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o.an be done in the way of constructing a weir .without.any depth 
oi foundatzon, even in ex~,remely£rlaole, s'oii,~iipr~vided: t]~ero- 
J.s ample heavy ~aterial availabl6 ' : to resist ;~h~:.~4'~I~ ~i ~,,~ ~.', '  
and great eros i 
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"~'(eir. Strong c 
are very, disasV, 
the floods ,~ rise 
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h~s no doubt be. 
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charge (280 secc 
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,)ea ]s shingle E 
even that of the 
type of we ir wit 
ter. • By means c 

The De} 
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former 
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sluices 
cost ~f ........ 
section that o£ -.,.~ 
b9 an economica!: . / . 

... Bligh .(7) fBe1~.C:th~?c ,l~b.e . ion G }'ii'~ ";'~ { '  i 're.anl " ::i:~':.!.:i'~::w~l :';":~ I:I:I, ' -~ 
---.~ . . . . . .  __ . .~. /.;.. , 

(5) .~(3ee reference"..;~}2, PP..193-i94.: " ~'~ ' :' 

(G)See referenc ~!J~ : . . . . . . . . . . . . . . . . .  ........ e.-~,-,,, pp.. 150-154. 

(7) See reference u,2, p. 189. 
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could probably have been :safely, ~i'sp~nsed ~ith'::if/tl~e :upstrer~m : ~:'~':~'ili, 
apron had been re liablylstanbl~ed;)ifn order ~o tNr~,:baek the ~. -£,:~i ~ 
incidence of pressure::and increase the effec'~ive' base .length,_ : • ;i; 
i f  t h r o e  m o r e  S b d y  w a l T s  ihad b e e n :  i n ~ ~  odu'ce d!,/": a i ~  i ~ h e .  1, ;~,6 !:~2" ,;:"' :-.~""F ~ 
slope retai "'::' 
wards; the a 
' a b l y  . w o u l d  
over what 
.5 miles of  . . . . . . . . . . . . . . . . . . . .  

The Re s setta : a n d  ~Damietta: :W 
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v e r y  

bo i~ 
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f o r r f  
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rub~ 
a:~y 
velc 
sto~. 

"if; ' C  

havi 
dcpt 
tTro 
~.z t 
less cos~Ayo . ' ~ ~. - : .~ , . . :~ . :  ... 

The Beswada ~eir. :-:'..~ 

The~ Be s,wada/!fWe 
The downs Iream apzbn ~is:~., 
a~ the :rook-fill' c o~i~'ai! 

" , - ' L  . " "- 

A row:o~ circu ~ 
the foundation ~all. ,~ 

{W 

i(8) S e e  r e f e r e n c e ~ 3  . . . . . . .  ~ ' ..... ~ '  q . / :  : L . "  ,:.: ": a 
-w~m~m~mm~mmamammmmm~m~m~(4~m~m~mwm~mmmmmm~wmm$~mmm~w~.~mmmm~m'I~'-m~m~ m • •. 

( 9 )  S e e  r e f e r e n c e  J/:2. . ,  p D . " ' : : 3 , 9 1 - i 9 2 . . .  , ., J , ,  , . . . .  . : / : . .  ~:. - .  : 

(I0) See .reference ~2, :p. i.:)9. 
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The Brahm 

'% section 
gives a c 

:The 
v e r y  s : imi . l a r  t o .  tha,~i.  
apron has a :paved TIo 
I n  some c a s e s ,  t h e  ~a, 
Figure 2 does not ~app, :-: --::: 

rubble 'is extremely t: :,.~ 
neers have placed the: i.~ 
paved surface rock-fill ~eirs.., ,)-.':~ :', ~- -: 

' ' ' ' - ' v . . . . .  r r ii 

The Jobra Weir " ; ............... : : ..... 

