
, 

Progress lieport l o .  P 

m a I c  MOD= S ~ I =  ~ T P Y Q  m 
THE REDSSIGN OF THE SPIUJAY ARD 

POWGBBOUSE 3QR TBE U.18 DAM 

Bureau of Recllanat Lon 
Denver,  Golo. 



h 

Branch of Dseign and Construction Laboratory Report 110, 232 
Engineerinc: and G s o l o ~ l c a l  Control Iiydratilic Laboratory 

Resoarch D i v i a  ion Compiled by: A, J, P a t a r b  
Denver, C o l o r ~ d a  Reviewed by: J. ?la Bradlsg and 
July 1 5 ,  1947 J. E. Varnock 

Subject; Flydrmlic nodel s t u d i 0 ~  r e l ~ t i n p ;  to  the redesign of the 

spi l lway m d  pouerhousc of D a r i s  Dam, 

Thee hydraulic models o f  Davis Dam ware t e s t e d  In 1912-191~3, and 

tho reaults a re  r e p o r t &  in nemor3s0m t o  Chief Designing BngSnsor, 

Hydraulic L s b o r a t o r j  Renort HYD 123, ent itlea, #Hydraulic Xodel Studios . 
B e l z t i n g  t o  the Design of tho Davis Danen fife o f  these models wore of 

particular significance in the a reeen t  inveet ignt ion .  Tha reconnended 

spillway bucket, referred t o  in th i s  repor t  aa the spec i f i ca t ion  bucket, 

wacs evolvod from s t u d i e e  on l : l O O ,  ancl 1148 s c a l e  models. The 1:100' 

s c n l e  model included the spillway, powerhou~e, and sec t ions  of  the  rivor 

channel bo th  upstream and doknstrean f ron  the structuree.  The 1:48 model 

w a s  a sectdontrl model used to deternine the chexaa ta r fe t l ce  of  v a ~ l o u s  

bucketa and apron6 bfi th special nm~hasls on sro';lon b l o w  the e t m a t u r e ,  

After extensive t e s t s  on both nodels, the stilling s t r u c t u r e  r e c o b  

mended f o r  cons t ruc t ion  csnais tod  of a low bucket hi& served ae a 

r o l l e r  bucket f o r  l o w  diechasgeo and as t-i t r a j e c t o r y  bucket for tho 

This bucket i e  ehwn s c h a 3 a t i c ~ J l y  i n  thie  report a8 Test 1,. C o o t  . 
m d  t a l l w a t e r  condit lona prevented the t ise of A h y d r n ~ t l i c  jump ayron 

while much additional excavation would have been necessary t o  m a k e  uoe 
C' 

of a r o l l e r  bucket for t k e  entire range of flow condi t iom~.  

Due t o  differences in found-:tion conditions at the damsite,  revealed 

during the evrly ~t : igee  of cons t ruc t ion ,  the  rremclnt inveetigst ioitr w a s  



~ndart~lken.  Extensive t e s t a  m d o  on E. 1172 model indica ted  oseant i n l l y  

the  alne r o s x l t e  a s  obtained i n  t he  e ~ r l i e r  t s n t e ,  In  addi t ion ,  however, 

t h e  d2ngeroua e f f e c t s  of an eddy in  the do& c ~ n t u r  RTPR downntrem from 

the -sowcrhouae .and ad,j.cent to  tho s p i l l w i j  wore recognized, and stt@q~t% 

r?,.ida t o  roduco i t s  f?xmful  af fects .  The m e s e n t  t e s t s  wore nnde with 

no flow through tho  noverhouoe which rnmrlto ,  nrobnbl:r, i n  R woree eddy 

condi t ion  than wi th  flow through t h e  twb inee .  In t h o  a l l r l ie r  t e e t s ,  

the povrerhouae w a 8  In onerc t ion  dur in& all 6-pillwn;r t e s t s .  

