i ne s i ze,  or i f i ce s i ze,  and f l ow di r ect i on.   The or i f i ce pl at e 
shal l  be i n accor dance wi t h r ecommendat i ons of  t he ASME PTC 19. 5,  except  as 
modi f i ed her ei n.   The pr essur e t aps shal l  be of  t he [ f l ange]  [ one di amet er  
upst r eam and one- hal f  di amet er  downst r eam]  [ cor ner ]  t ype and si zed i n 
accor dance wi t h r ecommendat i ons of  t he ASME PTC 19. 5.

] 2. 1. 1. 2   [ Fl ow Nozzl e

Shal l  be of  t he di f f er ent i al  pr oduci ng t ype havi ng a modi f i ed Vent ur i  f l ow 
nozzl e cont our ,  and desi gned f or  at  l east  90 per cent  head r ecover y f or  
i nser t i on i n [ _____]  mm i nch pi pe wher e i ndi cat ed.   The nozzl e shal l  
measur e t he f l ow of  [ _____]  t o [ _____]  [ cubi c met er  per  second]  [ gpm] .  The 
f l ow nozzl e shal l  have 862 kPa 125 psi  f l anged ends conf or mi ng t o ASME B16. 1.   
Const r uct  t he nozzl e of  cast  i r on conf or mi ng t o ASTM A126,  Gr ade B.   The 
t hr oat  l i ner  shal l  be of  br onze conf or mi ng t o ASTM B61.   The l engt h of  t he 
t hr oat  l i ner  shal l  be equal  t o 75 per cent  of  t he t hr oat  di amet er .   The 
i nl et  pr essur e t ap shal l  be one di amet er  upst r eam and t he out er  pr essur e 
t ap shal l  be [ one- hal f  di amet er  downst r eam]  [ t he t hr oat  t ype] .   [ The t aps 
f or  use wi t h sewer  and sl udge must  have bui l t - i n capabi l i t i es f or  manual  
r oddi ng of  t he hol es. ]

] 2. 1. 1. 3   [ Vent ur i  Tube

Shal l  be of  t he di f f er ent i al  pr oduci ng t ype,  and desi gned f or  [ pot abl e 
wat er ]  [ sewage]  [ s l udge]  ser vi ce wi t h at  l east  90 per cent  head r ecover y [ i n 
accor dance wi t h r ecommendat i ons of  t he ASME PTC 19. 5]  f or  use i n a [ _____]  
mm i nch pi pe wher e i ndi cat ed.   The Vent ur i  shal l  measur e t he f l ow of  
[ _____]  t o [ _____]  [ cubi c met er  per  second]  [ gpm] .   The Vent ur i  shal l  have 
862 kPa 125 psi  f l anged ends conf or mi ng t o ASME B16. 1.   The l ayi ng l engt h 
shal l  be appr oxi mat el y t hat  i ndi cat ed.   Const r uct  t he body of  cast  i r on 
conf or mi ng t o ASTM A126,  Gr ade B.   The t hr oat  sect i on and vent  bushi ng 
shal l  be br onze conf or mi ng t o ASTM B61.   [ For  s l udge ser vi ce,  equi p t he 
t ube wi t h manual  vent  c l eaner s r equi r i ng not  mor e t han 1. 57 r ad 90 degr ees 
r ot at i on f or  f ul l  oper at i on. ]  [ For  s l udge ser vi ce,  pr ovi de a wat er  pur ge 
syst em and t wo mat ched assembl i es of  pi pi ng,  val ves,  r ot omet er s,  and 
f i t t i ngs.   The pur ge syst em shal l  oper at e on a c l ean wat er  suppl y of  
0. 000063 cubi c met er  per  second one gpm at  a r egul at ed pr essur e of  69 kPag 
10 psi ggr eat er  t han l i ne pr essur e.   The Vent ur i  i nt er i or  wat er ways shal l  be 
f i ni shed wi t h an ant i - st i ck coat i ng. ]

] 2. 1. 1. 4   [ Modi f i ed Vent ur i

Shal l  be of  t he di f f er ent i al  pr oduci ng t ype,  and desi gned f or  [ pot abl e 
wat er ]  [ sewage]  [ s l udge]  ser vi ce wi t h at  l east  a 90 per cent  head r ecover y 
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f or  use i n a [ _____]  mm i nch pi pe wher e i ndi cat ed.   The Vent ur i  shal l  
measur e t he f l ow of  [ _____]  t o [ _____]  [ cubi c met er  per  second]  [ gpm] .   The 
l ayi ng l engt h shal l  be appr oxi mat el y t hat  i ndi cat ed.   The modi f i ed Vent ur i  
shal l  be of  t he i nser t  t ype const r uct ed of  f i ber gl ass r ei nf or ced 
pol yest er .   The hol di ng f l ange shal l  be car bon st eel ,  br onze,  or  f i ber gl ass 
r ei nf or ced pl ast i c wi t h i nt egr al  pr essur e t aps f or  mount i ng bet ween 862 kPa 
125 psi  ASME B16. 1 f l anges.

