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SPILLWAYS AND ENER(;V ~I)ISSTP,'~TORS 

1)5" 

Jacob E. Wammek 

q 

i:i!. 

TYPES~O}' EsEr(;Y l)lsSlp,',TIO~" 

In t h e d e s i g n  o f  hydraul ie  struetm.es, t)-i}es of energy dissipn- 
tion may ;be reeognized a s  follows : 

1. Ex te rna l  friction, su(,h as be tween  !tiLe water  and the ehan- 
uel m'~between the water, a u d  t h e  air.  

I 

2. lml)iu,,.,ement, sueh ann  jet of wa te r  st~'ikiu,,., ~ pool of water  
[1~' ~ solid ol))eet, l 

3. In?ernal frietion m' t | | | 'h | | lelu,  e. sm.h as oeeu|'s within a hy- 
draul ic  j u m p  ~ OI .,lt.l O] iel. 

EXTFRN AI. Fl i lCTION. 

Extorn:fl frietion can be only ImrthflIy eo,flrol]ed and can he 
depended UlJOn to ii|)s~il'll [ in ly  il t ' r l le t l l l l l  of' the ener,,.,y. 1111! in eel'- 
la in Jn.~liln(.e.~ Jl r m v b e  iml,omant. :In :the :ease o f  needle x'~llves m. 
eonduils di.rehar~in,,., at ;L eonsiderable hei,,.,ht ~aimve the slilliu,,., ,pool. 
tile fl ' ielion belween the .jet of water' and lhe alL" iileL.ally disinlelzvate.~ 
the stream before it.:-4rikes the a~,fler su~.'~m,e/,,low. At tlm4Lhvx:h,,e 
l lam (Fi:z. 1~ tile 4~ inch needle valve..~.(liseh|n.~e hm'izc,~T~illv int~ 
the niL' l lO feet abovf, tile tailwater. Th.e disiule,,.,ration ~,t' ti le jets 
has to be seen to I)e realized. The " ' r a i n "  beneath :them equal~ ill in- 
to|ratty t he downpour (lil~'in~ a eloudl)urst and i t  :.foils all ahm,.,:t hearer 
i)eneuth tile .jets. The stream i t , l l  slmw.~ vel.y l i t lh ,  solid w~ter hu! 
insle;|d ve.~embler a den.,q, spra.v. As it sl|'ikes the watel..~urt'ae~ il 
apl~e;,|'s to rieoehet:and rt l ' ike n se~.ond time fin'thee ~lowL~..~l|.eam L'uth 
el. than ph|nlze into t i le pt~l. This ~rieoehet ,is ,due to the iesse,, den. 
sit.v nf the a i r -water  mixture as eomlmeed .to the solid w~,ter in the 
pool. The ;,bso~'ptiml of air  due to frict ion eause.~ the  jet |o imping,, 
m'e~" ~ wide nl'ea and with far:le~s force than ;~ jet o f  solid w;ner. 
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i M I'INcII,:M I,:NT 

l i i ree l  imlpil~t~(:ment ;~.,; ;~ m e a n s  eft" ~.uqq.¢.v (iig'~ilmiion is nL~l ul i -  
liz(.d eXCCl,l n.~ ;~ I;~st r~,sm't when  oi l ie r  mctllml.,; fail .  A recen t  s t u d y  

~,t' ~, dcsi~z~ f,~r tht, ( ' , lH;llas I);Inl i r r i ~ a t i o n  ou t le t  w,)rks (F'ilz. 2) end-  
ed in impi,,.,...~..q,l,t as a s . l u f i , . i ,  i']xccg.~ivq, t ; t i lwa l c r  c a u s e d  I)y t he  
bot tom l i t '  the  c;IvJa] d . w n s l r c a m  fr,Jm the  Oilllels be ing  ioea led  sex-- 
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oral feet abmCe l h c  Ponduils rendered a hydraulic ;jump or a roller 
design out of file questimL E.eh of the two conduits g'ill discharge 
350 second-feet under ~l maximum head of 64 feel, or one outlet may 
(lis(.imr~e 700 second.feel . . d c r  the maximum head. With these cml- 
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TUI3[~' &ICARI ~ R O J  Kc'r ,  

ditions the exit velocity will .be very high, and ainee excemivc tail- 
water prevents the formation o f  a hydraulic ~ump, baffle pien+ were 
located ill,the lmth of the high-velocity get to disperse the velocity. Tile 
center training wail is neeemmtry Io prevent return eddies whe~ one 
gate only is operating. The chief objection to impingement as an on. 
er ie  di~ilmtor is  tim difficulty of  inapection and maintenance of  
the impact surface. . . In this ease, the pool can be unwatered readily 
during the winter months and necessary repairs made. The upstream 
faee  of :the piers :will be urmored with standard 18-inCh channeh< with 
the -legs :.imbedded in the piers. 

INTCmNAL FmlC'nO)t 

Two of  ~the most convenient and practical :methods of eliminating 
the energy of ~owing water are the roller ;and the hydraulic jump. 
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The application of ~the hydraulic jun |p  ds more general because the ,~,. 
r o l l e | ' . ,  " ' . . . . .  ~cqmrt,s an exee~,~ ot ,,ladwater :1o ~form properly.  

I{OL~,~:R STHj.~NO 'Pool 

-~n exam pie of a roller,;,s :a means  "of0energy dissipat  ion ;is :the 
stilling pool desi,,.,|ted for:Grand ~Coulee ~Dam. 'The ~detar"is 'of .the de. 
sig|| of thL,; strut, turf. were eo||tained:i~| ,art article b y  the author in 
Ihe November 19:ll; issue of Civil  E~tfiineerittff. 

~ [ Y D I L ~ I ' I , I I . ' - , ] I L M I ,  H "  : ' ' ,~ I I I , I , I N I ,  :.POOl, 

The most widely, used,metliod ot" dixsilmtion is~the'hydraulie-jump. 
stilli | |g pool. Exeeileni example.slot" iis aPidieat ion in :recent years  

? 

•O 

.1 

e. 

]4"IG. 3 . ~ ] * ' ; N A L : I ) I C B I U N  OF' ~ ' r l L L | N G  PoOL rO~:l~ltAST,~D.~l. 

are t he Norris l)am, eonstrueted !by  the Tennessee,~ralley Authori ty: ;  
tile Madden Dam, built ,by file ~Panama :Canal .'.Zone; and  4he Shasta 
Dam (Fig. 3), now urlder eohstruet toni by tlre ~Bureau:of yReelanmtion. 

