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HPILL\YAYS AND ENERGY DISSIPATORS 

,Jacob E. \Varnork 
H�·draulie Researl'h Engineer, Bureau of Rcrlamation. 

De1wer, Colorado 

TYPE:-- OF ExERGY D1ss1PAT1ox 

In the design of hydraulic structures. types of energ�· dissipa­
tion may be rerognized as follows: 

1. External frirtion. su<'h as hetween tlw water and the ehan­
nd or between the water and the air. 

·J Impingement, smh as a jet of water striking- a pool of water 
or a solid ohjert. 

�- Internal t'rirtion or tnrhulenre. sn<'h. as oec•m·s within a h�·­
draulic jump or al rolle1·. 

ExTERX.-\L FmcTJOX. 

Extrmal fri<'t1011 <·an he <mlr partially <·011trolle<l arnl <·an ht' 
depenckd upon to ahsorh on]�- a fra<·tio11 of tlw t·nrrg�·- hut in cer­
tain instan<'es it ma�- he important. In the rasp of ne<>dlC' YalYes ol' 
ronduits dis<·harging at a considerable )wight a how t hf' stilli11g pool. 
the frirtion be1'n-cn the jet of water and the ai1· liternll.'" disi11teg1·atrs 
tlw stream hefol'C' it strik<>s the watrr snrf'a<'e hrlo\\· .• \t th<' Ow�·her 
Darn (FiQ.·. 1 l th<' �� inrh ll<'ed!P ni)H:-; disc·harg1' horizo11t1ill�· into 
tlw air 110 fort ahon"' tlw tailwatrr. Thr disint<'gration of th<> jets 
has to bC' seC111 to lw l'(·alized. The · · l'ain · · he11<>nth thrm p1111als in in­
t<'nsity th{' dmn1pom· during a clondhurst and it falls all along the arra 
hene:1th thC' jets. The stream itself sho\\·s n1·�- litth• solid ,rntt•r hut 
i11st<'ad l'l'S<·mhlrs a llrnsr spra�·. .-\s it strik<>s th<' wat<'I' snrfa<·<· i1 
npJw:,rs to ri<·o<'hC't and strik<' a se<·ond tim<' farth<>r dow11st1·<·am rath 
rr than pltmgc> into thr pool. This ri<'o<·IH't is tln<' to tlw lrssrr d<>n· 
sit�· of thC' air-watrr mixtnr<' ns <·omp:1rNl to tlw solid ,rntPl' in thr 
pool. ThC' absorption of air due to fri<•tion f'ause� the .irt to impin!!r 
nn·I' a widr nn·a and \\·ith far less fo1·<·e than a jet of solid ,rnt<·r. 

14:! 
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Direet impi11gemrn1 as a.means oi' <'ll<'J'I.O' dissipation is 1101 uti­

lizC'<l cxcC'p1 ilS a Inst l'l'SOl't wl1<'11 otl1<.'t' nwthods fail. A recent stuJy 

or a design t'ol' t hr ( 'onclws Dam irrigation out ll't works (l;,ig. �) end­

ed in impi1q.!;t'ITit'11t as a solution. ExccssiYt' 1ailwatc1· <·ausetl by the 

bottom of the canal dow11strca111 from the out lets being located scv-
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eral feet above tlw c·01u.luits re11de1·e<l a hy<lraulic jump or a roller 
design out of the qtwsticm. J�at'h of' the two con<luits will discharge 
3f>0 second-ft>et under a maximum head of 6-1: feet, or one outlet may 
diseharge 700 secon<l-fret under the maximum hea<l. With these con-
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FIG. 2.-STII.I.IXO Poor. FOR 1RRWATIOS-Ol'TLF:T ,vonKs AT CONCHAS DAM, 
TUC!TMCARI PROJECT. 

ditions the exit velocity will be very high, and since excessirn tail­
water prewnts the formation of a hydraulic jump, baffle piers were 
located in the path of the high-velocity jet to disperse the velocity. The 
center training wall is necessary to prevent return eddies when one 
gate only is operating. The chief objection to impingement as an en­
ergy dissipator is the difficulty of inspection and maintenance of 
the impact surfaces. In this case, the pool can be unwatered readily 
during the winter months and necessary repairs madl'. The upstream 
face of the piers will be armored with standard 18-inch channels with 
the legs imbedde4 in the piers. 

INTERN AI, FRICTION 

Two of the most convenient and practical ·methods of eliminating 
the energy of flowing water are · the roller and the hydraulic jump. 
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The applil'ation of tlH' hydraulic jump is more gc1H'ral because the 
l'OIIPt' rt•quirt•s mi t•xccss of taihrntt•r to form properly. 

HoLLEH STILLING PoUI, 

�\11 example of a rnllt•1· as a means of l'nergy dissipation is the 
stilli11g· pool dt•sig-m•d for Urand ('oulec Dam. The details of the de­
sig-11 of thi."i stnl<'tun· ,n-1·e <'011tai1wJ in an artic•le h�· the author in 
the �o\"C'mher 1!):W iss1w of ('i1·i! H11r1inNri11y. 

H Yl>It.u ·uc-,Jt · Jot I' STILi.i :-.:1; Porn. 

'l'ht• most widel�· used nwthod of dissipation is the hydraulic-jump 
stilling- pool. Ex<'cllent t>xamples of its application in recent years 

J', 
0 
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.!<'JG. :�.-.l<'INAL D�:SllJN 01-' STll,L!Nll l'OOL FOR SHASTA DAll. 

arc the Norris Darn, <·onstrueted by the Tennessee Valley Authority; 
the l\lad<len Dam, built by the Panama Canal Zonl'; and the Shasta 
Dam (J.,ig. �{), now un<ler co11struction h�· the Burt•au of Reclamation. 

The all-important criterion in the <lt>sign of a hydraulic-jump 
pool is to obtain, insofar as feasible, an agreement between the tail­
water for a given dis<·harge and the height of water necessary to form 
a perfeet hydraulic jump. Nature seldom is so kind as to provide 
conditions whereby this agreement ean he exactly attained. As an 
alternative, the floor of the pool may be located so as to produce an 
approximate eoinC'iden<'e between the tailwater curve and the jump­
height curve. 

At Shasta Dam, if a horizontal floor were placed at sufficient 
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depth  t o  fo nn a pet ·frl ' t j u m p  a t  max i mum d isch arge,  t here ·would be 

a n  cx<·t•ss o t' 1h• p t  h a t  l esse r d is<· h arg-Ps. 1 n st udying the  profile of the 

st i l l i n g  poo l . t h r<' < '  met hods of ana l�·s is  W<'re used : 

1 .  V isua l  ohiwrn1 t ion o r  t h e  behavior  as seen th rough the  glass side 

or a sec t iona l  mode l .  

:! .  P i l ot- tube ve loci t y  measu remen ts i n  th£> model a t  the dow nst ream 

t'IHI or  t h P  1 1001 t o  determ i rw t he depth for a given d isc harge at 

w h ich  m a x i m u m  red uct ion of veloc i t y  occu rred .  

3 .  Computa t ion of t he s lope of t he floor by assum ing a ratio between 

l eng th  of jump and depth at t h e  dow nst rea m end of pool and fi nd ·  

ing  th<' locus of  t he downst ream dept h .  

l n  t h <' o r ig i na l  modP I . t hP  f loor was ho1 · i zo1 1 t a l  w i th  a 2 .5 : 1  sloµe 

at t he  upst rea m <'nd. 

In t he fi rst met h ou of a 1 1 a l .\"s i s ,  t ht>  ta i l watc 1· was Yar i ed unt i l  t he 

hydrm1I ic j ump a ppem·t>J most < ·ff i <· i (·n t .  

