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CHAPTER I - INTRODUCTION AND SUMMARY 

Introduction 

1. Location and descrittion. The Bull Lake Dam will 
be located on Bull Lake Creek, a ributary of the Wind River, 
about 40 miles northwest of Riverton, Wyoming (fig. 1). The dam 
proper consists of an earth-fill structure approximately 1,400 
feet in length and 75 feet in height at the deepest part of the 
creek. In addition, it will be necessary to construct approxi­
mately 2,000 feet of earth-fill dike (fig. 2). 

The outlet works will consist of an intake and trash­
rack structure connected to two 4-foot radius concrete horseshoe 
tunnels (fig. 3). Each tunnel will diverge into two rectangular 
control gate sections, having both a control gate and an c�r­
gency -gate (fig. 4). An air vent located at the downstream end 
of the piers will supply air to the horseshoe tunnels to prevent 
the formation of a vacuum which would cause thtt tunnels to flow 
full intermittently. The section immddiately downstream from the 
gatds will converge into two 4-foot radius concrete horseahod tun­
nels which will �xtdnd to thd stilling pool. In the final ddsign, 
the stilling pool (fig. 5) will hav.:1 a hydraulic hump at the down­
strdam end of thu turu1dls, a dentatdd step at the lowdr ttnd of the 
slopv, and a Rehbock sill 35 feJt 4½ inches downstruam from tho 
duntatdd step. The strdam bud will b� riprapped on a slope of 6:1 
from dlevation 5723.25, at the downstrdam base of the sill, to 
dldvation 573 5.00. Riprap throe fedt thick will l:OCtond from the 
str1Jam. bdd, on a 2:1 slopd, to '1levation 6735.00 on the left sido 
of the stilling pool, and to' ulovation 5750.00 on the right side. 
The outlat works will hav� a capacity of 4,000 SdCOnd�f�ot. 

A ooncrtJtd, opdn-ohann�l spillway (fig. 6) will be pro­
vidud for bypassing floods. It will havd a·dosigned capacity of 
'10,000 sdcond-f ..:.:,t with an accompanying total drop of 61 f:Jet from 
'the rdsvrvoir levdl to tho t ailwatar lovdl. It will hav� a con-
stant width of 100 f,;1et end thv flow will b..: controll1;1d at thu in­
take by thrda radial gat�s, dach 29 fddt widd and 11 feat high. 

2. Parsor..nol. The hydraulic rnoddl expuriments for the 
design of th� Bull Lake Dam outldt works nnd spillway, as du­
scrib1Jd in th� roJport, W\Jr.J mo.dt1 in tho Unitod Stat . .1s Burdau of' 
Raclamation Hydraulic Laboratory at Dl;)Ilvdr, Colorado, and in tho 
Colorado Ste.to· Collogo Hydro.ulic' Lc.b("lrc.tary n.1l F.:,rt. C :-llina, Co.].o­
rc.d·->, undor tho diroc:tion of Jc.cob E. Wc.rnocl.'.:, Rusoo.roh Enginuor. 

Th.J modvl of tM outlut works was bJgun un1:ltJr the super­
vision of J. B. Drisko, Assistant Engil1t.1dr, and .compL.:ted unddr 
tho supervision of D. P. Barnvs, Associatu Enginuur, F. L. Pnnuzio, 

l 
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As s istant Engineer , was in immediate charge of the t esting which 
was conducted by R. K.  Vie rok, Junior Engine er . Construction 
and revi s ions of the model were directed by H. M. Mart in, As s is ­
tant Engineer.  T he s ection of the rep ort dealing with these 
studies was prep ared by Don c. Weed ., Junior Engineer • 

The sp i l lway mode l  was init iat ed under the s up ervi s ion 
of Whitney M. Borland., As s ociate Engine er ., and comp leted under the 
s upervis ion of James W. Bal l ., As sis tant Engineer . J . M. Buswel l ,  
As s istant Engineer , cw s igned the mode l ., s upervis ed the construct ion 
and test inc;, a.nd prepared thu pert inent s ection of th� report . The 
tdsts were conducted by D. M. Lancaster , Junior Engine er ., with the 
o.s s i sto.nce of G .  R .  F i l ler ., Laboratory Aide . 

Those studia s were made under the gd?leral supervis ion of 
J . L. Savago , Chief �s ign ing Engind er, and Arthur Ruottgers ,  
Senior Engin1J\Jr . .hll  \3ngineoring work of thu Buroau of Ruolama-
t ion is \lllder thd direct ion of R .  F. Wa ltdr,  Chief Engineer ., and 
all  act ivit ids of the Bureau o.rd under tho direction of J . c .  Page , 
Commi s s  iondr . 

3 .  Sc�o of ttJsts . T he mode l of the out let works was 
studidd t o  provi e a calibrat ion curvo for the gate ; to obsdrvo 
and to <J liminnte any uns at isfactory flOW' c ondit ions botweon the 
gntes and the hors eshoo ttUUlo ls ; t o  d�termino a s o.tis factory stil­
l ing pool des ign with cons idero.tion for thu des irab i l ity of a hy­
draulic hump nnd s i 1 1 ;  nnd to detdrmina the extent of thd ripro.p 
rd quirad downstrtJrun fram tho sti lling p ool for tho protection of 
tho struc t uro . 

� The sp i l l.,,ay wcs· lik'3WiS d studied to obto.in c. cal ibra-
t i on c urvd for the gnt �s ;  t o  ·..,11minatu any uns&tis fnctory f low oon­
d it fons t hr ough the gatiJs e.nd down the chutd ; to dev.a lop a s o.tis ­
fnctory sti lling p ool ; o.nd to d�t\3rminu the �xtont of riprap re­
quirl3d d01,·ms trdam fram thl.l st i ll ing poo l .  

Summary 

4 .  Rusu lt s  o.nd cone lus ion. · T Jsts on tho out lut works 
yid lded dnto. for tho pric.'P aro.t ion of a co.l ibrc.t ion curvo . An ad­
v.>rs d flow c onditi on downs tr,Hlm from the gc.tu s 1.1ction was olimi­
no.tdd by sp�c ifying n gntc;i op or o.t ing progrom. Tho lo.ttor proce-

. duro proved to bd moro t1conomic o. l  then inc rons ing the length of 
th� t rnns iti on.  The hydraulic hump us1J d  in thu finnl d ds ign in 
c onj uncti on with the dtmt nt.1d stop c.nd Rohbock s i ll produc ed s o.t is ­
fnctory sti l l ing-p ool conditions for o. 1 1  combinat ions of flow. The 
riprnp propos�d in thiJ f inal dus ign providdd amp le prot ect ion to 
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the s t i l ling-pool structure , with very litt le eros ion at max imum 
dis char ge . 

