
1 

?. 

~L d 

!: i  

F!L [ Ct)PY 

Oc~.obe= 2, 

t , I t  

0 .G 

0 

4, ~ .  

T ~  Y ~ J o ~  ] io .  255 ~* 

t g 

t 4~ 

o B.  I~  STEELE, D. C. i f c ~  szzl E .  W. IAHZ 4. 
41" Q 

4~ . . . .  4~  

4[, 

9 P  

, - _  - 



"as= -~.s=,!..-_m:,,~ - 7 ~ "  Z ~ t m =  

: O a . ,  I ~ . ~ , . ~ ' . ?  -"~-,.:-Z~ ~ , , , ~ , ~  

E~.-e i . - .c  ~. " i r  

e 

ii 

? 

1 7  

L ~  

4 8  

~ 5  



" M  

Z 

5 
//  

6 

7 

£ 

10 

11 

j~ 

14 

I.~ 

19 

C 
1.R 

~6 

4~ 

~s.~.'-'~,o~.:. ; . :~ t !o~  - ~-~~n- '~ho~.~,~d-y . . .~  f l o o d "  ?,,,~, 

6~ 

6 6  

71 

74 



C 

P l ~ : e  II;~. 

!? 

iI 

s . , , , . . ,  , .  r 14 

[:~'.,."t C-:,I!i.'~: - 3c~It '  l ' ~ m }  ~ 

2Y 
~7 

r, 

4~ 



( 

~. 11. 

% 

b ~  

- , %  

\ 

J 

t\v," 

.I, I 

C~ 
. / .  

d 

. /  

/ . /  
t 

/ J 
Ar 

J 

,..- -.. 
I 

~ _ ~ ' ~  , / "  ~ ~ . . " ~  . -,~ ~.~ ~ ~ ~ \  . - ~  . ~ -  

: - - - , , , ~ : : ; : : : ~ / . 7 / '  . , - -  . - i ¢ _~,, . ' l  . . . - .  
¢ " ' ; " ~ / I .  - . . . . .  - ~ .-, - , r . . - _  ~ .,.. ........... 

..... - . - - - - : ~ . . . ' / _ . ~ - . . ~ "  - ~ . . . .  , _,~'~ ~ i - l 

- . . - . . .  . ~_.>;;.~_ 

i _  

% 

t.. 

' / ~ .  J 

# ~4 ~ 

% 

i s "  

' l~  1 ~ I  / ~,~ ,,, - " 
! ~" i " 1 \ 

-ih - 

% 
% 

0 . 

% - 

L ~  

. . ~<:; 

3 - - " : - - . .  

H O O V E R  D A  M 
G E ~ E R , ~ / _  P L , h ~ - '  , A T  ~ , ~ g M I S I E  

{, 

o , "  

i 



L 
H 
H 

lJ. 

:l 

o 

- ~ :  :-" - ~;t~1.. ~ D .  ~ ~,,n-..,.,,,~,, . . . .  • 7 

r 

ri'* 

" " ] I  

• ~ - ~ ~  

X X 
i , y .  . 

i I 

............ -:~ 9 "  -.o ,. =, h.~,~....~,e..._ $~. .... ~'. "~ .~r~  ~o~.llr.,..;. A r~- 
: >. ~! 

9, 

2 



Q~ 

t 1, 

);, 

0 r ,  r) 

~. ,9  - (-'" 

%.-,... dc:I~_-~.s_ -""--. "". - T~- r , , z ! ,  ; s l ~ e  2a, e*. . :em~,'~d , r "~ :~ .~ , ,  ... 3 1  

"-5  " 

i , 40.:)  ."~'~ 

¢,: i t -  ~" 
h 

~ . . ; = ~ . b . . ~ 1 ~ .  ~ ~ . 

P . .  

r , : .  

o .w 

q- F--" 

CD 0 



t 

i 

/ , / /7  0 

; 

• % 

0 
L~ 

~2 

-_~2, 

E : 

/ 

_ .=  



• i 41 

9. IN~al.~m~m~usly wlt.h ~.1~ '~l~x~7 ~ e~pe~Ix~n~s  e t  :,lR~rt 

..// ~% 

"e~oued ~ s~ ~ tez1~otntlz~ ~N1m~o ~es- ~ ~r~, 001J.tms ~ ~jjmlbe 

ex~lel; n~r~ILTo ~h~ 8n~ eo~si~3~ ~ tr'Jm~l~0° ~ um~mr 

.m..-,fee~ ~ , . ~ . . , ~  4~. t o o  . jx,ea; ~ , ,~  ex,osa f l o v .  cr, e4zt.u~ e o n d t ~ L ~  

~ D e c L ~ ,  tbo  F I I ~  c o ~ t l I t ~ n z  wmm b a ~ .  ~ fer u r£ov in Idso 

5 



_lf~,O0~ see~=-~- fee: .  , s ~ : ~ e r ~  o ~ l f t c e .  ~ ! : h  e b e l l  ~ r . b . e n t r m : c e  

s r t l s f ~ c : o . " y ;  ~ : :  a t  l o w  J l s ~ e  f~o~ In .no c.han:n~l I : ~ I ~  wss 

=~cu~h. . ' ~ e . ~ = s  : . ' -yes  o f  b ~ f f l e ~  p]Leee~ I n  "-~.e c h e : m e l  e f f e c r m d  

ne~ d e n t ~  ~-:'I!~ ~:  .~or:  Ool311ns. " 

:~.e e ,~ -r~  f ~ l  ~'lwen :o =he ! o ~ e ~  a n ~  o ~  ~:~-~ ~ e Z  ~.~o: i n  **he 

"i 

f~ 

- , ~  ~:~ 

n..1 was by f~ ~.~ ~-~.r: ~e::~ca2 ~eans o f  ~..~-~.~acIm.~= ~o:~ fXo~. 

weUer e r ~ . ~ : e  ~Z~.7=.:~.on ~:  c r l - l e n !  8 a : : h  c ~ l n c t ~ e  ~ t ~  e= e l e v s t t c m  

w h i c h  w~Jt~ c i t e  ~' e ~ = i - - f e = = o . ~  depth o f  7n=.~=" ~ t l ~  l o ~ e r  e : ~  o f  t ~  

: --i ~ f  



/ ;'i" 

" 4 1 '  

@ 

r ~  

/ /  

12. ."~1¢ e~ be ~=c~~.bsa b~" s rise ~.=.;t:m.:b~tmn~:e~=m~-- 
. . . .  ; / 

~ . -  

== b ~' • , ~ :  

/J  

b e ~ w ~ :  tb~  ~ ~ , o f  t h e , - : r ; d ~ Y ~  ~ t  ~n~ t ~ ~ o i n =  o f : ~ r i ~ . l o ~ l  

c~ : s ide~ -~b l~  ~:..~4~, ~ , . - ~  o ~  ~ - . ~ ! ~ . ~ -  ~ ~,~-u:sl'--~" w; .~-abo]L~ ,:~ 

7 



m 

~.~; 
=, • ( 

,± 

v~ 

r ;  

i'/ 

s 

;J 

d o S l r e b ! ~  ¢o ~ ' r I ~ t  .- ~e~2~r~'.~e~r~'. ~ n d l ~ I , ~ n  ~ f  ~ o n  ~he~ a t d l e  

8 



0 

~ . ' ~ 7 , ~ ' ~  ~ ; .  

l ,  ~ ;1~ 

~" i ~  ~ 

~L 

C ~ 

r] 

I 



% 

\ / 
,it+ 

. . . . . . . .  • ;++ 

r 

~+ p ~ ~ / +  p . + . . . . , , , . , . ~ . . , , . + + -  

j l  

/ 
,+ 

j~+r- .+-+? 

. '~ ,"  --r,p,,,,O+- 

(~ ~ + i l l - ' l l  

++°+++ 
i',--.,' + ~ .  +++ + + ~ + +  

. .  +,~ um- ,+~m'  o,,o 

C , . C  

'l,Jl'~ 

| 

i • • I •  

+ r ~ I E '  

Z ;  

x~ 

© 

" +~"+ " S I ~ " J ' I O I ~ I I ' 4 ~ '  
, , I I I C ' I ' I O ~ + F ' + V  

o +~+~,IL I, m + ,  

/ _ 

l 

~ 0  

~ o  

I 

' S l l C y l c w  ° I + ' +  ~" .- i ~ +  

+11 

-+"+ 

~a~- 

++ ~l,q)° 

. o10~ ,~ 

J+K 

P 

_ "++ +~+ 

++J~ ..... + + ~ , 

, ~  ~ Ill ~ i l l  i D  

- 0  

- " - o ~ , ~ m ~ - - + , ~ + + ~  ~mw+,m'mm~m+ + 

0 
+~ IP.xH m r ' r  I 



~---, ___. ~,~-. - ~  - 

-+ ,~~ 
, .  ~ - - - - . 2 . - - ~  " ~ ' ~ - ' ' -  . "  ~_. 

