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As the   nation'^ prtnctpal cot~uervatton apency, the ~epirrtmei'tt of the 
Interlor has rsrpons~bil~ty tor most of out nat~onallv owned PUNIC 
:and% rrnd riatrrrsl resourcer, This ~ncluder lorrertng m(! wtrerl vse of 
wr I n d  and water resources, protecttny our lidb and wildlifr, prrwrv 
Inp h e  c?nvtronrrrentu! and cultural valuer of OUP n0110naI parks and 
histor~cal placer. and provtdlng lor xhhc enjoyrncnr of l i f e  through out 
door rcrcrcatron. 7 - b  Department ~ W S L P J  QUI enerav a?d mineral 
resources and works to assure h a t  their development ci_)n the best 
interests of all our people The Department also has a malor rer~m* 
rrblily ior American Ind~sn remrvatlon communttler and for peopl? 
who I tve  In Island Tarrttories undet U.S. Admtntttratton. 

I'hr rc:-hrnrch c.overcci by ahib: rcport wnh funded 

111lder the Ucireau of Reclamation PRESS (I'rogram 

1Ielatt.d Engineering and Scientific Studies) alloca- 

tion. "US1)A Ramp Flume for Ilischarge ,lleasurc- 

nlcant." 1)N-432. Adctitional funds supporting this 

w~orh were filrnished lp! the OCCS (Open and Closed 

I Conduit Sgstrnls) eomn~it tce .  I 
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I ,a l )ora~or?  ram!) Slunle - model tcrct  arrangr'mrJnt . . . . . . . . , . . . . . 

I)cercilb of' rhonc-rratc* r amp  f'lrlrnc~ r c a ~ t ~ d  . . . . . , . . . . . . . . . . . . . . . . . . . . , 
flanip fli~mc* c=aIit)rat ion c9tlr\ c1 for 0.3-m high cbrcht- 

I )~O.QO-nl  f'lA('ht I ~ r ~ p t h  ( 1 -  1.S.ftj . .. . . . . . . . . . . . . . . . . , . . . . 
1 j a r n p  fllimc cnalit)rat ion c.urvcl for 0.3-m h igh  c,rcc;t 

I ) ?  0.91-m cLrc*ht icngt h ( I .  1))- 3.0-11) . . . . . . . . . . . . . . , . . . . . . . . . 
I (arn1) Sl~;nlcl c%alif)rat ion cwr\cB for 0.3-m Irigh crcct 

It! 1.08-m cst-cst l~r1p111 ( 1  - t ~ y  3.53-it) . . , . . . . . . . . . . . . . . . . . . , . 
Ilwnlj) flr~mc. oal il~rirt ion c3ur\,c* for 0.:3-n1 high c'rest 

1)y I .6-ITI creh_t l c * 1 1 ~ t  11 ( 1 -  13: 5.25-ft) . . . . . . . . . . . . . . . . . . , . . . , . 
It;.rn~l) FIrrmch s u I ) n ~ r r ~ c ~ n c ( *  c'l~~rcictcr~ist icb for  (iisr~harpc. 

of 0.07 n13ib (23.6 f t V * ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Wu\ cforriiri c iow~~bt  rc*arli of ranll) f l ~ ~ m c  having u ; .08-rn 

crest lc!rlgt h (3.53-ft) . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
W a\c.l'orm sLotc*llcs ciowtlstreum of r amp  f l u m e  . . . . . . . . . . . . . . . . . . . 
F'iitcbr k ~ l r ' l ' u ~ ' ~  !)rofilcs for  \'ariorls diachargc:s . . . . . . . . . . . . . . . . . . . . . 



I'rc,preh~. ar,t,jc.\(vj in t h i ~  h l  i l t l ?  i 4  par t  o f  a prctrram td gain Rt;rrtsr~ r*xpcrirnc.c w i t h  

i amj. flrirnc*w: 

i c ~  c j c . \ c * f o p  S~i r rhcr  (.riteria. i f '  nrc.tlccj. nnci 

I .  ( ;o tnpar ibo~~+ of' a ~ l i * t ~ r a ( - ~  I)et wc*vn ri30del calillrzii iorib and sc)n~r)utcr calit)riition+ 

f o r  f o ~ l r  cjiffercnt I rbr~~rh  ramp  flume^ indic.atc that  (-orn~>i~isr-calit)ratc-cj nmell-hizc 

r a m p  flunlcs arc. at Ic*ast iis acbcstlrat(* nli 1'nrsl1nIl flumeb. Ramp flt~mc-+ ha \ e  a 

I ~ o t w ~ t  i u l  acvlurac*y w i t  bin 2 to 3 pvriq(*nt. 

s-, 

2. (:o~ll~)ut<:r pr0gr81?1s were tiloci i f i ( d  1 0  0111 p 1 1 t  /in1 ir tlrarnirlps where: 

a s~~l)nlcrgc~-ic+c: limit. 