I n  t he st•c•om1 met ho<l, a po in t  o f  m i n i m um Yeloc i ty  oc<'urred when 

t he jump was most e ffi C' i en t . .. \ dP1·r1·ase in t a i l watcr  caused the  jump 

to mo\'e downst rPa m ,  t h us i 1 1 <' r1•as i n g  the Ye loc i ty ,  wh i le an increase in 

ta i lwater  e l eYat ion <lrowncd t he j ump ,  <·aus ing t he jet  t o  divP under 

and ret ain more of i t s  in i t i a l  Ye lo<' i t y .  1'he e lernt ions determined for 

Yarious d isc-harges hy hot h met hods wer<' pl otted and t he resul t s  found 

t o  be t he same for a l l  p ract i <'a l purposes. The jump-height <'Urve ob­

t a ined in t h is  manner was <'OHs iderably above t he normal t a i lwater 

c· u rve for t h e  h igh discha rges a nd below for t he low discharges . Thi� 

fact i nd icated t ha t  the  orig ina l  a p ron was p laced too high for most 

p ffi<' i cn t  opera t ion at t h e  h igh d i sc·harges. Only at intermediate flows 

d id  : I l l  effic· ien t j um p  form . Mor·eo,·er ,  t h e  pool surfaCl\ was rough at 

a l l  d i s<· ha rges . 

A n  H : 1 s lop i n g  apron i m proved t he ac• t ion so t h at the jump could 

n ot l ie drowned on t he model and t he ta i lwater at wh ich minimum 

\'c l oc i t .v o<·<·m'l'ed <'ou ld  not he r<.•adwd. l<�ven so, t he  velocity at t he 

end of  t he apron was equa l  to  or less t han the minimum for the orig­

i na l  des ign . The ,jum p-he ight  <·m·ve obt ained v isual ly coinc• idcd wi th  

the  na t ura l  t a i l water <'Urve for a l l  flows except those 1war the max­

i mum of 2:>0,000 scc·ond-fcet. where five feet add i t iona l dept h was found 

necessary t o  give sat isfaC'to1-y co1 1d i t ions. 

A 1 2  :1 a pron , wh ich dcl·pe,wd the pool at  t he  upstream end, cor­
rected th is condit ion . The jump had an efficient appearance for al l 

d ischa rges and  i t was not ed t ha t  any a p prec iable increase in t a ilwater 

depth · for the m a x imum d i s(' h a tw• gave a ronght>r pool �urface. It 

was 1 10 ted a lso that cons idcra hl c rt>dnet ion in tai l water depth gave 
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rough but satisfae t o ry eonditions. t hus indi(' a t ing- a f1H·to 1· o f  sa frt �·. 
In t he <'Omputation ( Fig. 4 )  of the slope of the apron, th(' length 

o f  jump was conscrn1 t ively assumC'd t o  lw four  1 imt >s the drpt h down­
st ream from the j ump. Csing thr momrnt nm formula for the h�· ­
d raulic jump 

t he values of D 2 for <liffrrPnt  dis<'harges wrre eompnted .  \Yit h the 
pool cn t ran<'e as origin . lrngt h of pool as ahst•issa . and rlc,·a t ion as 
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D ISTANCE FROM POOL ENTRANCE I 4Dz FOR EACH D I SCHA RGE ) 
N O T E  

Ro, R , , R2 , R3 ,R4 and R5  ore equal to t he values of D2 
for t h e  respect i ve  d ischarges , 00 , Q , .etc. 

}<' ( (;. 4 .--DF.R ll : N o�·  SJ.01 ' 1 :-.n A l 'IIO N ),'OH H I I A HTA DA M .  

ordinate, the tailwatcr clcva t ion for  each dis<'hargr was  plotted a dis­
tan<'e of 4 D� from the origin . \Vith thC'Sl' points as <'ent l'rs and ra dii 
equal to tlw respect in• I)�, a res were drawn h<'low .  A line tangent to 
t hese a r<'s is thr profile of the stilling apron to l)(' usrd. The slopr of t he 
Shast a a pron <'omputcd h�· th is  mrt hod was 1 2.!"> :1. .A slope of 1 2  : 1  had 
heen preYionsly determined by t he modrl studies. 

DIHTR I BllTION OJ<' FLOW 

Experience has t aught us that to secure a st nhl<' nrnl uniform 
jump the water enterin� a hydraulic-jump still ing pool must be 
uniformly distributed with no return flow along the sides of the pool. 
This requirement in the case of small strncturPs, part ieularly in canals, 
has led to a certain amount of conflict between the st ructural anJ 
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t he hydrauli<' engineer. It is cheaper to pave the sides of t he canal 
to  form a so-called ' ' trapezoidal pool ' '  than it is to construct vertical 
retaining wal1s. 

In 1 937, the problem of the spillway for the Dos Bocas Dam be­
ing constructed hy the Rural Ele<'trification Division of the Puertc 
Ric·o Reconstruction Administration was undertaken by the Bureau 
of Reclamation upon the recommendation of the consulting board 
Operation with the original abutment entrance design was ver,\· un-

E l  323 .00 
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O R I G I N A L D ES I G N R ECOM M EN D E D  D ES I G N  

A B U T M E NT E NT R A NC E  

satisfactory. The square cntrarn·<·s ca lls('(} the sheet of water to spring 
free from the spillwa y sides, resulting in a much ,·educed flow at the 
side wal l s  and a conc·c11t1·a t cd flow in t he center of the stilling pool . 
This unbalanced condition caused a severe whirl on each side of the 
pool. These whil'l s caused disru pti011 of the  h,\·draulic• j u mp fot'lnatio11. 
The int roduction of a c• 1 1 1 ·vcd e11tra11c•c at Pat•h : i hu t  11w11t (11,ig. fi )  and 
t he st reamlining of t he upst rC'am nose of the hridgP piers t•limi, i a t t ·d 
this undesirable condit ion . As the stuclies progressed, a posit ion of 
the stil l ing  floor was developed which p1·od11c>ed enfi l'(dy satisf1H· t o 1·y 
flow <'<mdit ions for the maximum dcsig1wd discharg<· of 200,000 sc•c• ­
ond-feet and for a1 l ot her <l i seha rg-<'s <'X<·cpt in  the region of f>0,000 
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sc<'ond-fect .  .A severr wh i r l 01 1 1 hr l l'ft s i 1l t• of t he a pron was fornwd 
h�· two dist i 1H't <'ond i t i ons  act i 1 1 g  t ogrt hrr. t lw <' l i m i 1 1 a t i on of r i t her or 
hot h hr i 1 1 g  d iffiC' n l t . The wh i r l  w11 s 1 ·01 1 s idr 1 ·e•d t rouh le sonw i 1 1 a snrn<'h  
as an�· l oosr rol'k 0 1 ·  g1·a ,·c l i m mrd i a t l' ly downstre•a m from th t• apro1 1  
wou ld lw t l 'ansportrd onto tlH' i1 p r01 1 t o  e• rode' t h ,, e·o 1 1 1· 1 · c' t 1 • snrfa <'t' . 

The fi rst c•a usr of t h i s wh i rl was tha t ew1 1 w i t h  t l H' e• ha i 1 ge' of 
dcs ig-1 1  01 1 t he hridgc' p iers and  a lmtmrnt 1 •1 1 t ra 1 1 1•1' 1 I H ' I 't' w : i s  st i i  1 some 
lac•k of uni form dist ri hut ion of .flow o\'l' l ' t lw 1•x t 1 ·1 •m1 •  e• l l ( ls of the 
spi l lwa�- .  8eeonc1 1y, il t ffows of'  l rss t h an i;, ,000 se'e·ond - fr<'t . t lw t op­

: ograph�· downst rc>am on t h� l l'ft s ide :wkd as  n 1 •01 1 t  ro l for<' i ng  t he> 
i stream m·rr into t he ma i n  C'hamw l .  As  a re•sn l t . a · · tlc• ad · · arra was 
' formed from whi<"h wa t<'I' flowrd lmck i 1 1 to  t h e' j ump  a 1 ·e'a . d isrupt ing  
the jump and form ing- t h e  wh i rl . � i l ls ,  1le•n ta te's, a 1Hl rn r i a t ions o f  t lw  