] 2. 1. 1. 5   Di aphr agm Met er

Shal l  have a r ange of  [ _____]  t o [ _____]  [ cubi c met er  per  second]  [ gpm] ,  
and a mi ni mum di f f er ent i al  of  not  l ess t han 25 mm one i nch.   The maxi mum 
di f f er ent i al  shal l  be equal  t o t he r ange squar ed but  shal l  not  exceed 2500 
mm 100 i nches of  wat er  col umn.  I t  shal l  have st ai nl ess st eel  bel l ows wi t h 
bui l t - i n over r ange pr ot ect i on t o pr ohi bi t  def or mat i on of  t he bel l ows.   
Cont ai n t he bel l ows i n a f or ged br ass or  cadmi um- pl at ed f or ged car bon st eel  
housi ng t o wi t hst and a wor ki ng pr essur e of  at  l east  3. 45 MPa 500 psi .   
Tr ansmi t  t he out put  mot i on of  t he bel l ows t o t he l ocal  r ead- out  devi ce.   
Ther e shal l  be zer o adj ust ment  i n t he di aphr agm met er .   Accur acy shal l  be 
pl us or  mi nus 0. 5 per cent  of  f ul l  scal e over  a 3 t o 1 f l ow r ange.

2. 1. 2   [ Var i abl e Head Met er  f or  Open Channel

**************************************************************************
NOTE:   Del et e t hese par agr aphs when var i abl e head 
met er  f or  open channel  i s  not  r equi r ed.

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

Shal l  i ncl ude [ a wei r ]  [ a f l ume]  as head pr oducer ,  a st i l l i ng wel l  wi t h 
f l oat  and cabl e as head measur ement ,  and [ an i ndi cat or ]  [ a r ecor der ]  [ and 
an i nt egr at or ]  as r ead- out  devi ce( s) .   [ Remot e t r ansmi ssi on al so shal l  be 
i ncl uded. ]   Pr ovi de met er  f or  [ pot abl e wat er ]  [ pl ant  i nf l uent ]  [ bypass 
l i ne]  [ pl ant  ef f l uent  r eci r cul at i on]  [ r et ur n s l udge]  [ pl ant  ef f l uent ]  f l ow 
wher e i ndi cat ed.

] 2. 1. 2. 1   [ Weir

**************************************************************************
NOTE:   Sel ect  t hi s par agr aph ent i t l ed " Wei r , "  or  t he 
par agr aphs bel ow ent i t l ed " Par shal l  Fl ume, "  or  
"Flume."

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

Shal l  be of  t he [ r ect angul ar ]  [ 1. 05 r ad]  [ 60 degr ee]  [ t r i angul ar  ( V- not ch) ]  
[ 1. 57 r ad]  [ 90 degr ee]  [ t r i angul ar  ( V- not ch) ]  [ Ci pol l et t i ]  t ype as 
i ndi cat ed.   The wei r  shal l  measur e t he f l ow of  [ _____]  t o [ _____]  [ cubi c 
met er  per  second]  [ mgd] .   The upst r eam f ace of  t he wei r  pl at e shal l  be f l at  
and smoot h.   Any bol t s or  r i vet s used t o f ast en t he pl at e shal l  be 
count er sunk f l ush wi t h t he pl at e.   Bol t  hol es shal l  i ncl ude pr ovi s i on f or  
adj ust ment  of  hei ght  and l evel .   The edges of  t he wei r  pl at e exposed t o 
f l ow shal l  not  exceed 3 mm 1/ 8 i nch i n t hi ckness;  wher e t hi cker  pl at es must  
be used,  t he edge shal l  be bevel ed  0. 78 r ad 45 degr ees or  mor e t o t he 
r equi r ed 3 mm 1/ 8 i nch.   Make t he wei r  pl at e of  st ai nl ess st eel  or  
f i ber gl ass r ei nf or ced pol yest er  l ami nat e cont ai ni ng at  l east  30 per cent  
f i ber gl ass by wei ght .