': ! 

" ' ~  r 

. i  ' "~ , ,~, ,,: ~L .,~ 

IIII_Ai4# 

+ + .  , -  

.I. 

I. 

I. 

JII_ 

.III- 

.IL 

Jr" 

+_II~_ 

;~JlI. 

~Jhtai~ ~ D  

. , , . . . , -  

E=w.  

. !  

~'¢,7 
e q  ¸ 

r ~  

S ~ ' T I O W  e - ~  ~C? 'aO=v  s"~'¢ ~ C l r ' = O ~  ,.J-,J ~ E ¢ I r l l r  a t ' ~  
~ L . I -  

,P 
? 

• i •  . , ~  ~.  ~ ~ ~ . . . . . . . .  . 

n E I 

• 0 

I 

" 0  

% 

/ 

H O O V E ~  ~ -  

_ I 

10 
E X N o B t T  | 



\ 

• v ' , . , : ; ,  

n , m m ~  

u m ~  

a g o  -. 

~4 

, ~L .  4 k / V  

- i , ,  F ~ 4 1 ~  * ~  

S [ ' C ' T / O N  O N  ~ .  

e l ' -  cr-- ~ / 
- :.:'~I t 

f 

*l 

j r 'N~ON'T ~r L £ V A 3 " I O N  

<, 

, * , ~  - 

' ~ C ' T / O , I V  :C::- C , j  . S J ~ ' ~ N -  ~[~*D 

~ s ~ ~  , ~,~ 

%..  
o 

m • 

~:" -~ 

:- r t ~  * 

- ~ S. ;~  , - - , ~J~ l  ~ * ~ j . j 

S ~ ' C T " I O N  G - G  ~ I E c ' r / O N  N - ~ . ~  

4 '  

o 

\ ' \  

t 1JF" 

S i [ ' C ~ I O ~  :: DC--K ~ 4 . -& .  

% T 

- - ~ ~ , t ~ m ~ l m D ~  

~ -~lmmjrc'r 

m m 4 ~ m ,  , , . ~  g m u w ~ D  - 

E x m s ~  ~?~ 



i ' 

~i" if: 

~, .-Z 

_ ,° 

I 

, ' # .  i ; , , , , ' A  : :" 

,s 

L 

f ~A 

- .  ( ,  

.;A" 

H 

J 

N 

o 

s 

, 4  

i (" ? 
. ' ~ I  r 

4 

I I b  

i 



--o~ 
• . _ ~ . _ .  

771£ ~ £ : 7 ~  "~JNNVH3 

I I 

7 ~ A ~  

>'-,~ r 

J 

"%6-* 

, ..~ .1 

: ~,~ 

a) Q 

[ 6  

i - 

V 
. . . .  ~ F ~  4 .~ . s 

N ' a r T ~  

I i 

I i . r  

, t 

i ..... ,i~ o l .  ~ r 

I 
It!. 

I I II • 



~ .  ~t~. a y e - 5 .  ~ ~O,eO0 c.f.e. 

+~Jov ]2C,O(X~ c . f . e .  ~3-Aol. ~ o v  _~OrO00 c . f+e .  

o." D e 6 1 ~  S]zam'~ by ~ b l ~ t e  1 and 2 .  
( ~  ~ - Scale  1:60) .~La~ I. 



~ -~ -0 . ~ - u ~ . ~-.-A-5. .~,~ ~,O,C~ c.~.s. 

, . .  . . : , 

i 

J . . C, . : .  . . '  e" "" ' 

T m 
~B B ~ 

~, . .  ., , , . . ~ ' ~ : ~ ' .  : ~ .  . . . . .  ~- . , . .  , , . " "  } . • .. • 

• . .  . . - 

" 6 .  , . " 

' " . ' , , . ~ c ~ -  " • • • 

~-A-3. 
- c f  

~m,r.120.(XX) c . f . a .  " ~ .  ]~o~200 ,000o . f .m .  

of  ~ , s ~  ~ by ~ z ~ b  ! ~  ! ~ 2. 

(1~'ort C o l ! i n n  - :Sc~__Ae-~-~"-~'~!.~) I"L.V~ 2 .  



""+'~" ? L 

~ , - A - . O .  Sere "uI:  - ~.~-A-~. .='lov ~O,CC'O c.£.s. 

~ - A - ~ .  .120,,000 c.t.m. 

NoAl~led by ~ a  I n  Cbmmel 
( ~  CoZ.Uzzm - , ~ - ~ e  1 :60)  

15 

J ~ A ~ .  TJUov2OO,OQOo~f.a. 



~ - - 

:;-+ 

;!! 

...+ 

0 

'.,'~. + 

I 

I i o~  ~ : ~ ' ~ ~ o  

• I~ '~ I"b -,~ ~-'~ ~,"~ 41~ ., 

I' 4+ : 

~ ,e-,, 'If: 

• ~ : ~  ~ 0 , ~ : I ' ~  ~I~ ~ ' / 

:~P+.+ ~ ~ I  I ~  +h / 

i / 

~! ,~ ... ,, :..~,~ I!" ~ 
I~-~l "~ ~ '~ ~'~ ~+~'~+~'~-~.~ ~'Q-.~-~ ~ ~,~,,~4 :- 

" " ' [ ~ ; ; I  , ,  , ~ . ~ : ~ t ~  + : ~ 

.~ .-.- Sill 8 ~ - 8 , ~ 8 o - ~  :, 

: I ~;~.+0,~ I~ /l~.I.I~ ; 

] I ~ . : ~ ~  .~.L -I ~ I. ' 

+ I  " + ~ ' " + " : ! ~ 8  ' 

°__ 

' : , ~  ?~ 

+. 

Q 

/,. + - .  . 

• :I + 

W' 

.'.: .... . - 



5 ,  :" 

/ ; -  

1 

~ m ' . . = i ~ : s o m ~  ~ ~ ! ~ . :  ~ ~.~! ~:,  

F" ¢~ : 

~ u t ~  ~.~-~ o r  : ~  ~ ~  =~ ,  ~ p  t ~  ~ : ~ b  o ~o : ~ .  ~ 

I v  



., 

. , . .  

! 

l 

7 

q 

j 

~ r  u~ 

A ~ 

i 

I 

{ 

.L 

I .  

l i l  - 

l l l O  

! t .  

I,~ fi' 

~s £ X ~ l l l t r  5 



C~ 

il 

.2~. 

[ t E /  

( :  f.~ 

5 A S A L T  

A N D E S ~ T E  OR L ~ J  
L A "TI T E  ~ .... ' 

= ' L  O~A ~ _ ' 3 . R E C C I , ~  " " 
S,E CTI  O I~I A - A -  

i 

_ FL 

E]A~AL T 

~, 3>~ 

.;Z 5~ 

Q 

d:_.~ L 

B A S A L T  ~ 

J , ,  = 

E' ;3~ C 

El. l~J .6  

5 £ C T I O N  C-C 

. ~',~,, e . . , J L - - ' o l ~ : > ~ y  . t o , .  ~ p o  .... 5 0 v  . . . .  . R G n s o m .  
~ebru~.ry u~" u93!. ~ncl  ~.4,c~rch 30. 193t_ 

":" " " J  S S  SPC:'"~'~5. 
e . -  - ~  F , ,  

s e . e  ~ _ 

i i 

~ O U L D £ ~  C A N v O ~  P # : t G U ~ : C T  
H O  O V  E R ~,DAJ~ 

GEOLOGY' A ' r  l l ~ t r Z O ~ l A  . ~ P I L L W ,  e V  
i n m 

- - - I E  ~ "  , " ¢  2 , S I h P I I ' ~ V ' I K O -  

EXHIBrT  



f ,  

"~ ,~s" , l t  "--~ r '~r ,e  ~t~...n~,e.n'. r..h,c'-. ~ ' I  : ' ~ n  s u p p o s e d .  ~hlm r ,ock 

b . ~ e : = i ~ . "  I h==e. : ~  =~s;'l-~in~'~.+. ~ =ct~"i~! l : c  ~ : ~ o : ~  ~ th~  

!.~ ~ 1~= :-~r d ~ : ~  3u=~ ~ ,  1931 ,  Dr .  He~sc~e ~ T a :  

~0 

IB  



~. p l o : ~ e ~  on e e c t I o u  ~ (~x~tb1%~ 6)  o f  1=7 or l~ lms]L =~mo.--t. 