The approach trans it ion, gate s ect :ion, and chute of the 
sp i l lway model had amp le capac ity for a dischar ge of 12,000 
s ec ond-feet , 2 ,000 s econd-feet abovc3 the des ign maximum. Even 
higher dis charges may be ham l ed unle s s  inte rference with the f low 
by t he  gate c ountttrbale.ncds is obj ectionab le .  The negative pres ­
sures on the crest for smal l gat e  oponings ( res ervoir elevat ion 
5805.0 ) w�ru not cons idered s erious �caus e of t heir sma l l  magnitude 

· and becaus e of tht1 remote prob ab i l ity t hat tho gatds may b e  operated 
unci�r thes u c ondit ions for moro thnn a s hort p�riod .  Thd t ransvers e  
waves in t he  chuttt wi ll n ot  affoct the acti on of the st i l l ing pool 
adv�rs e ly or inc�dase the eros i on of the stream b dd .  The discharge 
curves inc lud�d in this report wi l l  be he lpful for dotul"Dlining 
the f low in tho struam b e low the dam in time of f lood . The st� lliing 
pool was s hortened 18 feet o.nd its f loor rais ud 2 foet with an ad1.J­
quatu hydraulic j ump  st i l l  fonning on thu apron .  A symmutrical 
s il l  with la rge und tuuth was f' otm.d to bu moru s at isfactory than 
an unsymm.:,trical s i l l  with tooth and spaces of e qual width through­
out . A dent atod stup p laced whuro the chute ent ers the pool was 
found to be VJry o ff..,otivo in ku\Jp ing the j ump  in the p ool at ab­
normal ly low tai lwat�r e levations and to have p ractica lly no uffeot 
in p rev,mting oros ion dc:wmstrdam from th..t s i l l .  Riprap p laced 
ov�r an ar�a �xtunding 50 f�dt downstrjom from the pool s erv�d as 
a control s �ction and pr ev,mtod t ho j ump  from sw.Jep ing out at even 
the lowest tailwnturs . . . 

CHAPTER I I  - MODEL TESTS OF OUTLET WORKS 

Outlet Works Model 

6.  Mode l  of outlet works .  The mode:, l ( fig. 7 )  was bui lt 
on a scale of l s 30 in thd 1'nvur Hydraulic " Laborntory. Tho watdr 
was s upp l i�d to tho h�nd tank by pump thr ough n c irculating sys ­
tom. A s ix-inch ge.td vulvJ cont rolled thu f low of wat1;1r from tho 
h�o.d tank t o  tho modtt l . Tho nwt o.l divJrging trans ition �p l it the 
dis char gu from thd s ix-inch vnl Vt1 1Jqually botw\Jon the two �tal 
horsoshoo tunne ls . Piez amutl,)rs installed in tlw sides and bottom 
of tho upstream hors ushod tunn� ls wero oonndOtdd to a mo.nometer 
board to measure the h"ad on the 9)-tos .  'Eho tro.ns it ion to the gatos 
( fig1 . 7 & 8 )  wo.s fol'Jlldd with p lastJr or po.ris botwoon e qually 
space4 tsp lat�s cut to conform to the ins ido of the tunnels . 'Tho 
upstr .Jam rgoto.ngular tunn1.Jls WQro form.>d to r epro sem tho proto­
typo s ect ion oonto.ining the omergoncy gatds . Thosu wi ll b tt roferrod 
to c.s gatus l ,  3 ,  6 ,  nnd 7 numb11re:,d from loft to right lookizg 
downstruani . As th tts u gatus are nat to b e  oporatud often� only tho 

9 



· B " VA'-VE UPSTREAM RECTAIIGU'-AR TUNNE i.&, . • •  CONT R O'- GATE SECTION 
UPSTREAM NORSISHOI TUNNE'-S, , · · DOWNSTREAM PORTION OF 
DIVERGING TRANSIT I ON · •  \ ,t--...,.t=-- OUT'-ET GAT E  TRANSITION 

'!'R ANSIT ION TO GATE&-·· 

SCAL E FOR PLAN A N D  S E C T ION l • I  

M O D E L SC A L E  I N  I N C H E S  
I I O t i  1 4  5 8  48 

h l ,·, 1 I b l 1 1  I •  1 I 1 1  I 
!O O I 40 80 110 IOD 110 
P R OTO T Y PE S C A L E  IN F E ET 

DOWNSTREAM NOASISHOE TUNNl!'-8• 
'UPITlll!AN POIITION 01' OU�l!T GATE TRANSITION 

P LAN 

• I • BOA R DS 1. I N E D  W I T H  
18 CI A .  GAI.V. IRON 

a 
fc .,.1· · - 11 .11"•1.1• +- . a.::l 

N O ' fiO ' tD 

i i i 
"' 

F O R  G A TE D E T A I LS 
S E E  FI G .  S 

� . . · · ·,e, �- � 
���J&.- • •  f 

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

i........;. __ __:. __ .... _ _,:. __ _.__..J. t
. . ,. 

: .. ..: i.o.,· , a , 
flllO, • - • · - • • • • - - - - 14.779. - - - - - - - - - - .. ... . • ,.: 

E N D  E L EVATION SECT ION M •M 

OOINl'i'liiJOII. GAT E S E C T I O N  

, •II CI A .  CIAI.V. IAOff :.e 

P' 1 8 U II I  7 

P L A N  E N D  E L-E VATION 

� - - - · - - - .. .. .  - -- - - - - - - - - - - - • - - - 12•- al· - - · - - - - - - · - - - - - - - - ·· - - - - . .. . . . . .. . .. - - - - - - , 

.

. . ___ ..,. 
., • •  24 8A. SA':"�'�� __ · ·r� '..----'--.. . . . .  , ,.,. . . . . . . . . . ..... . . . . . . .  � . ..; 

; ' · · · 

' ' 

*--:---------J... : t . . . i 
' . ' :c • • • • • . • • • • .  ,r . . . . . . . . . . . ..: 

P L A N  

.,
··· 148A.  8AI.V. IRON 

1 __ ]$ 
S E C T ION J · J 

E N D  E LE VATION 

DI V E R 8 1 N 8  T R A N S I T ION 

. . . . . . . . . ,· .,·  . . . . · · · ·ot • : � 1 .. . . . .: 

S E CT ION 1 - 1  

{ 1 0. 0. 11 ,  L O. BRASS TUBING · •
\ 

0 
t . .  

Plf.Z.· 1 � · 

K --+---- Plf.Z.• 14 

' 
• Ptf. Z .- 1 1!• • • • •  W 
: - 1 .2·- .-. 
�- - - - - - - • • .. . - - 12•- - - - - • .. .. ... ..  • .. ..  .,,: 

PL A N E N D  E LE VATION 
12 8A. CIAI.V.  IRON· ··, • • • • 

, _,.· ·14 CIA. 8AI.V. IRON ; 
· •x I 

•'  ' DI ' 
.; , .  ' .  