This report w a s  roqussted by Aasistmt Chief Engineer ET@JcZer f o r  use 

b y ?  the consulttng board and othoro reszons ib lo  for the design of  Daoie 

3en. Tho i?aterlrd orescnted gives tho results of  t e s t s  nade between 

k ~ r i l  1 pad J u l y  25, 1947. 

sUM!.!-aY 

The s p e c i f i c a t i o n  bucket,  reconuended as n result of t h e  1942-19b3 

t e s t s  vzn inetalled in the l:72 e c d o  model, ISroaion WEB not excOsaive 

bolow t h e  bucket li?, bnt with no f low throup& the  powmhouse, t h o  eddy 

in the  dew2 wnter esea on the r i g h t  s ide  extended in to  t h e  powerhouse 

t a i l r a c e  c m ~ a i n g  excessive eroeion slong t h e  riownatrem face of the 

?merhouse, .nd at t h e  en6 o f  tho r i g h t  snillwzy trzinlng wall. 

To reduce the harmful e f f e c t s  o f  the eddy, v'zrioue schemoe w e r e  t r i ed .  

A r o l a t  ive ly  long hycir;ulPic ,jmp c7ron wr.s t,oetaC end fo~rnd t o  opera te  

s a t i s f a c t o r i l y  f o r  nresent  tailnnter conditions. For high dischzr;:aa 

vtth t h e  : ~ l t i m ~ t e  ta1lu:ztar elevnt ion, howev~r ,  t he  jump swept out  of the 

q r o n  a d  03erstiqn HBD then elmi lsu  t o  the snecif icat ion bucket. 

Presont t r . i lwator  is the e l - a t ion  of tr i1 lw:ater  eqec ted  t o  obtain 

immediately after the  s t r u c t u r e  i e  ylc?ced i n  operct lon.  Ult imate t311- 

water uill. obtriin a f t e r  de&rzdation o? the  r ive rbed  hae occurred. Thus, 

u l t i m a t e  ta1lw:itctr i s  about 29 feet lower thm 1)rooent tn i lwe te r ,  Both 

t a i1w:~ te r  onmreting curves w e  shown i n  Test 2. 

The specific: tion bucket, wne reinstalled i n  the modal  with tho  l i p  

c?t # . levat ion  40, -.pd the existing rock between t h o  s~ill!.r~,v and t h e  



t h l - t  the  oroeion nt tho bucket l i p ,  m d  i n  the noworhouao t n i l r m e  

was reduced since the  eddy tme reduced in size m d  Intensity. For 
\ 

L 
u1.t l n a t o  t allwntcar condit ions,  h o m e r ,  the edcv w r e i e t e d  and tended 

* t o  undernine the  rock -xojection. 

The sneci f icnt ion bucket was then ra ised In  step6 until the l i p  

II*:~R ~t olcmat%on 515.0. A t  thile elev~. t ian ,  the  jo t  leaving the 

'~1:clcet tf2i3 i~bove the  tailwater f o r  all diechnrgee and t ~ i l w z t e r  olsoe- 

t ions  and the w ~ t e r  was thrown downstroan the  maxinun dietance possible. 

The r e su l  t ine erosion *rag deep near tho bucket l i g ,  and the dostruative 

action of the eddy wna not noticeably reduced. Tho nE,Cition t o  t h e  

model of a cofferdam o tmc tu re  loc:~.ted ners the l i n e  of tho right 

t raining-wall ,  a e r t  of x cof f ard212 necossmy f o r  ?rotatype construction, 

failed to decreafio t h e  effects of the  eddy. 

A d e q  buckot w a s  next t r ied  in the hopa that the ve loc i t  ioo at 

the end of the ayron would be reduced auf f ic ian t ly  t o  d s o  decrease the 

e26y velosfty.  Despite the s.tiofactorg a q ~ e ~ ~ a x ~ c o  of the wntcr w f a c e  

in tho area usual ly  occuyied by the  eddy, considerable erosion occwred 

below the cofferdam. M m ,  th6 cofferdm. was underninsd to  ir degroe 

t h a t  ~ r o u l d  make i t s  s t a b i l i t y  pes t ionable .  