The ;a l l ; impor tan t  eriterion 'in ;the design ~of ~a :hydraulie~jump 
ipool is to obtain,  insofar as ':feasible, .an : agreement ~between the, tai l -  
.water ifor ag iven  discimrge and the  height, of,water~necessar~r~toliform 
a :perfeet •l~ydraulie jump. Nature  seldom"is so  kind: ~as ~to ipro~Ide 
eonditions whereby this agreement ~ean ybe iexaetly ~attained. ,,As ~an ~, 
alternative,  f i l e  f l o o r  of .the ~pool ~may ~be i:]oeated s o  as ~to !produce ,an 
,approximate ,eoineidenee between ~tlle ~tailwater ~eurve :and ~the j u m p -  
'height curve.  

.At Shasta Dam, if a !horizontal floor .were :plaeed .,at :suffioi(mt 

i 
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depth to fo rm a I~ert'eet ' j u m p a t  maximum~diseharg, e, there'.'wotlld~be 
an excess o f d e p t h a t i l e s ~ r ,  iliseh ~,, ' 

. al,,tts. ~ln*studying the,profi le~ofl the 
s t  il lin,,., pool.*! h tee  lrnef hods. o f  ana lys i s  'v,'erc~ u ~ d  : 

1. Visual ohservul lon of the behavior  as;p-ee~|: through the  glassy, side 
of "t:,~eetlonal model. 

2. Plfot-tttbe velocity |noas t | rements  in the, n~odel , a t ' t h e  downs t ream 
• e t l d  of thO,l.~t~ol,to de te rmine  ' the~del) th: : for  a-g,ivesi~diacharge at  
;which max imum reduct ion .o1' :velocity o c c u r r e d ;  

3. COtnlmtation~of the s l ope :o f . t he  l'l°°r~byat;sunning~a,ratlo,~between 
iezlgth Ol'_'JuJ~lp an(l~ del) th:at  tlJe, downs t rean] . . end  of~pobi :and ;f[nd- ' 
ing~the locus of the downst ream depth. 

:In the original model, lhe.Thr,.~wan Imrizol~lal,with a2 ,5 -1  slope 
a! the ups!ream end. 

In lhe first lnelhod ot.' analysis," t h e  t a i iwa te r :was  var ied :unt i l  t h e  
hydraul ic  jump aPpeared;most~effieient .  

In  the second met hod, a! l~oin! ot': m in im um ve loc i ty  occurred ~when 
~hc j u m p  was most efficient.  A deerease, in~tailwatereaused the::jump 
to move. downst ream.  thus: inereasin',," t h e  veloci ty,  while  an:ine-,~se~in 
t a i i w a l e r  elevation, drowned the j u m p ,  {,dllSill~'" "• , ,~thejet" to dive" under 
and rela in  more of its initial vehwity. T l | e f l e v a l i o | | s / d e t e r m i n e d ! f o r  
various discharges byibolli: mclhodswere~plot ted a | | d  the |~sui ls : found 
to:be lhe same for all praelieal  purposes. ~:The!jump;hei~rht.eurve ob. 
rained in lifts m a n n e r  was: eonsiderab]y,  above ~the norm; i l  ~a i lwater  
curve for the hi,,th diseharges and be, low~for! lhe: low;diseharges.  This  
fact indiealed~that  t h e  oritrinal aproll :was ;placed ~too high fox'~most 
e file. [en I operalion, a t. ! he h igh d i seha  rg~4. O n l y  a!  : : intermediate  ~ flows 
{hd all efficient j ump: fo rm.  Moreover, {he pool .~urt'aee wan rou  h at  
nil diseharlzes " = "~ g 

'An 8:1 slolfin,,., alWOnLi:improved!lhe:.aetion:so lha t  the~jump:eould 
not I,e drowned On lh ,, - . -d^,  • . . . .  " • : 

• = -,OUel anu tr~e t a i l w a t e r : a t  wllieh minimum 
veloei!v occurred eouh] no! :be reached, tb-'ven-so, the ~veioeit , 
e~td, of : fhe apron was et u a l l o  or e ,  .', a t  the 
. t ] s s  t h a n , t h e : m i n i m u m  fnv~¢h,~.,,,.;.. 
~nal desig, n. T h e  jump-heigh!  curve oblained~:vistmily~eoineided ~with 
~he natural9 : ta i lwa ler  curve forLall:fl~ws exeel)t~those~| |eari lhe m a x -  
i m u m  Ofr-50,000seeond,feet, whereifii.c~ feet;addi! ional: depl h ~was found 
necessary ~ to trive .'mtisfaetory~em~.di!ions. 

~A r ] 2 : I a I ~ ' ~ wl~ ieh deepeved ! I he: pool  a t, I he: upsl ream : end ,  eor- 
reeled~ lifts condition. T h e : j u m p  h a d  an efficient :allpearaliee :for ;all 
diseha r~es and if~ was  note/ |  f hat any  a ppreeiable, inereasei in ~ ta i lwater  
depth for ~the maximum di~har~e; , , tave  :a ; rougher  Imoi . surface .  iIt 
was noted also tha~ ~eonsideral)ie r ed i | e l i on  in la i lwaler  depth  ~gave 
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butsat.isfaetory,~conditions,:thus;in.dieating a fa(.1or ~ ' • ' ,  
~ I n ~ l h e e o m )  • ~, ~. . . . )l s a t ( t y .  

, , I l ~ t a t  m n ~  .], ~,,. : 4  r . • * ; ., " . or ~,,~,~,  ....~ eo,,,o~,-.,,.:.!,.. : )o [  t hE.~o!,o of.*hCL~,,,,,o,,,~th~ ]o,,,.., ~, 
. £ . "  - -  r " " . . . . . . . . .  ~" ' . '  r a s . ~ ; u n l e o ~  to~  t ) e  ~ 1 o u  r :  t in lv .~ ,  t h,~. , l ,~ , , ,  h ; ~ ^ . .  : 

• , . . . .  = a ~  j i I m p ,  |L~III~ ," , I I lC l ' H O n l e l | [ l l n l  ] 'Ol ' iIi l l l ; i  f o '  ' d r a u l i e ~ j u m p  " r . ~ tlie hx.. 