] 2. 1. 2. 2   [ Par shal l  Fl ume

Shal l  be of  t he Par shal l  t ype,  and shal l  measur e t he f l ow of  [ _____]  t o 
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[ _____]  [ cubi c met er  per  second]  [ mgd] .   The f l ume shal l  have a conver gi ng 
upst r eam sect i on,  a t hr oat ,  and a di ver gi ng downst r eam sect i on.   The 
compl et e uni t  shal l  have ver t i cal  wal l s.   St i l l i ng wel l s and t hr oat  f l oor  
shal l  be i ncl i ned downwar d.   Const r uct  t he f l ume of  pol yest er  r esi n 
r ei nf or ced wi t h not  l ess t han 30 per cent  f i ber gl ass by wei ght  and pr ovi ded 
wi t h l ocki ng devi ces f or  engagement  wi t h t he gr out  ar ound t he l i ner .   
Rei nf or c i ng r i bs shal l  be an i nt egr al  par t  of  t he f l ume whi l e r emovabl e 
br aci ng shal l  be pr ovi ded t o ensur e pr oper  mai nt enance of  l i ner  di mensi ons 
dur i ng shi pment  and i nst al l at i on.

] 2. 1. 2. 3   [ Flume

Shal l  be of  t he char act er i zed t ype,  and shal l  measur e t he f l ow of  [ _____]  
t o [ _____]  [ cubi c met er  per  second]  [ mgd] .   The f l ume shal l  have a cast  
i r on measur i ng sect i on havi ng a c i r cul ar  i nl et  and a char act er i zed out l et .   
The i nl et  l i ne s i ze shal l  be [ _____]  mm i nches.   The i nl et  shal l  be 
ASME B16. 1,  862 kPa 125 psi ,  f l anged.   The f l ume shal l  have a f l at  i nver t  
f r ee f r om pocket s and obst r uct i ons.   [ Equi p t he f l ume wi t h a manual  vent  
c l eaner  and sedi ment  t r ap. ]

] 2. 1. 2. 4   Fl oat  and Cabl e

Shal l  have a r ange of  [ _____]  t o [ _____]  [ cubi c met er  per  second]  [ mgd]  
wi t h a head measur ement  of  [ _____]  mm i nches.   Measur e t he cr est  l evel  i n a 
st i l l i ng wel l  as i ndi cat ed.   The measur i ng syst em shal l  i ncl ude a f l oat ,  
cabl e,  dr um,  t r ansf er  gear  assembl y,  and cam mechani sm t o pr ovi de uni f or ml y 
gr aduat ed uni t s of  f l ow.   The f l oat  shal l  be of  pol yest er ,  st ai nl ess st eel ,  
or  copper ,  and of  a wei ght  and shape t hat  conf or m t o t he appl i cat i on 
r equi r ement s.   The cabl e shal l  be pl ast i c- coat ed mul t i - st r and st ai nl ess 
st eel ,  st ai nl ess st eel  beads,  or  mul t i - st r and monel .   Gr oove t he dr um t o 
pr event  over l appi ng of  t he cabl e.   Pr ovi de t he f l oat  and cabl e wi t h st ops 
t o pr event  over r angi ng and t o pr ovi de a zer o adj ust ment .   Al l  mat er i al s of  
const r uct i on shal l  be cor r osi on- r esi st ant .   Pr ovi de pr ot ect i on t ubes f or  
t he cabl es.   Accur acy shal l  be pl us or  mi nus 2 per cent  of  t he act ual  r at e 
over  a 5 t o 1 r ange.

2. 1. 3   Var i abl e Ar ea Met er  f or  [ Open]  [ Cl osed]  Channel

**************************************************************************
NOTE:   Del et e t hi s par agr aph when a var i abl e ar ea 
met er  f or  an open or  c l osed channel  i s  not  r equi r ed.

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

Pr ovi de a var i abl e ar ea met er  as i ndi cat ed.   Make t he var i abl e ar ea met er  
of  a t aper ed t ube wi t h a f l oat  t hat  wi l l  i ndi cat e a f l ow r ange of  [ _____]  
t o [ _____]  [ cubi c met er  per  second]  [ gpm] .   The t ube shal l  be gl ass wi t h 
f l ow uni t s et ched on i t  and shal l  be pl aced ver t i cal l y  f or  r eadi ng.   I t  
shal l  consi st  of  f i ber gl ass,  st ai nl ess st eel ,  or  al umi num wi t h st ai nl ess 
st eel  f i t t ed ends and f l uor i nat ed hydr ocar bon r ubber  or  chl or opr ene 
0- r i ngs.   The f l oat  shal l  be st ai nl ess st eel  and easi l y r ead.   The met er i ng 
t ube shal l  be easi l y r emoved f or  r ange change or  c l eani ng wi t hout  t ool s or  
r emovi ng t he met er  f r om t he l i ne.   Pr ovi de a needl e val ve f or  adj ust i ng 
f l ow wher e i ndi cat ed.  Accur acy shal l  be pl us or  mi nus 5 per cent  over  a 3 t o 
1 r ange.

