
.. 

C >
::c 

Progress Report No. 1 

HYDRAULIC MODEL STUDIES RELATING TO 
THE REDESIGN OF THE SPIIDJAY AND 

FDWERHOUSE FOR THE DAVIS DAM 

Hydraulic Laboratory Report Hyd. 2.32 

Bureau of Reclamation 
Denver, Colo • 

July 15
., 

1947 



• 

• 

• 

• 

UNITED STATES 
DEPART.'-{ENT OF THE INT.ifilIOR 

BUREAU OF RECL.AMATION 

Branch of Design and Construction 
Engineering and Geological Control 

and Research Divis i.on 

Laboratory Report No. 232 
Hydraulic Laboratory 
Compiled by: A. J. Peterka 
Reviewed by: J. N. Bradley and Denver, Colorado 

July 15, 1947 J. E. Warnock 

Subjec-t: Hydraulic model studies relating to the redesign of the 

spillway and -powerhou"'e of Davis Dam. 

Il-J'TRODUCTION 

Three hydraulic mod els of Davis Dam were tested in 1942-194), and 

the results are reported in memorandum to Chief Designing Engineer, 

Hydraulic Laboratory Report HYD 123, entitled, "Hydraulic Model Studies 

Rel.s.t ing to the Design of the Davis Dam. 11 Two of these models were of 

part icular significance in the present investigation. The recomr.1ended 

trpillway bucket, referred to in this report as the specification bucket, 

was evolved from studies on 1:100, 3.nd 1:48 scale models. The 1:100 

scale model included the spillway, !)OWerhouse, and sections of the river 

channel both upstream and d0\,1nstream from the structures. The 1: 48 model 

wa.s a. sectional model used to determine the characteristics of various 

bucireta and aprons 11th special 8rllphasis on erosion below the structure. 

After extensive tests on both models, the st 11ling structure recom

mended for construct ion consisted of a low bucket which served as a 

roller bucket for low discharges and as a, trajectory bucket for the 

higher discharges. 

This oucket is shown schematically in this report a.s Test lo Cost 

a.nd. tailwa.ter conditions nrevented the use of a hydraulic jump a.pron 

while much additional excavation would have been necessary to make use 

of a roller bucket for the entire range of flow conditions. 

Due to differences in founcl tion conditions at the damsite, revealed 

during the e rly stages of construction, the nresant investigation was 
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undertaken. Extensive tests made on a lt72 model indicated essentially' 

the same results as obtained in the earlier tests. In addition, however. 

the dangerous effects of an eddy in the dead. water area downstream from 

the �owerhouse and adjacent to the spillway were recognized, BAd attempts 

made to reduce it s harmful effects. The present tests \· ere made with 

no flow through the powerhouse which results, probably, in a worse eddy 

condition than with flow through the turbines. In the earlier tests, 

the powerhouse was in operation during all spillway tests. 

This report was requested by Assistant Chief Engineer Nalder for use 

by the consulting board and others resnonsible for the design of Davis 

Dam. �he material presented gives t he result s of test s ma.de between 

Aprill and July 25, 1947. 

SUMMARY 

The spec1.fioa.tion bucket, recommended as a result of the 1942-1943 

tests w2.s installed in the 1:72 scale model. Erosion was not excessive 

below the bucket lip• but with no flow through the powerhouse. the e�y 

in the dead water area on the right side extended into the pGwerhouse 

tailrace causing excessive eros-ion along the downstream face of the 

powerhou se, :"Ind at the end of the righ t spillway training wall. 

To reduce the harmful effects of the eddY, various schemes were tried. 

A relatively long hydraulic Jump a.pron was teste d and found to operate 

sati sfactorily for uresent tailwater conditions. For high dischexges 

with the ultimate ta1lwater elevation, however, the Jump swept out of the 

apron and operation wa s then similar to the S!)ecification bucket. 

Present tailwater is the elevation of tailw�ter expected to obtain 

immediately aft er the structure is placed in operation. Ul tima.te tail

water will obtain after degradation of the riverbed has occurred. Thus, 

ultimate tailwater is about 20 feet lower than present tailwater. :Both 

tailwater op�rating curves are shown in Test 2. 

