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The greater part of the program o f  h~raul io  model studies oon- 
oerning the development and desisn of the specia l  f l oa t ing  oa£ |son f o r  
Inspect ing and repa i r ing  the sp i l lway bucket o£ ~rand 

Coulee Dam, was made on a 1 to 60 soale model o2 the dam and  approximately 

one .f i le of the downstream river channel, constrUCted atthe project. 
t i ga t tone  per ta ined to operat ional  n h a s  : i The 
the dam, ac t ions  oon t r ibu t i .~  +^ ~L se £nw . bucket, ~ e s  of the hydr,  ul io  f . a t u r e s  o°~ 

o -uurmd in the ,spillway : 
measuz-cs to min/mtze or e l imina te  the source of the d ~ g e ,  and 

methods of protoctin~ the tailrace Slopes and flyer banks fr~mdestrue. 

t i r e  erosion by flood Waters. 1~o 1 to 80 models o f  the caisson,  con- 
s t ructed in the Denver Shops, ~ere used in many of these 
Pertinent tests were e • tests. 

P rformed in ~- ~ : : ~ Other - 
"""  uenver hydrau l ic  l abora to ry  o n a  

i to 20 ~oale working model of the floati~ caisson wi~h its operating. ,, 

barge and POWered ho i s t s ,  a 1 to 42 model of the caisson ~drydoek and 

gate slabs a 1 to 60 model of the base of  the Fight t r a i n i n g w a i 1  and 

bucket ~eotlon, a 1 to 24 model of the Grand Coulee turbine scroll ease 
draft tube i to 3o m ol 84 n 

bins draft  t.be. The an 
investigations were begun An 194l and the tests 

conducted between June 1943 and December 1944. 

Plans f o r  the 1 to 80 model dam were prepared bY membol-s o f  t h e  
concrete dams section in cooperation With members of ~the hYdraullo 

l abora to ry  s t a f f .  The model was constructed in  the Vista Park a r e a  

about a quar te r  of a male upstream f rc~  the left abutment of Grand 
Coulee Dam by project personnel. 

Plans and details for the i to 20 model of the oaleson and opera- 

ting barge Were prepared by members of the @anal seotlon An Cooperation 

with the hydraulic laboratory and the model was ~oonstructed by workmen 
in the Denver office shops. - 

Plans and details of the remaining models were prepared in the 
l abora to ry  and the models constructed in  the  Denver shops .  

Credit is due project personnel and members of the Denver o£floe i 

who took par t  in the p l a n n / ~  constrUction,  and t e s t i n g  of the ~ d e l s .  



ProJeot workmen ~ e  to  be o~me~ted on t h e  e z o s l l e n t  ~ o r ~ a h i p  ~n the 

oons~ruotlon of the 1 ~o 60 model dam. Spaoe and time do not ,Permit 
~ndlvidual mentlon of those who Partlolpa~od, 
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and pro~;eo4~£o~ ~ o f .  ~he s: 
oF t h e  ~ l n a o ~  .s~opes ,and",do~ 
Coulee ;Dam --~ C o l ~ b i a  Basin Pr 

i!i   iill • ~,i~£ntenanoe, ~ i • i :, 

I .  :INTRODUCTION : ,: 

1.  ra .io rnt u.e% GrsJidCoulee 
• J i i 

lJ.o f e m ~ r e 8  o~ Grand Cou~oo Dim ,,are *ts  ~ovez 

o u t l e ~  oondut~s,  two powerbousos, ,  and.~p~p~n~ .. 

ptmpin~ plant  w i l l  no~.~be .oonnidered £n ~,th£8 

d i reo~  boaT£n~ on t h e  p r o b l e s ~  t o  ~be ;d£soussod. 

~h4J a13~.l]~VIk~rfOr OOZX~'iI~::e~:)lU8 '~IOW ~ 1  the  reeervo~r  to  the  

r £ ~ r ~ l ~ d  downatreem .has a ~ r o s 8  len4~h ,oF 1~650:~oe~.  Z ~ 8  ;ore8~, - ,  

having a n  o~oe-prof£1e ,  i s  oontrol~ed " ~  

drsm :K1~ee. 28 £.O'G k4gh ,and-135 f oc t  o ~  '~ 

ink a :roadnF aoroae ~ho d e .  b o  ~training wa~li8 ion ~he  . . . .  "~ r " ~  

~ o e  o f  the dma oonf ino  bhe a.p£11w~y f l ow  .~o a ro . l ler~buoket  ~eti'~.lin~ 

pool,a~ £t~ .toe.  The . . . . .  

our£&oe and - ~ l ~ m ~ r  ee~ 

a o ~ L o ~ o £  ~ 8  f e ~ u r o  under £1ood oond£~on8 may ~be ~ob~a~nod ,~r~n. ~" 

p h o b o ~ p h ~ - o f  bo~h ~he model  (~l~ure 2 ~ ,  :and f u l ~ - s ~ s e d  s truoture  '- 

TI~ _s~rt¥ ~102-£noh diameter r£ver o u t l e t s  arranged ~n ~ h ~ e t £ e r 8 ,  

~ o h  d ~ £ 4 ~ n ~  £n e lev~:Lon by ~00  ~oet~ paso ~hrou~h the  r i g h t  ~wo- 

~ t h £ ~  .oF Cho 8 p i l l w a y  ,oeo t lo~ .  Eaoh t i e r  ~oonta~ns 2 0  o u t l e t e ,  ar.ranged 

m 
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i n  :pail 's ,  looated dA~eotl:  

• L1 emerEe trom the  downstream :lose ;, 

down 1to taoe in~o t he  s t i l l i n ~  Pool  

t l O ~  I r i ~  the ~upperL, interm~dAa~e;:.c 

obta ined  from photographs o f  the  

The two pewerhouses,  s i tuat~ 

end of  the  sP£11w~y,oeotion, hav~ng a n : ~  

kilowatts eaoh. ,exoludi~, settles units,, 

: turbines  through dral% tubes  ~nto i ~ ~ r a c  

banks ,  whore At passes ln~o the ~n~riv~ 

spillway s~illing pool. : " 

'The ,energy in the l ~ e r h o u s e  Flow 'ha 

trieal power and the water.oon~ains ~littl 

leaves .. the draA~ tubes and ~flown "into "~*he 

t h a t  '£rcm ~ e  spAllway o r  .rAver c 

i t  e n t e r s  the  t a l l w a t e r  and  t h i s  

Otherwise exoessAve ~erooAon £s- - l t ke !y  ~o ooour  a t  the  ~¢oe., "~ :i!~i 

The ourved~surfaoe .or b u c k e t  :.at :~he ¢oe o~ t h e  dam:.m~ pr 

aoo~p lAsh  t h i .  t r a a a £ o ~ t i o n /  s p l a e e  ;as. thei~ehee~:: ! ,: • ~, 

the  ~t:L lwater.  n S u r e  4.  The deorease In  " e l o c i t y  due t ; " . : ! t h e ~ i ; i e t a r ~ l a :  . . .:-i ,. ' .,"-ii 

stbleti°n Otfor~lOw u i t  passes  t h rough  t h e * t a i l w a ~ e r  s -bucke t - i~  r e  .i ~th~ 
:a  ~arge 

p o r ~ L o n o f  t h e  . O ~ e .  b u t  st;her ~eaotora o o n t ~ L b ~ t ~  ~ - i  

buoket l ap ,  on a 1 to ~1 ~olope upamard, ~gravlty .oounteraotS t h e . r e f U t e s 1  - "~; 

oomponen~ reduoing the  energy .cOntent and ~the ti~ioke~ing s h e e t  . d i v i d e s  .i 

A s ~ l l  po r t ion  ~of the  top . la~er  turn~ u p s t r e a m t o  form .an e l l l p t l o a l  

r o l l  o~e~ the  buoket in  which t h e  energy i s  reduoed ~ u r t h e r ,  wh i l e  the  

remainder  moves down, i r o n  Where the  ; o w e r - t h a n - ~ a i l w a t e r  p ressure  below ~ ~ '  

the  buoke~ l i p  oau~es some of .the £~o~ a t  the  bottom o£ the  e t r e e ~  to  

s e p a r a t e  and form a ground r o l l e r  in  whioh the  Water oontaotAng the 

r i v e r  bed moves upstream. This r o l l e r ,  noted in  model s tud ie s  durin~ i 

i 
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FIGURe 

A, Lower t i e r  o f  r i v e r  o u ~ e % s  i n  o p e r a t i o n  

B. I n t e r m e d i a t e  t i e r  o f  A v e r  o u t l e t s  i n  o p e r a . o n  

Co Upper ~ e r  o f  r i v e r  o u ~ e t s  i n  o p e r a t i o n  

I~E 1 TO 60 MO~L OF @I~D COULEE ~ WITH 
THE LOWER~ IN~E/~EDIATE AND UPPER TIERS OF • 

RIVER OUI~ET$ IN OPERATION 
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t h e  d e v e l o l ~ n e n t  o f  t h e  b u c k e t  d e s i g n ,  was o b s e r v e d : t o / m o v e  river-bed 

material upstream and deposit itbelow .the-~bu6ket" ~P,.expendlng:addi.-. " 
t i o ~ l  e n e r g y .  

I t  was important that. a maxL~um portton.:o~:-: :~he• , energy .  ~rom .-the 

spillway end  o u t l e t  flow .be t r a n a f o r ~ g d  4~+.'^ " ........ ' 

tioularly when  c o n c e r n  w 

to the bucket b y : m o v i n g  

which might decrease its )~: 

2 .  Desirabilit~ o f  

Dam. The necessity 'of ~Jd :Larg ...~i;il.i~,~, 

seaaonal ~un-off did not l~rmlt aun : ..>:, 

f l o w  within t h e  s p i l l w a y  s e o t i o n  , d u r i n g  .ithe : : ~ o n e ~ r u c ~ i o n  of",Orlknd C o u l e e  

Dam. As a r e s u l t ,  e x t r e = e  oonoent r~ t ions  . : o r ~ o w  o f t e n  m Lsted,:. : ~ g h - :  .::. ...: 
veloolty eddies, c a l e b I s  o f  • : :..: 

• lals o n  ~h river bowoffiO ", :i:i i :, 
fo=ea in --i, eno id 

ingot of roo s-on oe.:. o iV=i':ii  . . . . . . . . . .  • r e  

w~oh was a u a i b l e  a t  ,tiaesorr~.:.the b~:, :.:~?~:i: i ,i:~t~r, :::I 

lieved to have been t~sp ~ed:£nto:".i~e':b',o~et::of-:tle"::s] ~i~::::::..::.:::~. 

faces bYabnulon:due.-:to the movement:::.of;:thi.,s:iaate-rl-li::e~et~.::.::::?: ~ :=:::::" . - .... 

> . ...... ,~.:::?/ 

d i s  lodged frma the .ntmeroue ;:~t~:eetles ,. eOa:Ofl;id,'~ ::,pla:£~is:::~ ~eo~ :::': ::::;?.. .: :: ':'::::': 

erected in .the ,sp:l: 'o:~i:on :~: ;ri~:d:, :and ~:.'::~ -,.:::., :: 
~ h a t  these had b e e n  • '"":= ..... 

" O e .  by . e i r  = v .  J'J" : : :~ -- : " ",: Ir• ', 

£aotors respon.ible.-for..the .ins:~i~ation of:btlud:e,:. ..... : " 

m~ans ,of nakln~ a n  in~.peotlon of :the concrete .snr£1ees:. . . , ;f-~'  .......... :..:i":':: .-:->::": ..... .:::': 
way - b u o k e t .  - . . : 

: D u ~ n g  t h e  p e r ~ o d  when t h e  : . s t r u o ~ r e  :was :n ::: iiil 

i t  was . n e c e s s a r y  t " " " ~ .... " - . " . . . .  ~::~~.', ..... 
. _o releaae )~e.:::norm~l r i v e r  fl; ::-.. -~ 

.~e.otion,. either v i a  the t: i"::::')?:.~ ::" :~" 

'by  d i v i n g  ,was o o n e i d e r e d  adwt r se , ! , eddv  e u r r m . ~ =  ' 

..ig .the :river: a~ Jaoent .to .~he .~oe~.o~ ::~the ~ "*~::::ii~: 



was c o n = i d e r e d  imperative that an inspection :be:.m~d~ so  " 

on the design o f  special equlpment for that;pu: 

the flow of the Columbia River 'at Grand:Coulee 

second-feet occasionally, exceeds i0o,000 second. 

; ?  

J 

7 

! 

not permit e uniform distribution of the flo~ 

- :~,by using,  ~.- unifom~ flw¢ could not be obtainod i 

In the preliminary stages of the dev61o~ - 

repair equipment, it was planned to 
0ess water through the / . i  

river outlets or over the spillway g 
..from where the 

. o p e r a t i o n s  were being performed, .... 
thus~ if"the total fiow pass 

exceeded a • ~'~;~; ' 
Ppreozably that!::~,f the .left powerhouse the oonditi 

the dam.mlght become so-rough as  ..to cause .t~sporary postponement O~ 

suspension o£ the rcpairwork. ~lor~eover, unsy~metrioal-lcond/~10~s 

prevail similar to those existing during construction a 

tion of the spillway immediately foli~ 

conaide~d the ~tln sources of the damn 

in this rot 8 eh long " 
periods ," repair :work :mi ~ht bec 

tinuous operation. To eliminate .this pc 
ssibility, and assure agalm~¢t o :~;i-:./ 

f the repair season'due to choppy.water"below ~he spillway., =was .;~ 
it planned to provide o~er...facill%iet 

flow during the low-water season from~he ~.-: . 

river channel. Outlet works, with ~the Water b~pasalng the d~ ~. .:~ 

tunnels, were considered, but in View of 'the ..excessive costthis .plan - " 

was abandoned and consideration given to using the.undeveloped power ~': 

facilities in the right Powerhouse. Diversion throughl.runneriess %ur. . -!i' 

blne scroll eases of two units was c~onsidered .but materials werenot :i 
, . . . : - .i ~ 

a~ilable and .~he hydrmhlic problems .were .somewhat. complicated,. ~.ao ~he " " ..~ 

plan .was abandoned in £a~or of one involving the installation of:8~-inch 

needle valves b.etnween-the power penstocks and. the unfinished turbine . :: 

d r a f t  t ~ b e s ,  im ~J~is a r r a n g e m e n t  S ~ e e l  comes and  e lbows  w e r e  t o  be 

9 
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used for connecting the valves %0 the penstocks while .a special steel 

transition embedded in co, rate 'would ~oomplete the passage:from %he 

valves to the draft tubes which ,would discharge, into-,the tailrace 

downstream. Model studies were'made of:both.designs'and. _~':~,.. .. • variatlo~. 

of them. However, evenwith the additional oul 

would have to be seasonal .and equipment  .,wouI~ ~ l ~ 

t h e  b u c k e t  each s p r i n g b e f o r e  t h e  f l ood  s ea son i  

location for protection, and returned '%];5i<6h e dam asithe flood:nters i , 

subsided. Various types of equipment were : p r o p o s e d ; "  

ful consideration, a structural-steel ,floating :caisson:was ,designed 

ing space or chamber underneath it ,emptied or filled and then "raised 

5. The s p i l l ~ ' c b u c k e t ~  i n s p e c t i o n  and i r e p a i r  c a i s s o n  , The 

caisson is to be a ~:ox-llke~ • ~tructure,. approximately-i17 feet :long 

and 5S feet:~ide, constructed Of panels of structural-steel glrders " r 

.and steel skin plates Joined by rlveting or welding, figures 5 and iS. 
" . 

Although differing somewhat in detail from the final design, the 

general description of the~i.latter oo~ained in:the Iollowing para~i ; 

graphs is applicable. ~ <~ 

Two l a r g e  panels, abou t  2-1/2:feet " ~:" : ::: ......... : ":: thick: with i~he. bottom"sag:e :- 

shaped to fit the designed profile of 

the sides of thb, stnicture while panel~ ,~, 

will oomplete"the sides of the b o x . . . , : ~  ~ 

A large cellular panel containing seven:celis s .- •~- 

about i0 by 6.1/2 feet in cross ,section ,through the ~een~erripor~io n , 

of the panel and two cells 6-I/2 by 8 feet.at :the ends; placed ,: 

between the side girders and centered on :them, approxim lith : i 

the long axes of the compartments horizontal and their med 

by the inside skin plates of the side girders. ~will pro.vide the ~: 

floating and trim tanks of the caisson as,well as the floor for ,the ~ 

barge well and a portion of the top of the working cha~nber. The top ~ 

of the working space will be completed by panels extending vertically 

from the ends of the cellular section to the top of the side glrders 

i0 
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and f m  t h e s e  p o i n t s  a l o n g  t h e  t o p s  0 £  t h e  g i r d e r s  ends  o f  t h e  

c a i s s o n .  When i n  p o s i t i o n  on t h e  b u c k e t ,  the  work~ w i l l  be 

bounded by t h e  bucke t  s u r f a c e ,  t h e  i n n e r  s u r f a c e s  o f  t h e  . s i de  and  end 

g i r d e r s ,  and t h e  bo t tom s u r f a c e s  O f  t h e  i c ~ i l u l a r  arid top  p a n e l s .  A 

huge r u b b e r  s e a l  w i l l  be p r o v i d e d  a l o n g  t h e  bo t tom of  t h e  s i d e  a n d  end 

g i r d e r s .  With t h i s  a r r a n g e m e n t  t h e  r e p a i r ~ w o r k  can be ace/!~ "" hod - 

u n d e r  a t m o s p h e r i c  p r e s s u r e .  

Four  c i r c u l a r  s h a f t s ,  7 -1 /2  f e e t  ~ -  a 4 a . , . * . , , -  ~.~,.,,,,~.~ '~J.~,~ ~ o r n e r s  

of the cellular panel, will extend ve ~" 73 

f e e t  t o  p r o v i d e  a c c e s s  f o r  workmen an 

t i o n  on t h e  b u c k e t  and t o  house  maohi 
- . . v 

work in  E chamber and c o n t r o l l i n g  e o m p a r ~ e n t s .  

A well 51 feet wide. 75 fee t deepon top of 

t h e  c e l l u l a r  pane l  and bound0d b t h e  v e r t i c a l  

panels at the ends oft he eellul the operating • 

barge  r e q u i r e d  to  i n s u r e  s t a b i l i t y  o f  t h e  o a i s 6 0 n  d u r i n g  t h e  s i n k i n g  

and r a i s i n g  o p e r a t i o n .  The o~ t e e l  s t r u c t u r e ; o f  s im- 

i l a r  c o n s t r u c t i o n ,  72-1/2  f e e t  w i d e ,  and 12 f e e t  
/ / ? /  

deep ,  w i t h  t h e  c o r n e r s  n o t c h e d  f o r  t h e  a c c e s s ' s h a f t s ,  w i l l  b e  a t t a c h e d  

t o  t h e  c a i s s o n  from t h e  bo t tom b y  f o u r  12 -pa r t  l i n e s ,  one a t  each c o r -  

n e r ,  operated from hoists on the barge. Luwerin~ the caisson will be ~ 

accomplished by filling the Space in the barge well°i surrounding,the 

barge and paying out cable from the hoists of the 12-part-lines on 

the b a r g e ,  k e e p i n g  the bottom o f  the barge below thewater s u r f a c e  i n  -- 
. . . . .  

the well until water begins tu flow over the top of theside girders. 

when the unbuoyed load of the caisson will be transferred completely 

to the 12-part lines of the barge and it can be lowere~ into the 

bucket by them. The caisson will be refloated by shortening the 12- 

part lines, forcin~ the barge into the well and pumping water from i! 

the well after the side girders are brought above the tailwater ole I :" 

ration, care beim@ taken not to overload the 12-part lines by foroing 

too much draft on the barge after the tops of the side Girders have 

emerged from the water• Vertical guides on the four ?-i/2-foot 
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diameter shafts will serve to control lateral movement of the barge. 

Four 8-part lines from the top of the barge ~ the bracing between the 

toys of the shafts will serve to equalize loads on the corners oL~ the 

b a r g e  and  t o  r a i s e  t h e  b a r g e  a b o v e  t h e  w a t e r  o u t  o f  r e a ~  ~ o f  w a v e s  o r  

other turbulence when the caisson is in 

in the drydock ~uring large floods 

in the sha~s or excessive wearing 

kept in continuous motion from th~se sources, 

A large V-frame or anchor frame attached to the ups%r~ corners 

of the caisson will provide for holdin~ the omissO, in position over 

the bucket durin~ the lowering and raising operations. 

There was no precedent to indicate the coefficient of re,lstance 

of the unusual shape of the submerged portion of the caisson against 

currents of various velocities. The magnitude and direction of the 

velocities in which it would be necessary to navigate were uncertain. 

Therefore, the evaluation of the llne pull on eal ~ cable 

during its transfer from point to point in the d, r chapel, 

to establish the c~ble size, was a major consideration. It was equally 

AS important to locate the shore ends of thel cables to attain optimttm~ 

maneuverability and to establish the number of lines required to accom- 

plish the maneuverin~ satisfactorily as well ae the ~eUvering pro- 

cedure for the nt~erous conditions which ~ 2,~i t r l n ~ . t h e  transfer ' ~ • 

of the caisson to and from the dam. Hydraulic model studiealseemed the .... 

{ .  ~odel studies o /  ~he inspection and ~ repair caisson. An exten- 

sive pro~rLm was i n l t i a t ~ i  r~ lu i r ln~ the eonstruction of a 1 to 60 model 

of Grand Coulee Dam as well as une of the caisson, l a  vle~ Of the com- 

p lex i ty  of the prOrbl~ and the l~rge model required, it was proposed to 

construct the 1 to 60 model at the project in the immediate vicinity o~ 

the dam where it ~uld serve for public demonstration after the tests 

were completed. When the investigation was assigned early in  1941, 

several locations for the model were considered. The down,stream portion 
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of the parklr~ area at the east end of the prototype structure was 

selected originally. The model designs and excavation of this site 

were well advanced when a proposal was made to incorporate the struc- 

ture with the vista house in the ~est Vista Par~.' Th~s~' required a 

complete redesi~n of the model foundation dependent upon the vista 

hous~ location and architecture, subsequent changes in which prevented 

the completion of designs and the preparation of construction draw- 
p • , 

inc.s. By ~arch 1942 plans for the model in its final i0cation were 

advanced sufficiently to permit construction. The model foundation 

was finished early in 1943 and the model completed and placed inlopera- 

tion in Au&~st of the same year. The tests discussed in this first 

progress report were conducted between September ~1943 and December 

Plans for inspecting part or all of the pr0tot~e bucket by~dJ 

were formulated durin~ the initial construction on the model. ~ The i 

initial inspection, which concerned the right traiaing wall, the bucket, 

and the inside of the left trainln~ wall, was begun on ~rch 8, 1943, 
i 

and completed ~arch 28, 1943. The results of this~imspection;!which 

indicated damage of sufficient severity to Justify rapi~ of 

the model and an acceleration in preparing plans for 

repair caisson, a~e contained in a report to the Fie~ 

Engineer L. V. Downs, entitled ploration of theS! "E~ * . . . . . .  ~ '  ~ ' ~ ~  

Grand Coulee Dam," dated April 15, 1945. :~ .~il. 
The damage to the spillway bucket reported from the inspection 

by the divers is shown schematically by colors on fi@ur~ 7 ~-~.. 

there ,=s slicht erosion of the bucket in: ti~e,construction blocks at 

the left end of spillway, increasin G rapidly t0ward the center, becom- 

ing severe at the Junction of construction-block rows 37 and 38, where 

a deep channel was cut through the bucket lip. Erosion of varying so- 

-verity was found to the right of this cut with the deepest in construe- 

tion block rows 52, 53, and 54, between the two banks of thirty outlets 

on the bucket lip directly downstream of the outlets, and on the inside ~ 

surface of the right trainin~ wall and on the 2-i/2 to i slope d~;.n- 

stream from the lip adjacent to the training wall. Also, wear exposing 

pea-sized aggregate was reported below elevation 945 on the downstream 
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face of the spillway. This conditlon was more severe across .the central 

portion than at the ends. The damaged surfaces were reported as having 

the appearance of being caused by abrasive action ratherthan by cavita- 

tion. Views as to the source of the erosion~at varlous points, based 

on observations on the 1 to 60model dam are discussed in:~sUbaequent ~ 

sections of this report. 

II. PURPOSE OF HODEL STUDIES 

5. Scope of model tests. Though the main purpose~ Of constructing 

the 1 to 60 model of Grand Coulee Dam, including the~downstre~n~rivcr 

channel and the drydook and floatingrepaircaisson, was to~oonduct 

tests for obtaining information relative to maneuvering the inspection 

and repair caisson from its drydook ~dova~stre~m (shown in,the frontis- 

piece) to the dam and return, and to study the behavior 0f~the caisson 

during the operations of lowering it into and raislng itfrom'~the spill- 

way bucket, the investigation was expanded~ to , include studies pertain" 

ing to important phases of operation of'the.various hydraulic .features 

of the dam and their relation to conditions.inflicting damage,to the 

bucket section. Tests were made also ioonoerning methods for eii~nating 

or minimizing future damage to the bucket~ section and training walls 

to ascertain Mat measures were necessary to   roteo  the tailrace 

slopes and river banks from erosion by eddies,~high-lveloclty currents, 

and wave action to prevent sliding of the banks~ 

The studies pertaining to the caisson-in.,particula in61uded tests 

to measure the ilne forces required in maneuvering ~the "caisson ~to and 

from positions over the bucket; to determine the coefficient of resist- 

ance of the caisson, moving broadside or head-on into currents of dlf- 

ferent velocities; to ascertain the positions for the shore ends of the 

maneuvering- lines to give optimum maneuvering conditions withe minimum 

line pull; to ascertain the magnitude of unbalanced pressures on the 

caisson should it become necessary to operate the spillway or outlets 

with the caisson in position on the bucket; to study the stability of 

the caisson durin~ the sinking and raising operations; and to investigate 
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operating combinations of spillwa~gates, outletc " "~ 

house units to produce optimum flowconditions foz 

c a i s s o n .  

TR8 ~ource of the e r o d e d  areas 

ing wmlls reported by divers in the 

the measures necessary to eli~ 

procedures produoin~ optimum:c 

the fall inspect!on were consi 

After the feasibility of 

bucket and t ra in .  

'late fall :of 19~3, 

g 

the spillway buuket and traiz~_~ _ . ~ ~ ~ 

adjacent river channel had been a s c e , ~ a i n e d ,  the limits ~ f o r  t h i s  w o r k  

were investigated. The necessity of removing material from 

banks at the entrance of the approach channel to the caisson drydook 

located about 1,200 feet below the dam, to prevent deposition of bed 

material and debris in the channel, was ii also. 

A study was made on the 1 to 6 0  mode] aw conditions in 
' .- 

t h e  tailrace and flows, to com- 

pare the damage i .......... eSts made pr@, ~ 

viously on a i, to 120 scale model and to determine what protective 

measures would be necessary. 

Other investigations on the lto 60 model included those concern- . . @ ; 

ing the desirability of unsy~uetrical ": 

river outlets; the agreement between 

characteri,~tios; the rate of recessio .... 

in the tailrace for power outa~ in~co~eotioh 

with providing synchronous by]~ slidin~ of the 

river banks; the conditions resulting fromlthe o~rationof the needle- . 

valve outlets installed in the right powerhouse; and the possibility 

of rou~henin~ the face of the model spillway to ~ive the model flow : - 

the appearance of the air-saturated flow of the prototype. 

Associated problems in preparing the model for studies concernin~ 

the caisson included verification tests regardin~ the river channel 

roughness required to produce water-surface @radients in the model 

correspondin~ to those on the prototype for various dischar~es~ -.~ 
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calibration of the model supply system to obtain data for regulating 

and ascertaining the flow bein~ supplied to the model! and~ests to 

evolve a means of regulating the river stage (normal tailwater) auto- 

matioally. 

The stability and operatim~ characteristics of the caiSsonduring 

the floating, submerging, and raisin~operatio~were investi~a~ed on a 

1 to 20 scale model of the caisson and itsoperating barge. 

The feasibility of tipping the huge concrete Slab, from the gate 

section of the drydock, where it had been poured to permitthe slnking 

r- 

A 1 to 60 plaster model of the ,t training wall 

and bucket section served to depict ~ ~ese parts of, the 

spil ay and to visuanse proposed  thods of repair. 

feasibility of various  ethods  roposed for b assin , por- 

tion of the low-water flow at Gram~Coulee Dam by the installation of 

temporary outlet facilities in the right powerhouse turbine bays was ~ ', 

investigated usiz~ a i to 24 model of the Grand Coulee turbine scroll 

case and draft tube, and a i to ~O model of an 84-inch needle valve 

and the Grand Coulee turbine draft tube. 

6. Summary. of results. Several tests pertainin~ to the operation 

of the I to 60 model dam were required to prepare it for the studies 

concerning the maneuverin~ of the repair caisson. Amon~ these were the 

calibration of the model supply system; the establishment of a datum 

for the various gages; the investigation of the water-surface Gradient 

through the model to determine if roughness and contours of the mode!~ 

river bed ~ave elevations corresponding to those  of the natural channel; 

and tests to devise some way of regulating the natural stage of the 

model river automatically. 

The calibration of the supply system was accomplished initially 

by usin~ the model crest as a measurin~ standard for the preliminary 

tc~ts and finally by traversin G the supply pipes with a standard 

pit~neter to establish an operating curve. 
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A datum for the ga~es for measuring the reservoir elevation, the 

tailw~ter elevation, and water-surface elevations through the model 

river channel were established by use of anen~ineer's level or by 

simultaneous reading of ~:e ~a~es with ~mter ponded in the river 

channel. 

By accident or otherv:ise the Froper water-surf~.ce ~ r 

natural sta~es of the river were obtained without the usual alterations 

and extausivs tcstln~. 

Automatic regulation of the natural river stage w~s found impos- 

sible throug~h alteration of the tailwater rezu!atin~ zate providedl in 

the return sump at the downstream end cf the model, 

The problem of maneuvering the caisson from the drydock, aiprox- 

imately 1,200 feet downstream, to the d~m and return by uSe .!of maneu- 

veri~ cables was solved successfully throu-~h the inve 

the i to 60 model of Grand Coulee Dam. ~The number of 
i} 

lines to transfer the caisson to and from the dam and 

able location of the shore ends of these lines ~o accomplish the trans, 

for, were determined also. The tests indicated that f ,~ 

be required to achieve the maneuverin~ successfully ~ 

forces. Small torsion dynamometers, designed for the maneuveri'n 

tests and attached to the shore ends of t}~e lines yielded data f 

which the sizes oi' the prototype iines were established. 