2. 1. 4   Pr opel l er  Met er

**************************************************************************
NOTE:   Del et e t hi s par agr aph when a pr opel l er  met er  
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i s  not  r equi r ed.
**************************************************************************

Pr ovi de a pr opel l er  met er  wher e i ndi cat ed.   The met er  shal l  measur e t he 
vel oci t y and conver t  i t  t o f l ow uni t s.   The met er  shal l  have a r ange of  
[ _____]  t o [ _____]  [ cubi c met er  per  second]  [ gpm]  f or  use i n a [ _____]  mm 
i nch pi pe.   Mat er i al s shal l  conf or m t o t he appl i cabl e r equi r ement s of  
AWWA C704.   [ The pr opel l er  met er  shal l  be of  t he saddl e t ype f or  a wor ki ng 
pr essur e of  862 kPa 125 psi  and be suppl i ed wi t h a st eel  wel di ng saddl e and 
separ at e st r ai ght eni ng vanes. ]   [ The pr opel l er  met er  shal l  be of  t he t ube 
t ype f or  a wor ki ng pr essur e of  862 kPa 125 psi  and be f ur ni shed compl et e 
wi t h a t ube,  bui l t - i n st r ai ght eni ng vanes,  and 862 kPa 125 psi  ASME B16. 1 
f l anged ends,  or  t hr eaded connect i ons,  as appr opr i at e f or  t he pi pe. ]   
Pr ovi de t he met er  head wi t h a coni cal  shaped t hr ee- bl ade pr opel l er  mount ed 
t r ansver sel y i n t he l i ne.   The met er  shal l  be compl et el y seal ed f r om wat er  
pr essur e and abl e t o wi t hst and t hr ust  on t he f r ont  of  t he pr opel l er .   
Accur acy shal l  be pl us or  mi nus 2 per cent  of  act ual  r at e over  a 10 t o 1 
range.

2. 1. 5   El ect r omagnet i c Met er

**************************************************************************
NOTE:   Del et e t hi s par agr aph when an el ect r omagnet i c 
met er  i s  not  r equi r ed.

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

**************************************************************************
NOTE:   For  pl ant  i nf l uent  ser vi ce,  al l ow t he 
opt i onal  use of  chl or opr ene- l i ned st ai nl ess st eel  or  
st eel ,  pol yur et hane- l i ned st ai nl ess st eel  or  st eel ,  
or  f i ber gl ass t ubes.   For  pr i mar y s l udge ser vi ce,  
al l ow t he opt i onal  use of  t et r af l uor oet hyl ene- l i ned 
st ai nl ess st eel  or  st eel ,  v i t r eous enamel - l i ned 
st ai nl ess st eel  or  st eel ,  gl ass- l i ned st ai nl ess 
st eel  or  st eel ,  or  t et r af l uor oet hyl ene- l i ned 
al umi num t ubes.   For  r eci r cul at ed pl ant  ef f l uent ,  
al l ow t he opt i onal  use of  t et r af l uor oet hyl ene- l i ned 
st ai nl ess st eel  or  st eel ,  chl or opr ene- l i ned 
st ai nl ess st eel  or  st eel ,  or  f i ber gl ass t ubes.   For  
r et ur n s l udge ser vi ce,  al l ow t he opt i onal  use of  
t et r af l uor oet hyl ene- l i ned st ai nl ess st eel  or  st eel ,  
chl or opr ene- l i ned st ai nl ess st eel  or  st eel ,  or  
f i ber gl ass t ubes.   For  s l udge t o wast e ser vi ce,  
al l ow t he opt i onal  use of  t et r af l uor oet hyl ene- l i ned 
st ai nl ess st eel ,  v i t r eous enamel - l i ned st ai nl ess 
st eel  or  st eel ,  or  gl ass- l i ned st ai nl ess st eel  or  
st eel  t ubes.   For  di gest ed s l udge ser vi ce,  al l ow t he 
opt i onal  use of  t et r af l uor oet hyl ene- l i ned st ai nl ess 
st eel  or  st eel ,  chl or opr ene- l i ned st ai nl ess st eel  or  
st eel ,  or  f i ber gl ass t ubes.   For  pl ant  ef f l uent  
ser vi ce,  al l ow t he opt i onal  use of  
t et r af l uor oet hyl ene- l i ned st ai nl ess st eel  or  st eel ,  
chl or opr ene- l i ned st ai nl ess st eel  or  st eel ,  or  
f i ber gl ass t ubes.