(*rest Ictngtl~ criterin 

hilvc \,cell violate(!. so t l l a t  inexpcric-nc.eti ubers w i l l  rec.\raluatc and  p ro \ ide  

3. Tile nlain eonstruc~tion requi rzn l rn tsare  crests of proper  length and  level bottl in 

the  direction of anti transverse t o  the  flow. T h e  main calibration reqi~irenler l t  is 

t ha t  all the  d imcns io~ l s  - espec.iaIly t he  crest ~ r i d t h  of t h e  r amp  a n d  canal section - 

he measured curc.fully a f te r  c.unstruction. Hariip flunles can be calibrated by 

c.onlputer, using the  a f t e r - c o n s t r i ~ o t i o ~ ~  dilllension measurements. Thus,  form 

mo\,ement a n d  o t h e r  co~ l s t ruc t io r~  e r rors  can b e  accounted for  accurately. Cali- 

b r n t i o ~ l  by compute r  allows more  tolerance dur ing  construction - saving t ime and 



5, 'I'otaI I~ckaci at ttqc mr.a+urir~y! vtation hhould grcsfcr than onts,tt.sc.ntic~h of the  

c'rr*ct , I ( ~ t 1 ~ t 1 1  to  ahc11rtJ 110 ~ ~ n c i t ~ i s t i o n  of  f i r t u  o n  ~ h c ( ~ r r ~ ; t  c~arxhr-rf h ?  frictional ~;.nntmi. 

(1. '1'1,~. l-'rc)l~cjc r~umlrer  of' the* riy)rtroaclhing ('anal flow hhot~lcj Ite I C ~ S  t1iar1 0..5 1 0  

I)rc3\ c 3 r l t  h181)(1 irlg H a \  c.c. from intc>rl'crinp wit 11 rncahtircn><*nfh. 

t o  cic,tc>rn~ir~c. t c . l c ? c . i t  2 diet riliution c*oc*ff ic.icritk i t )  tcrmc of' Hc*: nolrlh r i l~ml)cr  ~ n t l  

f l o w  h c * ( s t i ~ i l  + J I B I I C  to  in~yro\c:  nra~lleniatic~al llgclra~llir nlotic.ling. 

11. i:rorl~  ire mocjcl ha \ ' i r~p  tllc \cart ic . i+I  d rop .  at t hc  (]OH nst rean1 trnd of t he  creht. 

tliit11 itldic-;it c :t .sr~l)rncrgc.nrc~ l imit  of i+I)oi~t 85 pc:rcbc*nt. 'I'llat &greed wit11 t h r  c~1airnc.d 

! . I J I ) I I I ( ~ ~ ( L ~ * ~ ~ ' c  lintit f o r  5n1irIl ramp f l l ~ n i ~ r ;  at u~11ic~I1 the H C ~ I I U I  tiischarge rlrviaies -i 

pcAr.c-csnt fro111 the frc-c* flow 1lciic-l-disc*liarge rciationship. Thcrcforl-, t he  requircd 

n ~ i r r i n ~ i ~ t l i  i r c * ~ c 1  losk wa? 15 pcrc.cn1. I:or t hc  11iotlt.l ran.\p fI~~i~c,+*I!hcr:j clowrletream 

tli\rhrping raiiip slope.. t he  ~ilbmcrgenccs l irni t  was ailout 93 pc:rctArlt. 

9. I'ressurca nlcacis~rrcnlrnts indicvitetj that r amp  flutnes a r c  rlelicti\ely insensitive to  

nltrastrrill(: station location. - A rtieas~lri'flg s ta t ion locatiorr 305 mm (12 i n )  upstream 

fro111 tht? toe of t I i c ~  ranlp is t he  nlit i inlt~m t Ilat sfiollld t ~ e  allowed fo1.3:l ramp flunirs 

i l l  srnc~ll trapezoidal canals. 

.,- 
10. Cost est iniatcs fo r  u ?6.3m3/s (930-ft3/s) rarnp f lume  were  from 45 t o  60Il~escent  

of tha t  f o r a n  equivalent capucit!? Parshall f lume ~n a retrof i t  situation. I n v e s t i ~ a t o r s  

ha\,e citcd costs for  the s n ~ a l l  r amp  flunles of one-terltfi t o  age-tlrrd the-cos'i of 

equivalent capticit!. Parshall  flumes. Th i s  cost effect p r o b ~ b l y  was due  to  more  
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j 1 .  IJcrc*a ( J ~ V  of go~t( j  aczq.urac.y ptater~~ial  and porwihle vort hat  i n p .  a larae p ~ o t v t ? p c  

a m  Ilurnc rhoulr: br: h u i l t  and (3alihratrd i n  thr  field and  (.ompared with 
I, 

~ ~ c ~ r n l ~ ~ t v r  c*alillration. I)urine ficid (*alihratinn. the ruhmr.rponrr l imit  rifioalrl he 
dptr*rmjnc*tj to ahc.crrtain i f  t h c * r ~  i~ a nc:alc effc'ct - himilay to J3ilrtihall fltjmcr; - 
caHt~c;tlg inc-rcsakctd n~ltlmergcnc~c~ depth limit* for larger f lun~eh .  ' 

. . r 

12. I,aI,c)rat(,r! t(*rt* c e r i  1 0  i ~ e  madc to detvrmir~e thc;rpal~ilit!of the ramp flurnr 

tr. ,iat+r *vdim(>nt without allowing drpori tr  ta affacst o r  intc;rfrrr with flow 
:-.=L- 

rvlcxith~~r~nlc~f"i t h. 

