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iL~borato: 
PAydraul~, 

,~Compi l e d  
:. Re~i@wed 

Subject s H y d r a u l i c  model=studies of ::the ~ , sp i l l  Let.~for~S~d~ 
Mountain Dam - Colorado.Big ~:Thompson )Iorado, 

i. Introduotlon. ShadowMountalnDamw~ll~:be.~an 

across the Colorado River.~at a,~slte~aboutlthrsei~imiles~ilSouth~of~,the~town 

of Grand LaMe, C o l o r a d o ,  The!~prlnoips 

will be the concrete-lined,i: open~chanm 

whose discharge -wlll be ~oontrolled ~ by 

Detai~s of the spillway~are~ahown in~f 

spillway will b e  an outle.t~whioh ~will ~ funotlon ~to ~:pa ss ~small ~flows '~when 

t h e  j a d l a l ,  g a t e s ,  a r e - c l o s e d .  ~: ./ . : : . , 'JI:" " /i-~"i 

~eometric ,tale .of :.I'to. SO;, model %0 ~pro~otype.~ , , ~:,%0 ..:ve=ify-~,,the::.~ade~aoy~:!i~!i 

2 ,  .-Summary. ~/The :-model ~_~ests indicated~t~_,~t ,:~ientr&n%,e ~transi-, i'i:i: ~'- 

tion functioned s~oothly .bo~h~w: 

It :w~s found :that ,the crestl.had 

.~to. Achieve the required dlsoha~ :.- -- r -- --~ -- 

,,and eho=tened, and the =dentates .,~were ,.revised. 

let was ::-reloo&ted,so-th~t i,~.diSchar~ed,iinto,~ 

means of sills ip~oed transverse to ~the direot£cn of~flow. ~ 

3 ,  . M o d e l ,  det4ils.. The extent/of :%he modeli which w~s oonl~;r~o%ed.  -:~ 

• ,-7' / 



to a geometric scale ~of 1 to 30, is ~Indicated in fi 

supplied to the model i by~a ~laborato~ pump~throughi 

which served as a means for measuring: ~is 

ing through the model, ~he~water~was ~,r, th, 

adjustable• tai I gate ~whioh ~provided •~!~the i means for~s, 

water level. Some of the detai~is of ~the model~eons. 

figure 3 .  ~ 

4. Test of origin~idesi n. . i~ 

defects in the ori~inaldesign, a ~te. 

pondln~ to ,I0,000 second-feet, ~proto~ 

prototype flood. Entrance conditlonsiwere ~ss 

fio~ure 3. There was some dlsturbanoeon ~the 
tioularly in the vicinity of the pier ,nose, ~but,~i~it ~was ~nor iiin ~magni .~- 

In order to pa~s the lO,O00~second-fee~ 

erease the elevation of the reeervolr ~ter 

~Axrl e 

Flow down the chute was quite s 

the freeboard was ample; as shown ~b~ 

ure 4 .  

The sti~lin~ pool proved to be ~more tha: 

was lowered 4 feet from i~s normal elevation 

ing'the ~ction of the pool. ~ 

n ~ 

. ~ ~. ~ .  / ~ , ~  

"~Jii 
. ~ ~ 

-.i 1 

I -  

f~./, will be discussed er ,separate ~headingj. 

trance are ~ An figure l. and :an ~enlarged ,;detail of ~he ~le~Yc ~s~de .. ~':'~ 

i s  shown in  ..'e :2 .  I n , t h e  modei t h e  t r a n s i t l o n - s e c t i o n  was  c o n -  ~ '::ii,~ i. 

struoted by soreedlng medium gravel with a straightedge ~between ~the ": 

- a p e x , a t  e l e v a t i o n  8 3 7 0 . 0 8  and ,a , p a r a b o l i c  curve  ' l a i d : o u t  .at e l e v a t i o n  :i/ 

~ 5 4 5 . 0  a c c o r d i n g  t o  the  d i m e n s i o n s  shown i n  ~ f i g u r e 2 .  T h ~ s e n t r a n e e  

2 
/•!i 
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tion 8367,O.which corresponds ~to the ,proposed ~p . . . . . . . . . .  

trance condi.tions were .even ~.bette~, With ~he ~.g. p 

and the outlet opened, the .-disturbanoe~at~the ~:entrance :o on- - 

duit which is located in t h e  nose of".the .pier, was .h~rdly~not~ioeaSle. 