' CD 
.._ __________ ,.._ .. l 

PI IZ.  1 5  AND 14-·'  • • •  .Y 
S E C T ION K • K 

U P ST R E A M  H O R S E S H O E  T U N N E LS 

S C A L E  FOR DETA I L S  

M O D E L  SC A L E  I N  I N C H E S  
I O I 4 6 8 1 0  

1 ,,1,,,1, 1  I I I I I i I I I I 
• 0 I 10 1 5 20 H 

PROTO T Y PE S,CA L E  IN F E E T  

. . .. :.:r :.. 

N O T E  

T h e  segme n ts were bo l tt:d toc;,e the r  
w i t h  f m a ch ine screws. 

H CIA. 8AI.V. IRON · 

� · -T ,_ __________ _..··t,·T ·  
oi : 

. .,. 

: �1: 
• o  tit 
: t • . i. 

- -- - - -
-- - ---- -- -- ---

<.: __ 
- -- - - ---

· · · I  . .. 
· ··� · · 1 ,., 
· ·� 

: J
- -

�
·

· 
..Y .  

- - - - -- -- -- - - '!! � 

. .,. 

� �-- ---- - - �-- --..... . .. 
,ri 

.... , .... ....  ' �  

· · 1 
\, 

r� -- · ·� 
.... _ - - - 1"  

\, -.... _ .- -} a "!  

. .. 
..; 
.L. . 

' ' ... __________ .... , ... : t . . . .  t .  , · t · t . . v . .  i;;.;;;.;;.;;.;;.;;.;;.;;.;;.;;;.;;.;;.;;,i 

: P L A N  : E N D  E L EVATI ON 

!! ,. .., 
C 
CD 
i 
!! 

:--
· · · · · · · · · · ·  12" . . . . . . . . . . . . . >: FOR DE VELOPM E N T SEE F I G. 8 L;,-------------,·r·� 

•.., : . 

: • � ----- • L- 1 I Ii ..jh,..-"''$..-1!..l ': t·-----------4 
+ 

1-----1 �d 
.:. - .--=-=-:-� � �,l-111--=r�-=�+JI--

: I 
• ·-,?" ___ ...., ____ .... t . .l: 

F O R  D E V E L O PM E N T  
S E E  F I G . 8 

1-----1 

1----- - - 1--...... l�M-I � 
-
- -- . + : ' '  

' -------- t;.;;.;;.;.;.;lllilil--l . • • ti, 
.. .. SECTION N • N 

U P S T R E A M  P O RT I O N  O P'  
OU T L E T  G A T E T R A N S I T I ON 

L .... · . . - - · · · · · · . . .  � �.� � 1·-af- · . .  · . .  J .,"'"'I,--+--+.-' 
1 . • .  : . 1•x 1-X f'-''"1�··8PACl!D ·AT 8" Gl!NT&ll8 oC• • • 4.8°· · --

� - -��-"-�= r=�-1 
E N O  E LEVATION 

':.. 

,__...,_ 
•• 

_
. 2

_
2
_

a
_
A
_
. 
_
aA

_
L;
_
¥

_
. •

_
RON 
__ __. 

. . . , 

.; ' 
L .  �"12 SA. 8AI.V. I R ON 

S I DE E L E V AT I O N  

D OW N S T R E AM H O R S E S HOE 

. . . , . . 
.. 
= 

:= 

• "' 
.,: 

'. _ 24 GA. CIAI.V. IRON . . .  t . 

- EtJ - ·EB-

TUNNELS 

, P L A N  

� - - - - - - - - 7 ee•- - - - - --i 
; PIEZ - • -0.15" • 

E N D  E L EVAT ION 

,.  a 4 , ANO &· J.c.a • ' • P IIZ .- I ANO 2 
: I I \� I I  ' , '  • •t. 

• · :· · · 18 81\. 8A'-V. I RON 

- - -- - - - - -- - - -- - ---- -- · · 4 . 
� = 1,. 
0 ' . 
.t . i<

__..�L-· _ __.__ -_-_-_-_-_-_-=_�.y:  l . •. . ,- - - - - - - - - - -- "' '  I � 
I : - - -- - -- - - - - -* 
I - - -- - - •' * · ·  J.------- 1,, � 

� O •  
- t ' L . ,  .. 1-----------..... f' J • . 

.,. . . . . 

P L A N . r- - - - - - - - - - ,2 .•· - - --- - · - · - · - ·7 
. .i . .  � - - - - - - - - - - - - - - - - - - - - -

� � - · - -- - - \ _ ___ _ : .- - -- - - -- -----------
' 
L . . ___________ _. 

SIDE E L E VAT ION 

E N D  E LE VAT I O N  

FO R D E V E L O PM E N T  
S E E  F I G . 8 

D O W N ST R E A M  PO RT I O N  O F  
O UT LE T  8 A T E  T R A N S I T I O N  

,t· - ----·- - - - - -- ··-- -- -- -- ,! ..; ., - ·- " --- . -H·  16 CIA 8AI.V. I RON · · , ·  • •  -t· · l4 8A. 8AI.V I RON 
1-P•,u-.• -e-•-�l:..I • l· 

. - . --------- -,- . - --- - - - - • '  . 
CD 

OI oi _, r··L..-----------'·.L f 

SIDE E L E V AT I O N  

T R A N S I T I O N  T O  & A T E S  

A N D  10· · · ·:I· · P I I Z . - 7 ANO 8 

• . t .  / .t. 4 O.D. II i I .  D. BRASS TU BING • 
S E C T ION L · L  

U P S T R E A M  R E C TA N G U LA R  TU N NELS 

G E N E R A L  P L A N, E L EVAT ION, A N D  DETA I LS 

Of OUTLET WO R K S  M O D E L 

36 - 0- 5 05 



r··-·-·li_ ( ·· No 24 oo Golv t,an., 

: I 
' ,., 

0 

., 
" 

� ·· :., 

\- T ---'-

• r · • .. � � r q 
.. ' .. .  c;w 
c :: •  \..-. 

'o 

� :§ " r ! 1 - I 

·--- :,, 

:., 

A 

· . 

� 

" 

I I rri'j"T J ! f 1 
. t 

l . 
I 

······---------,, fel'ftplotu 41 I o· c1nt1r1--

0EY[LO'lD l'LAN ON CEN TER -LINE OF TRANSITION 
· · · - ---� 

1· ·· ' 

. . 
� --.. -

1 - l  t 

. 
,.; 

� � . 1. 