The Jobra ~Veir, res ~:~ ~ i:~, . :.: : i:.L:i :i:' :,:: ,~,:; .... i, ~ <:=<::./~,-. .... .:.~ ~. :i,[[![ i, 

filled slope -of ~hc,~wei-r:'::is: ~ :i:,:i~ 
and is faced with ledge rub ~ _ , :'r'~ 

A: b r e  :,:.: 
at the site of 
ces were carried, awa~%/:besid 
hole ~;as ~scoured , o u t  .,on! :tb:~e'~ " 
cause .of the failu~e .was :hey 
it is !sUpposed that : l ea~ i ,  ge  :~. 
s.luices betwleen .'.the.we:]'Is in i~ts .foundation, Jand~hi%t a!.~ire~ ''~ 
was created belch; the floor .which gradual!y undermined i~.i.:-;~e,n 

a .strain was_ :~hro~vn on the ~.'loor, i~:~collaps-ed,"anda~ )breach : ..... 
~00 to ~00_ feet in length v, as scoured out. by the current.: ~The 
repairs of this failure, !~hich +,took ~wo yearsto-complete :~hOr ~' " . . 
oughly, cost about :250,000 RuPees. ~('13) <~ .~ - " 

( l l )  S e e  r e f e r e n c e  ~:2, p .  2 0 ~ .  

( 1 2 )  S e e  r e f e r e n c e  ~ , p p .  1 4 6 - 1 4 7  

(13 )  S e e  r e f e r e n c e  ~ ,  p p .  1 ~ 0 - 1 4 4 .  
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In construc~t:ing-:~he. :weir, ~the deep. ;p~. .:Of. %he, bed v~s. " 
filled up to. a l)o.ve *lov;,}'~er ,S.cve.1,}~vi~h ",s~ene, i~;the'.~line :o"e.L.blocks • 

H o w e v e r ' . ;  , B l ' i ' g h  ( ' 1~) )  f e e t , , i  i . e ~ 4 t " . i : ~ h i , ; ' ,  .:f,~:~he)~.:~emonser~;-Ues";~.:!'~',.: ~ ::~ 
absence. Of ~- 
(Until the . 
cur.rain wa~ _ . ,  

s a r y  , & l ~ h ~ ;  : /,: : ,; 

~ h e "  o'~h~ r 
with if t h  

. . . .  • . 4  

'V 

ing!y,. 

The ,Adi~p 

of the ~i 
two ,rows o 
subsl;i.tu%e 

The Rup~r " 

shingle 
inclines 

.. , . 

s imil ar 

form of 
inal J.de 

an ashla 
of ~ . t  h,~% 

~aining., 

. : , ] " . "  . . . . .  " - ; " . '  : ' : "  .', " : ' " 7 , , ? ' ~ "  ; : ' , , . . " :  . : ' . : :  . , i '  ' .  

-'~ " :The ~ our ;section:~.,of .~tl, e ::reir_aro!.~Ui,te.-~.s~.~'q~ ,' .~-~",~.: : ~-: 
. t h ~  first :go oi, e h e  % o d y : ' : b e t w ~ e e l i .  " ~ic,-,r~'~S~~of:~w~::i~l : g ~ : s i . : : ~ "  :. : 

w .  ~ ~ . z _  ' -  

- _ ( 1 4 ~ ) S e e  ~refe.rencn_.___ ,,~.o . '  - : .  • . . . . .  ~ - .  -.-.~ . . . .  

~ ( 1 5 )  S e e  : r e f e r e n c e  ~L-2,,.p.-190. " ' 

(iS) See reference #2,p.. "18~. " . . . . . . . .  

.l#. ( 1 7 )  S e e  . r e f e r e n c e  .;i.3, . p p .  i 1 5 4 - 1 5 6 .  " . . . .  

(18) See refe~.ence:A.~S , p. I~?_. ' ...................... 
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on a core of ,sand which~as thrown-into place, wetted, and .... 
rammed. Bligh: (19.)states %h~t %his arrangement is at once 
economical, ,and wlthith~s coarse :sand, qUlte, i~safe, i The .... 
practice of ~aking ~up ~i~h ':~san~ f~l~i~ng ~ is ~U~i~eco~mon in!i -~ 
~,ladra~, wor]cs, and m~ght ?~tell~ be :followe~1 with advantage in 
.m,.~u~ cases whe~-e rcok-filtin~!~hlas Been~us~d.,'•:,:~,,~:,,%~. • , ' i  : ~•  . . . .  

the first wl 
on-a mass. of 
by the sand 

Th 
~ ' t o  ~he fir,~t 
the masonry 
i s  protected 
which is car 

:BI 
weak points. The 
sectional ~area to 
fag.l-type weirl, ~ wh 
crease the erosive 