6. Crest..capacity studies_. The .capaoi~ty ~and :the ~oharacteristlc.~ 

of the crest were studied ~by varling %he~:disoharge; ~first, with the. ''!:I~I~" 

spillway uncontrolled, and secondly, ~with the reservoir".water,!surfaoe 

maintained at its desi~ned.m~ximum byii~loweri, The .i'disoharge . 

o f  t h e  u n c o ~ t r o n e d  spin~y.scaled ~p ~om.•~the.~mode•l~.~a,-~i~s-.-i~s. .i 

shown in figure 8, with the spillway..orestat~elevat~on~8348..B, i.It:is: ' 

apparent that the crest coefficient ~s'iower th~assumed,in ~the:de- 

'"• ~ IO,000i- 
sign studies, since the reservoir water sum face Is 

second-feet was elevation 8~87,5 :instead of ,_the ::of~e~e- :~. 

vation 8367,0, Based on the.calipered.net'i~len~ _ _ it, ~.~he " : 

coefficient of discharge was' 3.34 for .nd-feet, 

The coefficient of the same.crest wltY 

model experiments was 8.50, which was %he value ~used .n~i~the ,. 

crest. This decrease fin coefficient~was~undoubtedly.due to ~he~chan~es. 

in flow pattern caused by the preeen 

ity of the spillwaywas restored in 

crest • o n e - h a l f  f o o t ,  prototype, ~to e 

6~ Other revisions necessitated by ,.."~ 

6e 

• .Although t~e•~e~ was not des'~,d ~.or~a ~c~n~ra~i.on•-i~es~ :ilo~:ithe ~• 

radial ~ates in that no.provislon~wa~-~de for holding~the~:water '.le,vel 

in the head box at a given ..constant level, some:data._whlch.mi~ht !:be".~uee. 

ful for opera%ion of the prototypewere obtained.- For .any ~Siven.:~is, . ,. 

charge ~.the two .gates were adjusted ,,to the same opening such that the 

reservoir water surface .etabilised at an elevation 19 •feet, prototype, 

above t~he elevation of the ~pillway crest, The data are shc~n in graph- 

..," otl~r:- 

3 
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ical form in figure:5. Since the model crest~was/~loca%ed.~at ::elevation 

# 

m 

k ~  

pond to the required maximum water sur.face of elevation!836Z.O.i There 

• m n • : ..... 

greater than 8,000 :second-feet wherein the !~ate Positioncould !nO% <be 

determined ~ccurately because of ithe ~ia~k :/of ~refinement ~In !%he I gate- 

adjusting devioe and the restricted forebayiarea. ~ -  

discharge of 9,000 second-feet, prototype, the :Eat 1 

the bottom edge Just Zouched:the ~ter~:sUrface. 

• f t, I the gate .intermittently unti.l in~-ly, .:enough 

the gate to change the coefficient of~dischar~e, 

control of the flow with~an attendant ri , • : ",,,-~ 

in the reservoir level. ~Nhen th~ 

model, or 0.2 !foot, prototype, t~ !leve!~raduaily lowered : 

until the gate bottom was clear-of Because..of:~h~s 

second-feet, prototype• ~and the cu~. .. ~i~te~iz 

region. :" ~ /" 

7. ~ Stilling-pool ~studieso Durlngl.the %eat :of 

it was demons%rated that .the ,tai lw~ter .~level ..:could !~ 

without affecting~appreciabl 

floor ofthe pool basin was evatl . ,  

length was shortened from 64 .to :5S feet~ ~The:Ch:~el in ithe £.io0r::moved ~ 

its interseotion with ~the chute upstream~a di~tanoe :of . . -  

r e s u l t  of both changes, 'the ~vertical~walls,we~e ~cut back ~a .t@%~l :o ~14 

feet, as 8houn in re 4. The"' : . . . . .  ' - 

 ool was to o f  design. When the::tai'!water,ilovel' :'~!ii~'. -'i I 

• n . s  il@wered .4 .feet, :the ~pool .stayed "full, as -:sh~ .in figure S, ., ~ . . 