IS?'HOi)UCTIO!Y 

I:~c,n1 the W'atcr Corlr;er.vation I,al>~ratory. Agrirtilture ~ & e a r c h  Ser\ic.c. ljSI1.4 

( S .  t n ~ t  of Apric~oltorc). J . A .  Heplogle and A.J. Clcrnnrenr dct*cloped 

~ ~ o r n p u t e r  I w o F r a n i s f ~ r  (.HI il~ratirlg trapezoidal n i e a s u r i ~ ~ p  fltrmcr. Their programs 

nt-c'o~lnt for l~orldary layer de\*elopment anti accuraciesof2 percent arc claimed. The 

simplest typc of fl111ne runsist s o f a  ramp slope 3:l npproueh u p  to a horizontal broad 

sill  o r  ('rest I~n\.ing u vertical tlownstrean~ drop back to the  canal invert (see figs. 1 

s ~rtic*les l q  lieplogle and Clonlrnens (see bib!isgraphy) i l~dicat r  that ramp 

flu~ulcs are easy to install in existing carlals to meet present and fu ture  water- 

111ei1~11ring requirements for operation and conservation needs. Snlall (farm ditch 

sir,:) ramp fl l~lnes are reported to cost one-tenth?o one-third of Parrhall flumes[1].1 

TbcY have relati\rely anlall head losses and are-able to  tolerate higher submergences. 

Sld,rnerf<.,~ce limits of 85 percent for a vertical d o w ? n s t r e h ~  crest fare [?I have been 

-: -- $7 
n'u~nbzrs in b r n c k e ~ s  reler to tile Bibliography. 



~tz ;~rnr>r~cncw limit rrb v x p r v  tcrj to r,c r t:r f t , r  rnrnyr fjtrrnr-* u t th h 1 1.1ctpcc t ,c~~nnino:  

rn~*rilh. Thrlc.. for-m hlipr~irrp a n d  cyon*.trllc tron 8-r  ror* t e n  t b r  a(~r"ot~n1r.cf for ar<iaratcfs 

mr)\(- I ~ I V  w(iimc*rrt ic. k r r o ~  r l .  c u f  f I ,  i r ~ r i t  can i t ~ c *  tnc Ir~clc-d 1 4 ,  csthw ncar nctrmal 

flow I~olfi  11ps1 rc*am arid cjc)n nrlrckcrm c t (  ~ h c .  fltrnlr. iftv'arrtc- I)IV fIou a r e c l v r a ~ ~ ) t .  I ?  I*  ..: 
ihhf)c*c*lc*d tirat m c t c l  hcsdinlvl~t c'~rrlr*({ t r l t * )  f htg apllrc)ac 11 c &raa I ( f I F  1 1 w 1!1 m r r  ;he 

An artic*lc* I)! (: lc~nil .nr~~~c iir~ci ilt.l)li,glc- I I j r$r;iirocI~rc i ~ f  161 ~ I f i r l l c l r r r  \ i t .  10;. 1 1  

ciescri1)w ht'llnc ckpcarit*r~c.c* 1,)  l l l c -  A1.ix4,rrs 4grlc-lllturc Hc-bccrrcvh t i - r ~ t r r  r ~ t h  rarnp 

flu mch. ;I 

'1'11~ 1 3 1 1 ~ ~ i f l l ' b  I : p ~ ~ c * r  31 i h h ~ ~ ~ t r i  11i*gi011 ib  t ~ h i r ~ ~  raniI, fJurnc.*aa c.tlcc.Ls ancJ t z  jtlrrrrr~inp 

to install nlorc. I'hc ( : l l ic . f .  I)c.bign ilrarlc*h. 1$illinpb. \ fontrna.  t.trrltnctcd t t l c .  

IIyd~'aii~li(*$ I3rn11cll (I:&ll t:c*~iter) end rnqtrirt*ci ahout  the f lun icaa l~ t i  tiatst \crif!inp 

rxprricric-c was t Ilc. nlailt rriisolr for t hi* btuti! alrtl i l l \  c h t  ipnt ~ U I I .  

investigators: 

- DASlC program fur cadl)ratitrg sinlplc trapc-ruiiiul f l u m e  13) 

- FORTHAK progran7;.z*apaI~lc. of c-aliI~ratir~gc.ompIcx tral~rroicllrl f I l ~ n ~ c r ~ ( ~ j  b i t h  
'-- 

multiple side slopes i l l  rhts tip;lrorirt~ n~lcl tllrclar *c+c'tro~~. 



'iA cir H c ~ i m c *  anti f rcct lrnpth ( . r i t r r ia  

' I ' f ~ r .  ranlfr I 1 1 t r n ~  s *  ac t s l r l l t  o Itrttwd-t r<.~t**ci W C I I  ha* i n g  a 3 i kir~pc apprtra* hrnE Ow 

a refit ~JCIL 171 rrrmmrrrzc** f l o w  rrSg.rncr In trrmc rrl if I , . .  f o r  a rcc t a n ~ r ~ i a r  w v r r  

Iwoiti,-. w!rf*rt> I f ,  11. ttctal hr-ad 4 f rp 2 )  r r l r t r t r -  lo r r r t * l  c,ic*ro~rtrn at thc mc-arr~rrn~ 

rtrtiort sir114 I . )  I *  r r . r W ~ t  ~ C I B / ; I ~ .  ! r~~ lp ! t t  r 1 1 1 0  ( j v ' i ~ ~ ~ r ~  rilrrta l i r d  rrcrfr*rrnrrtc f T  11mtt* ( + f  

rantit f l l~n~c+r  tcscltiirr*r ~~riclt*rrlar~e(rng t t t c r c *  rr*grrnrh*" 

11ilc-*c* limit*. i t  ir opt-ratir~p irr a Irllc. I~roidcf-c-rc-~trci n1prrlna.r. 

