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wi t  mb ar such wauurul 1- rvroff wlkothom at& moycling, mil lwr 

Oollectim of b&ric hydrologic b t r  from mspmrimntrl watanhad ir YILHII- 

u ~ l y  accipted ar a pn-raquiaito foz t~ mtudy of th inn governing m y  

hydrologic phmsmrma .nd their Lntar-rcrIationrhip, The hydmlagia infonu- 

ti#r m2Aect.d In ralativaly -11 water8bdr gmorally uonrirta of  rdnfr l l ,  

-off .nd m i l  lioar. I n  nae.rch project8 m ~gxiaulturbl  wrterrhbr uhon 

war  of ruch rtu$ie8 entirely bprn& on the reliabil ity of &tr which in 

t u ~ n  cbpcmbr upon tha bccllx8cg of n a # u r a m t r ,  grworring md ca#l&tlan 

of the f u l l  reoor& md dpntvatima. 

In thir w r i t e - u p  an attoapt i 8  ud. to outl iar tha p d u r a # e b o t h  

for nuursmmtr m b  urrlywr of nrroff 6.t. fmm mall .grxLcnrlturrrl urt.r- 

rh.6.. The w a t e r a h a  m&r cmrtbration hrvc, M aror upto 12 h u t m a  n d  

the land use in ths u r t e r s h b r  i r  pr.barinmtly for rgricultural pctrpona, 

ma oontrsltr of the report will p r o v i b  m un&r#tad4q 08 the Im-tbl 

principles, ntW md pttoblm that are 1;Lkely ta ba rrwwrtcrrub in tho 

fiald. Ru a t m b r d  tachniqwr for -8urLng nnroff w i t h  ptsorililPrrrtM 



&vicar, tMLr b o i g n  mpoclficrtioclir,, mrttutiarr, Lnlt.l&th mb 

~ i n t a n m c s  have ken r p a r 8 t e i y  diacwwd. ma of p m h g  

md com;.ll18 &tion, mureocr of clrrorr md rcuurcrcy #tub&& to ba tol- 
* 

have L vn r A a o t 1 ~  @pacified. 7%. mathob 0ut1tn.d and tho a . l y n a  

n l e v w t  t o  thr IClrLcTCRLIAT ooll.boratiw pro)oc(a at ? m & n q  #yn- 

l m d  2 hLng at  dlfformt r r a u r a h  rtrtlonr h hdlr. 



ntu of d-a, a;lir watim pwidlm informtb on r aamomlr 

lor Ob,rmilra mt. mmff m a n u r m a t r .  llhr a i t .  mart k b m t d  rwb 

that t)w wd runoff rqweacmtr tho witire flow frar tho w r t e r m h d  a of 

kl.criaa of a &vice for c-rw(.&ag ntrroti drprdr on at& Faatam 

&8 tbr pnk  m f  mt4, biatrfbutiarr of runoff lroxlna, rk.aolr 

a p r u r ~ a  of t r u h  ar othr flo.tinp matarkla L tlw flm, m t d  

of m *.tr .d.upaea, mt.ri.l . n f t M & i t y  .ld aoncda. A iLa 

a&rt tou l r i r t  L3- a t P b O F f ~ ~ b ~ t r S , n g d a k #  id ahml iatllrg* 1, 
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typm o* t la  &a tb awmmb 0blyuy.A 1I)Yth.c padsng i@ cllasrd, wb.- 

drbtterarr &ouU bm a b a b d  oueLIZIAy tD r ~ n t t .  nAwtk3n QI tln b u t  
a 

mnawbl(l- * tbr fla miti- .ncrount.rd. 

r-ft a t  Lb r w e h  atation bacruw of tho high aoutuacy. & a n  ol tho 

II tlrp flw u a  m a t  -1y wad for ~ 0 8 ~ t l n q  runoff f t a  -11 

QLH a t t r m i d m l  thrort opminp which tnua88oa wfth depth of th. fa-. 

i t 8  uaa URdQ a vulmty of L l w  oorditfa'b.. 

1. Ib. of thPQlt apming vith tha ria. oL 8-e 

t.ci1it.m .oowlcr+. wlrmu-rrrt of botb IbO .td hw 

fm. 
2. "lbrlr rrc- of t& fluw uka# *+Waf .a*I1Y( 

mw of -sad v w i t y  urb oan@awmtly tbe f11 4 b i r  



.ui?Abl. far u t r r i n g  flw w i t h  WLmt Ln .wpmrioa 
w i t h  lw m W a .  

3. It i r  rirplr An conrt\ructian, rigid and a-18 kn opontlar 

and rrqulraa thr lam* wlount of minttnmol, w i t h a o t  

a f f a c t i t ~ f  i t# rathng. 