The coefilclent o. resistance of the caisson, head-on and broad. 
: / 

side to currezts of different velocities, was obtained from the model 

• ~O studies and close a&reement found bet.'con that I r the broadside con- 

dition and the value used in inizial com~utations of the forces actin~ 

on the structure. 

Throu&h a study of the currents existing, d~rin~ operation of the 

s]~illway Gates, the river outlets, the bypass valves in the rig~ht 

powerhouse, and units in the left F.owerhouse, it was possible to as- 

certain the mo~t favorable combination for .nancuverin~; the caisson 

from the drydock to the dam and returning& it to the drydock. 

The most favorable currents for this operation, &ivin;; x.~inimum 

line forces, were found to exist vlhen the major portion of the flow 
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was concentrated through the left powerhouse and over the loft end of 

the spillway, with only three or four of the bypass valves in the right 

powerhouse discharging. Although this distribution gave minimum veloc- 

ities a~ainst which the caisson would have to navigate, the model indi- 

cated little choice between it and the case where the same quantity ': 

passed through the powerhouses. Acceptable conditions were indicated 

on the model for all combinations of flow through the units of both 

powerhouses ~.~.inimum line forces ere ~ndicated for each combination 

when the caisson ~ms mo~ed from the drydock ito the edge of the current .. 

from the bypass valves of the riEJ~t p'owerhouse, headed directly into 

c rre t, ferried  oros  it. up tro  i to p sitlon 

over the bucket about 400 to 600 feet inside the right training.~wali~. 

~rou~h studies of the currents and the roughness of ~the~ Water ~! 

surface on the model, it was possible to establish a program of opera- 

tion for the spill~ay to obtain optimum flow conditions for a survey 

of the bucke~ durin2~ the 1943-4d low-v~ater season. In ,-enersl the 

divers experienced less difficulty during this than on the previous 

inspection° a fact s~tributed, in part at least, to the model tests. 

Pressures measured on ~he sides and ~op of the c~isson in the r'i!~! 

submerged position, w~th unsymmetrical operation of the spillway and r 

river ~utlct~, intimated that it would be poss~b±c ~u con~ir-ue work ~i~i~_ 
with the caisson only so lon[~ ~s the flows from these sources were 

repair materials, Lhus this procedure is not to b ed exce 

case of emergency. 

Moderate uns~net,-ical operation of the model spillway indicated 

only a sli~t tendency for sand particles to be swept into the bucket 

by eddy currents in the tailrace. Lesser de~rees of symmetry resulted 

in an increase in the amount and size of sand and gravel enteri.n~ the 

bucket. This ter~ency was accentuated when water-soaked sawdust was 

placed in the river channel and gave conditions ~ich were believed to 

bc more representative of the prototype action for slaall flows. 

In the opinion of the writer, the source of the dama~ to the 

spillway bucket and training walls was indicated clearly in oL, servations 
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made on the model dam. Tests with the river fill removed for various 

distances downstream from the spillway toe indicated this type of 

treatment to be the most feasible and dredging limits for various dis- 

charges were established. A study was made of the erosion, by v~,ave 

action and currents from the spillway, of the tailrace sleDge'and 

downstream river banks. Sufficient tests were conducted to indicate 

the treatment required to reduce this destruction to a minimum, but 

extensive tests are still to be conducted for determinin~ the extent 

of this treatment, which involves flattening the slopes and banksland 

riprappin~ them heavily.~ 

A tendency for river-bed material to deposit in the entrance chan- 

nel to the drydock was noted during these:tests. Removal of tJie bar~s 

extendin~ into the river from each side of the drydock entrance chan- 

nel decreased the amount of deposit but did not eliminate the action. 

Althou~h several attempts were made ~o evolve a means of elimina- 

ting the condition causin~ the damage to the spillway training walls, 

all except that of removing the material from the river bed nearby 

seemed impracticable. 

Attention was focused on degrees of similarity or dissimilarity 

of model and prototype discovered durin~ tile test program. Relatively, 

the flow conditions below the model spillway for small floods were not :i! 
as turbulent as the prototype and there was less erosion• ~iii 

Striking similarity was noted in the behavior of a rook suspended 

on a string in the vicinity of the left training wall and that of the 

sounding equipment used on the prototype to determine the river-bed ~i 

elevation in this region. 

Attempts were made to reproduce the inflow of material noted in ~ "~~ii ~ 
the bucket of the prototype durinc diving operations, but it was possi- i i 

ble to demonstrate this characteristic only by usin~ silt or very ~ 

lightweight materials in the river channel of the model. ~ 

The rate of recession of the water surface in the tailrace for 

various pc~te~ outages indicated that a drop of from 3.0 to ~.0 feet 

in 38 minutes was to be expected for outages reducin~ the flow by 

1%,000 and 37,000 second-feet. 
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None o[ the white, air-saturated nter so ~-~alent on the proto- 

type was present on the model. Out-of-scale [actors and the small 

velocities on the model were considered contributing factor~. - 

The injection of air into the spillway flow-and roughening the 

f a c e  o f  t h e  mode l  by  £ a s t e n i n g  ha rdware  c l o t h  o f  v a r i o u s  meshes  t o  i t ,  

failed to produce the appearance of the air-saturated water on the 

prototype. Though roughenin~ the model face gave better results than 

a i r  i n j e c t i n g ,  t h i s  treatment was considered i m p r a c t i c a b l e  land addi ~ 

tlonal tests were  not made. 

Throughout the test program there were no indications that the 

needle-valve outlets in the right 

trouble insofar as conditions were 

stream river channel. :: 

When the model studies were initiated to develop the caisson'for 

the repair and maintenance of the spillway bucket, it was hoped;that.. 

tests on a 1 to 6O scale m el or the caisson 'ouid pro d. =ple in 

formation as to th.e stability of equilibrium of the structure during 

the operations of maneuvering it to and from the dan, lowering it into : 

the bucket, and refloatinK it. However, since it was impracticable to 

attain exact similarity on such a small size, the~studies, except in~ ~.. 

the ~ase of the ma~euveri~ tests, in which only the shape and draft :~' 

o f  t h e  wl, s s e l  were o f  ma jo r  i m p o r t a n c e ,  we re  u n s u c c e s s f u l  a n d : : a l ~ . t O  

20 s c a l e  model  o f  t h e  c a i s s o n ,  i t s  o p e r a t i n g  b a r g e ,  e q u i p p e d  wi~h ~ 

powered hoists, and a section of the toe ca' the dam, includin~ the 

bucket profile, was constructed. 

Throug~l ~he investigations on this m0del~ it was ascertained " '.i;!i 
,_~ 

that the stability of equilibrium o f  the caisson was 5cod so long as i 

air was no~ allowed to become trapped in the high points of the work- 

ing space at each end of the Structure as it was su~erged, and that 

i t  c o u l d  be l o w e r e d  i n t o  and r a i s e d  f rom t h e  b u c k e t  s a t i s f a c t o r i l y  

when this was the case. Adequate vent system~ plaaed in the high '. 

p o i n t s  a t  t h e  ends  o f  t h e  work in~  space  were  n e c e s s a r y  t o  p r e v e n t  

the entrapment o£ air in these regions and assure adequate stability. 
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Other information obtained from operatin~ this model indicated that 

the submerging and lowering of the caisson could best be accomplished 

if the vessel were .trimmed level for the initial . . . . . . .  ring it 

into the bucketj retrin, ned as it neared the buck~ up- 

stream end into the bucket ahead of the downstream end, preventinG a 

sliding contact between the seal and the JabBed concrete surfaces; and '~ 

the longitudinal axis kept perpendicular tothe axis of the damduring 

this operation to insure optimum oonditlons for sealinG. Conditions 

were found to be most favor?~ble for raislnc the caisson to the floatin@ 

position when this procedure was reversed. Good a~reement was Obtained 

between experimental ~alues of the metacentrio height and the location 

of the center of ~ravity and those com!~uted for the full-sized structure 

by the design section. It was determined also that the operatin~ barge 

should under no conditions be raised above ~he water surface in the 

bares well in the deck when there is any appreciable amount of water • 

in this well, particularly durin~ the sinking and raising operations. 

That it was feasible to tip the reinforced slab from the ~ate 

openin8 of the drydock into an excavated area in the entrance channel . 

adjacent to the structure when the slab was par d seemed 

a s s u r e d  b y  t e s t s  p e r f o r m e d  on  t h e  1 t o  4 2  s c a l ~  l a b  a n d  

drydock. The problem of locating the center of e model 

slab experimentally by balancin~ was undertaken , required 

for tipping the slab obtained (as~umin~ no bond between surfaces of 

the slab and the ~ate opening). That it would be~possible under oer-: ..... ~ ,:~ 

tain conditions to free the slab in case there v~s I bond between ~ itS i 

surfaces and those of the drydock or t o  tip it by pumping water into 

the drydoek to raise the surface inside above tlmt ~in the entrance 

channel, was indicated aloe . . . .  

The dema@e to the right spillway tralning wall and concrete slope 

below the bucket lip adjacent to it, and proposed repairs were per- 

traye~ effectively by the use of a 1 to 60 scale model of the base 

%rainin~ wall and bucket ~ection. An idea as tothe practicability 

of proposed repairs in this section of the spillwaywas obtained by 

. reproducing them on this model. 

! 
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A satisfactory plan was evolved from studies on a" 1 to 24 Scale 

model of the Grand Coulee turbine scroll case and draft tube and a 

1 to 50 model of an 84-inch needle valve and the draft tube for pro '-'~ 

riding temporary outlet facilities in the risht powerhouse to discharge 

surplus water downstream from the spillway during the low-water season 

to facilitate the repair work and prevent damage which would result 

fro   s etrical operation of the tin=  ates or river Outlets while 

repairs were bein~ made. 

III. TH~ ~0DELS 

7. Description of the models. Eight models were used in making 

the investigations discussed in this report. A 1 to 60 hydraulic model 

of Grand Coulee Dam, with its appurtenances and approximately one mile 

of the downstream river channel, prinoipally~of concrete, and.a model 

of the bucket inspection and repair caisson ~ of the same Scale constructed 

of transparent plastic were used for the majority of tile tests, partic- 

ularly those ooncernin~ the maneuvering of tR~e cai tione 

dama~in~ the spillway bucket, the minimization or the 

damage, and the protection of the tailrace slopes and r~ver banks 

downstream. 

A I to 60 scale caisson model of sheet iron and metal tubing, 

equipped with piezometers and constructed to fit the spillway bucket 

of the model dam provided a means for etudyin@ unbalanced pressure con- 

ditions on the caisson under unsymmetrical operation of the drum ~ates 

and river outlets. ~ 

A 1 to 20 scale model of the caisson, inoludin~ all important 

features to scale, constructed mainly of sheet metal, was used to 

study the stability and other characteristics of the design during 

the floating, sinkinG, and raislng operations. 

A i to 42 model of the caisson drydock below elevation 959.5, 

includin~ the ~ate slab, which is to be tipped into the river after 

the caisson is fabricated and ready for use, constructed of concrete, 

w~s used to ascertain the feasibility of tippin~ the slab into the 

river when water was surrounding it. 
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A 1 t o  60 scale plaster model of the right trainln~ wall and 

bucket section was constructed to more effectively visualize the 

damage which }ms taken place at the base of the wall and to study 

p r o p o s e d  repairs. 

A 1 to 24 model of the Grand Coulee turbine scroll case and draft 

tube, constructed of transparent plastic, and a I to 30 scale model 

of the draft tube and an 84-inch needle valve, the draft tube of con- 

crete and the model valve of brass, were used in determining the feasi, 

bility of proposed methods of providing outlet capacity in which the 

flow was discharged downstream from the dam. 

8. The 1 to 80 model of Grand Coulee Dam. When plans concerning 

the inspection and repair of the spillway bucket at Grand Coulee Dam ~ 

had progressed to the point ~'here model studies were conside: ..... 

practicable means of establishing the feasibility of the pro) 

consideration w&s given to the construction of an operatin~ model of the 

dam with its hydraulic features and about a mile of the downstream river 

channel in the laboratories of the Denver office. A large model was re- 

quired to assure dependable results and space was not available for the 

1 to 60 scale chosen, thus a proposal was made to construct it on the 

project near the prototype where it would benefit project personnel and 

could be used for public demonstration after the completion of the test 

program. Several sites were considered before one in the dov~nstream 

portion of the parkin~ area at the east end of the dam was selected. 

Designs for the model were begun and excavation of the foundation started 

when it was proposed instead to include the structure in the vista house 

to be constructed in the Vista Park area above the west abutment of the 

dam. ~ 

The model and its foundation, constructed principally of concrete, 

was completed in thls location in Au~;ust 1943. It consisted of the 

model dam, figures 8, 9, I0, and ii, a ~ter-supply and reciroulatin 5 

system, figure 12, a section of river channel representing approximato~ly 

one mile of the prototype, a subterranean storage basin beneath the 

model, and a downstream sump with a concrete conduit to return the 

model flow to the storage basin for recirculation, figure IS. The 
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storage reservoir v~s founded-on rock wl~ich sloped downward toward the 

right end of the basin providin& good drainage to the pump sump. Three 

sides of the basin extended to the £round surface to form~its walled'and 

the boundaries of the model reservoir, while the~fourth - or:::downstream 

aide terminated in the ooverin~ slab over1the shbterranean;basin which 

formed the floor of the reservoir,-8 feet.8'.inohes below'the ground 

s~rfac e • ~ 

The w a l l  a t  one end o f . t h e  r e s e r v o i r - f o r m e d o n e  s i d e . o f  a.~.:control 

room constructed over the pump sump, 6.5~:by~lO.5.by 21.5 feet:;deep, .... 

which was designed t o  a c c o m m o d a t e  a 2~,inoh~vertioal propeller pump .- 

having a capacity of 55.86 second-feet, ~a quantity represent~ ro- 

totype flow of 1,000,000 second-feet. At the time thelm0del ~it 

it was not possible to purchase a pump of this typerand~a jet-:pump .. : 

@ 

ure 14, The control room was intended to houeethe, pump,~supplyipip- 

ing, and model controls for demonstrating to,the publiC:. ~;A~24-:byl " 

30-inch c o n c r e t e  conduit havin~ 21-rectangular:openings:with~-baffles 

to quiet and distribute the flow as;it was ldischarged into~.the:'reser- 

year, was placed alon~ the upstr~am:slde of the model -reservolr. 

The dam proper, .a concrete structure 7-i/2 feet;high, !ii80~feet 

long, and approximately ,8-I/4 ~ feet thick at :.the~ base,::oontaining ~ fa- 

oillties for oontrollin~ the flow:.from thehydraulic !features, was 

construct ~d on t;le 8tora£e-basln cover 8lab where_It, formed; the'~down- 

s t r e a m  end o f  the r e s e r v o i r ,  F low~to  t h e  model  powerhouses .was~ ; sup-  

plied through eight 3 - i n c h  asbestos-concrete:pipes embeddedi.in ~e dame 

All the pipes were provlded'.with~belimouth entranoes..to::minlmize~head -.: ....... 

losses. Cylinder valves of plastic, with deflectors to qulet~the 

w a t e r  were  a t t a c h e d  t o  t h e  downs t r eam end o f ~ t h o s e : l e a d i n g : . t o : % h e  ~ " " 

left power plant, while a ~.speolal header.tanE Wltl~-.oi rcu.lar:~.s lids 

valves, flow nozzles, and plastic transition elbows representing . . .... 

the prototype needle-valve bypass/installation, was :.placed in • the 

r i g h t  p o w e r h o u s e ,  f i g u r e  .15,  I n  b o t h  o a s e s  the .  w a t e r . w a s  d i s c h a r g e d  

t h r o u g h  d r a f t  t u b e s  i n . t h e  b a s e s  of t h e  p o w e r h o u s e s .  

33 
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The river outlets were constructed from l-i/2-inch standard~ .brass.o hi!: 

pipe bored and reamed to l.'/-inch: inside dlameter and curved.to~"~%he '~ ~ 

proper profile (figure 16)by employin~ a special bendin~ device (figure 

17) developed for that purpose in~the project shops. J, Fcr,theLlower 

tubes, with a .long radius curve, the 'deviceYconsiated Of, a y / ~.i~ I 

grooved block curved to a radius about one pipe!diameter !fleas 'rthan:~ithat ~'~'~i~ 

of the finished dimension, to allow for the tendency~of.the,~,.plp %0 ~i 

straighten when the bendin61~forces were released;~:a ~ radials, be C 

at the center of the curve and,a floating~biook!plac~ ~ibetween~ 

~bent by •lacing them .~. curved block and the radial beam. The tubes were .. p.. ., 

vertically in the stationary, grooved ~ block in ~that ~ oosition, ""• 

placinK the floating block; also grooved, !I~ 

and a roller on the radial beam, and:pulling the~. ~i~i~ 

and tackle. This procedure held the floatin~ blo .. 

the .shape of ~the. latter ': ary one, bendin~ the tube to • ,....,'" 

After the bendin@ operation was:,completed, :the ~!downstream, end _of"i ii :.!~ 

the tube was placed'in a jig e.nd cut-to conferee:to ~thei:bucket~sUrface " • ~'~, 

was to coincide. ~mall brassy' fates of~,the'proper~:shape - with which it _ - ~P . . . .  ... ~': . • .. .... . . 

were soldered to this end.to complete:.the outlet exit• ..:~i. - ~: ~:'' 

Short lengths of~the reamed pipe.-were placed 

to form the bellmouth entrances which were soldered;to:%he::upstream ~: 
c 

ends of the curved sections o.f.the lower.out I~ " ~ !'! 

Since the outlets were in p~irs:.a~d~the 

diverged,  ndividual loc tio  difficult, a :"r blY in pairs 

pairs was accomplished by placin~ t~oi,ltubes in~a~!'Jigand~fastening"~~ ~ " i~ 

them with special welded:split-rin~ supports. ~"~ -~. 

The upper and intermediate pairs were. shaped similarly ~:,tothe 

lower tier except that the bending apparatus .~oonsisted of: a -grooved: il 

wheel havin~ a diameter produeln~ the proper:curve, when~ the' beam • 

 ivoted at the centor of the  heel,was revolvod:,over .tho floating 
b l o c k ,  f i g u r e  l ? .  The bend i n  t h i s  c a s e  was so  s h a r p  as  t o  r e q u i r e  

the tube to be filled with"fine sand and the ends closed before-the 

bendin~ operation was begun. ~n this case however, .two tubes were 

shaped from one length of pipe. The bend for the downstream ends _ 
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Temporary mates,.£'or.:',a+1 ,+lie;';'oui~lets+'++nalS+e 
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F o r m s , + f o r . . , t h e  ~model-dam : 

( f i g u r e  ' lSB) ,  The +.mli nIent; ,~  0 f` / th e el+tOm++': ax 

r i a l s  t o  .+ be+.ombodded, ii'Or:~;i)'~e~ked!'by:~he~i'pl 

e a r v  ad .~us tznent s ;~"made  , .  , A b m o r ~ t t ~ e . . + ' £ o z ~  :~ ~ n ~  
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+~he d o w n s t r p m n  . . 

:: s e v e r a l  +.t eets?  i t  was'~"found+:+~hat!:bes~.i+. 

"+ a : ' ~ : .  ~'or~ +on 

.. ~.:. i; :]'? . The. abu~nmmt ~: loot ; tOM :i. ('I"i ~r o.:. lOB ):,-.~ero ~-pou~sa:~flrst;:'( -ima~::the s e/~i: 
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FIGUB" !18 

A. Lower and ~u~ernodta~o r i v e r  ou'Glo~ tubes  
suppor~od f o r  p o u r ~  

B .  Forms on r i s h t  a b u t m e n t  o£  model ,-dam 

RIVER OU~,ET IqJBES SUPPORTRD~FOR E~I~DDING 
AND FOINS ON RIGHT ABU~[~IT (~  1 ~'fO 60 

S C a I , ~ D S L  ~ • 



~ FIGURE 119 

A. Rinsed  f o r m  f o r  d o w n e ~ u n  f a o o  o f  model  dam reader ~o be 
~ p p e d  i n t o  p h o e  

B,  " Cemple4~ l  I e f ~  abu~nen~  o f  dam 

HINGED FOI~ FOR DOWNSTREAM FACE OF aPILLWA¥ SEt .ON,AND 
COMPLETED LEFT . ~ B U ~ T  0~' 1 TO 60 SCALE MOD~L Da i  



Supports for thedrum,~ate seats, ithe crest section, and the crest 

piers were embeddedln!the .second pour, The~piers and<crest ple0es 

made o f  p l a s t i c  w e r e : b o l t e d " ~ t o  : the-  o o n o r e t e ' ~ p o r t i o n  

the ~ates, also ~ of plastic, were!.hln~ed~at .the i~fer .-,, 

a shaft and system oflevers in~the:.pieri:and~a t~-the , ~-~ 

figures 20 and 21. Provisionwas made~::for!i~t he instal] u- 

l i o  va lves f o r  opera t ing , , the  ~a tes  ~ f o r / p u b l i c  demonstl rs 

w e r e  t o  s e r v e  t h e  purpose'/during,':the~test~pro~ r e i n .  : :":~.i ':~' ~: :~ " " ' " 

R e c e s s e s  a n d  b l o c k o u t s  w e r e  p r o v i d e d : i n % h e ~ : p o u r i n ~  ~6f i t h e : ~ i n , ;  , . .~ " 

construction makes it possible~tO remove~a~reco, ~: 

of the mode i ..without ~ undue dams Ee, shou Id~..it .prove 

in the future. The upstream wallof ~as~omitted~,. .. ~ 

to faci lltate, any chan~es whiohmi~hl ypass-valve " 

instal fat ion, 

Architectural features: were. kept~:~at n minimum":to~oonservo ~ labor 

and  materials, Conduits/£or::.cont ..... 

w e r e  embedded  in t h e . ~ . s t r u c t u r e A  ~A 

of the spillway~ section as p a r b : i o f  

t o  l e r v e - a s  a m e a n s  o f  p r o d u c i ~ , t h e , ~ w h l t e  

flow, ~. The ~. al r-ent rainment~!device; o f~.~p lastl les (0n~ 

the underside to ~reoeive the alr,~from ~ the~g ro°ve:and~:d~strlbute ~to~ 

hori rental .trough in:~the J~ face of~ the ~Thei:device(.~i~! 

was s u p p l i e d  ~.throug~:.-a 5 - i n c h  :.pipe e m b e d d e d  in~theT~ht.i'~iabu~nt :andL~ii I 

extendin~ throush the~icontrol-room wall. ' ~;:~ : 

Initlally no~ tests :,were contemplated on,the tactician:concerning ~:-the 

erosSon of the~river, oh|u~nelLbelow~thedsm. ~thus;~it~was~plannedttO :~ 

c o n s t r u c t  t h i s .  p a ~ t  ~ o f  ~he~  mode 1 u s  i n g  ~ a b a s  e.. o f . ~ r a d e d  r o o k .  C o v e r e d  

w i t h  a . 2 - . ,  t o  5 - i n c h  : l a y e r  ~ Of~oonc  r e t e  _shaped  ,~to ~21e.~ c o n t o u r s  • ~ H o w e v e r ,  

pr • !Imlnary s tudie s, on~.the:' needle-valv e ~:bypas s-oU%~.t '. insta I lati on : in 

t h e .  r ! s h t  p o w e r h o u s  • :, i n d i  o a % e d ~ . t h a t  i t .  w o u l d  be  : d e s i r a b l e  ~to c o n s t r u o t  

::a~ p o r t i o n  o f  t h e ~ o h a n ~ l  ', i m m e d i a t e l y  b e l o w  t h e  dam : o f  . . l o o s e . m a t e r i a l  

~kin~ erosion studies possible. Moreover. this portion of~,the model 

!~i! i 
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had not been completed when the fib-s% inspection o£ the bucket was made, 

and the damage revealed by this inspectlon appeared to be:the:result 0f 

• •~• jj j 

r . 0  .i.. 

Considering these it~ns, the model was construct4 iver • ::'~ 

channel of loose material for a! distance of about i35 J ream 

and of m terial or a  ore st.ble beyond this poi  ' cOol,acted 

sand covered vcith a l-i/2-inehi tnlck blanket of 3/8-:nch screened 

gravel was used to form the movable ~ bed, while :~orous concrete was 

used to form the more permanent section, i figure 23. The ~ porous con- 

crete section was poured in layers, the first within 6 to 8: inches' of 

the finished surfaces, using 3/4-inch aggregate, fi&mre ~4A; the s~c6nd, 

using smaller aggregate , screeded between negative templates of ~ the 

channel to within 1-1/2 to 2 inches.of the finished surface; and ~the 

third, using small screened aggregate, floated to the:configuration 

of the contours, the elevation and lcoatlon of which~.were established 

by setting nails in a quick-setting coucrctc mortar at selected:cross 

sections of the river channel, figures 2~B and C. ~A groutcodtiwas . • - 

bru-~hed into the top surface to prevent~excessive percolationof:.wuter 

from the channel through the porous concrete, :figure 25. 

The highway-bridge piers Am the river below the! 

oonmrete and grouted in place. The river,stage gage . ~  

prototype was included in the: left pior,.:but the brid~e ~structure. was 

not included since it: had. no bearing on the:model:~itests. 

A covered concrete sump placed ab the d0wnstream end of the river 

channel collected any Salad or  Gravel:/oarried::by the m6del flow. :~The 

sump contained a slide gate for regulatin~ithe':tailwater~elevation, :a 

42-1nch concrete pipe for returning the~ flow to~:the st0rage:~basin,~and 

a 6-1rich drain. 

The 42-inch conore~e-eomduit,approximately i00 feet:.-leng,~':curved "' _ 

in plan, sloped downward toward .the storage reservoir,-which was divided 

- - i n t o  eompar~ments, the divldi~ walls, supporting the"floor~:slab...o£1the 

model reservoir and allowln~ the outside faces of.~the foundatlon.walls 

t o  be  e o n a t r u e t o d  v e r t i c a l l y  t o  f a o i l i t a t e : £ u t u r e  e o ~ t r u o t i o n  o~ %he 
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Ao 8oz.oed:J.ng porous  oonoz'o't3o r i v e r  bed "to 
a p p r ~ e  oba.nuel ahape 

,,,r t 

B.  Seotions o f  r t ~ e r  ohannel fo rmed .wi th 
n a i l s  set  a t  proper  o l e ~ o n  ~.n 

qu.'L ok:.-N't'~ng oonore'be 

Co P'J.solM top l t y e r  o f  .porous oonore'be ' 
'to foz. :  t £na l  r'J..,mz,-obsaael oon'bouz'8 
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; -, ,,,,, .?, --- _ _  

foundat£on f o r  the  . v i s t a . h o t m e .  

a l l owed  t h e  w a t e r  :to ~pass ~from~:, 

p ~ p  sump '£n , the  : o p p o s i t e  ,.end ~ O~ 

f i e l e n t  v a l v e s ,  and d r a i n s  .r, wer e : p~oV~'  

figure 13. 

Restrlctlona on :~he ~purehase .-of 

sar~  t o  plaee~ a~temporary~.bulkhead ~b, 

basin to proTide :~or :the '~installai 

of hi,h-head, equipment available~, on :the .proje 

An 8-1noh :pmnp, :oapable _of delivering 5:~ 

a head of II0. £ee~,:was-.arranEed~to dlscha': 

into a bellmouth, ntranoe.-on~an 8.1noh.i.pip, 

supply llne. :The ~in~ake .to ::the beLlmouth ÷~ 

~ular conduit, olosed~ at :the end, ~extendin~ 

heed.  

The high-velocity Jet from ,~ ': ~,~he ne 

bellmouth and .!. 8 . i n e h  ~ p ipe  to~•an 8""i.t6.:~ 

a.  l e n g t h  o f  l4vinoh pipe :.%0: one ~:.emd .,of 

,240Inch e ~ m d e r  •.connected ~I t~%o ~the  ~ 2 

d u i t  in %he.model r e s e r v o i r °  ~'~The ~,l:" 

statl onary p i ~ o t  ~.:.%ube ~!~to !Indleate :~ 

fo r, ea I ibrating :.it .~ u s in~~: a ::standar~ 

oon i  . ,,ntur  • 

quantities. 

The flow t h r o u g h  ~he~,sys%~ 

valve o p e n i n g .  '.;Tho~pumpln~:,equ: 

o n e - ~ h i r d  o f  the~:des!&n oapaoity. ,  or ::~ne ~model ~:dam, 

t ime  believed-:::~O:!:be'i:s~floient ~-:~for a l l  ~.the i m o d e l : ~ e s t s ,  ~ ~- . . . .  :: 

When further~2~osting~at.:.hlgher~dSsoharge~ waS:.oonstdered ~ ' ~ a o n t i a l  

.r.oe s:ope. .  , ~ d - ~ v e r ~ . . a ~ a o , , ~ . r ~ , : i ~ ,  ~ae:~supply ,,oy.t, " 

: a l t  ered and a :-24-1noh :~ p r o w l  l e t .  pump ~ p ~ v i d e d ,  ::figure .;14 o ';Thai 

s t a l l a t l o n  was ~..ompleted ! in  i.September .:~19.~; ' - 

5O 
. . =.::::, :). 



9 . . . T h e  1 t o  60 model f l o a t i n ~  c a i s s o n i ~ o r  m a n e u v e r i n ~  ~ t e s t s .  

S ince  t h e  c u r r e n t s  i n  t h e  r i v e r  c h a n n e l D b e l o w  the :dam ~were ~Timpor~ant 

~ a o t o r s  i n ~ l u e n o i n ~  t h e  maneuver ing  , o f ; t h e  c a i s s o n  ~o~arid i£rom ~ i t l  

position over ~the bucket, it was~essentlal ; that '~they~:~e:~reproduoedr , '~:' 

acCurately ror,t e tests.per ainin  to:: is::p/se of~the~problem. " .  

• t 

i 

@ 

/ 7  

necessary to attain these condltions. Althou~h~iit :was :rsallzed~hat 

the caisson constructed to the scale of ~he~model dami described i!pre ~ 

viously in this section of~thls :report, mi~ht~be ~too 

the tests pertainin~ to ~its action during :~he =sinkin~ 

erations and a larger model o£the calsscnwltk a ~tan 

toe of the dam and a sect,on,of the :bucket, m~ 

not considered feasible to construct them, " " 

than one-sixtieth of the prototype. ~oreo~ ts could 

be made on the caisson of this scale and-t] lar~er 

i~!, ~, 

size .... 

