
BRANCH OF DESIGN A N D  CONSTRUCTION 

D E N V E R .  COLORADO 

- - .-.-- -- ------.-- - . -- --- 

M A Y  lo, 1946 



% Branch of Design nnd Con~truction Laboratory Report 150. 203 
Engineering and Geological Control Hydraulic Laboratory 

and Research Division Compiled by: E. Y. Lene and 
Denver, Colorcdo C. W. Thomae 
May 10, 1946 Reviewed by: J. E. Warnoak 
Originally prepared November 1, 1935 

Subject: An investigation of the hydraulics of the chute at Station 107+50-- 
South Canel Uncompehgre ProJect. 

Location, scope, and purpose of investigations. During the-summer of 

1931, observatione were made on a chute in the South Canal of the Uncompahgre 

Project, of the Bureau of Reclamation, near Montross, Colorado. Theae obser- 

vations were taken at the same time that model etudlee of the Roulder D ~ J P  

Spillvey vere being made on the location. Ne~surementa were made, (1) to 

determine the roughness coefficient of the canal lining, (2) the location of 

the hydraulic Jnm? at the bottom of the chute for different discharges, ( 3 )  
v 

air content in the hich-veloct'iy flow, (b) velocity distribution in the chute, 

ana downetrean from the chute, ( 5 )  entrance condition8 in the transition 
betveen thz earth section of canal and the concrete-lined section at the top 

of the chute, and (6) the curve described by frea-falling water entering the 
chute from the spillvey model. 

The studies vere made to deteraine the hydraulic properties of high- 

velocity flow end compare thase observed results with those obt~ined by 

com:nonl:~ rased nethoiis of camputstior.. 

Sum=. The Unconp~hgre Project has h e t n  in operation over twenty - 
I years, and therefore,riiuch maintenance has been necessary. Between the sea- 
l 

tions observed, aeny patches heve been made in the canal lining. For this 
I - 
I reaeon a uniform grade or cross-section of canal W ~ S  not obtainable and 

therefore, the results given have factors in then which could not be evalu- 

ated. '5hile the eccurecy was t h e  beat attainable, the results vere not of 

I laboratory caliber. The hydr~ulic principles of the canal were of more 

f nterez t than the rnathematicu of these nrinciplee. 







A - Chute end hydrns:ic l uSnro tc t - y .  

Unconpehgre Project - South Canal Chuto at Statlon 107t50 







COI.IPU!lTD VALUES OF n AT STATION 109t00 

Length : : Velocity : 
0 f R Quantity : : Slo~o : in : Chezy : ;*Ianning : Kutter 

: Sect ion  : : Ft.i§ec. : "C\ n n 

150 350 : 0.1297 : 0.596 : 29.31 : 105.5 : 0.0129 : 0.0131 

: 200 460 : 0.1016 : 0.914 : 27.42 : go. o : 0.0163 : 0.0162 . 
250 460 : 0.1055 J 1.047 : 28.27 : 85.0 : 0.0176 : 0.3175 . I 

300 600 : 0.0780 : 1.204 : 26-57 : 86.8 : 0.0177 : 0.0176 
0 

600 350 ,: : 0.0781 : 1.282 : 28.15 : 89.0 : 0.0174 : 0.0174 

b00 : 0.0783 : 1.348 : 29 43 : 90.6 : 0.0173 : 
0.0273 

450 : 0.06b9 : 1.372 : 28.70 : 94.7 : 0.0166 : 0.0165 

500 : 0.0670 : 1.426 : 29 73 : 96.2 : 0.0164 : 0.0165 
t 

: 0.0671 : 1.472 : 31-05 : gg. 8 : 0.0160 : 0.0162 

: 0.0672 : 1.510 : 32.28 : 101.3 : 0.0157 : 0.0159 . 
: 0.673 : 1.537 : 33- &5 : 104.1 : 0.0153 : O.Ol5f-j . 



formly. Plows up t o  250 second were not as aocura te ly  datermined as t h e  
f 

higher  flows, and the  diecrepan f o r  the 150- and 200-second-loot flows a r e  <,' 

t h e r e f o r e  g ree te r  than f o r  the o the r  diechargas. The decreasing values of n 

from t h e  250-aeeond-foot flow t o  the higher dimcharges i r  explainable by the 

f a c t  t h a t  the bottom and the lower por t ion  of tho s ldo  l i n i n g 8  of the tuna1 

were eroded more than the  Pining h igher  on the  s i d e @  (Figures fb and B and 7C). 
The average flow i n  the  canal wAe around 358 t o  400 eecond-feet, hence the  

a ros ion  vspr low i n  t h e  canal  with l i t t l e  or  no eroeion  higher  on the  s ides.  

! h i e ,  v a r i a t i o n  of eroeion i s  f u r t h e r  dlscussed i n  Apper.dix I. 

The hydraulic  Jump. The water a t  the bottom of the  chute i a  above c r i t -  

i c a l  ve loc i ty .  A s  i t  movee dovns t ram the v e l o c i t y  decrease6 a n t i 1  i t  f i n a l l y  

a r r i r e r  at  the c r i t i o a l  p o i n t ,  where the pbonornena, known a s  t h e  nhydraulic  

jump, occurs (Pignree 76 and B). The p r i n c i p l e e  of the hydraul ic  jump a r e  

deecr ibed  by Jn l ian  Hinds i n  Engineering Hews-Becord, V O ~ U I D ~  85, l o .  22, Bor- 

ember 25, 1920, Page 1034. M r .  Hinds a r r i v e s  a t  h i e  conclusions by the l a w n  

of ooneervation of energy and of l i n e a r  momentum (Appendix 11). Observations 

were nade to determine the  loca t ion  of the jmtp f o r  d i f f e r e n t  dischasgas. The 

l o a a t i o n  of the  jump wee p l o t t e d  againe t  dlacharge and a very complete curve 

e s t a b l i s h e d  (]r imre 8 ) .  In  t h i s  f i g u r e  e s e r i e s  of po in t s ,  running n e s r l p  

p a r a l l e l  t o  the  curve e s t ab l i shed ,  shows the  jump as being upstream from t h e  

p l o t t e d  ewve,, These p o i n t s  r ep resen t  observat ions taken after  the water had 

been a t  a very POW discharge f o r  E considerable time and then r a i s e d  to a 

h igher  disaharge. During the pe r iod  of low discharge an a lgae  growth appeared 

on the  l i n i n g  above the  v a t e r  l i n e .  This growth probably influenced the veloo- 

i t y  of the  water t o  a conalderable ex ten t  when I t  was aga in  r a i aed  t o  the 

higher  discharges. 
9 By us ing  the equation e s t a b l i r h o d  by Hr. Binds,  vl + Pl = V2 C P2. 

t he  t h e o r e t i c a l  p o s i t i o n  of the jump may be computed. Severa l  ucknown fac- 

t o r s  a r e  encountered at t h i s  point .  The f i r a t  i s  the r e l e c t i o o  of the  c o r r e c t  

value of V at the  ent rance  of the jump. ! h e  average ve loc i ty  a t  the  cross- 

s e c t i o n  may not  be abeolu te ly  c o r r e c t .  On the  o t h e r  h ~ n d  i t  i e  not p r a c t i c a l  







R - The H y d r a u l i c  Jump 
Flow approximately 500 s e c o n d - f e e t .  

e , - - zr..-!3r, and Algat* near s t e t i o l .  l l 3 f O @  

Uncompahgre P r o j e c t  - S ~ u t h  Cans: C h u t e  ,t S t a t i o n  107#50 





Since  t h e  purpose i n  computing t h e  l o c a t i o n  of t h e  jump vas  as h r o w h  check 

upon t h e  a d a p t a b i l i t y  of t h e  fo rmula ,  t h e  mean v e l o c i t y  e n t e r i n u  end l e n v i n g  

the  Jump was used. Th is  v e l o c i t y  was obta ined  by computing a backwater curve 

f o r  t h e  f low,  bo th  above and below c r i t i c a l  v e l o c i t y .  The curves  were com- 

p u t e d  from the  c l o e e o t  ~ a g i n t :  e t a t i o n  t o  8 po in t  beyond the l o c a t i o n  of the 

jump. The v a l u e s  o f  V were computed from the  fo rmula ,  Q = AV. Table 2 shows 

t h e  computat ions  f o r  the  l o c a t i o n  of t h e  jump. Since  t h e  a c t u a l  jr~mp cove r s  

c o n s i d e r h b l e  l eng th  of c a n a l ,  i t  i s  ques t ionab le  as t o  what p o i n t  or1 the jump 

the  e s t a b l i s h e d  p o i n t  r e p r e s e n t s .  For  eese  i n  o b s e r v ~ t i o n  and  un i formi ty  

t h i s  p o i n t  was cons idered  as t h e  h igh  po in t  of t he  jump, o r  a p o i n t  from two 

t o  t h r e e  f e e t  downstream from t h e  c e n t r a l  p o i n t ,  formed due t o  the  h igher  

v e l o c i t y  of the e n t e r i n g  j e t  i n  t h e  c e n t e r  of the canal .  The observed lo-  

c a t i o n  and t h e  c o w u t e d  l o c a t i o n  of t h e  jump check v e r y  c l o s e l y  (F igu re  1 ) .  

The re fo r e  i t  may be s a f e l y  concluded t h a t  f o r  an e s t a b l i s h e d  va lue  of n ,  t h e  

l o c ~ t i o n  of t h e  k v d r ~ u l i c  jumn i n  an open channel may be computed wi th in  

p r a c t i c a l  l i m i t s  of accurecy. 