.Dentatss and ~ dentated .#ill, o f . a  :new.type, developed in-'.r~he . . . . .  "~?" 

studies of the sp~;llway for Scofieid Dam e w~re installed, .and .a !~est ~. :~ 

e -~ydraulio Model .:Studies of-the .Spillway :and Outlet ~Works:f.or :So.o, field • :/.~-'.'i.~" 
. D.a m - S e . o . ~ e l d  : P r @ ~ o t ,  U t a h , "  H y d r a u l i c  L a b o r a ~ o r y , R e p o r ~  .No., , , I~0.  .- ~.~:~ 
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with ,i0,000 second.feet showed~no adverse-effec~ 

,The new type of ;blook~which is shown~in~fl 

developed to eliminate oavitationerosion .~ 

tlveness in the stilling-pool.action. Si~ 

was not affectedby the chan~e, ~the ~evlse 

final design. -- 

8. Studies of ;eoi~ur~. y ~of . ,: .  

of the tailbaywas not ~ p r o n o u n o e d .  and'.was fin - ; ~  
~.L** 

to a small area on ~eaoh aide . . . . . . . .  ~'' :~' ~ 

%he water entered .~he ~ a i l b a ~  , b o U + , i n ~  :,aO~-o~,' :, ',~:L'..W~ ;~ a''"I:' ..... 

caused by an eddy whlch:formed as ,the . ~  ~ "  , ' .,.~ 

pool plunged into the-!taiibay,-and.may be, offset :~i.n :the p r o t o t y p e ; : b V  -- ' :-: '.:,-:'~ 

" ,'. : i" .- -'~; :: :'~ ;:~ 

inoreasino ~ the s i z e .  o f  the r.iprap fin 'these ~.wn~a,.n,, _ 

In a n  effort . t o  ~elimlnate~the ,~,c 

ne~t to each vertioal~w~ll ~w~r.e rem¢ 

appeared to have ~een iincrease'd by the :change. ~,~Atte~t 

the ro llers b~ extending the ,..wertioal ~ side ,wal.ii~ ~into~;t 

equally .fruitless £rom~a prao" 

appreciable effect, ;the wall 

reduo'od  s i s e  , w a s  o r o a ~ e d ~ a t  t~ 

~.9. Outlet, a~udles, iIn,:~ 
, n 

.ohaFge e n d - w a s  . l o c a t e d  : i n  ~the 

r e i n f o r c e d - c o n c r e t e ,  c o n d u i t ,  -a 

l o o a t t  on  ;on t h e  : c h u t e  w i t h  ~an :~opening.  ~ 2 4 : ; ~ y  r~43 ! i n o h e  8 a t .  e l a t i o n  ~: ~r, ,~; 

8 3 2 5 . 0 .  .,In ~ - ~ , t ~ m ~ f l r s ~  . d e s i g n  ~ , the . :opening  ~had,  s h a r p  e d g e s  .whi-oh ~Oreated,~ , : - -  . . . . .  

a disturbance at -low sp~l'lway " dlsohar~es. :When ~he ,downstream edge;was : i '  ~ ~ : " '  ~: 

rounded~, as :.shown in .figure 8, detail K, :the disturbance ~wae ~n~ted " " ,. 

f o r . a t l  f . l o w s .  : " I t . , w a s  . a l s o  e s ~ b l . ~ s h e d  b Y  the  t e s t s  t h a t  t h e  , o u ~ e ~  

: | "  " :" - ' . ~ . . 2 2  ~ 
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would be under pressure for ~all spillway disch~qges, and :,therefore '~m'Ir, 

relief would notbe required. In the final design~:~the ~ou~leilt~a'i~e"and ' 

width of opening.were ,increased to 30 :'~nches and :its ~,locatlon~ns 

shifted to elevation 83~6.0,, as 'shown;in ~figure ~6. ; ~ ~ 

• ,i  ion b  sills, The I0. Special tests of:char dl 

this model was used, in connectlon'~wlthianother;;studM~, to ~investigate: 

the drop in pressure downstresun~from,a ~s~i~li ,when !placed in ~ a~i,s~ream~:~Of ~/~ i': .:~ 

water flowing down an inclined :plane. :rlt~was,.noted 

velocitie s upstream and downstream ::from ,the ~s fll the 

decrease in energy occurred. ,To-exploit '!:,the 'possibi~lities ,iof such:,~i6A :' ." 