• r t  ~ ; ~ l  1 , .  

il . 
poolthe ~vah;es;entranee:Of ~])=as :fOrori~tin,diffe!, cm dischar,,,,c.,~ were.  eomlmted.  :~:Wit h the 

'~leng-fh of pool. as ;ii)s(.i~,~l,... and , e l eva t i on  ;as 

> s o .  ~ 8  ° "  " " - h 

1 1". W; [  
4 0 "  

< ~ 12 5"Z ,,, ; ..~. L " __~ • 

40 eO r ~  .~'~ -' -;- - -  ~ , - 7 " ~ ' - ~ . -  ,:~ mo. 2=)  240 ~ = ~ ~ ,  DISTANCE FRO ~ ,32u 36b-- M:POOLiENTRANGE (4Da R:)R EACH DISCI.L~RGE ) 
N O T E  

. Ro;R,.R2.R3,R4 ond Rs ore equol to the volues of Oz 
for fhe respective flischorges,~Oo,0,,etc~ 

• ][*'I( 'L"I'----I)Ig~IIGN Of'. ~1.01'1.~1] a l l ' l t 0N:  FOR ~IIA.~ITA I)A~,[. 

ordinale, the. {aihvater e]ev;il]oll for..c;leJli di-~('Jl;lr~(, .,~,v;L~ ])lol tetl:;l ;dis- 
lance of' 4 D., from, tile ori~'in. Wi th  !hese I)oinls as~ eell lers and  ~ra(]ii 
equal to tlie respect ix'(, ;D..,: ares :were d r awn ,  below. A i lineaL t angen t  !!o 

Shastathese a rcSaproniS th(.(.om l int ed! | ) v i ) r ° f i  ie of: thethisstil l ing a i)ron to I)e used. , -  ~e,/lol>e TI s 
t he 

method was l2 .  .5 "I A slope ofi12 !l hall • •' , ' been prev ioush ,  ( ]etermined l)x':the rood e l . t ~d i , , i ,  i " 
/)I~TI~Jm~TION oF !i11'ix)w 

has 
l augh t  us :: t ha t  :to : .~eure  :a ~-,stai)le. aml  * un i fo rm 

_ 2:ate,r  enter,.ng :a i,hydraulie;Jum p : s t i l l ing , ool L'mUS" ~ 
, . ° . ° , . , .  o , , o . ,  ,o oo , ,o"  o ,  ,, ,, . o  ,o,°, . , ,  3 _ 

This  r e _ u i r e m e n t  ofrsma I! strnetures.~ I [ par t  ieularly;ini  canals.  
Ires:led t o : a  ce r t a in  amoun t  of  eonf l ie t  ~between the~s l rue tura)  a n d  

i " 
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, i  

: the ~hydraulie engineer. :It ~is :eheaper :to ~pave :the :sides ,of :'the ieanal i 
to form a~so-ealled,,.:irapezoidal pool lhan  ,it as ,to eonstruet ,vertieal  

:retaining .walls. , 

:In 1937, the  problem o f~the spillway "for :tim iDes ;Boe~s i])am ;be- i 
ing eonstrueled iby f i le  ~Rurai' ,: . . . . . . . . . .  ' ] , lee t r l f ieat  m i |  r 'DIVISlOrl  Of ;the :Puertc 
Rieb Reeonstruetion .:Administration w a s  :undertaken '.by,. the iBureau '~l 
of Reelamatioi| :upon ,the:recommendation ~of the " ' ~' " "; - consulting board 
( ) p e r a t m n  .with ~the~ origimll :abutment, entranee, design was .very ,uil. ~ i 

. ~ k _ _  
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.][*'IG, 5 , - - C I . I A N ( . ; I I . :  O F  . ] ' ]NTI IA~ '~CE " C O N D I T I O N .  ON. ~ ; D o 8  '~|.:]O~AB tDA, '~ I ,  

sat isfaelory. The  sq ua re: en t ranees ea used: I he sheet,of ~water ~to spring 
free ,from ';the spillwILv ,sides, resultirlg in a :mueh ,reduced~flow at  ;the 
side'walls:and~a eoneeiltraled:floW 7i;| the,cemer~of the:stil l ing pool. i 
Thin unbalanced eolldil i o ~  ea used a :severe whirl ,on,each ~side, of +the 
pool. T h e ~ ,  wlii rls ea used,:disru pi io i /o f  it he h vd ra u l i~" ,iil m p :forma t ion. 

T h e  inlroduelion of a~eui:vedentrance al each l i lHIlnlell! ;(;]~i~.15} a n d  " 

Ihe slreamlinhig of~:lhe upstream nose o f  lheqn'id~ze:piers~elimimtled ! 
th i s  undesirable,condiliom :As l h e  studies pro~re~eil, :,a ;position o f  ' 
: the: still ing f loor was,developed Wliieh produced ~en|irely,salisfilelorv 
:flow eondi l ions for  the maximum de.~igned,diseharl~e,of,200;000 *" 
end-feet and for  all .olher discharges ~exeept in ~the ,|'e~ion ,of:50,000 

; 7 
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s e c o n d . f e e l .  A s e v e r e  wi i i r l ,  on + l l iel  lef i  s ide  ot':! h e  : | l iron +was f o r m e d  

liv. two dis! inel ~ ,nd i !  ions: ae!in~o V~ to,tel her,~, the e l | r e |na t  iml Of, e i ther ,  or 

I>ofh I)ein~ diflicull .  ,Tile wtiirl iwas ~'onmileved ~trofibh,.~ome i l la :muwh 
as any  loose ro(.k ov ,,zravel imntei l i t i le ly ,qlOw,slrcam I'rom ~the apron  
wouhl  i)e i r a n s p o r l e d  ; oh io ,  lhe:  i!l-'On to ermle ~ the eont .rel t ,  mirt 'aee.  

The fivst cause o f : t h i s  Whirl was that even wi th  the e h a n g e o f  
design on lhe brid,,,,e piel.'s a n d  nbutment  e n t r a n c e  lheve was s t i l l  .,+onle 
laek of  uni l 'orm d i s t r ibu t ion  <ff+.flow ovel' fhe eXll'i,'tlle+eildS Of tilt: 
spi l lway.  , eeondk',~al f lows of i  l e~  fh i l n75 ,000  seeolii i:feel, the t0p -  
offraphy dowI ls l re i lm on l lie l e f t  Side aelcd |is l! eonli.ol fol 'ein7 lhe 
stream ove r  | l i fo the lni l i l i  ehlinnel. As: i |  l'e.~lill, ;i " ' t i ea i l "  area was 
formc~l f rom whieh Wil ier- f lowed ~ b l lek  b i le  t i le , i l inl l  I" i l l 'el l ,  i l isr i i l ) l  ing 
the ] l imp  all d l*ol 'ni i i lT:l l ie wl i i r ] .  SilI.~. i iei lhi les., l lU0 vilrhilhiiJ.~ of lht,+ 
i ipron eleval ioi i  d id  i l i l l ie : lowar~( | :e l in i i l ia lhn i  o f  the whi r l .  +The final 
moiulion (Pigs. 6 and 7 )  eonsish,l l :of shit ' l  h]~:'l he eii l i i .e s l i i l lwav  ci-est 