A i r  con ten t  i n  flow. Observa t ions  were .w-de t o  d e t e r n i n e  t he  amount of 

air  a n t r a i n e d  i n  t he  water es i t  flowed down the  chu t e .  Two mathods were 

employed. The f i r s t  w ~ s  t c  e s t ~ b l i a h  t he  v e l o c i t y  by t h e  method of Q.= AV 

and t h e  second was by the  u se  cf an a i r - con t en t  measuring dev ice  designed by 

Mr. D. C. McConaughy of t h e  Denver O f f i c e  of the Bureau of  Reclamation. The 

McComughy aev i ce  works on t h e  p r i n c i p l e  sf measuring t h e  amount of a i r  l e f t  

i n  an a i r - t i g h t  t ank  by a g iven  amount of water p a s s i n g  through t he  tank. The 

e n t e r i n g  a i r -wa t e r  mixture  cams from t h e  cana l  th rough  a p i t o t  en t r ance  and 

e n t e r e d  t h e  t o p  of t he  tank. The water  e x i t  was a t  t he  bottom. The water 

s e t t l e d  i n  t h e  tank and l e f t  all e n t r a i n e d  s i r  within .  The f i r s t  method con- 

e i s t e d  o f  f i n d i n g  V by t he  c r o s c - s e c t i o n  method and check in s  t h i s  v e l o c i t y  by 

p i t o t  tube  measurement (F igure  9 ) .  P i t o t  tube obse rva t i ons  made a t  S t a t i o n  

lot00 checked t he  v e l ~ c f t i e s  ob t a ined  by t he  c r o s s - s e c t i o n  method. I n  both 

c a s e s  no app rec i ab l e  a i r  con t en t  was noted. h ~ v e v e r ,  i n  coming down the c h u t e  

t h e r e  w a s  fi f r o t h  on top  of t h e  j e t  wnich appeared t o  be e n t r a i n e d  a i r .  

(Appendix I and F i a r e  2, band Cj. 
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A - The P i t o t  Tube Setup 

B - P l t o t  Tube a t  S t a t l o n  110 f 00 

Uncompahgre P r o j e c t  South Canal Chute a t  B t s t l o n  107 f 50 



sectionel end surface distribution of the velocities in the ahooting P-nd 

streaming jets. The croas-eection distribution in the shooting jet was deter- 

sined by pitot tube observatione end in the streaming jet by current meter, 

The eurface distribution was accompllehed by timing wood floats for a 50-foot 

distance. These resulte are plotted in Figures 1 0  and 11. The velocities are 

very even after leaving the j m p .  This shove that the Jump not only diesipate8 

energy but ie a meane of equalizing the energy in verious parts of the jet. 

OTHEL STUDIES 

Plow conditions in the transition section. There is a very distinct 

drawdown of the water surface et the entrance to the concrete lining (Figure 

12A). Studies were made at the entrence, for the determination of entrence 

coefficients. Table 3 lists coefficiente of velocity found by assuming the 

control point to be at the bottom of the drawdown curve, at Station 107+579, 

and also assuming the control to be st Station 10f3+22, far enough downstream 

to be beyond the infli~ence of the drewdown. These are plotted on Figure 13. 

The coefficients at Station 107+57& were 10 percent ~reater than those at 

Station 108+22. This indicates a loss of head between the two stations far in 

excess of normal conditions. As the water comes out of the drawdown there is 

a conversion of veloeity head to elevation head which resembles a hydraulic 

jump. This is not e true jump because the entrance jet is above criticel depth, 

but the phenomena evidently causes & loea of head in the regaining of the ele- 

vat ion head. 

Table 4 shows the results obteined when computations were made to deter- 

mine the back preeaure at the control point caused by the cantrifugal forco of 

the water. The effect is negliqible in this case, and no further stukv was 

made in thls connection. 

Path of jet leeving model. The return of the water from the Boulder Dam -. 
Spillway model to the canal is a h o m  in Figtare 12C. It was desired to mesrurs 

the path of this jet and to estsblieh its equation. Thie was done by assuming I .  the bottom of the return tunnel as the X axis and the vertical line through 

the end of the tunnel as the Y axie. Coordinateil were then measured as shown 

in Figure 1 L 7 .  l'heee values are plotted and ths equation of the curve estab- 

lished in Figure 14. The quantity used for the test wae 112 second-feet whtch 

represented the maximum discharge over the spillway. 













COMPUTATIOrJ OF Q W T I T Y  AT S!fAPIOH 107+574 

Considering Presetwe Due to Centrifugal Force at Entrance 

Increment : : Mean :Mean Effec- : Hean : Area : E Area : 
h b e r  : Top F, : Bottom  retardi in^: t l v e  Head :Velocit I of  In- : (Aom : Qantity : 

From W. S.: : F, : Bead : 2 . 8 7 6 - ~ . ~ . ~ .  :Y = &: eremerit: #6 UF) ; Q = AT : 

1 0 : 0 1 : 0.065 : 2.811 : 13.44: 6.L 46.8 ; 86.0 : Totalr@antltg 
635.  6 

2 : 0.131 : 0.335 : 0.233 : 2.643 13.04 : 6 : 42.4 : 151.4 : 

3 : 0 .  : 0.b48 : 0.392 : 2.484 12.64 : 9.5 : 30.8 : 120.1 : Observed . : K z V  Q Completed 
4 : 0 . W :  0.528: 0.4~t3 : 2.3g8 1 12.39: 6.9 : 21.3 : 85.5 : 







-- in Steep Chutes 
Stutlic.\ t i l i~ t lc  in coclnc.ction \\*it11 tllc dcs igr l  of t h c  sp i l l -  

\\.;I!. 41f (:lc l i l \ ~ t l l  1);1111 i ~ n d  t l lc  t u ~ i n c l s  of R o u l t l c r  Ili111l 11at.c 
hclpal to c l e a r  1111 ")c~ic o f  t l ~ c  utlccrtaicrricc in  conticc- 
tioti \\ it11 flo\\. coni l i t io t i \  in h tccp  c l i n t ~ n c l ~  acid sp i l l \vays  

. . . . . .  ~ 

i l l  :l111-1: -11111iei a rc  sct it>rth. 111c I I I ~ ; I ~ I  vc~locity, will: n frir1in11 111.; 
4 r 

rori~l)utetI I I ~  OIIC oi t!~t .  \vcll-krll~iv~l 
(E?: l ' h c  fornl;~tion of a houndnry Inycr I r l l l l l , , , ,  l l c  I , , r c c  i:t(,. I-A STFED CIIUTE on the Uncom- 

pahyrc lrrlyrllcln proie 
i l l  I to I I t r o r  c i ~ i  rlllu drvtlops -,,,, ..., .., ," ;\- l!ic \\.;llc.l' sl:trt* tI11\\.11 lhc b l c ' ~ ' l l  ~ ~ ~ , , 1 ~ 1  i t s  i l l ~ ~ ~ v i ~ ~ t l ; l ~  v,sl1)c:ty, ~ I ~ L I  ~ ~ I I I I ~  oi 

c ; >c-cli~~l: Ibi ;I ci1111c. t11e p~irtkoll oi 11 l l l c  ll:lrtic~,.G tvil1 lla.;c :I erc,i:cr vcl1.~c:ity 
g-, \ l C l  i I 1  C I 1 1 t l 1 l  1 5 ;l l l , l  ~!ll.rcillrC \\.ill ; , ~ C I I I I I C  3 11:~ttcr :r;l- 

011 t i l t  I ~ ~ ~ l t ~ l l l  . l l l l l  a t  the ~ i ~ l t ! ~ ,  Ilcl\~l'vcr, rrc.,.~~r near lllc zurincr. IIIC.SC pnrticlrs 
i l l  \vllicli lllc. vrlocity n~l;nccllt to lllc ,,;II l l c  t l l c  nllL.; \vi t l l  t l lc  t1:,ttrr;t trnjcc- 
\vnlls nlltl lloc~r is zcro n111t lh;~t at tile I,,ry, al lcl  Illere \vill ic\v pnrticlc.s 
rlulcitlc chi thc z~*!lc rrncl~cs Illat of 1!1c lllL.lll I l r C v C I l ~  t l le l l l  ircItll i1,lln\\.- . ‘..,>- 
cell,:.: 5rc1icl11. 111 tlii.; tlnrrnw ho11nt1:try ill!: [),?I,. llnlllrnl courzrs, I { ~ ~ ~ , ~ ~ ~  t l l c  
!aycr : l~ t rc  ii l!lc.rcinrc n rapid i n c r ~ n 5 ~  l l rn r  t l l c  .llrincc. cillcCi;llly nt-nr 
in vclocity \ v i t l ~  incrrasinc clistnncc t l l c  llI,I,,.r cl,,l [ , i  l l i r  c~llltc. .  i S  rc.nr,ll.fll 
it-OIII tllc *iIlc \vnlls. o r  ill otllrr wortli. irjctioll i l l  ~ , ~ ~ ~ ~ ~ l ~ ~ ~  layer, 
I I I c t  r e .  In as prcviously exi,lnillc,l,  ;, ,..;I, I.-,,.,, ., 
the side itrips tlic tlow is very turbulent vclocit!. Ilcnrly c l , l l ~ t l  to I 
and air is cr~trnicctl, ~ i v i n g  tlle water n I,c ZIII .C th \,: ?c n1q1c:1r~.11ce, as SIIO\VII  i11 1 ; i~ .  I, r i l l  0 1  C O I I V ~ S  c r t i c  C I I ~  &+Od cL,,\ \ \ l i ; i ; i  : ..-i~lres the: conditions in a s trcl~ it is 1lc;ir:tblc that chutrs be tlcsi~nctl to a -d - -- 
chlltc on r l ~ c  U n c o t ~ ~ i ~ a l ~ ~ r e  irrigation t ~ c  : t i  tlnt nr rlntter tllnli the trajectory FIG. ~--:)I,+~IQX~>-S~~APED FIGURES ~)roicct in ('olorntlo. 'I'llcrc is n sirl~ilnr , ~ i  ;L projectile \vi111 an it:::::! :!!::c:!--! ~ r r  lnemnl hu r h t  hi-her w.avrs thar dc- 

zo11c i : ~  ctjrltact \vith tlic botton~. I~u t  it o i  111nt of the funls n1,ovc tlic carvr, anit : l ~ ~ ~ ~ , : ~ ~ e ~ s $ ~ & ~ f ,  :t~c ,"&': $ is not :I< n1111nr~rit since it is not in con- n vclwity q u n l  to that which \\ottl(l hc lure of r mcrJcl of the spillway uf Clr Elum 
tact \vitll the :11111o.;pherc. nnll air is Dam. Hy usins r dumc w i t h  llcrible sido 
~hcrefc~rc nclt rntrni t~s~l .  This 1)ountlnry r"O'lucctl "y total "'I to lhnt ( l o r e r  pinure) i t  war found possible to 

I;~!.,.,., ,lolll orl tllc bottonl and sides, is 110i1lt. 111 solllc casts, howcvrr, tllis develop a transition srnion in which rbc 
n:lrro\v top cllule but III" provc very expcnsive, mil solllc- IIOW, thou& uill producing a complex 

, .  , - -  ~- have ~,rcll llsc,l, as wave  pattern. produced nu high u.rvcr. The 
. . ~  . ~ .. - .... ~ - - shape of he mntraccing part of the flume 

I , V  i l l  1 ;  1 The \Vat;; i n '  the \\'ill Ilc l.slllainc(l Iatcr. cxrrcs ~hc  grcatect indurnrc on the patterns. 
- central swiit-fiowing portioll has a \ \ ' I I c I ~  tile vcrticnl curvc is concn\.c. 