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

**************************************************************************
NOTE:   Del et e t he br acket ed sent ence begi nni ng 
" Pr ovi de a t r ansf or mer . . . "  when power  suppl y i s  120 
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volts.
**************************************************************************

**************************************************************************
NOTE:   Del et e r equi r ement s f or  c l eani ng except  when 
met er  i s  f or  any s l udge ser vi ce.

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

Pr ovi de a magnet i c f l ow met er  wher e i ndi cat ed.   The magnet i c f l ow met er  
shal l  measur e t he f l ow of  [ _____]  t o [ _____]  [ cubi c met er  per  second]  [ mgd]  
and be sui t abl e f or  a [ _____]  mm i nch pi pe.   The magnet i c f l ow met er  syst em 
shal l  i ncl ude a f l ow t ube,  l ocal  r ead- out  r ecei ver ,  [ r emot e t r ansmi ssi on, ]  
and i nt er connect i ng cabl e wher e i ndi cat ed.   The f l ow met er  shal l  be a 
[ t et r af l uor oet hyl ene- l i ned st ai nl ess st eel  or  st eel ]  [ chl or opr ene- l i ned 
st ai nl ess st eel  or  st eel ]  [ pol yur et hane- l i ned st ai nl ess st eel  or  st eel ]  
[ v i t r eous enamel - l i ned st ai nl ess st eel  or  st eel ]  [ gl ass- l i ned st ai nl ess 
st eel  or  st eel ]  [ t et r af l uor oet hyl ene- l i ned al umi num]  [ f i ber gl ass]  t ube wi t h 
t he necessar y cor es and coi l s t o pr ovi de a magnet i c f i el d wi t hout  any 
i nt er f er ence and wi t h [ 1034 kPa]  [ 150 psi ]  [ modi f i ed ASME B16. 1 car bon 
st eel  f l anges]  [ Dr esser  t ype coupl i ng]  [ Vi ct aul i c t ype coupl i ngs]  [ i nt egr al  
f i ber gl ass f l anges] .   El ect r odes shal l  be of  st ai nl ess st eel .   The t ube 
shal l  oper at e f r om [ 120]  [ 240]  vol t s,  [ _____]  her t z,  s i ngl e- phase ac 
power .   A weat her pr oof  housi ng shal l  cover  t he magnet s,  coi l s ,  and 
connect i ons.   [ Pr ovi de a t r ansf or mer  wi t hi n t he t r ansmi t t er  housi ng t o 
pr ovi de 120 vol t s power  t o t he r ecei ver . ]   [ Pr ovi de a syst em f or  c l eani ng 
t he el ect r odes or  t ube aut omat i cal l y  wi t hout  t aki ng t he t ube out  of  
ser vi ce.   Aut omat i c mechani cal  c l eani ng of  el ect r odes or  t ube wi l l  not  be 
accept abl e. ]   The met er i ng t ube shal l  have an appr oxi mat e l ayi ng l engt h as 
i ndi cat ed.  Pr ovi de al l  necessar y cabl e bet ween t he t r ansmi t t er  and 
r ecei ver .   Accur acy shal l  be pl us or  mi nus one per cent  over  a 10 t o 1 
r ange.   The r ecei ver  shal l  conver t  t he ac vol t age s i gnal  gener at ed i n t he 
f l ow t ube t o a uni f or m f l ow si gnal .   Ther e shal l  be an adj ust ment  f or  zer o 
and span.

2. 1. 6   Vol umet r i c Met er

**************************************************************************
NOTE:   Del et e t hi s par agr aph when a vol umet r i c met er  
i s  not  r equi r ed

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

Pr ovi de a vol umet r i c met er  wher e i ndi cat ed.   The met er  shal l  conf or m t o 
AWWA C700.   The met er  shal l  be of  t he r ot at i ng- di sc t ype f or  use i n a 
[ _____]  mm i nch pi pe and shal l  be of  t he f r ost pr oof  t ype,  i f  appl i cabl e.

2. 1. 7   Ul t r asoni c Met er

**************************************************************************
NOTE:   Del et e t hi s par agr aph when an ul t r asoni c 
met er  i s  not  r equi r ed.