+ +  . 

fifteen fee |  io l h e  r i l th l  ani l<eol ivei ,~hi7 i lle:.~l;illwa~" and sl i l lh i l~- l lool  
wal ls loward  lhe i lOWl i l i reanl  e' i id ( i f : l l ie : l i l l l . l i i l .  "q'hc slell~lly-Slcl I:; in. 
al.v,~i.~ of  lh is ehanlte is its :folhm-,~: l).v I ' l l l i i l ing  l l ie ; !e f l  wal l  Jibe|if 

; i l s  in ierseel ion w i lh  the ere.~l ; l i neso  :lli',if lhe<i l l iw l is l l 'e l in i  eli l l  ,,~ili'i|~ 
! f ifteen t'eel~lo lhe i ' i g h l  o f ; lhe  Orilzinal:llO,~ilhm, il wu,~+Gluil i l : ihi it lhe 
i defi¢ieney of  Wil ier wiis e l i l l i i i i i l l e t l  i l i i i l  71he ,~li'cil~,ll sil i l i  i'celeil i lo- 
i l t ' a rd . l he  or lg ln , i l  ehl l i lnel : lh i i l  lhe ' ! l i e | l | | "  area ill wl, ieh l i . ,  .,h h.1 
I i • • " ~ . . . .  ~ t l l ~  . l l ' t l l l l |  ~ 

. formed was eilmlli..li4~(]. Lri'o ; igi l i i i  esl l i l i l ish .~y-iiinit+l ! 'Y lll'~ile.~iltn. I hc 
r i g h t w a l l  was ro l i i l c i t  ;i si inihi i ,  i lniOll i i l  hi lh i , : le f l .  3~. ililvel'+~e er- 
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feet was noted in the flow conditions; in fact, there ~x;,'as some:in~- 
provement despite the fact t im! t he  down.stream end of the apron 
had been eonstrieted a total of thir ty feet. Jlowever, the rotation of 
the right wall  moved i! fifteen |'eet'ottt into the river eilamtel. To 
brin~z it I)aek to it.,+ ox'i,,,,inal I)osition. which wasmort, desirai)le from 
a slruelural sh|~.|dl)oirtt, lhe e|~lirc.+eresl was slni't'ted to the ri.,,,ht a 
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dL,;tanee of fifteen feel, whieh in effect moved+lhe downstream end of 
the left t raining wall thirD" feet to fine ri,,.,ht. Ti|is eha||~ze ot'positi,m 
not only appreciably improved lhe:hydraz|lie eomliliozm inn the stilling 
p o o l  b l l t  produced a deeided:eeonomy by redm.in~ the :deep rock ex. 
eavalion on the left side. The deptli of exeavalio| |  a! the (hJwnstream 
end of tile left l rajninKwall  rwas reduced from 45 to 20 feet . . . .  

MASONS','.DA M Ou'rLv.T WOR KS 

An important  problem in recent deve lopments  is the prr~- 
vision of diseharge eapaeity to release, wa t e r  in exeess 'of the power 

m 
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demand. At: ('l rand CouleeDam : (F ig .8)  ,three: t i e r s  of : twenty  8;foot 
6-inch outlets  are being provided 1o,release:225,000,.seeond:feet. and 
at Shasta Dam. a:tota! 0f seventeen outlets 0fflm~same'size~,will b e  
provided in, three-! iers  t o  release' a ~ flow~ of'63.l)O0 second.feet. T h e  
two inslallations 'have!been sttl/lit,il ;l)rae!ieally a s  ,,ol|e ~p|'olilem so 
I ha t  ! lit,; ten !  al ix'e, i l e s i g n  ~ f o r  S~.hasta ~'.l)|ll l~ i is i i l en !  i t .al : to ! t ha t  o! "~ t he  

uppe|" t ier  at ( I raml Couieg,. (?ertaiil~ iasti minute  changes: eouidnot,bt,  
included at ( ; r a n d : C o u l e e  iheeause of ~tlle const|.tletion progress. 

In lhe original (ieSign of~lhese conduits, ,they were iplaeed iho f  

..'"~u.W,S. El, 1291.65 

. . . .  - . . . . . . . . .  , . .L_  . J 
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i izoni aliy so t h a i l  he jet~ would: phmge~ into t he~ tailwat e r  downs! rean] 
"from the s l i l l ing  pool. :Tile model,showed extreme scour conditions, 

b " * ipart ieularly a long  the: riprapl)cd I)altks~ot t h e  powerlnouse*taiiraebs. 
i ln lhe next design, the  eomluits~wereplaeed on~a  parab01aAhrough 
!the dam so that lhe : je t  would  plunge i | | t o : thesp i ihvay  stilling?pool. 
!The d i~ipa t ion  of energy in:the!flowifrom:the~upper,:tier was satis- 
!factory, but with, at :high taiiwater :the i jet ~from ~the ~middle tier ,was 
diver |  ed over the bucket :lip and iinl o :!he erodihh, river:lied. How- 
ever, a n  error ill a.~,~umption was:macJi, w h i c h  was ::lwough! t o:light 

~in a subseque]l t | | lodel .  :I t"the eontrol l i s a l  l hedowns t r ean |  end of 
ilhe eonduil, t he pressure gra(lient is above the=conduit and: lhe~pr~.  
~sul'es in the eomluit a re  all posilix.(,. Actually, t h e  control was  at: the 
iupstream eml and the pressure gradieni between tile inlet~and oat-  
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I.r,~ |)llll('l:l;lll~(l.'.q till.' Z]I'IIIll.%I'I.II'I.I (~'ll,~l.°f:lll'.~('l; 

let dv'01)l)c,d b~,hDw the, ( , ( rod . i t  Ii . l u x i v . . . i  ,ll" 4fi,i',,,,v m' t he  dil ' l 'ev'c,.u(. 
i l l  ~,l(,v~lt iol l  bl,t w,.~,~l ' t hi, i l lh , t  l lm l  ,tut hg. ( )b '¢ i ( . l~ ly .  t lni l t  ~ ( ,ondi t  i im 
in . .  iv.l)(D.~.~ibility:i, lh~, pv,)l,)t.Vl)~, .~nm~,~ l ib~ohi t ( ,  l)V'~',~,',;.i'e i .  ;tp. 
| ) l 'OXJ l l i l l | ( ' Jy  :~:~ j'('('~ i ) ( ' ]OW ll|lllOS])hql'ie*J)l'l~K.',;Lll'('. 'J'(P'|) l ' i~%'ellt ~elivit : l-  
t iol l  t hi,~ m'~l i l  i,,'(, ll~,ai,I ,',dl,)rhi w.t~,,x~'~,(,~l I I H ,  h~'~t(I ait '.vhi~h ~'l lvit; I -  
1 1()11 O( ' ( : l l l '~ ,  