beparallon (.a\ i t ? .  

f1tbw I ~ t - c o n ~ ~ h  t i r l s t t i l~ l~  anti. clepc*ndi~lp ora 4-orrler sharpness. c-a~i spring free.  .\I 

I.11 1.j o f  3 or  preatr4r. tllr flow ntS1s lihr sharp weir f l ow  and is stable. 



qarr*rl u rtlw)t~t t ilr\attrrv ( o s r . e A c  I irtn in t hc  c-rjrnl)utcnr prrqzramh. ?\+-p!oplc'*. 181 rrrnrn-  

rnr.nc{c*ci cir*ktgri I ritc*rlr,n rn tctrmr c t l  tc~tai h ~ a d  11 at I h~ ~ < $ ~ o b , d r i ~ , ~  rtatton -8%: 

0.0.5 2 I I I  I,:, S 0,50 rS1 

r i~~n~ltc*r:  I ( p l ) :  1 '  ' o l  o..; for  I I,(* rj)protic.h flow. 

Ii;rair.afill?. the. rianip f l i lmc~ i w  u c-riticul-tiepth measuring dc\ic.c. 111 the comptl tcr  

j w o g r ~ t ~ ~ a .  Hc*~lople uac*~ t h e  relation for  dihchurgc V at cbritic*al der>th (occurrinp 

hOnl<'H hc*rc* in  t Ilc dow ribt reurn 1 / 3  to  1 /4 of I he  crest. fig. 2) for  ahaj>c c.t~annt*l 

C'X 1) r('hh(*li H 3: 

. I ,  = f l o w  urxta for t h e  e11tirr c-riticnl ticptll o r  cwr~trol locatior~ 

H Iii(*h tiiriea wit 11 discharge 

g = grn\  i tnt  i011u1 (-011stu11t (acceleration) 

a, = \eloc,it\ tlibtril)ution cwefficient o r  kirirtic energy correction 
- 

fucror x(1 'i l t l g /  1': .d3) at t he  c*ontrol section 

%; = top  w i d t l ~  at t h e  c-ontrol section 

1; = \zloc*ity for ill1 i nc ren~en ta l  flow area (1.13) 
- 
I ;  = u\erage \rc.!oc.it! fo r  the  ent i re  control sectiorl 



t l l c .  c.anul section, war; pro~itfeti  to snlooth tht. npproach flow. .A do~~t~s t rcnrr i  

flap-t! pea tnilgntc was i~ l s t i i l l e~ i  ~ C I  \.;it-? the sulnlergt*nce. T h e  ramp iirlti crest wcrc  



1 1 1 ~ .  11)odt~l P I I I I I ~ ~ * I ~ ~ * I I I  ca  nrcb;4brjrirtE ~tatirtrl ~ a c  Icbca~c+d I .  12 rn t l . O i  f t  t tjou r1rtrc"ani c t f  

t l ~ t .  ( rr -FI  arbti 100 tilni ( 1 .:13 1 1  iron1 I I ~ V  I l a ~ t  P H I ~ Y  * I l ' h ~ r  Iocatrcbr~ ~ a c  c t , ~ ~ ~ ~ t i r ~ r c - d  too 

r ~ i  ( W  i t )  o f  ( { O H  ll~trc*arn c l t i t 1 t r 1 c * l  w i i *  ~ ( i ( i c * ( i  nliiki~tp 1 1 1 c .  n~trcjc.l brrl~rnc-r~c.r~c c. ztat~trrl 

(:uIil,r-iitiolt~ of all t Ilc cIiff~.rrr~t c.rcL:.: Ir11gtI1 ran111 f111n.rc.~ ~ 2 r ~ ~ c i 0 1 1 ~  k i t h  nlca.st~ri11g 



I l ~ c . l f .  ~ ~ r c t \ , i i t t ~ g  I r r . ~ r c * r  c c t r r t  r c t l  f o r  I t r c ' f ~ h ~ ~ <  ~ t r . ( J  i l c ' t  i i  c** I f c + \ * f * r  r'r .  p l s l t ~ n g  i h r  

t ; i ~ ~ ~ f * t i  I ~ ~ I I T I  1 \ 3 4  t o  - > iirtd ;i\ t.r;igth(i ii11o111 - 3  ltcArc c * i i t .  11 0. 1.5 111 (().:I f t  1 Iro111 ! I I ~ -  I ~ I V .  

4 I t ~  Itrirpc* c.rtor r ~ ~ ~ g t - c i  fro111 + I l k  t o  2 a~rci  n\c+riigc*ci i t l ~ o t ~ t  (1.4 I,c.rct-t\t. '['Itc 

cIl*( Iiiir(~e+ tbrt.or* i o r  ; i l l  t l i t -  r t ~ r i l t i i ~ ~ i ~ ~ g  ~ ~ ~ ) P I ~ ( - I ~ I I I  ~ H I I ~  o1l1t.r tliart I I I ~  1 ~ 1 t ~ i i - t ~ r i 1 1 ~  

* I ; I I I O ~ I  $ 0 1  i l i ~ c  I~iit .g~.> grAc*iitc.r t l l i i r j  0.28 1 1 1 ~  * (  10 f 1 3  5 )  - wtArcb w i t l i i t i  : 0 . 7  11t-re t.111. 