sipation, a series of tests ~was made ,~in which ~themumber and 

of the sills were varied. These si,lls :-., 

and were placed so that .they~extended i: 

c e n t e r  line of the c h u t e ,  w i t h , t h e  u p p e r : f a c e s , i h o r i z o n t ~ l : s m d  t h e : d o w n -  

stream faces vertical. In ,the:two ,sizes whic} 

the vertical face was ~i/4 .inch 5,/8 ~inc~,,~z 

of the horizontal face varied with the sIoPe~c 

sill was located. ~The dissipatin~ effect ' 

the energy head at a point Just upstream ~;:;~ 

!ii ', ~::. 

with and without sil~Is. "The ,measur .... • 

tube placed parallel-to ithe slope. 
• !A~ ,, 

opening, only the total .:energy ~ ere in-" 

stalled, starting .at station .3+-~ 

4. The energy heads :and e- tie ~ 

nations of sills, where.~.the count-begs ' ..... : .... 

~n the following t a b u l a t i o n  ~,for an -unc ontrol~led ~Sp~!;lway , -w~h ,a~:d.~s. : ,: 

charge oorrespondlng to 9,000 second.feetS! prototype. : . :. 

B 

k 
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i (1 ' - .  

i ; .0" 

~ dlti o n 

I No sills 

5 si.ll s at 1/4 inch 

6 sills at 1/4 :inch 

7 sills ~t :1/4 inch 

sii, , -t inc. 

The veloci~yln the last column 

parison with the ~o~al energy h, 

I ~energy !head.. 
~ :inches ,', 

| "- 

~ I~ ~I00,0" . I 7 , . 6 9  ~ , . . . .  

~15,~25 . ! 

, ~ 1 : 5 , ; 7 5  ' , : l  :7,7..~?~:--, t  

IS ,'2 

: ~c ̧ . , 

i. 

: - . ,  

and the measured ener~T/head~: 

the flow in the chute was :rough, 

ceptable for all" dischorges. 

so that the .water ,entered the :<sk 

velocity, the _sill ~made-:~the ;:flo~ ~r~'-J ~.~.6~- ,, .,.A ~ uunszaer.aDle ~spra~. 

Althou&h i~was .evident th~ 

gate.contro i le d ~J-~ ore st, ,,,he 

ener&y.of an uncontrolled ~., 

the resultant saving in~:~stl 

its size, ~uld :be&r :furthe ....... ~.~s~A. 

. ~. -. 



x .  \ 

\ 

\ 

\ 

• , f  i 

. / -  

- - ' X  \ - " "  

p .  

: /  

Et ~ J 7 8 . 0  

E#. 8 3 7 0 , 0 0 . .  

h~O~. P~5 £1 8 3 5 Z 0 0 " ~  ~ 

T = 
N ~ 

tero l 'c l fo ins 

' ,N36 .131 ,92  

~ r , . ,  ~E. I T * B 3 L 2 7  N 36C 

; P L ~ I V  

S C A L E  OF ' F'EET 

~- 5 ~ i l l w o y . . . . ~  . - . ~ . r J  "~ ' .  

3¢'" Di~.. .i.. ":" Con t r a c  t /on  j o i n t s  

• t';~ : - : 1 . ' . , . . ~  

" 6 '  L o n g i t u d i n ~ !  ~ r o m s  ." 

3~ Rock 
r ~ p r c p  . - - "  

~. , ' . o f e r c !  dra ins 
2 6: Lonq i tud ine l  Oroin$ ." 

C ~ ' S ~  T I O N  ,A ÷A = . . . .  , 
.~,e'Coaec 

S E C T I O N  N - N  . . . .Or tq ino/  g round  s u c f e c  e ~ " ~  Sp i l lwap  F ~>- " " " 

. . . .  = / ~ - -  . . . . . . . . . . . . . .  7o'o ...... . . . . . . . . . . . . . . .  ~s:.o. r 
• "~ . Hock f i l l -  - - ~  . . . .  - - ' -  ~ " . , : -12" "'-~.."/, ~ : ,, : . . . . . . . . . . .  . -~  :, 'EL 83~0.00 : 

" ' ~  "~ 'EL 8 3 3 & $ , ~  i'~ d . '1" - '~ ; ~ W  E1.8332,0  " 

~ ~  . , ' : '# , /  oH; ~ *o-,~- ..', ~ . ~  . : r - " ~ , , ~ p  "~- / J 

8 " ~ e w e r  p~pe ~r~h l  embedOecl in orave/ : : - . .~ ~ . . . .  ; A  . ~ t c ~ c ~ o n  Jo in t s  