~ a r g e r  

model established from the :results • ;Furthermore,+~the ~slze~was con "~ .. 

sidereal adequate for the maneuvering tests in!,,which~the/eaisson was :~o : ~/~ .!~it ! 

"be moved from ~e drydockito a positionover~the~bucket and retu~ed : ~:~ 

t o  t h e  dry~ook by l i n e s  from p o i n t s  ~ l o o a t e d  o n , t h e  ~ r ive r  b a n k s < o r  

powerhouse s t r u c t u r e s .  ,. ii~ 

Consideration ~s ~iven to fabricatin~ this~ model:from~rsheet : . 

metal, with all parts to scale, but duelto<~he extremely ithln~shee~ 

r e q u i r e d  t o  keep  td~e w e i g h t  withinpr~oper,i~limitsiand:~the:difDloulty i- 

i n  a s o e r ~ t n i n ~  whether  o r . n o t  , the c o m p a ~ e n t s l ,  were p r o p e r l y  f i l l e d  

emptied, plan .as  aba do d i , o'model, i iuding t h e = i n  

operating .bar~e, constructed of water-reslstant, ~cransparent,. plastic 

sheet with low speci£1o gravity and mot e :thlckness, figure ;26. ~The 

weight of each panel was corrected:bY insertin~ brass d£sos=at~suoh ~ 

p o i n t s  as  t o  r e ~ a t n  ~he p r o p e r  momen~ o f  i n e r t i a  a n d  r a d i u s  of~i~Syra -~ " 

tion of each ~irder andlpartltion. 

It was impossible to provide the correct buoyancy due to .the 

thickness o f  this materlal, but the fabrication was done ,ha manner 

minimizin~ the variation resulti~ from the thicker sheets• This was ~ ~ 

51 



FIGURE 26 

I .  ~lde ~ew of  o ~ n o n  ~ 1 ~  o l ~ n t L q  b , p  i n  l u z ,  p o s i ~ l ~  

I 

Q 

B. Oblique ~ e w  of o ~ 8 8 a u  s h o ~ n  s w o ~  spaoep o p e ~ t ~  
bsa .~  i n  r a l N d  ~ s l ~ a  

C O ~ f l ~ D  1 TO 60 I~.~STIC MODEL OF ~ FLOATING CAISS0N TO BI 
USED IN ~ E  nPLIR AND M a I N ~ C B  OF ~ SPILIN~ BUCEBT 



accompl i shed  by.oonstruottn~:the.model:.~.with a l l  o u t s i d e  dimenstons.?%o 

o f ' t h e  girders and compartments. The:,~6J 

considered insi~nlfica~%, partloularly~i:~ 

t u r e  of t h e  destg~u. The" P l e x i ~ l a s  or,, L~ 

toned t o ~ e t h e r  b y  u s i n ~  a speoiali:.solve~ . . . . . . . . . . . . . . . .  

the  same m a t e r ~ a l . w a s  .used f o r  .:the :four- a e e e s s ~ s h ~ f ~ s .  

I0. The l.to;.:60~:seale .mo~el..:,of ~oati~',;0&~ssom used:~or~.pr ,ess~e . .  
I : i i i i  i i i  I i i i  J l i i 

~ e s t s ,  In oonduotimg~tes~s':to.de~ermine"-~he 
| 

water  over  . '~he::dr~ ~%es.or ~%hz~u~h~.the:~ r i ~  

under v&rt ous ,..operLt~ 'ca~bina~ ions ~. 0~: th, m l s  sen  

in p o s i t i o n . o n  %he bucket. "i 0~"l~r~oular - -" ...... 

t h e  r o u ~ n e s s  o f  :the water~ .surfsoe-  In:.the 'Vt 

was. .betn~ ~ performed;  t h e  : v e l o c i t i e s  i n  the  .b . ".- ": 

must be. a o e e m p l i s h e d ; ,  and,.i:the :. s ide  ' t h r u s t  •exPeotedi: On!,~the.~':'Oatsson ~i~.when. :•  

i n  ~ t h e  b u c k e t  w i t h  f l o w  throu~h. -~he~buoket  o n :  one :~s ide ! lnd  

quie t •  w a t e r  ~' oni the . . :o ther ,  ,A.~ s ~ee 1e l !  e a i 8  • on ~:~ ' 

as. the modal ~ , .  equippe& w~th~ pteso~e~erS~i~f ,.. - 

was'. oonetrue~d .of shee%:~m~tal. ,: 6inoe :..the 

measu~n~ equiI~nent, precluded, u s i n ~ : t ~  sod 

f o r  maneuver in~  t e s t s , .  ~,due ~ tO exoeeli~.e/~wei 

• o o n e t r u c t .  It ., ~ea~ltrlc&lly, s i m i l a r  to~the-; ~ 

.... . )ut8 tde:~• ur~*~oos o e i e e o n  !!,pro- :, i ..::.~ in:~he shape amd:,arr~ememt:ofthe:¢ ..... ~.i~qw~! :: " 

-..t~e/:aooes8 per was o f  16-.::ana::Z0,~e:eheet m e t ~ ! ,  :"~:;Ind~:ele~a'~or:i~ e.:•i" .•":"'.:~ 
of br&es : . t u b t n ~  :~:*nd'~.the, eh~:. b r a , 4 ~  :Of. .~,~les .~:m~i:  . '~ ":. ::i:i i :i :i!! 

shee~ me~l, .All 30~mts-were 8o1~ered, .. ~esaUter~%ub~s::~iwere~:~£ ' .  ..... ._ ....- . ~ . . . . .  . /. :.:~.".i'... 

/ 

II4T. l w  o ~ - - .  w m w  . . . . . .  . - R ~ . . . . . . .  " , , . . 

up. %he aeoe|8  . e~d e l m e r  ~ 'aha~e.-whete : ' ~ b b e r  ~.tubLug : ° °u ld  ~ be:: a t tached • 
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27 FIGUI~ 

A, Side g i r d e r  w i t h  i n s i d e  ak in  p la~e  removed 

Q 

B, Baok and f r o n t  end" ~o't;i.on8 

FABI~ICAT~D SECTIONS OF 1 TO 20 MODEL OF ~tE FLOATING CAISSON 
TO BE USED IN ~tE REPAIR AND ILqlNTEliANCE OF ~ E  SPILLWAY 

BUCKET OF GRAND COULEE DAM 



FIGURE 28 

Ao Side view of  o e n t e r  s e o ~ o n  sholdng f loa t : in~  and t r im oompar~nents 

O 

Q 

B. Top view of opera t ing  barge w i t h  deeM r'euoved 

CONSTRUCTED SECTIONS OF 1 TO 20 MODEL OF SPII/RAY BUCKETp 
REPAIR-CAISSON AND OPERATING BARGE 
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s u r f a o e  , in'  t h e  v e s s e l  t o  f o r c e  w a t e r  :~throu~:  t h e : ! d r a t n  ~ into  :~the~-oom- !ii'~ i ,~i~,i, . 
p a i n t ,  Y t l l i n g .  ~ i t .  ~To-d re~n , a  o o m p a r t m e n t ,  i~ the~eJeo to r~ !was~a t t aohad  ~ c---.~i~ I 

-to t h e / d r a i n '  t ube : : and t%he  ~ v e n t o p e n e d  < t u % h e , ~ a ~ n o s p h e r e ,  ~An:~!bJeotor ~ : ~. "~ 

- o p e r a t e d  b y : a i r , - m a l e  ~ i~ ' i i~poss ib le  toi'.deter~taei~i*hether~::the~'oompa~en~i -.  ~i 

we re  f u l l . : o r  empty  b¥~ e x a L t n i n g ,  t h e w a t e r ,  Oonteh~ ...... 0£ i the ,  e j e c t o r : i d l e -  ~ - - ' i  

ohmrge .  A i r  ~vsnts i n  ,the*, ends  o f  ~, t h e , w o r k t n ~ . o h a m b e r , : 0 f ~ i t h e  ~ o a i s s o n  . .  ...... 

-be~/nn£n6 i t s  dasoan%%o_the~:bueket,-and~.to',allo~ the~.~.atr,~to~esoape~.when ~ i 

. t he . .  o ~ a p a r t n e n t  ~waS ,~ ~fl ood ed ,~ i n  ~pr e p a r  ~ !i 

, ' . 4 -1 /2*inch  ~: i n s i d e  d iam~ ~ Mete l~ ey~ . tnder  s ~. 

t~.e work ing~ . spaos ,  r e p r e s e n t e d  t h e  acoe 

f o r  a n c h o r i n ~  ~ ~he oa i s son ,~ t ;o  t h e '  dam!~and~, .!i!ii 

and r a l s i n g ' o p e m t % , i o n ~ w a s  o o n s t r u o t e d ~ o f  ~ 

T h e  c a i s s o n  oon~ained~:a  depressed~:~eek~, to~,aooom~ 

o p e r a t i n g  b a r g e ,  t h u s  i t  .was c a p a b l e i ~ 0 f  f l o a t t a ~ a n d ~  a t~ , the  -same~•%ime /: ~! ! 

t r a n s p o r t i n g  t he  .. o p e r a t i n ~  b a r g e ,  r ~ ~3 f t l  1 t  ! 

b a r g e ; w e l l ,  i t  wae~ p o s s i b l e / : t o  t r a n a f e r  t h e  ~ ii 

and  f rom t h e  ba rge ,  w h i c h  l o w e r e d  : i t  ~ i n t o  +,i~.posl~10n ~and,~ r a i  ' i 

s u r f a c e .  The. ba rge .  ,.was e q u i p p e d  . w i t h  h o i s t s ,  ' l i n e s  ~.",and 

b r a s s  t o  a o o c I p l i s h  t h e  i s i n k i n g ~ a n d : r a i s i n g  ope ra t~  . . . .  i 

between~ t h e - b a r K s  ~and ,~ c a i s s o n  was p r e y s  i 

" ~e l~I/4-1noh, ~ 12-part r~ lines. Of the ~ pZ 

c a i s s o n  was ~ .oar r ied ,  on- ~hes e,i l i n e s  ~ d u r i  

. a l o n e . a n d  ~ e  l i n e s  werer ,  o p e r a t e d b y : ~ 2 ~  

moun~ed, on t h e  d e s k  ,of  ~ ~he ba rge . -  ,Four i 

t he  b r a o i n  E a t  ~the~.~op~':Of . . . .  t h e  aooess. . ,sh ii 

u s e d o n  t h e  proto%ype,--to~-ratse'-the::bar .-.~.:~ 
Of r e a c h  of ~ t h e  waves  :. and  o t h e r  ' d i s t u r b a n o e s  w h e n  t h e  :,Oai ssoni~n& i i n  '"":~".i 
p o s i % t o n  i n ' t h e . b u c k e t ,  o r  s t o r e d  " 

~o. a s s i s t ,  i n  m a i n t a i n i n g / . e q u a l  ~loads,  on ' . the ~rfuur i c o r n e r s  ..of , t h e  .barBs .  

during the,,,slnkln~-and ralslng:operations. ~D~•hoists•~for ~msei~lines ...... " " 

.wer~ ~ h e  same s i z e  a s  t h o s e  f o r  t h e  8 - p a r t  ~ l ines i -and , .were lmoun~ed  ~:on ' ..... /!:i 

t h e  d e c k .  A l l  h o i s t s . w e r e  o p e r a t e d  f rom• a c e n t r a l  power u n i t  , c o n s i s t -  ""~:i~"i 

in~ of a small,washing-machine motor, gear. reducer, ~:~ and drive~,sha/ts. " .V:,~i"i 

T ;  

5S 

. - . .  

. . , S • . ,  ~ " 
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i%.: .u~j., belm~, re1~sod~.;by:.~he',.:barg e ;:h6tstks ,,.,:"~:*~.~:.~"#.,: 

due :. ~o : the exoess tVe  amour .. O£::*~t~. " ,il~s ~'r8£ 

- . . , " 7." '~I,/ 

.~ ...;:, • ..... : .~.:. ." ~.., i: 

, : . . , : : )  , - . .  ,_ , , . ;  

-A :6 £ ~ . ~ w i d e ,  i~ 
and-Oms~*.snd ~.of :aomorete, m ~ n i ~  

• screedlns ,mortar: betwee~ ~o ~p0. iClve :.%,mi] 
thb sides-:el  A~e!~oOno X~O~er':~d~ ~d 
.side pano a. Woro:..eeoo ed. .Was 

not.  ~ r ~ . . ~ h ~ u  ipoz~cAon: ] 

tees., of .the. model s e c t , o n ,  
aid Ln observtn~ the'~,oaisa 

o t ~ t n . i ' a l l  were ~,usedL~o..% .mode1 ~rO = -- 

12. ~.. ~he ~I ",~0' :42 .,so i " ...... ' ~ _ , . . . . . . .  ~aisson,.dr~vdoa~:._ __ _ - ,. 

, ~ud Sink It to l~s.;£oumdk~ion:by~r.emov~in~, maboz'Lal:'~om~.~he.,:.~.enter:~..Zx~ !~' 

aG ~ _ • i_ -: 

~..iz~: .this ./:opmra~om; :'i: To-:m~cO~:,.tho::huse. o¥1im~r~o&I i::~%s~o~e :~e ontinuoum 
and ~Igld,  . i t  was. ip~od:-~o:ipuur a :re~nfbreed-oonoreCe~.slabiln:~the 
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A. DrTdook w i t h  s l a b  r ~ o ~ d  from ga~e seo~d.on 

O 

B. Drydock slab secbor in place ready to be ~pped 

THE I ~0 42 SCALE MODEL OF ~HE ~ C K  FOR THE FLOATING CAISSON 
WZ2H GA2~ SLAB AND ADJACENT 20~@~ 



mortar. The t i p p i n s ~ . . e d g e  s h a p e d . , o f ,  p l a ' s t ! i l c  w a s  e m b e d d e d  in.the~base ' 

at the center of,the ~ openin~ •,. ~ : T h e , . ~ a t b - a n o h o r a g e  i ~ o 0 i ~ S ~ i o n  ea6h~ side : ", 

of the opening we~e~Tormed~ by~makingaTramework,.of,:she~t~metai: Sup. 
portin~ th~n with bolts,/embedded'iin~!the: Oonorete/base, 'fi'lil~"~the "~<~" 
frames with a o one rete-pla st er mortar .~and ~ ,ur faces ,by, " : I~  

d r a w i n  G a straightedge~across.them. . . ,  _ 

The wall of the m°del dryd°°k<was~oonstructedr~by~swihGing, ga- ~:~L: 

tire metal template of the,wall about~the~center pivotJ~embedde the ~' 

base, building, up and .scraping ' " el f ~>su rplus ~mor tar ! the ~ 

d r y d o c k  b a s e  • 

The ~ate slab was cast,from a,.oement-| tar~in~aib0x 

mold of plaster, the mold, made,bY moving a!posi.tive ~emplatet, throu~h ~ ,  

settin~ plaster, ~ b eing treated-l.with ,~a i pe ztin~/medi urn, .fi lied with the 

mortar and ,the exposed surface~m~oothed h 

across it. ~ o  small nails were:embedd@d g . ' _ 

slightly, in .the two upper corners on :~toR~of ~the..~slab ~.oppcs 

tipping-jack recesses. : "~--j~ 

A system, of Grooved pulleys .with, ball~bearin~ mount! 

ends of tn,~ line were placed, over the.nailheads~ 

• to the wal I of-the 'tal~k parallel :~to~the: center ~:I: 

entrance channel over pulleys-through hOri:zontal T 
center line, thence over pulleys in a iver.tiCai!.b, ?<?!- 

in which l e a d  shot could .be piaoed~:to produce tth¢ .... 

force to tip the slab was. obtained.~by pouring.i~,Shot/-into 1 

the slab started .to tip. JThe force was .then determined 

the pail a n d  shot, 

i~. The l~.to 60 plaster,:model of damage atl base i:of~ri.~ht ~train, 

in~ wall. A short section oftthe bucket, the base of..the?ri~h~j,train. 

in~ wall• and the -topo~raphyLin the .immediate. vicinity .was assembled ~ 

to visualize proposed rei~irs to the damaged areas at tho~base of,+the 

trainin~ wall/downstream from the bucket lip, figure 33. ~The bucket 

section was constructed by screedin C ~.last~r mortar plaoed~between 

i 
Y~ 
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FIGURE 33 

A. Eroded areas on inner surface 
of right t r a i n i n g  wall a n d  

bucke t  l i p  

B. Pebb les  i n  e roded a r e a  r e p r e -  
s e n t i n ~  1 -  to ~--foot b o u l d e r s  

Q 

e 

@ 

@ 

@ 

a 

C. I t e m  I - P r o p o s e d  c o n c r e t e  r e p a i r  
D,  I t e m s  1 , 2 ,  a n d  Z - P r o p o ~ d  

c o n c r e t e  r e p a i r  

TEE 1 TO 60 MODEL OF RIGHT TRAINING WALL AND A SECTION OF THE 
BUCKET DEPICTING D~3AGE AND PROPOSED REPAIRS TO BASE OF THE 

WALL AND THE LIP OF TH~ BUCKET 



templates. The training ~all wus of composition board told the topozraph ~ 

of layers of upsom board covered with a papier-mache. The eroded area 

at the base of thewall was represented by~gougin Z the plaster m~d:eom- 

position board s~rfaces and three proposed.stages of repair were;repre- 

sented by removable sections of plaster which had been poured into!the 

eroded cavity. 

14. The 1 to 24and i to ~30 modela of outlets fin riGht powerhouse. 
3 i i l  J , i _ = , ~ . . . .  - -  - . . . . . .  

The first model used for studies pcrtaininE~to the outlet:facilities to 

be provided in the right powerhouse for b3q~assing small flows around 

the spillway, was constructed on a scala of l~to'i24~and used previously 

for efficiency studies of the Grand Ooulee draft tubes. The model, 

which included the scroll case anti,draft tube, With ' '~ ~tes, 

but without the runner, was almost entirely of transl o. 

The outer end of the draft tube was attaohed~to a bulkhead acr~ 

7-foot channel in the laboratory and the scroll ease~:to it~and 

supply system. The tailwater was regulated by varying the opening s of 

gate valves in the tsa~k on the water side of~the bul]mhead. 

~en it was proposed to use the 84-inch needle valv6s!from/;Boulder 

Dam in the m~ilia~, outlets, the model scale was~chanGed~to i to 30 

to utilize a model valve on hand in the laboratory. The draftlmSo 

and transition elbow bet~veen it and the model needle:valve were . con- 

structed by pouring concrete in forms using cores~ of~sheet~metal bents 

and modelin~ clay. Additional description, ~including.photographsi~and 

a discussion of the results of the tests made concerning the~various 

proposals is contained as appendix/I of this report. 

IV. THE I]'~SSTIGATIONS 

15. _StudF. of bypass~ outlets inright powerhouse. As transporta- 

tion of river-bed material and debris byeddy currents created by~un° 

equal distribution of flow in the :spillv(ay section during construction 

was considered to be u major factorcontributlng to the d~.lage in- 

flicted on the spillw,ay bucket, it was deemed advisable to eliminate° 

or;to reduce to a minimum, this undesirable flay distribution. The 

necessity for intermittent repair work to the face of•the d~, repair 

and maintenance ~.ork on the spillw~y bucket by divers or with the 

special calsson~ and frequent maintenance work on the spillway drum 
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~ a t e s  made i t  i m p o s s i b l e  u n d e r  n o r m a l + : o p e r a t i o n + t o  ~ d i s t r i b u t  e + t h e  f l o w  

e v e n l y  t h r o u g h  t h e  s p i l l w a y ,  s e o t i o n  i d u r i n ~ m o s t  o f  t h e ! l o w - w a t e r  s e a -  

s o n .  Thus some means of ,alleviatln~i the situation was, sought. Devel- 

opment of power facilities to ultimateoutput'+would"have+'assist ed,~in 

this respect, but only i£ thedemand for power existed to keep~the 

units in operation during the low-water i season. Completion,~ofSthe 

i r r i ~ a t i o n  f e a t u r e s  t o  pump. w a t e r  f r o m t h e  r e s e r v o i r ~ w o u l d , ~ h e l p : a l s o ;  

but an enormous amount of work:remained robe completed, :and :this 

could not be accomplished(for .many years. Moreover, both theses:plans 

would require large quantities of strategio~materi~al whloh WaSh eta 

available for such purposes. 

The o n l y  o t h e r  m e t h o d  c o n s i d e r e d  p r a c t i o a b l e ~ i n ~ - v i e w  +of- , the  

u r g e n c y  o f  p e r f o r m i n ~  repair + a n t i ' m a i n t e n a n c e  w o r k ~ O n ~ t h e  ~ ~, . . . .  

bucket was  that of providin~ additional outlet;facilities 

discharge in the river channel + below the .dam.~ ~Outiet works+with ~+ithe . 

water bypassin~ the dam through tunnels wares+considered,shut :~the ~,+cost / 

was prohibitive and the plan+was abandoned when others~apP e~red~more + 

economical ~ equally as satisfaoto,'y. ~Consideration was &iven~to °~ 

developin~ some of the additional pow~r facilities. Restrictions on 

t h e  p u r c h a s e  o f  t h e  m a t e r i a l s  a n d  ? t h e  t!~time r e q u i r e d f o r + m a n u f a c t u r i n g  J ~ ~ 
i • 

and  delivery, had the materials~+been available, made+it~neCeSsary +to " + 

abandon this scheme. Several +,variatic ~ +the ~84,inch~needle ~i 

valves from the canyon-wall outlets~ at "Dam installed~at~the 

ends of the power penstocks in the++,rig~ht powerhouse,++~werel investi- "+ 

~ a t e d  a n d  a f i n a l + a r r a n g e m e n t  evolved+~+~roughi~hY d r a u l i e  ~modei+~+studies 

(figure 15). The results of!these, studies have~been presented+~in .~ 

of this report. The +approved+iplan placed the+ needle + valves +between 

the ends of the penstocks and+the turbine draft~i:tubes, +~with+i~tra nsi- 

tions from the penstocks to elbows+on;++the upstream+ends++ o f  the+ >valves + 
• o 

ands special transition elbow from the ~+downstream++ends+of+ the+valves 

to the+dr~ft tubes• T+++ discharge from the valves+was directed +into 

the transition elbows where it was turned vertically downward into the 

t u r b i n e  d r a f t  t u b e s .  
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Detailed testsof the various',:'arrangements were':not/made~:on::.the>..l' 

to .60 model~ but the fins i ,desi~n,~ as :determined. b3 

s c r i b e d  in '  H y d r a u l i c  L a b o r a t o  r y  Reporb:~:~o. ~ 132,.~was ',ins.~alled~:~and::ob - 

served under various operating ~condltlons. ':Ni 

u n i t ,  w e r e  r e p r e s e n t e d  i n  t h e m o d e l ,  ~i t i :be~n~ 

totype installation would include 8.or.:9.":of 

v a l v e s  w e r e  r e p r e s e n t e d  .on the~model?by,;flow ~ 

t h e  p r o p e r  q u a n t i ~ ,  a t  v e l o c i t i e s  o o r r e s p o n d i n ~ " t  

t r a n s i t i o n  e lbows w e r e  m o l d e d : , o f ~ t r a n s p a r e n t  p l a s  

c o n n e c t  t o  t h e , v a l v e  and t h e  d r a f t  t u b e ;  ~ No.~unsa 

w e r e  n o t e d  _on : : t he  1 

16 .  S t u d i e s  t 

o f  p r e l i m i n a r y  o r  t 

b e f o r e  t h e  ex%ensiv  

a b l e  ga~es  f o r m e a s  

f o r  r e c o r d i n g  the:~,d 

b e f o  re  t h e s e  t ests:: 

Among t h e  f i r s  

. s y s t e m .  An 8-inch 

8-inch branch of %d~o, model-.suppl 

img model f l o w s  r e p r e s e n t i n ~ : - : p r o  

100,000 s e c o n d . f e e t  '~ ( f i ~ u r e ~ : 3 5 ) .  

line ~oroes...and...number of:-llnes _- 

the dam w a s  n e e d e d : : u r ~ e n t ! F ,  t h e  

with a special pitoti:.tube, .which ~ 

.quickly by. us ir~ the:model-~orest~.~ 

68 

essential,, the: flows, eould~be-mel 

8.-inoh branch, .:.The:14,inoh: l i n e ,  .. y:~:,trai~~sine. . :~'~.:iil) 

.-cross._,.seetlon:of~.the~ pipe~wlth,a~.~;standard,:pitome~er~and-~:reoordin~. - .- .: :: 
• • , " ' ..... :s. '" , ..... . ' ".. ,.:2.; :~: ~..:;., ."" " " .: '~" ?i 

:,e : h e a d : d i £ f e r e n t i a l : : o n  :the:..special..:stati~nary:::p~tot~',tube.: ,, 'Appar- : :: ,:,~ 

• ly. ~he o,est~was,,more~:efncient :th&ni/;ha~)i-:boen.: a n t i c i l p a ~ e d , l s l n c e  ' ' : i: .: .i'~/~i:; 

: a l i b r a t l o n . . . b y  : r ~ e  ' p l t o m e t e r ,  imdica ted : - .more ,  f low~ f o r  .:the :~ssam~(... 



FIGURE 34 

A- Three outlets in right powerhouse operating 

Q 

B 

B - Nine outlets in right powerhouse operating 

Q 

NEEDLE-VALVE OUTLETS IN ~IGHT :'OTERHOUSE OF I TO 60 MODEL 
DAM IN OPERATION - FLG2/ IN ~IVER R~RE: ENTIN~ 73,000 
SEC 0ND-FEET. 
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d i f f e r e n t i a l , h e a d ,  o n ~ t h e , , p i t o t  ~:tube~ i n d i c a t o r  ~than~,when~ ~the "i q u a n t i t y  

.was b a s e d  o n  the , :~erest  c o e f f i c i e n t s  from~etudies:made:ilprev£ously}0n 

m o d e l s  ~ i n  t h e ,  l a b o r a t o r y .  :'/; ~ 

l)ata~ on t h e  o] ~and ump, . ~, : ,  .~ 

the first-to be~,ius~ 

were obtained =: duri~ ~the:: o alib 
i 

entrance and in the'mlx~n~;~ub 

ratio o£ total tol ~, 

recorded, this-rat 

computed but' the h 

t h e  sprin~ o f i 1 9 4 4  

t h e  r tver:~ohanne  £~.] 

: p i e c e  o f .  w o o d ~ w a s  

increased ~notably.' __ 

made, ~be£ore :. t h e  ;i pump 

f o r  ~he.~. 1944 ~ t e ~ t  .- p r o ~ r ~  

b u c k e t ,  and ~:to,: s t u d y  t h e ,  

d o w n s ~ r e m .  ,~ From t h e  '~ t e  

.may b e  :used . i d v a n t a ~ e o u i  

:Thel i n s t a l  l a t i o n  •of  

, .betn~ s u p p l i e d ! : t o  .~the too 

and~ 24-inoh~ lln$ s 

• from~:~,the e e da ta :  b u t  2~ £t:~ w, a s  'found 

.:was :. areal1,  .~additional{~data~:~were,~not >obta£m 

,:had':beon,~,oompleted.  ~; The.~final :ol 

~ ehown,i~onsI~, gut e ~ ' i - - -  -- 36. ~ are 

i "//~. 
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~g~ny of the tests pertaining to the spillway-bucket inspection 

and repair caisson, particularly those concerning the maneuverability 

of the caisson, were dependent upon the existence of relative,water- 

surface elevations at widely separated points in the~rriver channel~:of 

the model to give proper velocity distribution. Since the configura- 

tion of this channel and its roughness were main factors controlling 

th~se factors, both were given careful consideration~during .its oon- 

etruction. It was possible to represent,tho configuration accurately 

since a comprehensive survey of the prototype=river channel! bad, been 

oo~.rleted a few months prior to the construction of the model. ~:~IThe- 

problem of roughness was not so simple. The 'banks immediately:below 

the d~n had been riprapped while those farther ~dov~the'~river had~ not. 

It was knov-n that ~he river bottom and the lower levels of itl~e~banks 

contained a heavy blanket of~rock varyin~ from small sizes to huge 

e ~ boulders. The relatLve roughness would necessarily ~have to b hiss. 

From previous experience with similar models it seemod t h a t , : a  :surface 

of pit-Fun ~ravel would be too smooth. The chmanel~:was constructed in 

two sections, one stable to represent the section of:river net expected 

to undergo chan~es due to releases from the reservoir or to the in- 

stallation of the bypass system in the right powerhouse, and the other 

being movable to provide for altering the model~and to enable a study 

of the action in the immediate vicinity of the dean during the opera- 

tion of its various hydraulic features. 

Two sizes of a~Ere~ate were chosen. A~gregate of i/4-inchmaxi - 

mum dimension containing no fine sandwas used for the surface layer 

of porous concrete of the stable bed and a l.i/2-inch layer:of 3/16- 

to 3/8-inch a~sre~ate was placed over a thoroughly packed l subl~yer of 

pit-run gravel to form the movable bed section. When the model:was 

placed in operation and water-surface measurements made at stations " 

corresponding to those used on the prototype for discharges varyin~ 

from 45,000 to 346,000 seo,0nd-:feet, the elevations were found to be 

in excellent agreement with the prototype measurements, fi6~re 57. 

E i t h e r  t h e  bed  m a t o r i a l  chose~  f o r  t h e  m o d e l  a f t e r  a c a s u a l  S u r v e y  

of the prototype had been well-ch~sen or the confisuration of the 
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channel, built carefully aceordln~ to ourrent'~surveys, ~.~. ~he~govern- 

in8 factor. All data were withln the limits cf exp~ental error, 

With this agreement established itwas possible~:to:bogin::the:extens!ve~ 

program which had been planned in, connection' with the ~design, :cons#ruc- 

tion, and operation of ~the caisson for~inspecting:~and 'repairinz the 

spillway bucket• 

The flow from the model powerhouaes~was,to be regulated l by oyli~- 

d e r  g a t e s  d e s i g n e d  fez  ° t h a t , p u r p o s e .  However ,  t h o , i n s t a l l a t i o n ~ o f  n e e d l e  

valves in the right powerhouse prev~ted using thsm~inlthis part clothe 
' / 

/ 

model and they were Installed'in the left powerhouse 

valves were used for the bypass syatam:~in~the right~:q ch 

was represented by flow nozzles ~and transition:bonds whi 

nozzle flow dowmmmrd into the turbine draft tubes. The :use :Of~the:flow _~.~!~! 

nozzle was possible in thls ease since the pro" 

remain either in the open or closed position• lee 

was eallbrated in the Denver laboratory and a disoharge/curve::!iprspared, 

figure 38. Pressures in each of!the nine units wore~ recorded one.the 

m o d e l  and  a l t h o u @ h ' t h e  : , d i s t r i b u t i o n  was n o t  : e q u a l ,  ~/~the~'va~at~oni~in " .i!~ I 

the qummtity was megllglble, now, condition- ~in~the, transparen~Bm~d 
/ 

and  t h o s e  i n  t h e  t a t  l r a c e w e r e  n o t e d ,  "No a d v e r s o ~ o o n d i t i o n s  were  

o b s e r v e d  a l t h o u g h  f o r  c e r t a i n  c o m b i n a t i o n s  a c u r r e n t '  ' fo rmed nea ' r  ~the : i  
tailrace slope which bad,velocities representing 3,8 to::6.6:,,feet~pe ~ ~ 

eeoor-~ prototype. " I t  i s  believed t~at'~:be~erloperationiof~ bothi~of 
the model powerhouses might ~be: Obtained by! . . . .  improvlng~the soheme~,used 

in the right powerhouse and making individual feeders ~to i the ~turbine 

draft tubes in the~ left structure. This shouldl be given Co~i~eration 

if the model is to be used extensively~for/:demonstratlon. 