-...,I t!lc accelcra- ;I (io11I)lc \~)irnI ~~lot iol l  i5 set Ilp. silllilnr ~clltctl by PI? n~ltl I?/"). '1'11~~. rntlius of 
,,,,, ,,,,,.inC (lo\\.,, 10 tllnt \vllicil t;lkcs 1,lacc ill  tlcll(lb; in an curvnttlrib causing tlrcsc iorces is  the 

cllute i a  rcelllccd btlt little tlic elfeet 'ncl(l+c'l c11.711ncl. Thic is cnusc11 I]!' tllc rnnl:, a t  the ccarcr and sitlcs of the 
oi frictictll tllc sitlcs. 'I'llis cerltrnl cc~ltriillg;tl itlrrl'. %llo\vl1 ill I:~K. 3- flurnc, but t l ~ c  velocity is greater a t  the 
~~ort ior l  I I ~ C O I I I ~ - S  rlnrrO\c'cr alltl tllinrler \vIlicll rc'I~I.l'.cllls the llrl'ssllrl.s s1.t 111' I1!' center, t l ~ u s  g i v i r ~ ~  riic to ~ r c n t c r  

Ix>llnclnry layer incrcascs in tllick- :I Cc~rlCn\.c \.c':li~:ll Cllr\.e il l  n rccl;rtlL!lll:lr ccbt~tr i iu~n\- iorcc presjurcs at the center 
rlcl;~, allll f i  t f l c  c I ~ ~ ~ ~ ~  is ll) l IC c I I , ~ I I C I l  3 I ~ I I ~ : I ~ . .  1 ' l l c .  (Ir~lllfl lii thl. \V:itCr :It tllc c ~ i  tllc I ~ I I ! I I ~  nntl a rcsult;~nt cer l t r i i t~~nl -  
I I G ~ ~ ~ ~  is rmc)lcll \,.here ttle vclocitv i s  : I  I t c  1 1  1 ~ 1 : l l l l l  1 1 -  ~ I I ~ C L -  eiiect nctilli: toa.nr(l tllc sitlcs. 
throug)lorlt tile Cntirc cros.i-srctioll i.; ~ I I R  111~. I)cnd Ilci~lr: illc Pnlllr. the prcs- -1'Ili. ltrc--.llrlq. I I ~ ~ I I ~  grt3;\tcr 111~1r tllc 
cr-~rlsi[l~ml)]y rctnrtlcd 1," siclc iricli~,ll. ~ I I I ~ V G  I ~ I I C .  141 111~. \vci<lll 0i tllc \V:Ilcbr. I)IIIIIII;;. ~ i v v *  r i x  to 3 do~i l~ lc  !ipir;~l 1110- 

\ \ ' l ~ ~ r l  11ri.i poirlt is rractlccl 111,. scrriacc Y ~ ~ ~ I I ~ ~ . - c I I ~ L ~ ~ I  111c nrtW;is :!:l :Inel cc tic~n. n . ~  \IIO\VII it1 111c lt~ivcr r l r a \ v i r~~ ,  
I~ccon~c,. rotrrl~. s i r~rc  111c turI>~~Icnt zone nrc ctl11;tl. hs tllc \v;ttcr Ilo\vb ;~rotlntl 1; i~.  3 Tl~i- I I I O I ~ I I I I  \ \ ; I <  very p r o ~ ~ ~ i r r e ~ i t  
1135 l-\:cn~IrtI t i l r o~ r~ t l  to the \vntcr tilt cc~~lcavc I ,c~l~l  tllc c r r~ t r i i u~n l  iorcc nt the concave ctlrvc in the cllute of 
wrfacr. 11i I ~ I C  w t c r  scts rrp n ~lrcss~rrc. rcprc- 1:i~. 1. n~ >Iin\\.~r I I ~  the rnpitl I I I O V C I I ~ ~ I I ~  
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I'~NGINF.ErlNG SI.?,~,..b.taorl~, . l a x t ' ~ r v  ' lu3n 

• Ui t h e  %Vhlh' t ~ , a h ' r  I1',~111 Ill*.' . , I t l t ' -  i l ¢ r o - - ,  
the ..,ttrlact' ixt thc Iluxnt. bcl~,w tht' bcntl. 

tA~t'cts o f  non.uniforn~ width  

It" the chute or trt,u.~h i, m,t ,,i tu|i- 
ft,rxtt width, a peculiar w:~vv :,eli.It i ,  
:tl,t t~ rt.stth. Fig. 2 .,hmv~ the condi- 
licit., occurrin~ ill a nloth'l Ol' the pre- 
l iminary (le..,ign of the spilhv:,y of tltc 
CIc Elum Dam in Washington. Similar  
diamox~d-shapcd li~urcs have beell ,d~. 
.,erred int a xmtnber of t.ull-sized struc- 
tures. It appeared as though a stream 
of water,  of a depth ctmsiderably 
grea ter  than the average in the flume. 
was deflected by each ~idc - i  the con- 
verging section and movctl acro.-~ the 
flume to the opposite side, wht.rc it im- 
i,inged on the wall and ~:t~ dettectetl 
back, at the center oi the flume meeting 
and passing through the similar streatn 
tlt'l|ectetl front tire opposite side. The  
intrtMuctiol|  of coloring matter into the 
water  t lowing dowlt this tlnmc, however. 
imntediately demonstrated that the water 
i t ,e l i  flowed nearly directly down the 
chanucl, anti did tint follow the apparent 
direction at all. This proved that these 
ridge.., were not currents hut merel.v 
:vaves that moved acro.-s the channt.I. 
The  dia~onal direction of *he , ' ave  was 
due t,~ the lon~.itudinal movement of the 
water  in the flume. The direction was 
the resultant of the motion of tt~e w a v e  
across the flume and the movement 
along the flutnc of the w;tt.er throu~lt 
which tht- wave v,.:~s travt'lin'.:. : \  cora- 
l,arisen wa.~ madt" nf the ,lircctinn ~i 
the ripple~ ob..,erced in a Ilnnte t, i  nni- 
i - rn t  width and thr, se computed on 
thi¢, basis. The cross wave~ were as- 
-ulned to move at right atlgles to the 
: ides of the flume at the wave velocity 
\ '  ~d---~ where d is the depth - f  the water. 
For  depth.~ of about O.l ft. or h.-~ the 
wave velocities seemed to bc s .mewhat  
Ic,,s t h a n  cotnpnted by the fortnttla, but 
fi,r depths of about 0.2 f t . . r  more the 
la:v seemed to hold. 

The  Mudy of thi,  %%:1~,' motioIl ',v;t~ 
t~,,t snf f ic ivnt ly  t-~mq,rt.]~,.n-ive to enable 
., c .mph. t t ,  ana l , . - i -  ,, i  t lw  phen ,mena  
: .  I,t. ula,h' tr, ml wh ich  ;t qt t i .~ ia¢tory 
-hal~, - (  .'.lfilhv:Lv ~vith dt. t-rt .a, in~ w i t h h  
r,,uhl I~, cottWtth',t, but bv means of  a 
model with lh.xil,lt...iLh.- -tteh ;t -hal,e 
~;1~ w~,rkt.,I -tit. It ]t:td ;t ,-rclhm Ore-  
tractin~ frc,Tl~ 21t~1 t,, 11̀ 1(I I t  ~idth. and 
~.xpandim.: t,, 2~1~ ft. t~i,hh a'.,:du at the 
1 , , w t . r  c n , t  ] ; t  it  t h e  w : l v e  | ) ; t tLt ' r l |  wa .~  
t't,Tnp]t'X, hut ~:tvt' n -  hi~:h wa,'c., at ;my 
l.,it~t, a- .,.h,,wn it'~ the lowrr phr,t,~ 
:.:r:tph. l:it~. 2. It ~,.:l-~ foun,I that the 
-h.tlW (,f the o,ntr;u'tintZ part of the 
thtnle exvt'ted :l ~rr:tt itlt]llrnce Oil the 
wave pattern,: ,t.t lt]L but the shape of 
the exl,an,lin~ ,ecti-tl  ha,l little effect. 

In the d,.-i~tt of rhnte~, and ~n fact. 
in all -tttlctllrt '-  in ~Iticll the ~..:th'r 
ll~rlV('¢ :It I , ' - -  t h ; t t t  eritlcal depth, it 
-~lolthl I . '  t,.;m'ml,t'red that rhant:e~ in 
t!w horizeml:d ,lirertirm r,f f l , ,w are apt 
t,, be ttifl~cldt t,, m:,k,., and theref,,re 
-houhl I,e .lt,,hh.,l if 1 ..... ihh.. They 

o 
0 / t 

t I I I 

%,,, s I t • 

FIG,  3-- , -C!!NTil l l  t/t~,M. IOKCl iS  at  ~ett~- 
e a l  c u l r v e s  l ~ t  u p  p r r s l u r e l ,  ~ts s h o . ~ n  d ~ J .  
e r z m m a t i c a l l y  i n  t h e  u p p e r  l i n e .  that  e e s u h  
m a d n u h l e  s p i r a l  m o r i o n ,  as  i n d / ¢ a t e d  in  

the lower line. 

l i+,lVIIl~ ;It ~ l t ' i l l t ' l '  I l l : I l l  crit ical  ~.t'bl¢ltv 
t- .-+, Ilaltl t,~ c,~nll~d. It i- ;tlr.t~ a vahl. 
;~i,I, + aid m xi.tt:di,'in~ the re:t.,m f~w 
IlI;IIIV I , Ihc l"  I th l ' l lOl l l t ' l l i l  I~i f ; i - t - l l lO ' , ' i n / , :  

t~.tlcr ill chatn |c l , ,~for  vxmnplc,  why 
111,. level of the water  helr,w ;t ,w¢tfl,u 
,,i it thl¢llo ill which the velocity is 
~.rt':tter thalt lhe critical ha ,  no effcct 
ul,,:n llmv cottdilinns abo'.c the criti, 'al 
t , . 1 - c i t y  section. 