6 " S e w e r  p~pe dra ins  embedded in g r o v e /  : - . ' "  "'" = . tO;O*Min. . :  ~" '3 '  OumpedDumnod ~ - ~  L>..F 

S E C T I O N  E -E, ~'~prop 

I ¢ f ,~  j 

SCALE Or'. F E E T  

~JE ! 
~w~cd dra~ 

- " • , 4 , , i , - ,  

" ' "  :~ S E C '  
O3 : . ,  ' : 

" :  6 " L o n g i t u d i n o l  o rc tns  

c~ 

., ~.! .  
% "~ "<-2~" 

, . , .  t ~ r i P . i ~ n !  J 

S E . C : T I O N  F , - F  

wail 



. . '  ~.l~. :. 

. 1 • ' "  
~ ~1... ~ . :  

, j ' ,  : 

. i  

! I 

• - , / "  11~/ i 

~ ' .  / /  

/ / 
! 

/ I (u 

, /oo 
, /'0 ' 

' I ! I I . . , ~  
"/ I .~" / 

~ ' - . !  

t / ,' / 
! 

;.: -.r-'.',:-. ,:'. ~-.~:. 

• 4 r  --,.L . - . . _  . . . . . . .  

\ 

\ 

r /! 
! 

i i  
t 

I 

% .  

DE, : EiH /i :~ ~. .- ,.0 
/ 

/ /  

/ 
/ 

. / I .~' :~,~ : " :-:.(~i I: _ " 
I ~:.vc~ 

. ,  , ,  . . . . . . .  : 

i- Parabolic curve-" . /:, ~; ':., 
" : •' I . 

"6Y" s:.83o~, E IY 

. . . . . . . . . . . . . . . . . .  . -  - . . . .  " : 9 8 ; 4  6 ' -  - - : ~ , - / - - . - - - -  ' ; •  : - - : ~ -  ~ Z . L L  >~ 

O F F S E T S  ' .FROM L I N E  A,.D fOF~FSE-T ,S ' : iFROM ~;L INE i .d~  - : 
¢ " ; " ' .... " . "" :"' "I : - X : :Y . " :.Z j -....s:,~ ; .: ;-~:~x - ;  :-.-. :-} z : ,  ', " ':"-":.:S ,~- 

~5.00 0_05 .~,'r:90 h.! ,0~662 : : : :5:00:  ~,::o:;i, : '  .~75;28. :.:0.s:3~ ..: 
I . o ; o o  i 0 . : , 9  : : : 0 ; : 6 4 7  " . . . . .  " . . . .  -: ~l o:oo ...: . :  ,o :4@. .  i~/!,75..43':"i::' - 

i '6.-6-6- i o. .4~ ' "  : 4 o . 6 9  I , , o . 6 2 6 : . .  = _ _  ~ . . . . .  ~ 0 . : 3 : 3 2  - ',,il5':00 : ~'1:1 I:-.~.: ~:7,5:~.62 : -.0~'33 2 -" 
20 .00  -~ 0 .81  , |  "41.:B9 1!10:599 . ;~20:00,  , - l ~ ~ " ~ - ~ 7 . 5 : ' ; 7 9 . : ;  ,0;~31 . : 

::~TO-6 . . . .  , .32 , ..... 4,~.o~' i2:~;0o:'"t .3.6~ ;' ~ 5 ~ ~  
,:30.00 I. 99  :-  4 6 . 5 7  : ' ; . . . .  ' ' ' .... . 1 , 0 - 5 3 8  . : : : B 0 ~ 0 0  ."5:7.2 : : ,  ~ ~ ( 0 : : 3 3 1  ,. : 
3 5 . O 0  2 . 8 5  .49."33 : ~ : !  . 35:00  ~!8:.75 I-'~ ~ , 5 . i i : ~ '  ,O .334 ."  