o ~  4~5 ~ e ,  ~o ~-ouse ~ s ~ - j ~ ,  o f  e s! tdJLa~o~z~Ul~ 

I :  =111 be ~ '~e  ~. o--. 8 e c : t o ~  G-C, *-~8~ l ~  " - ~  c o n t e c t  : i s  e ~ ~  

~ ' ~ . . q ~ s o ~ e  o o u ~ r = i ~ f  ~he ~ - ~ e e = :  ]Locat ion o .  ~ ~ e  ~ J L 1 ~ a y .  l ~ t ~ L -  

era-a= o.* ~ 29 .  ,1;~1.  he s~r lsmd ~hat  ~J~l~ s ! - ~ e ~ o u l d  b e : t n , ~ o l m m t ©  

t " reec le  up~:.--e=r~ ~ ~'~]Lo'~ L',re~©ls .(llot'=~,ream: o1" e / ' ,ml t"~; ln t..~.i:,~em,. 

pre£e~- ~ m ~ d  |~  i F  t h l ~  d !~  n o ' - e ~ . a l / ~ i 4 e ~ i ~ a 4 / d ~ a s m s  i ra 

o r b s .  ~spec*~s ;  t ~ ' : .  .",o ~ r ~ ' ~  e x o o ~  sho=]~  ~ . b e  ~ ~ t .~_ ,~__~.~ .~=~;  

f e u l ~ .  

era-C, stn~-.o, i F  ~ .~  z : ; l ! l ' , ~ 7  ~ p.lLee, e(S == .=uap~estexll ; b ' j r ~ . .  ~ ~ .  



B 2  



• I.-I~o=~ S'~il l'---. 

: : ~ e ~  . - - - - ~ . ;  : 

: ? o  :..Vro-~_~ : . ~  : : . : - 
: : : - : : 

! 1 5 ; .  ::ll?~.C: ~-I : 5~ : D 

I m  

: : : : 

I !  i = . 0 :  ! ~ 5 . 0 :  ! ~ 5 . ~  : 1 , ° ~ . ~  : ,,. 

: ~-~o-~:  ' 7 1 , 2 :  

: ~ . ~ :  ~ ? . ~ : . - ~ : ~ m o  L ~ t  ~ r s = ~ r  ~ ! 0 2 .  

: 7,5: -~ . . . .  0 ~ . ~ . ~  . ~ o l e  ~ " ~ - ~  " "  ~ - r : ~  

l , r . ~ - ~ . ~ : ~ . l ~ - . . 3 : l , ' ~ .  ; : ! ' ~ . 5  : - . 

: - ~ - ~ - - . ~ : 1 5 ~ . . ~ : I ? ~ . . ~ : I ~ - 2 . ~  : 
1 3 9 3 .  '~ "~ ~ '  ~ "~-" ~ 32- ~' " o  ~,-, 

: : :se~-~=.  1 ~  l o s ~  o . "  , ~ : e ~ r .  

: : : 

.~%'=_3:  - 

E 

C O : - . . ~  - . - r .  ~ , - - - " . . - ~ . '  h 7 ~ o  

m 



"-'3 

F-'~--" : ~;~ = F . ' ~ -  = ~ : : : '~e~.  : ~ = 

l ~ = o C  : l~y',=~..,.- : 4.- .  

" : - , : . . : :  : ! i : , ~ . - -  : l l ' ~ . . ~ .  : I ~ -  .. : - 

i .  • ~ . ;  : ' .  4 :  . . "  : ' ~ .  - - - -  

: . ' -  a . ' : I 0 " 2 2 .  - "  ; 

: " ~  : -  ' ~ * ~ " * ' : ~ - -  .... : : ! 9 . ~ :  " 7 3 , !  : 

: : = : : : 

T~-::. ,,-7. 

"~'~ • - - ' : o  "~'~' . :  . . . . . . . . .  " - - ' - G  o ~ , ~ - ~  , ' ~ , z  - ~ , ~  d = - ' - ~ _ I c ,  ~. ,~", ":.' "~"'-  c , = ' - ' : ~  ¢ . ~ ' -  o 

~ . ;  o 



.*! 

// 

~ - , ~  .~  * ~ r  * . 4  



F ,  

o : ~  t ~ .  - , " ~ 4 ~  - - "  ~ . : . -  ~ - ~ - ~ " ~ : ~ ' ~ ' t :  . . . . .  , " ~  





D! e : ~  !10,000 ~ .  -f,.. ~ l ~ r ~ e  2/0,0C~ ~ . - i ~ . .  

~erf'o~e of Deelgn ~ L'~ ~Azlblt ~. 
(i~ Co!llns - Sc~e 1:60) 

~B 



/ 

~erforma~ce_ o f  D ~ l s n  Ghovn I n  Exblb!t 3- 
( F o r t  Co~..l!n.~ - ~Sc~le ! : 6 0 )  



Q = ~0, OOJ Over C r e a t  OcQO'- 
Q = 60,~ T~er Care C~!~. 

A!:~.o'z-zm.l ~ t t l o n a  o f  I ; ~ s c ~ z 1 ~ .  



:3~o.':0 on  _ole~es 3 ::)  r , .  ,1:o efC: - ' : .= .oT .~..~ c~"- -~  be~!o¢ ~ : e  ~ e t e  err.d 

or t~ -'~+te:-. C ' ~ i ~ r "  ¢';'e.- ':.he open  .':z,m~¢ . : o = % 1 = ~  ~ ='or:-.+ ~ r I c m  

. .  + 

I s , l . . , - ~ . ~ h  s,,, +s)" ~ -+,~¢~+.~.. ~-.s,.,~+,++++, 

i .  

1~o~ o v ~  tY~ = i x ~  =r~m~. c ~ e a  l o r e s  ~ d i s t u r b , - = c c  o ~ ¢  of 

8 b o u t  6 0  t 7  ~ r ~ , ; .  

3 1  



l&.5~O00 ~ . - ~ -  

5~, 000 sec. -~. 

~, • : • ~ I 

~ ~ 8 ~ L ~  ~ On ~ b ~ t  3 -  
A ~ " ~ e  o f  J , ~  a t  ][,over ~ CLT YranBl~lan.  



; 

~ J  

+ 

~ .  ~ r = .  r~_:e ~i! l~mFs. ~ d:-----. : s ¢ ~  c ~ S  ~ . ~+ ]+ ,~ r~  t o  
n m , : 

p l a c e d  on ~h~ s : ~ . - .  / .~: les o f  iN?) ,ce~+-o= ".+-~+,...,. ."~-. - "  " ~ - - ~ - -  . - - . . ~  + - ~ 1 1 o i  

;h 

ch+.--~-~ o f  75.1:P.8 s ~ c ~ . - . ¢ - f ~ :  i n  t h e  r : ~ v o r  [ , r ~ . , : ~ . o w o r  +~o~h; =~i28. ~- 
++: 

-sys~. ~ ~Y.ts dl--c~.r~:~, m~-!l t~Po~c~od ~ ~ l ~ ' ~ ' ~ t ~  i°~.~ ~ : ~  : h ~  

. - ~ - + + , . . ! : ,  " = ~  "+" ' + " "  + ~ '++ ~ + " , ' ~  + ++++'~g:  

. ' ~ , ~  s.,'~o~:-+.+:'~ .+'+on :5: ~,-~:+~+ =,~.-x~ c o " ~ ! , ~ ' . . ~ 1 3 ' ~ l o ~ - ~ J ~ - d ,  =!'.h 

. . . .  ~,.-I ~.  .'~,,~'. I n C : ' . ~ - ~  " ' ,  ~ ' ~  ~..-',~:?"U~-:'¢'~ ~ ~.,~-~c:,~,~==',~. 

.+- 

r" I' 



=-11 ~ ~ . I n ~ = : : i ~  :p~ d,~...,~-+ o.~.~lo~A=ln~ ~ ,~=!.f ' . .  ,Cl~s~!.y s ~ e ~  - 
~t 

~ i ~ l o n a l  p l e r ~ .  .--r.~ l e ~ : . ~ +  o+7 c h ~ l  ~e!¢c~.~d ~s =ho l oncwst  

o = T l e i ~ n t  o f  . t ~ .  -" '~"~+,i:~.  ~ t ~ h  :~o.++be~"~. - . . .~.  Pu!.l  '~..il+'"r. o ~  

P-,.~.+ D= ' -a ! lm O~ .h,:+ T¢! . - :~r~ i~ . ,  + p l ~  :,e::::~+c,O~+,5+I,O! , : : ~ ~  

~ . ~ i . ~ - .  ~=.-~-c~.-~ ~ u ~  ::o ~ c ' ~ t ~ l  ~ t .  n~+ o=" o n e  ~ e ~ , + , ~  

34 



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

" 0 '  U 

0 . ,  : " ¢ <  .% 

O 

;,,J 

C" i ~  

) 
I 

i 

. , : r  

. z  

O 

. . . 8  

, !  