Friction losses at high velocitie., 

])atzt on friction It).~cs ill opt'It chalt. 
lltq~ at high vt.loeity arc  scarce, and 
there is con,iderable difference of 
,,pinion rcg.trdint: ~tteh losses. The  
l,t'~Idt.nt i.~ COml,licatcd by the inclusion 
,,f air in the `1hnvin.~ water,  which gives  

f,~,?C} : ~  P-oGh, v¢ ~,,ch 8et.,*,*n S,~,,on~ S,u,,,,~; 
"!/\  , ,ow of 6bO Sec ,rt 

f~5,:S ~ " , ;...,,_.~ , - . . , . . - - , , - . . . . ,  . , 

r P r o f i ! e  o f  F Io~ ,  s , ~ .O" - '~ " -~  "' 

,'. . . . . . . .  ; .-T ' ' ~. .L " L 

FIG.  4 - - S E C I l O N S  O F  A C H U T I "  o n  the U n c o m p a h g t e  i r r iga t ion  p t . i e c t  u~ed in 
the study ol  f r ier /on Io,,,,,rt at h igh  ~t ' lotit irs.  

,h-uld  never be made tnlh:s~ model test,; 
ha~,. proved that the desired rt.,.ttlt,, will 
l,e ~,-cure(I. Wl,.ere the dcl,th,~ at,. 
~:reater than the critical, chan,.:c-~ ,t" 
direction can be made with c-ml ,ara t ive  
ea,e. This  is most easily vi,,ttali/~-d hv 
;t conception that is frequelltly hr,,u~ht 
-tlt in European litcratur(, but d,,e,, m,t 
-,.vm to have been largely u,;e,t in thi,~ 
c~mntry. The erilit 'al dCl,th of ~.t.;th.r 
l l , ,~m~ in :t r(.ctan~t,l;~r ch : |mwl  i- rt'- 
1;tted t,, vel,,-itv t,i |t,,w bv lh,' f,,rmttl:, 
l" = . . . .  .'~,~d- "l'hc ~,.h,city ~,f lh,. wa~,. 
m,,ti,,n i,t tht. ch:tt:n<.] i. aS-,, 1' \ '; ?ld, 
If. i;l :t ~tre:;Itll rd* %%;th.r tlHt%lllk" :It :i 
~vlo¢itV ~x'catt'r th:t:t tht' ezlliczd ;tvvl 
H-" *ore at a vt.h~t'ity 2lv;ttt.r than 
' t  9d, an ohstructirm i'~ |,lac~.d in a 

: l h t I1 l l e r  that w(,uld ( ' ; t l l~t '  ; I  %gil '~'~" t,z 

?ll,~t,'*" till  thf* r.tream, thi. ~ : ~ , ,  t ' ; l t l  II|OVI" 
~xl,-tre;,nl with r,r-l,,'rt t,, lh,  l`1,,wln~ 
~: , , . r  :,t a v~.h,citv c,f . r ib ,  \ '  q,i. which 
i- h.-- than th,. , ' l , , .~-Ir, ':ml t t , , thm ,q 
the' v,;ttt.r, alld tht.rrl',,rv the' ~:;tv,. elm 
t i C , e l  h,"l~,t, ;t ,TIl't l lh~%t' l l l l 'nl  III~-ITcILH1 

ri-t. to the condition where  O i.~ tl,,t 
v, tu,d to . . l l ' ,  it" .I i.., the mea.-t,rol ~a tc r  
crtl . . . .  ectb,n, il:cluding the air. In in- 
~t..,ti~:lthlg thi ,  .,,ul)jcct f,," tht. dt ' , i~n 
,,f tht." ttmncl of the l~onl,lcr Dam. ob- 
r . c r v a t i ~ t l l .  %,,, c i't • n l : l d t .  (Ill t h t '  thJ~v 
l h r , , l lL~h  ;t c h l l l C  Oil t i l e  l Tl l¢ ,~l l l t~; |h~rt"  
i r r i t :a t i .n  prujt'ct in F,d,~r:,,l,~. Tht. 
I,l,,tih. ,,t" thi.~ . , . t r t t c t t n c  i -  . . . h , |wl l  o n  
I'i2. 1. Th," dl,ch:tr~v ~.t-  t:Lkcll from 

: |  t ' , l t i l l  U Clll"~,l" ba~t.d t t I .P l l  : t  lart:t" 
| II |IIIIICI C~f ¢ l | r r c l l l - l l | C l t ' r  I | l C : | - l l r t ' l l l C l l t h .  
1~ ' : t t t ' r - ' . , l l t  f a c t .  t . I cv :d iq  ql... ~% t ' l ' O  I lW: t ' . l l r t ' t l  
l ,  ~. m v : | : t -  ~,i' ;t I . , i t l t  L:a'.2,'. t he . . iV~ ' l ; . l tLe  
,I,v;tli,,tl ,,1" ab,,tlt tell I ,dnt-at ' r , t - .~ the 
"111 i : t t , '  bt'ill~* l:ll, t ' t!  :l': l ib"  l l | t ' ; l l t  f, l r  t i l t ,  
- t , t t l , t~ l .  f )h-t ' l*%:ilt ,  q l .  :~I' %%:tlt't - I l l f a t ' e  
th-vati , ,n,  f,,r al,ntt 21"1 dilft'rt.l:t ,li,~- 
char.L~,',, %.,.t.lc. l l l i ldC l i t  :t l l l l ' l l b c r  ~,f g t a -  
t u , : l .  :I]~TI,.: l h , .  | h l t l l t . .  a l l d  ; I l l  t ' ] t ' v ; t | i l t l l -  
di-chr, r~:,. cuTv,, w a .  ¢,~tl~-trtlqh',| for  
,';it'lL '-t:tti,,n. : \  o, rv , '  *,f th," l , , . i l i , ,n of 
th ,  jump ~'~. thv ,li-¢h:tltO' w:t- :tl.'.t) 
Id,~ttvd. l;n~,m th, ' - ,  ~l:tl:l II , '  profile~ 
f,,r ~:tri,~tt- , l i-ch;t~v~ in llw flume were 
| , b , t h ' , ] ,  :lllfl l ! l , '  v ; i h l c -  ( i f  ro t l2hne , : , .~  :i 
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V a l u e  01 n 
.A ~ i c l l r .  i l l  rlloct ct~nntlrt- \vith tilt! ortti- I I + V I  I I ~  placccl or, catr~~l:.~tccl positiolls. - ~ I L .  s-RoUG~ISESS V*I.UI:S f lvr  th r  tl;lr, c.c.lc,;ity cotl~litinn~. : I I V I I ~  1 . 1 1 ~  eonditiolli \vI~,~rt- tllcrc is a con- 
c, t o t s  section ui the Uncamprhpre llurnr r s  

deermined hy Afrnllinp jnJ  ~ u t l r r  'I? 11itvr 11111c' a1111 float i l l  tile L'liconl- ~i1IcraI1Ic eltango i l l  cI tan~~eI scctiori o r  
5$ f~~rn~ulds. lt:~i~:rt. ciirt.11 (I+-iz. (ii si~otvctl that rlcvation. tllc positio.1 o i  the junlp can 
8( 111t. i\.:~tc.r ;~rc'~ci-t.tIccl ~ I ~ I \ \ . I I  t l t c*  clitch the I I ~  doubt be conlput~cl -,\?itll consideratr1e 

&. Cf,llll)UIC(I tllc KllffCr and >Ian- \ t C  t l  0 C : l l  I l l  1111- accuracy, 
. 1 1  i r n U  1 1 1  I 1 .  j 'rhc. I .  r ~ : l l i f l s  ! t r i l l t i o l l  c C -  Tlic cxpcrinlcnts or1 tllis flunlc \\.ere 
: ] I  of I I I I I ~  of I . 1 :  1 1 1 1 1 I I I ; I ~ I C  11y G. C. \VrigItl. aszisfant engi- 

f l t l r ~ ~ t -  i. alm\ec 1 1 1 ~  csitic:~l. I c i ~ t  'l.i~c al*,crrntior~. OII tlli. clitcl~ ~ n v c  rlct.r, ~trlllcr 111c tlircctit~ri of t11c writer. . w i i ~  rll;rtlc 1,) c o r l ~ l~ l~ t c  tllc ro11,~1111c.z an unusual opportu~~it!. to cl~ccl; tile nc- '1 '11~  tlvsig:tin~ of all c:lcial s t r~ ic t~r rcs  ni 
valuri iur 51111rt .c'ctio~l~. IJ!I~ t11e ! curacy of cvrnputntions. Rivilig the lo- thc Uurcau of lii.cl;~rnntio~i is under thc 
~c l~c i ty- I tcad  errors  invc~lvctl in a s l i~ l i t  cation of tlic l~ytlraulic jump Iiy tltc direction of H. N. .\lcl%irnry, rcenior 
irl;lscrlr;lcY t i l c  ol,.;crvation oi tlie r~ict~~ocl  clrscril,ccl 11y julian IIinds i r l  ltii errpincer, All de s i~n ing  :111c1 rcie:~rcfl 

1 v t i . z l l r i l ~ c  r e  ; 1 1  ;)n;)tur on "The Hydraulic Jump ari*l arc under J. L. Snvacc. chief dcsipil- 
, rc . l i ;~l~l~~ v a l ~ r e ~  oi iricticrrt loss inr 511ort C'~.itiral Dcptti in tllc I)ccixn oi IIy- i r~g  cn;incer, ant1 R.  I:. \\'alter. chief 

zcctioli. coul,~ not ],L. S C C I ~ ~ C . ~ [ .  * rhp  tlrnrllic Structures," E.ItR. :\'ov. 25, cllpirtcrr, Iknver. and all acti\.itics of  
v:tlur> rt.l~rescntetl i l l  tllc t i p r c  \vcrl. I C ) N .  p. 10.1-(. t11c bureau are ulltlcr tile directinn of 
~Ictcrtt~it~t.lt iron1 as great ;I Icllfittl a.; TIlc rcsuit.; for tllrcc ~Iizctinrgcs arc 1311vnocl 3It.arl. cornmis~iol~er. \\'a-tiin:,.- 
~~o .~ i l~ lc . .  ranRinR irorll .3.50 to 700 i t .  y ivr :~  iri Fir .  4. For t l i a c l~ ;~ r~es  of 350 tc:l11. I>. C. . . I IIC ro11g1111css valtrcs arc IIOK tloticcnl~ly 
tiiiicrrrlt iron1 tliosc. tllat \voirltl Ilc C-S- -- -. ~v:ctcd ior flows at low velocity or suit- 
critical \clocity. 'I'lle I~oltc~rll oi tllc 
tlrln~c \\.:I. of nlc.tlitirll >r~~ocrtl~ T O I I C ~ C l t ' .  