W i t h  the,s,, l im i t  ;it i~tJ.~. ;l ni,,w ,h,s i~nl  . t '  mn th , t  ',,,'iis ~,,,'~lk'~,il i .  

l i i ] l i iV l l l l n l  Ji( , ; l , l~() l '  ~ ( ) I ' , , i ,1  ~,%';1~ ;O~ l l l t l l ' d .  ~k ( 'onq! 'u l t  ~tln( , ( , t l , l . , l l '  th,.  
, . l t . )~v v',',lll,.,,,I ih( ,  , l i i ,  v.( , t , .v' i l 'v ' .v.  ~ I't.,,l I; ivll'ln,.~ 1o"7 I',.I.t.'!# imi l l ,~ .  

'I'IH~' ~ t i l l i . ~ - p . . I  bu('kt,t w i t h  ~lh(, ,~mth~'t~ i l i ,~c'h~lv~i.~ w i l l  L l'V.i":'ti(m 

~)1' w~lt('v' dOWll ~ the, ~ p i l l w ~ l y  iV. l ) i i l~( 'd  i . : t h , ,  - l )C'nl i .~ ~1' t h ( ,  o . t h , t .  
' l ' l , is ~'.w~litiow ~'xi~t~'ii ~l t  t ' l .wn ,)1" h , ~ l h l l t l  ~()lg.Ofll) ~,eoml.t 'c, et. d is ,  

fh,~.tov, ~..;l~ ~h i ; l i h ,d  t,~ ~i iv,,rt  th in  th lw .'.'~,v. t JH. ~)l)~.ni.~. T l l i~  u.I- 
d i t iow; l l  ~lv'm'tHv',, I)~'vmitl~',! vtn(~viin~ th,, ( ' ( )mhl i t  ~,l lmw ~thn'/,(, 't'eet 

di~l;lm.~, of' 1.~ ~ Jl,(,t. 

J ,( P%%'- I [I.'..%1) | )1%'!,:11~11p,%" J ).% ~!~ 

,~,vl inltuv'i,,~till,,.. ;~l~,l U ' ; l t h ( ' l ' , ~ t ; t r t l i l l ~  i.~.'id(,vlt, i l . l ) ( )~ i l ) h .  I , , ,o i ) -  
.~(,l'v(, i)ni th(, I)l '~)t.t Yl)(' I)~,~.;n~.,,;~, ()l':'t h(, lun'l)i(I (-ovndilionl ~ll'~th~. f lood 

v i~ i '~ i ( i l i : J ) l i l i i  () i i  t h l '  , ; i l l  l i i v u r  l ) r l i i e e t  ; i l l  ,% r i ~ ,o l i l i .  

T h ( '  ' d ; i l i l ,  m ' i ~ i l i l i l ! y  b i l i l l  i l i  ,1,1tlt:l t o  d i v i ' v ' l  - w i i t e i "  J '( l l "  l i l iWt~l . , ( i (~.  

v t ' l o l i r l l e l i t  i l l  ('o1111(,('| i l l l l  w i t  Jl I l l ( '  e O l i l t  I ' i l i f l  i 0 1 1  0 f ,  i l~)ost,,vell ; ] ' ) l l l l l ,  
1~,';1~ l i l i r l l y  d i , i l i O l i . r h i , d  h v  ; i~ l ' ] ood  " ~ ~ . L ( '  V. , , • I I I  L1 ' i l  6 . .  h i  l .i.3.), L p] , l l l .< ' i '  I ' l ~ l  (; , f i l l ' I l l "  

i l l l i l ( ' d  tO i ' ( ' l ) l l i h l  lhl , '  d i l l n  i l ,~ i i l~  l l l (~ ~i i l l l ( ,  ~ el '( i.~i,~l-l i ' i f~iOli<li~ i i l ,  i ' l l l 'e K(i 

I h i i l  I h i '  lm i ' l  iO l i~  (it" I lii~ o h l  d l i l n  I ' o i l h l  L l l ( '+ l i l i l i~ ,~ ' i i .  

' rh(, i.ivel. ; lbl lv(!: 1 } i ( , (h i l l l  i, Ill.l.it.,~ li < J l¢ ' l lVy lil~il ' lo l l ( l ,  l l l i i l  d l l r i x l l l  

7 
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a flood, bats: form aeros.,~.the dam completely covering it'for~short 
:intervals. In the clear water of the model, it eouhl be seen thatholes 
were scoured, often~to a depth of'12 feet, along the upstream face 
o f  the spillw~xy eresL :The veioeiiy of:apl~roach was high, due to the 
ahallow channel, and ~as~the water pa.~ed over the crest:an eddy was 
formed below the upstrea| | |  edge. ,This eddy picked up bed material 
near the upstream face of~the dam and t, arried it downst|.eam. The 
pocket inereased in.sizv until the int(,nsity of the eddy was decreased 
and it:could n o  longer pick up xaatei.iai. The hole thel! gradually 
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filled again from t he material beirut moved along! h y  t hcstream,!but 
w h i l e a  particular hole was filling another would he ~forniing else. 
where (Fig. 10). A s a  hole  beea.=:e :filled. lhe cycle would;be  re- 
p ated. Exammalton of the portions o f  the origi.al dam remaining 
in place disclosed scour to a depth sufficient to confirm the observa- 
tions:in the m o d e l .  

B a s e d  on ~ these facts, therel ~is reason~to;l;elieve~rthat one of 1he 
• m a j o r  factors of the failure was p ip ing!under the  dam due!tolthe 
reduetion of pereolation length by the:formaiion~of the holes u p -  

: stream. Only °m' seelion~ofthc spillway ,wa:~ moved any distance 
I from its original position in tho dam. As-~m.ingthat!the nutjor cause 
:was piping, the one section was undermined and iliterally skidded 
~downstream,  where it came to rest tilted upstream. 
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I h l l . l ; ~  .~1"(11'1'.t31~ I ' l .~ ' l ' l : l . ' . .~. |  I I:~l~.l i ' l : l . :.~' l '  ~.1' ~.~1.'1" |~1%'1.:1.' I ' ( l~. 'L: l :  ( ~ N A I .  