/ O 

0 
r,,T~ . . -  

t " "  

u ~ 0 1 J L ' c ' , ;  r, ~ C J  
i-- Z " "  

::) . . . .  ¢ ~ _ .  " : V , ~  ;: .~.?2 ."] : .  

0. o 

• .  J . t .  O _  I P I  

S 

I 

! 

o 

% 

w 

p , .  

¢; 

A~ 
0 

,Z 

o 
- I  

°.0~ 
0 

6 

~ h  

' ¢ ~  XJ 

p -  

10 

r -  4F.k ~ l  

~ ~  ~ 

~..~ = 

o ~ '  - -  

L 
p -  

..J 

i ml I r _ iN II I 

35 E × H t B ~ T - ' 7  



i m i i 

r °  

. - , . .  

It 

---(:D~ ),~ I~t I ~ ' . l . h ~ 3 : t X t O I t  t 

' O 4 ,  

] 

0 

i i  

w 

2; 

~ v 

ta ,~  
r.~ e,-. 

Q B o  
& 0 

e , -  

# %  

t 

; ~ . , f _  = 
wi_~ T*: .  }::'; 

t ,  . .  i ,  k ,.., *~" 

2" ~a 

q '  . 

, ? ; ~  - I t  

"-2*" O,ile,~ 

.... • 

e G 

E X H I E } ! T -  8 

IJ 
..4 

:= 

m 



i~-~ ~-,~ 

J 

& 

~ ,  , ," ;~-  7"-/Oah, 

~ i ~ • 
• , , '  /"r' 

g 

! 

l 
t ,  

i ~ 

| -  

~p 

! 

Q 

1 

caWmtx. ~ 



~~ 

' r 

L 

Q 

s 

# 

i J 

L 

M :. 

j~-~ - j... .- 

, @ .  . .  

m 



; (  

i 
1 : 

f : ;( 

" |  

[ - -  . 

~ -.  
I I  

/ ' l  

~ i , . .  ~ i  N 

j ~ 

I L - " ~ " : ~ ~  : - - ~  

( t " -  t71 
. t  ~ .  " t l  

: i: i t  
" "  - ¢ ! 1  

L___ \ 

i / D  _ j/;/ 

, I  ~" ~ :  ) ° i" 

rii ! .1 ' ~  

m 

' -  i ] . .~ 
' { 

. ., ~ [] 

" i % 

! 

~ - 1 

.i 

I 

- - ~ c  

~]T" 

.~ o . I . . . . .  , ? !  . ! I I  7 .  . . . . . . . . . . .  " : "~ r" A .  n • u ..~ ~% • . . . .  " ~  

• ~ i E l l l l ' ~ l ~ l ~ ~ i l [ ~  ~ - ~ ~ . . . .  
~-. .K - w o ~  ~i I - -  

- .  - ,.._. . . . . . . . . . . . .  - . .  



( 

,% 
- .  - _ , i  , - i 

1 

+.  . T • 7. i t +  + • ~ 'B 

i ~ * i ~  ~ l l i . . ~ + ~ # w ' : ' l ! ~ l - -  i ~ m , + , , , l i i ~ i - !  ~ .  I ] ~ ' ~  ~ -  ; ] I . . . . .  < 7 # ' - + l l  : 1  . . ~ 

• + + - i i  T - i ' " - _ + ~ : _'. +.," ~ Ill' - + , :  ~ - l i *  ' • b + + r a m  . . . .  - '+ ' ~ • , , ~  + , + +  £ " '  + o  + ~ ~ , + • , .  . + 
I , ,++ ........................................... + + m , r - ~ - - ~ . ~ ]  TM i + ~ l i , ~ P ~ , . ~ . i , ' + + ~ , , ' ~ - - i  , ~ + L  m + ~ + m + r i i l i ~  k-  + "  • - + ~  I I . . . . . .  ,,,.,, " , _  

i~II"  1 ~ + ~  ' ' i ' "  i I m <1 < " 1 ..................................... " + ~ 1  " " + "  '-" ~ e '  ~ + '  'i+~i++I+ +++ : + +,+'- " "~'-~+_+,," + + m . " + + "~+ ~ + -  - . . . .  

! - r i m  i t  w ~ - ' P  ! 1  l :  : + + ~ . - - - . - + - - ~  + , ' ~ ' - " ~  ++t /++  i + - ~ + i ; - ~  • + I , , - - - - - - ~ i  < 

! i l  i i I i I J ! l -- ~ . . . .  i ]  ~ i ~ i - -  T [ i  + + .  ! t " 1 7  . . . . .  ~ - -  ~ +  . 1 1  . . ~ / " 

+ t i |  < .  ~ ~ . Z l +  +, • ' + o , , .  ~ . ~  I ~ + ; ~  + ~ • - + {  " . , l 7 + , .  < I 

i i 1 +  + . ,+ + + + + ,  + + 

. . . . . .  . . . . . .  # : +  - - \  
, ............................................ + ............. . . . , + , . + .  .............. ................................... +< ........... L +  ~ ~ ~ ~ ~  

- -  / : + +,. + ,: + + % 

I L  ~T,_ _ _ i l l  
: - + , . . . .  2 " + . ,  , , 

F; 

1 

+ 
g 

. . . . .  I ~ ~ - + - - p t f f +  - - - - - - -  . . . + +  r" E n ~ v ~ m  i ~  m l 

+ , ~ + 1 ! /  I t ,  l i t 7  '+ ! ! + ; i , . . . . . . . . . .  : "  " " 

: , • - , , , . ~ l r l l l i ' i ' - . i  . . . . .  ~.,' I " ~ " ~ "  " ~ "  , . t i l i ~ l t  " i 
| I 

_ . I I + ' "  . . . . .  - . . . . .  i - - - o . ~ I  
, , . . . . . .  " . . . .  ~ X H  1 B I T  I !  + 



. i : .  0 

_lu.. o . "  saals, frilu.~: o~~-e ~.~ ho~-~, o : "  cloe- 

_ . .  " - . .  ; l ~ o  t , ~ l m ~ - e d  

& Q, . 

T~ 

U 

L~ 

I ., " . f (  



• ~ 1 ( ~ :  _ ' "  ~ ~ , ~ T ~ w ~ , a ~  , ~ ~ ~ w ~  ~f~ " * : ' ~ . ~ i [ ~  

Q, 



7 
6.- 

"L 

I 

&, 

i 

ij ., 

' q t ~ i  

; : :  r 

~ Z  

9 / 

~ . ;  ->o . I I m ~ B L ~ .  -¸ 

d~ 



~L 

, 

+ + .  + +  + + + + .  + 

t m . . . .  ? m  ' "+ . . . .  ' + " k + + + " ~ '~  " ~ j +  ~ + m ~  + ~ ' + + + + + - - - - "  +d+ . P ~  " +  +~+ B "  . + + m r  . + , + . . . .  + +, ~,~+~,.. + + + _  

+ + . ~ + , - + ~ - +  + ~ , .  

".++ ~ " " "  " ++" ++-- " ~ "  + .  , . ' + " 7 ~ _ ~ :  + . + + + - , . + .  . . . . .  + + ,  ~ "  + . , ~  . . . . .  +. + + m + +  + + - -  

+ ~  + + +  m ~  * . +  • . , -  . . . .  

+ 
. .  + ,  , .  . _  + +  - + + + -  + + .  _ _ + + +  o . . . . .  + + . + + +  . . . . . . .  + . . . . . . .  . ~  + . - + - - -  

~ , - .  +-'-~++'?" 

l~ "~¸ ~ +~+'~+.r° ~ ° ~ ~'+~ ~--'++~ +--~ o 

++ 



e 

8 

o 

8 

o e~ 

0 

m 

m 

w 

o 

..; ~ o  

. ~  J., 

0 ~  
~ 0 

r,, o 

g ° 

| 

| 



| 

C~J 

c~ 

o 

C~ 

| 
J ~  

c~ 

o ! 
~ ~° 

C ~ r b i ,  
O ~  

0 

~ l  c ,  o 

Q 

| 



• I ~  ~ . ~ . ~ v ;  -~ -~! ¢ ~  . . . .  ~ .  

,z;~. "="t,-, ,J ~ ,  



// ..... // 

) : ?  