' I . I I ~  sitit. \\*rills I1r;lr I I I ~  ~~ottol l t  \vere C C I I I C ' ~ ~  Industry E r ~ ~ p i o y ~ ~ l ~ n t  1ncre:iscd lJnder PWA 
r~tugltt .~lc~l l)y frost nc.tic111 at111 xr r~ \v t l~  
chi 111oi>. Lut I l i ~ l ~ c r  111' tllcy \vcrc OK I- '1'1 1.\S 7O,M0.(7(m ninn.11our. I :ri.:~liillt: tltnvn Illc tijil~rc- furtll~.r. 
I I I  I I I ~  i t  I I M o f  ~ ! I I ~ I ~ ~ I ~ I I I ~ ~ I I ~  11:ivc Ilc~rt crc;~ti-tl t11r rcp~*rt  ~ I O \ \ . <  t11nt :III ~ V ~ ~ ; I C L *  t>i 1 . 3 ;  
llc..;s valut.li .stlo\vrl on  I"~x. 5. st:lrtill:: a! i \ t l c , l c~ ,  I ~ J > . < ~  : l ~ ~ t l  l ~ v c r  $130.(M)O.- ~ I I : I I I - ~ ~ I ~ I I ~ -  e l f  l:il*c,r i -  re~l~lirccl il>r t-:ik.l~ 

- 1 1 ~ 1  ' ' 3  i c  I , I I i t  I r ~ l -  1l:trrel 17i  ~,t)rtI;i~ltl C ~ I I I C I I ~  prnL!tlc,.,l. 
I I I : I X ~ ~ ~ I I I I I  ;11111t1t 0.017: an(1 tIlc11 (11.- ill: ;l,lll l l : l l l , l~i~~< I I ~  ~ - V I I I ~ ~ I I ~  1 1 . t ~ t 1  (,:I ' I ' r . i t ~ -~~c~r f~ t t i~~ r l  t l i  r l ~ t -  tc, till* " 1 1 1 -  1 1 ( 1  ; , l l l ~ l i C - ~ \ ~ ~ r k .  ~~ r tb j c~ .~ .  \ \ I # I I I  ;I. \\.;~<t.i. ~ . ( I I I : I ~ U C : ~ U I I  .it(. : I \ . C ~ I I I I I ~ ~  f~~ the 
(.llnmc ir~crcasrd. . l I r t t  I I I I I I sllnrts of Inbcw ~c.~luirc~~lt . t l t i ,  ir~v~lvill:,. 
. It > t . ~ l : l i  to 11t. ~t.llc.ralt!. :~crc.t.ll til.?! : t t  i I t 1 t i t ~ , . .  'I 'l~ta~c O..iO.? ! I I : I I I - ~ I I I I I ~ S  lwr lb;lrrtsl. \vlIiltb tilt. 
! l r  1 3 2  1 I \ .  1 1 1 1 1 1  :,I,. id,:. itir1irt.t.f 1.1lt1,:. ; r l l ( l  ~ 1 . )  lllvt IT I : I I I ! I~ : IC~I I~~I , : :  I I ~ o c ~ * ~ ~  rcllllirTz ~l,.pl'J 
itir an11 tv:~ter i. I IWI  in t1 l iv  COI I I I~ I I~ : I -  : , , , ~ l l l t i , ~  I \ ,~ I I ,  , l t , \ t  1 8 ~ ~ ~ t ~ 4 1  i l l  111.1~it1g COII- 111:111-11c~urs f + ~ r  cacll lt;~rrcl ~ ~ r c ~ ~ l ~ ~ c ~ ~ ~ l .  
til~rls tho iric~iotl cocflicirt~t.; \vill I,I. srlll- ,.tt,rl. , , I I  t11 , .  t ~ . ~ : ~ - ~ r ~ ~ i . t i a ~ ~ ~  . i f # , .  . l ' l ~ t *  r i * l ~ ~ ; i i ~ ~ i t t ~  11.1174 ~ I I ; I I I - ~ I ~ > I I ~ .  :II.L. 

,fanlinlly tllc s;tnlc at  l ! i ~ l l  vclr)\.ific.s a. -!':I. . 1 t l 8 i i  i. t l i , .  .-t,e.t-t~,l ~ * i  :I .lhri,.i c'~t-!~tct! 111 . t t l t~~i~~istr ; t t ic>~~ :111tj >cIlill<. 
low \c.loritit.~;. IIo\vcvcr, tllc ;tct11:11 t11.1t  111e. I I ~ I I~ . . I ! I  I -  ~ . ~ ~ t ~ t l ~ l t . t i ~ ~ : :  i t 1  a:] c171,rt ' l ' l t i .  i -  llc.lc! to I l l b  UIIIV :I 11.1rtiaI l . i , . t~lr~- 

\c.locitic.- oi t!lc \r:ltcr ll:~rticlc*- nrls 1 , )  - t ~ t ~ r , .  .IL.+.+II:I:c I I I ~ Y I - ~ I I ~ , -  ( ~ i  it~tlirc+ct 4 1 1 '  t111. it~~re.-:~zt* i t 1  C . I I I I ) ~ C I ~ I I I C I I ~  ~I I : I !  it;,. 

K t  I I ! I I I I  I :  I !  t , t t ~ l a l ~ ~ \ t ~ ~ c . ! ~ t .  ! i t . i * l r t -  I I I :~III .  11v coIIIr;lc- ~ ~ r c ~ l l < ~ l t  : I ! N I I I ~  Icy t1tca i ~ e ~ ~ ~ . ~ f ~ t l .  
i s  1 )  I I I I I I  I :  I I c a r  I I I I 1 J ~ I I ~ I I I I I I  i 1 . 1 1  I 1 . 1 ~ 1 1 1 ~ 1 1 1  ,111 In\\';\ 1trtli~<1., I I ~ ~ ; ~ ~ ~ . ~  
f e n r ; i 1111  I .  111 t . t~~lll~utinc t l~c  t r n  t11;it T'.!jU~).(l~~f~ I,;lrrrls o i  rz~tlzrlt \vcSrc I*:lrrcl t7i cc.lllctlt ~ ~ r v ~ l u ~ . c l  i r i \ l v l t L , l [  
jtfctr)rir.c for tilt. t l t . - i : . ~ ~  of vertical ~ ~ t ~ ~ p t i ~ ~ t ~ ~ l  idlr II.-C i f 1  t I l c9  I - IS \ I  l'\\':\ pro- 0.2S.: I I I : ~ I I - ~ I ~ I I I ~ .  o i  ~ I I I ~ I I I ~ ~ I ~ ~ I I ~  , I ~ , I ~ I ~ ~ , - -  
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be inst;~r~!:~nct)as.  
h 1 t ~ 1 r t l i n ~  It- Fib?. :, t h ~  ~ ; i ! t * r  s ~ l r f : ~ c r  IIILI.: l,;~.. 

t h r o u ~ h  the  crit ic~rl  clqlth 11t.1\rt.c111 1 : I I I I ~  !i. ; a t  f i  ctr 
twt\veell h' xnd .If, r\:si1111t* t h ~  I):i.r:LKta- ! # I  rvt.llr : ~ f  
some 111bi11t J :rbovc K. 7'111a c t lerry rr:ctli~%~:t r1i:l.t uti~lc~r .( , . .  .'.--..-.-*...-.. I ..,.....-..v.. 

, ,  , . . . 7 ,  N i) t 5. th is  a.ssuniption droll do\rn :it ./ 1 0  ;I r n i ~ ~ i t r ~ u l ~ ~  I r ~ . i u l i t  
~ ' l l I - . ~ , l  L a 1  . I , *  * . I ,  I., I ' . I 1  \s1;,: . ' ! I  !..'.I:{, at)ovc the  bottom of thl. c.l~:~nt~cl. Tht~n.fnr10. 1111. f r i ~ . -  ' " 

tion slope f rom J to F; r:innot t ~ r  stccpcr th:111 t h r  
slope of the bRPe of r:in:tl, n r ld ,  s i n c l .  s ~ ~ l r , c  ,,,- i l l : ~ ~ ~  tlil* t.;l11:11 2111111.. it1111 : I I V  111'1nfh I : I I I I I ~ , ~  r*l~it~trc- 1r11111 
the c:,n:l, is ru,fi,.irnt ,,, m t , i r ; t : i l f l  :,I ti, :11 .\' 1 1 1  I / .  :i: %. I f  i -  I!~.vI~..:L~?. tt1:11 tt~(a \\:ttctr 

normal del,th, * , ,  ,,.hich is ,.re:ltcr thnr l  ,.rl l ir : l l  dtb~rlii ~ . I I : I I I S * I * .  I ~ I ~ ~ I ~ I ~ ~ ~ I I  .y :111~l Z, fro111 rl.,, tn fl., 11111 it 

depth. the ,,vnilnlllc is rl,lt ~ll ,f i , . icll t  !,, tlycrromc r11~1st 1 ~ 1 t  a t  :ill>- 1111i11t 11:i\1~ t l i ~  i ~ ~ t t * r ~ ~ i c ~ \ i : ~ t t ~  tIt~])t)~ d,. 
losses from to  nrltl m:lint:ii,3 do\v ttnr in i ; t ~ t  ;III! 111~1~ t I i  for. \vi~lt.li ti kt. i; It-.-. tt1:111 

tolo,,. the critical depth. rIcncc critic:il dr,,lth xt %. 'l'ht. ~ . ~ I : I I I C I *  ~ ~ L . I I I - . :  s ~ ~ ~ l t l t - r ~ l y  ttlrc~trch \vh:rt i s  
ally l,l,il,t :rl,o\.e K. I f  the kntt\vn : I .  1111% ll?.1!1.:1111ii. ,11111118. ir(1111 so111t' I ~ I \ Y - s I ; I ~ c '  