:I% a f t ~ r - I  11vr prcv-iit~t io11. I 11t: rlirltica of f loh - w lic*rc t lie a1)1~rcjacli 1i.tlgth ( t h e  

rnt*ci*uring 3111tion c1i~tirnc.t~ p lu* t l i r  rum;) Icrlgth) i5 grtAatt*r titiin f i t c  n ~ e a s u r i r l p  

Iici~cis - ~ I t o t ~ l t i  1 ) ~ .  miriinii/c*cl, \ Iai~lt i i i r l i r ig t h is  ay)proac.h l eng th  c.ritc.r ion  

111it\iti1izr:. I I I C ~  f 1 0 ~  rartgch H Ilivh n i a t c l t ~ s  11iec-onlg,trter a s s u m p t i o n  t h a t  rotitrac.tiori 



l , a l ! ~ l r ~ i l o t ~ >  f ; 3 l l l ! t  a t  l < h l l *  f o r  0 $0.. 0 " Q I " .  1 CIfi-. anti I .o-r i3 ( 1  :>-. 3 Q - .  :I .-~3<. ar8d :I 2'i-f1! 

( re3*t I c . r r y t  l i b  l o r  H c r i L e ~  ~ I ( + I ( L / ~ I  ( 1 1  ~ I I O I J ~  O.:W nl ( I  11 I arca plrrttr.d u 8th c !rc Ic c? mhcrlb 

c111 f ~gtrre-h 3 t ) i r o i ~ g l j  tb. rcbej)cbc 1 1 \ r a 1 ) .  (-11r\cv- w vriA f itttvj I t !  v:c8 t h t o t ~ g h  r n o f j ~ l  da ta .  

(.crrnjtittc*r c a I ~ l r i ; ~ t ~ o r l ~  r r c . r c e  moric. arrcl arc* ~ r t a t ~ e l c *  *!nittot+ on 1hc' h icm~ 13101+ 
:: 

I , o / l + l c ~ p  Icba+t + ( ] t d s t C a b  4 i ~ r - \  ca f i t *  i il*<~ ~ i . r r '  111neit' u ~ t  11 t I~ rw  mi,clr*l <fat;, of c l i ~ t ~ e r ~ c  

\ ( l t * h ~ ~ t  ri~c*alrtrritlg Ilc+ii(! .  'l'lrc. \ ; , I i r c * l r  ( i f  j,c*rcac*llt ci 11  1 c ~ r c . r r c  f a  I t ( - t ~  cvc'll Icai t r t  wlitart9+ i i t  

c~or i i~ )~ t t ( . i i  arrci rirc)ti(~I \ :~ I i r c . r  of if is( I~srpc* -(.ri* 1 \ 0 1  HI-  m1aI1 a* titi* aiuthor c.rj)c.c*tr-ci, 

! l ; ~ x i r ~ i i ~ t i \  clillcarc*~ic.c*I- arc1 c.11 in ta11Ic~ 2 alolllr u i t 1 1  1 1 , ~  c.oc.f f i t  ic+rll 1 anti t l r c .  

C ~ X I M M ~ ( * I \ ~  n for t 1 1 ( *  c*c~tratrtrri: 

0 = ,I)," (8 1 

i b o r i ~ ~ ) ~ l 1 ( * r  e - ~ t l i  Ijrat Eori ic~ I I C *  Irc.ucl o f  0.27 r i r  (0.9 f t  J.  ( : ~ I ~ I I ~ I I I  3 gi\ c a s  11c*f~cnt dct iat ion 

;it t 1 1 ~ .  ~ i i i i \ i ~ i ~ t ~ ~ ~ i  tlilrc-lt~irgc* l i t  n riivii211ri11g l~t*ti(i 11) t y u u l  t o  o~ l t - - l~u l f  tile crvst l t ~ ~ i g t t r .  

( ; ~ I I I I ~ I I I  4 gi\cas the, ~ i ~ u ~ i ~ i r u ~ i i  pc-r(wit ( le \  inti011 of t11e ri~oiiel  ( latn tihot11 tht- ci lr \ t-  

( I * \  t.) f i t  o f  tht-  rnotic.1 ciutn. ( : ~ I I I ~ I I ~ ~  5 ti11d 0 list 11ia~irnt1111 dis(.hiirpr tillti nletiairririg 

I l t ' t i f i  ( Ic*t~*rri~i~ltb(i  011 t l ~ c  I~ns i s  of c v l t ~ u t i y l  5. l 'a1)lr 3 shows t h a t  tilth conrpu te r  
%=:< 

1)t-ogrunl gt*ncrally dcbtzrminrs c-tili!)rutio~ls t h a t  \*.tartA al~~a!.?;  less i n  dischtirec f o r  

I pi\ t.11 n ~ t * s u r i n p  hcuds  tlau11 nit~nstlrc*tl flows in  t h c  nlodct.  All nlotizl d a t a  in t a b l e  3 

c tsrt* \\.it11i11 +.I ~ ) c r ( - t ~ l ) t  ( ( '<~I I I I I~I I  3)  of' t h e  I u I > o r a t o ~ - ~  cnl ibrut ion which i saccura te  t o  

i l . O  perc*rnt. 'l'lrcrefore. i t  \+.as c o ~ ~ i ' l ~ ~ d t b t i  t l lat  t h e  , .ompurer p r o g r a m  is potent ia l ly  

tic.c.11ratt~ to  -2 t o  -2 pcarcent f o r  snlull r an lp  flulme3. 



r 1 ( * \  ~ ; l t  tori: .  H r+rr' r-on*iktc*nI I ?  rJncb cidccl. Frtr gr\ cn rncawrine  h c a d ~ .  t hg* r+omp~Jtrr 