S E C T I O N  A - A  

OIVILOl'MENT o ,  TRAIIIIITION T D  OATIS 

NOTES 
Templates were cut  to conform with the cross-section 

of the transition, and plaster of poris was pou red 
be lween and molded lo form lhe rronsirion. 

MODEL SCALE 
0 1 I 3 
I 11,1, ' I  I 

IN INCHES • 
0 S � 15 

PROTOTYPE SCALE IN FEET 

GATE No 2 

; 

·. " ;; 

- -�: 
I ·  

. ............. - !-- -< 1 .; 

·11 
I �:1 1- I I "' : . - l �· l· 

. . 

·<> _, - � -R '." - - -;- H 

l 

.. 
t 
I 

;.. 

\,, -! 

-· - 1 - -

1 

: 
. . 
.: 

• N N 
;-No 24 00 � de 

eL , 
Gotv Iron � �- �  

- 3 1•· - - 1 r�1 r·-. ...  ., ... .. . ... o.,·� 
-- ...... ---· --; 

L 

PLAN ON CEN T ER -LI N E  a, TRANSIT ION -----·-·r 

No 12 QO. Gotv Iron· .. 
·-- No. 12 go Goh• Iron 

• 04"R 1ecit;:;;,.fi1tet1 - .j-
-

-
.. f 

.. 
' ·�,No. 24 QC G�i viron-· - {---- -

.l. 
,,,-- -·- -- - - .J 

L .... 

,' 

S E C T ION 1 - 1 
UPSTREAM l'ORTION OF OUTLET 

GATE T R A N SI T ION .. ...... ,. 
0 

frnr1od1d 0rc11 rod-, 

-8,cu knurled 
tnumo nut. 

.. -8ross sleeve 
· f1.o. - foo. 

i 

�7�';' 
0
_ 
;--T' ' -;--j I 

I 
I , 1 I 0 1 1 0 .., 1 · �� ., ,. 

0 1  � 1 - I  1 1 

' . � 
0

1 ·  � I I I � . 

)�� .!o· 
110 ·-::-:, � r� r: 0 '

0 .u:+-fPr:'!."' L ,  
0 0 0 0 0 0±,-

1s ,., 

� 
0 . 

l l"··--- - · · 

· .1,::ji, .. :::· ... -:- · , ... . ) ' 
•f�i .

. 
,.J 

0 
UPSTREAM E L E VATION S E C T I ON 0 - 0  

CONTROL G AT E  SECTION 

1 

� 
, e 

0 

I- 1 

c, 

. 
i : 

1. ..• 

� -
-.:. t 
� =  
ii i  

aJ I  

5 "' 
. . 

/" No 24 oo Gohf Iron · ·  -

. . .. ;.. 

. ' 

·-·· ·-1 r .... .. �i I I I 
C t o r 10 • • 2r ., 

t ... 

., . . .  

··"41·Spoc11 8 1.2· • 9.6·· -­

DEVELOPED PLAN ON C E N T E R - L I N [  OF T RANSITION 

11 4 " · · ·  · · -""! 
.--------------------,- · --··J  

. z;,...---r--r--,-.--,-,-.--.--1· .. r "' 
0 a � . � --- -­---- --

• 
--« • 

J. . . 
....--------------------�·-···-· ' 

S E C T I O N  C -C 

DEYELOPM[IIIT o, DOWN STREAM POR TION 
o, OU TL[T OAT£ T R A N S I T I O N  

N OT E S  
Wood cores to con form with the tunnel  cross - sections 

were placed between template o to 8" and template z 
and the transition wos cost with plaster of paris. 

DEVELO P M E N T  OF T R A N S I T I O N S  

A N D  G A T E  D E TA I L S  

3 6 - 0 · 506 

� 
,c • .. • 



eate s i l ls were const ructed ( f i g .  7 ) .  P iez omet ers were provided 
t o  mdasu re the head in the r ectangular tunne ls immediate ly up­
stream rram the gates . The operating ,;atc>s , which wi l l  be re­
f erred to as gatds 2 ,  4, 6, and 8 numbdred from ld.rt to right 
looking downstr-,am, WdN canst ructod of bras s to s imulate tho 
5-root by 5-foot s l idd gatus of thd prototype ( fig . 8 ) .  

T he trans ition from the gat�s was construct1.1d in two 
part s  ( fi t;. 81: Thu upstNam portion cons is tc>d of four mutal 
tunno ls with 4 inch radius lc1ath1.1r f i l lets J th\l downstrdam por­
t i on was formod i� a split mold with plastdr of paris pourod 
around -two wood,m cores . Tho mold was cont ainud in a shdOt-meta l  
b ox t o  wh ich wur..:J bolt1.1d t ru.  adj oining parts . Two m1.Jta l horso­
s ho:.J tun111;) ls ( f ig .  7 )  w�N c onst ructed wit h Nmovab le t ops to 
p-,rmit obs J rvation of t h\J  fl ow. Th.J s '-1 · dXt�dod from tlw trans i ­
t ion t o  thcJ st i l l ing pool bac. 
· 

T hd sti l ling p ool bac was 5 f1.J\Jt wide by 12 feet , a¼ 
inchos long and l foot , 9t inchos duop , and was supporte;td on a 
wood,m f ramewl.lrk • •  ThcJ box was linJd with 24-gago galvanized 
s h� et mi.,ta l . As original ly d1.1s i l'PcJ d ,  thd sti l l ing pool ( fig . 7 )  
was const ruc t1Jd af wood supportod on 2 - by 4-inch j oists . The 
tailwat Jr was c ont ro l l �d with a hingud gato at thu do.vnstr\Jam ond 
of thtt sti l l ing box . Tho ta1lwat1.Jr 1:J l1.Jvation was obs orv1.Jd in a 
manometur mount ad on thu s ido of th1J tank . Tho wat�r pas sed 
ov1.Jr this hin61.1d tai lwat ctr gate into a r aturn flumo . Tho di sohargo 
wo.s m�asur od ov-.:.1r a 90-dugr\)o V-not ch W1Jir loc at lld b\Jtwuen the 
r1Jturn flumo and tho p ump sump .  

Tho hoad on t ho  wuir was m�asur1.Jd with two hook gagos 
locattid in st i ll ing wu lls , and tho e l1Jvat ion of the wa.tdr in tho 
h\Jad tank was obs drv1.:1d in a manomut dr mount c:Jd on the s ido of the 
tank. Tbs wat llr s urfe..co and uros ion in the pool W\Jro moasured 
with a p o int gagu mounto d on ro.i ls par allul to the mode l .  