· a pron elC'rnt io1 1  d id  l i t t l <'  tom1rd l' l im i n a t i on of  t lw wh i rl .  Tlw fi n a l  
. solut ion ( Figs .  6 and 7 )  C'01 1s ist c,d o f  sh i l't i 1 1 g'  t h t' C' l l t i 1 · (' sp i l l wa)· <' l'l'st 
fifteen fe<'t to t he  righ t  a 1 1d  C'oi 1n1·1.d 11g- th e' s) ii l lwa)· a nd  stil l i n g- pool 
wal ls tow11 rd the downst rl.'am rhd of tlw a p 1·01 1 .  Th e' st , • p-h,,· -stq > a n -

1 alysis o f  t h is <>hang<' i s  as foJ'J ows : h,v 1 ·o ta t i n g- th e• ll'l't ,,· : i l l  abou t  
: i t s  intersc('t ion wi t h t lw c• rl'st l i n<' so t h a t  the' t low 1 1 st 1 ·ca m e'n 1l wa s 
; 

: fifteen f'(•et to the r ight of thr  or igi n a l  pos i t ion , i t  was fo 1 1 1 1 t l  t h a t  t h , • 
1 deficiency of water was < ' lim ina t <'cl a n el t h e' st 1 ·e,am so d i , ·e•e• t c, ,l to ­
'. ward the  origi n a l  <'h nrnwl tha t th<' " de' :Hl ' '  a rt •a in wh i , ·h  t h t' whi rl 
1 formrd was C' l im in11 te,d . 'l'o a ga i n  t'st ah l islt s.,· 1 1 1mPt 1 · .,· o f  t l t •s i g-n . t lH' 
: r· igh t wa l l  was rota t<'<i a s im i l m· a 11 1 0 1 1 1 1 t  t o  t l 1 1 • l t ' t ' t . No a d n'rst' p f-
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feet was noted in the flow condit ions ; in  fac t ,  t here wa s  some im­
provement despite t he fnet t hat  the  downst ream <'ml of  t h e  a p ron 
had been const r i<• ted a t ot a l  of t h i rty f'eC't . I l owcnr, t h <' rota t ion of  
t he r ight wal l  moved i t  f i fteen fC'ct out i n to t lw r inr  cham w l .  To 
lll' ing it baek to i t s  orig in a l  posi t ion ,  wh ich was mot'l' dt's i t ·a b le fro_rn 
a st ruct ura l st andpoin t ,  t he ent i re <' l '<'st was sh ift ed t o  t he r i�h t a 

1 7 5 

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

---:--- � 1 50 

� -
River channel - Bottom El .  132 ± 
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distance of fifteen feet , wh i<'h in effC'ct moved t he downstrea m (' 1 1 (1 of  
the left tra in ing wal l t h i rt )' fl'et t o  t he r igh t . Th i s  <'h ang<' of pos i t ion 
not only appreciabl )' improved t he h ;vdrau l i c• <·ond i t ions i n  t lw st i l l inJ:(  
pool but produced n deeided e<'01 1 omy by rcd1w ing  t lw tlcl' p  rock ex­
cavat ion on the left side. The depth of <'X<·avat ion at t he downst rl'am 
end of the left. t rain ing wal l  was redu<'t'd from 4!> t o  20 fel't .  

MASONRY-DA M OUTLET WORK8 

An important prohl Pm i n  reN•nt  cl<•velopnH'n t s  is t h e pro­
vision of discharge enpaci ty  to r, • J pasc wat e r  i n  c x <· ess of t h e  power 
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. dema nd. At  fl rarnl Coulee D a m  ( Fi g- . 8 )  three t iers o f  t wl•nt y 8-foot 
· 6-inc.-11 outll'ts a l ' <' lwin g p roYided to re l t•asc 225,000 sel·otul-fl' l' t .  a nd 
· at Shasta Dam ,  a tot a l  of  SHl' l l t l' l' l l  out lets of  t h t• saml' size will  be 

p r·oYided in t h1°l ' l '  t i<' t·s to rell•ast• a fl ow of H:J,000 se l·o11d-feet. 'l'he  
two i 1 1st a Ila t ions ha  Yt> ht• <•n s t  udil•d p1·a<·t i l·a lly as  one prohlt•m so  

· t ha t  t lw t t•nt a t in dt•sig 1 1  fo1· Shast a Da m is  idt•ntil·al to  t ha t  of  t he 
uppt•1· t il' I ' a t  C : 1·mul  ( 'oulet>. Cl ·rt a in lust mirmtl' t·lrn n ges l'ould not bl• 
int'hah•d at U ra11d Coult •p h t• l·ause of  the l'onstrul'f ion progress. 

I n  t lH ' origi 1 1 1 1 1  lh•si gn of t h l·SC' l'O IHluit s ,  they were placed hor-

::· · ·Ma,. W.S. E l  129 1 . 65 
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; izont a lly so that t lw jet would  plun,:rl' into t he t n ilwat er downstream 
fr-0 1 1 1  tlw st illing  pool. 'rh <' modl' l  showt•d t• Xf r ' l 'HH' st·om· l'oml it ions, 
pa rtitmla rly n long· t h e  r i 1n·a p1wd ha nks o t' t lw powt>1·housl' t ail ra t•es. 
I n  t h e n t• x t  design, tht• l'o tH1ui ts  wt• re placl •d on a parabola t h rough 
the <lum so that t h e j l't wou ld  plmi g-t• int o  the spillway  still ing pool . 
The d issipation o f  e1J p1•g-y in  t ht• flow from th <' up1wr t it> r was satis­
, fuctory, but with a hi11:h t n ilw11 t cr t lw .ict from t he m iddle tier was 
divert ed ow1· th l· htu·kt• t  lip 1 1 1 1d  int o t lw t•rodihl t• rin•r ht•d.  How-
t •vt•r ,  a n  er1·01· in assumption \\' l l s  nuult• whit•h \\' I IS h roug-ht t o  light 
in  a suhst•q twnt rnmlel . I t' t lw l'O l l tro1 is 11 1 t lw downst rt•am l' lld of 
t lw conduit. t h t• prt•ssure gTn dit•nt  i s  nhovl' tlw l'ondui t  11 11d  the pres­
i s u res in t h <· t •onduit a rt > all posit iv t> . A t•tun lly, t lw t•ont ro1 was nt t ht• 
: upst ream end nnd tlH• pressurt• g-rmlit>n t  lwt Wl' l' l l  t ht> i nh•t and out-



' 

·' 

l c• t  d 1 ·op1wd I H' l o w  t h 1 •  <· 0 1 u l u i t  II m a x i m um o l' -Hi f < · < · t  0 1 · t h e d i ffe 1 · <· 1 1 c (• 
i 1 1 < · h·,·a t i o 1 1  lw t \\' P < ' I I t h 1• i 1 1 l 1 • t  a nd ou t l < ' t . Oh\' i ous l y . t h a t  <·0 1 1 < l i t i o 1 1  
i s  1 1 1 1  i m possi b i l i 1 ,v i 1 1 t h t •  p rot o t yp<· s i 1 1 1 · t •  a hso l uf r  p 1 ·t ·ssu 1 · t· i s  a p­
p 1·o x i 1 1 1 a f < i l y  :3:3 fr t • t  I H' l o w  a t 1 1 1 osph <' 1 · i <· J > l 'Pssu r1 • . 'l' o J > l ' ( ' \' < ' l l t  1 ·a ,· i ta ­
t i o 1 1  t h i s 1 1 t • i,.i-a t  in l 1 1 • a d  s h o u l d  1 1 o t  t • x 1 · 1 · ( 'd t lw h 1 • ad  a t  \\' h i <· h  <·u ,· i t a ­
t i o 1 1  O< ' l' l l rS .  