An a t t i a n t  was then made to'reduce tho erosion by lungthening the 

saecification bucket so that t h e  jet  wns thrown conariderably fu r the r  

pawnstrean. The bucket wagl lengthened 150 f e e t ,  md eloped upward, 

the r e s u l t i n g  o ~ o r a t  ion WZG a t  ill nnsnt idactory,  The eddy noroisted 

and the  r e s u l t i w  eraelon w t8 exce98i~e .  

Final ly ,  the snec i f i ca t  ion bucket nrte r e i n s t a l l e d  in the  model for 

further dwaloment  and tee t ine ,  s ince  it appsvared to  show noet proniae 
. hydr%ilical ly,  and from an ecomnic standpoint aupemed t o  be the 

cheapost t o  construct .  With u l t i n s t s  ta i lwater  and the cofferdm i n  

place,  the onernt ion appeared inproved. The dew eroeian hole wjra aoved 

downstream 1~here it was of less concern, but tho coffordm vae under- 

mined ~onawhat on the apron side. Some erosion, nleo occurred i n  the 

powerhouse tailrace. 



It n&s found t ha t  t h e  ewd, a f t e r  conpaction, eroded r e a d i l y  et a ' 

v o l o c i t y  correemnding t o  3 feet par eacond prototyy~e. Also, t h e  0nnd 

olumped b d y  when wet Pnri it wan f e l t  thnt  t h e  eroeion i n  t h o  model wrm 

orcees ivo  f o r  theao reasons, - 
9 

To more f u l l y  understand t11e ty-pa and mount  of erosion tho t  would 

a c t u a l l y  tL?lce place  i n  t h e  p m t o t m e ,  the  model bed $ins molded of 8 

mixture of Lumnite cement and sand that would erode at a predetermined 

I volocl ty.  Estimatoe of the  a b i l i t y  of tho uroto tppe  bed mate r i a l  t o  

r e s i s t  eroeion were made and sand-cament nixtures were developod t o  
I 

res iet  croeion t o  a eimilar  degree in tho model. It wao estimnted thnt  

t h e  rock  outcro?pings on ths r le t  and l e f t  banks would withotand a 

v e l o c i t y  of 14 t o  16 f e e t  7 e r  eacond before  e ros ion  s t o r t d  and thzt :he 

rivorbed ne.terial would withstand 7 to  8 f e a t  n e r  eecond. With these  

calfbret  cd n i x t u r e s  in place ,  t o e t  i n g  w a s  r e w e d o  Indiczt  ion6 were that 

wi th  nrosent tailwat 1.r co:~dft ions,  t h e  eddy wp-a not dangerous. Areao 

that h . d  been badly sroded wllm loone svna was used f o r  r i r s r b e d  mr.toriN 

were untouched by eros ion  when the s t a b i l i z e d  omd w - s  ueed, 

For ul tki late  t n i 2 ~ : ~ t e r  t e s t s ,  the  r ivorbed vi is  molded In s t ab i l i zed  

emd 15 f e o t  lower thm f o r  the t o s t n  u s i n g  preeont  tn i lwe te r  canditions. 

Tno eddy w s nore i n  evidsnce but d id  not cause nerious dmage close to  

the  bucket f o r  high dischare;ee. O f  more concern i n  these  t e s t s  wao the 

e d w  fornation i n  thc bucket t t  self f o r  d3schnrges up to  50,000 second- 

feet. Erosion t e s t s  ahowed t h a t  f o r  these lo-erer diachargee, tho  gound 

r o l l e r  W;rS not ~ u f f i c i e n t l y  developed t o  b r ing  n n t e r l d  back seeinat the 

o i l 1  and tendencies toward underc~ining of t h e  s i l l  were present ,  nrobubly 

c a s e d  t o  some extc ln t  by the  e d d i e s  i n  tho bucket, A t  ciischm~et-  tibova 53,300 

aacond-f o r - t ,  the ground ro l l e r  caueed oraded nat e r i a l  t o  be depocl ted i n  

t h e  w o a e  close t o  t h a  sill that were oroded by t he  malles discn~xgee ,  
:# 