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

Pr ovi de an ul t r asoni c met er  wher e i ndi cat ed.   The met er  shal l  have a 
vel oci t y r ange of  0 t o 1. 52 met er s per  second t hr ough 0 t o 6. 10 met er  per  
second 0 t o 5 f eet  per  second t hr ough 0 t o 20 f eet  per  second f or  use wi t h 
a [ _____]  mm i nch pi pe.   The f l ow met er  shal l  consi st  of  [ separ at e 
t r ansmi t t i ng and r ecei v i ng t r ansducer s c l amped t o t he out s i de of  t he pi pe 
t o measur e t he l i qui d f l ow wi t hout ,  i n anyway,  i nt r udi ng i nt o or  al t er i ng 
t he pi pe. ]   [ t he pr i mar y el ement  empl oyi ng a s i ngl e pai r  of  
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el ect r o- acoust i c  t r ansducer s mount ed di agonal l y i n a f l ow t ube,  and i n 
di r ect  cont act  wi t h t he l i qui d f l ow t o be measur ed]  [ a s i ngl e t r ansducer  
wi t h t wi n cr yst al s encapsul at ed i n an epoxy housi ng mount ed on t he out s i de 
of  t he pi pe.   The t r ansmi t t i ng cr yst al  shal l  emi t  a cont i nuous ul t r asoni c 
pul se or  f r equency i nt o t he l i qui d st r eam t o be r ef l ect ed back t o t he 
r ecei v i ng cr yst al .   I t  shal l  measur e t he di f f er ence i n f r equenci es whi ch i s 
pr opor t i onal  t o t he l i qui d f l ow. ]   The t r ansmi t t er  shal l  cont ai n al l  
necessar y c i r cui t r y encl osed i n NEMA 4 [ i ndoor ]  [ out door ]  housi ng sui t abl e 
f or  [ wal l ]  [ panel ]  mount i ng and connect ed t o t he t r ansducer s by [ _____]  m 
f eet  of  cabl e.   I t  shal l  pr oduce an accur at e 4 t o 20 mA dc s i gnal  l i near  
wi t h f l ow r at e.   I t  shal l  pr ovi de l i near i t y of  pl us of  mi nus 0. 5 per cent  
and r epeat abi l i t y  of  0. 1 per cent  under  s i mul at ed f l ow.   Long t er m dr i f t  of  
t he pul se r at e out put  shal l  be l ess t han 0. 1 per cent .   I t  shal l  oper at e 
wi t h 115 or  230 vol t  pl us or  mi nus 10 per cent ,  50 or  60 Hz el ect r i cal  
power .   The uni t  shal l  f unct i on over  an ambi ent  t emper at ur e r ange of  
[ _____]  degr ees C F t o [ _____]  degr ees C F i ndoor  or  [ _____]  degr ees C F t o 
[ _____]  C F out door .   The f l ow r at e i ndi cat or  shal l  be i nt egr al l y  mount ed 
i n t he t r ansmi t t er  housi ng.   Gr aduat e 150 mm 6 i nch scal e l engt h i n [ met er  
per  second]  [ cubi c met er  per  second]  [ f ps]  [ gpm] .

2. 2   READ- OUT DEVI CE

**************************************************************************
NOTE:   Ret ai n appr opr i at e par agr aphs and del et e 
others.

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

Pr ovi de t he met er  wi t h t he f ol l owi ng r ead- out  devi ce whi ch shal l  r ead f r om 
[ _____]  t o [ _____]  [ cubi c met er  per  second]  [ gpm] .

2. 2. 1   [ Local  Read- Out

**************************************************************************
NOTE:   Choose t hi s par agr aph ent i t l ed " Local  
Read- Out , "  or  t he par agr aph bel ow ent i t l ed " Local  
Read- Out  and Remot e Tr ansmi ssi on, "  i ncl udi ng i t s 
subpar agr aphs " I ndi cat or , "  " Recor der , "  and 
"Integrator."

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

Pr ovi de [ an i ndi cat or ]  [ a r ecor der ]  [ and an i nt egr at or ]  f or  l ocal  r ead- out  
of  f l ow.   The scal e gr aduat i on shal l  be [ uni f or m]  [ squar e r oot ] .   The 
r ead- out  shal l  be v i s i bl e t hr ough a shat t er pr oof  c l ear  wi ndow.   The 
r ead- out  mechani sm shal l  not  be af f ect ed by t he i nt ended end use 
envi r onment .   The uni t  shal l  be non- cor r osi ve and weat her pr oof  or  pr ovi ded 
wi t h a separ at e weat her pr oof  housi ng wi t h a seal ed door  f or  access t o t he 
mechani sm,  and desi gned t o pr event  t he accumul at i on of  moi st ur e or  f og 
i nsi de t he case.   Pr ovi de a sui t abl e mount i ng.