4. 1,tr Lnrtrrhi4tion i r  1 t~p1a  m d  I8 r a t  in rny  wry  aft- I 

kty tha rtqmerr oi th. churnal gradient. 

c3anar.l Linttxtion8: Thrr.8 f1m.r have beon haicaLly dammed fez ftlw 

fLar wrditLeaa urd asnmqucrrrtly u e  not r o e m o d  Udar m- fZor 

d i t i o n r ,  Zboy u e  a180 not rwwnml.8 for f l w a  curylng (UIN~~HI 

S ~ O @  ~ L w  ul. 6 ~ i g n d  to wwlwrr -11 f l a  r a w  razqiq t r a  

3 3 3 .03 i t  /UQ t@ .8 f t  1- (0.0014 tn 0.0227 m /am) w i t h  r Mgh bag- of . 
a ~ ~ ~ t a c y .  nY brt . iAd biamabna ~ . ~ c l t l o a  m b  mrtruction tolaanc~s 

of th.  flu^, 1 ~ .    ban i n  Fig. 2. Tho -Arc 'kbl. 1 gimr rrtingr for 

8- on H t i l a .  The fo2lawing poinu dt. iqmrturt during thr, fakicrtion 

bva  p o c i r a l y  tha dlmnrrtnna ahown an th dr.uing8. 

(2 )  aRa opening r w t  l i o  in r plane w i t b  m intlinatidn of t h  

# Ruc, u e  urd to mnrrucrr runoff uhua tho lukrtr -off ma 

0 . 3  ta SO ft3/rr (0.009 to 0.85 r3/ue). Tho d l v v L a u  .ab flou 

-&ti- u* drm, in r ip .  3. AppmUx Tabla 2 piveu tatinp. for ti 

*' I : 4 y -41 - * ,  , 





O#utructior\ eprcificrrtiaar for Zhr, II flrrrr, lifOr 

(1) R m e  Ui ld  drrmlrrg., mirag t& m - 1  4-apr 

aham i n  119. 3 (In a a n  of #1E fLurrr ?Lg. 2 ) .  

(2 )  k tot rnralblr wr m l y  n u  u r t r r k l a  of Uw qoob quulity ia 

~onrtrueting H fluw. Itbarn n ~ W 8  t u m t  k, f r n  frar brf-ta. 

0) u n  HAM cr-1 w+r without M y  tom of & # m a r \  [ V a -  

thiok) , 

(4) F-laawl thr, f1~14) by f o L A a r L s r g  t h m  @ -air1 prrcdea 

in all  d.talL. ob cron#tructtar. nJu a11 jo1n.t. urt~tmt rrrd 

a-• 
(5) M a b  Orr, vmrt-1 @A&- of the f11 #=a ona Wt. 'Ihr 

mt .booUI 1%. m r  to t)w outlot alpming. kry n.rr.s- W i n t  

ia th. bat- p h t e  arrt b., trrrrrrvrurrr, ta th, longitubirul, & a ,  

d t&, f l u n  ud m m t  bm d m  w that t& *Ant I8 aulPrrtrrthlly 

nuah. YILI a11 dLlmsi~r)a for rrhich toLumerr8 rrrr mt inbicrtd 

ab the drawingm w i t h i n  1/4 inch (0.64 ap) of thome 91- on th. 

brrrWb9a. 

(6) QCIt all plrta rdqaa a v a i g h t  and e h u p .  Do mt v r r p  the p h t u  

d h t a t  thrr by cuttAng. 

( 7 )  llbrr tho ahnting outlmt optrlng w that iu dhmrimm rrr, 



OUUU -4 uob rClW 8Wd@t=l be LSrlr Poll- 

frrrrtal&ath of HI an4 H ?l- t r n w w  pomrriblr lart.llrtiocu o f  th+cra 

Jrnrld k ub. with yp-ch W a r  dapr.rHCI below thm nrturrl warrb 

rurfma u in ?4. I ,  *re r)u waterahad or plot 8 l q ~  LD -11 and 

ab th. od aham01 i t  lato the rpprorah baa (?i9. 5 ) .  h. 

mturaily into r rvrfl rtrom chnwl  f r a  th, fluw. 

f 1 1  w bolt@ to tho cranorotc, 4qplcoroh w i t h  q48k0t8 b W e  

r u t u t i g h t  joint. ltn w e t .  cut off -11 mod8 bolaw thr, e~m~rcrta 







dl  
a actual had vlth rubrergulc# in I n t ,  

d2 
m t.f l wrter depth Jlow f l u l s  ~ r o  h.Jd 

Im hboretory t b  mubme~mea of 130 fnrcrnt h.8 1-8 thm 1 p r c m n t  

& 3 plrtsrrt eff'rct. C u e  h u l d  k taken while urfng M.88 valum kccauu 

nofiwlly they do not hold true &n field 8itution. 

a8 P u r h l ,  firer i a  a p u t i c u l u  form of vWbturi fl-. Ih. main 

ulvurt.0+ of thin fltm i o  i t a  relatively low 10.8 of h a .  hoad 1-8 

I8 only .bout r fourth of that needed to operate r u8ir hrvLnq t b  m y w  crut 

lrrgth. Ihi8 flur, i r  particularly r u i t d  to -mure f l w a  from churnel8 

w S t h  low gradient kceuaa ~t cur optrate snb.r high d+grw of m g . n e = .  

without 1088 of accuracy. Some of the uportrnt advantage@ of thir f 1- 

(1) X t  un -ate with rrrlatiwly nnll hwd 1088, 

(3) It h. tb. c.p.city of mkLyl good nuur.rau with no 
.oderat. @\rbwrpmfa, a wan w i t h  constderrble 

-rpmbcrr donwtrsu and 

(Q It. -locity of flw i 8  r u f f l i n t l y  high to v k t w l l y  aLkFrum 
.dirnt w i *  th. ~tructure  d w i q  



(2) Umy vaqu&m eauuratcr w@bwmUp too 8rti~t.ctary ~oartrkctibn 
lud ~rorrrurolr. 

rig.  7 .  'Rw width of tha threat (W) tm umd to doalqnatc, tho rim of the 

flucr. Table 1 g iws  tha dfiarnliion8 m d  crpcf  t i  +8 of tha fluma for v u b w  

of t h  tl-. Pimama of  br8ird dia.rrrionr u o  cut aumthly and waldd  

-that to obtain a fI- of rrrquirod rpocificationm. Rainforcrrwnt of 

-la iron rhould kr riwtrd on all the odgas, under thm bottom and rlong 

the vutfcrl rides t o  u f n t a f n  tho structurrl shape. 