Altllough the  ope ra t ion  of t h o  speci f ica t  ion  h c l : o t  i r ,  uns:,t isfactory 14 

somo r e s p e c t s ,  it is the oninion of  the Wdrrwl ic  Laborntom ntrtZf, 

sivrred b. '!esrrs. McConauehy end Hoffman, thn t  t h e  opeclf lcut ion bucket 



t r a i n l n ~  walls on tho  ~pron, n cofferdam along t h e  l lne  of the  rlat 
t m i n l n g  w a l l ,  o r  a diagonal mmr dike  between t h e  r i g h t  t r a i n i n &  w d l 8  

rind the ?owerhou~e, or  sane cornhination of theee  n i i l  s u f f i c i e n t l y  

Improve the onera t ion  of the 8pec i f i aa t ion  buckat to make i t s  psrfomance 

s a t i s f a c t o r y .  Teeta t o  detnrmlne t h e  e f f e c t s  of theae a t ruc tu ros  a re  now 

In progress. 

A cornpariron of coa t s  of t h e  variotre buckets t e s t e d  Is shown. In the  

fol lowing t a b l e  : 

DAVIS DAM-- SPILIzW 
Cost Cornnarisoas--Spillvny fhlcket Studlee 

(Scheme numbere c o m e ~ a o n d  to  t o s t  numbers) 
Additional 
c o s t  ovor 

Scheme Descr i n  t  iqn Scheme 1. 

1 S3ecif i c n t  i3n bucket - 
2 Junp p o l l ,  f l oo r  at e l e v a t i o n  460 $1,330,000 

2-A** ~ u n p  pool ,  f l o o r  at elevrltion 1454 1,560, 000 

5 Free j u ~ p  pool 75 f e s t  R, l i p  at e leva t ion  515 330,1303 

6 hgostura t y ~ e  bucket, invert  at e l evn t ion  a 0  l,?30,080 

7 Angaature tgoe bucket, invert :+t e l eva t ion  47'0 - 

8 Lengthened spec If icat i on bucket 

*Field cos t .  Does not include c o n t i ~ ~ g e n c i e s  of overhead, 

*+Not t e s t e d  o r  shown. 

DZSCRIPTION OF E S T 3  

- Geaeral Infamat ia 

Exce3t for feet6 9 a d  10, e ros ion  t e s t s  were made uning sane, vhich, 

undsr actud t e a t ,  began to erode at a v e l o c i t y  corresponding t o  3 f e a t  per 



was e i the r  of 21 or ?-hour duration. The &hour t e s t s  lndlcnt e the 

general t r m d  of the eronion and, for preliminary lnveetlgation, supply 

dl the  necagoary information, 'Sl ight ly  deeper eroeion was uaually 

found &tar 7 hours of opedation, but the general pat tern  remained the 

Barn@. 

Arrows and numbere on the aroaion tea t  photographs show the direction 

and amaunt of veloci ty  manaursd during the t o e t  run. 

Teete 9 and 10 were rn;ade ueing s tnhi l ized aand t o  represene the 

prototyne riverbed. To determine the  p r o ~ e r .  proport ions of the final 

wlxtwe, trial mixt~recr wore nnde, cured, and sxpoed t o  tho eroeive 

ac t ion  of a j e t  of water whose voloci ty  was known. A mixture of  1 pnrt 

Lumnlte cement to 110 p a t e  of sand was found t o  erode at a veloci ty  

corresponding to  8 feet  per second(prototype]. A mixture of 1 p a t  

Lwanite cement t o  75 part8 of omd was found t o  erode at a velocity aor- 

reeponding to  15 f e e t  per second (proto$ype)r In  both cnaes, proportione 

were by weight md the rnlfttures were used i n  Tsete 9 anh 10, 
Tho material contained in  this discueeion includse o~aly the  

elgnificant teat6  and does not mantion other t o e t a  which aperrred to be 

inaortant at the  nonent but did not prove of value In obtaioling an a n s w e r  

t o  the problem, The following pages subatant i a t e  and i l l u e t r e t e  the t e s t  
I 

renubts previously s y a r i a e d .  Deta i l s  of the buckets and a e o n s  tested, 

test data, o ~ e r ~ t  ing  condit ions, anc! approprirrt e c ommenti s are included on 

the, sheets preceding the photographe. 
I 
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Test lbo. 5 