Th� hydraulic humps wur� · oanst ructod of 24-gagu gal­
vn.nizod sh��t m...t al p lo.cod ov� r r ddwood. from�s , and the s i l la 
wuro mado of s ugo.r p inu boil�d in l ins oud oi l .  SfU'ld was us �d to 
repr�s ont the oxoave.tud rivJr b"d in th� oros ion stud il.J & e 

6 . S lopo cor ruoti on of moci� l .  Duu t o  thu ino.bility to 
transf.Jr thu w.iuu or kutt-,r ' s  "R" on the prototypt> to o. dynam­
ical ly s imi lo.r vo.luo on tho modo l ,  it wo.s nuoos s cu-y  t o  inc rease 
thu s l opu in tho modu l to oo rr-,ct for tho d is s imi larity . As sum­
ing tho go.t -Js to  b1.J t ho  control s1.1ot ion,  s ino e  above this point 
thu wo.t dr is ui,dl,;,)r prus s uro , tho hydraulio los s  us in tho proto­
typu w-,re o omputdd as fol lows 1 

( 1 )  Thu comput�d prototypo loss in thd tro.ns ition • 1 . 75 

12 



feet . 

(2 ) The c omputod prototype dnur gy grndient = 0 . 03 74. 

( 3 )  The length of t unnu l = 2 15 . 30 fuut . 

( 4 ) Head los s  i n  t wme l e qunls 0 .0374 x 215 .30 = 8 . 06 fdet , 
:md tha tot a.l los s is 8 .06+ 1 . 75 = 9 . 8 1. 

( 
- ) . Slop� (mode l )  5 By s imi la.rity , Sl ( t t ) l/'L opu pro o ype 

rE..t io )  v .  

=- ( N  modo l )  \ scale 
N prototypd 

Us ing c.n N of 0. 010 for the mode l and nn N of 0.013 for thd 
prot otyp ., , t h\3 re.t ic of s l op.::s is Sm = ( 0.010 )2 ( 30 ) 173 = 1 . 84. 

Sp 0 . 013 

( 6 ) 'I'ho inc rvns ,;i in frict ion s lopo = ( 1.84 - 1 .00 ) = 0.84, 
nnd thu oxc � s s  h...:nd l os s  i s  9 . 8 1  x 0.84 = 8.24 fedt . 

( 7 )  T h\J' p rot otyp...: diffuronc e in  ulJvat ion b.:tw.)on tho gnto 
s i l l  and tho tunnu l  out iut = 10.67 f1Jut , o.nd tho n..1ces s c..ry d rop in 
tho modu l  = ( 10.G7+8 . 24 )0. 4 = 7.564 inchus . 

T ho modd l of the t unno l wc.s s lopud to  p roduco c. drop from 
·thv gc.t o  s i  1 1  to thu tunnol out h:t s of 7 . 564 inclw s .  S inco tho 
opur c.t ion of th1J p ort ion of t ho  mod�l upstrecm from the gnt o  suc ­

· t ion was indrJpundont of thu s lop e ,  c.1 1  of thu mode l wo.s p lr.ccd on 
tho s c.mc . s lopu c.s thu downs tream port ion to f'c.c ilitnto  c onst ruct ion_. 

Dischnrgo Condit ions Through Control Ga.to Suction 

7 .  C:il ibrntion of gntus . The mode l wns init in l lf as semb led 
down t o  c.nd incl uding the ga.to s uct ion ( fig •. 7 and p lnte lA J . The 
c ont ro l  gc.t1Js will b .:i  rof..:rrud t o  :is gr.t -.Js 2 ,  4 ,  6 ,  o.nd 8 numburod 
from l �rt t o  right l ooking down struo.m. A smnl l  V-notc h  wuir , p lnoed 
downstrurun from thJ gc.to s ection, wo.s usud  t o  moa.suru th1J discha.rge 
through ec.ch gc.tu . Ee.ch gd...: wns cnl ibrc.ted scpa.ra.toly with full ,  
throo-qua.rtor , onu-hc. lf , nnd ono -quc.rtor  gate o�enings ( p la.to 1-A, 
-B ,  -C , nnd -D ) .  Thd ca.librc.tion c urvu ( fig . 9 )  shows thu dis charge 
for a.ny gc.tu op:rr.t ine, c.lond , c.nd for c. 1 1  gc.t_�s opora.t ing uniformly. 

H dra.ulic Action 
Out ot 

str...:run Portion of 
Trans it ion 

8 .  F low condit ions . Thu upstr'3nm port ion of ·the out let 
p;!:.t ...: t ra.ns ition ( figs . 7 c..nd 8 )  wr..s addud to the ga.td section, and 
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the hydrau lic  action was obs e rved for d ifferent gat e openings . 
As t he gate opening was inc reas ed,  the t rans it i on tunnels flowed 
free unti 1 a gate opening of 9 7  per cent wa_s reached .  At t his 
p o int the tunnels flowed ful l .  Figure 9 shows the water s urfac es 
at the downs tream end of t h is portion of the trans it i on for three 
di.fferent gate openings and for the t unne ls fl owing free . As t he  
gates were c losed ,  the tunnels f lowed fu l l  unti l  an opening of 
3 6  percent was reached, after which the t unne ls f lowed free . P late 
1 -E ,  -F , -G, and -H, shows the f low in the t mme ls for d ifferent 
c onditions of dis c ha rge and gate op en ings . 

9 .  Effect of a ir vent s. . Air vant s  were p lac ed imme ­
d iatt1 ly downstream from the gat e  s ecti on t o  adrate eac h  trans it ion 
tunne l .  The us e of several s leevt1s of t d lescope tub ing provided 
a convun ient method of varying t ho  s ize of the air  vont . It was 
found'' t hat a tubo with an ins i de diamet\fr of 3/16-inch wns the 
smal le st a ir vttnt that would all ow t he wator in t he tunnels to 
f l ow  free with gatcts ful ly open . P late 1-I and -J shows tho ef­
fucts of the ai r vunts on the f low c har acterist ic s . 

H in Dovmstr�am Port ion 
ate rans it ion 

10. F low c ondit ions � T� downstr1Jam p ortion of' t he 
t rans it ion ( f'iga . 7 and 8 )  was added , and t he · top of the trans i ­
t ion wa s  r tJD1oved t o  fac i l itate obs urvat ion of t he f low. Tho f law 
from the two c ent dr gat11J tunne ls produced s atis factory flow condi­
t i ons in  the trans ition tunne ll-, but tho f low from the two outs iclo 
gate tunn11Jls gave advdrs o  f low condit i ons . Plate 2 -A, -B , -C , and 
-D shows thd flow condit ions with o.11  gatds open an oqua l  omomt . 
P late 2 -E ,  -F , -G, o.nd -H shows thd f low with ono s ide gate ( gate 
2 ) and one oent or gate ( gate 6 )  & dt e qually at vari ous openings , 
t� rlfDl&.ining two gates b e ing o los ud .. 