I~'lt;- | | - - - " l ~ l ~ T  '° .~ I . :~TI I IN Ill-" ( ) I . ' I ( . ' INA I .  ~q. l . ' l '  |~.1~.'1~.1! I'~);~.'1.'1.' ( . ' .~.~AI.  |)l~.' l.: l..~l~l.~ | } l } l .  

I n  the  r'~,~h..~i~Jl, the, ~i~'~.v" he, I ~','l,~ he~lv i ly  v.il~v.:ll)p~,~l iip.~tr~,~ml 
f r o m  the  d~lvn t~p .~labili~.e it ;l~;livl.~t ~l V'l'~'llV'l'~'nl~'~, ~)f the  I ' ; l i l l l re.  W i t h -  
iv] ;t f e w  ~i~t~'n ~lt'le~' the e~mLi) lel iml ~)t';thl. v'~'e(m.,.;tv'ii~.liml iw I.).~d.~'' ~.x 
f l ood ,  equa l  or' ffm'e;~t~.v' i~ ~v~il~l i tu(h. t(~ the once wlnieh had c;~use~l 
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Ihe 1)r~,vio~.s l '~|ih|re, p~s,s , i l ; the ii~l||~. :~uhs~ ,qu . l l t  e×~n~mmt ion  o [  t he  i 
ril)~'~HH)inlz .,~l|owe,l Iii) l|i~t II rl)illl~.~ :ll~il t..t,||rred. 

The .~,..ti~)n of' lhe .ri~i|l~|l d~l|il (l"i,_". 11) ~.lo.,'~,d ilow|~.,~trennt ' 
d~ri~l,,., lit,' l'~lil.r~' w;l.~ H..,~vered;hv the ~lll:i~" flood. P r~,~'io.~l.v il 
lm~l he~,. r~,pm'l.,l ~is "h>.~t". S~lli||ilil~,,'s l.,low the r~,eon,~tru~.teil 

|hszn ~l't~,r this l'h.~,l sh.w.,l ,h.,~l~ s~'ol|,' h,,tw~,e~l the. tl~snl ~sml :the i 
"Io~I .se.lii~n". M.,I,'I sludit,s ,,I' lhi,'~ e,.llhi|l~|li~il~ eh,J, ckeil :the ifield 
.wam~|'~,l.,.~ls ~in,l .,d~.w~.l thlll .onti|lu~,d l'l.t,d flow woUli| move 

lilt' "'h,nl "' sePlion ,n,H ~l,|xvi~.'~ll'e~ll|l bill lll,stre;tm. [Tltdt, l.millhl,,Z ;,ii i 

the Ul)slr|'~||n side wouhl ilislurl, its eg||ilih|'im|| ~ll.l .i~use it:to ~'oll ~'i 
low~ird the d~lln; l|l~,lh~,~' w.r,l.~. ~in oh.ie~'t I,~o ht.~v.v Io l,~,mo~.'.d 
|h,w||.rl|'e~|||l l,li,...ht roll llp.~Ire~llH h.v~mlder,nini,',... .................... Xll~i]1 
~z n im- i~h ,n l  i l l .  t h,, pr~>l ot yl)e. ~t nil~ i ts ~'~l~n,'~l z|ent ~,,tiil~l |z,,ze|'zzlent ot '~ lhe 

l)e~.r ('reelc ~l~.~s were  made. 
~.,,rtillin,,z 1~,,o1 w~,s,~h,a'elopetl 

i b . i ~'r l lJ . l . '~ , ;  i , .~1. '<~ i;()1{ ~,M.~I,I .  ~'I'III '[?TI'I{I':."~ 
T, 

, ~  t':lr. Ltili~ , i is~' l i~h~l l  il;IS de~ilt p r i , l l~ l r i ly  w i t l l  Ini l . ior ~trm'ture. '~.  
bi l l  t i le  p r i t l . i p l~ '~  invo lv .~ l  ;ll',, ~lpl)l i .~ll~le t . ' t l l ~  ' de~i,,...n o f  .~m.'il| 
.~trt lelHl '( , ,~. ' i ' , ,vo ~l'Otli).'.; c)l' .,.;IIIHII ~ t r t t e t l l l ' e .~  Oil .V¢|li(?|l .~ ,ot lx i (h , l '~ i l l |e  
.~tml~" hns I~,.,,ll ,zlad~' ~ll 'e~ollt let w,~l 'k~ i 'o. ~ ' ; I r th- f i l l  ~d~.~.~ ;~nd ~h '~p 

] 
lllld ~'}lllte St rtl('l IIIZ('N l'ol" ('HIIHI."I. i 

i 
l'].~l{'rlt-l).~.~l ()I'TI,I.:T ~VI)I{I(.~ 

'['he l~r~ddeln ~I" .~.olzr l~reVelllh)ll beh,w ~.~irlh-d~im Otltlel WOl'IC.s 
in hei~z,~ ~'|,~'~||ll|l~.|'~,,l wilh i1|er~m~i11,,' l'1'eq|l|'lley. !l.~|l.ir~ll~l¶y e..;peri. 

n|enln h.lve .v~dve, l l'.~r -,.|.,r~|l lYl)e.~:i,~f slillil|,,.. ,l.,t,l.s: (!I:] l'ree 
jet, ('~ ~'IHHe. {:~I h|l|lllh ~Ind 14~:i~llp~.'l. Till' ~HH)lh':~lio~ ol'e~t'h 
i.r u.~l~l~li:~l~,,,l hy I h~, r~'hll iv. l.~il i~,n,ol' Ill. oltt let ~im] I he:li~ilwi~ler : 

h.v lhe  1 Vl . ,  ,,t" ~,111 It.I, whet  her  nli,h'-.._';ll,' , ,r , | . , t ,dh'-~'~lh'e ~'o.1 r,,I : ~n . !  
hv I lie L'hlII'H('I~'I" l)I" I hi' d.wl1~t I'l'11111 l'iver (,h:1111lel. 

lu~'e I..'~ l'~lirly well ,,~l~dilislwd. WI.'|',' the ,mlh'l :i.s .I111o'¢e the 

whi~.h the ,iel.~ will pll|.,...,, in n1|ITi~,it~ntl In ltl|~, ~.'~' .[:the :'l~i~,ton 

:% IHIIIII'IlI ~'1"llllilIF ~';Irl'h'd Hw:1.v lh,' .~I11;11h,I' llllllt'l'illl .~lllll :lel't the 

i~la r,...e ,...|':ivel ~l~l l~ol|hh,r.'~ ;i.~ ril~r~|l)l)i|l~, il{eeently, moil~,l .rlmlie.s of 
the ~)tlllel work . r  " ' . . . .  l~,r (,|,l.,<,~.~ i ,ake:~ lml  
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Oitvte 'WOleCt~'y -- R K ~ I V I O r  ShllmQ Mltln 

B" ( LEVATION ;GH UTE'~B ASi N 
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to he excavated and riprnpp{,,I as, part.of, the construelion~program. 
The basin was simply desi~'ned by determiniutz: the:pat tern,of  the 
eddies formed by the jets: in the pool-and, determining the.extent  of 
riprap required. 