- . ,, J 

The .weir 
diture of large :re 

a r e  I m o v m  , t o  ~ e ~ : i n  
yd, 
±~t  
t i x  
w a ~  

SO 

by  
tu~ 

The 

"%# 

__The_Huan¢. . Pi W e i r , , - *  , _ . . . . .  , : :  " 

The H~ng Pi weir, ~hich '.:is a p a r t  o f  .the-. head-:vorks 
of the Hu Tuo He irrigation~sys~em located at Huang'Pi:, CHina, ~: 
is the most recent ~w~k pfl i.SS.:type to be comoleted, 'the ~C0ns -~ L 
%ruction having, been£inished in' late 1934. " .... 

(20) See reference ~&S, pp. 147-14~. 

(21) See reference #2, p. 197-198. 

(22) See reference ~ p. 675. 
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ona core of sand which.vz~s t~hr~n,;int0 pl'~o% wetted, and 
r~m,n¢,d. Bligh ((19.) states %h,~t ' this ~ arrangement ..is a~ once ~ " 
economical, ~mand with. this .. Ooarse. S a~d,.:iqu!te'::sa~o. " .T.he ... : .... 
practice of .mkin.~ :up .wi~h ":s and !fi'l:lingi:is quite ;,..c0~on:~ 'in:i.i : 
Mac] r a s '  worksl, and m~ght"we 11: be.'~,O1.1,oWea; with: adv~ta~e in '.: 
~'-~y cases vch 

The 
the first wi~ 
on a mass of- 
by the sand i 

The 
to the first 
~ho .masonry ;i 
is protected 
which is cart. 

B1i 
weak .points., 
sectional :are~ 
fall-type wei: 
crease the er~ 

The 
diture of lar~ 

: are Imov.m ,to :be inc0mPlete: , :.indicate: tha~, ~a~ ;~mleasti;1290~ 000~::Gl1'.!: 
yds. were .ezpended ,during, :bhe:if.inst :'i20'.yeans • - ..... 
i~ tenee. In ~arker .bi.::(22/):. o pi.nion.;".~he :re~s:O~i 
tire failure is ~hat the cohesive icu~e~:d±rectl 

.? 

7 

other weirs is given'-in ::-::" 

The Huang Pi ~:ei,n. .~ ,..: ..... -~ . '.jl .." v '. :.. 

The Huang iPi ~v~i:r,, ~,~i..ch ~:~ .-i~:!~re:.~of,: ,,th'~-.head.wOrks . 
of the Hu Tuo lie irrigation.system, located a~ :IIuang(Pi, .China, . 
is the most recent ;.work .of~.ts~ype to ~be ~ completed, the ~c0ns- 
truction having beenlinished in late 1934. 

. . . . . . . . . . . . . . . .  

(19) See ref.eren e " 

(20) See reference ~3, pp. 147-148. 

(21) See r e f e r e n c e  #2,  p.  197-198.  

(22) See reference #6~ p, 675. 
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The weir, which, i s.1424 feet-long, is .of therock-fill 
type with a paved.dovmstream surface./..:This t-~pe was "selected 
for .the..f011owing. reasons : !(.a.) :bhe .river bed .Is'::!fi'lled I ~vit')i:ii:deep 
sand and gravel .and it would, ho.ve:.oost :considerable:t0UreaChii:a 
s o lid :'f 0und at ion ;~.i~i(.h 
price while, the .cost :'~' 

i '~ . ~  

l~uuds-will !be overfl'0wed::~ 

~ Protoction.,bf: ~t] 
:rows of wire ,cages":fille~i 

.¥ 

".t special 
in flood t ... 
weir will 
forming a protection ]~or/the dam":~proper. The devel0pment.of.. '~ " 
ares s currents • a.lbng .the heel (of~'~he :weir~ Can-~bei~i~Prevente~"-,!:~ ~ 
careful operation.:.of the~)siluices.';il..but :~.~ur.ther .'pz0tecti0n~uy .be " ' 

recuired later at points where ~ho"c~rrentS.,.Otcur; !~ : ' "  ~ ~  : " :  ' "  

rook   ed f i  l a era od 1 ten 
and had . a  minimum -:s ize ~ o f  ' 7  C u . ~ - : f , ~ .  • i• ' " . . ~ ,  . .... ' - " ? ,. ' :  

The cost of. constrUction:~as~.chineSe $126;69o.~:. ,,: ,.i ii..~ 
.:. .i .: -:. ~" -~ .~i~ '~::~.'~ ~ ,.":.'V ' ..... 