-4r :gostur~:  Type 3ucke t  

'flit:, thf L lo \ \  !..uzicrt tk-e r o l l  er act iczi  acclzrred f o r  a l l  
d -1 scht r r t -ee rAr,d t t t  i l~j tnt~r conditioxfs.  The bubraere;ed bct io l l  
seduced the surf%.ce ve1oc:tlrs ia the eCdy on the right 
s i d e  5ut P G C . ~  B I ' C S ~ Q I ~  V.CS still evfclsnt and the coPferCum 
was u n d e r n 3  r.ed. l 'hol,ograpks or1 the f 01.1 owing 2 peccs show 
first, t h e  ~ c t i c r .  or. tlnu below the bucket  and secccd, ttc 
 result^^ of e rus lo r ,  T e z t  KO. c. 
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Si l!ce 1,!.e I;::F-~~t :I;T:, t y : j e  Sui:t.:et htt2 pr~ l r r ; ( !  
eff'e.:cive ii; F I ' ~ : v . ' - z ~ ~ ~ . E  e.l-,.:et.sive ercsicr. c.3 ~ t I ; s r  
s t r ' t ~ c t u r e : :  it Y ' i - i !  L e s t e d .  h i  t h e  e i e . l b t i l r i  zh(;';.~l. 
Ir. th l s  ~ o e l t i c r ~  the ';dt:4 a t  i ' i t t c t i  ;f=e exi: ; t i r ,g  
r ' @ u r d s t i c r i  !:cr:.liti~ri>; t:: ,,;:'e3t;cl1 kc7oct3i;c. 

Tt:e c p r i i  t io i l  :*:ti:: si.a;i i.ur tc; ; l~e  rspe!:ifi=.k-, ia;: 
' C ~ C ~ C : ,  i ~ i  tkiat LLQ , ; s t ~ r  ':+~JC tjlrcc;:: C ~ ~ B F  cf  t k , ~  
bus,L:et fc? .  :3c,iic:(:ns a:i(! ZG rc;i.tt:. z:',!:.r! 
c s c u r r r d .  

Tk:e rss : l l t i r :g  eri.sic:i is  eh.;or+;ri in t h e  
.@ 7 7  * C - L C W . . ; K ~  r )kc tofyhg . .  

Test No. 7 "---- -....--.------- 
Disckasyc - 175, LOU s e ? .  -f t. 
T u l l ~ ; ~ + , e : .  - k1.a . --s T - 1 .  5 j? .'?? 

Tlr..e o f  T'tsrt - 2 krs. 



Tsnt NO. 7 



Cres t  X1. 537 

The gk~c',o;;r'tri>h or, t h e  o,?;:ct,rili: silows 
the j e t  he  i;.i: " t k , r c ; ~ : r ? ~  2 l a u r  of l;hc r o c k  
~ ~ c , : B C ~ , ~ C P . .  ':kt? j e t  1W:i T , C ~  1'+311:.:,,:.;i:'t :'r.y ir,[:ckf!l, 
fic;i.cve:., t r :  !:revent t h e  e d d y  f ivo;i! a t tc3inir .g  :: 
~ e i o c i t y  0;' 16.2 f's. pel.  seuo!;J, ; i r c . t c t y p e ,  nnC 
c a u s i n g  e x e e , r ; s i v ~  ec=.i;cior, c~ s!.r';..c 11: ?,!:e second 
;;kc t, c.grij ph . 

T e s t  110. 8 

Discharge - 175,000 sec.-ft, 
T a i l v a t e r  - U l t i m a t e  - El. 515.7 
Tine of T e s t  - 6 hrs .  30 min. 
