Sbhforcd concrate fkmu u a  conrtructmd in a l l  tho r i zor .  Ttra 

flea of ccmvmr~ihg roction rhould b. p r f e c t l y  18-1 and tha ridrr rhouhd 

k parflwtly wwrt1c.l. Zlha er*mt i r  hrlAd by fixing an angle iron in tha 

prropu p o a ~  -ion. w that a @hasp u r c  level croat i m  ohc.alnad. 

-Lty and Ratinq8 of ?ar8bA tlutrt A w i d 4  :.urge o f  f l o n  can ba 

-d by PU1)Ul f 1 ~ ~ 8 .  The rtlQ0 d f m c h k ~ a  retatFonahip undw free 

flow coadftFonr u abtaind Fn tha hydraulic 1.boratory far null r im 

Q - dischrqe crubio flat per second 

w - thmat w i d t h  or laagth of Groat (8F& of f1-) Iwt 
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pmorLbd ilrlu, it i e  ruceanry to apply 4 tamptin o o ~ c t l o a  to tree 

h i 6  ruo referwce, 5 i r  th. crart, diwhrp. t.te udu tha 8-0 

gmcd flow cmdl tlon cauld be d a t ~ . . ' a l n d  by; 

Q - C, (Ha - 
0 m ~ * * - o . I ) I Y I I I I I I I I I I  o w -  ( 3 )  

~ - ( i o p  %/n a + C+ rn2 

vr lwr  up- (#I@,) - 0 .96 .  Value# of 8 J l a 9 d  flw o#fflciant8 ud 

rrponmta lor P u m h l l  t l u r 8  (CI, H., %, rt1 C2 and n2) u o  91- in M l a  2.  

Tho uble  a1.o proviAar tho wanrition a u k r p 8 n c a  St  which i r  daft& ar 

thr value of #ubuug.nce r t  which tha cehngo f r a  frln flw to  8- flar 

-Lo 2 ; a m - d  flow a m f f i c i r n t r  and arrpcwrentr for Parriull f l w a  

L 

& frrch 0,299 0.00044 1 .55  1.000 0.56 

2 -.I 0.812 0,0044 1.55 1.000 0.61 

3 mhr8 0.915 0.0044 l,S5 1,000 0.64 

6 inch- 1-66 0,0044 138 L.0&0 0.58 

9 inch8 2 .51  0.0044 1.53 1.060 0.63 

11 inrrtwr 3.11 0,0044 1,52 1 .OlK) 0.61 

tb i m h 8  4,42 0.0054 1.54 1,115 0,64 

24 S,94 0,0044 1.SS 1.140 0-@6 

30 i m b 8  7.22 0.0044 1 SSS 1,150 0.67 

3 fWrt 0.60 0,0014 1.56 1,160 0,be 

1 CIkt 11.16 0 . W  1.57 1.103 0,tO 



ba dk#trup.d with 3.5 toot o f  d m  rather than wJth 1 krot of 6.9Ch. f;n 

WwUm oi flmm rltr  ud wrtiocrl pl-t An tho aburnak, u ruwird 

D U I O I . 8  L..(l, tR, Ud nttlng u r t  k -W tot & p u . h l 1  flu 

to wmsa I&m a@ ft3/11a tar CI" flow c a d i r L a u  in r t e - y  of 

& of A W U ~ ~ X  -30 3 tht thlr f011d1~(  f l ~ ~  

dl& u c h  hnd1. dimdtupr of 20 ft3/.a rith tha h u d  ahornl 

Ilur #in (thrmt w i d t h )  foot h+d lur, r n t  
* 

6 0.19 



m a  v a w  of a AD uud to 4etarmkna t b m  -ltSO.J d L w  ircr rL 

wmtamay b o t t a  to tb. fltmo cr-t (Fig. 8 ) .  A t  r r0 w~lbt 

tha r t a r  aurL40 in tho flulr Uup.t at t b  a qaw L, a ~ ~ l y  -1 

with tha nut&c#l in t&, bwrutram abmal. mfmsrlrrg te "'-- f m  thla 

2.5 I..t a p t h  w i l l  occur at D. DL.l.n8lonA i m  oqul  D W  a, i. thi~ 
10.- 2.5 a i n w  0.61 or 1.69 Coot mb i 8  th. bi#tmiol, t&t t h  mt rhe#UI 

I k  rbawr th. ( w r ~ t u r y  b o t t l .  'Zh;La datumin- +Sw rrortkwrl -t 

ot wttiq ia a mm 11- o f  20 ft3/.a a t  m wont mm. 