E ;  L ~ I 8  

A 

I ~E i  t t 6 ~  

L ,,, 

5 ec t~o~ 

~J 

S E C T I O N "  A ; ~ 

A 

r'; 

i - 

L>. . ; ~ r ÷ e ~  ? 

~ E C T ~ O N  O N  ~ '-"C<~277 

; )  

.... -7 ........ " -  i 
' IO0.O .... " "~0 

P L A I V  

t . ' < C ~ [ $  - -  ! ':;¢~0 ~ O 0 [ ~ L  

r , ~  - ~ R O T O , ~ t ~ _  

2~";~0 " 

f, 

2S63" 

\ 
\ 

\ 

\ 

X 

~r 

, . ~¢LCTION B - B  I. 
T Y P i ' C A L  A ~ m C 

,0 

I I 

. m  m . • 

% 

4T 

- ~ 0  ~ 
S~CT~ON C-C 

" ~ E C T t O N  D - D  

, #  

- -  3 ~ B : -  

S E C ' r l D N  E"£  

S E C ' r a o N  F - F  

~C.CTaON 6 - 6  
Ui"  

M O O V E R  O.~J~,~ 
O ~ U ~ A G A T E  SP~LLWA' ,"  | 

C~GCar I [O CJP~ A p ~ . ~ . , ~ O  I 

i i  • " I , i • 

E X  H ! ,=.~IT 13 

,1 



1'  

. . . . . . . .  . , " ,_ .  " . . -  ~ - , - ' I  ~ , ' . , .  ] l : , ~ -  ~ ' ~ . , " - , . ~ "  . . . .  

.L 

e 



. o , 

: t  "~* ...... "~" /'~:'::.":-~. _~, (.~ ~ . ' ~ t ) .  ~ -  



t 

" , . i_~ L ..... 

~ j  ......... 

r.: i i 

• i - ~ ,  ~ .  L 

m M 

! 

"" " 1 

! . . . .  

J.= 

t 

, • "- " ! t ~ , . " ~  

i i i i . ! ,.!/ 

r i l l b  

i : 
....... F - - ~ -  

t - - " - -  

! 
m , 

m 

! 

,,,,,o, 

! 
v, 

! , 

! 
- - t  

i I 

~,iIi~ ~ii~ ~'~' I ~ 

• . : , '~  i i ~r 

.~ ,  ~ • 

, . ,  i : t 

i 
i 

:. | 

" ! 
! ' i 

I ; 

- i  

: i 
t . . . . . . . .  

I 
_ i 

i 

t ̧  
~ i-~" i ~~ 

] 

m 

. t - - - r - ~  j ~ 
| 

O ~ N E R V E D  

! ~ -  r.-~,,~.~, 
. . . . . . .  E X t l ~ B I T  1 4 .  . . . .  



,i ,+ 
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52-A-0. Set-up. 92-A-3. Flow i00,000 c.f.s. 

.52-A-2. Flow 190,000 c.f.s. ~2-A-1. Flow 200,000 c.f.s. 

I~w Oz~es Weir wi~ Xarge Lateral Contraction. 
(Weir Crest at El. 1129 - 2~-ft. shoulder) 

(Fort Collins - Scale 1:60) PLATE 12. 
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93-A-0. Set-up. 53-A-3. Flow lO0,000 c.f.s. 

55-A-2. Flow 150,000 c.f.s. 53-A-I. Flow 200,000 c.f.s. 

Same as Plate 12 except for Addition of Baffles. 

5~ 

PLATE 13. 
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reproduce this nd'em'etcl.v, by ~olthor still~or, movln.~-P ictures" Study 

of the photozrnphs will sho~ d iTferenceB in the ch:~nnol ~,~ter :surfaces, 

but the iupr..z~ion thur ~.~Ined is not ~In ell c~ses c roliabl,}, moans 

of formln~ ,~ judrment The only nccuratu mu~ns by which the ~porform- 

~ncc of n mod~l c~n bc Judr.od is by .cturl obsorvr, tion. ~' 

43. Tr:.nsitlons. Four different trnnsitlnns ::c:'o dosigne~, 

and models m'~d:;. 'IT, o curve used in the :~esi~n for iboth the Fort Col- ~il :i 

Ii 
lies ,cud D:ontrosc rin°'l nod,.:S.S (Exhibits I qnd 2) .g?ve better results 

th..n z stoencr curve; on- considornbly flr:ttor ,.~,~s tried rt ~iFort Cml- 

lins, with no visible imnrovoment. In :el1 dosi::?ns, c,n ,~xeuss er~es 
i 

ecunl to nt l)nst 35"$ of the computed ~ett,~dj~r~n ~.s provided. In 

the desir~n no". proposed (Exhibits. I ~ n d  9.)there i~ conslderoblymorc 

then this ct th-. upp-r end of the tr.ansition, on nccount of n desire 

to keep the-,tier nurfnce below the sorlnr'.in= line of~~t~ie:~c r°'m~ nrch ~ 

until the vortlc '~I bcr.d ".','s pnssod. This results in rn incr:~r, so in • 

cost -:hich m~.Y be unnccoss.rv.: 

44. Bond loss(.,s. No s,ntisfF, ctory theory of flow in bends 

~,., ~ ohscrvrtions nnd ex- 
is known; estlmT.tior, of los~os must ba b ..... d on • 

porim;nts on sm~:ll pipe, ~.o~ ly on 90-decree bends of smell rndius 

runnin~ full; and on uns.:tls-'ectory empirlc':l ~'o.nnulne. It npponrs 

prob..,blo, he--over, th ~t bund losses decrense ~tth r.n incro,.:se Inslze 
#, 

of pipo; nnd thnt .ss~.Pt ions bnsod on losses in ~smnll pipe ore there- 

fore eonsorvntive. Exhibit 15 shows co.nputod depths ..nd veloeltles.;In 

shntt rnd tunnel. Computntlons . ~ o r o  based o n  n vrlue of "n" o f  .01@ ..... 

@5 



in Kuttor's for.:.ult;e tier friction losses and on ber.d losse~ of 0.18 

and 0.15 of th.~ voloclty~ho~d for the voz'tic81 bends r.nd for the 

horizontsl b.-.nd in t]'n hr,,vo,1~ tunnel rosn,~ctiv~!y. _~br th~ :bund end 

tronsltion st t::o top of th~ shsft, o losL of O.lO thu digfcronee in 

velocity he.~ds w.-s ~:::~med; thi~:mny s~o~: sn~l! comp::r~, to the other 

nssumptions, but co,.:r~.itions hero should ~bo £nvor~h3.c ~o flow bond 

losses. Th,':.~n figures hr~ve bo~•,n used by th,: burenu Per o n~mbcr,of 

yesrs, nnd no l~ck of c~pnclty has ever bo~n rjJorted. 

45. V<:rticf:l b,~nds in modoIs. Only rough chocks 'Jro :pos- 

sible from the .-.,od'..is; r :su!ts egret Wry r~.~l! with the computntions. 

At Fort Collins, t~.~. v=,rt!ctd bond 8nd '~unnol below :,r~:msd~ of ~rons- 

p,~ren~ ...~'.~.~:,!._... , so t!:-t the flow can be obs.nrv.~d; th~ ~',t.'r ~lidos 

~moothly nround th:: tc.~d ~n~ no disturbance; is evident; but m(:msure- " 

m.:,nts nr~ difflcu!z If not Impossible. At f'ontrose, romovP.blc panels 

or "windo'"s" ",3re set in th.: 30-inch ~"ood'stsvu plp,:: which serves es 

~. model but ob'~cr-ct~ ~. ~ .... I~ , .on., t.,~ugh th,~se r'In~ows ~'ro uns:~.tisfoctory . 

46. Ho:'Izontnl b-,rds. In ord;.'r to oSs:.,,rv,, the flow in the 

horizontnl b,nd of th~: ~r-. , .... ,... .~v,~-. tuns,.1 ~.. r.od~l (~ ...... A.60) ,:6s mnde ,t 

Fort Collins o£ lO-inch '"z.ott~ht s'.~. ~- ...~ ..,. -~ u~.l p.D.., -'~+~" ~'~ %.'ii cut ~wayes 

much o~ °'=":- " p O ~ . , . l ~  w i t h o u t  p c r m i t t i n F ,  t h e  "~t.~er t o  e s c a p e .  When . the  :we- 
C 

t c r  s t r i k e s  th.~ c u r , : c ,  th : .  s u r f l ~ c o  : i s  f o l d - . : !  - n d  r~ p~:r t  o £  t h e  w,~ter  

fells,re th,~; top of the pipe for a short d istnnce ~md then fells into 

the stream. This net!on re:mine practicnll.v ~he s~mo for ell flows. 