\V i t h t h 1 •s t •  l i m i t a t i o 1 1 s .  a 1 1 1 • \\' d Ps i g- 1 1  o f  0 1 1 t l t • t  \\' a s  1 • ,· o l n•d i 1 1  
w h  i 1 · h  a 1 1  t · l ho w w a s  p l : l l ' t · d  a s  1 1 1 • 1 1 1 ·  t lw l',H' < '  o f  t h e  d a rn as  s t  nwt  1 1 1 · ­

a l l y fl 'as i l i l t • 1 1 1 1 d  t h , · w a t t · r ·  w u s  d i st· h 11 1 · 1.wd do w 1 1  t h <' fa 1• ( •  o f  t lw 
da m i n t o  ! h t •  s p i l l wa .,· s t i l l i 1 1 g-- poo l h t wk<• t . St rw• t 1 1 1 · 1 1 I l i m i t a t i o 1 1 s  h a d  
d i 1 • t 1 1 t t'd a 1 1 1 . i x i 1 1 1 1 1 1 1 1  l u • a d  o f  :!GO fr< ' !  0 1 1  t h <' 0 1 1 t l < • t  t •o 1 1 t m l g-a f l•s . .\ 
1 1 1 i 1 1 i 1 1 1 1 1 1 1 1  I H · 1 1 d  of GI i f t · 1 · t  w a s  : 1 ss 1 1 1 1 H• t l .  .\  1 ·0 1 1 1 !  at t h (' t • 1 1 1 I  o f  t lH ·  
l ' l ho w  1 · t •d 1 1 1 · l 'd  t h , ·  d i a 1 1 1 t • l 1 · 1 · f r-0 1 1 1  H i' l ' t ' t  H i 1 1 1 · h t •s  t o  7 f < ' < ' t  9 i 1 u · h t •s .  
'l' h i s  1 · 1 · 1 hw t i o 1 1  o f  d i 1 1 1 1 1 1 · 1 1 ' 1 ' 1 1 1 1 1 d 1 • t h t ' t • x i t  t h , ·  1 · 0 1 1 t 1 ·o l fo 1 ·  a l l  IH ·ads i 1 1  
l ' X ( ' ( 'SS o f :, ( )  f 1 • 1 • t  : 1 1 1 d  ( ' ( I I I I J > l c • fr l y  1 • l i 1 1 1 i 1 1 a t 1 •d  t h t •  l l f. • ga t i \' ( '  }) l ' ( 'SS l l l ' t 'S .  
'l' h e  st i l l i 1 1 g·- poo l l 1 1 l < ' k t ' I  w i t h 1 h t• 0 1 1 1  l l ' t s d i s<' h a 1 · 1.d 1 1 g- w i l l  fmH' t i o 1 1  
u s  11 1 1  (• 1 1 1 · 1 ·g·y d i ss i pa t o r ·  i 1 1  a 1 1 1 1 1 1 1 1 1 1 · 1 · s i 1 1 1 i l a 1 · t o  t h at d 1 1 1· i n g- t h t • sp i l l ­
way  d i sl' l 1 1 1 1 ·g- t •s .  

La f r r st u d i l ' s o l' t h , • 0 1 1 t l t ' f s  i n st a l l 1 •d  i 1 1 a 1 1 1 od 1 • l  or t h t• sp i l l wa�· 
s h o \\· t •d a r ·a t h , • 1 · S P \· c • r · t • s p l a s h  1 1 1 1 d  s 1 > 1 ·a y 1 · 0 1 1 d i t  i o n  w h P I ' < '  t h t •  s lw<' f 
o f  w a f (' I' tl ow 1 1  t h 1 •  sp i l l way i m p i 1 1 g-t •d i 1 1 t l 1 1 • op t • 1 1 i 1 1 g· o f  t h 1 •  out l l ' t . 
'l' l 1 i s  1 ·0 1 1 d i t i o 1 1 l ' X i st 1 •d a t  f l ows  o f  l l 'ss t l ia 1 1 :,00,000 st • 1 • 0 1 H l - fr l 't . d i s­
I r · i lm t  1 · d  u n i  fo t ' l l t l y  o n• 1· t I H ·  1 • 1 1 1  i I ' < '  t ' l ' l ' S t  a t  ( :  rn 1 1 d  < '0 1 1 l t• 1 • .  .\ d 1 • ­
tl t • t· t  < 1 1· w a s  d l ' t a i h•d t o  d i ,· 1 · rt t h i s f l o \\' m· 1 · r  t lH •  op1 • 1 1 i 1 1 g- .  'l' h i s  a d ­
d i t i o 1 1 1 1 I s t rn l' f 1 1 1 · , , p , · 1 · 1 1 1 i t t 1 ·d  1 1 1 0 ,· i 1 1 g- t h 1 ·  t · o 1 u l 1 1 i t  t • l how  t h r t • 1 •  feet 
dow 1 1st rP 1 1 l l l , t l u• , ·t · h., ·  s ho r1 t • 1 1 i 1 1 1,! t h t •  0 1 1 t · 1 1 i : i g- 0 1 1  t l u• fa e(' of  t h t• da m a 
d is t  a 1 1 <' < '  o f' 1 : i  f't ' < ' 1 .  

Low- I f  1 ,: . \ 1 >  1 > 1 r 1 ,:mrn 1 :--:  I > .\ !\I S  

,\ 1 1  i 1 1 t 1 · 1 · 1 •st i 1 1 g- : i 1 1 d  1 · 11 t l w 1 · st a rt l i 1 1 g· i 1 l < ' i d P 1 1 t , i 1 1 1 poss i h l t •  t o  oh­
st · i ·n · 0 1 1  t h t •  p l'Ot ot yp t ·  b t • 1 · 1 1 1 1 s 1 ·  of  t h t •  1 t 1 1 · h i d  1 ·0 1 1 d i t i o 1 1  of t h e t' l ood 
wa t e r ,  was  wit  t u •ss< 'd i 1 1  ; i  modl' I  ( l•' i g; .  ! I ) o f' t lw Pow, · , · f'a 1 1 a l  J > j .  
v e rs ion  l >a 1 1 1  0 1 1  t h , ·  Ha l t  Hi \' t ' I ' P roj t •c t i l l  A r i Y.o l l a .  

'J' fH '  d 1 1 1 11 , o t• i g- i 1 1 a l J y  h 1 1 i l t  i l l H JO:J t o  d i \' t • t • f \\'Uf. l' t • f'o 1 • JWWt ' I' de­
V< • ] OJ>nl (' l l t i l l 1 · 0 1 1 1 1 t · 1 · t i o 1 1  w i t h t h t • t •o 1 1 s t 1 ·w· t i o 1 1  o l' Roost • vel t Dam ,  
WI I S  ) > l l l ' t l y  d t• m o l i s h l'd h,v a l' l ood i l l  HJ 1 6 . l n rn:1:i,  pl a ns were form-
1 1 l a 1Ptl  to  1 · t ' l n 1 i l d  t lw d a m  1 1 s i 1 1 g- t h t• sam t •  1· ross-st · t · t i o 1 1  as lwfo re so 
t h a t  t h t • po 1·t i o l l s of t lw o l d  d 1 i r 1 1  1 ·mi l d  h t •  u t  i l i :i;< 'd . 

'l' h 1 • 1 · i v t • r ahov , •  t h < ·  d ; i m t• a 1T i 1 is a h t •a ,·y hed l oa d ,  and during 

· '  
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a flood, bars fo l'm ac l'oss the dam eompletcly covering it  for short 
intervals. In the  c l t•ar wate l' of the model, it eould be seen that holes 
were scoured, oft en t o  a tkpth of  1 2  feet , a long the  upst ream face 
of the spi l lway nest . The veloci tr of approach was h igh, dm• t o  t he 
shal low channel , and as  t lw water passed o\'cr t he t• t·t•st an  eddr was 
formed below the upst l't•am edgt• .  This nhly p i ckPd up bed material 
near t he upst rt•1un fa<·<· of t h e  dam and ea l' l' i ('d it downst ream. The 
pocket incrt.•ased in  s i ,w unt i l  t h l· i nt <•nsi ty of t h e  ('ddy was decreased 
and it could no longPr p i l'k  up materia l .  'fh t• ho le th <·n gradually 

. Upstream edqe o f  crest ---,. mrnr·�1 1 : ;�-� . . . -00-0�"-:!:om edqe i I \ ; ; - ;  1
; -1· [  I :  1 

Whirl · - - - ·  

: ' :  ' 1 i '  ! 1' 
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--........- -:· -

D . ': • q • 

Appro11mote · .. ',., 
ult,mote shope : __._·....___....,_ __ __._,.._ 

PART PLAN SECT ION THROUGH DAM 

U PSTR EAM .E ROS ION 

1''10. 9.-l<�ROSION UPSTREAM FROM CREST O F  SALT R 1 n:H PO W ER C A N A L  
DIVERSION DA M. 

fil led again from the  material h<'ing moved along hy th t.1 stream. but 
· while a part icula l' hoh• was fil l i ng anoth <>r would ht.• forming ehw­
where (Fig. 1 0 ) .  As a hol e  he<•ame fi l l ed ,  1 he  cycl t- would be l'l'­

peated. Examinat ion of t ht• port ions of th t.• or ig i nal dam remaining 
in place disclosed s<·our to a depth suff ic i ent t o  confirm the observa­
t i ons in the model. 