pm&oa . b e d a t -  e f f c t  that rill .stad (0.- &a t J M  f&m ud 

rain tiw h-tu elwat&n. T U 8  diff- Ln ehmtiorr of tbr lnA, 

f&a th, mtmmtw w i t h  urb without tbo C~LI I.- ppl.c# &a tbr 

~ k w r o # u d b y t b a f l u w .  I h . h w b l o m r r l u l . r t a f l - l ~ t a  

6 i..t uMa o m  h, brrtamknd f r a  ?i9. 9. 

hrarr t h  Antu8.crtim project 6 horirontrl l ine  bo th. iriilplt itror thb @at 

to intarmaact the r lmtFng throat width l h e  for Y 4 fwt. flRC11y f ~ ~ l  

thi0 pdnt pr~).ct v u t i ~ l l y  dawnward to tho hwrd lo- wah tO & t u m b m  

that Uu b a d  &@a L, FB 0 .43  foot. ?tar Fig. 6 tha ntaz o \ r t f a a  a&-- 

Follawiyl tb. u r ~  umlyrirr but vith a 3 f w t  fl-, - 0.97 f-t 

4 * 1.53 feat 

L - 0.511 foot 



b 'a" - 
b - A.23 Lr t  

L - 0.71 fw 

-0f-t.r tn wtrrur O h e M e k  roPLd ba 3 , a l  f a d ,  

'Ibw - \PlhrYIdapth tbrr I ,  3 rJdi 2 twt CLI '.rU ba 2.93,  

3.01 ulrll 3.21 fat r w w m l y .  I f  wstcpray i r  uw;rgb brclq ud 

topogqpbrl of u p r t r r r  arn aflar th. &ptb 3.21 tnt  iqwlcial cronribentiarr) 

1U. a d r  r S 1 A  k ir+liurntly ud oulrrflovim of wter hvrr 

8 - 8  otc) tb 3 twt F ~ U Y  dgM: k &moan b.orrur, of it. Lanr tint cookl 

IbrrmP, t& ddth of w-y i m  eamibrr.6 in krr of oorr8t1uozing 

-Urn ta prPrid. #morraflorinq truultlbln wothn om wah @Me a t  th. 

f l u ,  th, 3 - 4  f a t  vide f&uw dwt k, ohowln ta r ~ l l t y  awrmttuotimt m 

rrdPo+ tb8 -t ol ia@tauatton. 

~t I. rrrwlly don&&&@ to met tho fl- rlightly Mgdwr than ( ~ w M J ~ #  

hi- b:? 20 par#rrt) .brrolrrkly ~.ornury, rrrthu than Iwwrr. Ilh. hiqba: 

mat* b1p -.rat;. Por unknanr a ahubqllnq ba#rrtrclu Llcatorrm a s h  

~ d l y  incr- 8-, T b w  2~1 -8  ..~b OF) *iQh U tO 

tb, darnatrwlll we-1-1, iarlubo dvpodtr o f  ..cUwnt, b t 8 r i a a t i o n  af t& 

#AAU of Ud of V+d., tXm g o a t . ,  -8 rrd bfollibg- 

-. 8atting t& flwr hlgk+r cL&ur -8- harrwt w i l l  inaman 

* #looity of flau l.rring thr, rtrucrtttrr uld M y  uk. i t  n+aurury to 

.nti.ooru at tho - t r  Qd 02 tb. flw. 

x t  th. plpbuli  11- i a  i. w tO b.ra+.6 th.i rlloYbla 

&kit (fQr trw f la) .  tbav L . n o m d - - -  tb.pa+br 

f t ~ ~  t b  and of t b  ~ m t .  ltrr thh rictlltbm onlv 

~ q p . C r u p o r e i c l r a l f t b r f l t w L # c - ~ .  ' I b . u ? r + 0 f C h f 1 ~  

I 1 w, * - ~ r m b o t t a .  I h i a o f 3 l m f l r o W t b f l a r  



profile over tha w.rt r.ctkm i r  not rdlttid by bwk urt.t tm tho dPwti 

Wrr u a  orre o f  tho rirlplwt Md quit. ralirbla rtrucftslu tbat omn 

k urd i n  u n y  rAtwtionr to acruutr tba rwoff. ma aritierlcl prm r t a  

rwrrily inrprertd and my *per opcu.tionr cm k w r i l y  6ekcTtd ud 

or#~lot.d. Woirr cm k ulrd rort eft.ctivaly tham i r  r 

f i k l  ~i abut 0.6 foot a m r a  rvailabla in uatammy ud rla r ~ ~ k  8Ub- 

ylrra on tb. rqwtru ie  mt vuy  w b  MduLcable. &e p w r ~ i l y  

o-fid an tho buir of width of th. crort ubd rcbrpr of tb nrk qrrriq?, 

Y r e  mly o m  of tho m a t  c m u m l y  u 8 d  mil: vfll k bwancibd. 

. Y . U r ~ T E D T R U U O G U W t W & I R O R V M S C H W l l t l R  

v-notcrh wcirn haw bwan .xturriwr&y urvd fort mU8-t cr ~ f f  

opa2l;lLy t r a  urU uur. m y  h v a  . fnrr~chta ly  t a t d  Ln thm 

k b a r w y  8-WC OOndi- of  CZWt m l ~ & * i o l ,  tbh 

-t Ln tho -1 or rtaxway, -ch m t a r u y  emdi t iau  aad 

ch. fm ooobltima uib tb. raht~ocuhip h k, tbr tam ol 

-Y. Tba rnir meat gmnaally amaiata of a n t a l  bLd. 

rbuqp .d0.. 'Ihr dlrtinct -tag0 of thn trhaquku v a k  i a  tbr 

adt .h i l lQ tammw--mt of  lor f- r i tb  a ) I L # i 6 . g m  of .oopacl. 