] 2. 2. 2   [ Local  Read- Out  and Remot e Tr ansmi ssi on

Pr ovi de [ an i ndi cat i ng t r ansmi t t er ]  [ a r ecor di ng t r ansmi t t er ]  [ and an 
i nt egr at or ]  f or  l ocal  r ead- out  and t r ansmi ssi on of  f l ow dat a t o r emot e 
r ead- out .   The scal e gr aduat i on shal l  be [ uni f or m]  [ squar e r oot ] .   The 
r ead- out  shal l  be v i s i bl e t hr ough a shat t er pr oof  c l ear  wi ndow.   The 
r ead- out  and t r ansmi ssi on mechani sm shal l  not  be af f ect ed by t he i nt ended 
end use of  envi r onment .   The t r ansmi ssi on shal l  be i mpul se dur at i on t ype or  
mi l l i amper e dc anal og s i gnal  t ype t o t he r emot e r ead- out .   Act uat e al l  
t r ansmi ssi on by t he out put  mot i on or  t he ac vol t age s i gnal  of  t he met er .  
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Power  r equi r ed [ shal l  come f r om t he met er ]  [ shal l  be [ _____]  vol t s,  [ _____]  
her t z,  ac] .   When i mpul se dur at i on t ype t r ansmi ssi on i s used,  t he syst em 
shal l  have a 15 second maxi mum cycl e act uat i ng a cam- oper at ed cont act .   The 
cont act  shal l  be of  t he t ot al l y- encl osed t ype.   The uni t  shal l  be 
non- cor r osi ve and weat her pr oof  or  pr ovi ded wi t h a separ at e weat her pr oof  
housi ng wi t h a seal ed door  f or  access t o t he mechani sm,  and desi gned t o 
pr event  t he accumul at i on of  moi st ur e or  f og i nsi de t he case.   Pr ovi de a 
sui t abl e mount i ng.

2. 2. 2. 1   Indicator

Shal l  be a mi ni mum of  150 mm 6 i nches l ong.

2. 2. 2. 2   Recorder

Shal l  be a mi ni mum of  250 mm 10 i nches i n di amet er  and shal l  r ot at e once 
[ dai l y]  [ weekl y]  [ mont hl y] .   The char t  dr i ve shal l  be dr i ven by a 
synchr onous mot or  f r om [ _____]  vol t s,  [ _____]  her t z,  ac.

2. 2. 2. 3   Integrator

Shal l  r ead t he t ot al  f l ow i n t he uni t s speci f i ed usi ng onl y a whol e power  
of  10 mul t i pl i er .

] 2. 2. 3   Remot e Read- Out

Pr ovi de [ an i ndi cat or ]  [ a r ecor der ]  [ and an i nt egr at or ]  f or  r emot e r ead- out  
of  f l ow.   The scal e gr aduat i on shal l  be [ uni f or m]  [ squar e r oot ] .   The 
r ead- out  shal l  accept  t he s i gnal  out put  and be of  t he same r ange and f l ow 
uni t s as t he l ocal  r ead- out  and r emot e t r ansmi ssi on devi ce.   The si gnal  
shal l  act uat e an el ect r o- mechani cal  r ecei ver  i n whi ch t he i nput  dupl i cat es 
t he out put  of  t he r emot e t r ansmi ssi on devi ce.   Ac or  dc power  suppl y shal l  
be pr ovi ded,  i f  r equi r ed.   The r ead- out  shal l  be v i s i bl e t hr ough a 
shat t er pr oof  c l ear  wi ndow.   The r ead- out  shal l  not  be af f ect ed by t he 
i nt ended end use envi r onment .   The uni t  shal l  be weat her pr oof  or  pr ovi ded 
wi t h a separ at e weat her pr oof  housi ng wi t h a seal ed door  f or  access t o t he 
mechani sm,  and desi gned t o pr event  t he accumul at i on of  moi st ur e or  f og 
i nsi de t he case.   Pr ovi de a sui t abl e mount i ng.

2. 2. 3. 1   Remot e Read- Out  I ndi cat or

Shal l  be a mi ni mum of  150 mm 6 i nches l ong.

2. 2. 3. 2   Remot e Read- Out  Recor der

Shal l  be a mi ni mum of  250 mm 10 i nches i n di amet er  and shal l  r ot at e once 
[ dai l y]  [ weekl y]  [ mont hl y] .   The char t  dr i ve shal l  be dr i ven by a 
synchr onous mot or  f r om [ _____]  vol t s,  [ _____]  her t z,  ac.

2. 2. 3. 3   Remot e I nt egr at or

Shal l  r ead t he t ot al  f l ow i n t he uni t s speci f i ed usi ng onl y a whol e power  
of  10 mul t i pl i er .

2. 3   ELECTRI CAL REQUI REMENTS

**************************************************************************
NOTE:   Del et e par agr aph except  when el ect r omagnet i c 
met er ,  el ect r i c  dr i ve char t  f or  r ecor der s,  or  r emot e 
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r ead- out  i s  r equi r ed.
**************************************************************************

**************************************************************************
NOTE:   Del et e r equi r ement s f or  s i gnal  c i r cui t  when 
r emot e r ead- out  i s  not  r equi r ed.