The specific& t1on bucket '1as ·reinstalled in the mod et with the lip 

Ht elev at ion 490 0 snd the existing rock between· ·the spill way and the 
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-powerh ouse repr oduced in nonerodible concrete.  Te sts then sho wed 

thRt the ero si on at the bucket lip, and in the nowerhouse tailrace 

was r educed since the eddy- wae reduced in she and intensity. For 

ultima.te tailwP.ter c onditions , ho wever, the eddy -persisted and tended 

to undermine the ro ck uroj eot ion. 
The �pecifica.t ion bucket we.s then r aised in steps until the 11:p 

N;:i.s at elevation 515 .. 0. At this eleve.t ion, th e jet leaving t he 

bucket wf!.s above the ta.Uwater for all discharges and tailwater eleva-

t ions e.nd th e water was thrown do wnstream the maximum d istance :possible. 

The re sulting erosion ·-�as deep near the bucket l ip, and the destructive 

ac tion of the eddy was not noticeably reduced. The addition to the 

model of a. cofferdam structure l ocated near the l ine of the right 

training-wa11,pext of a cofferde.m necessary for �ro totype construction , 

failed to decrease the eff ects of the eddy. 

A deep bu.oket was next tried in th e hope tha t  the velocities at 

t he end of the apron ,.,.ould be reduced su.ffictently to al so decrease the 

eddy velo city • .Desp ite the s .'.'tisfa.ctory a.p oearance of th e wat er surface 

in the area. usually o ccupied by the eddy, considerable erosion o ccurred 

b elow the cofferdam. Also, the cofferdam was undermined to a degree 

that w o ul d  malce its s tability questi onable. 

An attemut was then r.1ad.e to r educe the erl'lsion by l ength ening the 

enecificeti on bucket so that the J et ,,,as thrown consid erably further 

downstream., The bucket was lengthened 150 feet, and sloped upward. but 

the r e sult ing operat i on W;".s still uns 2-ti sfactory. The eddy persisted 

and the resul ting ero sirm v�s exc e s sive. 

Finally. the sp ecification bucket was r eins talled in the model for 

further develoument and test ing. s 1nce it appeared to show most promise 

hydra�licall y, a.nd from �..n economic standpo int appe ared to be the 

cheap e s t  to construct. With ultimate taihmt er and the cofferdam in 

place, th e 011er ntion appeared improved. The deep erosion hole was mo ved 

down st i:eam , here 1 t ·was of less  concern. but the c offerdam 1:1a.s under

mined somewhat on the apron side . Some ero sion also occurred in the 

powerhou se tailrace. 
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From t ests  on the sand used to represent the prototype riverbed, 

it  was f ound that the sand, after compaction, eroded r eadily at a 

velocity corresponding to 3 feet per second pro t otype. Also ,  the sand 

slumped badly when wet and 1t was felt that the erosion in the model was 

exc essive for these reasons. 

To more fully understand th e type and amount of ero sion that wuld 

actually take place in the prototy-pe, �he model bed was molded of a 

mixture of Lumnit e cement and sand that would erode at e. predetermin ed. 

velocity. Est imat es of the ability of the -prototype bed material to  

resi s t  erosion were made and sand-cement m ixtures were develop ed to 

resist  erosion to a similar degree in the model. It was est imated that 

the rock outcroppings on the right and left bank s  would withstand a 

veloc i ty of 14 to 16 feet per second before ero sion started and that the 

riverbed material wo�d withstand 7 to 8 feet per second. With these 

calibrated Jitixtures in place, testing was resumed. Indicat ions  were that 

with present t ailwatcr conditions, the eddy was not dangerous.  Areas 

that h�d been badly eroded when loose sand was used for riverbed material 

were untouched by erosion when the sta.l)ilized sand w2e u sed. 

For ultimate ta.1lwr,ter tests , th e  riverbed wn.s molded in stabilized 

sand 1.5 feet lower than for the tests  using present tailwa.ter conditions. 