¶9&0 Parrra i o  NN ~mrr i tAvm .ad wrtrurrta in th. mulmurlrt o t  f a r  fWm 

TNW awl ~ A U I  or 1.25 I" voa v notch i. ~n ?LO. ao. m. 

rdtinp. f= .hug ereat 90' v notch. A 90' v no- with mm,rti.i, r e r  

mtu ud atiJAm -la  tor mmrurlng the rwoff  I r a - .  f i e l d  ~2.10 p l o t  

meuuiva rrp.rhmt. on wLrm and lonq orprrrirrao w i t h  thoir uw 

bict r to  Uut tho tollcling oonditiarra ara m u m r y  ioz .ccut.ta rrurun- 

(1) 'lhe upatsoam f ~ p .  o f  tin bulkhead should ba .sooth .nd in r 

mical P&M P#p.ndicul&r to the r x j 8  of tha ch.nn01. 

(2) (me yp . t roa  of tha wair plate 8hould k mamoth, 

straight u t d  f l t v h  with the uprtxeua face of thr, b u W ,  

(3)  Tha t)uleJmerra of thrr wirr bhde  rhould not bo v r e  than 114. 

( a b u t  6 m).  

(4) Ih. uprtrrum oornor o f  the notch rurt bo mhup t b y  ohould bo 

mehiam4 a f i h U  pazprdiculu to the upmtrrrl fwa, frw 

of wratclu8 ud not mamoth oft with abrhmive ~10th 01: pl~r3)r. 

-fa w a r  8-d k w o f d d  krc8ulre thvy rrr dliffieult to 

mhtain. 

 me &un atroam of t h  notch 8hould ba tel&nrrd by 

a-fuing i f  thm p l r k  4.8 thiokrr than prrrrcribed a n r t  
~ + h  (1 m 2 R Thir charfa should k at an angle of 

4s0 or to th. murfaa o f  M. creat. 



Dam wrr\rrring point 

1.35 faot - A '  

0,  7s foot 

I 
b 

- . - 
I 





( 6 )  T b  dAowror, of tba otwt mat C r a  tb. bsr- of 

m-h ohnrul (Wr pnl) aboubd p n f r . b l y  L. aot I r a  
0 

tb.n tube Uw 4gtb of rta dcm tL cllwt print 

and m 0s- l e u  thrn 1 foayt. 

(7) n o  dimtams tram t& rldrwr of wJI to t&b8 r U a  tb. 

approach chrael should pmfarbky k nm L a m  tlvr brim 

c& dopth of rrtar rho- Larvt ai*.t ~ L n t  rab a m r  LU 

thur 1 toat* 

( 8 )  ma 0 - n ~  -t (M-) lhrnrld touoh tw rp.trw 

dqer of th. creet. 

( 9 )  ~ r w r u r r r r t o C h w d o n t h a r r r f r ~ k ~ a r r t b @  

dACfumca in almimtion ktrwn th bowt a*.L wt nd 

rtr aurfacm a t  a point qptnr fm the wair a Uatmce 

af f o u r t i 5 k r ) r ) t h a n w m m w h + + b a r ~ m t .  

(U) aou W a W  uw of t h  abrawl a b U  

kr a t  Ilrarrt 8 tivn that of tbrr ummrflm la--t r t  tb crut 

fa distance upltrw IS tiwr th. &ptb of Uw 

(11) If the mix pool i r  rvllr tbur 6.t- tL, .ba 

cri+.rl. th. -locity of &ppmach may k ~a Ugh .ab t& 

@t.rfrvaLaptoolwe ~ R d ~ k o a r c t d ~  

wiag apptwpirkt. uehod. 



of a w .  Tbo staqo &ma& r.oad.r@ u* c ~ t y  u m d  lor  this pupme. 

U w e  F. rypjd oi mt+l 1avol it ir not wa~tialliy poUUE8 to 

N a y  typam af rrt;;.g. g-1 t+oana+sr u e  oarrwcirlly .vailablo k, 



--I m L  WE amomas 

m r  type of rro#drr (Fig. U) nc&niOJly oloarrrllrt tbo nrticrl 

W t  of 4 count81 nkqhtd Itht r u t f r y  ar tb d r c o  of r liquid 

tnto 4 curvilLn+.r, inke I recard of  tba  hidght of t h  8urt&a of thr 1 f quid 

on vartic4l rhaft to which th. chrrt drm i a  finrly @oaard rwrt-1~~ 

gmqa rlamnt conrirt. of that, ~ o u s t u  -At  murrtd float -lay 

?!%a -t of th. t h a t  is trmnittd to cr r  ud w i t h  t h  brlp of  a 

rrrt of glw+r it m v m r  tha p n  on th, chut  in tho Wlcal dkaution* ? b y  

have rrvrcrm moehnin  uad cur th.rmfore ractm3 an tml imi t rd -a of 

m t . 0 .  on 5" rid@ c h u t .  