Although flood."records on'. thel. HuTU0.Ho are~!.rather 
short and unrellable, Inalcatlon~,~a re ..that ~he~ ma~imdm fl00d .: ........ 
is around 140,000 C.T.I's !. .~ AS"~the.'. Structure " - . 
giving flood 'heads., and/flood discharges ov 
not available. However, .: a ' dis Chi~zge":.of 140; 000 c.f.s.i r,~y be ~.~ i"~ 
~,ssumed as a fair measure :ofi~the.maximum~flood ~ d~scharge, ~ i This .... 
gives a unit flood dischargeL~iof !98:.3~iC..f,s:,' :which is Wi~hS~, ~,:.~,,~',~,.:,~ 
reason. If the flood-drop, 'Or ~fiux,~is assumed to be 3 feet ,~ ,~, ~ 
this gives an energy dissipa.tion Of 38.5 horse-power per lineal 
foot. ~ of crest. However,. .th~s, is a .very rough assumptio~i:~"iahd 
should be considered with caution. (23) ~ '  

(2~) See reference #12, pp. 1-18. 
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,Th9 L a g  u n a  W.Oi.Z. .: ' . ~ -. 

,The Lasuna: 7/oir, .(or <dam, ,on: ~the ,Color,~do jllivori~:i;~2 
~ilos above :Yuma,".Arlzona,'.?~is j~ho.:on'ly ~one ~of":~th~i[; ,type :in ~,tho .... 
UHited State s., ",The ,r'i.vor.:~has,i ~i:l~l.:~he i~tr.i'butes. '.:o~ !:.~ho.;do&'~a'to 

• " • ' ~ "..i- ":C ' ~ . ,  • "; ...... ",~ ~ ,~ .i;"";'"1. ,.,: . :, . . . . . . .  
rive~.s . o f  I n d . ~ a  o r  ,Egypt., .th0:.ima~n.t~f£.o~enco ~bo::mg:..~mts... &ow:..,:~ .... :. ' , : j .  - 

£1ood iov~l and.~comparati~d'iF:ilSmi,~&:,,,d:ise}iari, O wh°ich:~a~/i5~,iO'S i;' " . ,,', " 
to almost nothing ::.Jn:~the;,.E[r~"::soadon.::.'!.,:..~;i.:~i . i"'.i,:;i:!7.: ~-:..:/?: ,:, '(!.:~i:. : .... . ..,: 

The crest ,of.!~] 
(designed !cloy,. ~lSl.:O)~~I 
the water .section, :-,wKidh 
u p  on a : r ow.~. o f  ,;6 , , , inch ,~ S he ( 
w h i c h  ~i;~ inc orPorated. ~in 
pilin6 is made : up of ithr( 
I;on~uo ancl ~groovo :fashio~ 

: Considerable,:s} 
mS(Idle oor0-wal& ~because 

between these ,~hroe v,~lls:':ia !fi~l&od 
(j] 

d o n e d  b e c a u s e  ~ s u t t a b l e  r o c k  ~ £ o r  ~ . t h e ~ ! l m r p o s e . - ; v a s . . : n o t  / oblba'i~1~ibj:el,~:-~, .~ : 
f r o m t h e . q u a r r i e s .  : ""5 . / " - >  " - • • ~ . . . . .  

The ~18 "inch. concroto'..,.p~,ingi:conta:ins~.a ":sys t emiof:,~.5~OepX . 

holes ; t";oso ~holes are fin :the-form ,of:is!lots '3-.!in~ches ..wido!.ind i "~..i.,i 
of tw¢o different:51en~th&~: .7. m~d '&'O:)fee:hl;:.~ii'.Shosei are )(~r.ran~od &n , 
1 ongitud ina~l ' and . . . . . . .  
apart in .one ;dire 
s.urfa,ce, of 'the -co 
rock in the :green • ; 
inches ~ above ' , t h e  - 