trcurs at  some point, L, i; surfnct, tlepth 111 :lrt* 111.ll:h I / . .  1 ' 1 1 1 ~  I ! c ~ ~ B ~ I I  I{. :t11(1 tht- l tr~v-~t;tge 
from to 1, nlust at  or the  dt*ptll :tl  I;. \r!lcrt. t11t. ~ ~ t u * r ~ ~ \  ~ r r ; ~ t l i c ~ t ~ t  fnt. tilt* \ : ~ t c r  
velmity will  be less th:irl norm:il. :,,,d thrrcfnrc, t h r  sur i :~cc 1-Z t t ~ t ( ~ r s t ~ ~ t s  tht- rltlr~ti:~I ~ w * r y > .  ~ r : ~ d t t > t : t ,  :irv 

friction slope will be tlntter r:rn:Il s ~ o p c ~  :iltern:ttc eneruy tlcpths, s:11111:tr 1 1 1  ri :111tl 11 I T I  F I K .  2. 
is, the of d + h2, a t  t x5.ill bC thnrl :ind if tho jump it~rolvecl no It,>:: c ~ f  callc!rpy i t  \\auld 
x. %-hereas i f  the depth occurrct~ :It 1, i t  -cholllt~ m u r  a t  tha t  point. l{c.ft*rritrc 10 Ftg. 5 t  will t ~ c  

less. ~ h ~ ~ ~ f ~ ~ ~ ,  the rnnnot occllr belo,r. seen that in order  f o r  the  ci11t11c.r: to occur :it I;  thcre 
If  t h e  point of passage is at iC', d 3- 111. will increase 
f rom K to .If and the  f:~ll in the  pr:lllietlt -.ill bc "lust I"' :Ir' incrcnsc I' .. "1'. sirtiil;~r t o  the  c.h:tngc 

than  t h e  fall in t h e  canill r rade.  Th i s  is 1o~ic:il sincc f r r tn~ I t  to T. Such a r h : r ~ i ~ t r  i ~ i  titc~rl~t~t~turrl r\.quirta- 

velocities. T h e  p i n t  of  critical flow will, th~rc!forc. :Irltl il).t. IIP,!llht,l,lC i l l  : i ~ l l ~ ~ t l t ~ t .  l'ilt~rc.:'t~tC.. 1'" 111 CI , I I : I I I I I I I  
come at h'. 

( 5 )  111:ty be ;r:.sur~~ed to I,I: zcrt,, ctju;rt I I I I I  c t i  J r~lust 
S o  reference has  been rn:~de to v:rlut+s of thv ric~l~*. t 1 1 ~ l t l .  ;inti the  jurtill c:uuiut w c u r  :rt I:. Itrlt tr111.1 liikc 



- ,  
i * 
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n -nprrIy :tclju.li~~y tht* sll:lr~c# or rc.~.lit.:~l r~lignrrlcwt 
ot ..' ~ ' ~ : I I I ~ I I ' ~  :1111lit ioll:~l t+xIt*r11:11 f~~r~ ' ts . i  I I I I I ~  I I I *  i ~ ~ t r o .  
l l ~ ~ ~ . t ~ f l .  : I I I ~  tht, , ~ I I ~ I I I I ,  W I I I I  I ~ I V  : I ~ ~ V I I ~ I I I I I ~  I O G S  ~ , f  htlt111, 
m:lY 111s rrt111cx.tl or 14itl111t:lt(vl, 11s trill I I ~ !  ~)oilllc*d 0111 
liitrr. 

1'111~ ttso t - I I ~ ~ I ~ . .  i r t  i:~):, 2 :111~1ro:te-ti I\:IC*~I c ~ t l ~ c r  
i l ~ f l ~ ~ t i ~ ~ i l ~ ~ l y  t o  t t l c *  l e ~ f l  I I ~  (', \ r l ~ i l ~ ~  to tht* ~ * i ~ l t t  o f  (,' 

they ~ l ~ r c ' r z c  r ;~[~ id ly .  ,I 1 i 1 t I 1 ~  :s~II~!:,. (I!' :I;~*:;C r:rr+;c:G 
will sho\r t1l:it f r ~ r  s1?1:1II hl~i)!I~ts of jllllll) 1111' 111s~ 
: I I I ~ I ~ ~ : I I * I I ~ ~ ~  Y I * ~ I I ,  l ~ t i t  t t ~ : ~ t  t t ih* 10s.~ of III>:I(I ~ I I I * ~ I ! : I ~ I ~ >  

r:~l~icIly :IS the* l ~ c : i ~ l ~ t  I I C  j11t~i11 i~lt.re:~st>s. For I : X : I ~ I I I I I ~ ~ ,  
i t 1  1:ig. 2, i f  t l 1 1 8  J I I I I I ~  orrllrs fro111 11 2.:) 10  11 
3.3s the loss i t t  I I ~ ~ I I ~ I I  \rill 1"- l'rn111 11 ::.,I7 111 11 :i.:iS 
or 0.09 ft. 'I't11. v c ~ r r t ~ > l ) l ~ t l ~ l i ~ ~  vtirrgy 1113s i i  :tl~ot:t 
0.0.; i t .  I f  t ~ I I -  , I I ~ I I I I I  tvt.ctlrs S ~ I I I ~ I  11 , 2 f t ,  to 11 
.I ft.. thc. I t ,?$  i l l  t l ~ q ~ t h  \rill 111: f r r ~ n ~  5 f t .  141 I !'I. or  
1 ft., thv cnrrgy It~$s IlctitlK :.I7 --- .I.:!:; 0.6.1 i t .  
If the junllr clc,c-ur> l'ronl 11 1.7.7 if. to 11 l.4r~r~ i t .  
the Ins* in tlt.l~th \rill I N -  r;.::o .I.>: 1.7.7 ft. : t l r c i  

the elltarKy Iw3 will 111, I ; , . ~ I )  - .I.so I ,I;(). 'l';tliilrp 
the tlisc+h;trgt. I(,< 1.50 +ct:.-ft. t ) ~ i . ;  I:~.st Ir13.; roquirrs 
tht* ~ ~ I ~ ~ I I I ~ I I I I I S  d ~ s l r ~ r c t i o ~ ~  of c!t~ctrpy ~ # I L I I V : I ~ ~ ~ ~ I ~  1 0  

al~otlt 27 hr~rsc.llo\vc*r. 
Aftcr thv clc+l~th. r l .  frnln ul~ic.h t l~t* ,iunil~ trill (:[kc 

~~I:tt.i! li:~.: 11c-1.11 cic*tt*rr~~l~~c'tl thc. Irr,:~Iir~ll of l h ~ ~  ,jlllnl~ 1ll;cy 
hc ol,t:tint-tl I I Y  tilltllllp 1111. 1111it:t :it \ v t ~ i i . t ~  t l o \ v  will 
III. rvti~rtlt~tl f 11 t11:tl (11-11th. 'I'hi. I I ~ I I I I ~  !II:I*.' I I I *  ~ . I I I I V C I I .  

ie~i!ly fo!111t1 fr!~t!j !hta !'!!!I!!\v!~!g ~4111ii!i1!1!. dvrtvctl l'r11111 
Fin. I : 

l..~,! i. ( I . ,  : /I,.; . 11. ! : /..s. ( 7 )  

-, : I . G S I I ~ I I ~ I I ~  r:11ti1.- jrlr 11 : I I I I I  11 :III f ~ ~ t l c . t i o ~ ~ ~  :tt I\ 

:lncl /; c:111 181. t*on~l)~tit*(I, ~ I I I ~ I I I ~ I I I I ~ ~  the. irrcttot~ dr~lws. 
J f  thc r:~tl:tl F ~ I I ~ I V .  . . I N .  kt~t~\rrt  :t11t1 i t  t t r t .  irlctiotl 
$\opt. f rori~ ..I 1 0 )  I : .  i t t a  :~....ut~ro~l t.(111:11 111 t lit. :tvc*rilgc' of' 
the s l r ~ r i t ~  :it ~III-,-I- I I I I~I I~ . . ,  : i l l  f:ct,111r- i t t  C V J I I : I ~ ~ ~ I I ~  (7 J ,  
excr~l~t  I.. 1,1~.181nr. ~ I I U \ V I I  it1111 I, I- r~iitlily ~ I I L I I I I ~ .  

Etlu:rlior~ I 7 ,  15 : t l ~ l ~ l i t . ; ~ l t l l .  1'1 :111y v:1rti1111t. tlotv. Thc 
O I I I J  : I ~ I ~ > ~ I I Y ~ T T I : I ~ I I I I I  ~ I I V ~ I ! V ~ ~ I I  i s  111 tht* ;~..*l:tt~ptiotl that  
t h ~  :ivvri:plb $lt111t* i. t * 1 ~ 1 1 i t l  1 1 1  t h ~  ;tvt$riipta I I C  ~111r1es :it 
the romy~~rtt~t! litILt~t. . .  l ! ~  ; ~ > + I I ~ I I I I ~ ~  I I ~ * ~ I : I I .  ~~~t ! i i* i t* t~ t  ly 
c.lrwe t c ~ ~ e t h t ~ r  tht. isrr.clr frlrltr t111.s ro\lr.rcb c.itr1 I IC  rctlucetl 
:I,< fiir a,. ~lt .s i r i~~l .  I l ~ ~ v t ~ t t ~ r .  ~~r~iitii tr:< i r ~ c t ~ o ! ~  iortllu- 

I I FLUME 

(a) P:cnty o f  fall, but r lume 0;crftoning IB 
bccs~sc of impropr Loccltlon Of Control 