Durin E the period Of:testing Atwas deslrable~to construot~;a 

special tailwater re~lator to maintain automatically the~natural ~ 

ratln~ curve of the stream below the dam. Several tests~were~made 

t o  ascertain if a l t e r a t i o n s  ::to~ t h e  t a l l w a t e r  g a t e , i n , t h e  d o w n s t r e a m  

eump would accomplish the desired results • It was decided that auto- 

m a r i e  r e g u l a t i o n  c o u l d  no t  b e  o b t a i n e d  ~ i n  t h i s  m a n n e r  as  a w e i r  w i t h  

a l o n g  c r e s t  w o u l d  be  n e c e s s a r y .  S i n c e  i t .  was  c e r t a i n  t h a t  a u t o m a t i c  
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r e g u l a t i  o n  oould~=be a t t a i n e d ~  bye s o n s t r u c t i n ~ , a :  s u i t a b l e  ~!ibcrri er  ~at '~the ':: ~ :: .':! 

end of .  the '  r i ~ r e r : o h a n n e l ,  as : it" en' : ~ u r t h e r  

t e s t °  were~made~oonoe~n ing '~ th i s  problem..:... 

The - ,r iver . o u t l e t s ,  : u a i n $  rubberJ:oork 

f o u ~ i  t o  o p e r a t e  ~sat~0sfaotor l  ly.::,rfor.~the ~:~ : " 

t h e  oondltion wh~ re the spillway oz i ly :~opefates  :~:were ~ prov ided '~ throu~h  

t r a n s i t s  p i p e  emlbedded : i n  the~model .~ .  ',.This~i~w&s~not ~:the o r i ~  i n a l  : i n -  . . . .  

tentlon :, but:~ the vents ..to the ~outlets were~iiOverloo~ed ' /~t i  ~ii'~!°ns~°'.' ' 

t i o n  p r o g r e s s  p r e v e n t e d ~ t h e i r i n o  l u ~ i o n !  ~iThei/ai~r~iventsii~Y~!be P e:r''~:i " ! 

- m a n e n t l y  a t t a o h e d  t o  t h e s e  p ipe  

~ a t e s ,  to: be~ i n s t a l l e d  ~n~the  :i'I 

t h e  mode l  r e s e r v o i r .  :~i 

T h e  a o t i  on O f  the ~ode l~d~  /i-, 

c o n d u i t ,  o p e n i n ~ s ,  and, -baf£1e  ~ ~,. 

of d i s e h s r ~ e .  ~There':was a: mini  ::~/~!i 

~ r e s e r v o i r .  :..,.: ',, 

• T e s t s  :.~a4a ~:previoue tc 

u s i r ~  a s h o r t  : l en~, th  :of .  o r  

i ~ a t e  ~. t h e  :-.pos s i b i l i t y :  :o f rot  

a r r a n g e m e n t  ,which!:gave ~ ~pr omi8 In~ 

however, :when: placed on ~the ! lon~ '~seotiolZ~Df~,~qe~i~ 
a i r  would• ~.O0 l l c c t  a t  ~:the ~ h i ~  er  ~ pos i t i o n s  ~of~:the~E 

and l l i ~ t  : the:i flow f r o m - t h e  ,-faoe o f ;~the: i sp l  l-lway~ i 

aooompanied:i- I t  e :opera t ion .  : ~fheni:the~-~ entrainment ~::' 

ti ons of sereen -~Of,:~di'£ferent:mesh\~were: l a s t  ened ~:.t, 

?dffferentdegrees Of~ ,The o flow~aweare ! 

: t h l  s :,: arrsz~e~eht :~,than ~£Or~=,the !4e~ooth 'i £aoe ,~ 

o f  .~vater ' .:but ~ they ,wore ~ yery: ,  i n e f f e c t i v e  :'eor! hi 

a F a n o e  

• , "7! 
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attributed to the dlfferenceinv~ei~ht.of the prallmlnary desi~, from 

which the model was constructed. 1 . a~ sthe current design. Four brass 

weights of about 180 ~rams ~ were fastenod~:to the deok,,adjaoent to,the 

side ~irders to correct this c cnditi,on, !nitially~the~s~llow draft 

was believed to be the result of increased buoyancy introduced by the 
/ ' 

out-of-scale thickme~s of the plastic~:~iheet used~Jin eon~tructin G the 

model. Computations however did not indicate this ire be tho~case. The L i 

additional weig~lt, required to produce the computed~value was too much 

~o be gained £rc~ the displao~nent due to the excess thickness. The" i:~ 

small size of the model made it impracticable:to study~the si~uking~:amd 

raising operations• Itwas too difficult to keep the Caisson~under : 

control without introducing errors from outside sources. "" a 

trace of instabillty seemed,to exiut, a condition in its ~nt 

to justify the construction of a larger~and more complete model. Ex- 

cellent stabilitywas noted for the~maneuvering tests when the ~ entire 

unit floated similar to a large barge. 

17. Studles~todetermine resistance of caisson to currents ; 

 ir o ent   looi  . si es of the nnos fo    oving  the 

caisson to and ~rom its position lover t~ie ,spillway bucket: were:~depe~dl 

ent upon the forces exerted on the cables durin G the maneuverin~ ~91 - 

tiom. ~hese forces, in turn, were dependentupon~the~shapelof the - " 

merKed portionof the caisson, the velocityo£tthe~flowir~ 

the angle of the cable with the~resultant force onthe,cais 

velocities in the tailrace for :the~various flc~v,: combinations :which / 

might exist durin~ the maneuvering were~:unknov~as~was the coefficient 

of resistance for the unusual shape of the~submerged :portion of the 

caisson• The angeles of operation Of the various lines~were unknown 

since the [,osition of the shore ends could~not be established advan- 

tageously e~cept by mancuverin~ tests conducted ~ on a~modcl in which 

the magnitude and direction of the currents were: representcd~correctly.~ 

Since non~ of these factors could be determined ~atisfactorilywithout ~ 

mod~l tests and it was necessary to establish criteria for design 

purposes months in advance of the tests, certain assumptions were made 

for the prclimLua~j sta~es of design. The maxLaum velocity in the 

/i 
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p o r t i o n  o£ t h e  r i v e r  c h a n n e l  i n ' w h i c h  t h e  m a n e u v e r i n g  was , t o l b e ~ c o n .  " 

fined was assu~ed,to be ~ five feet~ per' seoond" : A.,value~ dfi~l;5:i, was ' " 

selected for the ooef~ieient o~ resistance .and temporary~ locations ..... 

f o r  t h e  s h o r e  e n d s .  c h o s e n .  -These a s s u m p t i o n s . ,  r e s u l t e d  . i n  

f o r : t h e  p u l l o n  t h e ~ v a r i o u s ~ l i n e ~ , , ,  s~ ,was~ :ee t ab l i shed : l a t~  
model  s t u d i e s ,  ~i. " : 

As s o o n : a s  t h e  m o d e l w a s ~ : p l a o e d ~ i n  o lld 

b e  a s s e m b l e d ~ f o r  ~ t e s t i n g ,  t h e e ' r e s i s t a n c e ,  . . . . . . . . . .  nd 

head-on to currents of dlf£erent velocity~was:measured. -'~ '~ '~I~ ::~ 

model was plaoed'~in.~.,a.~seotion o£.~the model ~river/:~,.ohannel: ~ ' ~ : ' ~:~ 

~o~ 

and t h e  downstream:  c o r n e r  o f ~ t h b  c a i s s o n ,  , , a n d ~ , a : t o r s i o n : d y n a m o m e t e r  . . ,!~ 

attached,to the free~ end~:~to:obtain~ the~'magnltude. . . O£it21e/foroes :for 
h o l d i n g  ~it~ a g a i n s t  ,ithe : c u r r e n t .  "i/The :s " ! 

i t  h e a d - o n  i n t o ~ t h e  c u r r e n t ,  i T h e ~ l i s t , , o f  the~,:cais~oni:t  

d i f f e r e n t  v e l o c i t i e  s when i t  w a s  b r o a d s i d e , ~ t o i t h e  c u r r e n ~ w a s ~ m e a s u r e d  .... 

~so. ~: ~~ ii-, i~i'.i ~ - - 

When t he .  da ta .wa~  £ i r s t  a n a l y ~ . e d , ~ t h e ~ r e O o r d e d  I ,~!averaEe" :- 

the higher~veloolties. Due ,tO,turbulenoe In~hei~flo " '~ ~!~ '~ " "~ 

c u r r e n t  i n  t h e  s e c t i o n  w a s ~ u n s t e a d y ,  : th 'e .velooity. ,~,va t.'. • 

t o  p o i n t ,  a n t i , t i m e : t o  t i m e ,  :Thus i t  seemod~reasonable.:to~iassumei~,that ..... 

t h e  v a r i a t i o n  i n  the• , f o r o e  o n  t h e  ~ Y , l i n e  was ~due:to~ot~e ~chan~s'~in~ i 

velocity- l~rtioularly sinoe'the:suhnerged~.area of ~the caissons.was -~- 

s m a l l  c o m p a r e d  ~-lth t h e  a r e a . o [  ~ t h e [ F l o w l ~  ~wateri ~The:maximum:~force. 

Was there£ore, plotted a~ainst-.the maximum velocity~.measured in the -~ 

sectlon, the ~ aversge agalnst :..the .average, .and ithe :minimum-a~alnst ~the '~~ 

minima. ~he results were more.consistent. .~ 

The caisson llsted noticeably with .thet~o-l~ne Y-h~tch and~ un- ~:'~ 

c e r t a i n t y  was f e l t  as  t o  w h e t h e r  o r , n o t  t h e  . r e s i s t a n c e  c o e [ £ i o i e n t  was 

c o r r e c t  f o r  t h e  S h a l ~ .  T h e  t e s t  was r e p e a t ~  u s i n g  a t h r e e - l i n e  y . h t t o h  
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whloh~'held the side of the-caisson more nearly ~erpendicular":tO:,the!~flow. ' I'~ 

th~n had .been .~he case ,with ~the ~:.two ~..lines, ~ '~The..! '~- !', 

ac count the:~ decree sed draf~ ,~ on ! the- .ups t ream. , ' s ide  

the %~vo-line arrang~nent. 

The~ resistance c oefficlent, ,as determined, f 

broadside~ oondi%Ion was" approxJ~tei 

I tie s up to and inc lud ing :8 ,'i'fe st .per. ,  s ec end -were_~, 

rained £rc~ the following~:expressions :using ~a:.:coeil £czent o£,.~i,5 : 

p = CAV 2 " ~ -,:.~,i/= " ,;,. 

where P' = resistance (or,total:pull. on.iline), ~p0unds.. . ;i 

C = the resis~noe coefficient ~ . . .... ,: _ : ~: ,;-.:,~ 

A - a r e a  o f  s u b m e r g e d , / f a c e  o f  c a i : s s o n , , s q u a r e : f e e t  -~.. : :  

V - velocity of,,zcurrent,.,.cubio~eet~ per second : - ..... ;~:~ 

The o 0 e f f i c i e n t . o f ; 1 , 5  gave::a ' - ~...:. .~.~./~;- 
"greater~ resistance ~:,than ~-th01:'~del i; 

data r o t  mo,  or the  or"-eZocit e  'oonsld,red, 
l h e , : s t r u c t u r e  ... ' : ' :  '::: 

l i s t e d  dangerously for ,the~hi&her-velocities,:,Ti~ure:59.. :: - •~~ ,i :'/:~; 

gavevalues~coinciding:with~:those o b t a i n e d  f r o m l t h e : m o d e l  for .  t h e  • " 

head'on~oonditian. The idifferenoe :in :shape:of the ~:eubmerged area for ~ - 

t h e  broadside and h e a d - o n  conditions :are~believed ' t h e  ~ reason ~for-~%he ~,:, 

different coefficients. 

AS a c h e c k  o n . t h e  reliabili%v of.the.toti 

son broadside tothe :current. an:ianalysis of/id~ 

veri~ teats described in a " • . . . . .  

: sub s e quent ~8 e cti on ~.,o f..this ~re p0r~t :::was!,m'a~eii!,i 'i ;i ~~/~,:i: 
b y  t h e  d e s i g n  s e c t i o n .  V e r y  good: i -a~reement  was r e v e a l e d ,  ~- 

18 .  A stud ~:of: conditions influenci :: the:maneuveri~ ~.~of.:the fflo4t- 

img caisson. :~Reoords show that t h e f l o w  o f  thei COlchis,River app~oa~:S '~ 

500,000 eeoond-feet occasionally, exoeeds~lOO,000 second-feet :from ~three 

tO seven months of each year, and remains in excess of the present ~oapao- .. 

ity of the left powerhouse durin& much off, the low-water season. These 

conditions would prohibit repair work in the backet durin~ high water 

and make it necessary to remove the £1oatin~ caisson from the .spillway 
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j • • , • . ' buoket,  e a o h ,  mpri~;  •. : t r a n s f e r ,  i t  t o  the,  dLrydoek a p u r o x i m a t e l y  ~ 1 ~200 

f e e t  dow~ t r e  am: f o r  .. p ro te  e t i  on ~durin~ : the :  £1ood ! so a son ~ / ~ / r e ~ u r n  :.~?.:i 

itto the d ~ i n  t h e , . f a l l  .after?the~.f " . ' -i . " -~i..,,.~,:? ~ .., ... .. l ood  .watere,.~had ~suba~ded .  :::It. .. 

was p r o p o s e d - t h a t  the  ~ transfer,~ o f  this,~equi~nontbe:aooom~iishediby~:a ' . 

s y s t e m  o f  p u l l e r  maohines  l o o s t e d : ~ a t  v a r i o u s  . p o i n t s  ~ i 
J 

the .  p o m r h o u s e s ,  :..ar~ the.dam, .with oables .~  leading ,:.fr, 

on. t h e  Oais  s o n .  /, The f i n a l  a r r s ~  ement :of.:.rthi'e ~:,. eye tej i 

~ t i e a l l y i n ' r f t ~ u z ~ s  ~40. ~ ,~ ii ~ -! ::::i : ... 

T h e ~ , w a s  no p r e o e d e n t  f o r - ' e s t a b l  - ?i 

e f f a c e m e n t  of the..llnss to- aooompllsh:.~h . / '~ 

oauso_ of:the unknown, ooefTiolent .of. resi-s'  -~...~: 
f /  

the ~..eubmerged.: portion of the oalsson? to -o: 

and the .  u n p r e d i o t a b l e  , v e l o o i t y . d i s t r i b u t i q  - " 

i a to lybe low. . the . . :d~n~  ~ T e s t s ~ l e r e .  oonduoted On. the  :1 :~o:,./60 ~de l~ 'dam " 

using ~he ~..oatsson oonstru oted - of: transparent ~ plastlo ~ to ~ o b t a i n  .these ""' 
d a t e r  ..... .. -. . :~ 

M i t  was d e a i r e d . : t o ~ o v e  the  oatsson:to::the:!:,buoket:St:~the:sarliest . ...-:i': .: 

o p p o r t u n i t y  e a o h " £ ~ l l  .and:-return:it~i..to:~tHe.-drydook:as l a t e ~ : a s ~ p o s s i b l e  i n  "~ 

t h e  , e p r i ~  t o  . o b t ~ . ~ . ~ i m u m  w o r k i ~  ~periods ~for,  m a k i ~  :.the '..buoket- r e -  • ,:: -. :/~! 

p a i r s ,  i t  Was neoesec~g to  :maneuver under.~ oond i t i o n s ~ i ~  th- maximum ~ : f l o w . .  . . . . .  . . . .  ' ' .... 

t h r o u g h  b o t h  p o w e r h o u s e s . . a t :  t h e  :t ime t h e  t e s t s  ~-were m a d e , : ~ : t h e ~ i n e t a l .  ..:.. 

l a t t e r  o f  nine~.@4-inoh,  n e e d l e  ~ v a l v e s  in ,  the:  r i g h t  | ! c o o n -  ~': 

sldered, l~ter..~e.nu~ber was :oh~n.~ed to,eight* ,:W] .... ~ .... ~,,0£ . .... :. -~::::. 

4 , 0 0 0  s e e d s , - f e e t  e a c h ,  .the o u t l e t  f l o w  f r  ht  i -PO~rhouse - :would  . .  

.be 36.000.seeond.teet..The,-estimated f l o w ~ f o r - : t h e  l e f t  powerhouse .~wal  

~ 7 , 0 0 0  aeoo~d-~ee t ,  ms~l~ a totalr!flow.of:,y,3~OOO..seoond~feet~:for.ilthe . ,~::. 

maneuvering o p e r a t i o n a l  n o  f l o w  t h r o u g h  the:ri~r~:outlets ~or i:over:the. - -,::i- 

drum ~ a t e s .  " -.. 

The. c u r r e n t s  i n  the .  r tver . -ohanne l  o f  the.~model  "opposite. ,~the : . e n t r ~ e e  ~ ~'' 
, p 

t o  t h e  drydook were .not  ohanged n o t t ~ e a b l y  ~or:~oombtnattons...of::£tve'.~and 

. ,ix..val~es opera t in~  at:the, right-end of the  right powerhouse. Less : '-: ii 

oonoentrstion o f v e l o c i t y  resulted.when those, at , . the  left end:were o p e r -  :i.-.::~i 

atin~. Ho~mver, the.best distribution with less .oonoentrated currents i 

~ e e u l t e d  w h e n : v a l v e s  s t  eaoh end were  o p e r a t e d  and t h o s e  i n  the  o e n t e r  '~ 
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' were elosede The. r e a s o n  for thia~was .n6t ,epparent,~ buti!It wae:~be- 
.•, %~ 

r e g  a r d l e  s s  Of  p o s i t i o n ,  w h i l e  ' : ib los i r~  ~,three~!, or':~ four : :  

concentration: noticeably.el on~the~ri~ht"bank. Fro~ 

i t  was ooneluded~ t h a t ' . t h e  .',oond i t i o u s  ~.for :~any oombination~: ,would~not~ b e  : . 

more  s e v e r e  t h a n ' f o r : t h o s e ,  e x i s t i n ~ i : ~ l . t h - ~ a l l  : t h e  v ~ l v e s o p e r a t i n g  ~ats  

A ~ l l  ~apaoi'ty. : , . , . .  .... , .  

. Various: f l o w  c o m b i n a t i o n s  : (various i~units~, in: both ~vowerh0uses .: o ~ e r -  , 

atin~) . r e  o b s e r v e d  on the,model.to,!mm~i~tain~,if.som, 

severe conditions:, than,~otherl. :Most of the tests ~wer~ 

the maximum powerhouse flow~ s inoe the~:oOndi t~.ons_ifor  -'th~e~ other~,~,~00m. ..... 

binations were .as ~ood or better. ?iHowever, "themaneuverlng character- 

istics were studied and line ~forses.:'reoorded:?for some Of'the~.=eomblna- 

tions most likv~ly to exist durin~ the maneuverir~_., • ~ operations~and• ~for~:~one ..... , 

in w~oh p~ o~th~ ~lo~ ~s p~ssed over~the~le£t~!ena o~ t~e.s~i11~y 

end the ~rrent from the right powerhouse,=eliminated. 

After, ~ observin~ the '~flow ~ oondi ti one ~ With~both powerhouses ~, operktimg • 

~ d  n o t i ~  the action o f  the ~o . i ,son~'when. i t~ui  ' b e i ~ :  ~ n e ~ e r e ~ ' / i ~ .  " i 
was believed, that the line foroes i~£or~:maneuverin~ the ~ieais~oni~,,eould~be ' 

r e d u c e d  c o n s i d e r a b l y  b y ! m a n i ~ l a t i n ~ '  t h e / d r u m  ~etes:~:~ii.Byi'/paesi,~i: t h e S Z i o w  ~ 

over the gates at[ the] left end::~::bf the ::::model :' spillway 

the ri~ ht po~ thou se ,.. i t~,was : .poe si ble to ih~ve ~:, the :;urrent' ,':!'i throu~ h:?whi~eh ~-! 

the oaissonWould be ::towed ,:_:move In:an : u p s t r e a m : d i r e e t i o n ~  ~ ,,'~With:~,thim ' - 

combination t h e  c a i s s o n  c o u l d : b e  t a k e n  .u ~ilTl~':~-:: 

from thespillway~dleft,powerhouse, t ~a 

and upstrela~from the..path offlow from!the~ ri~ht~.powerhouse~ '"~hen",im 

this posi%ion~ :the flow~ould be transferred from the~ spill~ay ~ to:,ths • 

right poorhouse ~ snd~the ~cai .seen then moved~ to its: position over~ithe 

bucket. However. the flow~oonditions~woUldbe-unsymmetrioal and mate-. 

rial ~ no doubt would be.carried back into the ~buoket ~unless. the~idredging 

below the:bucket, discussed-subsequently in this report, has been com. 

pleted. ~I~o. thv flow below the dam w~s rough and might interfere 

with hsndlir~ the m~neuverir~ lines =nd the scheme:~was not considered 

seriously even tho.~h the line forces were found to be small. 
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Speclal dru:m dynamometers ,  m~kin~ use of.,,the an~ul,~r d e f l e c t i o n  o f  

a steel~wire ~under ; torsion to~as~re~ the .magnitude of the :/On 

each line, were de|igned~ for,:the maneuveri~ ,~, tests :.' (fi~ure,:!i41A),: ':~With 

these instruments,~ which were~.~equipped:'w~th:a:li~:htwei.6ht ::fish:,illne 

that could be re,sled~ in:or 'out to move :the i~eale|onthrough~the ~down- : • • 

stream r i v e r  ehe~moel, i t~was p o s s i b l e  t o :  study, t h e : ~ . ~ u V e r a b i l ' i t y ~ f o r  

various shore po,,itions, of the lines tolasoert~i'n:~the,:.number:i:i6f=.~linss 

required and to  ~eterm.~ne the~magnitude-.of the pull,on~eaoh!line~:Whether 

the caisson was movin~ or held stationaFy. 

: system of lines, formin~ a~rid~.~of;,:20-ineh equ~res, o,, 

trensverse and l o n g i t u d i n a l  stations of:the prototype,~waSi~l~ 

yellow on the river ~bed to,~ facilitate ' looatin~ and ,establishin~ :the~.an- 

~u~er position of~.the caissonoat ~he ,time'•readin~s~,were~'taken~ 
at first it w~'s believed ~deslrable ~toreoord the:line forceSi,~,while ..... 

the caisson was in, motion, but.:~this procedure d~d~not-yield~data:ifor 

direct comparison because ,of~.:the,dlfficulty~of eoordlnatin~ ~the ~'actions • ..~ 

of the operator,:and o b t a i n i n ~  the~'lecatioz 

ings s imul t aneous ly , ,  Maximum: readiz~s on~t 

portion of the lead,were ~obta~ned.:durin& +.~. 

son yes  maneuvered into position.and held<, stationary with :~iiii~iines 

taut for the llne-fo,'oe and positlon'~reudings. ~,The p=~hithroU~h~ioh 

the caisson was maneuvered ~ivir~its.position.~and .~direction~at~{~the ~ 

time the readings were taken, was ~ recorded/sehematloal ly:on gr~ 

wlth all pertinent!data supplied in tabular"form~on ~ 

The ~ direction of the currents.~ and ~the ms~nitude 

in the tailrace and~river channel ~below the model d~m.toi?station~!B4~O/...~ 

! 

most severe, data f o r  that arr, en~em~nt only: is ~ o o n t a i ~ e d : i n ~ t h i s = , r e p o r t  

(figure 42 ). : From these:data it-i was possible :to: check: the ~-eorrectnese 
:i 

of the line-fores measurements. Computations ~usin~ these :data~and, a, i~i 

dlreotional position, recorded, v~en llne forces,were measuced, 6ave 

values ~Which were in ~ood. a~reement v~.th theses, recorded ~ by .the:drum 

dynamometers. Maximum velocities through which is~-was necessary"to 
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maneuver the caisson were recorded in the Clew from the~Lri%htjpewer - 

house byp, ss. A velocity of 4.3 f,-~et per second (prototype)~was meas- 

ured near station A28+00, BIO+O0. 

In gener~l, bhe .flow from the poweri~ouses~ conbinued downstream 

formed below the left end oK' the s~illway ~dlJin~the'drydock entrance, iiili 

while one movin~ counterclockwise formed below the~ight~end~of~ithe " 

spillway. -low in the up~tre~md~rec~ion between the~,two~eddles~below 

the spillw~y sectio~l occurred alon~:~station~A24+O0. 

19. St~2dies to ~determine the number Of l lines~ re(~uired'to~maneuver ; 

the floatin~ caisson. Preliminary tests indicated tbat~the~axls:~of the 

approach cha~n~el to the :drydock should coincide with the longitudinal 

axis of line 2 v,lth its shore end in%he vicinity of the rightend~of 

the left powerhouse when the caisson was being moved~Trom~the dryd0ck ~" 

~nd fenders to the river. This change was m.ide ~ien the drydock was 

relocated, before the main pert0f~the test program was begun. • 

Initially te~t~ wer~ n~de v~.%h maximum powerhouse flow, using~T,0,~ 

lines whi oh v~oro numbered to facilit~.te testin~ and the recording~ of 

data. The si~oro and of line I was pl~cod~on the opposite~bank ,'down- 

stream froH, the drydock; that of line 2, at a point represent.~ng eleva- 

tion 955 on the face of the d~ 50 feet inside theileft~trsining wall; 

thac of line 3, at elevation 955 on the face Of~the~: side 

the right traini:~ wall; and line 4, on the bankL~jus the 

drydock. L ncs I ~nd 4 were attached to the downstream left .ntis:right 

corners o ~,no caisson, respectively~ ands:lines!2 and 3~ to,~he~up 

stream cen~cr. Though the arran&ement differed somewhat from ~.he final 

system sno~ on figure 40. it ~as similar, It was impossible to, keep 

the caisson h~:adc-! into ~e c rrent ~v,_th ~nls arrangement, ~nd the 

s~,ore en~ o: line 3 v as r,.oved to the to~ oC the r~ht powerhouse in an 

effort to i~pzove this e,:,ndition. The maximum~ line forces which hsd 

varied from 0.3 to 0.5 pound (moqel) ~re reduced by this change over 

most of t?~ d;stence, but they increased ra~idly as the caisson near- 

ed the d~:,, reachin~ approximately tbc s~zm values, thus demonstratir~ 

the necessi~j of a fifth line to maneuver it to the face of the dam. 

i 
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.The large 1.uaGnitude of these forces was attribute~ to two factors. 

First, the an~les of the lines with the resultant ~force ~on the ~:c~Is- 

son approached 90 degrees, causing high tens~e~stresses ~in~the two 

lines, and secon~i.]y, the caisson could not be~headed into the iourrent ~ 

with the four lines to redui.~ the force act ainst the two ~iines, 

Some decrease in these forces was obtained ing the: 0a£Ss0n ~into ~ 

the stream opposite and sliL~htly upstream . . . .  ~; ~from ,the drydook ~and ;then 

towin~ it upstream to the face of the dam. T~e ,operation ~wes consid i ". 

ered too limited, and the ~ifth llne was considered essential, i More&;!!, 

over, this errm~ement of line, made it dlffloU1% to maneuver the. ca:is- ~ 

son in the entrance channel near ,the drydook, ~ ~ , • 

However, to make oertsin that the maneuverir~ could not be per- 

formed satisfactory usln~, four lines, the ~tests were co~tinUed.~,,iThe 

shore end of line S was moved again ~to the point ,SO0 feet ins~ide ~,the ~ " 

right traini~,, wall,~and that of line 4 to the back of the~dryd6cko 

Also, the caisson ends of.llnes :I and 4 were ,transferred ~from~the i ,~ 

corners to the downstream oenten, since the arrar4~cment ~ha~ proven so 

satisfactory in the previous tests for lines ~2 and ~. ' The,maneuver- 

ability was i~:proved slightly but the shore positions were ,not suitable 

for head!ng the caisson into fl~e current from the right powerhouse. 

Moreover, it was not possible to arrange the shore ~ositions to accom- 

plish this wlthout decreasir~ the maneuvers ines 

and 4 remained hitch, except when the mane a 

definite path in which the caisson was first moved into the river 

opposite the downstream edge of the entrsnce channel, allowln~ ..... <llnes 

and S to take the load, end then being drawn directly upstream to 

the dam by these lines. Data for several tests ~with the ~shore ends 

of lines 1, 2, and 4 kept at the same location and that Of line S at 

points 90, 210, 410, and 810 feet iuside the risht trai~.in~ wal~l ~in- 

dicate, i the same trend. In these tests the shore end of line I was 

at station Alg+00, B2+50; chat of line 2 on top of the apillway~end 

of the left pov~rhouse, and thac of line 4 at the back of the dry- 

dock opposite the gate openir~. For the same maneuverin~ path the 

pull on lines 3 and 4 increased as the shore end of line S was moved 

toward the oenter of the s~illway. 'l~lis was attributed to the 

• ,T 

!, 
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increase in the en61e between-these lines and the on 

the c a i s s o n .  ,In ell ~:oases ~excesaive foroes'~,were i p r o d u o e d ~ b y ~ i m p r o p e r  

maneuvering, such,'as ~the ~lines being ,operated ~,to pull :i, against ~,ea@h 

other. 