:Vincent :(~) ':is of the: opinion ilth~ 
type of weep-hole nor :,the rock pl=o:jectior~::. 
on a ~rivor .off thi,~ character. '~ .... • ,+he ~f. ormer d, 
woeScnos s.:,and .woar~, and.. the latter not'!oniy::may :dove.lop .:~oTbi~ho&es 
in the ~p~tvement, .but fhcy act as " obstacles ,on .which ;ths"..drifit ": 
-has a ~tendency to ~oolC~ect, :.: ... ,. • " i ".'.~,~ " ~, 

The .t~lus, comPosed 

N N N N N m l  ~ N ~ N N  

q (26..) See referenoe-;,:ii, p. 14. 

of.derrick-sized:rook, :is , ~" 7 .... ..OOt in' 

12 



- -  - _ _ |  

,,Iopth. As orlg~nally b u : ~ l . b . i . t  extpn~ed 40 feet beyond tl~e lower 

w. .m 5 0  ] . e e l :  w i d e  a n d ~ w , . ~ s - ; r o ' ~ . , ' . . .  , ." , , . "  ; ' . . ," , "  - "-~ . . . . . .  . .  . . . . .  ., 1 . h . g l  o~ d .  b . ,  . . . .quar ,  m z - r u n :  .bov,~n(1. ,  b h e  " b o o .  

(~n t~e u s b ~ o m ,  ' , ~ d e  ,~.' ' " . . 

t e c t o d  b y  q u a r r y .  r u n  ' , r o e ,  k , .  " t h e .  ,fi i~i:l~., v " . ~ , T , i n ~ , - " i  n v d  d t h  ~,.~{{":'+,~ ~ i ~ r o  ' ' ' . 
] .0 '  fi,.~ 4 0  . t ~ o o t . .  - '  . . . .  .... "" ~: - " ' "  • . . . . . .  ...':..,. • T.: . . , . . .  rn . . . ,  

T} 
long. The ~, 
ordin:~ry ho-~ 
r ' v e r  ,.~ ooti( 

T t  

g i v e n  a sie:~ 
near to %he 
T;oir ,(vrhioh 
i:' u'adoubted 
. : :To r - ,  So de-.?t 
c :.,ns truct o d 
level. 

Th 
through the 
~v:~..ch .rurnis 
L:owover, the 

' ' ' . T h e  :~ggregaT'o"Us°d?in:";Uh°/,h,6ncr~a~"i~r;~s,:~;~da"~;:a~:::,a,i:Ok,.:: - : . -  - - - - - . , . - -  . , , -  ~ : : , : . ~ . , . ~ w  , 

obtained ~'t thc.~`..~.quarries'~:...r~h~;~.?~d:::.:~hnd:l6c;:i.~y.:w:~`s~`.~e~r~m~ei~ :',:j " 

, ~ t ! c l e  - ~ .  T h e ~ . - ,  ' , ~ .  . . - - ,  " ' ~ . "  . . . . . .  ~ . . . .  • . . . . .  : , " ~ . ~  : " ~  . . . .  , , .  : ~:: " . . . . . .  concl.o.,o D~opor~.~on , oz': the,,e, re- m1:~,., , :.? 

' I n s  DO o t i o l l  O r  "t;h~, '7; ; , ;  r :  J ~ ! " l i ' h i £  : " k i ^ . . ~ . ^  j :; ~':xr~" ":" : "~i ~'~'~': ' "i : ~" ' ''" ~ 

c e r t a i n _ .  , ._ . , n ~ n o r .  . . . .  ~ r o ~ c h e s  :bhatn~.;d,.~ros;~ltod. . . . . . .  . . . s i n c e  : i ~ h e  , C O m i c ]  e t i O n , ~ , : :  ........ 

le:ml, was ,und~i,~turbod iezoe]-: 
ronbs, caused bY 0b=~i;uc~ioll " 
the Fill Incl.-from !, to iO f 

'the spoil that had T0~crlv ,T, evcred the puvo.mont ha~d r,,.isod ~i%he 
elevation of the talus 12 to lg inches. - , . 