-0 &tb .rrt#rtiar &ch rcrccrrbmr m m a l l y  brwr brro ntr of ram 

ch.aga -8. 'I)ro float vhwl gau tor thm 1: 12 rrtiom i r  cut Anto th 

f l#t  U b n l  8 b t t  t a u  projutILY1 and Uw flnatUrrh.rrl g w r  for t b  5812 

plro).olliar, clvlr of th, -9-t of tho 1 r U  ($w Pig, 1 3  'QBO CU 

rhrft tor th. St  U in nonrrlly dalivrrtd r o ~ n t d  to t h m  rlrcnuCIu W e .  

Tirr d+ Ihr chart c y i f r d u  f a  dritrrr t)u- a pk of quu+ 

.rtt.nral to tha m o c h u r l s a r  train propor. M u a  hro ahaft abwa 

t&a uppu plat@. Tho pla in ly  auked g m u m  awailablo fa 6,  8, l2, 24, 

Mt uy,!#aara  6 t h  hi* nP.kr u, b. lud a - - .oc\P.q i. 

awdd~*urlr;.~it)r&llmr nubra: our- turd. 





'4t fp. l* : 2 r,tio 

4 

&- CQ sru -lo 

FI~ ,U  : *no 



Lrrrl m r d a t  h o  thm folltowinp amwntial ~aporw#rtr vte rrti1144 wll, 

Fat.k#, rrd ramrdu rh.lta. 

ItLlllnq Wall; The -11 ovrr wNch tho 8-rr loml r8eemhe l o  Intrl1.d 

Ir u . r r t i . l l y  & 8tiLlFnq umll I n  vhi& tha float ud oourtrr weight of 

k mt.d +o o#, 'ik 01 thlr r r t u u y  IKI i t  will not intclarlL~8 w i t h  rebo 

m t c w t u m  fez -10 i n  tho V nolcch uoir ,  it i o  5 4 0  feet i- t b  m t r o  

of tb cramt. lllrw miso of W l  v U 1  4apml upem Ehr raqulrd rtability, 

drpb ,tip. ol nub1 .nd .pw rocpkd by flort Md o~unter wLqht. 

~ba- dotrilr of a k i R k  n.onry wrl l  $8 rkvrr in  ?iq.U, fmtad 







In pLnarl mrr thn aw iatrlu rbouLd k pwr- rt aifl.rat 

rl.rrtlonr. Wr q i r w  tvo b b t h c t  d~t.pu, firstly i t  Lequuda 

WLNlt 2cmpLat4 c 1 0 ~ ~ i l q  01 t& LnWu by .oriag or 4qmttd aawnt .  

@ m a d l y  it  bc l l i ta tr  k t t w  v4tm -Con rlth tb d m  w b l 1  0 

of tlw. &I dcUtLan to Wa i t  rr rlwv Wta to bum bt&m rr 

Chr lmut A d  karw of  hi@ chnotl l  of khg c b d  Qr -tad 

r l w l t r m y w y & a r r r l l b o r a * r r b g t h W 1 ~ y d ~ ,  

Wab opurtu a r hiaga, to r riwa oolprr~ot rhidr 

tba rrll ud h t l 4 t . t ~  tb atry of tha okr*rr. 

~ h t l p r ~ 1 t a i r ~ r t ~ l y w d ) ' U U u w o f ~ o f  

0~1Itwrbo rd ha ma. 119.14 w t& rnoordw rbrlta Jidr 

Lm ID# mWhuta1:LLy un4 a t  ZUZMt bol: t a t  wnn yeam. ?Ma 

W U t + r  L liufflulmt txa cova ehr tog of t& mll ud pad40 

WUuAwt apm tor URiq of tho rUq@ trootdrr oovrr ud ab#- 

Qrt. nrtrirlr wa6 tor cosrnsmtim an GI h a t  ud *re Ia u m  

tbrhr ua big ptablr thr wtrllc r&lta bor w i t h  kuih 

q8tmwpkud. 





(4) Xnbiolrtr, tb. t i r  m l m  udllrlll) Wt ratio in Ch. paoprr 
plwn arr t b  rur;liarrl tab. ma. i. MlldUd only cm cabtar8 u b r a  
thy U* r r b q  swardtr8 w i t h  bitfaant tim d a m  rrad 9rug. 
bi*t ratLocl. 

(&A) ?btal @iob for which chrrt U.8 k a p t  ars roaD* - rn k. 

40 r 6 'Ib.r tho oocsectLm to k apg1A.d to runoff puled r i a l  b 7 

' ud fox C~iAure of tho pen to r w m r u  .t tk of  tba p.intad 

tlrn ptiatd put of th. cbutt a t  thr klrr .rtmt a t  krth tb. 



rbould ba -1Ld may ao t h  q p o ~  klt  at tb eb.1Ct. If 
* 

tho tqpw XWUW i. 0.02 toot (0.6 Q) abort, oorrcHltim 

LpLpnt a h m y  b. wvlad an 4 #pacified whdul. wt up to 

wiat.in mntirwrow apuatkm* TLJng will &pmd uporr the uay the 

r m  rru m. YonuAly a f t a  wary I# y-r t;lw f u l l  rrtrlclmq 

of  rrmrba ir m q a k u l .  m r l y  oiling of o l d  and #I. -ir ir 

-. 
?luo, Udra p d  IltiAlL..* vrll t T b  rtrruclture Md upatma u w  
.I 

., ,. L 

maat k krrgt fr- of w a d #  nd t rrah .nb wdJnnt mart k rrnnrd am i t  

m t a a .  Y ! b  krrl of mart 8hould be przSodLaaAly w i t h  

rafesaco to th. a 1 ~ t i m  of tbo -0 urn. Thaornt rlarLd k 

a a m h d  fof akka or drrntrr that -at ?rdue#l maaur---' uxwmy. 