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

Unl ess i ndi cat ed or  speci f i ed ot her wi se,  t he el ect r i cal  component s of  t he 
met er s,  such as char t  dr i ves and el ect r i cal  di sconnect i ng ( i sol at i ng)  
means,  ar e i ncl uded under  t hi s sect i on.   [ Pr ovi de wi r i ng f or  s i gnal  c i r cui t  
as speci f i ed by t he equi pment  manuf act ur er . ]   The i nt er connect i ng condui t  
and wi r e ( except  when ot her wi se speci f i ed her ei n,  or  when i ncl uded i n 
f act or y- assembl ed equi pment )  and t he el ect r i cal  connect i on of  t he met er s t o 
t he el ect r i cal  power  c i r cui t  ar e speci f i ed i n Di v i s i on 16.

2. 4   SPARE PARTS

**************************************************************************
NOTE:   Del et e t he br acket ed sent ence when r ecor der  
i s  not  r equi r ed.

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

Pr ovi de al l  s t andar d r ecommended spar e par t s as speci f i ed i n t he 
manuf act ur er ' s i nst r uct i on manual s f or  each component  i n t he syst em.  
[ Fur ni sh one year ' s suppl y of  char t s and i nk f or  each r ecor di ng devi ce. ]

PART 3   EXECUTI ON

3. 1   MATERI ALS PROTECTI ON

The ent i r e t ube,  except  t he t hr oat  sect i on of  t he [ f l ow nozzl e]  [ Vent ur i ]  
[ char act er i zed f l ume] ,  shal l  r ecei ve a ser i es of  coat s of  pai nt  conf or mi ng 
to MIL-DTL-24441 .   Appl y t he pai nt  i n t he f ol l owi ng or der :   one coat  of  
For mul a 150,  one coat  of  For mul a 151,  one coat  of  For mul a 156,  and one coat  
of  For mul a 152.   The f i nal  t ot al  dr y- f i l m t hi ckness shal l  be not  l ess t han 
0. 25 mm 10 mi l s.   Fur ni sh al l  ot her  i t ems i n accor dance wi t h t he 
manuf act ur er ' s st andar d pr act i ce sui t abl e f or  end use envi r onment .

3. 2   INSTALLATION

Fur ni sh t he ser v i ces of  an engi neer  r epr esent at i ve of  t he manuf act ur er  of  
t he f l ow measur i ng equi pment  f or  checki ng t he i nst al l at i on,  maki ng t he 
necessar y adj ust ment s and cal i br at i ons,  pl aci ng t he equi pment  i n oper at i on,  
and per f or mi ng t he accept ance t est s.   The r epr esent at i ve al so shal l  be 
avai l abl e f or  not  l ess t han 2 days t o i nst r uct  oper at i ng per sonnel  i n t he 
use,  oper at i on,  and mai nt enance of  t he equi pment  dur i ng t he i ni t i al  
oper at i ng per i od.   I nst al l  al l  f l ow measur i ng equi pment  i n accor dance wi t h 
t he r ecommendat i ons of  t he manuf act ur er .   I nst al l  var i abl e head met er [ s]  
f or  c l osed channel [ s]  i n accor dance wi t h t he ASME PTC 19. 5.   I nst al l  
wei r [ s]  wi t h t he t op exact l y l evel  at  t he el evat i on i ndi cat ed.

3. 3   FI ELD TESTS AND I NSPECTI ONS

Test  and cal i br at e i n pl ace t he f l ow measur i ng equi pment  t o demonst r at e 
t hat  i t  meet s t he accur acy r equi r ement s f or  t he f ul l  r ange of  f l ows 
speci f i ed her ei n.   Pr ovi de al l  l abor ,  equi pment ,  and i nci dent al s r equi r ed 
f or  t he t est s,  i ncl udi ng el ect r i c  power  and wat er  r equi r ed f or  t est s.   The 
Cont r act i ng Of f i cer  wi l l  wi t ness al l  f i el d t est s and conduct  al l  f i el d 
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i nspect i ons.   The Cont r act or  shal l  gi ve t he Cont r act i ng Of f i cer  ampl e 
not i ce of  t he dat es and t i mes schedul ed f or  t est s.   Rect i f y any 
def i c i enci es f ound and r et est  wor k af f ect ed by such def i c i enci es at  t he 
Cont r act or ' s expense.   Recor d dat a f r om each f i el d t est  shal l  be r ecor ded 
and document ed i n a f or mal  f i el d t est  r epor t .

        - -  End of  Sect i on - -

SECTI ON 43 21 29  Page 15