SO. Tests to, e,st,ab,li~h: the op..%.Im,, .urn ~ Ioca,t~on,i"for ,.the ~ishor.'e :'ends i:of 

to be excessive when the caisson approached the-dam 

# • 

forces on lines rein Inec~nl~n, since the cc|uponents,of',lines~,l~ 14, an'd 

W' " 5 opposed it. ith the shore ends, of this llne~neer the:~right~traini~ 

~t well it was necessary to maneuver ~n:in he,outer edgesof~ 

currents from the outlets in the rl~ht powerhouse~where ~hlgher:,veloc~ty 

existed near the dam. Moreover, the force distribution~on the" lines ~ 

w~s upset due to the ~ unfavorable angularity: 

the shore end was moved toward the .center of " i" 

rude of this force decreased and the m~ueuverin~ end' Con~trol :i 

c~iseon in t.he area below the s~illw~y was,improved. Howeve: 

change resulting from this movement ~ was small for~e~.y:appreci . 

tence (200 feet or more)from the.right training ~wall. :thus it~was 

concluded that the location need not"be ~flxed exactly, iAdistance~iof 

610 feet inside the r~ght.wall was chosen arbitrerily:for::alli~subse-• 

quent tests except those in,which part of the:river 'dis charge i_passed 

over the spillway gates, when it bec--me necess~F to,move it~cl'oser itc 

the tr;inin~ wall to prevent interference ,from the ,w.~r passing over 

the spillway. With this arrangement, the load distribution on the:'ilines 

was most satisfactory when the caisson was maneuvered into position over 

the bucket directly downsZream from the shore end of this l~ne. . 

With the shore end of line I at station AIg+O0. B2+50; that of line 

2 on top of the left pov~:~rhouse ; that of line 3 at elevation 955 on the 

face of the dam. 810 feet inside c',e right training wall; and that for 

9O 

i ,T 
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• line 4 at the back of the drydock, the position of line 5 was varied 

to establish the optimum loc~tion for holdin~t~he caisson into the cur- 

rent from the right powerhouse. First, it was plaoed~on top of ~the'pow~r- 

house 40 feet outside the right training.wall; secondly, 365;feet~outside 

the wall; thirdly, on the right back at 'station ~6+00, B12+50; and 

fourthly, on the bank at station A~7+25,~BI3+SO. 

Initially line 5 was too fa," to the ~Ioft. :Movin~ it to lthe .second 

position on top of the powerhouse improved condi~ 

trouble was experienced with the line eontactin~ r- 

house roof as the caisson approached the dam, 'Maneuverin@equipment;;;iin 

this location would have interfered with the future ins~allation~of 

power equipment. Movin~ the end of the line ~o the bank : below .;the powe r. 

house in the third case eliminated this objection ~emd did~not seem ~to 

alter the msneuverability appreciably. However,. it appeared thai 

the shore end upstream would facilitate holding ithe,,oaisson head. 

the current ~nd the fourth position was investigated. "As.thls loc~ation 

seemed to be the optimum, it was retained for subsequent ~tests in'which 

the shore position of line 1 wae varied .to obtain z rther~improvement. 

Tests were made with the end of line I ab~stations ~RIS~+OO,~BIO+O01 

.117+00, B?+OOj .~18+00, B6+O0; ~18+00, BS+OOj AZS+OO..~B4+O0! ~.and ~,A20+O0, 

B3+O0. As the end of this line.-was moved upstreamiit Taoilitated the ....... 

maneuverin~ of the c=isson in its upstream travel,,makin~ ..... ;it :easier to 

keep t~e caisson head-on into the current from:the.right ~ powerhouse, 

but ~oreasin~ the component define s~ainst line=4.~ r- 

 ore difficult o.ie on.a  

Movin~ the end back downstream decreased the component of force acting 

a~ainst line 4 and improved the maneuverability of the caisson as it 

crossed the current on its return to the drydock. The maneuverability 

in the upstream direction was altered very little by this charge. Con- 

sider~n~ these characteristics, the best location appeared to be sta- 

~+00. Minor ohan~es ~n the 1oc~tion of the share end of 

line~w~ ~a~e ~Cshorte n the line .and facilitate Its :handl~ and 

pr~otlon durim~= t~.~test s in which the optimum position for line 3 
.~asobtained. The :meuverability was not chan~ed notioeab!y by 
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eli6ht ohan~es in the shore-end pos~.tion and the final position ohoseni. 

oonsiderin~ the importance of bein~ able to d i r e c t  the;:oaleeon into :.the 

current while maneuverin~ it throuJ~ the ;flow'~from:the ou~lets in!the 

right powerhouse, was station A33+00, B12~30, 

Structural and ,other consi dera~ions made .sli~ ht ~ chan~es desirlble " 

in the shore-end positions for ;lines 2 und 4,.also, ~Line 4-,~wae:pla~d, - 

on the quoin post upstream from the drydook~"te;op~nin~.~n.d~line. . 2on 
the deck at t p~, right end of the lef.t.,i ~- -~. ~ .... . 

three positions for the shore end of~,lj een/consi!dered, n~ 

behind the left powerhouse near the.trainin~,wall;;:0n~.top oC the power-'- 

house on the tower supports for unit 9; ..and .on'the;draft tube!.brid~e..i~. 

deck near the ri~ht end of the oowerhousee , Proem the,...standpoint,of,maneu, 

verability the roof position seemed mostdesirable,. .however ~the in~erfel-- 

enos with the installation of unit 9 a/id '.the chano~ee~required~made:the~ !~. ~ 

deck position more suitable. The den~er,from ,ice 81iding fr0m'<,the down.. 

.stream face of the dam durir~ winter °perations~made ~the!.poeition,i,baok, "- 

of the powerhouse undesirable. No difference in the~me~ ~ ."/! 

or the llne forces was~noted when check,'runs ,were~,nmde ~ ' 

shore-end locations (figure~43). The ~f'inal ~looations ,of :the shore ends " 

of the lines determined from the model Studies, consic ithe:~,maneu. 

verability of the caisson, .structural limitations, un~ s 

were: l i n e  1, station J20+O0, B3+O0; .line ~-, the ild~aft.itube bridge.~ 
dec~c at l e f t  end of l e f t  vov~erhouse; ~ne ~, 810 fee t  ins ide  o f ~ . r ~ t  

t r a i n i r ~  wa l l  on f'~ce oC ~m;  l i n e  4, u ~ s t r e ~  side Of~drMdocM~ete 

opening; l i n e  5, st~.t ion ~.3~+00, IB12+00 ( f ~ U r e  40).~ 

That the f l o ~  from the l e f t  powerhouse had l i t t l e  e l ' foot  upon the 

maneuvering qualities was shown by dat~ obtained vdth no discharge from 

this source, This condition was attrlbnteJ to the f~ct that it was 

ely;aye neoessar[f for the o,:isson to cross the current from the bypass 

valves in the ri6ht Powerhouse and the velocity of this current remained 

nearly const6~nt, thus it was the predominating factor influencing the 
maneuverl~ operation. 

~t various times durin 6 the uests for locatin6 the shore ends of 

the lines and measur[n~ the line forces, the :naneuverabilit:; of the i, 
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- caisson over the entire course to -nd from the dam was investisated. 

~s the network of maneuvering :lines approached the/final arran£ement, ~it 

was observed that certain handlin~of ' the lines ~resulted~inla~ferryin~ ~ 

action which carried the caisson~aeross the current either in,:en up- 

stream or downstream directl on, dependin~ upon ~ the manipulation ~of:!~the 

lines. On the upstream journey, when the ~caisson was~headed into~the 

current, this action was obtained by:slackenin~ lines 1 and 4 and takir~- 

up on lines 2 and 3. On the downstream?~trip,.~.the ~action was ;obtained~'by 

reversin~ the procedure. The :ler~tl 

constant in either case. H6wever, the i J. 

• current properly in both eases or the ferrying action would 

The line forces were very moderate under these ~conditions, 

It was characteristic of line 4 to oarry~considerable~ioad~when~the ~ .... 

caisson was be in@ moved from the drydock ~through the entr=nceiichanneli~o 

the river. This condition was~ attributed :to the fact t~ . . . . .  

sisted force components from each of the, other ~ four linei 

desirable to locate the shore ends of linesi~lland~$~:as~f, 

possibln, t~kin& into consideration the ~neuverabilit.~ 

21. }~eas:~remcnt of forces exerted on maneuv~ 

cable sizes. Line Forces with the final mane~w 

obtained for various combizations of s~illway, ~ 

flows. The measurements v~re made usinj~ ~he smail drum dynamometers 

mentioned in section 18 ~nd the combinations limite~d!to ; , t h o s e  most iii.kely .,, 

to exist d~,riu~ the maneuverin~ operations. Ths~line ~forces were not 

,j- 

U 

both powerhouses. The sizes chosen, with their~respective:factorso~ f 

safety, are listed in table I. 

9~ 



Table I 

Characteristics of Maneuverin~iLines 

Maximum line pull 
Line various flow combinations Line 

No. Pounds - model Tons - prototype, size 

1 0.20 21.6 

2 0.15 16,2 

3 0,20 21.6 

4 0.26 26 ,1  

5 0.20 21.6 

I'~5/4" 

• Tons prototype = ibs model x:~--O- ~ . 

Factor 

Since all the maximum forces shownabove are~not,for~ 

~5,5 

~ " 7,.3 ' :~ ,: ..... . 

'~'5.5 

5,5 ,  , 
J~ 
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line arrangement, in which the forces w~re reduced somewhat Trom ,those 
- ~i : , . ", !i, " 

listed above, the factors of safety ,will,be greater ithan :shown .in'the 

table for some of the lines. Factors of safety fer:lines~!:3, 14 ~/, and5 

were based on the final arrangement, the o~hers were not. = ,~ 

A test'was made also to determine the ma~nitud, ~ ",~ 

quired in moving the caisson oarallel ~vl th-the!iface i 

was in position over the bucket. ~%~o dy~tmometers~wore plaoed.~Just, in .. '; 

side each training wall on wooden platforms cl~mped to ithe model walls." 

The lines from these were fastened to the four/corners ~of the caisson / 
, ~.: - ~ " .j i ~ 

and force readings obtained for ,various locations o:' thc caissoni.over , /,~ 

the bucket. A maximum f'orce of 0.04 pound model or ~8,640,pounds pro, to- 

type was measured on one of' the lines. Relatively more roughness oni~the - 
, ~ 

prototype might increase this some. ..... :,i 
22. Determination of the optimum positions for h itoh.in~ the maneu- ~ 

verin~ lines to the caisson. A study was made of the effect of the posi- !i~i 
tion of the cable hitches to ~the caisson upon the mans,uverabili~y, i ~In ~: 

most oases t~ne handlin~ of the model improved~when-1~e hltches,~were ~i 

placed on the centerline at the upstream and downstream~ends of ~1~he '~i:iiii 

s'tructure. However, other considerations in some instances made ~it ,.~::"~ 

desirable to attach to the corners instead. Line 5 was changed to the ~ ~'~/'~!j ~'i~ 



u p s t r e a m  right corner t o  p r e v e n t  ,i~a pulllng against',the upstream:~righ~ 

a s s e s s  s h a f t  when t he  oateson~ n e a r e d  +..its r; p o a i t i o -  . . . . .  '~"-~-- ++..~---,--.'- 

8 1 ~ l a r  , t roub le  was. e x p e r i e n c e d  ~ Wiith +11 i ne  :::2 

Of the CdLIOIC~Ie . HOweve~o :..the+ aotion~was not as 

t h e  h i t o h  t o  t he  o o r n e r ,  as in '+the ease+ .of  l i n e ~  

neap  t h e  f e n d e r s  i n  t he  d r y d o o k e n ~ r a n o e + + m o r e L d f  

L 

o r  Ooz~n~ i n  o++',ntaot-wit, h t h e  ++aooelll++lhaf'~, +~heni~he~+,+old,llOn'+app£Oio~d 

t h e  dam. 

L ine  4 was t r a n s f e r r e d  from ~the :downs t r eam s e a t e r  ~ of  

~he downs t ream r i g h t  e a r n e r  t o ~ f a ~ i l i t a t e , d i r e e ~  

I n  one  t e , ~  t h e  e a i s s o n ~ w a s - r e t u r n e d  z :1 : 

and 2 a t t a o h e d  ~o  t h e  dolzstre~:,~nter o f  i~the~,oa~lzom:and.~li~s.3lL+,~4, ~ 

and 5 t o  t h e  Upe t ream~:oen te r ,  T h e ~ o a i s s o n  ~ s  m a n e u v e r e d + e a l i l y l i n ~ o  +•  *+ 

t h e  e n t r a n e o  c h a n n e l  wlth ,very + " +" : ..... " .. . . .  ' s m a l l  fOroee~, i b u t  ' i t '  u l e ~ . n o t i  p o e s l b l e  :1:o, 

dL~eo¢ i t  i n t o  the+ d r~dook  u s J . ~  t h i s  " ~ ~ 

Xn genez~.l, the mJneuverir~ opera • the , o a i s s o n  froa 

the drydooM ~o the" dam was :aoeompliahed~moat ~.satiafaetor,ily~.i~i~n:the 

oaismon was mow, d . l n  a p a t h  l e a d t  +ng+~ifromithe 

s t r e a m  from'• s t a t i o n  Ji~.8eoOw ~ B8 ++00, ~-headed~d~ 

the right powerhouse, 

to the faee, of the *dam 

at~aohed to the faoe o 

i ~  . ~  ..caisson . t o  *+ t h e  d r y d o e k ,  m- 

t o a l l ~  i t  t o  f i o a t  baokwards  d, ** : 

+sheaves ~;o sCation**A3.0~+OO,.ihead i t  i n t o ~ t ~ ¢ u r r e n t  ppOm,~o.~he~riglh~i ~ .' ,. ~:: 

p o w e r h o u s e ,  / f e r r y  i ~ ! t O  s t a i l  on +.l~.8eO0, B 8+00  ~ ( a p p r o x t m a t e l ¥ ) . , ~ t h ~ z  *++ :/''':*~ 

+urn +,it w i t h / t h e  h~ek . end  ~toward +the d r y d o o k  and ] , m v e  !it + ~ o ~ 1 ~ h  +~;he + + ~ 

e n ~ ' a n o e . ,  channel into+.the -floating fenders. +-~ 

96 
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23. BfFeet of  d r  oak en%ranoe ohamlel on the  maneuveri of t h e  " 

f l o a t i ~  e aiseCno When t h e  topography in~t he v i c i n i t 3  

was r e e s t a b l i e h e d , o n t h e  1 t o  60~model~for t e s t s  cones 

' f o r  drodgin~ be low the  'be eke% ' t o  • keep ~ a t e r i a l  s ~ from ien te r in~  i~i%,!'and t o  

s tudy various.~ methods o f  ass s l o p e s  ~Lud~downs%ream 

riwBr:bankn,  ~ I n ~ ,  ocn~m _. ~f e x e a v a t i o n . l n  !,the . ~ @ ~ -  

2~  of .~he ~dr~loek. (plan !'10 f i g u r e  i,'44)~,the gr~ 

@mtT~:of the drydook,;approaeh ehannel,dif£ered~app .......... 

used .for  ~he maneuwDr~ ~ 8 t s  d ieoussed  in t he  , foretf, 

.Obtained from a . p r e l i m i n a r y  d r a ~ n g .  In general, "~e 

v a t i e n  940 extended 200 f e e t  f a r ~ h e r - i n t o  the r i v e r ,  i n e r e a s i n ~  t h e  " 

l eng th  of the  dr~look approaeh-,and, ehoking ~the . r i v e r  s h e n s i  below~%hia- 
elevation. . 1 ' " 

The ~:len~, narrow entranoo 'ohannel • ~In ~.~i oh; i t  was neoeemery ,to 

aeeompllsh the maneuve r i~  o f  ~ e  @aieson. ~ d  the , :chok~;~ ,of  .the r i v e r  

channel made i t  de s I r ab l e  ..to .. re-examine the 'meneuvering o f t h e  ."eLiason 

8%U4~y the, ~dltion8 in 'tl~ river at .the ohannel entrance,Tot ~vari- 
oue f l ems .  

The model was operated a t e  f low rep re sen t ing  69 ,000 ,seoond-fee~ 

(37,000 through the  le f~  p o o r h o u s e  and,i32,000,throl ~: 

va lves  of  the r i ~ h t  p~e~houee)  fore, the maneuvering 

eroased b~ increments  .to 787.000 soec~d-feet 

Poworhc~se and 7~0,000 over the  s p i l l w a y ) f o r  __as. :,~i 

Fire.areal! dru~8 rove w~/~h.a liEhtwei~.ht fish.i~llne ' looated~above ~ y  ! 

11~08 .linseed fore ~t~e drums throu~h,,.eyebolts/in a ;8~a~. 1 ,woodenl;bee~n i 

above the~.  then  ~ h r o t ~ h e y e b o l t s  s e t  ~n oonorete :blooks p i s s e d . a t  

][~oSn~e r ~ p r e s o n ~  ~;ho ,- shore ends of  ~ e  '!lfne8 from .the ,,eai8~o~ ~' 

maneuverin~. ~ s  a e e o ~ l  iehed by,  winding or~ releas~ n~, l i n e  from ~ appro-" i~ 

p r l a ~  dru~s.  A r i v e r  flow r e p r e s e n ~ n g  .69,000,,8eoond.feet~,(S7.O00 "'-~ 

through the  le f~  powerhouse and 32.000~tl,r~u~h the e i g h t  bypass .va lves  ~: .... 

im.the righ% powerhouse) wa~ maintained for the ~sts. The 11 0 ~ .ohannel ~ii 

F-~od~@ed~.no .adverse cur ren ts  ~in th~ maneuvering...area; ~tn ;feet,_ :the f low ~~i•~ 
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• 'eee~d sa~other than for the previous .tests:.~.th theft.shorter channel* 

However ,  t he  maneuver in~  w a s  oonf ined~ to~  s u o h : a  n a r r o w  p a t h  . that,il, i t ' , :wu  

d~f r iou l t  to .o~ the e- isson b e t , , . . ,  t~e ::dr_vdoo~ ~ d  . r i ve r  ~ : ~ n , ~  
w i t h o u t  g r o u n d i ~  i t  o n . t h e  s i d e  s l o p e s ,  o f  t h e . a p p r o a c h  c h a n n e i l , "  " I t  

IeeIs imperative that e v e r y p r e e a u t z ~ o n  sho~Id.-be :taken:~to prevent:,.g~und- 

in~ of the prototype oaleson- sinee the seal~:on t~e"isidel.-girders~ might " 

besoms damaged, Suitable markers should be PrO~idedin_thei:prototype 

t o  g u a r d  a g a i n s ~  suoh o o e u r r e n o e s ,  

In  an e f £ o r ~ . t o  ~=uake ma,~uveriz~/~in the/~long approaoh :ohannel~rleas 

t he  s h o r e  end o f  l l n e , 4  was p l  aoed a t  :, t h e  b a e k o e n t e r ~ o f . ~ . t ~ . . : d r y d o o k ~  i- I 

Both  '~a~es resulted in. improvementm but ~the.ehan~e :in:~-llne::2~seemed .. 

more importan~as it was.easier to keep the. axis of~.the-caiseon.par~llel 

t o  t h e  c h a n n e l .  Loea t tDg l i n e 4  a t  t h e  back..-.oenter o f  t h e  d r y d o o k  

caused  i t  t o  some in .  o o n t a o t  w i t h  t h e  .upstr~am.~s~de.:.Of ! ' the ~ O p e n i ~  ~ i n  

the drydoek as t he  ~ o a i s s o n  neared.,  t h e  ,dam. 

Marked improvement i~ hend l iDg  ~the :~eai sson: reeulted~,.when!..the ~.!tests ,-.-. 

were repeated, a~te~ the. points ex~endlng. ~. Into:. . the ~°river~:from :'both ' .i : ::'~:i~ 

aides of the approaeh, ehannel~ were: re~oved ~to.:make !~the topography, e im- 

il~ to that used for the:inltial ~.tests o .~-As:.before,_the is~ iah~ea r~ " 

i n  l i n e s  2 and 4 ~ a v e - n o t i e e & b l e ' : \ i m p r o v e m e n t .  I n  t h t s . ~ - t e s t  t he  sho re  

end o f ' l i n e  4 was ohmged!:~to~::.~-.he.l.quoin p o s t . o n - t h e  opposl~e>side o f  : 

t h e  d r y d o e k  ~ a t e : o p e n i r ~ , ~ . a l a o . :  .,~.While t h i s  o h a u ~ e . . ~ & v e ~ . i m p r o v e m e n t -  " 

rot . o a t  ~ o s ~ t i o ~  o f t h e  o ~ , s o n ,  ~i~i~l.~y..~as~.~e~po~ie.~d i ~ n ~ l ~ n ~  - 

It w i t h  t h e  ohanne l  n e a r  . t h e : ! d r y d o e k ! t o  p l a e e : / i ~  I i n  p o s l t i O n ~ - t o : e n ~ r  " ' '  "":>':~ 

t h e  f e n d e r s .  I t  s e l d . : i . t h a t  t h e ~ s h o r e  end~of,~.line. 4 :oould n o t  b e ~ r e -  

l o c a t e d  a d v a n t a g e o u s  ly..wi t h o u t  i n t r o d u  ciz~ ~ oompl i c a t i o n s ,  

Duri~ the -test. desorlbed ~i~above, .. it :~s found, ne oesaary..:,..at " times • .: : " . ..!.-: 

for line I,.3, 4, and 5 to-drag on- the :: points eXtendin~ .fntoi:the:~.~iver - 

rro~ ~oth , i~ee  or the ~proao~ ~ n ~ .  L i . e~ l  :~sssd~,e~-.~he::~pO~,..-~i~:i:~:~::!/ 
o~ t h e  downst ream s i d e  when. . the  oaieson:~was moved i n  o r  o u t  ofi:~the . ...... .:~ 

c h a n n e l  n~.~sr t he  drydo~k~,, . L i n e s  3 , a n d 5  p a s s e d '  o v e r  t h e  " p O i n t . : . ~ p a t ~ e i  "~ 

when t h e  e a i s s o n  was moving ,  in. o r  o u t  o f  t h e  o h a u n e l  n e a r  ~he d r y d o e k  



t 

and line 4 over the same point as the eaisson neared the dry. Protes- 

tion on both points to prevent damaging these lines would be necessary 

if the ground surface were not lowered considerably or removed. Pro- 

teetion on the rightbank for line 5had been~:oensidered~neeessaryi~om 

the beginning, but the extent o f  this protection would!be redueed con- 

siderably by removal of the points. Zt was ~ believed th'at the protee~ion ~ 

f o r  l i n e  5 B i g h t  b e  r e d u c e d  f u r t h s r b y  p l a o i ~ , ~ a n  open  : .sheave o n ! t h e  ,~ 

shore near station A3Z+SOj B9+25 or providing some other means to elimi- 

nate the necessity of line 5~slidlng up and down the ridge between the 

main sheave and the approach channel i~hen the~ealsson is~near~:the dr7. 

d o c k .  A p i e e e  o f  1 -  b y 2 - b y  6 - i n e h b o a r d  w i t h  a n a i l  d r i v e n  i n : i t  a t  

an  a n g l e ,  p l a c e d  f l u s h  w i t h  ~ t h e  ~ r o u n d  : eu r faee~  o n , t h e  mode l~a t :  t h i s  

s t a t i o n ,  i n d i c a t e d  t h i s  t o  b e ,  c o r r e c t .  The c o n t r o l  o f  t h e  c a i s s o n  a t  ~ 

t h e  d r y d o o k  f o r  m o v i ~  i t  , i n  and ~ t  t h r o u ~ h ~ t h e  ~a~es  ~ d  f e n d e r s ~  

seemed to be improved by thle:aFrsl~e~nte :iHowever, other factors, 

such as the use of line 3~for maneuverin~the caisson in~this~region, 

might make it desirable to handle line :5 in some other manners 

The flow scuditions in the tailraee.s, idrydoekapproaeh~ohannel,/ 

and i n  t h e  r i v e r - c h a n n e l ,  e x o e p t  : o v e r  ,,the p o i n t ~ e x t e ~ ,  , :/into.~.the " 

r i v e r  f r o m  t h e  d o w n s t r e a m =  s i d e  ~ o f  the~= ) ~ g r e a t -  

e s t  p o r t i o n  o f  t h e  p o i n t s o n  bo th ,~s ide ,  r e m o v e d ,  

when o n l y  t h e  p o w e r h o u s e s  were 

v e l o c i t y ,  t u r b u l e n t  s t r e a m , p a s s ,  Olde 

Of t h e  entz~noe c h a n n e l  .to'~ f o m a  la-:;~e r e t u ;  + ~:: 

This condition became more severe as t h e : f l o ~  

sent  300,000 seeond-~eet ,  then~ ~ o ~ e  ~ le  ms ~:e~ ~ ~ ~ ~r~ 

t h e  d e p t h  o f  ~water  o v e r  . the ~ p o i n t  ~ i n o r e a s e d . :  ':.~In:,some ~ i e u e e ,  ~ i I .  

p a r t i c l e s  of sand moved ~downstream o v e r  t h e  p O i n t .  ~ii'There~(~rei~a o •  ~::~ ':~ ~ :  " 

h ~ h - v e l o o i t y ~  currents direoted::towa~ d t h e  ~ lef~-~.:.b~k~ bUt:i , : the~i~disturb.  ~ .... ~:.i~i,i:i,li 

enos .  a~ced  t o  d e c r e a s e  the~( f lo '~  a rea : : and  ~ t h u s  i n c r e a s e  t h e , : v e l o o i t y .  .. !~.!i",~,: 

The v e l o c i t y  o h a ~ e  was n o t ~ m ~ a s u r a b l e - o n  t h e - m o d e l ~  - . ~ "" ~ " .._~ 

O p e r a t i o n  o f  t h e  model  f o r  s h o r t  ~ e r i o d s  a t  f l o w ~ , ,  r ~ p r e s e n t i ~  

69.000; 87,0001 i137~000! 187wO00~ .and 237~O00:SeroOndofee~,,~and~for: on~ " .... 

hour  a t  287,000:8eoond-£eet:disolosed:that pumloe a n d  screened seal i 

r r~'~ 
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b:, 

used to study the movement of bed load in two areas downstream from ~ 

the bucket nea r  the  cen te r  of the spillwaym~,were~,,bei~ moved,r!downstream *" 

tow'ard the r i g h t  bank,  Af t e r  op~rat in~ for 

alent of 837.000 see,&d-feet, a large quant .... 

been deposited in theontr~oe~of the drydook.;~&pproaoh ~ohannel This 

mater ia l  moved i n t o  the~ channel  t o  fo rm p 

(30 feet prototype) at 787,000 seeondAfe 

the relatively quiet ~ter in the bottom.portlon~.Of;~the~.ehannel form- 

ed a na~-ural settlin~ basin for this~material, iTo correct thia~!OOndi- 

tion r.duo, the tur ule.t:fl  .oroe. t . do stre    'i .i or th, 

approach channel, the points extendix~ilnto:the river .on" both::.s£des ~ili ~I 

were removed an d the test repeated i (pl~n:!~2 ~-~ figure 44) ' . . . .  :~ 

The change resulted in smoother oonditionsidownstreamfrom the en- 

trance of the drydook approaoh~ ,but a,~ rid6e ~of,'pumioe and,soreened~,ooal 

still collected in the outer portion ell,the channel. ,The~'bar~oontaln- 

ed about the same ~ emount of material: but..~as:muQh different, in,'shape. .~.., . ."~i!,.. 

with  le  as depth (figure~ 45B). The improvemen~a ined  d i d  n o t  i:'seem to  

justif~ the added expense of additional excavation:and the ~eets wsre 

discontinued. However. it~was considered!important to~:shortenthe i~;:~ : 

channel to at least t h e  llmits used in the tests Just described O T h i s  

~uld reduoe considerably the protection needed~for the maneuvering '"i!i 

lines; it would improve measurably the maneuverin~ in the drydoek ~:!/i~ 

approach channel, and would lessen the•depth!of:the~deposit~inthis . •. i i'~,~i~!i 

ah~nnel. , 

24. Oper&tion of drum ~ates  and r i v e r  ,outloOkS,withe:eels&on in ~- !i I 

bucket. Durin~ the initial stages of th,~ development~of poasibil~tie| .~.i 

for the repair and main~enanee of the spillway bucket, it waS ~ believed i~ 

that flow in excess of the left powerhc~ee sapaoitywould have,toe, be 

dlsohar~ed over the splllway drum ~ates or through the river outlets ~: 

~hcn the oais~on was in position.on the bucket stud repair:work was ' " " .~! 

bein~ performed, Such oper&tion would res,:|It in unbalsnoed forces i 

tendir~ to slide the caisson toward the flowfrom the spillway or river ..... 

outlets if they ~ere o~erated too near the caisson, thus investi~ation~ ~"i 

were made on ~he model to determine the diet&nee the caisson should be ~ 
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7iguro '45 

A. Deposit of pumice in long approach channel to drydock 

B. Deposit of pumice inshortened approach ohmmmel %0 
drydock 

EFFECT OF TOPOGRAP.~Ff ON DEPOSIT OF MATERIAL IN ENTRANCE 
CHANNEL TO DRYDOCK 



e #m this flow to keep the/f°rceswithln':satisfaotory:limits. A model 

caisson of sheet metal with piezometer openings ~installed~;at various 

points on all its outside surfaces was~oonstrueted for'!~this?purpose, ~, 

Since the caisson was not to be used ford:tests other~thani~th~se in 

whi oh it was in position ~n the bucket, only the outsidei~surfaeeaiwere 

kept geometrically similar to ,the prot: 

ing sufficient wei~ht~%o hold the cais, 

c o n s i d e r a t i o n  wae~ g i v e n  to  : t h i s  ~ fao to r  ~. 

1 / 1 6 - i n c h  inside 'diameter, pessed  t h r m  ~e 

shafts to rubber-hose connections. Th~ 

caisson walls and dressed i flush wlth,the ~outside surfases. 

Initially a manometer board with approxlmat~- ' " 

. 

to re cord the pressure dlffereneee. ~Bes: 

irregularities in the ~laestubes gave ~il 

~mal I differentials. To minimime. 

larlties in the tubes, a two-le~ dl 

the same principle, but havi~ a~pr 

end o losed  and pres~re openin~ in 

devised. The re~its were more:con 

still eamll and very -dl ffi cult to::n~_~..~.._=~ 

-data were obtained in this manner,: for memt~of 

. H  

believed that the r e s u l t s  wc~ld be~ more : r e l t a l  . . . .  "~, 

t i e s .  measured i n  t h e . b u o k e t  n e a r - , t h e ~ e a i s s o n ,  .thum~idata f o r ~ i d e t ~ r - .  , . 