- . . , . . . .  , 
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R e l a t i v e  ~to : t h ' i s  ~ £ i r s t  :" ' "  " " " " : ::" " " " ' ~ " • ins pc etlon, of the, .~s.truc~ure,, 
Vincent :..(25 ~) ~statos Shat".:'in }}~is 0pinion :the mos't'~ser:i, ous :~eature 
noted :n 
aecumul 
;line of 

that ',p'l 
~l~ighor 
.;with. :th 

.w&&i :on. '.the CSl&f~mz&a.:.r~;i~.~.o.}cauS~ed::iE.:~:c~n~en~rae:~:.:~C~.or.`:i~f~i;o~/~::}be~ ....... . 

s i on:: he r e , .  ,~,T 0 :o~:e r come i i { H i  s, L;j-(~ho!,!, e r e  s t :.,was, : , r a i s e d  ,!, ~lt, on~ :'r~t ~:~S J ': : " 

-portion i n ' , : o r d e r - ~ t o  ~.6;iu6"~i;i~h~o:~T;l~,~'ilhere:::,wi~;:,!~e~,sp~ ' 
below the m e , m a i n d e r .  : o f •  ?,th~L.~:wO3,.,r,,.~;:<,i:i.~% , i;:,: ,", ,,.:, ,: .:. ,;, it ~ 

; I n  ::d'is c u s s i i n g  ! t h e : ;  L~- ' ~un~ ",.we.~r";"' :'.~BIl'"•" h . . . . . . .  {. ~26' " . " ~  k'e s,..~'s ":~, '";" ......... 
era&. C:it~c;isms . ~an~ :~eco,.~nena~tions,;;' ,::,In i~his,:~opin'ion',, :~:i:~o:;;m~'.~..: ',, 
s t r e a m  ;i,1 opo, -o f .  ~[.: in~ "..15 ~Wou,ld ~,be,~mo:mor`'o:::in ' i l  c;~or, a a n c e , ~  " ........ ianoe,:!,v:l':'": .......... ",~h: " "" " 
h':draulic ,]r~td&ez~c ;..~,~in'd'iwou, ldi.,:i;~&:iio:i~kg::<~hbl;:?S~r~dC,tu:~e::}he'a;¢i& 
,The •Zbreas,+, ,an~,. ibody,~,.wal&s neee , i no~ . ; havO ~b~o6~":6~21:iAa " :a~ i~  '.~X 
d e e p  :bee ? l e v e l  : :~The ' .,, , . . . . . . . .  , ~ , . . . . . . . . . . . . . . . .  u~ 
s i l t u p  : i ~mmea ia te l y  ~an~t:..;f£,..onu P.>m&~s ~:f i~im:~tUr~: i  " t~a:~o0h; . :  ":i;b ".uneeme~ 
crete 'of .very :sol&~:.~eesCr:iptio,2."~.;:',.~¢ ,o~y.~.vz6.,itS.:~6;::,n6t~../aU:£,-~i:.!i:.i.~:~ 

a h e a p  o f ,  r u b b l e  ,depo.~•~ted,;!~b,0:<o,~anc j[:?,,~;i.<i,::::il. " 

.The ~.we.ir ira"s. ; d C'SiS n o~ ! / t  0:•ih6;id;:i~ho;:;.V/~toi~:4~p! ?,.10:•. ,.! !,;!~,o'~,.,".:...:. - . . . , :  
During construction, a/.,;r.o;~;io~i, es:Sio~:iOf.:i.~ti~e..i;ibe~ !,ie.v:e4i ofms'~r<eam? 
• of about ,7 :foOt ~took :iplaoe: "dub};to . it~:~s;e"~&&n~:,ibbt" 
load above the wein..' .The"f,l Ood ; O f / , J i ~ e  ;~ :&90'9.~:/,'as!::~hoVm 

• o ..:lo~.ooo: !,Sgcon! ....... =ho.%ono:~gyTii.~.$S.~ ~ 
s i p a t i o n  wac ~prob&5!yiab:out..29., ~ ~itoltsepOwer..:per.::~Iine~Z~&~/::i£O0#.,<:•.... .. . 
ms suming th:'.'b ~the : entir, e , " ~- ~;@ :~ " ' ' : "  " ....... ~.?:'.<;,." .. .... ~. "; ...... ~' ,~.:c,::';. • ore,,,.t ....... a ..... O~,~.e.cti,ve,,-,,-.~s/ip~z~.,.of:,.~he ...-.. J"i 