Based on these facts, there is reason to bt1l i eve that 01w of the 
. major factors of the failur<' was pip ing undel' t h e  dam due to the 
reduction of percolation length by the format ion of the holes up­
stream .  Only orn• sPct ion of t he spi l lway was moved any distance 

' from its original posit ion in the dam. Assum ing that the  major cause 
i was piping, the one section was undermined and l it erally skidded 
' downstream, where it came to rest t i l t<"d upstream. 
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I n  t lw re< 1 , ,s ig· n ,  1 1 1 <' l ' i \' n hC 'd w a s  h l ' a \" i l y  l ' i p 1 ·a pp < · < l u pst 1 ·pa 1 1 I  

from t h<' < 1 : 1m to st a b i l i ze i t  ;q.�·a i nst a t ' < ' < ' l l l ' l ' l ' l l < ' < '  o l' t l i e • l'a i l t 1 1 ·r .  \\
T
i t l i ­

in  a few d a ys a f1 l ' I' t h e < ·0 1 1 1 p l c -t i o 1 1  o l' t h < ·  1 · < · 1 · 0 1 1 st 1 · 1wt i o 1 1  i n  1 ! )37,  a 

flood, eq u a l  or  grca k r  i 1 1  m a gn i t ud e  t o  t h e 0 1 1e w h i t · h  ha<l eausc<l 
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t lw p 1· p ,· i ous fa i h1 1 · 1 · .  J > 11 ss ! 'd  t h e  d a m .  S u hs 1 ·q 1 w 1 1 t  t " X a m i na t i on o f  the  
r i p 1·appi n g· sh o\\' (' c l  n o  d ist u t' l , a 1 1 t· 1 ·  h a d oe t' ll l ' l ' t' t l .  

T lw s( • ( · t i o n  o f  t h 1 •  o l ' i g i n a l  d a m  ( Fi g· .  1 1 )  l l l O \" ! 'd  d o \\' nst rl ' a m  
d 1 1 r i n g  t h < '  fa i l t 1 1 ·p \\' a s  1 1 1wo,· 1' l ' l'd h�· t lw l !l :r; tt ood . P 1·( ·,· ious l�· i t  
h a d  h rl ' l l  J ' ! ' })O l ' t l - c l  a s  ' ' l ost ' ' . So 1 1 n d i 1 q.!"s h !' IO \\' t h e  r1• eonst rue t t>d 
d a m  a ft ( • J ' t h i s f l ood sh o w l 'd d !' < 'P  s 1· 0 1 1 l '  h 1 • t \\ · 1 · 1 · n  t h ( • d a 1 1 1  a n ll t h e  
" l ost  S('d i o n ".  :\ l o d ( • I  s t u c l i ( ·S  o f  t h ; s  1 · o n 1 h i 1 1 a t i o n  (' h l' l' k t• 1l t h r fir l d 
1 1 H • asw·1 •n 1 t • 1 1 t s a n d s h o w 1 •d t h a t  1 ·0 1 1 t i 1 1 u 1 ·d  f l ood H o w  w ould m o ,·p  
t h<' " l ost " SP<' t i o n  1 1 01 do\\' 1 t s1 n'a m hut 1 1 pst r ·1'a m .  l ' n 1lt ' rm i n i n g  a t  
t h e  npst 1 · 1 •a m s i d e  wou l d  d i st u l 'h  i t s < ' (f ll i l i h 1 · i 1 1 m  a n d t·a use i t  t o  rol l 
t <nv a 1·d t lw d a 1 1 1 .  I n  ot h P J ' \\· 1 rn l s .  a n  ohj 1 • 1 · t  t oo h t• a y �· t o  h l' l l lO \' l 'd  
cl mn 1 st 1 · 1 • 1 1 1 1 1  1 1 1 i i.d1 t  l 'O l l  1 1 ps t 1 · 1 • a rn  hy u n d (• 1 ·rn i 1 1 i n g: . To p t 't' \ ' (' l l t  i-nH·h 
a n  i n t' i d ( • n t  a t  t h ( · JH ·ot ot y p<' a n d  i t s  ( ' O l l S l ' < f l l < ' l l t  1 • 1 1 ( l a 1 1 g· 1 · 1 ·rn 1 • 1 1 t  of t lw 
r 1 • 1• o ns t  l ' l ld t•d d a m .  t h l ' o l d  s 1 • 1 · t  i o 1 1  ,,· a s  1 · 1 • 1 1 1 0 \' P d  h�· b l a st i n g .  

Ro fa r ,  t h i s c l i s 1· 1 1 ss i o 1 1  h a s  d 1 ·a l t  p r i 1 1 1 a 1 · i l �· w i t h  1 1 1n j o l ' st rn l' f ll l' l 'S .  
hut t lw p 1 · i 1 l l ' i p l 1 · s  i n \' C i l \' \ •d  :J I ' ( '  a pp l i ( · a h l t• t o  t lH ·  d (•s i µ: n  o f  sma l l  
st rut' f ll l 't •s .  T ,,· o g· 1 ·ou ps o f  s 1 1 1 a l l  s t n 1 l' 1 1 1 1 · 1 · s  o n  w h i 1· h  1 ·0 1 1 s i d1• r a h l e  

1 st udy h a s  I H' ( ' l l  n 1 11 c l 1 • a 1 · 1' 0 1 1 1 1 1 • 1  \\' O l 'ks  1'0 1 · ( • a 1 · t h -ti l l  , d a ms a n d d rop 
a n d  1 · lrn t 1 •  st nw t u 1 · 1 •s  fo r 1 · : 1 n a l s .  

E A  HTl l - 1  h :\ I  < l 1 . .  l ' f .ET \\' rnn,s 

The p 1·oh l p m  of  s1•0 1 1 1 · p rt'\'t' I I I  i o n  hl' l o w  1 · a r t l t -da m o u t h•t w01 ·ks 
i s  h t' i n g· 1 • 1 1 ( ·ou 1 1 t ( • 1 · 1 ·d  \\' i t h  i 1 u· 1 · 1 · a s i 1 1 g· f 1 ° ( ' 1 j l l l ' l l < ' Y ·  L a h o 1 ·a t o 1 ·y e ,qw t· i .  
nwn t s  h a ,· ( • 1 • ,· o h· ec l  1'0 1 1 1 · g· 1 • 1 1 ! ' 1 ·a l t y J w,  o f  s t i l l i n g· poo l s : ( 1 ) fre l' 
jPt ,  ( 2 )  1· lrn1 P .  ( :n h u m p . a n d  ( -n i m p, l < ' t . T IH ·  a pp l i 1• a t i o n  o f  l' ,H'h 
i s  1 •s t a h l is l 1 t · d  h,v 1 h t • 1 · 1 • l : 1 t i r 1 •  pos i t i o n  o f  t h 1 •  0 1 1 t l t' t  a 1 1 tl t lw t a i l w a t 1• 1 · : 
hy t h <' 1 ,\' I H ' o f  0 1 1 1 1 l ' t , w h l' t h l ' l '  s l i d1 • - µ:a 1 < · 0 1 ·  1 1 1 · 1,d k-,·a l \' (• l '01 1 t rol : a n d  
h y  t h r l' l 1 : 1 1 · : l ( ' f 1 • 1 · o f  t l w  d ow 1 1 s t J 't 'a l l l  r i n• 1 ·  1 · h a 1 1 1 1 1' l . 