_':40"00-~45,: 00  " ~ - 3 ' 9 2 " ' : 5 - ]  :52:30 .  ~5.42 .h0~ 4 5 : 3 '  0 : 4 7 9 ,  ~: -' ::~5~53:;'40"00- . . . . . .  ?: : il3 i'30:-;"22:56_..- " ' . . . .  ' : :Z3:~;72 : :69, 6 2 _ _ - "  " . . . . . .  .. '._,,:,.0t34~_~6 [;,:::' t0L'3~ 

, :5o;oo.  i ~ 6 : 9 T -  e;.65_./ .:o. 4 2 8  1 :' " : '  .- .... - 
}55. ,00 ' ; . 9 . ; 1 0  61. :95 , '.0.:4.05 ! . .  . . . . . .  : : i ' i:  -:" " " 

~'~:'6~---:'60. : - ~ 5 - - 7 t ' ~ ' b  - 7 : . _ _ _  -76.'~~'4---___._; i :Equat ion ifor O f l f s e f s  :from ':;lir,~'.: .A!D: .; 

6 5 ; 0 0  i5.56 68.!.64 : 0 . : 3 6 5 : '  .;:. . .y:=O.52888 .K-WK.:(K.-4Xi)~:;;~ =i.3.03;0,401' 

, .~:.Slope _of ;straight  line ,~Equaf ion  !for ,~Offsets i f rom ',line .CLD:I .,- 

.... :K-~/I~( K.,:~ --i , e l e m e n t  .~from E i 'oB Y,= 0..7:9763 x)JL~ :K.-19 

: "  S H A D O W  M o u N T A ! I N  : D A M  
ORIG INAL  :DESIGN -OF SP ILLWAY ":! 

DETAIL OF 1.2E:FI. ENTRANCE TRA;NSi.T.-ION 

• ' " . _ " , ~':i 



\ 

.,V, 

,.,.,,i l l I " "  

%. 

\ 

F 

I i -I 

r%+ • 

+ - . .  + + 

• + 

+ 

' ~ % ,  
• % 

m • . . . . . . .  + _  + ~ .  
, _ +  . . . .  _ r r , +  ~ I ~ _ •  > 

+ . + +  • + 

~teral c/rolns, 
, L i -+ 

/ ,  

~ . . . . . , . . . . ,  ~ _ , _ _ _ . j / '  " / ~ .  

P~fa~J 

IV .36 ,06&+6  

£l~ 8 3 7 8 , ~ 0 - +  ".~ 
El+ 837000-, ~..~. \ 

., • . " : . '  " . , P L A N ' {  ' 
. . . . .  , , o  ~ i o  " / o  7 : , : :  " , , 0  ~ ' a o  

- L  . z , I , 1 , t 

5 C A E E  O F  F E E T  ' 

" 3+Rock .'" "~, ~ L  
30" D/~.. . , . '"~" Co~tF¢ctton j o in t s  rtpr~p . , "  ~ ,  2~$~-.+ /,,'~0~, ~ ": 2,18'x 18~' 

T~.'-', - ". , i. '.S ,--- /" : " ~ Rll¢iol 9oles ",,¢." " '" :'< 

SrCTtON ; A - A  : 

"-6" Lonq#tudlnol dr~ns -" 

drain 

, +  L 1"  i 

S ~ . C  3"10N N - N  ...O;winal ground surfoce ~.-.~ 3piff'#Gy I~ ~>- :~: 
¢ ¢ ~ . . . . . . .  . . . . . . . .  70"0", . . . . .  . . . . . . .  > , <  . . . . . . . . .  4 5 " - 0 " :  . . . . . . .  ~ " 

. . . . . . .  ~ . - - P _ _ _  - . _ _  - . . . .  A - - - - '  +, ! . , ' , - ,: " ~ ,  ~,. ' ; "  . . . . .  . 

" ~ &  ~ EI.a33~S.~ ".', rl _, - " i :T.w Et aJ ]~o ' ' ; ~ - ' -  ~ <,l" , . i 2"Rock fal l . . :  . . . .  "l....!~ :.-Or~qmol ?roun¢~ 

• " " - " o . +  e n f o r c e t T / ~ , r x ,  . . - ,  ~ • . . - ~  -. .  ¢ , - . .  
• ,~ • ; . .El .  8 3 / 0 0 0  • , _., 'Eorth 

. "":~ " ~ ~ / ' , ~ " : . 1 /  o . l - o - , - -  . ,  ..~,~.-.,.r' L ' t . I / ' "  " : ' - )  .... " ": '"  " - ~ l . . ' : T r ; ~ / '  