I f  the ehannei is narrow and erodil)le, where:.scourintz, may'be 
danzerous to the strueture,-a chute, basin (l;'itr. 12~ shoul(1 ':~be Lused 
for ..,ql conditions, with the outlets=above the wate r . sur faee . .The  
chute basin can also:be used for all eases betxveen outlet invert~at 
tailwater elevation and outlet . eenterline- at .-river, bed elevation, ylf 
the outlet eenterline . islower than, the river-bed elevation, the !hy- 
draulic jump will move: back against ~:the. outlet, eausintt~m~desiral~le 
flow conditions. The~hump:basin (Fi~'. 12~ shouldi then :be used.to 
for in t  he ;jump downsl ream:fromr the outlets. ' If. t he: outlets are :  ex- 
tremely low a n d  the eontroi is by slide..zates,.an: impact: pool can be 
used as was described in ' the:first  par t ,o f  this ~ paper. 

The floor o f . a  Chute basin is desipme'd,to flt the,maximum tra- 
jectory of the valve j e t .  The pool should besynimetrieal  with:respect 
to the valve eenterlines, with :a width equal:to twice-the valvespac- 
ing. A dividing wall a long  the  eenterline of the pool.is- required,for 
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! sat isfactory jump formation with one valve operating. ;The t o p  of 
this wall s h o u l d  be  at the max}mum taihvater  elevation for one 
valve operating and it may terminate at n point two.thirds down the 
basin.  The hydraulit.-jump basin is desitrned in the ,~mw maffiler as 
in a spillway siilling pool. For  single-valve operation, each half of 

the basin f l l n e | i o l i s  a s  a l l l l i l .  S O  t i l e  

nmximum lnihvah, r for one valve 
,,Iwralin.,... should he used in deWr. 
mining, tile floor Clef.tim,, 

' 11|. ' l ~ . ~ p O O R  i ~ 0  W ~'ONDI"I*IoNFI I N  A 
: " r l l l l ' i , . ' l O l l t A l .  ] N C I . I N I , I D  ~)I101".  

The flo,)r in ;l hum l, lmsiu con. 
sisls ,,f' a .~iml~le era're at Ill,, valve 
end and a tr;M.iet.tov?, desi~m,d Io fi, 

Ih¢, maximum .jel a! lhe stilling- 
basin end. The elevalion of l]le 
hnml~ eres! slmuhl be abou! river 
bed level, in this ease. a dividin~ 
wall is not e.~senlial I,) satisfu,.lory 
flow for single.valve O l n T a t i o n  ' 

since the Ilump is effective in 
sl)reading lhe .jel over lhe width ,,1" 

tlze basi{, and aels to ])l'eve{l| l'¢?|Urll 

flow, The dimensions may be de- 
i Jermined as previously outlined, using the maximum taihvater for all 
i;valves operating to determine the floor elevation in th i s  ease. 

MINOR ~PIId,WAYN, ('AN:t[. ('l{lr.rE~ AND DROPS " 

In irrigation systc~m, many d,.op strm.tures are req1~red a{ ! , w * 

i ,han~es m trrade in a canal a n d a t  turnouts inio the laterals. The 
I total drop in w a t e r  surface at these structures may be only a few 
[ f  i~ cet or it may  be several  h u n d r e d  feet .  but il . - - ,  • • 
!~ sary to nro-,;,~ . . . .  . . . '  : .r . '  ~ a||3 e x t n !  ~! m neeos- 
I ~ r - . u ~ .  a u x u t : . l n c a n s ,  l l t  T i l l ,  J o w ~ "  , . ,  ~ " • - _ 

i farce par t  of the ener--. ^~" a__ , ~. , I l, x, l for dmsipatmt¢ a 
t,_ ,, ~ _ t~.~ o,  ,low. ann 1or reducing t h e  veloeit bef . 

n~ n o w  p r o c e e d s  alert,, ;~.. - . :  . . . .  , , . y el  e 
• ~ JIS l i t ,  l / i l i a {  t . O l | | . N t ~ .  

i It  haa been reeotrnized only reeently that lhe hydr~,ulie jump is 
one  of the best means of obtaihing ef/eetive energy dissipation a n d  

i v e l o c i t y  reduc t ion .  

' One  t y p e  o f  s tructure  w h i c h  has  b e e n  qui te  e x t e n s i v e l y  used,  
! p r i n c i p a l l y  because  o f  its e c o n o m y  o f  c o n s t r u c t i o n ,  is the  t r a p e z o i d a l  
i n c l i n e d  d r o p  (F ig .  18) .  T h e  d e s i g n  f rom a h y d r a u l i c  s t a n d p o i n t  iR 
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fundamenta l ly  wron~z. 'The  hi~zh-veloehy jel down lhe slope of lhc'. 
drop is (.oneenlrat,.d in the et.nler of lhe slr t |vture by the s lop ing  
sides. The .jet prevails lhrough lhe stilling-l)asin slrueiure with very 
l i t t le  di.~sipalion oi' e,,ergv. :This  is finally n,.(.omplislwd l,y eha,,n,~l!* 
frietion and the semblance of a hydraulic jump, but the lurbulent zorn, 
eontinues for a (,otmiderabh~, dislanee downslream wilh sufl'it.ient 
force to scour the banks ~.v(.n al flows below capacity. 

In l he case i}luslraled, wht.r|~ apl)roxmmlely 75 ])er cent of, t lw 
maximum vapm.ily of114 st.eond-i'eel 'is flowintz wilh a dr.op of only 
7 feet, the original riprap was piled by lhe water into 1he eenler of 

i 

the (.anal below th(, slrucltlrt,. Heavi( , r  r iprap did not stay in place~i 

~' i ( ; .  ] 4 . - - ( . ; t l ( I D  ~'l.OW~(.~O/CltlTlO,~l,; IN  ^ (~111,'rl.: W I T I |  .|{.I".(.'TANGt'I,AI / ~TI I . I . IN~;  1~001.. 

because the .Severe l~urbulencc occurred downs1 ream t'rmn the st rut.- 
lure itistead of on t lie voncrel e apron. Tilt, r iprap was finally grout ed 
to hold it. The extent  of  l h c  maintvnance can b~, seen in 1he illus- 
trat  ion. 