By a s( • J · i ps  o f  P X Jw 1 · i 1 1 H · 1 1 t s . t h 1 •  l i l l l i t s o l' a pp l i 1 · a t  i o 1 1  o f  l ' ,wh t �· p t' 
h aYP  l , p (' I I  fa i , · l ,v \\' I ' l l 1 •s t n h l i s h 1 • ( l .  \\· h 1 • 1 · 1 •  t h 1 •  ou t l Pt i s  a ho \' e  t h <'  
l a i l \\' a 1 t • 1 · a n d t h t •  1 · h a 1 1 1 1 P I  h 1 • l o \\' i s  1 · 0 1 1q i:1 1 ·a t i n• l ,v s t a h l 1 · . a p o o l  i n t o 
\\' h i t· h  t h 1• .i t - t s \\' i l l  p l 1 1 1 qi· 1 ·  i s  s 1 1 ffi l' i 1 • 1 1 t .  1 1 1 t h 1• l' : t :-; ( •  o t' t h e  'l' i l ' t o n  
D a 1 1 1 . t h 1 •  p o o l  w a s  1 • x 1 ·a v a t Pd hy t h l '  ; l ( ' t i o 1 1  o f  t h 1 • ,kt :-; t iH• 1 1 1 :,,;p ) y ps _  
:\ n a t u 1 ·1 t l  g rn d i 1 1 g- 1 ·a l ' l ' i 1 •d a w a y  t l H ·  s 1 1 1 1 1 l l 1 • 1 · 1 1 1 a t (• 1 · i a l a n d  l l'l't t h t· 

1 l a rg·(• gT1l \· p )  a n d ho1 1 l d ( • J 's a s  1 · i p 1 ·a p p i 1 1 g· .  H P 1· 1• n t l ,v . 1 11011 1' 1 st nd i t>s o f  
' t h e  on t l P t wo 1 ·k s  for < l rn ss.,· L a k t' a 1 1 d  )) <'< ' I ' ( ' 1 °t>Pk d a m :-;  \\'P l '<' made-.  

ha sl 'd  0 1 1  t h < ' J ' l ' S l l l t :-;  11 1 'l' i P t o 1 1  Da m .  A st i l l i n g· pool w a s  1l 1•n, J opptl  
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CJ 

JI 
Left waive center l ine CJ 

CJ 
CJ 

_Sp1 l lwo1_ �-e�t�_r _l�n� · 1 

l 

l 

CJ 
CJ R19ht volv_e �enter l ine 1 
CJ ..... Cl 

. ; �-------=�---�-�� 
� . ; : "' 

A_- P L A N  C H U T E  B A S I N  

� e' 
. 2 :,c _________ __ J_�_�__!o_so_n -"°�----�- __ _________ _ 

c5 __ --L-__M01 W S for two valves operati ng 
Mo1 W S for one waive operot , n  

River bed 

t 

Chute tro1ectory Rectangular sti l l ing bas in 

B - E L EVAT I O N  C H U T E  B AS I N 

Top at bas in  wol l  

• Simple curve- Hump tr01ectory - Rectangular sti l l ing basin -

C - E L E V AT I O N  HU M P  B AS I N  

Fl<l .  ) :! .-n.:iw ; ."1 m· O l lTLF:T-\VoR K R  STII. I. I Nfi l 'oOI •. 

t o  he C'Xca vat Pd and r iprappt•d as pa rt o f  1 1w <·0 1 1st 1·m·t ion program. 
ThC' hasin was s imply designed hy <l etC'rm in ing  th<' pattern of the 
eddies formC'<l hy the  jrts in th C' pool and dC'term in ing thC' extent of 
riprap reqni rC'd. 

If th e channel is na rrow and P rodihl e .  w}wre S<"O l l ring  m ay hC' 
dangProns to the st rn<'ture . a <'hutc hasin ( Fi g. 1 2 ) should be nsP<l 
for a l l  condit ions with th P outl rts above th <· water surface. Th<' 
chutC' hasin <'art also hP used for a l l  cases lwtwe<>n ontlt>t invert at  
t a ilwater cle,·at ion and outlet centerl ine at  river-bed elevation. Tf 
the outlet <'ent<>rl ine is l ower t han the r iver-bed elevation, the h:v­
draulic jump wil l mow back against the outlet, causing undesirable 
flow conditions. The hump hasi n ( Vig. 1 2 ) should then be used to 
form th<' jump downstrram from the outl ets. Tf the ontl rts arc ex­
t.r<'mely l ow and the c>ontrol is hy sli de  gates, an impact pool can be 
used as was described in the fi rst part of this paper. 

The floor of a chute basin is designed to  fit the ma ximum tra­
jectory of the valve jet. The pool should be syrrimetrical with respect 
to the valve eentt>rl i n<'s ,  with a w idth equal to twice the valve spac­
ing. A dividing wal l along the centerline  of the pool is required for 
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sut isfae tor�· jump  format ion  w i t h one Y a l Yc opera t i n g. Thr t o p  of 
th is wn l l  shou l d  hr at  t h r m a x i m u m  t a i l wa t <1 1 ·  e l rn1 t ion for 01w 

valve oprra t i n g· arnl i t  may t r rm i n a t r  at  a po in t  t \\· o - t h i rc l s  c l ow n t hr 
has in .  The h�·dra 1 1 l i < · -j 1 1 m p  bas in  i s  drs ig·n C' l l  i n  t hr sa mr 1 1 1 1 1 1 1 1w1 ·  n s  
i n  a sp i l lwa�· st i l l i ng  pool . ! <'or s inµ: I C' - ,· a l Y<' o prra t io1 1 .  r, 1 rh  h a l f  of  

t hr bas i n  f'u 1 1 C ' t i o 1 1 s  a s  c 1  1 1 1 1 i t .  so t lw 
m, 1 x i 11 1 1 1 m  t a i l w1 1 t 1 ' J '  for one  Y a h·r 
opr rn t  i 1 1 g· shou l d  hr t tst >d in t lrh ' I ' · 
m i n i n g  t l H' f l oo l '  P le ,·a t i o 1 1 .  

T h r  tloo l '  i n  , l  l t t t m p  has i 1 1  C'Ol l · 

s i st s  o f  a s i ! l l p l P  < · 1 1 1 · ,· p  H t  t i l l '  ,· , 1h·n 
l' I H l  ; i  1 1d , 1  t r, 1 .i e c - t  o l '.,. 1 ks ig· 1 H ·d to fi r 
t i l l '  1 1w x i n 1 1 1 1 1 1  . i < ' t  n t  t l t e  st i l l i n g­
ha s i  1 1  (' I H I . T i u' l' l l' \·a  t ion  o f  1 I i <· 
h um p  (· 1·rst shou l d  hr about r i \' \ ' T  
lwd lrnl . 1 1 1 t h i s  easl ' .  a d i \' i d i n g  
wa l l  i s  n o t  rss(' n t i , t l t o  s;i t is t',w t o 1 · .,· 
tl ow f'o 1 ·  s i 1 1 g· ! r -,· , 1  l n' op< ' l 'a t  ion . 
s i l l l'C' t hr h u m p  1s  l' ffl'et i n' i 1 1 
sprr, 1 d i ng t he jrt ( l \ ' l ' l '  t hr w id t h o f  

}<' ! ( ;, 1 3 .-f'oon FLOW C'O N O I TI O :-. S  I N  A t l i r l rn s i n  , l l l d  , l < ' I S t o  ] l l '(' \'(' J 1 t  ret u rn 
TnAP�:ZOll lA I .  I :-.c1 . 1 .s: �:n D1:or. 

f l o\\· . Tlw d i mens ions  rn1 1 .,· hr dl' -
, .t crminc<l as preY ionsly out l ined ,  us ing t h l' max imum t a i h\'a t 1' J ' for a l l 

Ya lves operating to dct e l'ln ine  t he floor ekrnt ion in  t h is ease .  