The eddy w;.-.s more in evidence but did not cause serious damage close to 

the bucket for high discharges.  Of more concern in these tests  was the 

eddy formation in th e bucket it self for di scharges up to 50, 000 second-

feet • .  Erosion test s showed that for these lo·,1er discharges ,  the ground 

rol ler was not sufficiently developed to bring nat erial back against the 

sill  and tendencies toward undermining of the s ill were present , probably 

c au sed to some ext�nt by the eddies in the . bucket .  At discharees  above 50, 000 

second-feet, the ground roller c aused eroded mat erial to be deposited in 

the areas clos e  to the sill t ha.t were eroded by the smaller di scharges.  

Although the operation of the specification bucket is unsat i sfactory in 

some r e spects , it is the opinion of  the Hydraulic Laboratory st eff,  

aha.red b.v Messr s. McConaughy and Hoffman,· that the spec ifica.t ion bucket 
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. i s  the most promising of al l the designs test ed.  It  is  believed that 

training walls on the apron, a cofferdam along t he line of the right 

training wall, or a diagonal suur dike between the right training wall s  

and the powerhouse, or some combination of these will sufficiently 

improve the operation of the spec ification bucket to make it s performan.ce 

sat isfactory. Test s to det ermine the effects of these structures are now 

in progress. 

A c omparison of costs of the various bucket s  test ed is shown in the 

following tabl e :  

Scheme 

l 

2 

DAVIS DAM-- SPILLWAY 
Cost Comparisons--Spillway Bucket Studies 

( Scheme numbers corresnond to test nUlllbers )  

Description 

Specification bucket 

Jump pool , flo or tit el eva.t ion 460 

Adclit ional. 
co st over 
Scheme l* 

2-A• • Jump pool, floor at elevHtion 454 

$1 , JJ0, 000 

1 , 560 , 000 

JJ o.  ooo 

1 , 930, 000 

.5 

6 

7 

8 

Free jUl!lp pool 75 feet R, lip at elevation 515 

Ango sturs. type bucket , invert at elevat i on 440 

Angostura t Y!)e buc k:et • invert at elev at i on 470 

Lengthened spec ificat:l. on bucket 800. 000 

•Field cost.  Does not include contingencies of overhead. 

••Not t ested or shown . 

DESCRIPTION OF TESTS 

Gene;ral Information 

Except for Test s 9 and 10, erosion test s  were made u sing s and , which, 

under actual test , began to erode at a vel&city corresponding to J feet per 

5 



• 

second (prototy-pe). The length of ea.ch t est is noted but , in general, 

wae either o! 2- or 7-hour durat ion. The 2-hour t ests indicate the 

general trend of the erosion and. for preliminary invest igat i on. supply 

all the necesoary informati on. Slight ly deeper ero sion was usually 

found aft er 7 hours of operat ion0 but the general patt ern remained the 

same. 

Arrows and numbers on the ero sion t est photographs show the direction 

and amount of veloci ty measured during the test runo 

T est s 9 and 10 were m:- de using stabilized sand to represent the 

pro totype riverbed. To det ermine the proper proport ions of the final 

mixture ,  trial mixtures were made
& 

cured, and expo sed to  the erosive 

act ion of  a jet of water whose veloc ity was known. A mixture of  l part 

Lumnite cement to 110 parts  of sand was found to erode at a velocity 

corresponding to 8 feet per second (prototype) . A mb.:ture of 1 part 

Lumnit e cement to 75 parts of sand was foUhd t o  erode at a velocity cor

responding to 15 feet per second (proto type ) ,  In  both cases , proport ions 

were by weight and the mixtures \'1ere used in Test s 9 and 10. 

The mat er ial c ontained in thi s discussion includes only the 

significant t est s and does not mention other tests  which appeared to be 

import ant at the moment but did not prove of value in obtaining an answer 

t o  the problem. The following pages substant i at e  and illustrate the t est 

result s previously summarizede Details of the buckets and aprons tested, 

t est data, operating condit ions, and appropriat e c omments are included on 

the sheets preceding the photographs. 
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Note s :  

Te st  lfo . 3 

SFECIFI CATION BUCKET 

D(q tai ) e  sh ovm f or T s s t  1':o . 1 

Thi s  t e s t  d if f e r e d  f1 ·om Te s t  No . 1 i n  th�t  the sa  n<l 
are a be tv;e e.n right trF..t i r. ing ,:a l l  a nd powe rho us� wa s 
mo ld E d  in n c,n - ercd i ble  c cnc:� o t e  ui:; i n1:.-; r e e l-'.  C' Cr.t ours  
ohte i n e (!  fror.i f i e ld d a ta . Al.too  !i t  U; i s  t in:.e the ma :r. imu..'.11 
d i s char�e f a� d es isn p urpose s v� s r e d uc ed from 3CO , OOO 
t o  175

t
OO0 s e c or.d-fee t . 