T h� advurso f low could ho.ve b�dn e limino.t ed by inc reo.s ing 
the length of the trans it ion which would ho.ve al lowed tho wo.ter to 
c hange direction les s  abruptly. Because of' the inc r�o.sed cost of 
suoh a c hango , howevJr , it was c ans idured pref @ro.b le to e stab l ish 
a go.to-operating schedule ,  As it wi ll  not bo nece s s ary to  dis"charge 
4,000 s eoond-foet oontinuous lf, it 1s , t ha reforo , reoammendod that 
thd two ins ide ga.tus ( 4  and 6 )  b e  oporo.t�d for n orma.l disohnrgos 
an� that the two outs id\t ga.tes ( 2  o.nd 8 )  bo op .:tro.t.=,d only when o.d­
dit i ono. l c o.po.c ity is newded .  

modu l or 
p lc.tc:, 3 ) 

Originci l Des ign or St i l l ing Pool 
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( 1 )  The hy.dro.ulic j ump  formed ins i do tho t unnels a.t mnximum 
dis cho.rge when tho ta.i lwo.tur ( fig. 10 ) was five feet o.bove normo.l 
(p lnte 4-A ) .  This would be the tai lwnt er c ond it ion for maximum 
dis charge over the sp i l lwny. The form ing of tho j ump  in the tun­
ne ls caused thOln to flovr full, nnd due to tho increo.se in fr ict ion, 
the twmels c ontinued to flow full even o.ftor the to.ilwnt..tr was 
decreased . Auro.t ion or tho hors oshou tunnels did not rwnove this 
unfa.vornb lo cho.racteri�tio . 

( 2 ) For mn.ximum di soho.r go with normo.l tni lvmter, the j ump  
formed o.t the downstream end of the splitter pior ( p lo.to 3 -B ) .  
Plnte 4-C s hows the flow in the pool with no to.ilwnter . F igure 
10 s hows the we.tor s urfc.oe pr ofi le  in the st illing p ool for maxi­
mum dis cho.r ge and normal to.i lwnter e levat ion. 

( 3 ) When the flow from the two tunne ls wo.s unbo.lnncod, ad­
v!lrs e flow c onditions were produc ed in the stilling pool . This 
c o.used t ho  hydro.ulio jump t o  f orm  in the tunnel oo.rrying the small 
dis chc.rge . P late 4-B shows a discho.r go of 2 , 000 s econ�-foet 
through the luft tunno l .  Differdl?t types of bo.ffle pio rs failed 
to deoreo.se tho holico.l f low in the p oo l  • 

To eliminate tho unf'avpro.ble f low condit ions it wns 
neces so.ry to res ort to other muons of oxpo.nding the j ets o.nd of 
forcing the j ump  to f om downstream from tho tunnel outlets . 

Study . of Hydro.ulio H':!S?s * 

12 . Action of hydraulic �a .  Hydraulic humps of 
vo.rious des igns (fig. 10) woro stud490.s o. mc,o,ns of spreo.ding 
thd j «lt from the tunnels ond of forc ing the j ump  to form down­
stream from the tunnels f'or a l l  comb inations of gate opening and 
dis cho.r ge with the tAi lwater 5 fuet above nomo.l. Humps l o.nd 
2 spreo.d tho j et satis factorily and held the j ump  downstream tram 
the tunnel out lets . The pool however wus wry rough. 

J� high fin occurred a.long tho oontor l ine of' the pool 
and along ea.oh wal l with hump 3 ,  but the wat�r surface in the 
p ool ( fig. 1 1 ) was qui\)t and tho �ro.ulio j ump  was wll formed 
o.nd well p lo.oud. The hydra.ulio jump far hump 4 wus too fa.r up­
stream o.nd fluctucitad oona idct.ro.b ly, c,nto.iling o. vory rough water 
s urface, in the, pool (fig. 11 ) .  Hump 6 improved the flow ·1n the 
pool ( fig. 11 ) , but the hydro.ulic j ump  formed .too far upstream 
for sto.bility. 

13 . Action with r�iaed stilling Dool floor. Studies 
wvre mo.de with hump 6 iuid the stilling p0ot'fioor ro.ised 2 inches 

* The first use at the deviOG here ine.tter termed the 11ilydro.ulio 
Hump" o.ppeo.rs to b• tho.t desorib.td in "�rc.ulio Model Studies tor 
the Wi lls Creek Dam" ' by �orge E .  Barnes ,  Co.ae Sohool of App lied 
Soienoe,  C lev\tlo.nd, Dec . ,  1934 .  The s amu  devio@ waa subsequently 
usod by Mr. Bo.rnc1a on o.t least oight other dam models . 
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in the model ( 5  feet in prototype ) .  Tho pool  wo.s rough with tho 
flow c cmc entrated in tha o entor . Rdturn flow occurred a. long both 
s ides ( f ig .  1 1 ) .  At o ertnin discho.rges o.nd gnto c amb innt ions , un­
des iro.b le he lical f low occurred in the p oo l . Hump 6, the s emifinal 
des ign evolvod from the foregoing studie s ( f ig .  10 ) ,  proved s o.t is ­
fa.otory. 

Determinntion or Sti l l ing Pool Dimensi ons 

14. Width of sti l l in ool a.nd d ivdr unc o of s ide wu l ls . 
Hump 6 a.s origina ly oonstruc tu wo.s inc es de n t e m  e 
( f i g . 10 o.ncl p la.t � 5-A ). With n dis ohll.rgo of 4 , 000 s ocpnd-foot 
(p lo.t t> 5-B ) the j �t nt the top . of tho hump spreo.d t o  o.bout s ix  
inches on eithe r s ide of the cant ,:;r l ine o.nd c ont inued this width 
through,>ut the length of t he  poo l .  Pieces of s huet metal p lo.ced on 
e ith\J r  s id\l of the j \Jt provod convonient for deturmining the c orrect 
o.nb lo of f lnro for tho s ido wal ls .  P lo.t� 5-C ond f i gure 12 shaw 
tho s omifino.l das ign with tho c orrected s ido-wo. l l  f la.re . 

1 5 .  Lonff)l of sti l l ing poo l .  Studie s for determining the 
proper length of stlling pool o.nd pos it ion of the s i l l  were mo.de on 
the s emif ino.l d os ign using the f lar ing s idewnl ls , h\Dllp 6 ,  a. dento.ted 
step_  a.ne vori ous Rehbock s i l ls ( fi g .  12 ). The dent a.tud step wo.s 
p lc.o\jd c.t the d owns troom end of the hump , o.nd tho disto.ncu from the 
dento.ted step to the s i l l  wa.s than vnried . P lo.tos 6 o.nd 7 s how the 
o harncter. of tho flow o.nd the s c our produced by throe difforont 
longths of p eol . F igure 13 s hows t he wnter s urfnc e prof i los and 
s c our f or four d ifforont lengths of pool . It wns fo'lmd tho.t tho 
pool c ould bu s hortened vrithout detr imental e ffect , o.nd this revi­
s ion wns incorporated in the somif ino.l des ign. The behavior of this 
r�vis ed des ign wo.s s ntis factory. 