MI NOR �P1 1 . 1 ,w ., v:-;, < ' ., � ., 1 .  ( ' rn  n::-; .\ l': ll l htoi ·:-; 

In i rr i�at ion  systems, m a ny d rop  st rnl' l un ·s a 1 · 1 ·  l'N l t Li rrd a t  
< 'ha n g<'s i n  g-radc in  n (•an a l  a nd a t  t urnout s i n t o  t h e l a t rrn ls. T h r  
tota l  drop i n  w11 t rr snrfae(' a t  t lwse s t rndnrl'S rn a �' h e  o n l y  a fr"· 
fret or it may be seYCl'a l hundred frrt . hut  i n  : 1 1 1 )· C' \' l' n t  i t  is l l <'C'C's­
sn ry t o  provide som e menns at t lw l ow( ' ! '  h •Hl for d issipat i n g- a 
l a ,·ge part of t h e  energy of flo"· · and  for l 'rdtH' i n g  t h <' nlo C' i ty  brfo1·e 
t h e  flow pro(·eeds a long· i t s  na t u ra l  (•ou 1 ·st' . 

It hns  hr<'n 1·rc·og·ni zt'd only rcern t l y  t ha t  t h r hyc l rn u l i l· jump i s  
o.ne of  thr  best mea ns of obt a in ing  effeet i vc enc• rgy d issipat ion  and 

1 
vrlocity reduct ion . 

One type of st rnctu re which h as been qu i te  rxtens ively used, 
p rincipal ly brC'ause of its economy of eonst nH' t i on .  is t h e  t rapezoidal 

: i ncl ined drop ( F'i g- . 1 3 ) .  Th e drsi gn from a hyd rn u l i e  st a ndpoint is 
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fun d a m en t a l ly \\To 1 1g· .  · T h e  h i 1  . .d 1 - n · l 01 : i t y  .i < · t  d c m 1 1  1 h l '  s l op< '  o f  1 h < , :  
d rop i s  t·o 1 1 < · t · n t l ' a t  1 ·1 1  i 1 1 t l w  1 · 1 · 1 1 1  e 1 ·  o f  1 h 1 ·  st 1 ' 1 ld u 1·e hy t h e  s l op i n µ­
s ides . The jc t  p 1 ·e,· a i l s  t h l 'o 1 1 gh t h < ·  �= 1 i l l i 1 1 g - has i 1 1  s t l ' l l e t 1 1 1 ·<' \Y i t h H r_,. 
l i t t l e  d i ss i pa t ion o f  1 · 1 1 1 • 1 · g·y .  T h i s i s  f i n a l l y  , 1 < · 1 · 0 1 1 1 p l i s lwd l iy t · h a 1 1 1 1 1 · l : 
fr iet io 1 1  a 1 1 < l  t he s<'mh l a 1 1 ee o f  a hyd l ' , 1 t t l i < · j u m p . h 1 1 1  t he 1 1 1 l ' h 1 1 l e n t  zo 1 1 l'

0 

<·o n t i n ut ·s fo r a 1 ·0 1 1 s i d < · 1 ·a h l 1 ·  d i st a 1 1 < · 1 ·  d o \\' 1 1 s t  1 · t • , 1 1 1 1  ,,· i t  h su ff i 1 · i 1 • 1 1 t  1 
forTf' t o  s1 ·0 1 1 r  t lw l u1 1 1 k s  1 · ,· < · n  a t  f l o"· s I H' l o ,,· < · a p ; 1 1 · i t y .  

I n  t h e  < ·a se i l l us t ra t ed .  \\' h t ' 1 ' l ' a p p 1 ·0 :\. i 1 1 1 a t 1 · l _v 7;i J H' I ' c-e 1 1 t  o l' t lw 
1 1 1 a x i m u m  1 ·a p a 1 · i t .,· o f' 1 1 -l s 1 · < ·0 1 H l - fr l ' I  i s  f 1 0 \\· i 1 1 µ: ,,· i t  h ;1 d l '.o p  o f  o n l y : 
7 feet , t he O l ' i g· i n a l  1 · i p rn p  ,m s p i le d  h y  t h < '  \\' a t l ' I ' i n t o  t h < ·  1 · 1 · 1 1 1 l • 1 · o f  i 
t h e t a n ; i l  h t · l o \\' t l l < '  s t 1 ·u 1: t 1 1 1 ·e .  l l e c 1 ,· i p 1 · l ' i p rn p  d id 1 1 01 st a y  i n  p l , H· t• ; 

Fr<; .  1 4 .-1 : c)r ,IJ !<' 1 .0 11· C o :-: 1 > 1 T 1 0 :"< f; 1 :-:  A f' 1 1 1 • T 1·: 11· 1 T 1 1  1 { 1,:< 'T,1 :-: , : 1 • 1 . ,\ I :  S T 1 1 . 1 . 1 .--: 1 ;  1 •001  .. 

beeause t lw Sl: ,· 1 · 1 ·e t u l ' l > u l e 1 1 1 · t '  0 1 · 1 · 1 1 1 · 1 ·pd < i o \\' 1 1 s t  l ' t ' . t l l l  l 'ro 1 1 1  t h 1 ·  st n 1 1· ­
t u rc i nst< •a d o f  0 1 1  t h < ' 1 · on 1 · t ' ( ' l c : 1 p ro 1 1 .  'l' h r  r i p rn p  ,,· a s  f- i 1 1 a l l _v gTo l l 1 < 'd 
to h o l , l  i t .  'l' h < · 1 · x t 1 · n t  o l' t h e 1 1 1 a i l l l < · n a 1 H·c  t · , 1 1 1  h < ·  S l ' l ' l l  i n  t i t < · i l l us­
t ra 1  i on .  

I n  (•0 1 1 t 1 · ; t s l  t o  t hr ; 1 hm·r <·a se, 1 1  c· l rn t < · ( l •' i g . 1 -1- ) is s l i o \\' 1 1  \\' i t h 
a t ot a l < l rnp o f  7:, l'< · <t a 1 1 d  w i t h a f lmv o l' ) ( )( )  1 w 1 · 1 · 1 • 1 1 t  o l' i t s  t ot a l 
< · ap : t < " i t y o f �(; s 1 · 1 · c m < l - l'< • 1 • t . 'I' l l ( •  f l ow  do \\· 1 1  t l i 1 ·  1 ' 1 1 1 1 1 1 •  a n d  t h l'ough 
t h e •  h yd rn 1 1 l i 1 · j 1 1 1 1 1 p w a s  w 1 • l l d i st r i hu t l 'd \\· i t l t 1 1 0  n · t 1 1 1 · 1 1  f l ow i n  t h l' 
pool . Ev < · 1 1  t l t o 1 1 g· h  t h < ·  \\' U l < ' I ' i s  1 1 1 n H ·d  ! 10  drgT< ' < 'S a s h o rt d i st a 1 1 c < ' 
c l ow nst r·eam f l'Orn t lw st i l l i 1 1 g  poo l , t lH• t ·c \\' : t S  no (' l 'Os i o 1 1  l ' X < ' < 'Pt  a 
I i t t l c  ' '  hC'a< ·h i n µ; ' '  d 1 1 1 • t o  s 1 1 l ' f; 1 1 · < ·  w : i  v c ·s .  