Th,: rsdius of the bcnd w.c ,~hot shown in th,~ spoclfientions, 819 foo~. " 
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r~ 

A model ber,1 "-itb le.00-foot radius was built tc the s~r:.: sn61e, but 

no ~im.,nrov~.ent could b(, ~(;~.cted. ~not!u~rr:~tlel ",~:s bul~_t t'ith s com- 

pound eur':e ",ith no iT:.~r:)ve:~c, nt.. Flo-. in th ~'-'~..~ "~-'~., .,.,. is shownby 

Pl"te 14. ~ 

47. Aa t}~ ~b~;';e-~n~.~.,.~a ~.~,~i, ..... ~. ~. .. ~ - ............ .~ ~,.,.,,,.~ .......... , ,.t Fo, t uollins 

showed no adv-.n~,.:r. ~. ~ulned -~ro:.~ alterlr.~ th,L-r~dlun of~the horizontal 

bond, the ?li,~.~nt.sho-,:n in the spec~f[est-lonn h,'~s heon.r-utsined. 

48. Th- ~ ;bntrose model, :sccle ~I:S0, :-ns buil~ to-~this ,..~, 

radius. S~,n?.l p,;:nes of "loss "':ere-pl~ce~ .in thr nlpe for,Durpos~,s 

[ 
Of obs¢rvntion. ,$zrny m,~}:as observstio.nIdiffieu!t, but ~,ppnrently 

I 
th~ condi~i,Sn is th, s:.:=., '~s that~In::th~ sm~,llc:r ...-/od..,ls rt Fort Col- 

lins. At th., tunnel out!..:t th,_ ":~,t,:r "', , sur.~.c~ is !%v~i und th. :no- 

tlon of th2 "'~t:r mn'C::co s,;t up at the honizsntnl bi~.nd s,:.~r:s to hsvo 

d i sap '~ ;~ r . . .~  . : n t i r  .±'-- ~-h,: d , ~ p t h  ~;t ~ tk  , o u t l ~ , t  .~~'cc S "',-~11 ~.~Ith : t ho  

comput~ t ions. 

49. It iS ~. -1~..~.v "~..,-, in vi;w of ~?,;~ :'b.~'~:~, :t!".',t no un-:nsl- 

n,~.~"~ n~<~ b~" f.,!t conc~:rnlu~ this bend it ::ould be oo'-s[Sl,: 'to ~i- 

io'.'~ thn Ariz',n' s~:~,.11'", -, ~-, ... .o..oi-.,~.l/ ~ .for,.. the 
/- 

c 

• 'Nov[dr ~.".tes ~,,; .... to me'/,:: thus ::.~o,nin: t':o ~'~-~ ...... m. . . . .  ~- - , . . ...u .......... in the Novods 

tunn,?l gt ,% io-" ~, .. ....... ,..t. (':bout 52 ,C,:',0 xec...d-f;...~),.- , .- fo_~ -- rJ_l~ '.~xc..pt- , 

most :xtr~org, in:~ry f.Loo,l,~ -. ~ • :h.., "-ou!d c" u~c ~n tu:b.~i,,.~nc(:d condition 

at the tunn:~l outL.~t:. ""h[ch m!:~ht be ob~,-ction::~l-~ rJnd is believed 

un.-.o c "ss ~r y. ~-~ 
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Discharge 60,000 sec.-ft. Discharge 200,000 sec.-ft. 

i I 

1600-ft. Radius Bend. Compound Bend. 

Flow in Horizontal Bends 
(Fort Collins - Scale 1:60) PLATE l~. 



50. Entrained air. Test on:side ch~.nnei:models in 1923 

showed e swell of from -3 to +20 per cent with nn oversge-of~about~5 

• r ~(" 

or 6 per cent; tests on the Arrowrock spillwey with a:discharge of 
\~ ~" 

i0,000 second-feet showed n swell of about 45 pert eent~ !(Yulien 

Hinds, Side Channel Spillways, Trans. A. S. C. E., Vol. 89.) These 
,r 

percentsRes were derived from observations of ,water surfaces and 

velocities in the charnel. Even In the models, such measurements 

] i  : ' ¥  

/ 

t .  

can not be of a high orderrof accurncy; the measurements<at.Arrow - 

rock were'made under such adverse conditions that theyare believed 

of no value. Even if correct, they wouldhc too high ~for maximum 

discharges, since the spll!'~ny gates were lov,ered only slightly end 

the :,-star fc!l about 40 foot through 'the air. This ~ia e.lso ~the con- 

clusion ranched by ~. Hinds. 

51. Experiments on n model at FOrt Collins ini1930 [ndi- 

cated only about 2 per cent of sir; ~thesc;~esurcments were volumetric 

and ere hollered accurate. I n  vicw,:Ofthe conditlons et;mnxfrmlm dis- 

charge, it is boli,~vcd thzt ~n.,~leprovislonfor any ~ossible r~nount 

of alr ha2 bo~n made by the oxcessoreas present ~in the/trensitlon, 

shaft mnd tunnel. 

52. Frccucnc~ of uso~of.spill~a~s. Graphs of the roservolr 

operation under conditions as of 1938 for'the years IB971~) 19S9~n- 

cluaivc prcpsrod und(.r the direction of.~r. E. B" Debler., show. Sha~ ~ 

in only nlno of th:Js~ 33 years would the water have reached ~he fix~Cl 

crest of the drt~.i ~ato s~illweys. The maximum elovetlon reached 

~0 



%. 

!I / S 
• [ 

" II 0/i! during c~eh y~ar (by months) ~'ith th :distanca atove or~b~lo.,= the 

II - ' ~ / 
fixed crest (o~hv,~tlon 17.05.4), ~ ~ 

is ~s~ b- the follov.ing Ii I/ ~ t able. ,The 

hi?~host olaw:ti0n r~achofi t=::still l0 f~t b~low the-crest of the drum 

getes. • - - 

?: S: 

TABLE IV 

M~ximum Ras~rvolr W~ter Surface Elev~t'ions 

: M~x. :~Dist. above : : M~x. ~:Distsnce" above Fixed 
Year : Elov.: :Yix3d Crcs~ : Year : !EIov : Crest ~ 

: : : : : -.; . : _ 

1897 : 1210 : 5 
98 : 1172 :. -~3 

99 : 1185 : -20 
1900 : 1171 :~ -34 

Ol : 1174 : -31 
02 : 1154 : -51 
03 : 1131 : -74 
04 : 1098 : -109 

1905 : 1135 : -70 
06 : 1169 : -36 
07 : 1211 : 6 
08 : 1183 : -~2 
09 : I~ii .: 6 

.1910 : 1196 : -9 

ii : 1184 : -21 
12 : 1209 : -5 

13 : I181 : -24 
14 : 1211 : 6 

: 

: 1915, !/1197 : ' :~ '8  ";~!~ 
:'~ 16 ::1192 : .-13 " 
: 17 : 1211C,: ,~ 6 !~: 

: 18 ': 1197 i\: : -8 i~ i 
: 19 : i170:'= ~: -' -35 
: 1920 :.1211.: :~' 6 

: ~i : 1211 ~-~', - 6 :~ 

: .22 -: 1206 : 0 ~ . 
: 23 i~: 1211 ':: :6 
: 24,': i195 ~-: .... ~I0 
: 1923 !I: 1160 .: "~ '45 i • :: 
: 26 ~i: .1180 ,: .'25 . i~" " • 

: 27.i.: 1188 : 

: 28ii: 1201 
: 291 : 1201 : 

: iggoi : •. ,.: 
: 31:~ : . : 

-4 /; 

-: .(Not included)" 

i !k 

33 Flood c~pacity. It is~of"i'nterest tO ~ tiros:t,'.- thcmox- • w,- s . 

, : " i . . . .  . ,j- .... 

Imum flood :"hich c~n bc h~ndlediot Hoov~:r Dc~. :For t~is ~ purpose :it 
.~ ~i J 

is necessary to ~sstune ~ ~lood. Dsts for th~ es~m~tlons ~adc ~ro 

token from th~ rcoort, "Hydroloey of the Bouldsr CenyonRcsorvoir - 

(Yenuary 31, 1930~ by E. B. D~blor, (Ex. E0 p. 6, ,~nd Ex. A, p. 8). 

The 3stlmsted flood volumes dischsrged by the river during the tlm~ 

~hen the rcta of dlschargo exceeded c, cortaln spcclflod flgurc ere 

8s follons : 
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Colorado River at 'Bl.cM~YCan.Jon 

Ru~'-'0 ~ ' , 7/ f Volum#s - ,Ten.Thouasnd-Yecr Flood. 