mme Lg.rirorLoru 8buLd be oanctd ou.ful ly .  T 2 u v  .luL k ..Lr 

t.i#YI La oripinrl eoaditian md h .cca&ma rith rpaffiat&., 

&qml. .nd .logr of i n . t . u b .  ur be - prladkrLly wd - 
b8 0 0 ~  if -we 



f f amrtruc+d propotty m t i 1 3 A n q  wolE8 w i l l  tmr, littl. nrviciag 

h. mll, intake pAp.. and aiLt tr.9 ( i f  ad) .harld b, f r n  of illt. *bra 

I)n,uLd bo r a i d  f r a  the chrrt. OtMmlw rrw;rgl, Fn Uw -11 ry orrw 

rPec.ra ink orr th. chart to rattan thr, paw crurlnq tho pon to tmr I t .  

Aftax wuy flow w a n t  intrkrr ehould tm checked and ~ ~ n r r u " y  r i l t d  rail 

40-t nmoff event9 me* b. mimod bocruae of  tho fact that th() r m  

oullry tlvt o h u n r  must d.wLop tho caprbil it iu for m i n o r  r e p i t  md 

d f u r t m W  whrch can be aarf ly don., 

(1) Tha total pcm t r a w l  betwon uppar m d  lovrr muerrUl8 &a 

&out S inchas ( 3 2 . 7  an) auld both nvunillr accw a t  tho 

d g o  of thr pr int@ portion of t b  chart. 

(2) Our foAlek~r pin i e  harimntal, 

(3) n\a pen u m  i s  pua1l.l t o  th+ cur fo l lanr  am. 
(4) Ihr pm u m  i a  t ~ l t e d  i w u d  ju8t cnouqh 80 the pm w i l l  not 

f a i l  way ttm th3, chut wu thr u~9.1 rnm-1 (mtat A 

Qight ohuqe in tilt of th pn u m  ul l l  uuw a ahift in 

polliitlan of the reverurllr). 

(5) 'Ilha clock spindle wr-r i m  of th. prqmr thiclnosr p- 

th. crurtarlin* of  tbo chut ud the p m  abaft Ln tru u 
WLtental, P&.. 



o&rt, #d rcrtrk tk fkS* rrCWIS t h M a # h  cnb 1- 

r e .  D.rL.t&a, ha r)w rim I&. batmm ttm uppr 

.nb .itb.r r bemt oplndlo oc Lpropr 

t h A a & m a m  e i  ataei oplndlir wobrrrr. 

tint Irb)tl)-tt LO..lll t b  Umm bottarr not, ratrrtr th 

r p ~ k  90' W M  t~ nat WM rap..t w oh.a*. w t t n u r  
+hi* psmoam ( m u &  t&** tin8 till y e w  qet th. w m t  

d+cad djw-t: I f  thrl jmn tzacw &u not -ram with t i r  

lim a I t u  ftr8t .bjutl+nt Sht8 k~ILcra%a~ thrt 

t&. 8pmL. i. bat .nd akwu b. . c r . L * t r d  a r r t u l l y  or 

aELrd .d)u.-t1 A f t e r  t b  a m  djU)mt if pm 

dkr# .grur, v i t h  tin l h  twt tho flrrt uljmtnnt a d  

i f  t h ~  u c  6.rrcrJlbd by the pm i r  thr # a n  for tam- 

=+ polritiarr sf t).~. &- but r t i l l  darn not lolZow r tirr, 

line, it  i n d i u t u  -repar thiC)UW)rl8 of w U h l ) r  batman t)k 

b m a  lllYl c& 9.UT. th. U C  falls t8 tho right OI th. 

tin l ine  at tho tnp of Uu chrrt trig. lh) tbo olocrk epinbk 

urhrr  i 8  too t h k k .  Yhwr the u c  f d l r  to tho laft, W. 

urlllnm: i r  toa thin. Ch.nga thr, \rklahlr u i m U ~ . t Y b  and chmk 

-ti& agraammt uith t&, IrJr, lttw tr g o d .  

.bQH of h l w  tho Lorcrclt wrbwrtbn or printdl Alw. If 







0) ?lq. 16C rhoom t b m  upper F ~ W I I T U ~  prabLAI of t h  pm oocTuorfreg above 

or belor th uffrtr gr.burrtion at printd  l ine .  I f  t k  uppu 

rewr8.1 octurinq b.1- the upp.r qrmdrutim- th; 
r"ff*r.t$ve i m ~ t h  r j f  p n  am by fllllrwp back t)u pn arm rharldar 

sgrinrt  which the ym A S  met. If ths u p p r  rwumal occuring 

rbov+ the upper qr~rdustaon incrUIw that atfectium l-th of pm 

ur by d d i q  thin n m  mrroriw metal hndr t o  tha prrr ur b s c k  

of tho pan. Never try to cbn98 t)N l-th of tha pon arm by 

W n q  i t .  ChmgAnq t b  l+rrgth of inr\ arm w i l l  chuwpr, tDwr 

p#lit&oa of tha Lolwrr ruu+rul, rhtch w a t  k .b)urrtod by term, 

mb betor* chrckhq Urr, u(pprrr roverlwrl. 