L i n i ~  t h e s e  v e l o c i t i e s  ~e re  r e c o r d e d  ~ f o r  :~noet ~of:i;the ~ o c m b t n a t i o n s .  : 
t w~re made fo Measuremen_s r diCferent positlona of ~ the ~eai~seon -" for each -- 

near t he  s h e e t  o f  w a t e r  paeeln~-ghrou~htthe:.buekmt~::m, c o n s i d e r e d .  ::~ 

The results are presented i n '  tabular f o r m . ( t a b l e  : If), :Wave: heights ? 

and veloeitlss ever the bucket outside the flow from the Spllluy)or, 
% 

flyer outle_s were measure~.. _A .voxn~--'~ gage mounted, on..a~bea~: epann 'iz ~ ~!~,,~.~?~,..-::.:,,.. ........... , 

t h e  s p i l l w a y  on *~he , t r a in tng .~ , ,~ l l s  bask of~:the powerhouses  w a s e m p l o y -  '~!I 

ed to obtain the wave heights mhlle the velo0i~lee werl,meaeured ~:~ 
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ei ther  by a e,~a11 current n~ter or by sca~terlng- confet t i  on the.watez. 

surface  and t imiz~ i t  over. a g i v e n . d i s t a n s e  o f . t r a v e l ,  -C6nfe t t i : :~e  ~. 

used main ly  i n  regions  where the v e l o c i t i e s  were too  smal l , to , ,be ,~reoord . -  
ed by the eJrreut meter. ~!~,~: i :  

Durln~ pressure tests usir~ the probO,-the di'fferentlal~pree~ures 

could be oartially or eompletely relieved:,by inoreas~n~~the,diatanee " 

between the flow and the oalsson• From: observationsi?on.~-the..mod:el :.it 

appeared that the oalseon should 'be!: kept:: at?leeat 5 0 i f e e t  ~ o m i t h e  spill-. 

Im~y or outlet flow. ~lewever, the..tendenoy,ofrthe r :'' 
~:Ot. 

the prototype tO spread more t~anl, on: the:model,:mig le 

to increase this, perhaps to even:as.much,as three ~:~'~ 
150 feet• o1". 

- + 

• L i  

Velocities in.the bucket with flow pass~n~ eve ~m,, 

~ates were too small to be measured.with t~e ~-mall eurren 

as a rule the surface velocities were ~;re&terthan::thoee 

below the lip at elevation 900, thus the: etresses :,on, the :: IP 

tendency for the caisson to. ~lide ,sida~s/bae•ed..en!:.thele~!data- uld?~:~ '~ 
on the safe side. 

From the tests it w~s concluded %hat flow~throu~h"~the ~rlver outlets 

or over the spillway should be permitted only in oase.of.emergen~y~whe n 

the c~isson is in place end.:t~t ~ under theee:oc~ft~gns the 'idlsO~arge - 

~hould be kept as*remote as~ p o s s i b l e - f r o m % h e  repair,~.- one ra~  n" .  i ~ 

W~ter-surfaoe co~Itic~s.~ith f l  

drum ~ates will be rougher~than,~for tl ...... 

houses. C°nditions. Will be 'more~:tran~.o~A~.n~ ~ne,rlow.,.paeees....o~er .the 

drum gates than through the .river. outlets,. .~hen emer ~r. :m : ~ 

necessary, due to the ~ concentration.of ene~yiln the 

The decision ~o instal l-ei~ht 84-inch ~needle val 

POWerhouse -to .e,~nvey..~ter,, in sxeees ,of .~.the capaoity: of .the_ -left -power- 

house ~hen the r i v e r  d ischarge:  i s  •favorable f o r  :oc .due t i~ .  :-the:~ r e p a i r  • _ 

o p e r a t i o n s ,  made it u~neeeseary t o : d i s c h a r g e  water over.. the gates .or 

through the  o u t l e t s ,  except--in-ease, of-.emerg.enoye The,~data in~ t a b l e  IX 

is ~resented. to guide in :eetablishi~ flow ee~bin~'~i~n| igiving :optimum " " 
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eonditions for continuing the repair work!should:e~rgeney operation 

in this manner become n s c e s s a r T .  , 

of the prototype ~atesor: outlets might be" :  

c o n d i t i o n s  f o r  c o n d u c t i n ~  t h e  r e p a i r  a n d ' m ~ i  

an emergency arise. 

~-5. Investigation onthe~l ,~oi.120 model~.ooneernin~sta~ 
9Peration of fl,oatin~.ea,lsson 3 ~"A~soon 

m o d e l  had p r o v e n . i n a d e q u a t e ,  for investig 

s o n  u n d e r  operatir~ eonditions,.~planswe 

i~ mode I.. o on tainir~ the hole t~, ~ I ins s ,~: 

whi eh would enable a detailed.., investigat 

s~in~ charaoteristics. A scale ~ofl;toi 

s i z e  t o  ~ r m i t  t h e  i n s ~ l l a t i o n T o f  t h e  " " ~ ~ o p e r a t : ~  .~ e qu i pmen t  i a n d  ~kee p ./~i..~ 

within weight limits whioh~warY as the : cube ~o f,~ .~to" " '• ~ " -"~Ji 

I for the I t o  20 model. ~@alvammeal. she~t~was:.:used beoaUse;ofiiit, ~ . ~. i ~..: 

ru,t-resisting quallties,i~sinee~the.mOd,li~i~, ~,.~O/be in oontaot~with; , ~, 

water much of the. time. ...... ~ ~ ~ '~" '- '' :: " 

Since the eaieson, wasl ~ t o , b e  ~ o p e r a t e d .  a s :  a ifreely floati~.~,~reseel i 'i" 
and/during ,~,the ~ sin~ <ileal --,,. ~, 

r a i s i n ~  operations ,- it was impotent "::'~ ' ~':~ 

to ships, bexEe e .or otherlfloatin~ v >~ - ~,~;~, 

is the stabi-lity-of,equillbrium:,or~,tl 

rig h t side up ..under pit ehin~ , and: roll ing :~ dl sPlaeements, ~ With ~theill; '-~-:-i'~i/i.i ..~ :i-. i /.ii~i~-. 
. . .. , ~, .... ~-...,;~ . - ,.. ,~'~q 

length of the.. oa!saon beine,---about -twiee the ~.width, ,the:~stabil~t~yi'i, Underl .:~ ~ i~ ii~/; 'I:!'!I 

~011 i ~  ~ d i s  p l a c e m e n t s  ,.was~ by!  f a r ~ t h e  , m o r e  ~ £ m p o r t a n t ,  ;: ,thus ~: e~mRrelmn-~.  - - . ii ! 

sive:1odel, tests ~were~restricted mainly to ~eharacteristios eonoe~iDg .~i.;:ii: ~I 

the l a t e r a l  stability/. " . .,~'i~ii~i~j,/< 

A' floating; body. ia in.equilibrium.~en ;it~ weight is.~equal-:to~.~e 

w e i g h t - o f ~ t h e , l i q u i d  i t ! ~ d i s p l a o e s ,  s n d  t h e  ~ e n t e r a , - o f E r a v i t y  ,of" t h e  . . . . .  " -~ 

body and thai.liquid are in the.same~vertieal -IAme, If the body iS - ..~i~i 
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| 

iS displaeed sli&htly from the.equilibrimn position sot~at the llne 

Joini~of its eenter of gravity a~d,that of :.the?displaoed!liqU~d:~i(eenter • : ~!: ,-~ 
buoyanoy)  t s n o  longer vertiQaip f~raes iaeti~ :may tend ,~ to-~do ~ r ' ~ ~ 

one o£ threei.thi1~,; ~ restore.:t~:.L , . . . .: :!. :.. .. 

love i t  I t i l l  ~rther fro1:that.:.p¢ 

ialn i t  in equilibrium, The . f i rst  

the seeond..,as.ths unstable condition, and '~ths~.thi~d .tl 

~ ~:pro ..... diti~, l"aeee ,oondltis~I,.a~d :t perties influ, -:: ~,,:~ 

demonI t r a t ed  ~It :by :the .us, Let C~I:,. - 

eenter.of ~rav!t¥ of the wee . . . . .  J r ' ,o f  hi. 

equilibri~I position; and:D-the '.oenter of"buoy~oy :!for :itheldisplaoed 

position. Through D-draw a?vsntlea1~.BM to 

the  weight.of t h e  ~bOd_yr now .aets,'vertie 
and the equal foree~i'.ef bueyI~ep.:vertieally.: -:~ 

equal t o ' t h e  w e i g h t  of,r:the vesael.~.~-W..~ormi~ ,/" 

P e r p e n d i c u l a r  r r ~  C.:to!DM. "S,, I 

"II~I~fl-gure .i~., : it is- observe( - ". :" 

t ends  to  r e s t o r e r : t h e  v e s s e l : t o : t h e  ~ ..i 

t ends  ~to overturn ~the v e s s e l ;  ~ a~d ~ i~ :- 

Is ~ s u t r a l - . .  - 

Zf .  t he  ~ lng l~  .:.o: 

~IInt £ o r . t h e  ~e~b: :~ 

: .... -: i 

-:.~I~; p o i n t  M~er~:-an :I .-:. :i 

• :I..~eenter Of :'~e- v~ ..: .: /.!i 

Ih ip ' . .doe i~n?I t .~ is  .of : i::: 

~ I I " ? I I  ~ru~,...leo~ofl~t~@i ~pi i ,  y .  ~eaiseon, .. ~Ir the .Ieuveri.q~i~s"~z~ • ".. ' :: 

~l~. tbor  :::tMe .iIitaeenter :I8..abe~e, ?:below, ..or... ~Ineide.s .-,with .~.he ::oe.n~ir::iof ' :"":: 
• ' " "" " : - " "~i~ 

gI~vlty ~It ~~I. d e a l ~ b l e  1 ~ ~y : ~ s t ~ ~ s to~,k~ew ~.the :exeot .~l .oeation..  ":::<~:,:~ 

• y 
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. itself Lt~e~~,bbl ~- 

.'L g r e a ~ r  the  ~dtstsn ,  

r e s t o r ~ j ~  a o t i o n  . i* I~.. i s  p o s s i b l e  ~;~o~dotern~uo 

o f  a v e s s e !  

as~hod- ~ 

but  it-~ 

by exl~ 

~he ; s u e  

serve  t 

put~d v n p l i s h ;  : ~ h e : , . . , .  

me' t :hod :~ 

t h a t  - u ~ d  e x t e n s l v o l y  fer~,veesels.ueed i trip, Water , , , , . -  

l i n e d - o n - - p a ~ e s  : $1'i-to' ~5 ~ ~u'~glbson. 8 ~wl~Yd~.an~lios ,;and 

l~ i s  eom~hat,, am .foll~wsl 

Plaee  two..equal.: w e i g h t 8  ~w~: a t  e, s ,,x ,"/~e.~+.~. ~:M~+..~ , . .  s ~x "from~.the ,!:eenterl the  
O f  t h e  v e s s o l  "wh~n;'~eat ing - o n ~ a n = m n i J ~  

Ia¢~ .W ~. the we ig  hb .Of ~the,:;~s s se, 

Then 'if; both- weights i-be ~.moved .th~ 

t h e  ~ n t e r  o f  - g r a v i t y - O f  :the . v e s s e l i . w t l l ,  move; through,  

W a x  

Also .  CO' w i l l ' b e - l ~ r a l l s l  ie~l  

F ,T, w i l l  be po p e n d t o ~ k ~ C i l ,  ' s lnoe  if.~any.~portlc~ o£.:a~bod~ 

d i r e  ~ t i o n .  " ' " .~': 

I~ ~.be the:a~le o f  ~el;produc~d:by ,-the shi~ :of'~:the ~Ight. 

o ,.w..C M tin ~ ,,' - :-. ::! _-0  

or ~ ~  8: ¢0'  oot'-~. - i • " 

The aD&le,,~.:oan be ~meae~rsd by  observ ing ,  t h e  oha~e :, in ~¢li~tlon--of .... 

a l o ~ .  pendulum .-as i the -  w e i g h t s  ,; a r e  m o v e d .  The. , exper i~en  ~ s h o u l d  be : r ~ -  . 

pos ted-  f o r  d i ' ~ e r o n t .  Values . -Of d x , :  measured. .both ' t o  ..the -r i~h~ m~d : l e f ~  

" and a our~e o f  d ( ~ o / ,  ~ a ~ a ~ ®  ,BY e ~ p o l a t i o n  t h e , v a l u e  of';OM when 
~ - = . 0  sen be d e t e r m l n e d .  

,g. 



The results of this 'experiment and thereto determine the location 

of the center of gravity of the u n u s u a l  shape of the caisson are given 

in subsequent paragraphs of this section of this report. 

Air trapped at the high ~points of the working s~aoeat the ends of 

the caisson as it was bein~ lowered below:the water , duri~ rp~O 

liminary tests, would not exhaust satisfactorily through the ventsi~ pro- 

vided for that purpose when the vent system was constructed to scale ~and 

a r r a n g e d  a o o o r d i r ~  t o  p r o t o t y p e  p l a n s .  The~ '3 / lS - inch :~ooppe r~ tubee  ,were 

c o n s i d e r e d  t o o  s m a l l  i n s o f a r  as t h e  m o d e l  ~as  c o n c e r n e d .  .... The. head'~lOse 

in these long tubes was appreciable, aud the -hcad . available to~produce 

the flow of air was smell! thus~the resistance of a-idropof~wateri:should 

it enter the model line, would prevent air from leavlr~ the~.working~.~,space 

through the vent until sufficient pressure was '-developed:by submerEenee 

t o  f o r c e  t h e  w a t e r  f rom t h e  t u b e s .  The d e t r i m e n t a l  i n f l u e n c e , o f  tho ,~a i r  

on the stability of the oaloson would be effeotive~before this condition 

was reached. Obviously, a ehan~e in the model vent syatem~aa~required. 

The caisson developed a d i s t i n c t ,  list duri~ ~the  testsp~maki~ it 

difficult to conduct the e~udiee. Investigation discloeed~a sisable 

leak in the air compartment of one of the~aide girders and small leaks 

into come of the floating and trim tanks. 

Difficulty was experienced: with the hoists and the lines !durin~ ~he 

leweri~ and raising of the caisson. The aerial wire used , in i t ia l ly  for 
t h e  hoist lines stretched and tended to remain in whateverposition it 

was bent, loosening the lines and hindering the operation, i The fae~ 

t h a t  t he  w i r e  was t o o  l a r g e  t o , b e :  rows o n t h e  drums i n : o n e ~ l a y e r ~ , a d d e d  

to the difficulties. The llneswould ti~hten:as~thebarge neared the 

u p p e r  and l o w e r  l i m i t s  o f  i t s  travel:and would~beoome e x t r e m e l y  l o o s e  

a t  t h e  c e n t e r s  

&IthouEh a satisfaetory ealeson, design ,had been indioated~by~:theae 

tests, it was considered essential to make .certa'~n .alterations~ to .~.the 

model  and t o  o b t a i n  more d e t a i l e d  i n ~ o r m a t i o n  c o n c e r n i n g  i t s ~ o p e r a t i x ~  

eharaoterlstiea before Itwas ~given final a p p r o v a l .  

The a i r  emd Water  compar tments  be tween  t he  dae~:, and t h e  w o r k i ~  

space  and i n  t h e  s i d e  ~ i r d e r s  were checked  /or l e a k s  and s e a l e d ,  at-new 
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vent system was~ ins tslled~ at thee,top: of ' " 

of t h e  c a i s s o n ,  a n d  t h e  ~ ,ae r ia l  - w i r e  i, eabl,  

spring-brass Irl r~ e 

i 

p l a t e  a t  t h e  dovmetream end ,of t h e  

p o i n t  i n  t h e  w o r k i n g  | p a o e  on t h e  u ,~ 

made by sp l t t t ' . ng  a : l e n g t h  o2 , -  .,, 

s e o t i o n s  o v e r  t h e  r o w e , o f  1/4.  : ~~:' 

d u e t s  t o  o o l l e o t ,  t h e  a i r  and , 

a t  t h e  c l o s e d  ends  o f  t h e  ~ m n i f o l d s . .  , !Rubber  

trol the vent system during ~the test program, 

them to the seoess ehsfts after :theadequaey,: 

established. ~i'.':i • ~i - 

The s p r i n g - b r a e s  ~wire p r o v e d  v e r y . s a t i s f & o t o r y  +Por::.the + 

l i n e s ,  no readJustment lbeiz~ neoessaryJdur f~  :the'. r e ~ m d e r  ~- 
program. '.-~" ' 

S i n e s  i t .was  i m p o r t a n t  t h a t . t h e  p o s i t i ~ o n  o f  the,~!oen' 

o f  t h e  model  o a i e s o n  be i n  the l o e a t i o n ~ o o r r e e p o n d i n g  t o  

p r o t o t y p e ,  its position:was d e t e ~ i n e d ~ e x p e r l m o n t a l . l y : C  ' 

position For that o f  t h e ' b a r g e : a n d  f o r  t h e , ~ i e e o n ~ . ~ m s  

rarely as well as oolleotively. ~Eaeh of these~struetures,~wae sulpended : , . 

on knife edges of ,known distanee apart • :The~,re-,,,. 

,ot lo.s .e e d te ned the:,s le  .:-Inoli -- . . . . . .  :::":: 
tions of the strubtureso With ~ these data the eenter::of gravity~was 

determined as followel 

/ 

R 

Figure 47. 

.,,, Y Jl ¥ ~ /  
e I 

: . . . . . . .  Z . . . . . . . .  > 'W 'R 
. . . . . . . . . . . . . . .  X . . . . . . . . .  __> ~. 

R e l & t i o n  o f  v a r i a b l e s  f o r  e x p e r i m e n t a l "  l o a a t i o n  o f  
c e n t e r  o f  g r a v i t y  o f  model  o p e r a t i n g  b a r g e .  
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o~es) 

x = L.ooe  0 

p~ , . w &  

ilmlfe 
,.x 

" " ' " " " " " " . - .  . . . . .  ...C1}: 

sinem 

o0s (~. - ~ e )  " o o s  ~ o o s  13';+sin 

Cos ~ a lways  p o s i t i v e  ( ~ I r s t  and f o u r t h q u a d r a u t  

n e g a t i v m  : ( p o s £ t i v e  i n  f i r s t  and n e g a t i v e  i n ~ ~ o u r t h ~ ! q u a d r a n t ) .  
And l e t t i ~  

. %,1r ;~& , 

J3 i s ~ a  o m l s t s n t .  

lr w e  13 " t  
K s i n  J3 " B  

As 

~01" 

l e t  

~ e r o f ' m - e  

~, ,,, 

W h i e h  As t h o : e q u a t l o n  o f a - s C r a i g h t L l l n e  i n . w h l o h  . . . .  : " 

w a r i a b l e s . - A  ~ h e  i n t ~ r o s p t  :,and, B the  ~ s l o p e ,  w h i o h  

ne~ a ~ i v e  a s  d e t h r o n e d  f r o m  a;  p l o t  i::o£ the  re seeded  , v a l u e s  ~: of~R 2 :and i~tan 

a b o ~  or  b e l o w  a l l n e  b e r g e n  : the .~support s .  : I f  n e g a t i v e ,  ~the ~@enter .o f  ' :  

S r a v t t ¥  1 8  a b o v ~ . ' i f . , p o s i t i v e ,  i t i s ~ . b e l o w .  T h i s  e ~ n - - b e  showni , .by&S.  

s u a l n  E the  pos l t~ee i  above or  b e l o w  and_ 8 e t t ~  up the  e q u a t i o n ,  p a y ~  ,=::y:.~ 



• p a r t i e u l a r  a ~ e n ~ i o n  ,.to t h e .  s i g n s  ~of ;" the ;~ !an~ les  ~ '; ' ~ '  " • '~: " ""  ,' 

different inellma~i o n s .  o/" ~ h e  st~uoture. : ! ' f lgurel l  ~,e 

by t h a t  for:~A cw ~' ' : . /  

.; B 
T .  ,; +,an ,s . 

i r , . n o . , , ~  

~ . . ,  ~ :/!~,~"i ¸ : : r .  

:~ / ~ i i: ,~-.ilk~ ~ i~i k~ • 

i~ is possible :to~eo~pute ~ !Tram the ~same~expresslons. ~ 

3 6 . 0  . . i / :  ~ i ~ . .  . . .  ~... ~ - i 'L~  

A 

. 0  

4~ 

0 

& 

O3 
0 

0 

C O ~  

0 

F~ure 4S. 

, . 0 8  - .06 - . 0 4  -.07- 0 .0Z .0& .06 .08 .10 .l~. 

Tan  0 

~rve t#AmG vi. reaotloal for model operating barge. 
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.:-~)/ .IL, ̧ " - i " ~ ~~:~:', "~: ~ ..... 

"With these data, ¥ and z " a r t , b e c o m p u t e d / ~ o ~ , : : 0  " , 0 ,  whtoh~:es~bllahea. • 

the .en te r  of  gray1 ty  i n c ~ e  plane, ~l'f. the. str~o~ure , , t a : - u n u ~ t ~ £ - ~  ~: 

in  the  t h i r d  d imons ton , / i t e  p o e i t i o n i n / . t h t a  ' &blishe~d 

by w e i ~ h i ~  '~ lso. Whena~ | t r uo tu r e  oan'.~be~ " ~ :i ~ : , : ! "  " 
ly~ ~,tbree 

planes  the procedure explaine'd,~above ~ need not b e :  f01 lowe~d -:~ 
tng in  eaob plane w i l l  :be requirede  ..... 

The position of the  oe~ter of gravity o 

obtained by-weighing in, one plane only, i,UeU~ 

tudinal oenterline, cheekedoloeely with~,tha~ 

eeotion. With-the similarity in this, tea 

and prototype, the teetin£ wai~resumed. ,The 

difi'erent degrees oftrim, the mtability~.of,t.u a 

ga ted  f 'or  the  e i n k i ~  a n d : r ~ t s i n g  ope ra t ion ,  and' 

d i f f e r e n t  prooedures of f 1 1 1 t ~ . . t h e  barge wel l  a 

The t e n d . h e y  for  the c a i s s o n  to r~ht:itself when 
a measure of its stability. 

• W i t h ~ t h e  cen te r  of grmvttY~'.°ni:thei~lo~it.d~1~/oenter-~lineil,66 " "~::~!~ 

f e e t  downstream ~rom ..the~ v e r t i c a l  0enter l i n e  :of  the  :. ~ucket.~euz~s ~i~d!: ". 

5.6 f e e t  below' the top of~the ,side ~girders.:~ld~.aili~trim,,and~,side.~;trder • ' i :  

oompartments f u l l  o f  a i r .  theTreeboard~oppos i te~: the  '~upstreamie~ad down- 
s t ream ends of  the  b a r g e , w e l l ~ w ~ s / l O ; T S T e e t a n d .  7 

With. ~both f o z ~ r d - t r i m o . p a ~ m e n t ,  f i l l e d  ~WL 

board, ~ms. 6e~O feet,,and 8 ; 9 5  ~teet , : . reepeot ivel¥.  

With both front~ trimeOmpar~nents .i~1 lledi,~with 

~ms good ~ o r . a l l / p o s i t i o n s  .durtr~ the dose.hr , :and ~! 

the t r l m - o f  t he~oa t a son . r eeu l t ed  in  :a ,: eteep.~lnol in, 

whish t r a n s f e r r e d  a~large portion~.of~.the~load~to t| 

between the bars,  and ~oatason,.at .the.~end.. The ,oaisson~sett led ~r ~to=q~:~ ~ 

buoket  very  satisfaetorily~ and thei..asoont was.~aeeompltshed ~Jus.t~ as ' :: 
easily. 

Beoau~e.of.,~the u n e q u a l : l o a d ,  on the~ .ea i s son  h o i s t s  ~ the  .oaisson ~:'.:~i 

~as trimmed l e v e l  and the t e s t  "repeated.  The~rlead d i s t r i b u t l ~  on the  : 

l i nes  suppor t iz~  the weight of the eatsmon f r o m t h e  bar~ e was ve ry  good. .~ 

and the ta'i~a resmined nearly o~nstant durlr~ the sinking and raisi~ i 
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~operation. However, difficulty was experienced~inplaoir~ the.ea4seon 

on the bucket. The rubber seal rubbed alor~ the slope,upstream from 

thebucket for oonsiderable distanee before ithe ;eaisson:.be~~i;Seated 

on the bottma. This ac t ion  was undeairable,~,sinee ! i t .  t,~ 'sUit ~in " . . . .  

damage to  the seal or the caisson.might  ,oome..In.,eontaet~:with ~%he.~lin~ ~.. 

before  reaching the bottom, suspendin~ i t s  weight  between %hi's 

and the V-frame anchor a t t h e  face of the:dam, induoln~stresaes in'tho 

structure and possibly tearir~ the V-frame fromlits~anehorageo 

To study t h i s  &etion f u r t h e r ,  the  t r  . . . .  ~s ~:ehange4, 

by adding water to the compartments,! plac l::i,bei~:tl~D 

downstream end only . s l i g h t l y ,  The sea t in~  :on :the ~bucket~was iimProved 

measurably and, although:the weight distrlbution.on the.~'hoiste weak,un- 

equal, it was mush better than~with the two,front compartments filled l 

completely, " 

From these observations it seemed t h at'the most satisfaetory:~ope~- 

tion would result if the caisson remained near the level~position:e~oept 

when it neared the bucket, where the front trim compartments ehou~d~:;.be 

f i l l e d  to prevent  the  sea l ,  or bottom of the  ca i s son ,  

bucket lip as it settled into place on the~buoket. In 

suits discussed above, it seemed desirable i%o:.diwi.de ::.the.:frent '"- trim .- 

compartment into several smaller ones Pr 

load induelmg list. However, thie~facto " 

he number beyond two in the. model and no!e~e~was made, ;~APter view-. 

t h e  o ra ion of the  o a i s e o n   d.r t h .  i n o l l = -  J 

t i o n ,  i t  was considered pretotioablo to.move~thei.~st~e~ ' ~ 

t i o n  to  another  on t he  bucke t ;wi thou t  r a i s i ~  i t  ieomp] - 

ing the  .barge wel l  f o r  each o p e r a t i o n ,  In :other~words the ~:eaieson could 

be raised to & poin t  near the water surface, where.:the operating ~lines " ~ 
o . .  . , . .  . . 

between it and the barge would not-the overstreesed by~forelmg :~the:-1~rge :-" 

in to  the we l l  of the ca i sson ,  and~then maneuvered l a ~ r a l l y  to  ~the~ne~ 

l o c a t i o n  and again lowered in to  p l a c e .  Also,  i t  seemed desir&'ole ,when 

r a i s i n g  the c a i s s o n  complete ly  or r e ~ l o a t i r ~  i i t ,  ~:to f o r e s  the .ba rge  . into 

the wel l  as fa r  as poss ib le  wi thout  ove r s t r e s s ing i : t he  e ~ b l e s , . b e f o r e  t l ~  

pu~ were started to empty the well, Though ne t  e s s e n t i a l ,  ! th is .would  



k~ 

~e 

. @ 

% 

r a i s e  t he  s i d e  g i r d e r s  s u f f i c i e n t l y . t o  a s s u r e  . ~ a i n s t  ..water pase i~  

over them in to  the w e l l , ' a  eond i t i on  r e q u i r i a ~ e x ~ r a  l~Oapi~. !dur i~  

the  r a i n i n ~  o p e r a t i o n .  

Since the operation of fillin~ and emptyin~i,the~ibaxge.~Nll..duri~ .,.: 
L~ , , / 

the  t ime  the c a i s s o n  i s  b e i n g  submer~ed or  raised, :above~ t h e - ' i ~ t e r a u r -  

face has to be performed so"slowly andin many steps, dUe~:toi::the/i/mali .'.:~:-/i 

space between the barge and the walls. ,  of ~ the ~ wel l :ii./.i~ 

to be kept in cnntact with the.water in~the'.well"~ to- " 

ing the  ope ra t ims  l i n e s ,  due t o  excesa:draft..on::~the:,barge,..the.questien 

arose as to what w~uld happe'n if . . . . . .  ' .... " ~":":~" " th :.barge were: rai'ea  someidi,t    : 
above t h e  d e c k  b e f o r e  t h e  f i l l i n g  o f . t h e  w e l l  f o r t h e  a i n k i n g . : o p e r a t i o n i  

was begun, or  if the water surface in the .well:were..:lewered" " below.the ' ..-i 

bottom of the barge between lowerings, of:the:bsrge.durinc the refloat- 

ing operation. Tests were made.to demonstrate.the undesirability~of 

this procedure. The caisson was trimmed level for.these~.testso 

The barge was raised until the ~bottom was two,inches: (model 

low the tops of t.~e side girders and water was plaoed.slowly-int. 

well. As the water attained depth, avery sli~ht:.~rooking of~the :ieals- 
son caused it to rum to the low side. aud-~%o.-remain, &ivi~ the.structure 

a n o t i c e a b l e  l i s t .  A d d i t i o n a l  wa t e r ,  s e r v e d  . on iy : to~worsen  this-~.eon ~- 

dition and decrease the stability. The.,wate~. in movi~-~ to, the~'.low, slde 

s h i f t e d  t h e  c e n t e r  of" ~ r a v i t y  i n  t h a t . d i r e c t i o n , ,  p rodue ing- . tho  i . l i s t .  

Lo~rir~ the barge into the water until its ..entire bot~cQu surfaoe~.:r.wa8 

in contact caused the.structure to right •itself. It waa~ eo~ Li't~t 

o p e r a t i o n  i n  t h i s  manner  would be u n d e s i r a b l e  as -.. 