1)royrarnk rr*n:*raII! cciic~trati I o w ~ r  (j ib(  hargf: ,~ vomparcrj 1 0  lhouc mcair~rcrl  rn thr 

rnocic11. ' J ' I I IW c olrlti lac ~ I J C I  to ~hc~c.ctmt,inc~c~ rc-h~~Itcof onc  o r  morcof ahc apprc t~ imar r  

r ~ c j ~ t a t i c r r i ~  ; i r l c j  shcitm11tior)c of how \ ( * l o (  i t !  r j i ~ t r t h i ~ t i n n  r*orffic*irn~ (I and frictrr~n 

I o h *  /I ,  \ ar! H i t 1 1  hhapr. ~ r t d  h! tiratrIic pararncaI~rh. 11 h a I ah r* r - I )~ ,~~I r . r  anrmtrmealcr 

( a \ : r i l u l r l r *  t r l  1 1 ) c ~  lal,c,r;ifc)r!/ the* iltrrcaal~ hho~rld tweln a rc.ccharth prrrpram to 

c1trar t t i f !  t h c h  \ c > l c r c ~ i t !  dihlriI!t~liori c-oeffic.icanl cr in trurmh o f  lir! nr)ld+ nrlmlrcr and  

bha1)4* l o r  f 3 c ~ ~  *c*c,tionh. ih111f*r (aj)al)ilit! of ~.c*lc*c.tinp pro1,c.r o \aluc** k i 1 1 1 l r 3  Ilr of 

(.orilrtcic*riil~I~ I I C I I )  t o  mat tir.n~ilt mcicic*lcrr i r r  h o I \  inp li! cjrar~lic prc~l~li .mr. 

x I00 H !~y~.c* 1 1 1 t h  i i ( 8 1 1 t ; i I  (iih('liijrp(* i *  1 1)c.r-t i a l l l  IiigIi(*r I ha11 t hc. tiibc hargc. c.on11,tttc.ci 
. . 

I t  on1 t l i c *  frc-(*-flow r(1liitiorlhlli11. I hi* c i ~ f i t i i ~  ion  w n h  I I C C * ~  for  thi* ktt~ci!. S t ~ l ) t r i i ~ . t i n ~  

t i l i r .  \ t i I t 1 c ~ 0 S s 1 ~ 1 ~ 1 r 1 r ~ r ~ ~ ~ l t ~ ~ ~ ~ f ~ ~ p 1 h  l imit I ,cr( .cn~agr  frcbm 100 i a l  he  minimum r r q ~ r i r r t i  

l)(*rc.etit oC ~ ; i t c ~ r d ( ~ ~ i t  I )  (-Iiur~gc. rc*(111irr*~i to tlc.li\ tbr v :!trlr wit Iiot~t hii\ ir ip ~i l l )ni~rpt*nc.c  

i ~ r t r t  i i i t  w i t 1 1  the* ticd(.ltr-ac.! t r f  f l o w  nicAastrrrr1icIIt. o t l i c r  in\chtigatorh 

itnti t l ~ c *  c-otiil)tltcbr 1)rogriini ~ a c *  t o t u l  heaci (fig. 1) to t l e ~ r r n i i n r  total Ileati 

sr~i~nic*rpc*rlc-r. Iiriii1s(fi,/Ii1) x 100. 7'otol hczaci sirbn1c~r~c~nc.c. l i n ~ i t s  tire gerleralJ!. 1 to  

1 .S ~)c~rt*rrit  grc-liter t l i n r i  s l~ l ) tn~rg t>n(-o  (fc~pth lirr~its (It,/hl) X 100. 

'I'o st trti!. slrI)nic.rge*~lc.r*. t!ic 1.08-111 (3.53-11) crest length r amp  f lume was used. T h r e e  

tl ifferrli t  cli.;c~litrrgc?; wcArc2 set and  ltel(i cborrstnrit 1))  Inloratory \ , e l ~ t u r i  metera nud 

\ i i I \  cs.Strl)ni(:rgznc*e~'ns I a r i e ~ i  I )?  ~ I l e t i ~ w ~ : s t r e a n ~  flap pate. T h e  restrltsfor0.67 m3:s 

(23.0 ftV/:,)arcpIc>tt(:d 011 fipurr7.'~11ispIot a n d  thcda tn fo r t I i eo the r two  tiischarges 

ir~(Iic.ntc~tI~nt tIlc*s~~l)n~c~r~c~ncc~tic~pth l imit isnt about  85 percent and  tha t  discharge 

tnc*iisurcbn?tbrlt is extremely sellsit i \  e to  e r ror  just 1 ) q o n d  the  subnlrrgence dt*pth 

liniit. l ' ist~ul d;tcbrmirtation of whether  submergenc+e exists is difficult t o  o b s e r w  

ticur tlic linlit. I t  requires  nctunl eaperierice of having seer1 flow near  the! limit. 



thca ua\cr pvrrikt* 111 ttie (.tBnt(*r (,I ~ h c  f l c t u .  1,111 a t  thr* s i t ir .  ~ I n ~ v *  t hc w a \ c  form6 

t ~ n c l a l , l ~ ~ d ~ a ~ c ~ ~ a l  c J i ~ t ~ ~ r I ) a r i ( . c * I i r ) ~ * c o k (  illating l r c ln i j~~h t  (irtwnctream of. atid t o  thcl 