Runof9 
t[illlon 
Acre-Feet 

17 

I0 i 
6 

; • • 

~Dl~!cha~ed. 
While Rate 

: ~mxcoeded 

40,000 Sec.-F~ . 
@o ~?00 

o 60,800 
.7.5_ i ii 9 ;~ 

ioo ,!~oo 
..: I L 2 0 0 ' ~ 0 0  

: ~ 0 0  , ; 0 0 0  r r 

r 11 ̧  
Extrapolated values ~ 

l! 'i 
;r %# ]: " 

The above figures are for~undepleted ~io ;~:thet i~, actual fiAnAres 

of record are corrected for ~euie~tion to!!~.;~-~-.' .i .' ~'' 

discharge 'Jwoul~ h~ve be~n if'ino dove~"~-,~ L~a --~. ":,Z, : ~ : 
,~j ,~ ~u!:n~ n ~ ,  ~ rJ . .en  piace.i T t l e y  

nre, therefore, larger than :'- J~ 
,.ould uctual!iy:occur,L~ven with the 

present upstres~ developments, i[ .If . . . . . . . .  

54. Nrom the above figures, t'he V, ol-,me dischnr=~ ~,,~ 

ing the time the raze of :flo!,,! eXqeede d i/ny, venlra:ount Is :.k-nown. 

• . .~ J : :  ..--.'-- ..~- .1 L .  . 
~,> " : t  J ~ , .  I . , . 

5.5.  T h e  p e n ) :  d l s c h s r , ~ e  o f , ? t h e - f ! o ~ s d ' , ~ , h i ; c h : ,  n r o b , , b l y  : 

would be e~.u:,led or cx~eeded once in ten thousand.yecrs:~is.estl . . . .  
,2 

m a t e d  at 450,000 second-feet. Ybr the purpose of construct:in~ e --" .... 

hydro@~-aph, this n?,ak flow is not entirely consistent wi%h the es- 

tlmstes of volume. A characteristic of hlah Colorado River floods 

is the short duration of tho peek discher.~e, end since assumption 

of a sharp, Desk is unfavorable, it has b e e n  m~de. This ess~p~Ion 
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: ,  ' 

~.~.~ . - .  

I ; ? ~  . 

results in e peak of 800,000 second-feet, ~or ebout 1;8 times+thees- " " 

timeted probable peak flow; the flow'i'!in ,the '.river Woul~ .then'exceed 

I00,000 second-feet ".for only 30 d~y~. Thisis ~bout the :ssne ,~ime as 
.. + 

for floods of record, ~hich are, of course, much smal'ler ,th~n:thst~aS . . . .  

sumedl" during the 18~:4 flood, :the:rate :of discharge probagly exceeded 

I00;000 socond'feet for 90 days. :'The sssmuptions, therefore., .seem ~ - . " 

t ~  ~ . . . . .  

v e r y  c o n s s r v o t  i v e .  >.:. 

5 6 .  I t  h s s  'been as sumed  t h a t  !no : f l o o d  s t o r ~ e ' r W a ~ : : ~ a v a ~ a b l e  ' ~''-: 
, , + • + . , , i  . .  -, : + , ,  + 

s~+~.the b o e i n n i n g  o f  . the f l o o d . ;  t h a t  t h s i + ~ U m  z e t e s , 0 p 0 ~ e t e ~ : : a u t ' 0 m ~ t . : ~  . .. 
,,/+++++ .• 

"ice '.1~1.. t h a t  o u t l e t  v a l v a s  wero+:0pene~d,:wfien :the ~ w ~ e r  s u r f d e e . , . r e a o h 6 d  . . . . .  +ii• .... : + 
+ . . . .  

e l e v a t i o n  1 2 3 2 ,  nnd t h a t  : t h e ' p o w e r  2~house + d i s c h a r g e  w n s  212 ;O00 / ; s econd~;  
' " " i '  : . :"  

: - ++ r :  . . . . .  < : .  + +  ++ . :  :i. f e e ~ .  :~As :shown g r a p h i c a l l y  . on! . i :~h~bi t  +16, +the , w a t e r  :su . fece , ' ,would. : ; : . :  -. -: 
+ . , / , _ . • . . , ~ , . ~ + , . -  c -  

h a v e  r i s e n  ~to e l o v ~ t  i o n  :12s3,8",,, i , f  +:the : o u t l e t s  .h~d i::rcmei.ned : c l o s e d , : . ;  + " ";~- ++..,..:-:+:..~., ;~+ 

~ho w a t e r  ; sur l f~co  ~ o u l ~  h a v e  .risen t o  e l e v a t i o n  .1235, :still'+~?+" ~inches~? ' " 

. , • -  . . . . . .  ~ . .  ~ .  . + ' . - : , \  t~'i: 
' b e l o w  ~the ~top- .of  ::'tho ,parapet wall. ~ ... ,. . + '...i : : . ~  . : . .  . : ~  • ::','~ ~ :,'~ 

• :57,  ~On +~he ' a ~ e i : ~ e S ~ m p t i o n a ,  : ( ;ou~ le t  ~ .v~lves  c, • ..:.-.. ,: :+~i. :+=,: : .i ,+ : ! : . ,  . ,):,! 

!: + 

+. + . ~  . . : .  . + . ,  + , . r  + ~ 

h m r e  ~ ed . obout  ,:on ? h . :.over !the : :per .op~t ,  - "  ;:~ ':: ,,..:.-;~i I+~: 
" " '  " . . . . . .  i : ,  - ' +  " : " -  - : ~ + ,  ~ ' :  

5 8 .  ~nPlO'~ t n ~ o f  :e , f l o o d  . o f  such- m a g n i t u d e  . ~ o ~ ~ b e  ~.-~ 
-+ 

+ - , ,  . . . . .  

,Hoo,vmr:,D~ "c~n be  predicted i a e c u r s t e t y  !3 ~to  .5 d a y s  i n  :edvenCe',;from 
, . ~ + +  

• dlso~er.~osof .the trib,ztorl'i3s. The essumpt:lons made :~re, i :therefore, 

~I eonservat.~ve. It 7~uld seem probable ~h8t if iedvantagc of ell 

avsllebl0 mln~ormQtlon wcr~ t~k~n by those .~itslly ~Intcrosted, e flood 
4 

~ i - th  8 p o c k  f l o w  i n  t h e  n o i ~ t l b o r h o o d  o f  o n e  z + i l l i o n  s e c o n d - f e e t  c o u l d  

s a f e l y  be pes~d throup~h t h e  r e s e r v o i r .  

" + - :  

1 
. . f  , " ,  
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59. 

three othcr ~l~es h v v e  been sugcested; i. o., 

..~ ,(a) unc6.,.rol!ed'cr~st; 
3 

~ (b) si~-h°n s'~il!w~Vs; 

~(c) 31ory hol:.. 

In addition to the spillway tyoes already d[scussed, 

% 

GO ;TnconZrollcd c.rr:st. .~_n uncontroilcd cr~..~t is::inDr~.c - 

_ -~.~ ~ r/s, ~. than.Z f~ut for the tlc~blc without .r, ll~.'"tn-.U r, much ~_~a~e. 

. . . .  ~.C¢]~l  .-,~,,I; ) LOtT;oen treat incr:~o'.~, in a~"~"~"t''...,~ ~. .... rc~lirod :(!68,500 " . . . . . .  

clcvnt~on 12q9 ~nd cl<vgtLon , o - . . .  • ~ ~,,~ .... ~. This :~ot:id re<uzrc ~.i u..c~ ;th-t 

,g':,-. -.,. 

• ~'-, flood •control storm:z: or the Do:"ur " -p,<:,:'~+<~:,:. the daIn. be r~:~s,_'d or tIv'!t ~,~,. 

h.?.~d and ~9"';r n~'l ir:.~.,.~z[~D..~stors~c, ~'" ~'"'" " .... d F~xh~bit :i ~ 

. . . . . .  ~ i :I ! " T r x ' "  t.ctSl ~'~ . . . . .  ~ b c  I . ' i . ' ~ t r :  9 1 C ? ' . : . 3 ~  E , . : , j J n n : : . ' , .  f o r  2 - ~ r . ' h  . . . . .  . f o r  o ~ . . . 1 , . ~  . ,  

d [SOb;'":'. ,.. Of i'.'5,:,) _ :-~,- ~" .... '~ ,"~],,vntlon~_. 1229 cad 40!3, ,~O second -~? 