i n  T & b t e  ;2 : g i v i n g  - , the  {orm'~gy..=!d~&~S s ' !p~#i i .on : ' : i i f -~ '~ '6 ~th;ii,:ds!,:;!i.(%~,'!.S~.Sb";: :~::. 
feet,, i n s t e a d ,  Of.. : the.~f.U.~, :length . . . . .  : ' i s  '~ef,#e ctive~i.: :~i i :~s,;; i~i ,io~o :i'~#:nd:-:,~4Si~;~"::ti 
of the. s Olid s ?load :ct~mO :,.Over ~the" Crese•, , '..bhe '!:bO~[;~gra:dt~a,l?ly .:SOS oi.. :- 
until-in 1920 i i t : i h a d  .:reo.6hod" :n;'b0u't.•,.:thle : : leve! l . ,wh!(ohi~e "ted.ii::So~:!j..ii::.<! .: 
fore. ~the xis .oonstruction .~ o£ the.v.rcir, ..... ~i.i:~ i~:/i,:? . , . ,  ,:iDun, i n g :  ~ h  e .!~flb0 d :df.:i ~ha~ 
year, . a , c u t o f f  o.; c u r . r e d  doVms:broamCwi~iCh.:sIi~)r:;6o'~e~[<~]~:~Ver ~... : 
six .and )lowerod-'.the ~ 
klthough #hd~peak:iof %he •&920 :flood'iha~ C, : id&sc~ i~ge i : :o f :  i901, !000 .-, 

Ltt . " - 

:i(25;) :See _-reference , :n" i i ,  'pp.. :31-32. - . . . .  . -,': . . . .  : , , : : , :  

( 2 6 )  :See r e f e r e n c e  .~:.2 . , ,, .pp. ~ 2 0 0 , 2 0 1 .  " 
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:second feet, ~he ~r:op ~0ver; the crest } ~ s . o n t y . . g . . o  . f e e t w i t h .  , , . . . . ,  - 
a n .  ene r ~  ~d~SS:~p~:t'i:on;..:~6f :i"~:3;i'5ihorS ep owe.r .pe:r ,Yine a l  ::~,OO~.;': . : t ~ e  .~: : i"" 

: fo l . lowing year., .:~he..'.f.~oo~ :':r, ea~he~:,~:85;,;O00 isecond":f, ee~.j.; the ' . :'-: 
~drop ~he~ ,~noreased..,.to:{8,.:5 irfee~,u;~.~d: ' ;the .ene:r~i;di.ls's:ipa%%on'~ < ..,~ : 
:to '3.7,.:~ ' !horseP-ower,:per ~inea',]..f.;~'o~:;.i ..:-~!.The ',.lowes%?~'ed~as ::rea~ched ' 

:,time. T " 

~bend.,., 
...:s ~t~%e( 
,of .the 
:s;t ~ges.} 
:muTati( 
oreasec 
i~he ;ta~ 
"12 "~f.ee,~ 

,to ipre.vent %he' '%end 
~Repa&rs ,were~:-a%s:o im 
'.the ~r, epa'iTs'made :~at 

:the .15 !:year ~pe~r~od 'i 
tion "cost ,~being.:i$2,; 
,done ::s,~ve~~ag ".:~ime s.:.~ 
,.o c curer e d ;in.?ith'i S..,,pe 

:str.uc'~uze ~.0 ~ ~;t ~ :~we:ir., :"-,t h:i 

:re St s ,were ~made."on'. 
the ~ater ;;Is,re'Is fez 
headwater :a.nd ~ai"lv, 

O ' :~s , .oour , : ;ho les i  ,n 

le~:;er~mI.ne(I 

] . , " 

;wi,~h :se 
:d~rawi~g 
draTtin ~ 
.o~ses,, ! 

L 

%, . 

,;/.~iL,i ~ ;~i z.~i:! ~ ~.,~ 

Q 

• :i ;E... ,W,.;: iLane i/~U. S. Depe; of ,th6: ~nt';rlori ~ Bur, ~of" .ReCla~.tion, 
:~" :Denver,,~iO6~,10;, Jan,  "t5, 1 9 ~ 5 , . ,  ' ; : : , : ;  ::~ u , ; ~ / 

'(;28:) :See-also-:reg, erences .~48" and 3 ~ the .Bibliography. 

:('2~;) See :.~efer, en~oe .~6 j  !p~,, ,6~g-678. 
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