~ * r , ( l  o; ' . t l i~~riII  elrot,. I:ipirr.c8r +liowcci(*linil<- + ~ ~ t + ~ t ) ~ ' r ~ c n c  cw r t  ti ~trf*ci i+~trr l ,nnrc I ~ r r c b  

L ~ C I \ * . C  c h < * ~ f ' I ) ~ +  f o r  t kanlc. c.onc!it iortr  rho^ r: trn f ip:~rc. 13. 
6 

A 0:l  t i e ) ~ r ~ ~ ~ r c ~ n ~ i i  ( i i t qa rg i r~~  ranlii - a +  acici(*d t o  t h ~  ram[> f'111mt. t c j  e l ( -~~rn l i r i f+  IIOW 

+ t ~ ! ) t l i < ' r ' g c ~ l ~ c + c '  ;it t  hrc-c* d iffcarcbnt c,on%t ant clic.c.h;rrgc*+ rLo\ c-rirlg t hc* t r c . \  i c . v  rang<. 

rc~btrlte*ti i l l  a rtrl)ntc.rgc*rrcv~ limit of' 92 pc*rc.c;lli, 

A l t  Iiotrgl~ cqorrcAct ion proc*c~tiures allti ~irl)nlc~rpctl  c-alil~riitions frzqi lc~l t  I! a re  pro- 

\ . i t i c * t j  fo r  Flow n~c~iisuring tic\ i c s c h .  gc.nt*raII~ i t  i *  not c-onsitierrd gootl j~ra(*ticsc to  trw 

flt~nlr*-typt* rilrbiibilring dc\ic.ca untier ?;ul)rnrrpr*ti c.orltiitions. :!I:! tc.c.iitliclur that 

pro\. ides f o r s ~ ~ I ) ~ i ~ c ~ r g r r l ~ ~ ~  t'orrecst ~ O I I  incrzasinpl! sac.rific'eaac*c~~rat*y as si~l)r~ic~rpen(.c~ 

I)esigt~ing a  c i e ~ ~ i ~ e  tha t  is to IJC s i l l ) ~ ~ i ~ r g e ( i  t l ~ r ~ t l p h o i ~ t  a11 o r  part  of its flow range 

rzquires<rsingncalibratiorl relateci t o a  t11eastlringheail d i f f e r e ~ ~ t i a l .  11a\ inpaseconti 

(low ~IsLreaIIl ~ ~ i e n s i ~ r i ~ i g  1:cad station cio~rl)lrs t he  c.hanc%e of wrong readings. Sub- 

mergeti tliscllargr- ratings a r e  related to s~iuiII tlifierences of measuring heads. SnlaII 



mr*rlrcancar*ttc*r~c)m(*c prcaatr.r. t h v  mr*actrring hcwad cjiif~r-c'nt ~ B I C  t ) fr . r )m,~  * m a I 1 ~ f  an,j t h ~  

cliffcrrbnticll approac'hc-r t a 1 t ~ c . b  that  e r r  ii1,ctut t h c  k s r n r *  r n a ~ n i t i ~ c l c ~  ac 101- aninctr 

\ ar ie t  ionboi h ) d r s u I i c ~ I o r m  anti fric't ion I ~ h c . T h ~ ~ h . i ~ o r r ~ c ~ t i ~ n ~ f ~ t r  ~ \ ~ l ~ r n ~ r ~ ( - r t (  (bran 

I)r* qt j i tv inac-c.uriltr*. 

A dcr i c v  t lc~ipnc*tj  f o r  *ulimc*rgc*nc.c+ i r  cc*nc.it i t (*  1 0  c,hart.ec* of  tJownct ream fl , tu 

v o r ~ ( i i ~ i o n h .  I 'h( - r~c 'an  t ( . m ~ o r a r i I y  dam t h(*rjitc.h ( lob n r t r r a m  r ~ i a  mr*iit.~~ringdr*\ici. 

a n d  t hc.11 rcrnov(* t l~c>  oI~ctr.~~cstiorl a f t c v  I 11t' i rr igation o p c r a t o r  Itac cct a f'lou ancf grin 

c~or~hi(jc~raI)I! marc* t h a n  tIic*ir fa i r  cIiar(1 of ~ e t f ~ r .  

K n c , ~ , I ~ : l p ( -  of rc.911 irrpd m i n i m ~ ~ r n  heotl lo*s i b  r~c*~clcbcl t o  t l ~ h i g r ~  B r a m p  flt~rnc* fo r  a 

I ~ ~ r t i ( ' ~ I ~ r  sit(* o r  (.ahc. IJcc'at~hc* o f  t t l i h  anci th(*  al)o\r* rca+c,nh. c*onbidcrntion of 

s~~l~nlc.:r~c'llcY i r l  1 11ih s t t l~~! '  i$ (iir(aclia(i rltni111) i ~ k a r c f  c i r~ tc*r rn i~ l i r t~  t hc suhrncrpc*ncc* 
i) 

tl~prh l imits f o r  r a m p  f l ~ r m e t  r a t h e r  ~ h a n  attr4rnl)t ilrg to  p r o \  i c l c  +ilbmc.rgc+nre 

fbleasurcd wate r  surfec.e e l c \ * a t i o r ~ s  versus (listti:-ices i r r  t h e  tlirt.c.tion of flow a r e  

l,lor tcd on  f igure  10 fo r  ciisc*l~crpesof n l ~ o u t  1.4-. 0.57--0.28-. anci 0.14-n13/s (50-, 20-, 

lo-, a n d  S-ft3/s). A l t h o ~ ~ g l i  wa te r  surfac.es a r e  c+urveti t h r o u g h o u t  t h i s  r ange  of 

discharge.  t h e  assumpt ion  of parallel  flow for  c.omputing measurir~p heads is 

apyare:~tIy  (.lose erlough t o  p r o d u c e  ( 'onlputer  cali1)ration discharges t h a t  lire ~'it11i11 