A second teat was conducted to determine thq 

of  the  barEe t o  m a i n t a i n  s t a b l e  oond l t i . on~ .  The w e l l .  was f i l l e d ~ : p a r ~  ' 

t i a l l y  w i t h  t h e  barge  i n - t h e  l o w e r e d  p o s i t i o n !  the b~rge . .was . . then~. ra laed  i,'! ~ 

gradually until unstable conditions were obtained by %ipping.,it. The 

s t r u c t u r e  was s t a b l e  f'o~ a l l  d r a f t s  o f  S / S - i n c h  and g r e a t e r ,  ~ ind ioa t in~  ,~ 

t h a t  the  d r a f t  o f  the p ro to typ~  o p e r a t i ~  b a r g e  s h o u l d  n e v e r - b e  less 

than 8 inches. An operatin~ dlagram.was prep,red.bythe ~desi~n, seet~em 

f o r  t h e  s i n k i n ~  and r a i s i n g  o p e r a t i o n  based  on t h e s e ,  f i n d i n g s  ( f i g u r e  

4 9 ) .  No d i f f i c u l t y  was e x p e r i e n c e d  w i t h  the  new sys tem o f  w e r k i ~ - s p a e e  
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Tents  dur ing  the  t e s t i ~  d e s c r i b e d  above .  The p r o t o t y p e  a r r a n ~ n t  

was made  s i m ~ l a r , : t o . t h a t  o f : t h e  mode l .  : 

I n  t he . ' f o r e~o in~  t e s t s ~ u n d e r  normal opera t ion~. the  ~ s i n k i n ~ , ~ i d  ::: 

r a i s i n ~  o p e r a t i o n  was  aeoomplished~wsr.y~easily~and~there,were.~no:!indie ~ ~i~ ~ ~ 

cations of instability, The caisson righted itself~readily.~when tlpp@d ' ~ > 

to the side at any time during its.ldeseent and.ascent, :althoughit ~:/. (/~i I 

appeared more sluggish at' some points"than,at others.. ~~T 

p o i n t  seemed .to be just after.the~osissonlbeoame:.~submerg4 

b a r g e  was s u p p o r t i n g  the  ' f u l l ~ l o a d ,  D e t a i l e d  inal. .~ekt~ ~ f  - , ,  

merit were p lanned b u t ' w e r e  postponed~due .to~.the u r g e n c y : o f  . 

o t h e r  work.  Dur ing  the  i n t e r i m  t h e p l a n s  , , ~  !ili~:!i 

p ip in~  o f  t he  p r o t o t y p e  had ~progressed s u i  ab l i sh~&e~i~  i ~, 

of the eaissom. Computations, . l ~ n d - a .  substantial!, s,!~ini:~W~ii~ht~, 

between it and themetaoenter, tendir~ to roe-~ ::~ 

merit on t h e  model w i t h  t h e  .newly computed! '~ add- ,  

i ~  four ~-pound::,brieka. of~,heavy:-metal~,tO!~.the~.caisson, one~.i~:iniithe~top ' 
of  each access shaft 5/8-inoh~downstream:~ifrom':,the~ Oenter~l:ine ,. ,:iThe i i~i!~:~'i/, i 

brass supports for these pieeea,inor -- 

me ta l  to 8,2 pounds ,  which:was  t h a t  ~ :.=~ 

t he  c e n t e r  of' g r a v i t y  ~hen,-~plaoed~i~S6 ~ ~ 

g i r d e r s  and 3 / 4 - i n a h  downs t r eam ' :~om: the  center"~] " ~ .~iii 

ou rve .  L imi ted  space i n  t hemod~  -~.~,> 

t h e  b r i e k ~  3 / 4 - i n c h  downetream.~ ~ - 

l o c a t i o n  o f  the  c e n t e r  o f  g r a v i t ~  

The ~front trim compartments : >:':~i 

caisson and the struot.,re studied -~:,.~ 

The stability was good- throu~hout~ the range, but:.the., osis'~on. ~s~slight, . ::,,,~ 

ly more sluggish due to the lesser distance .between the oenter~o~, gravity ;-~ 

and the metaoenter caused by the high position .of: the added,.~i~ht~ • ~: 

Interest as to the amount of weight .which co~Id be added ~o the toPs.Of -i 

the assess shafts before insufficient stability would result prompted ,?,~:i 

the addition of more 2-pound metal bricks in 8-pound increments. :.~ 

118 



@ 

T h e  f i r s t  a d d i t i o n a l  e i g h t ,  p o u n d e : ~ d e : t a h e  o a l a s o n . m o r e : . s l u ~ i s h ,  '::,;!~ 

bu t  t h e  s t a b i l i t y . w a s ~ g o o d .  .The second's:eight  pounds ma~e~ . the / r i~h t iDg  

movement very!,,sl~w, but ,.the~, stability":eeomed -~te': 

When the third 

s i d e  ~ i r d e r s  a c t e d  as s t a b i l i s e r a  ~en~;the!iiiSt:::beeamesufficientiiltO ~ : 

l i f t  the t o p  o f  one s i d e g i r d e r ~ : o u t  c r . . ~ n e w a t e r " , a n d  p r e v e n t e d . ! o v e r -  " ~ 

turning. The buoyanoy of the:~bar~e assist ~;.~ 

upright also, the structure tendln~ito,rig 

of the barge, reached ~the ,water• surface. :@ 

of the barge no doubt had some influence on this action, -Yhtslw~s 

evideneed ~m~en the structure w~s"tlpped~eno~h to false'thebottom:edge :!~ 

of the barge out of the water and the~eaissontendedlto "overturn unless .... 

restrained. ! 
The caisson, with its operating :, barge. , having ~f,,the, 

center of gravity representing closely.that~of !~the final 

The freeboard of the caisson, while" fleetly, : and that of~the :-berne, with 

the caisson below ~the,watersllrface,~,,wa~ 

center of gravity in the vertlval!plane~, 

and data were obtained, for determini~ ,the:.meta~entrioi,-he~ht. " " 

With all compartments free of water, the freeboard :of~ the -oa isson  

was 10.4 feet opposite the upstream end of thebarge wall:~and~-7~O feet 

opposite the downstream end. With ~ the caisson~submer~e~,:the~free- 

board of the barge ~s unequal because the inclination of the,~struCture 

was such that air was trapped in the upstream end:of the dome in~the 

working space at the downstreamend of-the caisson. Additional,vents 

alor~ the too of the caisson downstream_from the back aecess~shsfta 

would prevent this action. Vents ~ were included in this area on,the 

prototype. ~he stability with theside ~Irders :on!y sli@htly under 

~te~- was not so ~ood, for severe tippir~ caused the caisson to tend 

to o v e r t u r n  until the buoyancy of the burke acted to.prevent it. When 

tipped moderately, the structure~ri~hteditself, but the action.~s 
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|low and sluggish. :Sinki~ with ~ the '~ trim oomp~rtments 

is not reecmmended. Moreover. the o~r~ed pcrt~_Ot-~the~ai, de:girdePl~: " ~/ !LI~: ~ 

o o n t ,  oted the b u t u t  l i p  as the o a i s s o n n e ~ r O d  the l o v m r  l t m i t .  Of!~i~l .ii~"').!~! ' 

descent, which might damage the iseal-or~tea~ %he:s~IOhor!ifrom~,the !i~ee 

o f  the. dam i f  an attempt were made" to  : lower - : i t ~ . O n t o ' . . t h e  ~.~buck 

F i l l i ~  the second, trim compartment On.~ the :• upstre~.~::,end 

eal~eon float nearly level. The atability~ms ;good: &t ai~*i .ti~a,:.~b~ii:~ . L 

the seal passed ver F, close to the ~ bucket surfaee a~ the,eaissen:e,ettled" " II~I; 

into position and seemed to idn~ onthe l:i~l:~slope TM :iof thebuoke t lip ~ . 

Just before  ~. boeotia; s e a t e d .  Lowerin~ ~the ! c&iaao~ :~intO! the :truckee ~i~i 

when i t  i s  trimmed l e v e l  is  no~.reeommendcd,~•:~due.~:to~:;the-:d~eri,.of..i~d~" " " , 

i ~  the  s e a l ,  

The i ~ o e b o a r d  o f  the ,  c a i s s o n - a t  p o i n t s  o p p o s i t e  ek ~ 

ends of  ~he~.barge w e l l ,  when f l o a t i r ~ , - , w a s ~ . 8 , 0 i f e e t  and 1 7 ; 9 . : f e e t , : , r e - / ~ .  " 

- s p e o t i v e l y , - • ~ h i o h  was in good ~ r ~ e m e n t w i t h . - t h e  .- - =  i!!! 

the prototype. That for  :tl~,:barge with the~,~iss4 

feet at the i~ont corner Just bask of thefront,:s~ 

the bask Just forward of the rear~shaft~. ,The re, 

i d e n t i e ~ l  wi th the front oompart~snt~ tu l l ' : snd  .the~seoond:::!f~ee.-~ofl.w~te~, - ' ~  

"ii ¸ ~:~ i 

9 

i 

the dam first end the structure 

tion on the bu0ket. Som~dii~i( 

caisson below the water surface, 

the t r i m  tanks,  were F i l l e d  p r i o r . : t o  t h i s . o p e l ~ t i ~ m l  . . 

The f reeboard  o f . t h e  caisson when flo&ti~..*~,~wal~6,0~feet~at~the r ~ ~ " " 

front end of the barge well .azld 8.7: feet~r at: the~ base end, ~and :that Tor:~ 

the barge wlththe caisson submerged~l 5,7 £eet at theTront,~elMl ad 

9e4 at the back ends 

¢onsiderin~ the results of.the bests for:vLrlous ;degree|- of~tri~ 

it seems that operation of the ~isson will be most satisfaetory:i£ 811 . 

the trim compartments are free of I,~ter durin£ the a~uaeuveril~:ofthe 

eaiseon to and from the dam to reduce its resiatanee, thus l e ~ r i ~  ~ 

!" 

r~ 
" • ;t" 

j 

|: 
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- l i n e  ' p u l l ;  ~ tha t ;~he  £trtmL be ;~lmvel when :the~:oai ~' ~' :~': ~ 

f a ~  d u r t ~  t ~  °Peratlo~l '~,~hat' , , the ' u p i : t ~ e ~  ~ ' 

t lal iy l e w ~  than the  d o w n s t r e a m  end Ya~en~::the:oal, saon~i.li, e n t e r i ~ / e  r .. : 

leaving t h e  bu o k s t ;  and : that . ,  the  ~i l o n ~ t t u d i n a l ~  a x i s  : Of !:the ,:eal ason,:, be " " 

. 0 

a e z ' o u  t h e  rough buoket  l tp~ a~d d u m g i ~  - -  
i i t .~ae ~i~t~e ~ mt!,uet u 

i n t o  position on, the  buoket ,  

With' t h e  f i n a l  m o d e l . w e i g h t ,  

.and 1.4S f e e t  (prototype)downstream ~ 

b u c k e t  eurve a t  the  bot tom of-these~.~g: 

model  o a i s o o n  and barge was 3~SoS~'pou~ 

The p o s i t i o n  o f  the  o e n t e r  o f  g r a v i t y  

above) and the weight eheeMsd eloaely~,,w 

I . $ ~  F e e t , - a n d  1 , 3 4 7 . 5  t en~  eomputed!ifo] 

F ~ p e r i u e n t a l  de termAnat ion  o~ t h e - e  

- v 

eaoh-aide o£ the longitudinal eenter:line of~t 

the  .az~le. of heel and the position- of:.the,,wei~ 

maki~ the determination w ~.that givenln ~ibso~'s~nHydraulioa:..and ~its 

& p p l i c a t l o n s ,  pa~es  ~31-35,  dlsous~ed:)previousiy,' ~:The i~ average  /meSa. " 

eentrio height fro~-six trials, determined ini',this:-.m~er.,..~,wa~approx.. 
imately 11.8 feet prototype. This vaiue~was ~~ ingood, agreement with ;~ 
that of 12.3 feet oomputed for~!the. P~ototype~bythe ~deeign~seetion, ....... 
The model was trimmed l e v i l ; ~ o r ~ t h t m ~ t e s t .  ~ 

Computation o~ the distance between the oenter,of:~buoyanoy,:and 

the  m e t a e e n t e r  u s i n g  d " where  I i s  the  moment-of ,  i n e r t i a ! o ' f ~ . t h e  - -  

d i s p l a o e m e n t  area  &t the  w a t e r  l i n e  about  the ~ a x i s  o S ~ r o t a t i o n . ~ a n d  

V is the volume displaoed by the vessel. The dlstanoe, ofi,23.8 feet 

I 

i 
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~e • o b t a i n e d  in  t h i s  manner  was a f a i r . o h e o k  w i t h  t h a t ~ o f ~ 2 2 , 4 . . ~ f e e t  .ecru. 

p u t e d  f o r  t he  f u l l - s i z e d  s t r u c t u r e .  

~-S. D_~isoussion of d a . ~ a ~ ~  r e o ~  

Durin~ t e s t s  on t h e  1 t o  ~ 60 model  ooneernin~;  ~the i n s p e e t i o n ~ s n d , r e p ~ ' ~ r  

c a i s s o n  and o t h e r  r e l a t e d  t e s t s  d i s c u s s e d  i n  th~s~ r~ m r t i o u l a r  

a t t e n t i o n  was f o c u s e d  on f l o w  c o n d i t i o n s  in ,~end,abot  p i l l w a y  

b u c k e t  t o  a s c e r t a i n ,  i f  p o s s i b l e ,  ~the a c t i o n s  r e s p o n s i b l e  f o r ' t h e , d a m e  

a~ed areas reported by divers in their inspections in!the early~spring 

and late fall of 1943. The observations~made durin6 these teste~were 

enlightening, and. insofar as the ~iter is,conoerne lear- 
ly the source of most of the damage. An interpreter ~I 

results and their relation to the damaged areas reported by diver~ 

November  and December  1943, and shown on~a drawin~ c o n t a i n e d  in a 

port to the Field Engineer by Engineer L. V. Downs ~dated Deoemberi,~le, - 

1 9 4 3 ,  i s  c o n t a i n e d  i n  t h e  f o l l o w i n ~  p a r a g r a p h s ,  

I t  was believed originally that the greatest.,:portion,,of :the damage 

had o o o u r r e d  d u r i n g  the oonstruotlon oeFiod w~en~extrel~sly~i, rtlnb4Klanood 
conditions and concentration of flow existed,~and~that, oonditione 
oaus in~ it " • . 

wo~:Id not be present durin~ normal operation, but after 

ob~ervi~ the model in operation, this vie1~point w a s : a l t e r e d  .sozwwhat, -// 

l y  ugh damag l'ted d '~ for it was indicated clear that altho 'rthe; e,.'had~sta ~ ur- 

i~g the construction period, many of the oonditions~eausi~ it~were 
! i present under normal operation, thus its continuationoou] 

unless the sources were removed. Only one of the areas oc 

buted solel  to  nditions 

that in the joint of the No. ~7-S8 rows of oonstruotion, biOcks (figure 
50) . .~ 

Durin~ the summer flood of 1940, the.flow of the river passed 

throu/,h the river outlets and flood passages over low sections off,the 

uncompleted structure (figure 51). Durin~ most of t h e  period the flow " 

was concentrated %o the ri&ht of the eroded ohennel and materlal • was 

carried into the bucket by the severe counterclockwise eddy formed'be- 

low the left end of the spillway, a fact indicated by observations by 

project personnel, described to the writer. It was reported that in 

Z, 
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Flow distribution on prototype during 1940 flood season 

FLOW CONDITIONS AT GRAND COULEE DAM 
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:m~ny i n s t a n c e s ,  no i se  'oaused.'by the~Limpaet of  rook ~ 'bl l isg  on t h e ~ r i v s r  ~.~ 

bo t to=  was aud ib le  ~e persons on t h e  rive~ bank,  
• : ,  ~:~ 

Although it was n o t  poss ib l e  ) t o ! ~ p r e s e n t  o o r r e e ~ l y : t h e  194i- ~ 

totTpe f low because the  model  was-',of,the oomple ted~st rue tu~e and  :. 

o o n t r u o t i o n  Stage and the  p roper  head on the:,'outlet|,wtth "d~e o o r r e e t  : ':.; ~ 
d t s t r i b u t i o n , . o f  water  o v e r  ~:he.orest c o u l d  

oond i t  ions~ below t h e d a m ,  indu ted  by,,¢ ~: o u t l e t s  

znd p lac ing  sand'.bags o n t h e : c r e a t u r e  ~f low 

d i s t r i b u t i o n  were s t m t l a r  :to ~ those 0 ~ f i g u r e  ;5gA. 

Sand par~ io les ,  varyir~ o ~ ~ ~~ ' A~r m s i l t  i t o~ . l / , . i noh ,  were:  moved,! 
 tiole. b.i,  o ' = i e d  over t h e U i p  into, he buok. , 

t hey  were t r anspo r t ed  along, , the i n v e r t  toward ; t h e  concen t r a t ed  ~flow:it:0 
the right side of the spillway. Asthey 

:i.! 

. through the buoket~they moved up t h e  el to 

the flyer bottom dewnstreaao The heavier material:near:the =concen- 

trated f l e w  was moved f rom a n  a r e a  adjacent-  to ! the-~oe  ~ of ~,the!bueket 

and d e p e s i t ~ d a  short dis tance :  downetre~a.  A la rge  holer.waS: ~ : ~  

porous oonorete representlr~ the bedrock in the river ~ o h ~ n e l  ~ (figure , 
SSB). 

A f t e r  observing t h e s e  o ~ d i t i o n s  :on the model :_it:was oonelude~,~ 

t h a t  much o f  the r i v e r - b e d  ma te r i a l  , o n ' t h e  p ro to type ,was ,  c a r r i e d ,  u p -  " 

e t ream over the bucket  l ip ,  to  the  l e f t  o f  t h e  eroded ~ o h a n n e l . - r o l l i ~  

toward the inver~ of the b,oket, where it ~ earrled alo~ the:bucket 

ax i s  u n t i l  i t  approached the flow f ~ n ' t h e  o u t l e t s  or~flood passages .  

From thAs po in t  i t  lm~ e a r r i e d ~ o u t  over  the  buokst  l i p  o v e r  a : r e l a -  

tiv~ly small area, er~dlng a channel ~,through the lip by: abrasive ,action. 

The shape of this oh~nel, lahieh veers to the right as it leaves~the 

bucket invert, seems to corroborate t h i s  conclusion. ' . I t  is believed 

that the d~a~e has increased sinoe the spillway has been placed L'~ 

operation, but the aetion is different from :that which caused ~he ini- 

tial damage. I t  i.s be l ieTed  t ha t  rook e n t e r s  t h i s  a r ea  ~rom .downstream 

possibly through the channeled lip and is not rapt out during nor~ 

opera t io~  of  the s p i l l w a y ,  but  moved about  in  the  a r ea  to produce a d d i -  

t i o n a l  erosion. Repair of this area, oI" the removal of sufflolent 



• FIGURE 5 2  

A. Flow of model distributed to represent 1940 
flood conditions 

a 

Q 

B. Erosion of river bed bel~ buckgt for flow 
representin~ 1940 flood 

Q 

REPRODUCTION ON I TO 60 MODEL DAM OF FLOW CONDITIONS 
EXISTING DURING 1940 FLOOD AND RESULTING EROSION 
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m~terial from the flyer bed .to prevent its•,en~erln~"the ~re~Ion#~meea~ 

to be the only sure means of arresting the :actions 

E r o s i  on o f  t h e  o o n s t r u o t i o n ~  Jo in t s~  m i g h t  ~ - b e : a t t r t b u t e d  .;to .two :..~..'i~: .~:~.. 

aoti one, the movenmnt of mater~al., along:.the ~~oints"by ~u~ehts '.in them'" i"~,':>~.:. 

( d u r i n ~  u n s y m m e t r i c a l  p e r a t t o n ) ' o r ~ t h e  r o l l i n ~  of.  m a t e r i a l ' . i n ' + i t h e ~ J o t n ~ e  ., 

by  w a t e r  pass!n~ o v e r  them atrri~ht o~6108,.or the.~dam~e.mi~ht*!liave~z~, 
s u i t e d  f rom a o o m b ! n a t i o n  o f  t h e s e ,  To t h e  w r i t e r  the~ilat~er.~;see~:~..& 

more likely explanation, - ..... . 

The hole eroded in the  base, of the right train~ngwal, l~,and~in:~.the " 

slope just below the bucket adjacent:to the .wall 

rasive action of rook carried into %his, region~an 

about in a counterclockwise conical-shaped eddy, havir~a~ve~ieal~axls 

with apex at the top, which formed Just 

varying in intensity from time to time, an 

turnir~ with increasir~ speed until the ~ 

| 

f 

region were picked up and whirled violently.:aboutj.~as~ . 

speed abrasive wheel ?contacting the concrete surfaces 

part of the structure could be expected eOilOmg~as'materia~-wal~lUp~ ., 

norma l l y ,  the ac t i on  ~ s - i n t e n s i f i e d  h e n  ~the-~out lets, .ed~&eent. : to%~ ' . 

- -11  wore plaoed i n  ops ra t ion. - ,  a e o n d i t i  on.,whioh ex i s ted  ~:,oh:~the;~;;-  ' "~ 

s ized s t r . o t u r e  fo r  l o ~  per iods durt~,~1939. '~1940, iand~1941. :~T~, '.~i~ ~ 

the regio  .uppned much or the tim, rrom,a 2,- oh, pipe- th " "  

and debris from galleries within the dam. :XtwaJ oonsidered~.that ~ ~ • 

age to this region could be checked by elimAnating'the~whirli~:aeti~ • '" 

of the ~ater o r  by preventing materikl f r o m  e n t e r i ~  i it, ~Teets~..~o ~ : 

determine the practicability, of both were made, and.the results arQ " ~ "~, 

discussed in section 29,of this report, The.removal ~of materlal~frem 

the re~ion appeared most prmctlemble, 

The excessive eroslon of the concrete surfaces of the bucket in 

oonstructlon-blook rots 52, 53. and 54 is attributed to the abrasive 

action of river-bed materials carried into that area by whirli~ eddies 
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'that formed between the two sets of outlet tubes in rows §l~and S5. 

Mater ia l  from the r i v e r  bed o f  the  model moved.about , v i o l e n t l y  in , r th is  

a r ea ,  being washed in  o v e n t h e  l i p  andmoved a b o u t  a l m l e s s l y ~ t n ! t h e  

area  but toward the  o u t l e t i J e t s  whi~h c a r r i e d  i t  out, over~ithe-:ltp and  

depos i ted  i t  where i t  n ~ h t  be pioked.upl ~ a i n b y  ,the~:~whirling eddy ~ 

and oar r ied  baok i n t o  t he  buoke t .  Durim~ the ~.~tests,~thls:..same aotlomp 

but to a much less degree, was. noted betweenl, other~pairs ~of~outlets. 

The leas severe action was attributed to, the muller ~distaneo~,between 

the other pairs which prevented the development of~isueh,~sever~ ~eddiee. 

@ 

qD 

e 

reaching; the  a r e a ,  Considering t h e , e n t i r (  

fill downstream seemed the most feasible. Tests relatlng~to,~this ~ph~oe 

of the problem are discussed in section 30. of :this report. ~ 

In some i n s t a n c e s  the d ivers  r e p o r t e d  wear on:,:the faoe~of~the~da~ 

below elevation 948 (section 80, block 50, report to Field Engineer by 

flow ¢ondltions on the model, for:the .higher dlsohar~es~ In whioh sand 

and grave l  were c a r r i e d  by the, r011 over the bucket l i p  to the r a t e r  

surface end upstream into ~e bucket, it was concluded that the wear 

was of a "sandblast" nature, caused by the abrasion of these'materials 

on the concrete surfaces. It was believed that material ~ transported 

in the jete~d upstream in the roll was thrown spinning against the 

spillway flow entering the pool, thus em~sing it to penetrate :the sheet 

and come in~o~taot with the spillway fae~ to produce e r o s i o n .  There 

seemed only one practical means of eliminating thls aotlon, that of 

preventin~ materials from reaohin~ the bucket lip. 

A study of the conditions presented in the report mentioned above 

(figure 50) shows considerable wearir~,away of:the bucket lip below the 

spillwwy section oontalning the river outlets, particularly near the 

center of the spillway. While a great deal of this destruction oc- 

curred when the river outlets were operated for extended periods &~ri~ 

c o n s t r u c t i o n ,  the d e s t r u c t i v e  a c t i o n  has cont inued as a r e s u l t  of  n o r -  

mal sp i l lway  o p e r a t i o n .  The model revea led  t h a t  m a t e r i a l ,  i n c l u d i ~  

$/8-inch rock, moved onto the slope below the bucket lip by the outlet 

l,~ of the r i T e r  
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, o r  s p i l l w a y  f l o w s ,  was k e p t  c o n t i n u o u s l y  i n  m o t i o n , a n d  ~that  p e r i o d -  

i c a l l y  q u a n t i t i e s  o f ~ : ~ t s  m a t e r i a l  w o u l d  be w a s h e d , i n t o  t h e  b u o k e t ~ a s  
• , o 

if by whirlwinds, Where It..w~uld move ,about onthe ~I to'l.slOpe of ~the " " 

b u c k e t  b e f o r e  bei~ c a r r i e d  o u t  a n d  deposited a~ain~on~, the rlveri:f.~ll 

downstream, perhaps to be carried back to the elope:and reenter the ~ 

bucket. It is believed that ,this action explains ~e. ~ouree of~%be 

damage ehnwn on typical sections D-D, E-E,~L-L, a n d  OmO (figure 50)'. 

That this type of damage is leas severe at the lef.t, end~ of the. spill- 

way ms~ be explained by the~absenee of material;below ~e bucket in 

~his regiono It is characteristic of ;the flow to. move the river-bed 

material from this region toward the ,, eenter of ithe :~spillway!~ seOtion, 

thereby elimlnatin~ the deposit of rock on,the slope adjacent,to and 

downs t ream f rom t h e  b u c k e t  l i p .  Th is  c o n d i t i o n  was p r e s e n t , ; f o r d : a l l  

flow combinations except when the flow over the, ~ spillway,~ates'was 

very small or  it was sufficient to pro~uce  a steady :, ourrent of high 

velocity at the bucket lip (about 250,O00,aecon~-feet indieatedi:by~the 

m o d e l ) .  

The o p i n i o n  i s  t h a t  t h e  damage t o  t h e  b a s e ' o f  t h e  ' l e f fc  t r a i n i n g  

ma l l  on t h e  powerhouse  s i d e  has been caused  by t h e  movement'~ o f ~ r o c k  

Q 

QO 

by turbulent currents and finally into the main, current around the.Lend 

of the. wall, there to be carried under the spi some 

of the particles entered the eddy just inside !bucket - 

lip, and the rest were. carried alor~ the.:river,~.bottomoadjaoent~to~the 

toe of the bucket toward-the center of the~spillway.o 

That material remained in the ,spillwa-.j bucket, wlth.the ori~inal 

profile before damage was inflicted, duri~ large floods, a-view 

expressed by many e~ineers, does not seem possible. However, after 

the erosion produced by the movement of materials back and forth over 

the bucket lip had progressed to give sufficient irregularities to pro- 

vide space for the formtion of eddies under the spillway Jet in these 

eroded ~reas, it is conceivable that some material might remain in these 

regions to grind on the concrete throughout the flood season. This 
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' p o s s i b i l i t y  makes it i m p e r a t i v e  t h a t  m a t e r i a l  be low  ~he b u o k e t b e  

remc~ed i n  a e o o r d a n o e  w i t h  ; t h e  m o d e l / f i n d i n g s ,  :eeotion:i~:~O.:of , i ~ i s  L ;~r@- 

po r~ ,  as s o o n , a s  p ~ a e t i e a b l e .  /The removal  o £ i : t h e : , r t ~ r : i ~ l l l ~ , w i l l i : s e ~  .../ 

~o ellmins . . . . . . . . . . . . . . . . . . . . . . . . .  ": . -,: 

27. 

a b i l i t y  o f . m ~ t i ~  a s e c o n d  4 - . ~ - ~ . ~ n - ~ e  • :~ d i v e r s .  Xn v i e w  o f - t h e  d e s t r  ~ ~, 

t h e  s p i l l w a y  bucket a s  s e e n  a s - p o i s t b l e  e f t e r - t h e  1943 " °'.:': i 

as oe~ain if,.the, erosion was progressive.,~nd~ of a rate :surl'Iclent :!%o .-~. 

J u s t i f y  a r e q u e s t  f rom the :War  P r o d u o t i o n ! B o a r d . f o r  . . . . . .  ~ .... 

of the necessary strategle materlals :for :oonstruotio 

equipment, tests were m~de onthe I to ;60model to determine~tbe~:max- 

i ~ m  r i v e r  n o w , a t  w h i  o h  d i v i ~ ; :  o r e  r a t  i o n s  i .oOuld~,be u n d e r t a k e n i s & t l s -  ~ 

f a o t o r t l y  and t o  d e t e r m i n e  o o m b t n a t t o n s  , ; f l ~  

e o n d i t i o n s  f o r  t h e  i n s p e o t i o n .  T~ne~ p r o t o t y p e  f l o .  ~through~t~ ~ i~;~:::' 

house  a n d o v e r  t h e  v a r i o u s  d r u ~ s t e s  f o r  each .  Of t he~ i%es t - runs  ~ ~!~ 

maximum obse rved ,  velocities n o t e d  for. oe~ain:!of:::the:~ r u n s  ,1~re ~'~rd~ :~:: 

ed ( t a b l e  I I I ) ~  .. F o o t n o ~ e a  i n c l u d e  . r e f e r e n o e s  t o  conditions ~.. :- '~.': 

relative ~o %allwa~e~ surges:or disturbances ini.the rlver . filldown~" : :: 

etre  s ln, *tthe out  t, .test  w e r e  .,.:.! 
to determine .~at coal '.::50;000 !.-and~:-~,.: .... 