• --+~.~ ~ ~ ~  . . . . .  ,, :" t ~ . C o n t r o c t i o n j o i n t s  ~: 
8"3ewer p~l)e ~ ro~  embedded #n orovel.'.': ~: . . . . .  --" + ~ ", ;,"" |" . . . . . . . . .  1 I I  . . . .  2 " 6 "  

~ewer p~pe drolns embedded in 9tT¢~vel-: .... 0 +0 Mon.'" "3' Dum~ed F 
S E C T I O N  E - E  r~prop S E . C T I O  N . F ' - F  

i ~  • . i ~ . I I t J ~-'-:'; 

S C A L E  , O F  F E E T  

u 

3 

D E . " r A I L .  0 +- 

@ : 8 " O ; ¢ r s +  . "i;! +" " 

" co~ ~U~ 

~B°l ts+ " i  ": 
>+ 

?! .  

L ':~ 

+ • 

+' + %+"%:++"": ,q 

3"~3"~f Armor  anq/es."pL.AN.., i ~ " f :i 

. _ .  r _ ~ , , , ,  . . . .  i 

"D  o£  

- - D i s c h a r q e ; : .  

t _ +  J + *  

• SP ILLWAY D I .  c 

~!7, 

% "  , 



- I  

ii- " 

? 
Y 

. . . .  : :  " l  

• " ' , : i :  :.:: : : ~ ,  

I / 
/ 

I I 
/ / 

/I 'i 
/ ,./ ! 

./ 
,, / /  \ 

/ ~/ 

! 
, / ~  

I 

/ Io  0 :, 

/ 11~.~ ~ 1 i 
/ - ~ I "  

"/ I ~" ..,... _. 

' / .-" "" Parabo l ic  :curve-" 
"~" I"  S :,~.e 3 ° 33 ', E 

I 

/ 
/ ~ ~ ~" "-..% 

E . . . . . . . . . . .  "~ T ' ~ - - - ; " "  .-:,-.-'; 

" ~ ', ~ DE~= EIH : ~'H 

0 F FS E'T:S 

:S -, 

0 : 6 6 2  2 
0 . 0 0  O. 19 I 3 8 . 7 4  [ , 0 . : 6 4 7  

 5.oo -[ o. 4 I  0.09 
2 0 . 0 0  0.81 41 :'89 !;:0:59-9-:'T 

L 2 5 ~  O0 I ' S 2 ...... 4 4" 0 f ' ~ -  

1 . 9 9  4 6 . 5 7  : 0 : 5 3 8 .  

. I I  

. . t t  . . ,  

: 2 . 8 5  
30 .00  
35 .00  

-;40.00 
', .45. O 0  

-~o.oo 
! 55:O0 
.~-60.00 

6 5 . 0 0  

6 6 A 7  

5 . 9 2  

5 : 2 7  

SHADOW ~MOUNTAIN ;DAM 
O R I G I N A L  DESIGN OF S P I L L W A Y  

: D E T A I L  OF L E F T  E N ' I ' R A N C E  T R A N S I T I O N  

; ,~SIope -of s t r a i g h t  line 
e l e m e n t  ':from E : f o B  

9. I o t 6,.::9s 
6 . 9 6  ' 58::65 ; : 0 . 4 2 8  

• 0 ~ 4 7 9  

4 9 . 3 3 '  ' 

.... 5 5 . 4 2  

" " 2 

Equofion. :for. offsets, :fr,om :.line ,A~D: 
i 

" Y = 0 : 5 2 8 8 8  ~,K-~-~K K ". • ( ",:~X'):. 
• ; ; 2  ' - ~ ;: K .= : :303 i (  

;Equat'ion ~!orii:offsefs 
, 'K- ..-V K (K -'-'~& X:l) 

..! 

: 

. . . . . . . . . . . . . . . . .  , . . . .  ' - • " | . " ; *~ [~  ~ " A a j  • - , 9 6 . 4 6  - - - ~ - . - - - - - . - - : - - - - ~  . E O W  ::::: 
' : - , , ' 7 ; "  . . . . .  ~ : - > "  • "% 

F R O M  L I N E  : A D  . - O F E S E ; T . S . ; F R O M  ~I.; i:NE ; ~ : B  ' '::'/ 



FI GURE 3 

(A) Flow conditions 8t spillway entrance. 

(B) Stilling pool - tailwater El. 8332.50 
(C) Stilling pool - t~ttlwater El. 8328.~0 
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