-2 to -3  percent .  I;'igi~re 10  profi!e.fordischargeslesstllarl0.03 m3/s(1 ft3/s), i ss t r ic t ly  

schemat  icarld s h o ~ * s  ~ ~ n d u i a t i n g  flow! tha t  (-ano(*ct1rwhen frict ior~c:ontroIscrest  flow. 

T l lc  r a m p  f l u m e  will no t  func t ion  a s  tl measur ing  device i n  th i s  case. 



\'c*ioc*it! Oata H.VI.P r~(v)rrfwj o n  the doulnrtrf:arn third point of thc vrcct (fig. 2 j  to 

c.aIc.uiat(4 \c*loc.it! rjistrihtitior~ c.oc4f'i(vic:nt o fr1r.a tjiw'hargcof 0.34 m? & ( I  2-2 f t ?  : j  f o r  

.5 I r'rt icaa I I; ro l'i I c'h: 

- l o r 5  \c'loc*it!'aroa zoneh. o.wa+1.129 

-- for 1 I t c-r~ ic:alk and Y z o r ~ c ~ .  o wab 1 .OY4 

- -  Sclr 1 I vc~rtic+alh and 10 aoncZc. a ura+ l.OC5. 

. . I I l c *  c ' o tnp~~te r  Ijrogratn c'ornl)t~tc*cj 1.013 Sc)r that harncS ciihc*harpc. "J'hr* ciif{crc*nc-.c 

I ) c * l ~ c * c * i )  t I ~ ( a  c S o m l ~ ~ i t c r  rnc:a+tr&~ci o d o ~ h  no1 explain the. one-+itledncw of thc: 

I)c*cla~~t r a  1argc.r va1uc.s of c.omputer a H ~ O I J ~ ( ~  i r~crcaw the differenc.~. I'urthr-r ctrldy o f  

\ ( : loc l i ty  tl ir;tri1111t i 0 1 )  coeffic-icnth s l~o~iI ( I  I)(: made in nr ,  c-ffort to cictcrnlinc thccrttlr;~ 

o r  ( q a ~ ~ h ( > k  for t 1 1 t h  onc.-hi~icvi new. I'osliil) I(*  ( * B I J ~ C S  arc the c.onlputckr rot11 i i ~ e s  for t hc o 

. . I hct rti1111) ~ I I I I I I C  was cie11101~strntcd-Iar water measurement sessions a t  t l ~ r e e  Bureau 

N'atcr hln~lgernC~lt W'orkshops. About 25 percent of the  participants requested 

c-epic-s of ~II!. writ ten reports generated 1)) t l~cs t~l t i ies .  13en\'er Office staff requested 

tlin~cnsions for some 1argr.r proposzc.1 ramp flunles from 5.66 to 26.3 n19/s (200 to 930 

f tVs)  for dcsign studies. 111 1981 a tlesigrl stutly was nlade for the  Charles Ilansen 

1:cetieri:iinal comparingcosts~f i19.14-m(30-ft) 1"arshttll f luniea~ld a rnmpflun~e.Tht.  

I'ursl~aII f l u ~ n e  ~ ~ a s e s t i ~ r ~ n t ~ ( i  to cost $100,000. and the  ramp f lume  wasestimated to 

cost 1)etweell 546,000 to $60.000. Thc~ 9.14-111 (30-ft) Parshall flume had to  be used 

rather than a 0.10-111 (20-ft) flume becauseof head loss probleii~s. In  thiscase thecosts 

iire 1101 us st111111 116 cited in [ I ]  ( ~ n e - t e n l h  to one-third) for snlall ramp flumes. 
I 

Ilo\+lever, expected savings would diminish with increase in size because f lunle 

fot~rldatioll r r q ~ ~ i r e n ~ e n t s  become more similar, b u t  cost savings are  stilf. substantial 



(wrrld l r l b  .?it h e r  pcArman.*nt or ternpqrrar! anif  mtudied rloring the rarlj L I ~ ~ C G  

hr j)rajf3crt i r r ) p f ? r a t i n g b ~ l o r d ~ h i p n  ( . ~ p a ( ~ i l ?  60thal m o r ~  Irwlboard ~ c r s a t i i i t ~  

ir  ava i l ab l e  f o r  t~hrc.kine pc~~hitrle wale el'lc<*t on rohrnr*rrent*r. depih l imit.  
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rjthrtr than rhr  rnt+orurtnp atallran 

i'icvc)mc.lc*r+ 10f'at iotl 
dictan(v* rirtctrr*um 

**- 
i rcr m ra r n l b  1 5 ~  -- -- !)~rchas;r c nS r ( f t b r i  

- - "  P , * - - -  

f 1 m I r O )  1 3  (J.RS1.701 rJ.\:120t 0 3 r i I I f  

l ' u l ~ l c  2 .  - Coc$/icic~n 1 s  orrd cxponcn 18 Jar taquarion ' and pcirc*rant comparistrn 
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