Style or S i l l  o.nd Revotmont 

16 .  Dento.tdd step and Rehb ock s i l l .  Different des igns of 
Rehbock s i l l  were tested in oanbination with a. dcmto.ted step (fig.  
12 ). S i l l  G produced s ntis fo.ctory f low d and itions o.nd t his pool 
layout wo.s then us ed to study s c hemes for the des ign of the revet­
ment . 

17 . Revetmtmt . With s i l l  G o.nd p ool  4 .  d ifferent revet­
ment p lo.ns ( fiG•  14) Wdro studie d. to det�rmine tho extent of r ip­
ro.p nec es s c.ry to insure sto.bility or too s t i l l ing p ool  structure . 
Rev�ent s cheme 3 which wns cons tructe,d of s ond ( p lnte 8;.A and -B ) 
s hows the nded of - r ipro.p for protootion ago.inst eros ion. Revetment 
scheme 5 ( p lo.ttJ 8-C o.nd -D ) was of tho spie typo o.s 3 except thnt 
the r iver bed wc.s riprnppud. P l.Ato 9 shows the oros ion o.nd water 
surf'o.ces wit h  rev'3tmont sohames 4 o.nd 8 .  F igurtt 15 s hows tho water 
surface o.nd eros ion of riv�r bed for revdtmant s chemes 3, 4, 5 ,  
o.nd a. 

_, 18 . Semifin�l das ifll •  Sill  N ,  a modific o.tion of s il l  

23 
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G, imd r ov\Jtmont schcn:i.e 10 (p lo.to 10.J;, ) W\Jr� tostod for vnrious 
gntu c umbina.tions to  uut\Jrmine th� finc.l �cti�n in tho pool . 
Figure 16 and p l.c.te 10-B show the eros ion end wo.ter s urfo.ce for 
mc.xim\Dll dischc.rge r.nd norma.l tc.ilwnter elevr..t ion. When the to.il­
wc.ter we.a 5 feet (prototype ) c.bove normal ( fig.  16 ) no e ros ion of 
the rivd r bc,d occurred. With c.n \ttlbo.lc.nced flow of 3 , 000 second­
feet ( fig. 16 o.nd p lc.te 10-C ) very litt le eros ion occurred o.nd the 
flow condit ions in the pool wtt"re so.tis fo.ctory. With c. balanced 
flow of 2 , 0Q0 second-feut ( fig . 16 ) ,  no scour occurred nnd f low 
conditions wure s o.t isfc.ctory. 

'l'he semifino.l dus ign wn.s usod o.s tho f irio.l des ign except 
for minor cho.nges in the Nvdtmont a.nd s lope of tho hump . Since · 
thesu chc.ngus were mc.dd for construction rec.sons only o.nd could 
produce no o.dversu hydro.ulio c.ction in thd model,  they wore not 
tustod.. 

. 19 . Rocommended dos ign .  The results outl ined in the 
foregoing pnra.grophs mo.y b e briefly recapitula.ted to. indico.te pre­
c isely the finally recommended des ign of the out let works stilling 
pool . The p ool itself, hlmlp 6 ,  proper side wo.11s , and s ill  N in  
its o.dopted pos ition o.re s hown in figure 14 c.s Pool 4. Revetment 
scheme 10 is shown in f igure 14, o.nd. plo.te 10 is o. photogro.ph or 
the whole o.s finclly tested. 

CHAPTER I I I  - TESTS ON SPILLWAY MODEL 

Sp i l lwo.y Mode 1 

20 . Construction of mode l .  A mode l of the Bull Lake 
spi l lwo.y cons is ting of a. heo.d tc.nk, intake s ection,  gc.te section, 
chute;  pool nnd s c.nd box wo.s . constructed on c. scale of l :30 (fig. 
17 )  in the Coloro.do St�te \ Col l�g� Hydro.ulic Lo.bor�tory nt Fort 
Col lins , Coloro.do . The heo.d tcnk wc.s built of wood and lined with 
light sheet m\Jto.l . The wc.rped wc.lls  of the intake section wure 
nu:..de of concrdte .  The p i@rs an d  gctd Sdoti an wo.lls wer e  constructed 
of. rodwood, the gntus o.nd c rust of 20-go.ga go.lvr.nizud sheet iron. 
Tho chutu o.nd p ool wero me.de of wood, nnd linod with 27-go.go go.1-
vnnized iron. A lnrgtt woodon bait lindd with light s h\Jot moto.l wo.e 
f'illod with s and  t o  rupresunt tho riv11:tr bud downstruom from tho 
pool.  An ndj usto.b lu Wd ir on the end of tho s o.nd  box wt'.s us\Jd to 
rdgulnto tho to.ilwo.t�r . 

The ros urvoir � l�w.tion wr,s munsur�d with a hook go.go in 
o. sti l l ing wul l cttc.ch�d by hos � to n p i�z omd'tdr  op�ning in the 
h�o.d to.nk. A flont g�go wns us �d to rucord th� to.ilwo.tur o luvo.­
tion. 

33 
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Wntdr wc.s supplidd to the model  by grnvity from n 30,000 
cubic -foot reservoir. Fl�., from thd res-,rvoir into o. weir bax 
13. 5 feet long,  10 foet wide , o.nd 7 feet ddep, Wt'.s rt3gulnted by 
hruid-operated gntds.  The quo.ntity of wc.tdr wns mensured owr c. 
volumetricnlly c nlibrated 2-foot Cipolletti w�ir ,  nnd wo.s then con­
ducted to the mode l  through n 2-foot concrete conduit. After it 
ho.d pnssed through the model ,  the wntdr wo.s returned to the reser­
voir through o. pump whose mo.ximum c c.pncity is  rnted o.t a.bout eight 
second-feet. 

2 1 .  Approo.ch trc.nsition o.nd go.te section. The flow from 
the rt3servoir through the nppronch trflllS ition nnd through the gnte 
suction was Vdry sntisfactory ond no attempt wns ma.de to chnnge the 
origino.l design. 

The pressurd distribution. (fig. 18 ) on the crust was 
mensurod both with o.nd without thd ge.tc;,1s in opdrntion. Slight 
nego.tive prossurds were noted for disohnrges of 2,500 o.nd 5,000 
second-foet with the rds@rvoir wo.t�r surfnce nt uldvntion 5805. 0 
o.nd with the go.t1Js in operntion. Free flow ov1Jr tho or�st go.vu 
positivd prussurus for nll dischnrgus . Wntdr surf�co profiles (fig. 
18) on tho conter lind of tho middlo gnte w�ru c.lso to.ken for 
vnrious discho.rg(;)s.  