kwl of ttrr p r a b l u  rcrrochtd with grwpinq rtatiorr 1nd ic~ t .d  by thr 
rurroft o&rul 

(1) lr&. 134 a b m  tha r ~ p ~ i n q  curvr, inrtu.6 of --ulhth durinq 

tkr ria- or.fal l lnp p.rt of tho hydroqraph. Check in t h  

rUlling &rain whether the f b a t  and counta w i g h t  UQ 

f m l y  m i n p  at  thr differant brpthr. If t h y  are not d n g  

f m l y  IDM ( n l i g h t l y )  tha raeordu in such way that t k  fAort 

vknr tr+rly a t  the ditfarent depths, Evm aft= adjurt- 

tkr p a i t i o n  of r.cor4.r i f  f lcmt i r  unabla m freely 

rrYMIlrrtruct t)n r t i l l h q  -11 with  l u g @  d i m t o r .  

(2) ?&q. 17b hwr the clagpinq oe tha lcmrt intaka pip.. 

the bporft.6 r i l t  and rechsck the gm aarking on the chart. 



a 

PL, 
h a 8 0  An It trtinq iror t i n  LafrrmA W ~ t d  

-1. in Lntutval in Ln 
cu. tt/r.cr h a f t  c#.R eu.ft 



( 2 )  Oaylr hriet In a o l m  3 are wnmrtd into  dtnduplr rbtcwr 

i n  cu,tt/roc with  help of approprtiata rating WILu ma4 ,rIK3Wd.d 

n 1 4 .  ?w thi8 0-1. tho rating tabla folr 2 C.rt 

y ~ r v h r l  f1-a appnnlix tablie 3 w i L l  ba u a d .  .I 

in 00%- 5. Por -la for t h m  firmt + A m  intr.rval o f  four 
ma66 -+w tb. ~ W U W O  die- La 0 3  f t  1- 

w i n  for 0th- tL-- lntervala it may b. cal.culatm3, 

4 lba  vnlw in a . f t  for th. tLw, i n t o m b  a m  ab+rimd 

(8)  C b l u a  3 giul.8 tho cWul.tiurr vrluo8 of -off Fn cu3t and 

i. by UMiryt tha valurrr, fn 6, ma 1- or- 

gimr Cotrl ruroZf, 

(68 ftw laat -1- of r-k. m y  be u n d  to tot& rmoff 

duration in houn, peak r u n o C f  rate An au.l(/rc.c/hr ud tmtal maoff 

-1- h r. I h o  pa& runoff rat. Im obtaindl fLrll In cu.ft/ 

aoc by Loddng to th. m a w  vrlur f a  oalrrrr 4, lPhiL n l w  &a 

further dividad by total rr- of --&ad to wt the p.sk mmatf 

rtato in cu.ft/roc/hr. Tbia cm fwtbmr coc\Hlt.brti.ate cu.r/.w=/b, 

by rlltkplying it by .0283. For thii, particular m x m p b  thll 

puk rat* La 0.007 c&a /soc /h  (&a tablo 3). lb gat t?m M 

nmoff in ma, t k e  the h a t  valua of 7 a c b  i a  total 

runoff in cuft,  . m l t i p l y  thir by convarsLon t&m, cmicb cur h 
0,0283 calmlatad by , *re A i. vatanhail uu in h.. 

P I a i n q  nmoft bta: me primary m e  of chdckhq to 

pick \rp mil correct t h  umrs Fnducd dutinq +h. -8- 

0% oA9's~a\ ha!!!!&. krrx 05 ~ l y h q  (hqrw Wy c- in we 
to inaoctxats usking  of *, , picking of points, -W .ad 

stage valuer, cWW!Brting Btage in- d i a a h m  fm 
* r a w  t.ble, and calculating runoft ro. +h. t q r  wt.hnJa 



lbeaf fuatof  utwa k u k b q t l r g d . t r r p c i r l A y o n r ~ w r  

m m  - risrrot tnr -@ i 8  l q ,  ar mmrwy,hrn 
bm hd k of  hi#^ m t \ l d Y  follarrd by .irt.ku ta arb 
cnrlrtiq th. tmoti C a r  the t in in tr~rrr l ,  

II& p r o m  @bum ia -&a 4 ny be und Pot oarpilrtim of r w f t  

mu- no. I t a u  I 



- 0  1.O. a b d  1 S L u u m p  Re#, 1964, a t r r r r  gaging atrrtian. for: 
rrwvuoh -1 ua--8. We# .  Olrpubrnt of mat-8 

lrndbodr Ib.26*. 

0.8. 0.purC1.nt o f  mmltura. 1961, field mual tor rrrrrwuedr br 
AQrSdt -1  - t o g y m  UaSa hprrtrrrt of m-k-8 Ilirrb- 
M, WO.234. 

U.8. Dmprxtmmt of  kQrLcuLture 1979. Firld lunurl tor lrwurreh &a 
kgr2laurltura.l mlaqy, M U I S  la. 224. 
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