In eontr;is! t o  the above case, ;i I.hll|t, (Fig. 14) is shown with ** 
a total drop LOf 7 5  fe~'t and with a f l o w  t~:[', 11)() p e r  ~ e . t  o f  its total 
eapa(.ily of 26 s(,eond-[(.,;l. The flow down 1hr, vhule and  lhrou~h 
the hydraul ic  j t lmp was well distr ibuted w i t h  no r e lu r ,  f low in 1he 
pool. Exxon though th(: water  is ?Limed 90 degrees a tdmrt distance 
downs t ream front the sfillimz pool .~there was no erosion except a 
l ittl(; " b e a c h i n g "  due to surfa(:e wa v(.s. 

The len,..,th and depth necessary to form a hydraulic  jump has  
twen redm.~,d in canal s t ructures  and minor spil lways by the u~e of 

. ~ , ,  • • . ~ .  ~ - ,  : ~ _ /  L'; ,~  '~ '~!~ ' .  ~ "~ /~ ,~  : L .  ~ ~ . ~  . , : ' - ,  ~ . ; ? ~ ,  ~ , : ~ i . ~ . ~ . , ~ .  ~ ; : > : : ?  ' . ,  
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t lV. , , , l i \ l i r lc ,  l l,...,..,; i. i i , l .%V,%y +.. A,.. l l  ] ', I'Ilh+~ l l l ' , , , , l l '%T l l l I - .  1:'~,i 

( 'h l . i t , ,~ ld . ( . I , :s .  I h l l l | ' i l d , . ' l ~ s .  ; l l . I  ,,l~,l ...:ills. I~  ~ t ther  w . l ' , t . ,  impirl ,z,<.-  

ln~..lli has t . , , , l~ , . ( ' , . | l | i l . . , l  v,-ill~ til l, hy, lral | l i¢" .iilnlr, (i.'i,_,. 1,~'l. W i t h  
','these ~levi,.,,s lh,, ~lep1h. ~l~.c,'.,.isary !~ pr~. luce a hy, ira|,ll i,, i u m t ~ - ,  a 

level I I . , . r  is a l . l l l l  ,g:'l I..-.i, ccl i l  or lh~, l h .  ,r , , l ical ,,I,'l~lh as det,,rl|lin,.,~t 
hv lhl,  l l l . luc~Hull~ t: l lrmll l ; i .  Th is  I . . a~s  lh i i t : lh, , : lu l .~ iu I I ~ . . ' i u a y ' l . .  
l 'ais,. l  13 I,, 'r ce. !  ~,r tll~, I lu.rlrelic;~l ,I,.ptl l .  l~'ur; h , , | 'm. re ,  lhe Icn,, lh 
(ll" lhe Imsil l I l l l l~ ,  }q': ~. l l lc l . I  ; l ln . I I  /~."~ l),,r i.l.lll I ' l f  l hal re,~luirt,~l f o r  :i 
I~.,,'el t l . . r  w i l  h~lnl; ld~i ' l ls . r  s i l l  ~'l'h,, l ' { inel i l . t  l l l ' : l l~c cl lul l ,~ld. i .k.-  
in t . ' l . ' l , : l l , :  t he  I l i lzh-veh. ' i l .v  sheet ~t' w;Ih,l', i . ' l l l ( ' l ' i l lM tl'u, Ira;in inlu 
;i I | u n l l . , n '  ~I: sm id l  .let:< . r .  i~l crl'cct., itl(.I.i,a~e the 'ih'l,tl~ ;it the enlr : lncc 

,.,el: Mox~mum deslgn, volue 
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E~,d sdl e~¢klvo?lon 
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to the .iUmlL The ilwrca,'.+~l ,feint h Iw~.luces ~ l 'ea lcr  tu|'l.|letlc~.', h~,n|ce 
, ~l'~,~ll,'~' c | | e r - y  dis.~ip~ti . tL -The, l h . , r  bl.Cl.~s "~lnl l h e e m l  Sill aid in " 

c i . . c k i l | -  t he  hi,-,;h x 'ch . . i ly  n . , I  i~- |mi i i l la i . i~ |~"  the  j u m p - w i t  hin.tti~- 
imsin .  The  eml sill is als¢| erl'~,ctiv,.~ in Al,.x'|d.l.fin|._,,;i - ' r o t | m l  ~'oll~,r ;it 
I l l ( '  I'1|(I o1" t i le I)asill x,.;hii'h I|~H (illJ'¢:lH',u~;~.'l|ls S~'()til'ii|~" at: l ih' . :cut~lft  
'.v~l]l Iplll H~'I tually.,|.a|nses a, ,IClmSil i . n  k~f:/l|lnl~,riill: ihpwll.~i i ' t ' ; l l l l  ,frotll  
the sil l . 

( ' ( iN ('1J'. '4H ~N 

!1 is not m l t i c i l m t e ~ l t h : t l  t i le Ileal: f . t u r e . w i l l  IW.ducL ' ,nmny  
N| I ' l l ( ' l  I I l ' (L~ lit" | l i t '  I l l ; l ~ ' l l i |  ||:tlO~ j.ll': ! ~oi t l~h, r .<  ( I t 's I |de~  ( , 'o l ih , ( ' ,  ; i l i a  ~'i l; I ,~iH 

: d;Inls. 1jut f| 'on|: lhc',al| ldh'~lthu|.n wh i ch  Imve/ ju.sl  been  discu~.<ed. ,it 
t ' n i i  I ) ( '  S e ( ' l l  l h ; i t  the luuth-~ls . f  ~lesi,'u e , | | l | ! -y i ' , l  i n : t h e  I'~,'llilq.'iii~;'ll| 

:-t" l l~(,ir" hy~ l rau l ic  p|.iq~crlh,s ~m:|.v h .  ;ll~plie~1 ~to ~n|al l  slrucl| lre:-:. 
' Th i s  l'nct is hei||,... |'~,c..,_q|izei~l by desimlin,..., en.,_dl|ccrs, a m l .  ;i.~ ~ rest l l l .  
:~tr | . |elures r . rmcn ' l y  dc.,.:i=l.,~l e n l i r e l y ~ l | y  pr~,c~,deut ah, -m~w hcium 
|'erer|'¢,d t~ the h w l r a u l i c  lalmrat.r . , ,X 