(b) lnk t  alhrcd to Ccntml o! A; j0 Flume Ioadlng prgerly 

- 1 r r I  : I  : I ,  1 ,  3 .  I C  i r l  the f i e s i ~ n  of 
;i rll:innc.l i t  i.; f o l~ t~ t l  that thc t1c.pth is :it o r  nenr 
th(* cri~ic.:~l thtr stl:iljc or slolw of the channcl shot~ltl. 
i f  11r:lrl iu:tl~lt.. l ~ c  ct1:111xcrl to sccurtr Rrerttcr stut~ility. 
I:sr1:11Iy thv c.ritic:~l vc!lotbitg can I J ~  ch:tngetl try \vitlerli~~x 
or  r~:trrfl\vil~x the ~h:~rlncl ,  or  thl: tlorm:tl velocity t ~ y  
:tltcring the slope. I f  such r t l i ~ r i ~ c s  nrct tlot pr;~cticiil~lv. 
lil~c.r:rl irr!c.l~t~;~rtl shtlultl bc :tllorrcd. imtl estrcmc c;lrcn 
shrr~~ltl 1 ~ 1 ~  t ~ s c ~ l  in ~orls t  ruct in11 tr: secure uniformity 111 

b:r:~de :ttlcI crris.4-sfi-t irj11. 
( ' h i t l ~ ~ t ~ s :  i l l  st:txt! \rhic,h occur at tritnsitinrls t)etween 

t.nri:tl.; :trtcl flurl~es, tt~tirit.ls or  othrr  hi~h-velocity con- 
tittit.-, tvhtorc. the c.rcrs~-sectint~ of thc chiit~nel i.* v:triul,lc, 
i!lrc~lrc only thv princil~les :tlre;ttly tliscusscd. but nddi- 
tion;rl f:irtor.; irrc int ro(lr~cctl tr.tlirh ;tRcct the meth- 
crrtattc:tl trc:itrnctlt. I t  \rill t ~ c  corl\.erlient to consider 
tlte>r tr:tli.-lt~c~l~c urltlcr ars hc;idinps. i1.s dc tc rmind  i)y 
ttlc* atirge- i)cbtwct-rt \vltlch c.h:tnyes t rcur ,  ii. follows: 

I ; I '  C'hilnxlr~g frcln~ htph *titat. tct lo\\ atitpr, Increas- 
t t l X  Vclwlly. 

t 1 1 ~  ('11:ttl~in~ iron1 nrle Intv ~ t i ~ g e  to another. 
irlcrts:i>itlg \e*l~~~!t.! . 

cr 1 ('11;111alt1g iron) oriv h ~ p h  31;1pe t r ~  another. 



thc n l i r l i r r l l t n l  l i l l r .  I ~ I ~ I I ~ * I ~ ,  i t1  r i~.  I; ( : I \ ,  ~ I I ~ I I I I I I ~ ~ I  
~ ! I P ~ I *  is ; I I I I I : I ~ ~ ~ I I I I ! ~  S I I I I ~ I - ~ I * I I ~  i l r ~ i l i  f r o t i 1  tllr I I I I I - I I I : I ~  

\ ~ : i t ~ r  *irr1:1t- t$ i n  t lw ~*:II~:II 111 t11 i1 t  i t 1  t11(- I ~ I I I I I I * ,  t111- 
I ! I I ~ I ~ ~ *  \ v i l l  I I V ~ * I ~ I I I I \ V  111v:i trs t* t t f  { l i t *  i ~ l t ~ ~ w r t * ~ , t  11w:rt i111I 

I l l f  7'11t' (1r1111 \vIl i1 '11 S I I I I I I I ~ I  I I ~ I I I ~ I I I ' ~  v ~ * l ~ ) ( + i t y  

~ I O : I I ~  is IIPI-11 1111 I I I  fvicl it111 f I I ~ I I I I K ~ I  t 1111 1 1 1 \ v ~ r i t 1 ~  t1f 

I *  I t  s l l r l t t  1 I 1 1  t i l l l i l l  I{!. l l l l l 1 l ) l l l l K  111,. 1 l t ~ t t t l l 1 1 ,  

:I$ i l l  1 11 1, to Itrill): t I IC  I I I ~ I I ~ I ~ I I I I ~ I  I * I I I ~ ~ ~ ~  \ i l l ( *  111 t )I(* 

trppcr c l l t l  1 1 f  t 1 1 t ~  t r : l l i r i t i o l ~  i11 t t1  c * o i l ~ c * i e l ~ ~ l r t . t *  svillr t111, 
n n r t l r : ~ l  r 1 l r r p . v  r r : ~ ~ l i t ~ ~ r l .  I ~ I I *  t r1111 l l i1 -  is : i v ~ ~ i ~ l t * t l .  I ; : I I - ~ I I ~  
i t 1  t h r  t*:111:1l i.i p r t * v c * n t  t'tl 11.v t t10 t 11r11t r l i l ~ , :  c t r~ .~~t  I I ~  

h n r  I . Thc S: I I I I~*  o lT t* t . t  (.:i!1 I t c  s c l , u r ~ . t l .  i f  
d c s i r r t l .  I t y  ~ l : l r r t l \ v i ~ l r :  tlrc z c c . t i l ~ l i  :rt ..I. r:~thcr ~ I I : I I I  I I ~  
r n i s i t l ~  thv r r : l t l r .  1.111- i1111*t $ t r t r c t u r t b  I I I : I ~  I I I ~  111:11lt- 

to nrt n!; :III : ~ ~ ~ t o n l : i t i t '  r h w k  I I ~  . . i l l ; ~ l ~ i r l g  i t  so t11:1t 
the h c n t l  r c c l u i r c ~ l  I I I  pn*a n l l y  i ~ i l : ~ l l t i t y  of t v i l t ~ r  :I( tilt* 

.?hnvc fnr that i l u : l t r t  i t y .  I! i h  t h t w r 1 8 t  ~ I , : I I I ~  I I I I . - S I \ I ~ ~ *  - 

n notchr.1 t l r ~ 1 . 1 .  

111 r h : l r l p i l l p  f rnn l  onr Iotv s t ; l r c  t o  : ~ r ~ n t I l c r .  h : ~ v i ~ l r   actt ton 
n p r 2 n t c . r  vc31ncit!. 1 r n . w  11 i i t  ii ~ l o . s r i l ~ l i . .  I l y  c r o l l t r ; l c . t i n c  

the , -h : l~~ l l t .~  0,. I1y r : l l $ i l l p  ttil ,  \ l l l ~ ~ l l l l ~ ,  17,. ) l l l t t l ,  t t l  fl,r,.l, I . ' , ,  - I '  " I '  
l r l f  ' ' l : ' l y ' .  "11 \''I;:. ~ - l ; ' . ' l ' l l ' ~  . \ Y "  

I : ~ ~ , ~ ' I ' < , - , I  , - I . + ~ J ~ I :  
the \vi~trr '  rurf:~l.c 1111 111 t h t 5  r r r t i c . : t l  t l r ) ~ t l ~  : r ~ ~ t l  t ~ n d r r  

~ x t r r n ~ t *  L - ~ ~ I ~ I ~ I O I I S  :I j ~ ~ t ~ i p  III:Q, 11t> ~ ? ~ ~ I I I I I - I * I I  \ v i t t ~ i ~ ~  ~ 1 1 t -  
f r l r  l t l t h  ~ I I I I I I I ~ ~  t l r r ~ l ~ l ~ c * ~ l  I ~ c . l t r \ v  t h l -  s ~ ~ r l l m i t  o f  t h t .  min. 

t r n n s i t i n r t  or i l l  the c ~ : ~ r l : r l  :1111lvc~. S I I ~ I  ;I c011 t  i t 1 ~ 1 ~ 1 1 r y  I.<. 
1111,,11, rllcrry lill l , .  : l f l l l  t,l,, ,cl st;lR,, lit 

Tht. t r : ~ n ~ i t i n n  f m n i  one I i i ~ t l  * l i l i 7 ~ *  t l r  i l11ott11.r .  ~ : I \ . I I I , :  
~ , ~ , l  ,,\\. t,lc ~ l l ~ v l , ~ l  , 1 1 1 ~ ~ 1 ~ 1 ~ , ,  l , l l s~ t , l l l l  o f  ,,fl,,rKF a h i s h t - t .  \ ~ I - I ~ ~ I * I ~ , ~ .  : t i ~ - c +  I. i .  11ft t .11 ; ~ c c o t ~ ~ l ) i ~ r ~ i e d  I I ~  
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h y ~ f r : t ~ l l l t .  jl11111t. l ' t~l~. . .  t111. 31v.t i1*11 I I ~  I t i t *  ~ I I ~ I ~ I I I I ~ I  1- 

.- l t r c1111*r !>~  v;1vi141l or t t l v  I I I I ~ ~ I ~ ~ I I  " ~ I I I ! I I I I ~ - I ~ "  thi* J I I I I I ~  I -  
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C A N A L  ~ l t 1 ~ 1 ~ 1 ~  l ' v r@l l l  . I  I ~ I \ v : I ~ I !  I..'* 1 1 - l l l g  l ~ t ~ l l ; ~ ~ l l ~ l l  ( 1  1. l h l a  
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r , v t r  . I I I I I  I .  ,\flt.r th~. rc .  
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'I 1 '. '1't1(! c . r~ t~vr~ l  tlt.~~tti m:cy I I ~  foun~l t ~ y  constr~~ctin,: 
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clt:tcr~t~it~c~l I I ~  nlc;i!l> oI' thc cc{uution 
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\vht.rr . I  :In11 7' rlrr resprt.tivl*l!. thc nrca rtntl top width 
trntctl in F i r .  9. 7'111, ('t' : 1 )  1ir11,- i ~ ~ t ~ . r . - ~ . r t  : I I I ~ I  

:: 11:' t t ~ ~ .  \vc~tt~r *UC~IOIIS  f01' thlb rriticnl dcptll. I-'~ing 

tion in thv ) I I I I I ~ ~ I I ~  II I : I>  I . :III.~- 1111. u:ttt1r 511rf;icv ttt ri-I- 
ternpclnlrily : I ~ I I ~ V I .  1111. vrit II.::~ 1h.11111. I J I I ~  sllcli t ~ 1 1 1 l  r;~t.- 
ti011 or  tlI,.<t r11t.t 11111 i -  I I I I ~  likc4y t11 t!\i,-t i t 1  : I I I  :~rtitivt:~l 
:hnnnel. cxccl~t 11y clt~lil~rr:tte clvuigrr. Tile: I I I \ V  .utfic111111:1r:: 
dnrn ronic!tin~t.~ pl:~crtl I~clotv :III ~lvt.rtl~~\v I ~ : I I I I  111 11r1,ilIi 
up thc h i r l ~  vc+llu:ity ct~rl.\titutr.: si1(.11 :III trl~.-tr~~c.tit~rl. Ilut 
the norni:rl tlc-llt11 I~c.lt l \v tht. .*er.c~r~~i:~ry II:IIII  i* trsir:~lly 
above the rritic.;ii W I  th:~t t h ~ .  ~ I I I I I ~ I ~ ~ ~ I I I . :  of tc.;tre r l i  
3btnin. 