Dischc.rge cooffioiJnts (fig . 18 ) wore obtnin�d for fred 
flow o.s w�ll cs for vnrious go.to opening s ,  o.nd n discharge dingrmn 
wns prepnrod ( fig. 18 ).  This dicgro.m shows both the froe flow and 
flow for different gnte openings o.nd rds orvoir uldvn�ions . All 
thr1J1J gc.t-.::s wure operc.ttid uniformly. 

22. The chutet. The s t1ction wo.s connectod to the stilling 
pool through c. chutti with pnrc.llt1l s idds . The j oining of the flows 
from ndjc.cent gc.tes downstruc.m from tha thick piers (fig. 17) 
ca.usud tro.ns vurs e wri.vJs in the chutd . (fig. 19 ) .  Tho effects of 
these wo.vus continue into tho st illing pool . Numarous dos igns of 
the do.ms troom ands of the piers Wdru tasted in nn a.ttempt to 
e liminc.tu thesa  wo.v.:s o Some improvement wos notcJd for a. fow of 
thc1 dds igns ( figs . 20 c.nd 2 1 ) ,  but it wc.s not c ons idared suffi­
ci .:mt to j ustify thu a.dded expense of pior construct ion . The 
wo.t1Jr surfc.ce a.cross th!J chutu nt vo.rious stc..tions wc.s muc-.sured 
,rlth the origina.l piers in plc.ce ( fig .  19), c.nd c. runsonc.bly uni­
form cross suction w:::..s noted nt stt'.tion 4+25.0 .whore tho jet unterud 
the pool. Voloc ity mer.suremunts vrard tnk\ln for o. dischnrge of 
10,000 s1Jc ond-f Jdt r.t s�c.tion 4+25.0 with no slop.J corrdotion c-.p­
p lidd to th� chutu f loor. Thd mucsured mv�n va loc ity, found to be 
59 . 4  fu�t pJr svc ond (fig. 22 ) chdcked th� cnlculntJd m�c.n velocity 
of 59. 2 fu Jt p�r s ucond nt th� some s .Jotion. For th is rue.s on tho 
tosts on th.J stilling p ool w ,.: ru mt.do w ith no slo:pu correction. 
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23 . The . stilling pool - Ori!ina.l des ign. The 
origino.l pool with the l'ioor o.t elevc.t�on 5725.0 and its down­
stream end o.t st�t ion 6+00. 0  wo.s mo�e thtui c.dequa.te for a dis ­
oho.rge of 10, 000 s eoond-feet . A s o.tisfactory j ump  formed in the 
pool without the use of' a step or s i l l  on the a.pron. 

Four · tests were mnde using so.nd downstream from the 
El.pr on to study: the effectivenes s of the symmetrical  s il l ,  den­
tated step , o.nd s olid step {fig . 23 ) in prevent ing eros ion of 
�he struam bed . The rvsults or thdse tests {fig . 23 Gnd p lc.te 
1 1 ) s howvd t ho.t t he  symmetrical s ill  we..s very effective in pre ­
vent ing erosion or the river bed, a.nd t ho.t neither t he  denta.ted 
step nor the s olid step o.ided in scour prevention downstream from 
the o.pron. The tops of' the brass rods in the pictures indicate 
tho original s e.nd bed. The steps were of'f\:lctiw in holding tho 
j ump  in tho pool at to.i lwntor e lovo.t ions muoh lower than normo.l. 
As the foregoing test indic c-.ted ample to.pwo.tor depth as  well o.s 
more than s uffic ient pool length, tho .apron wus rais ed and the 
pool shortened. 

24. Recommended des ign. The pool f loor wo.a raised two 
feet from e levation 5725. 0 to o ldvo.t ion 5727 . 0  o.nd the s tructure 
was s hortened 18 feet , from stat ion 5+00.0 to 4+82 . 0 .  A tenta­
tive rocmnmended des ign had o. derrt a.ted step o.t sto.tion 4+2 5 . 0 
o.nd e.n tmsymmetrico.l s ill { fig. 23 ) p laced with its downstream 
edge. o.t sto.t ion 4+8 1 . 2 5 .  The step was us ed to kuep the j 'Llllp  
within tho pool c.t abnormal ly s ha ll ow- to.ilwa.ters e.nd tho \m.S)'Dl­
met�ico.l s i ll  wa.s us ed bdcnus e it s imp lified the expo.ns ion-j oint 
spo.c ing. Test 16 on this arro.ngement was c ompc.ro.ble to the ero­
s ion t ,3sts on the originc.l pool ., and thd s cour downstream from 
t�e apron was not serious ( fig.  23 ) .. 

In the finnl recommended des ign . the dentated step wo.s 
omitted beco.us e it wo.s f'ound t hnt o. 50-foot strip of r ipra.p down­
stroom from tho ap'ron wo.s o quo.lly offuctiw in keep ing the j ump  
in t ho  pool Qt abnormal ly low to.ilwnter elavo.t ions . The \m.Sym­
metrica.l s i l l  wc.s c. ls o  r ep  lnc�d by the symmutricnl s il l  becc.use 
the eros ion Wt\.S more. sev�re downstrdam from the ends of the 
former . 

This des ign wo.s s o.tis fo.ctory for n l l  discharges {p late 
12 ) .  No sc our occurred when 50 feet of three-toot r ipro.p wc.s 
p laced downstream from the ·s ill . The tnilwuter could be dropped 
�t feet below normal o.t � d ischD.rge Qf 10, 000 s econd-feet without 
co.us ing the - j ump  to sweep off the r-pron (p lo.te 12 ) .  · Cons ider-
ab le sp lnsh wc.s noted in the p ool c.t t he  muimum des i gn  dis ­
chc.rgo . Smo.1 1 drops of water fro·quently o.tta.ined a. height of 
one foot (model ) o.bove the top of t hd  sti l l ing p ool wnll . Vnrious 
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NOTE 
Al l  profiles are along center-line of spi l lway. 

WATER SURFAC E AND SA N D  B E D  PROFI L ES 

SYlllll!TAICAL IILL - TESTS_ 11 ,14, AND 15-IL-I 
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Ill SC!-:..RGI.: 2600 S!.'CCIU>-Fl.1'!' 

DISCH�0J: 6000 S!X:0ND-n::.? 

RllXHJA«.NDZJ> STIU.Il''.G POOL 
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g�te combiootions failed to disc lose any dangerous flON condi­
tions in the poolt, and only the worst conditions �re shown on 
p late 13 . Pla.t e  14 shows the recommended des ign. 
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