Re sul t s  c-f e r os i o n  t e c, t  a r e  s .riov?: b€ l ow .  Ro c k s  lr 
tha  bottom of the e r o s i c n  hol e &re rer:mant;s c f  d i ke s 
used in an a t tempt t o  r e d uc e  tte e ddy a c L i on i n  E 
pre v i ous  te st . 

f11 � C t 'f'.7 :, 3 J. o '"""  .. , ._ "' 

Di s c harge - 1 7 j , OUO s e c . - ft . 
Ta i l water  - Pre se 1! t  - E l . '.5 1 2  .. 7 :j  
Tirre o f  TeFt  - 8 t�s . 





Te st  No . 4 .  

Same as Te st lfo . ) but  with  ult ima te te i l1,.;a te 1· l:l. t  
El . 5 1 5 . 7 5 .  Sros i on for thi � t e st WG S c onsid e1 o b ly 
grea ter a l ong ' rock on r i ght side  s nct 1 0  feet  d e e pe 1· 
at lowest  poi n t . 

.. 

Test  No . 4 

D i s cha rce - 1 7 � , ooo E e c . - ft .  
Ta i l�a te r  - Ul l i llie t e  - �l . 5 ! � . 7 5 
T i ffie cf T es�  - E hrs . 

H5 s ul t s  of tl:e e r c s i cn t e s t a re stov · n  b€ low . 
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1' e &t, No . 6 
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Angost uru Type Bucket  

Te st  No . 6 

Discharg€ - 17 5 , 000 sec . -f t . 
T-ai  lwb t _e_r· - Ul t im� te - El . 5 1 5 .  7 5 
T ime of Te st - 2 nrs .  

Wi tb th j s .l ow buokr-t tr·_e roller a c ti on oc c urre d fer al) 
d ischf, rees  end tailv,1e ter c ond i t i ons . The sub.m� rf; ed  ac t i on 
red u c e d  the �urface vel o c � t i e s  in tte e ddy on the right 
s id e  �ut � orr� eros i on wa s s t i l l  e v id ent and the c offerdum 
wa s underi:ai r;.ed . Pt.otogra rhs on the f ol J owing 2 · page s shov: 
first , the ac t i on on ana be low th e buc ke t and e e a ond , the 
re sults  of eros ion Te st No . 6 .  





T
e

s
t

 
N

o
. 

6
 

1
50

 

20
0 +'

 
::v

 
CD

 

J
O

O
p:j

 

s::
 

·r-1
 

Cl)
 

0
 

.3
5 0 § 

4
5
0

 

5
5

0
 

60
0 +'

 
(f}

 
•r-1

 



Te s t  K o . 7 
AKGCSTlTu, 'l,YPE .3G��KE7 H.,.IEEI1 '1..' G HIGEEn ELEVAT I ON 
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S i  n e e  t l : e  An�os t cira t ype buck e t  htld  p r o ve. d  
e ffe c t i ve i ri pre ve nt i ng e .x.c e s r. i ve e r-c 5 i cn c,n ot her 
s t nr n t ur e s  it n,.,_ f; t e sted  a. t  the  e lev1:1 t i c,n  shov.-n . 
I n  th i s  poE: i t i c n  the b uc}· e . f i t t e d  tr.e e.x.i t1t i r.1g 
found a t i on c ond i t i ons t o  &r e � t t r  & dva nta ge . 

The 0 1,en, t i on \:u �  s i ri. i lur  t o  tl.e s pe c i f i c u t i on 
b <.4 c l-: e t  in thc1t  t r. e  \V& t E- r  \'il\ S t l 1rchr. c. J.e e..r· o f  tr.e 
b�cke t fer a l l c on d i � i cne ct n{ no rcl le � a 0 t i 0n 
c ccurreo . 