- ~"~ Icy" ti~::~s For ,i, (],'"'~" ,,ucl.,q-f.,..~t ~L eL, l,.~lon 

I°'..5 ~" .... [5 .... • ~' trent ,.oui,1.. n. ', t,o b=-: 3,.0.) ,,.. t -~n', u~ Cot -~ "~)~- ~: 

"~0" ,,~" .S ~: "~ :~L'~X[V.U" "" ,~g ,," ~"~I".~:0 O~ ~bO~[~ .~-.-~*,, ..,,, ....... "t .... ., -~'.~t* 

7T.  c r~  r .'5 .- . . . . . .  ~ . , ~ . . . , l . . ,  Otlad : : ; :  s o . , , ' , ' : h t ; t  ~;'~ss'th-~n t h r ; t  

!b,_ 

o : "  z? ,  - . ' , : " c "  " ~< . :  "- i l  l . . . . . . .  . . . ' ' , - 3 r ~ . z c , - .  ' . i .  

u 

ci i ~ "  ;3: . . . .  -," :" " ~r or ] : : :3 ; ;  ' ~  thOU"S ' . u o I 2  h i ' "  ;r ..,'..,~ . a t . ,  " .~ . . ;  . . . . . . . . . . .  ~, , , ~ . f l ' i r .  ~ ~ " " i e s  

~ " v .  ~ ~ , : n  o . t a i n - . ' 1  . - . I , . .  - - - , , ~ ' n .  " "  , , n  ~f:'i~.i~:ncy o ?  dO , " ~ ~  'nt,be" 

f "'>' i,' :'"e throat ~,-d ~- £:'oz ~n h,_,,hd-be t~,kcn 

/ i  

• f ..... ?It2.1 -..T , ~ , ":-'.I to the ".;2"'".'~ of' t:':: ,'/'~or C''' ....... ' ,:,i .¢inhon. ~. "::i~'.'i thro~ts 
[ 

e~u.~,~ .n ~, ",ould l,r- ..~:,.d,.d for 

~,nch s:~iil, "I:'°. .It. is f.;].t that the m',~s,::nt ~no"!,~,. of s~hon srill- 

z 
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woys is not sUfl'Iclent to ,'nrrsnt sunh sizes; m o r e o v e r ,  the cost would 

probably exceed th.-.t of the design proposed. 

6~. 31o:'~' hole. This was the type ori"In,}lly ~ proposed; 

but for . ranch sr.tllor c~pac'ty. For the c'}wecitles now fixed, gates 

on t h e  c r e s t  would b .  naccs=,~,ry. T h e  v . - r t : c s l  mhof t  ;,:ns.:tho p r i n c i p s l  

ohJaction; .~nd "r, hile it mi,~ht be possible to dcsi.~n., spillw,-.y of this 

type "~th an inclined shaft, c lon~ experlz.~tnl ?ro~r:,m would h:~ve 

been required. ". , l th no ~.ssur~nce of reschln~ ~. s~tisfcctory desi~n. 

As it u'as d~sl.~d zo fix in the specifications, as.nearly as possible, 

the ~onersl type of snillwny to be used, end ~s no time was nvnileblo 

Tot experim.~nts, the ~lory hole w~s nbnndone:1. .... • 

63. .~ill°':ys "~ith low outlet vo!oc~t£es. At •its lazest 

meeting, th': l~nrd .x...s-.d ~ -:ish~for~ntudl..~ o. ~pil_,~., oul;l~.ts 

using .~ volo,:It[: not exceeding i00 feet ~per s~cor.d. 
[ 

64. It is not nrnctlcr.~ble to d..,stroysuff~cient vn,~rWy be- 

tween th,~ rosorvoir:'r~.ter surf,'co ,'rid .the dlv,-.:'slon tunnels to~rnduce 

the v~.locity to 190 f~,ct per second. :D.t the. ~unction of;the~sh.ft 

with the div:rslon tunnel, the v.~loclty is -.bout 17~ foc:t per se.cond 

and th~ vJlocity hc,~d is 47? feet. • .'~i "" " ¥ • %~ "% • Th.J ...h~cz~y ,=ad for I00 f~,,.t 
i 

per s.ucond is only 13~ ~e~t; to d,..stroy th.: di;forcnce ':'ould. ~t 

msxlmum, c-n~citv..n~, il the .':bsorntion of morc than ?O0,o00rhorso- 
| 

po=er in oech sheft. Any rttcmpt to increase .~riction to such cn 

extent would result in :- 5Teeter meneco th~n the velocity ,~hlch it 

is desired to ~void. 
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65. Three -oosslbi!Ittes:oresont themselves; viz., 

(s) tunnels along the canyon wells ~to higher elevotlonLthsn 

the diversion tunnels; 

(b) risers et the outlet ends of the divorsion'tunnels ~hlch 
# 

would force the~ito run full, reducinR tho:Teloclty to about iO~ 

feet per second; 

(c) spillwnys on the Arizona side only, with tunnels lea dlng to 

Spillway Wash. 

~6. Since ~unnels along the canyon wells must hove:'e fixed 

lenglh, the minimum,, cost will bc ~iven by t'he highest vuloclty. !Es- 

tLmates were made usln o. ~ velocity of~lO0 feet per second. A"nc use 

of separate tunnels ":,ould make it:possible :to use all ~fourdiver- 

sion tunnels for penstocks, oliminati~ the~30.foo~ :~enstock tun- 

n.~is, and to place outlet volvus ~.in the :two,outside ~unnelB, r~,duc- 

In~ somewhat the cost of the canyon well outlet works. 'A alight 

shortonlnq o~ the outer ~ivcrsion tunnels ~ould also result f~m ":: i.. 

this ~Isn. A plan of this scheme is shown~b... Exhibit "18. 

6V. The OUtlets of thes~ tunnels v~uld bo "st ebout~oleva'. 

tlon 900, some 250 feo~ above the rlvcr into '~hich the .wat~,r must : 

find its way. Two treatments of the outl<:t ere ~ossible. The'f~irst 

is to construct a s)s~ft from the elev.tion of the tunnels ~to ~he 

river bed; the vcloclty,:in this shaft would still reach shout)l?5 

feet per second. ."T,,~, second is to elleN, the wa~or to drop along 

the feco of th.3 cliff, or to build a lip so the% the trajectory is 

entlr.;ly in air. 

.,l' 

L ~ 
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68. The use of ~ riser ~t the lo'iver end of the diversion 

tunnels would force then to run full, with n velocity o. e 102 feet "~ 

per second. However, the north of the rise:" ":oul,~ hnve to be nt 

definite elevr,~ion, which ::.~uld be fixed by the estim~tedlosses in 

the tunnels ~t .naximu.-. c~pac!ty. Those los.~c~-::re difficul~ to estl- 

r::ate securntely, ~nd decrease rnpldly ns ~he dlsc,har~e~:lecreeses. 

It was not :'curtal pocsihl,'; to desi.,-n cn inlet w:Itc.h v.ould avoid 

hydraulic jump ~o r full tunnel at some~tn~.o. A~hydrau!ic .lu.~.p 

in r~ tunnul of this size would cause serious disturb~nces. 

69. The use o," spillway wash as -~n outlet would renulre 

that the spi!Iv~y be ~laced entlruly on ithc Arizona sldo. Since:the 

clevntion of the tunnel ::ould be lower ['or h[zher:vc!ociZios, re- 

Quirlnq nn [ncr~.nre~ l.~n~th of tunnoi, pre!im..innry estimates '?ore 

made for d[ffnr,;nt 7,9~oclti.,s. Those schc-,1(~s ore sho':'n o n  Exh!blts 

i~ to 21. Th.,~ coot cctlr,:,~t.~s include nothin~ fo~" prt:par,:~lon of 

the ch~unol bct','tccn the cn]5 of th,.; tunnel outlet euZz r~nd-thc river. 

L~r~.c .~moun~s of ::'on~.y ":-ul~! b,.: rcau!red to nr~w;nt erosion of~this 

:-.~-sh. Whi!; th,~' ,;ros~.on of [tselfl might no~ ~}~,n s..rlous matter, 

the dcoos[tlon of the eroded m~t,.-rlr~l ~n tn':~ riv.;r "."culd ~forr. ~. dsm, 

h-~ckin~ wrter ~round tho po'-er house, proh~,~l[: 7:i'ch disastrous re- 

sults in c~s.: of ~, l~r,'e fl~,: '~ throuT~h the zpiil'"a':s. 

70. Thc. cent of the. various n!r;ns .~ust dlschss~d are y.lven ' 

in the foilo-~in~ tn*.lo. The Increase in cost over and shove the cost 

of thu dr~m .~,o~c spillznvs t~kes ,~ccount of ssvin~s m..ede possible by 

the reerranzz~r.cntz discussed in pora~r,,ph 6,5. Costs include 25% for 

engin~erin '~, superintendence and continccne~es. 
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