'l'h e  l < • ng·t h and d (' pt h t l < ' < ' < 'SS: t l ',V t o  fo rm a l i yd rn t t l i < · j u m p  J ias 
I H · < · l l  1 ·Pc l t 1 1 · 1 ·d  i n  1 · ; 1 1 1 , i l st r 1 1 1 ' 1 1 1 1 · < ·s a n d n 1 i n o 1 · s p i l l w ; 1 ys by t h e US( '  o f  
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(· h u t , •  l 1 l 1 w k s . 1 1 1 1 1 1 1 · h l rn · k s  . . r r ! C I 1 • 1 1 d  s i l l s . 1 1 1  ( l f h 1 · 1 · \\' o l 'ds .  i 1 1 1 p i 1 1 !.!· 1 · ­

l l l l ' l l 1  h a s  1 1 1 • 1 • 1 1 1 · ( 1 1 1 1 l 1 i 1 1 1 · d "· i t l 1  t l i 1 • l r y d 1 ·a 1 1 l i 1 · ,i u 1 1 1 p  ( F i !.! . Li 1 .  \\' i t h  

t h ( 'S ( '  d 1 • , · i 1 ° ( ' S  l h t • d ( · p t h l l t ' ( ' t ' SS ; J l 'Y j ( I ) l l ' 1 1 t l t 1 1 · 1 · c l  h y d l ' : t l l l i 1 · .i 1 1 1 1 1 p  O i l  : I  

l ( ' \' 1 • 1  f l o o l ' i s  : 1 1 1 1 1 1 1 1  � :, p 1 · 1 ·  1 · 1 · 1 1 t  o t ' t I i , ·  t h 1 • 1 1 J 'd i 1 · ; 1 I d , • p t h a s  d 1 • t 1 · 1 · 1 1 1 i 1 1 1 · d  

l , y  1 l r 1 · 1 1 1 0 1 1 1 1 · 1 1 !  1 1 1 1 1  t ' 1 1 1 · 1 1 1 1 i l ; 1 . T h  i s  1 1 1 1 · a  1 1 s  t l 1 a t  t I t , · h ; 1 s i  1 1  1 1 1 1 1 1 1 · 1 1 1 a y  l w  

1 ·a i s 1 · d  J ;i  J W I ' 1 · 1 · 1 1 1  o t ' t l i 1 ·  t l 1 1 · 1 1 1 · 1 • t i 1 · ; 1 l  1 \ 1 · p t \ 1 .  F 1 1 l ' t l 1 1 · 1 · 1 1 1 1 1 1 · 1 · .  t h 1 ·  l t · l l !.! t h 

o f  t h 1 ·  h a s i 1 1 1 1 1 a y l 1 1 ·  1 · 1 · d 1 1 1 · 1 · d  a l 1 0 1 1 t  :2 .i p , · r · , · 1 · 1 1 1  1 1 1 ' t h a t  l ' 1 · q 1 1 i 1 · 1 · d  t'o 1 · . r  

l 1 • n · l  f l o o r · w i t h 1 1 1 1 l i l 1 1 1 · ks 1 1 1 · s i l l .  T h 1 • t ' i 1 1 w t  i , 1 1 1  1 1 t ' t ' 1 1 ·  1 · h 1 1 t 1 • h l o 1 · k �  

i s  t o  l , 1 · ( • ; 1 k t i l l •  l i i g· l 1 - ,· 1 • l 1 w i t y s l H • t • t  o f  \\' ; 1 1 t • 1 · 1 · 1 1 1 t • 1 · i 1 1 g· t i l l '  l 1 a s i 1 1  i 1 1 t 1 :  

a 1 1 1 1 1 1 1 1 , ( • J ·  o f  s 1 1 1 a l l  j ! ' t s .  o l ' .  i 1 1  1 · 1'1' 1 · 1 · t . 1 1 1 1 · 1 · 1 ·a s1 •  t l i 1 •  d 1 · 1 i t l i a t  t i l l' ( ' l 1 t ra 1 1 1 · 1  

d e s i g n  v a l u e  

l .  

r. '. o ,  T w E l · 
J 

R , v e r bed E l . · 

Sund  or r·o c �  
e x c o v o t , o n  

l-' 1 1 : . 1 .--, .  ) > 1 ·: � 1 1 : , 1 1 1 '  \ H t-:l ' T . \ .'\' 1 : 1 · 1 . , 1 �  � T l l . 1 . l .'\ l ;  1 : . , � 1 , .  

t o  t h (• j u 1 1 1 p .  '1' ' 1 1 ·  i 1 w 1 · 1 · . i s 1 · 1 l • l 1 • p t h p l 'O d 1 1 1 · 1 · s  g 1 · 1 · a t 1 · 1 · t 1 1 l ' h 1 1 l 1 1 1 H· 1 • .  h , · 1 1 1 · 1 1 

g 1 · 1 · a t 1 • 1 · 1 • 1 1 c • 1 · g y  d i ss i pa t i 1 1 1 1 .  T h , ·  1 1 1 1 1 1 1 · h l 1 l l ' k s  a 1 1 d  t h 1 •  t ' l l l l  s i l l  a i d i 1 1  

1· h P 1 · k i 1 1 g  t l 1 t · h i !.!· h , · 1 • l 1 w i t y . r 1 1 d  i 1 1  1 1 1 a i 1 1 t a i 1 1 i 1 1 g  t l t t '  _j u 1 1 1 p  \\' i t h i n  t h e  

h a s i 1 1 .  T h i ·  t ' l l d  s i l l  i s  c 1 l so 1 · ff 1 · 1 · t i , · 1 ·  i 1 1 i l 1 ' \' l ' l o p i 1 1 g· a gT0 1 1 1 1 d  l ' l l l l 1 • 1 · a t  

t h t' ( • l i d o f  t h 1 •  ] 1 a s i 1 1  \ \ · h i 1 · l t  1 1 t > 1  0 1 1 l y  ) ) l ' 1 • \· 1 • 1 1 t s S \ ' l l l l l ' i l l g  a t  t h t •  e U t o fl 

w a l l  h u t  a l ' ! 1 1 . 1 l l y 1 · a 1 1 s 1 ·s a d 1 • 1 ws i t i o 1 1  o t' 1 1 1 a t 1 • 1 · i a l  1 l m\' 1 1 s t 1 · 1 • a 1 1 1  f rn 1 1 1 

t h t • s i  I l .  

I t  i s  n o t  a 1 1 t i l ' i pa 1 1 •d  t h a t  1 1 1 1 •  1 1 1 • a 1 ; t ' 1 1 t 1 1 1 · 1 •  \\ ' i l l  p 1 ·od 1 1 t · 1 • 1 1 1 a 1 1 y  

s t 1 · 1 1 1 · t 1 1 1 · c1s o l' t i l l '  1 1 1 a g· 1 1 i t 1 1 d 1 •  o f  l � o 1 1 l d 1 · 1 · .  c : 1 ·a 1 1 d 1• ( '0 1 1 1 1 • 1 · . a n d � h a st a 

da m s ,  h u t  t' t -0 1 1 1  t i l l '  a p p l i 1 ·a t i o 1 1 s  w l t i , · l t  ! t a n• _j u st  h1•1• 1 1  d i s1 • 1 1ss11 1 I .  i t  
1 ' 1 1 1 1  h 1 •  S l ' l ' I I  t J r a f  1 1 1 1 ' l l l l ' t l 1 o t f -.;  t 1 f  d Ps i g· 1 1  t ' l l l ] l l oy 1 • d  i l l  f l r t • 1 · l ' f i l 1 1 ' 1 l l l ' l l t  

1

n f t lw i r · l 1 yd l 'a 1 1 l i 1 · p l ' l l p t · J · t i ( • s  1 1 1 ; 1 y  I i , •  ; 1 p p l i 1 ·d  t o  s 1 1 1 a l l  s t 1 · 1 1 1 · t 1 1 1 · 1 • s .  

1' h i s t' , 1 < • 1  i s  l u • i 1 1 µ: 1 · 1 • 1 •og1 1 i z 1 •d h.,· d Ps i g 1 1 i 1 1 g  t' 1 1 g· i 1 1 1 • 1 1 1 · s .  : i n d .  a s  a t 't's 1 1 l t .  
1 st l ' l l l • t  l l l ' ( 'S l'o 1 · 1 1 1 1 · 1 · l .,· d 1 •s i g· 1 1 l 'd 1 • 1 1 1 i l ' 1 · l y  hy p 1 · 1 · 1 · 1 · d t' 1 1 t  a 1 · 1 ·  1 w w  l ,p i 1 1 g  

: 1 · 1'1'1 · 1 · 1 · 1 ·d  t o  f h t •  h yd rn 1 1 l i 1 · l a h o rn t o l 'y .  