Th e re fl u.l t i  r:g e rc• siori i f'  �h ov.:n in tti e  
following ph o t ogrH ph . 

TeEt N o . 7 -.--�·---... -�--·--
Discharge - 1 75 , COO se c . -ft . 
Te i. lwut er - ?l'e .:.,�nt  - El . 5 3 2 . 7 5 
T · rue of Te st - 2 hre . 
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Ttie spe c i f i utt t ion i· u.c ket  v1e s  mocU f'ied  a s  
shov:n 1 .n ore e r  to I I  tl�rov-:" the we t e r  d m.·;nstream 
a s  far a s  v:1:1. s  pr& c t ios l .  'I'h .:. s  v.·e s d cne  in a·n 
a t tempt t o  re j u c e  tte  e ffec ts of the e d dt on  the 
r ight � ide , 

The pho t ogra ph on the  o ppos i te pa ge sh ows 
tte j e t  bed ng " tbrovm 11 c le� r  of tlJ € r o�,}:( 
prc- je c t i o n .  Tr.e J e t  He s n e t  " throwr. '' fc.r e:r.o u:.::li , 
h owe v e r ,  to  pre v e n t  the edd y from a t ta i n ing a 
ve l o c ity  of  16 . 2  ft . per se c ond , prototype , and 
ca t! S i n ,£ e :te 6  s s  i ve e r- c., r,  i on u s  s h e;v,n in tr..e £ €  cond 
ph0t ogru pL . 
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Disch�u5a - 17 5 , 000 s :o c . ft . 
Tai lwu ter - Ulti1na te - El . 5J 5 . 7  
T ime of T e s t  - 6hrs . )Om.in . 
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Det& i l s . .st oi•,r: f or- T e s t  r� o .  l 

·, 
Te e t  r:c . 9 

Wi th t h e  bed tlo l d e d in s t b b i l i z e d  s a nd a t  
e l ev v. t i cn 5 1 5 . s i�i l �H t o  t he t sL m ·T. i n  t h e  f i r s t  
ph o t ograpti fOY' T e � t 1 0  i tte d i s c L:-:: rtte 'dt S gr1:1 d ua ll y  
i Tic r e b . e d t o  5 0 , 000 s e c oLd - f e e t . T h e  te i lwa t e r  
wc1 s s e t  f' o r  pr e .s e; n t  0 01 d i t i or: r·, , e l c v 1n i on 5 2 4 . 
The re  :c, u. l t i n g  f loH , sLov .n i n  tte f c J.  L \'" l r,g 
pt c t og1 � ph 1 1 , 1-: s  e r.t L·t: l y  s a t i s f1.:J c t or y  a n d  
prfi c t i c c. l l y n :i e r Q s :i o n o c c ur red. a f t e r  t1 o n e  h o ur 
r 1� .  Be J u us e  tte f low d i d  not  swe e p  out or th e 
b ucket th• e d d y a t  th e r i g ht t r ;:; i n i llf we l �  v;s s 
h� rd ly n ot i c � � l e . 

For 100 . coo s e � o nd- f e e t  &nd tti i l�b t sr 
e l a vo t i c n  5 2 8  f i m, tw d e r os i on c;o rici i t i cn e  wer e 
sirnj l� r .  For 1 5 0 , 000 se c o r.d - f' e e t  a u d  ta i lv 1:1 t er 
e l e v� t i  o n  5 ;  1 .  sLo  T, i n  thf. s e c ond phct O i!:l'�J ph , 
f l ow : uffipe � c 1 e � �  of the bJc ke t  � n d  s oru6 e r o� i on 
o c c urr e c . Ecl C: b  d i [' �t .  rce 1;w r, t e :.::. t e d  for  one 
h c ur c: nd t r. e  ' .1 ed  i.w s n c,t  r· err:c ded bE: tv:e e 11 ru.ns . 
Er os i c1n  ci IHl E. d d y  c ond i t i 0ns v-Js n� mor e s e v e 1� e . 
ho ·:ie v e r  f o r  ult ir::w t e  ti, .i .i..\ . a t e .::.  c ci: cl i t i c n c .sr. ot:1i 
i n  '::e s t. lC . 
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Sta�i li z e d  Se nd Bed  