Thc most ustr:~l fllrn~ o f  r:~~i:tI ! r;ln.;it ion ftrr rrtlul.- 
ing v'lwity i.4 fr11n1 I I I I I .  11igl1 ..t:~b:cs t o  :~ntIthc-r i t l i t 1  

cuch rtrurturc..i artb 0ft('11 ~t~l l j t - ( . I  111 ~II ICSIICV!I ! I~  irrty- 
ulnrilic~i. It is 11si1:tI i t 1  t l e > - i g ~ ~ i ~ ~ p  tr;11i.*ii11111.. !hi. 
type 111 prnvi(1c it>r t1111y :I 11;tr11:1l rcvt+vtar.v t ~ f  t~*-:~tl. 
lo nlln\v :I f:~ctor of cnf~*ty to  t:1k11 c.:trta of inil~c~rft~ctil~rl.~ 
in the str1lrt11rc- I I I I I I  of f11uIi11$: i l l  tI11- C : I I I : ~ ~  IIPIII!~. 
This rchs~~lt., I I I  :it1 I.X(.I*-< 1 1 f  cB~lt.t.c>. I f  lht. r i r i~ i i t~~~rn l  
enc-rpy line i- :I! ; i l l  (111in1. \ ~ I ~ I I  1,t.lotr- the i*llerk*y 
pr:rclier\t the \v;rtcr s \~r l : iw it\ 1116. hi~Ii-vt.ltrity t*l\:rci~r~! 
will tr? lowrrecl 1tr111 t hc. tsxc.t.-:. t~c:ltl tcill I I V  ~ : I I I I S ~ I I I ~ ~ I !  

in increiwml f r i r t i ~ ~ t ~ ,  11111 i t '  1111* nii1ti1111111i tstit-rb*y li111- 

is hiph a control is likely ~ I I *  i~~rnret l ,  rt.<tlltiri~ 111 

It lngc flow for :I 5t11!rt 1li>11111t.t~. f c v l l ~ ~ ~ v t ~ ~ t  11y :I i11rtt11 

I,:kn to  norrn:~l. AII rtctrr:~l i11st:inc.c. of suc.tl a111 t.tiflcr 
is rrho\\n in Fix. lo. \\Iic.re :I vtrry ~.r:itl~~;tl  vh:rr~gt# frllnl 
8 6.1-ft. clinrnctcr tunllcl to it ?I.::.ft. .*t-c~r~c.~rt:tl lillzll 
smlion is rfiwtcil in :I Icr~rth ~ r f  1110 f t .  If II IC* crili~.:~l 
depth in thr  tu1111cl :in11 i l l  the 1rilnsit11111 h:itt IH 'VI I  It)\vt*r 
thc watrrr .u~trf:trc \r.ntlltl h:rvt. I ~ b c . c r ~  f11nht.r ilriitvu rlt~tvii 
a t  J to  nlakc tllc energy grudiel~t fr8~11l : I ~ I ~ I V V  ct~illcitlz 

4 : 4 I JCW.CNTAi 
~ U N N C L  TRANSITION FL UP?[ 

( 1 . -  ?L-... 4 1 4 . :  ,- . - -  

thc rlnt;~tin!~ :tlrc.:~tly c.st:il~liahr~i. it1111 lcttinr If ..: 
I a I .  I . I  :irc;i of section - - s tme  fu~ictiori 
f tc l )  of t 1 1 ~  tlcl)tlr. e t l :~ ;~ t i l~ t~  #S; i.. tlc~~rvctl 51s follotvu: 

till 
til!Tt*rc1111:11 i lig. ; 11 (2. 

rltl *+ 1 :I ' 

I i I I 1 '  : i n  ! t h r  first derivetivr 
I . t i  r e  I I T. tht. tvitlth :tt tho ~ v ~ r t t ~ r  
rurf:tct-. 11 1.- :I n ~ i n ~ ~ n u r i i  \vheti 
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'' -- h'd'c( fnr r r v t r r~ l~ t~ ln r  nectionz) t 10) a 
froni which d,. is rrilttily ttrtcrniilicd. E~luirtion (9) 
rctlt~ccs tn the \\.ell-know!\ form 

1 
/ I  ,,I/,. r for rcc.trrttgular .sections) ( I  1 )  

and I 1 1  1 Iwnmrs 

Siniilnr formuin- n11i.v Iw detluretl for ntry chrrnnel 
having it kl~ntvn ni;rth~~~~:rtic;~I reli~tion I.etwcn .-I, I rind 

5 
r l ,  but ~cncr :~ l ly  the rcsultinp eql~ntinn.s nre of the ., - 
deg.. anct :ire rnmp\ic:\t't\. ntld it is prrfcrnhle t o  use 
c~lu:~tions ($1 nnd ( 9 )  witht~ut further reduction. If 
d ,  is known nntl 0 rl.cltrired these ecluntions may be 
solved tlircrtly, tlut if tl,. is the unknown the solution 
r:iri hest Itc ni;ldc I I ~  tri:rl. 

\':rlualtlr n.s*irtnnrr in the preparation of this paper 
hz.? %e:: re:~derPi! by D. C. .\.!cCoiliiuphy and iV. fi .  
S:llder and other cnpinecrs in the 1)envcr Office of the 
Rcc1amat;on Service. 

T o  Discuss Labor Conditions and  Hours of Work  
in Steel Industry 

In order to lenrr~ thr  r e d t s  of tht* three-shift system 
in steel pl:rnts 'finral-e 11. 1)rury. formerly of the eco- 
nomirs drp:rrtment of Oliio St:ctr Vniversity nncl re- 
cently with the Intlust rial Rel:itinns I)i\.ision of the 
Shipping Bonrii. has t w n  spending some months in 
visiting steel plants irl the I'rlitetl Stiites. collcctinp 
technicid data covrrinp the details of the operation of 
the systenl. 

air. I?rury has put thc  result^ of his observations into 
a paper whirti will t ~ r  prrseritetl : ~ t  :I joint mcrtinp heltl 
urider the ausylicc* of the Tirylnr Society in Sew  York. 
1)ecr. :% rct 8 p.m.. irr thc E~lginrrr iny Swictiar' H\~ildiny. 
The other org;rr~iz:rtictnz pnrtiripatinp in thr  rnce t in~  
will iv the mrtrolrtlit:rrl :in11 nr;innpemcnt swtinn?r of thr  
Arnrriran Society c t f  Jlcch:rtliciil Enpiriwrs. rtnd rhr 
S e n  York src.tion rrf the American Institute of Elw- 
t ric;tl E n ~ i n w r z .  

Thc purpec? of prc~cntirig the paper is to awsist the 
steel ind11~1r.v in Arnrrira to prep:lre for  the three-shift 
systen! which. jirdpetl tty thc yenernl tcndenry townrt! 
the shortcriinp c ~ f  hours of lrrhor ant1 the fact thet i n  
other rountries s!wl production has Itecri put upfrrl the 
thrcr-.;hiit !,asis will probirl~ly come here. It  is there- 
f r~re  the p;rit of wi:udorn for m;rnaperncnt.* to prepare 
for it. 

At the same rnrctinr \i'illiom R. Dicksnn, vice-presi- 
dent of  the ?lillvale Steel & Ortlnr~nce Co.. will t l i s c u ~ ~  
the sutrject from the point of v i w  (if :he mi~r~uiaciurer. 
a n ~ i  the penc.rnl diwussinn ~vill led by Robert B. Wolf, 
consulting engineer, Sew  fork.  

landslip Matcrial Succctlsfully Chuted In& 
Railroad Cars 

EJfOVAI, of hillnidc wlide by panning the mnterinl R tlowrl ir nteel) chute into cam hris t m n  carried out 
s ~ ~ i - ( ~ r s s f ~ ~ l l y  on t h ~  I'rnnsylvirliii~ Syntem near the 
Ilirnri~lghrmi stntion rrt Pitts\)urgh. At this point the 
rncky frrrc of thc hill rises nhruptly fronl thc track 
levrl for 150 ft. nlltl then continues on a steep ~ lopc  
fnr .nlu)lrt 900 ft. to the top. During the thaw early 
this year, ~ p r i n g s  in the hillsidr rrruactl 11 nlip nenr 
thc top, thc nir~tcrir~l hlocking two of the four  trncks. 

Twn xtcrlrn shovels mountcnl on flat cnrn were sent 
tct the work, 1ntmrrr.c nsored  by ropes tied tn trees 
heirlp slatiottcd nt t h r  lop to shovel tlnwn the loonc 
rnrth. After ;I few day* r l  fire hose was led over from 
thc top trntl irrr attc.m;~t was made to  WAR^ the dirt down. 

Lower h r t  of Cho). 

This proved uns;itisfrrrtory. 11ut the ntenm  hovels had 
rlerrred thc tracks nnd drying weather had set in. so 
that there wau no immediate dnnger of further sliding. 
The engineers in chnrge of the work tinally decided 
upon n system of removing the loose material by hand 
nntl pn.esing it down nn inclined chute, n I-in. jet of 
water k i n g  used simply a s  R luhricnnt. This methocl 
prnved sirtisfactory nnd wa.q carried an during the uum- 
rnrr. whrn conditions were fnvoralde. 

Thr s t e l  inclined structure of the Monongahela 
Inrlined Plrrne ('0. is near the slip and was utilize11 
to support thc chute, which w 396 ft. long and hncl 
n slope of 1 on 3. The construction is ahown in tht 
acrornpnnyinp drawing. Fo r  the upper 216 ft. of tht. 
length, timlwrs 3 x Gin. were placed in the track of 
the inc.linr. projjectin~ nn one side about 5 it. beyontl 
th r  ends of thc ties and carrying frames for the h x  
rhutr. For the lower 180 ft. the chute wan s u ~ p n d e t l  
knea th  the clerk of the incline. the fmmes being spiked 
t o  t i m t ~ r s  resting on the flanges of the steel flmr 
Ircnms. The chute wa* a closed twx of !-in. ton~uet l  
and rrrooved flowing, but a s  this w x .  rough enough to 
ciruse clay to adhere to the nides it was afterward 
ltnetl with sheet iron. With this lining m d  t h e  luhri- 
r;ctitlu effect of water oper~~lion was nuccc.irsful. 

Traps or movable doom in the top provided for d u m p  
ing the materiul into the chute. twelve men with wheel- 
1,arrows i.uing engaged in this work. and loading on I 
an average of two cars daily. Thew openings were 
useful nlao in removinr( crcawionul stoppages when t h r  
matcriril corlaiwted mainly of clay. At the lower end of 
the chute a bottom trrrp delivered the material into the 