SPE·'..:IF� G,,TI ur; 13UGKET 

The be � �a s rerao ld sd  eft e r  Te �t  9 i n  
sta b i .l i z e c:  E e r..d e t  e } ev fi t i on 5 1 5  u s  s ti or ·n i n  
the fol l o�i ne phc t ogru uh , � DD62 ) . For 5 0 , COO 
s e c or.d - f e e t  and  l1 l t imc1 te  t a i lv;a ter  e l e v.::1 t i crn 
5 0 6  � r: e d d y  f c rn:.e d  i ri t lJ e  b J. c;t e t  r, ::, sLc1 \ T; i n  
the  !:,e c ond p.r. c t cgr!l ph ,  ( :)l)Gr: ) .  For· no  !? pJ;: i nrnt-
r e & s on anot her· e. cl d y  f o:r.c.e :.;. in t h e  1:J ,.1 cLB t f or 
stt ort peri ods cf  t i me u s  ehc\ .T1 in t., ; ,c  � �- i r 1.i 
ptlot ocrc, r, t , 1 DD6? l .  1\t t rie  enc of a one h:)Jt· 
run ths r i v e r  u e d  \. . c; � � 1 odeJ  ti .� "L e� r . .  :. r1 '· ! . ;: 
ne x:t pl: c t ,'),:?:l'a ph , l D0?U ; . 

";'!i t.r1 0 : i. t. -:-' f r,10 U.t .:i 1,,: t.he b(; d a d i scharge c f  
lOG , COO s e :! ond- t' e e t  Vli f, t' u.n f o r  on o h v \ff \ .'it.h 
u l t i �1a t e  t o l l 'L'6. l. t� 1· ut  e l6 v u t. j c. J1 5 1 .l � :) a �:> f,t , ·, , n 
l �  �Lot ?�rd ph DD? l .  7t�  vroun� r ol l e 1· co v e r e d  
u v  ; r �� i 3n c : o s e  t o  t �: e  b�c � _ t  tha t h� � �c � u r r id 
d c1r l e;, the 5 0 , 0CO  S 1� C O J11

1 - : :::- o �  t · i- Il f.t :., S L C\ .'Il . ·• 
r,Lo t o:=;r· ·=t pL :>D? ':i . 

Fo r· 1 7 :) /l(K .s e (J unu-f' e e t  v: :i. t.t: u _,_ t ir -.. ii:1 t a t. :d l 
wn t C: f' f" l ov-u t ion  5 � 6  t. ll c :) ;, o ra t i c, n  ·:·a s u r:  shc,0. ·n 
i n  r·li o t og1 ::, ph Lu7') . :'iH' v e l (> l; i ty  uf th (! e d d y  
in  Ll: t: t' -::iree;c · •y_u1d v ·�, f. e � -: :_ n·:; t e c1 t c  be e1 'J 1 , -J. ::  :i.. 5  
fe e t  per  s e 0 on:l 1.-1 nd L�t-. u s e J  VE </ l i t t l e  e r c ::-.d. J tl  

,Jf t he r -:- c k  o u t er :, p1, j r,� . ?11 0  e 1.· -:.., :: .�_ c, n u f t e r  Ii 

one hc1 L:. r r :.in a t  J ? :; , COO s �i -,; or. J - fs '3 t , p '.hl i:� t;hP.  
c f 1 ' e c.; t ti cf the :) O , CC. :.1 cJ nd H)O )'.A.·C..1 s e c oth'! - f '.) o t  
r um· , i s  shor,n L n  phot 0cr· ; _1;h. : .  : J .Df.'. :-:1 and i)Dt .. .... .. 
The gr.et1. t a s t e r o f�i ;) n  o � e ,.11· .r· cd  t>e J. oi·. t ::.t3 rock 
p1· � .'.ec  ti  or: on tL.e .r· i .::�t t, f: .:. .::.e  ,� nd .i. n t hr-, L i :i  l 
a lO Ti.1-� tr,. e l e :'t bar::k . 
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