60,000 seoon~-£eet, -eq desired ~,-to :' ~'::J-~i~ 

make t h e  t n s p e e ~ i o n .  1 -- ' 

~ave  miniuAm v e l o e i t i e a  i n  t h e - e  

After determining the general tr " ~' !~ 

wer~ ~ad~ @f the action of the r 

bucket durim~ various flows. For. this purpose ,a:,small t_.. . . . .  ~ . . . . .  

plastle boat was used. To detect tendencies toward dish,basses of ":~: ' 

the river fill or toward material entering the..eplllway bUoket:durl ~ '~ :. 

the tests, fine sand~ sprinkled over the river:~ed adjaoent:-%o the 

spillway bucket. S~wdust w~s used in~ observi~ subsurfaoe~flowa~ and 

confetti was used for o6servation of surface eddy .current patterns 

and velocities, N u ~ e r ~ s  p h o t o g r a p h s ,  time exposures, of oonfetti in 

m o t i o n  on t h e  w a t e r  s u r f a e e  were  t a k e n  d u r t n ~  t h e  p r o g r e s s  o f  the  te ,~t  

~o r e o o r d  t h e  eddy o u r r e n t  p a t t e r n s  end oheok  t h e  veloolties i n  eritloal 

r e g i o n s .  
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i n  t h i s  ourre~% moved w i t h  i n e r e u i n g  v e l o c i t y  t c a ~ v d  t h e  d r u ~  g a t e  " ' " '  

dlseherge shore It ~s osmried s~u~ye " ' ' "" ':: ~'." :i~'~:} 

~.|hrou~hout t h e s e  t e s t s  s u r g e s  i n  t h e  ~ a ~ s r  our~'e - : - ,~" . ,~  ~ .-.~.~ 

d u o ~  ~ e l y  i n  the sp£1 lw 

ohm'~,oe es oomp~red t o  t h s t ~  

• ro~ ~the model  t e s t s  i t  s e ~  

l ~ t  o f  to~8~ r i v e r  disoh~:  

b u e k e t  s h o u l d  be u n d e ~ a k e n  

s eoond -Fee~  thro~.h the lef~ powerhouse# 

u~8 p l l o ~ d  i n  ~epor~t io~e  

~ t h o u ~ h  t h e  ~ 1  d i s o h s x ~ e  v a r i e d  

feet du~i~ %h~ divimg oper&~ieM, in .~ 

w i t h  l e s s  diffie~Ity than f o r  ~he s~ 

at~Ibu~ed in part to ~he more f&verabl 

m ~ n i t u d e  o f  t h e  s u r g e ,  i n c r e a s e d  w i~h  t h e  .ooneen~n~tion~:.O~:flowo Wi '%h-~ ~'-- 

i T  f rom o p o r a t i ~  t h e  d r u n ~ g a t e s  +in:a.eeo~oe+~wl 

f o r  l o ~ g e r  

w,s. beS~  

g s t e 8  i n  a o ~ v d ~ o e  ~ l~h-%ho-mode l  4,, • 

e e o ~ i o ~  o f  t h i s  r o p o r ~  and o p e r & t i . ~ s : b e ~ u n a t .  ~%he Zef~ end 

5.  ̧  

-T.~ 

bloom row 40 x~e l q ~ e h o d  o w h o r e - e e n e i d e m b i e  s and  and g r ~ v e l - ~ k a d b o e ~  

d e p o s . i ~ s d ,  T e s t s  wore  mndue~,od on~t;ho 1 ~ e .  0 node1 i n  a n  e f F o r ~  :.to 

• e o e r t a i n  i t s  s o u r e e e  

• A f i n e  s a n d  ~ p l a o e d  on t h e  . r i v e r  ~,~Al?~ s d J a o e n t  t o  .,the b u e k e t  

l i p  8 i n o e  i t  was - .oer~sia ~ h a t  ~he  m a t e r i e l  '..~ed ~o r e p r e s e n t  ~ e  r i v e r  

bed  m %oo ~ o o a r s e  ~o be t r a n s p o r t e d  a t  su.eh m ~ l l  . t~Ovs. The 8 ~ d  

m , s  p l a e . ~  i n  ~he model  r i ~ r  o h ~ u e l  ~ h  a ~ o v  r ~ I ~ e ~ . . ~ ~  ~ , O 0 0  ' 

: - i i !  ¸ 
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eeooz~l~Lo~Pee% p l m l i r ~ + o v e r  the e A e v e n . " ~ ~ t e e - , ! + a l l  +Op:+whl+oh,++were..~l%.... :j.- 
+,++ . - ; , ~ + + : ~  , . + 

t h e  8 t~e  l e v e l .  : ' D u r i ~ , . t b e ~ : , . p l a o i ~  of t ~ i ~ , . d ,  the:+if~ei,,gPatns+,~+.up 

t o  a p p r o x i m ~ ¢ e l y !  1 / ~ + i n o h .  . -'were +..mettled 'U iS+room : to+;.the r':,lip+whePe : .. . 'i 

+ -7+ + . . . . . .  y .' + ma .~__ ~____  - .  
, . 

t h o s e  were  c a r r i e d  u p s t r e o m i n t o  r ~ '++buc-~t+,while 

d o w n ' e a r n  a n d  depoei~ed++on , the,  r i v e r b o t ~  

l i p  where  +the ve looi ty++,of ,  t h e  ,,ware 

of  e ~ d  o r . s e e d  audl f e l l :  in+..+.the 

but. wile n e v e r l w e p t ,  o o m p l e t e l y  fpom:+the~i~.,~+k~t " + ~ :  . ` :~ """ '  ' 

• w e r e  s w e p t  .out  bY t h e  ++ oun'onte, : o t h e r s  +~mre +:di 

~aMe +belt p l a o ~ e  ~ . 

~hen the 'f~Ow +over '+the :: ores+ ;was . ~noreased .+ to ~,that:~:~ i 

~approzlmateiy' 1~0+000: seoond+Feet,, ains:~iwe~ 
"+'the buoke% end d e p o s l t e d o m ' + + t ~  8 =  l i , + : ~ e r e + i + i i ~ i / . ~ , ,  + ~: 

and moved ~l-,a,about +~g 

• mead rid~ee .~"A~~hispoi: 

~ i o l e 8  plaoe<t > ~u+the<:..1 
. . . . .  

4 ~ n o r  t ~ l ~  f e e t  +,of +bu, 

a ~ r l m l  p m r e t r k ~ o k ~ d  ++= ve • 8e I . . .  Mu oh ++ o f  the ,  e 

P O l l  + ~ r e  m. i t  <)1NI,8 oe, r r i e 4 t  :'upltPoe~Dm,. ~l"r~o+ot ] 

t o t  8OVeIqL1 . ~ s  of:~he r o l l ,  ~J~em ideposited 

the l i p  or o n  t h e  I to  1 _elopo: of ! .~e b"oket :  1 

down t h e  elope :and in .  end out+oyer :+ . the : l ip . .  ~.jdp.ter&~few minuSes-only+ : , :~ ~ii'. 

 .rge ; ++re,:+,+,+,,, ,pp ox ,tel:+  l/1.6  +.o i,..it  + + 

buokete S ~ o e  theee, were..mov!.m ~.;+l~Owly: Pron " +Wil ++ 

Inereued until, that PaamzK " + :+:over ::-the id~++ g :. +: 
- + + . . + ' + .  

~ t e l y  165,000 +me.end-fee%. ~ The ++p~rtA . l e e  

b u o k e t  mud-depos i t ed+  o n  ~ .  r i d g e  ++r+,iland +a+~.the+:lip..~hepe+%he~.~i+wbpe .. + :." 
- + + . . . . . .  

+ I n t e r m l t t e m l y  o i l e d  ia+ko.%he buoket . . .am a~atn,+deposi+ed,+on.+i.the.j r l ~ e  " 

o+ l e d .  £ i+ .eoon  1 1 + ~  b u o k e t  was free:+:+ofi:ee~d-reXO~pt:+~mi+4~he::.a+im : .: +'. 

Jult... do8 oribed, the: ~low over-the spillway-.wa~ deereued .llowly.~ito:.that 

repreeem+in~ 95+O00:leoond-feet. ~The+ao~ion was-similar but leea+:~e~ady 

as the flow deereaeed. Approximatelyltwenty,small~g~ain~ re~ained in 

t h e  b u o k l t  when t h e  F l o w  was.~'deereased t o  a p o i n t  w h e r e  no mow~me+nt : 

:"I 
~+ 

? 
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- • • : , : . . . :  , ,  • 

The d~wa ~s%es. were operated~usi~ , ;o~binati .en, ,"~ 

- ' I r e  f o u n d  i n  the~  b u e k e ~ , t  o ~ t h e :  r i g h t  ~, of~ "~he:ii~i d l  e e e , b . s r g ,  

. • ~;:] . ' . ; [  ~ ~ , ,  ' .  : .  

~ble A~o>, assume ~,,that ~,~ 

r~  

p r o t o t T F e .  ;Zhe.se are~ minor,, M ; a  ~ r u l e ~ a n (  

b u t  a t  t~mes b e o ~ n e  ~ e r y . ~ m p o r t a u t  

a ~ l e  when ~ t h e ~ f l u i d ~  i n  both:  model  

/ 

0 

Q 

w 

~or  m a l l  f l o s s  o n . t h e  me, 

t Y P e .  M o r e m r  t h e  i r e l a t  ~. 

t h e  model  and . that  o n ' t h e  

r i a l  .n~y n o t  .have b e e n  O f  

t h e s e  . o o n d i t i o n s  t o .  some- e x t e n t ,  ~ s i  l t . . i in8  to  ad o f  : 

s i m i l a r  o b s e r v a t i o n s  made .  ~ . .... . :.--~, !.~ 

W i t h  a l l  drum ~ a t e s : a t  t h e ~ a e ~ e  e l e v ~ t i o n . ~ e n d :  i 

( l e s s  t h a n  6 5 j O O O . . s e o o n d o f e e t ) : : s l l t  plaeed,.. ,several~.: /: 

f rom t h e  b u e k o t  moved u p s t r e m  m t o  t h e : , l i p  a n d w u _ . o ~ r r i e d ~ ; t o  the-:sudr- -~ . . . , ?  

faee, p a r t  turnin/~, , .upetreem i n t o  t h e ,  r o l l  :over~ . the~buoket  and~.the~.,reet 

movin~ on downs tream.  /3ome o f ~ . t h a t ~ e n t e r ~  t h e , r o l l ~ o  ~ L o h  fonaed/~noa~r 

t h e  f a c e ,  oZ t h e  d ~ n ,  was  d e p o s i t e d  i n  t h e  buoketoidOvmstre&m froml, t h e  

i n w t r t .  ~ o h  o f  i t  was, t h e n - s e r r i e d  o u t / b y  the- u n s t e a d y  c u r r e n t s  p a s s -  

:ln~; o v e r  t h e  llp. 

Wi~h. combinations usiz~ ~ates Ire 4~ inclusive, I to~:5, I to-~6~ 

l ~ to 7, and. 1 to 8~ silt pl~eed several feet downstream in the eddy, 
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g 

C , , - - r 

'depoet~edon the 1 to  ;.1.:' s lope . 

FArm. t~he, s i l t  Cesta i t : . . n . ! -  ~.~:.;~L_ .~ . '  
t 

£ous:d. in . . the buoks t  o f  the  
• L" 

tio   cht resulte'd   :oith., 
a t i o n  of. t he  s p l l l ~ y  --~--~ - -- 

d e p e s t t  resu l ted  from 

. depos i t ed  d u r i ~  

dopoa i tod  i n  g r e a t e r , ,  

-my than  a t  t k s  e ~ s  :., 

These t e s t s ~ g e o ~  t;0 e m p h t 4 i l o : i t h e . : n e o o s s i ~ j  o f . t h e  ":  
t i o n  ~ n t t o n e d  p r e v i o u s l y .  . .. 

29. 8tuc of f l ew  oondtt ions 

Xn i n i t i a l  s~2d l e s  o n , a l  to ,  120~.oale , .model . ,of  ~ 

duoted i n  19~5. At was d l s . o lo sed . , t ha t  :ho les .~ou]  

f i l l  a t  t h e  ends  of  #he,sp i l lway  t r a i n i n g  w a l l s  

dts~.r,ged by• the:~.~111~_¥. Tests were " -, 
- . initiate 

a t  ~ha t  t i ~ e  ~4~. e ~ u d y - t h e  :&etion;.and~:to , e v o l v e ; s  

natlz~g or  m . $ n i ~ z i ~  i t .  :r'~ztensions 0 "" ~' 
J'. d i f f e r e n t  ~shapes i~smd 

~e ~i the r:i,g I~. wall :.of t h e  model and Ll thou~h / s  ~es::~sueoeo'~ 

• dioaged, the  improvement, d id not  e e e m t O .  Just tfy,:the;;; 'additto, . -  " 

and ~he studies, wo~e dis continued; :! The ', reSu!~:,O.e, ~ the~tests;:i~e~,.:dle. : •~: ;,.: '~ ;:..~, 

ouesed i n  an  a b s t r a c t . ,  by:-the ~witer~...SE,oston, a t .D~rStWe~End, ; ; .o  t . , ;  ,:. , ,  

o f  this r ~ p o r t .  '~endltloas:~i~il~..to t l ~ e e ,  o b s # ~ e d ,  on.:the;~.:l ~e 2~0 .. 

model w~re d i s o l o s e d  when ~he 1 t o  60 model ,was p l a o e d i n , o p e r a t i o ~ . ; i n  . .  

1~43 (figuro~ 5~ and 54~ Aand B). In viewof the ,da~a~e:~to ,~he-.;~ 

of the r i g h t - t ~ a i ~  wall. repor~ted~..by ,the. diver~ in the sprl~ and i~X, -  

tn~peotions of, 1 ~ 3  m studies ~ r e  made o n t h e - : l  to 60 aodel to  a~ee~-tei~ ' " 

i f  the  e ~ n d i t i o n s  a t  t h e  ends of  the.  l s ~ l s  no ted  on both  models  w e t s  " '"  
oontributin~ Cao'l;oro. 

,,r • 

,.-~;. 
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FIGURE 53 

A. Pumioe and Screeded coal At right 
wall for erosion tests B. Condition at base of wall after 

fl@wOf ~7o000 second-feet 

C. Conditions with concrete block in crevice at end 
of wall after flow of 287,000 second-feet 

D. Conditions at end of wall after B. C@nditi@n8 at end of wall a~r 
flow of .537,000 second-feet flow of 787,000 8eoond-f~ 

EROSION AT END OF RIGHT ~ ~  WALL WITH AND WITHOUT CONCRETE 
BLOCK IN CREVICE ~ ~ AID ROCK TOPOGRAPHY 



FIGURE 54 

A. Gravel at end of left training 
wall for erosion tests 

~ Conditions at base of left training 
• . wall after f~ow. of 787,000 seoond-fee~ 

~C. Bonded rook .euadoonore te  cap a t  end of 
.ileft trainlng~all 

D. Abrasive. erosion of oonorete 
blookaf~er flow of 787,000 .,~ 
seoond-feet for %hree.hou~s. 

E. Abras ive  e r o s i o n  of c o n c r e t e  
b l o c k  a f t e r  f low of 787,000 
s e c o n d - f e e t  f o r  8 hours 

~OSION AT END OF LEFT TRAINING WALL WITH AND WITHOUT BONDING 
THE ROCK AND ADDING" THE CONCRETE CAP AT END OF WALL 
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In the 8tnadies it ~ found tha~ ,+~ ~'e~rong eu~en~ pers is~d~:'down- 

s~ree~ adJaeen t  to  t he  powerhouse s i de  of the ~.wa!l, around* i t s  .end-lnd 

u p s t r e a ~  alon~ %he base on the spi, l lway  the~buoket l i p  where 

the flow divided, part oont~nulng alon~ into"the~bueks~and 

thet'rss% t u r n i ~  a t  r i g h t  su~les ~o the  wa, l l  .and ~ v i ~  :, 

b o ~ t ~  p a r a l l e l  end adJaeen~ to  t h e h u s k e r  l i p . . T h e r e  

s loe. r ise whirii~ cone-shaped eddy., w~h ~a Vertical axis, ~the +~apex + 

at .~ top and %he base on ~ the +2-I/~ +.~o 1,:slope 

Just downstream from the lip adjacent ,to thewal 

present at all times at the right wall when there was any appreciable 

quantity over the a d j a c e n t  ~a~e or through ~thela~tJaeent .pairs  Of+upper, 

intermediate, or lower river outlets. Pebbles ' ~ r ~ s p o ~ e d  ':~o~ the i' 

~- 51 

w 

in to ~ base of the whirli~ eddyyJust~desoribed. 

A portion of those enteri~ ~the.~eddy, which:we .... smodie 

nature, were forced out of it onto~the slope below ,:,lip~.where 

they might remain fo r  a short ~ime before being +picked up either ~by ,the 

cur ren t  moving toward %he e e n t e r  Of the  spillway, Or,~~.oa~ried a~a:bl 

into the eddy and whirled. At times some of ,the ',whi.rliD 6 -pebbles . 

would be lifted to  the apex of the 1~nirlin~ oone~adJaeent ' to thewLll " 

and eLrried upstream into the bucket. Material enterin~ ~the ~o:ket .- .:-" 

appeared to be washed out almost immediately und, :i 

however, particles enterin~ at the left end of t} 

se~v~ to remain in the bucket for several minutes, movir~ ,up ~and down '" 

the slope downstTeam from the ~buok~t invert before beiDg carried .ou~ 

over the bucket lip. This action was attributed to  an eddy whiohfor~- 

ed in this region ~hen the high-velocity flow through the bucket could 

not follow the boundary due to the flare resultin~ from the inter- 

action of the upward slope of the bucket-surface and t~e batter on the + 

inside surface of the trainin~ wall. 

The action at both walls was similar but the whirls were of oppo- 

site hand and that at the rlght wall was more severe. The more severe 
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• conditions at the right ~II ~ere attributed ~to the &bseneeof~flow 

from the right ~werhouse. 

Measurements of the velocity of~.the current ~mrd.~he ,~nter of 

the spillway downstream from the~end off.the rig te 

model  were  made ,  The v e l o c i t y  i n e ~ a s e d  .w i th  

v a r i e d  f rom 1 . 9  , to  9 .0  f e e t  p e r ~ s e e o n d  p r o t o t y p e  f o r  model  ~flowl r e -  

presenting prototype disehar~ei of ~100,000~to:2S0,000 second-feet, and 

beeam~ so great .at 500,000 second-feet, SharP,the revolutions of ~the 

current meter could not be counted, 

The remson f o r  the d a m ~ e  t o ~ , t h e ~ r i ~ h t  : i t r a in in~  w L l l  ~ o f ~ : t h e , p r o t e -  ~ 

type structure ~s shown clearly~by~thie.test. ~/ 

As there seemed but two practicable ways'to-prevent further da~e 

t o  t h e  w a l l ,  n a m e l y ,  e l i m i n a t e  t h e  w h i r l ,  o r  keep  m a t e r i a l  ~from e n t e r -  

i ng  it, the tests on the I to 60 model  oonoernin~ the~ioonditlons~&t~tho 
traini~ walls were made accordingly. ,,, 

Extensions ~o the existing walls,i, bondir~ themodJa~t:~ipr~pped 

s u r f a c e s ,  and removln~ t h e  o v e r b u r d e n  in~,the v i e  re 

the treatments studied and, although,satisfa@tor ~d 

for some of the wall extensions, ~the removal of material :to ., p~event ,its 

enteri~ the region seemed the most praoticable;~and eoon0mleal ,trea~nt. 

A treatmeut of the damage at~the base of the ri~htlwall and the 

plaoimg o f  a c o n c r e t e  b l o c k  i n : t h e  o r ' c r i e s  a t  ~the end o f  t h e  w a l l ,  p r o -  

posed  by p r o J e ~ t  e~ineers, was studied o n  ~the model~dam. 

The c o n c r e t e  b l o c k ,  ~ f i l l i n g  t h e  c r e v i c e  be tween  t h e  e n d o f  t h e  

right wall and the bedrock dc~mstream,, didnot~effeot,appreeiably.the 

flow conditions or action adjacent to the wall, in~-faot,~apronouneed 

whirl formed at the end of the wall on the spillway side oZthe concrete 

block, a condition which would most certainly result in erosloniOf:the- 

~II and the block. 

The tendency of material to be transported f~n the powerhouse .side 

of the w a l l  ~.~s lessened by the filling of the crevice (figures 53,D, 

and E). An extension of the base of the right wall f o r  An equivalent 

of ~O feet downstreom with its ton at elevation 920 was made. 

eddies on the inside of the wall were not eliminated but their 

!, 
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formation mas intermittent and they remained nearer the end ~ of /: the :, 

wall than before, seldom movin& upstream, to ~the ,bucket..~ll 

the material reaohir~ !the 2~to ,I .slope below..:the .buokst 

b a c k  a n d  f o r t h  i n  a n  u p s t r e a m  a n d  d o w n s t r e a m ~ d i r e ~ o n ~ : ~ d  ~nOt• :wh i~ r l ed~  ::" . ' : 

0 c ~ s i o n a l l y  a v io l en t  ~ i r l  f o x e d  at ~ , , . n d ~ o f  ~ ' e ~ n ' i o n ~  i~-: "~:' 
m o v e d  u p , t r e a m  a l o n ~  t h e  i n s i d e  o f  . the  w a l l  ~ n ~ . ' d "  ' 

Raisim~' ... 

the ~ of the ~ extension~ ha~ no ~ appreciable ~effe ot ~on ,de..,. :i,~, 

,oribed above. ~ sharpco.ere_at the~'do~,'tre=~o~d~of,,th.:Rl~l ~ .... - 

were the main factors inducing the :,whirlix~. . ~l.iexten~ 

at the downstream.end, would ellminate.this~charas%eristie. 'iWi~h " 

this e x t e n s i o n  there ~ " ' " ~ ~ : . '"~ " ' ~ ' ' '~ wasvery littIe, disturbanoe~:on.'the ~iinside of :the : -." 

original wall, the currents beir~ in an~uPstream!direstion:near~the - 

base of the w.n. nttle mo.em.nt of , e. teri l ns 

that carried from'the end of the extension was~deposited '~ " ..... " 

bucket adjacent to the wall. ~ "'"' ' : " ' " " " However,..a:,region 'of ~ v i o l e n t  i t u r b u l e n c e  

w~a f o r m e d  on  the inside of the extension~near iits:':d~stream " end, / 
Further refinement of .the shape of the end.of :the extensl.on..zould :ira- .... 

prove conditions but the solution .did not r - -  " ' ';icable :because ~of. 

the coot and the co, nstructio n difficulties 

d i s c o n t i n u e d  o n  the w a l l  e x t e n s i o n s .  The ~ b l e i l - S o l u t i o n : s e e m -  

ed tobe the removal of material from the end. of .the :~,~ll~.~ " ~ from 

regiona in which it-would be transported ~%o this a r e a  under 

o p e r a % t o n  of t h e  spillway~and powerhous~  " ~ " 

S i m u l t a n e o u s  t e s t s ,  b u t  with d i f f e l  ~f . the  . a r e a  " ~'~ 

adJaeen~ to the w~ll, were made on  the left~traini~Lwall. These~te~ts 

for the main part involved the bondi~ of .:the ~river~.fill :and :riprap 

adJaeent t o  and downstream from.thewall and.~the ~removal o'f'..materia/ 

in this ~.rea, Of the treatments tested, that'of~:.removir~ theomaterial . : 

tO approxlmately elevation 885 and bondin 6 the .rook .on-.the ~river.:bed : "~' 

seemed most promising. " " : :~-ii.~ ~ 

F o r  the initial t e a t  o n  this wall, the r o o k  fill on  the . r i v e r  

bottom, bounded ~by the downstream edge of the powerhouse base, the " - 

trainin~ wall, the spillway bucket , and stations A14+40, BIS+00, a n d  ' !  



A13+40, was bonded by grout[n6 and a concrete cap to support the, toe 

of the tailrace slope •added to a portion of this area downstre em~'a'~ 
! . . . . .  / 

to the right of the trainin~ w~l (fizurei54C). This arran~emen 

proposed by proJect engineers. ~ i i • i ~iL~ 

For small discharges a li~htweight material, pumiee.~w~s droPped 

into the water behind bhe wall to : study the action 

For flows up to and includir~ that repreeentin~ 200. . % 

on the protot}~pe (37,000 through the powerhouse ant 

spillway) water-soaked pumice placed on,the base •a~ 

wall was carried around the-wall and.upstream, some ......... ~ 

over the bucket lip and movin~ into~the bucket,-but:most of it:bei:~ 

carried toward the center of the spillway bythe transverse current 

under the s oillwa/ roll and deposited cm the river,fi:ll. i~A very .in-.~ 

distinct whirl on the ooncrete.o~p.at the base ofl 

As the flow was increased, the action became more~ 

rials includir~ s~ud particles 3/8-inch in size we 

about on the concrete surface of the cap. 

for a flow representing 750,O00'seccmd-feet 

~ .  ~ A  ~ . . . . . . . . . . . .  . • . •. 

From the fore~oin~ test i% seems certain ..that •condit 

the base of the left wall .would be induced bya~treatment 

thus it should not be -considered for .the prototype. :During ,this,~est, 

movement of material to the left of the mall .and i:immediately:downstreaum 

from the left powerhouse ~s observed, with.~a~d~withoUt unlit% o] 

Without unit 9 there wasa tendency for materials in~;thls~,region~to,~mo ve 

aimlessly about on the base of the wall, In movin~ about, those enter- . , % 

In~ the re&ion near the end of the wall were picked up-by the ,eurre:rt 

passir~ around the end where they were transported a~<explained~pre- 

viously. With unit 9 in operation, any material entering 'the re~ion 

wLs carried outward and into the current oassir~ around the end of the 

wall. It is believed that materials have been carried into thisare& 

by currents induced by certain combinations of spillway and~po~rhouse 

IA3 
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dis charge and that %he~dsm% e ~"to the ~baee :~of. the : ~ 1 ~:on '~tb~ ;-~wer- ~ -.. .... 

h o u s e  s i d e  has:~ r e ~ l ~ e d i T r o m ~ : ~  ~'?: )~ ~~ 
~ L ¢ ' . ~ '  c ,  . 

For a subseqUent"test th, 

b o w l - s h a p e  with t h e  bottom:~at i~%' ! 
r i v e r  b o t t o m  i n  t h e  r e g i o n  b o n d e d .  ~- " ,i: i 

house side of the wall were<carried - ~ i ' i ;  :I 
the bonded area and toner, 

J 
ed n e a r  the end of the wa 

current movin 6 toward the 

bucket. A few particles , 

t o  the bottom near the ba 

noted for flows up t o  and  ~ 

of the smaller particles ~ 

bucket lip adjacent to th, 

v i b r a t i ~ ; ,  a s  i f  on a v i b r a t l n g  t a b l e  of!~h~gh f r e q u e n g y , ! ~ u n t i l  a w h i r l -  : i!: 

lent ly,  o a r r y i n g  them into the b u o k ~ t : c  t ~  ~r ~ ~ ~ . ,  - ' " ~ 

the. eddy disappeared to re form again~ia : H ~ v e , , i : t h i s  
treatment was considered a substantial improve~nt/everY:that iin~whioh / 

the a r e a : . s  bonded a n d ~ , a , c o ~ o r e t e  ( :  " - ..... 

"In view of the encouraging_ ,:resu!ta ob~aine: ' ;':"~: . i. I 

excavation, the area botmded by~:the powerhouse, ~: 

b u c k e t ,  t h e s t a t i o n s  AI4  + 70 ,  B 1 4  '+ 5 0 a n d ; A I S  

The area was sloped downward~toward the .~enter: . . 

e l e v a t i o n  886 at ~ s t a t l o n  AI3  + 5 0  t o  b e d ~ 0 0 k l i ( a  : "-m. " ~r "~ '~ " -~'' 

station Al4 + 70, : ith disoharges::up:,to~:and including,/::S37/:;000;:se06na& ~ .... 

feet t h e  a o t i o n  was similar t o  t h a 6 ' ~ f o r  (~t~e i b o w l - ! i ~  i : . x e a v A t ~ ~ n '  :- ~ii~A~ ::,i / 

hi~her flows .an eddy similar.~t0-::that for 

o~ the :base of ~the ~walls~ ~z~l: cap formed at the end:.on the inside,, edge. ~ ~:- ..... : i 

v i o l e n t  movemen t  o f  m a t e r i a l o o o u r r e ! ,  be in~ : ,~ . ca r r i ed  f r o m  t h e / o t h e r "  ::~ ~ "•:'~;,- 

side of the wall where i t  was placed. In:view of the results :of ~these 

tests and the decision to dre,~e the river f ill :,be low . the : bucket ;~ 

prevent damaue to it by  the movement of. the river bed~rmaterials..:it i~il 
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"meems that 'd~dgi~ ~near the traini~ wails would prove most ~satis- "- 

faotory, ' par~iottlarly, when oost, ~c0nstru orion diffioulties.~and effe o- i,:-:~ i : 

tiveness, are eonsidered, 

_allay dame6e :~o. the spi.llway..bucket, The serious~ -~ ..... " 

t o  the..apillway bucket of Grand Coulee Dam, ascent! ,./+~ 

o f  that p a r t , o f  : t he  struoture by d i v e r s ,  a n d  t h e  ~ , i  :,!i~"~i~i~ 

t h e  1 t o  ~0 m o d e l  t h a t  : ~ h e d e s t r u e t i o n  i n o u r r e d ~ b y  . . . . . . . . .  

from the movement of river bed~material .by.currents~in~the~erode~ areas ~! 

made it imperative that steps be tak~n-:to,:eliminate :or :: '~~' ..... "' ~i,'~"- 

otherwise the repair and maintenanee 'worM:would %e oont 

were eonduoted therefore to .~evolve satlsfaotory oorre otive : meaaures, .:, : ~< 

There seemed ibut two methods whloh ,might prove :pr~.otioable, that ::of : 

stabilizin~ the river fill in ~he .!immediate :vicinity :below the ':buoket, • 

to prevent material from:be~in~ transported to the ~bucket to eau • ' 

sion by abrasion, and that of dredging,the. ~loosemeterial £rom ,r .." .iii!ii!i 

bed inoreasir~ the area of flow ofthe~ground roller, ~thereby~eduoing . ~:~ 

its Ability to transport materials m~d deereasin~ the:~amount of,~m~terial .~ :~ ~ ~,~ 

available for transporation by the ~round :rollor~ ., ... 

The river~fill on the model~was .excavated to a ~Icvel ~representi~ ~ '~ :,:~!i 

elevation 890 on the prototype for ,various distances downstream from 

the buo~ and a one-inch covering (elevation 898,0)~of I/4.-to ~'l-inoh " '~. 

r o o k  added, T h e  behavior o f  ~the river bed : n m ~ e r i ~ i w a s  " 

floam representing from~SO,O00 ,!to ~337,000, second*feet on '-the fulilsized 

structure, Consolidation in this manner-for a distanoe of five ~inehes 

downstream from the model spillway appeared;~nple ~fromlstation AI4-÷O0 

to station Ale +,00.and from station A29 ÷ 00 to.~A~l .+ 00,-!fAt ~other 

points the 5-inoh,strip of heavy rook~was oovered-on~ple~ely,.with ~fi~ 

sand transported upstream along the river bottom by.the ground roller ,::;~j: 

belay the buokst. A l-foot,,width nearthe center.of the .: epillway .appear. ::~;. 

ed to be satisfactory for the small dlsohar6es but fine sand was ~rried 

upstream to cover .the rook as the disohar~e~approaohed that-representi~ 

300DO00 seoond-feet. The results indicated t~-.at it would be neoessary 

to s~bilize the river fill for more than sixty feet do~.:~stream if 
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and possibly for a much greater distance :for larger.floods. At t~a 

p o i n t  in t h e  p r o z r ~  i t  :seemed m o r e  l o g i c a i  i t o  d ~ e d ~ e ~ h e  m ~ t e n ' i a l  : ; f rom . 

t h e  r i v e r  e n d  o m i % i ; t h e  c o v e r i n g  . ~ o f , h e ~ v y  :~ook ' : t h u s ' t e s t s  . c o n c e r n i n K  t h e  :~ 

consolidation of te.~ial/below the ~,bueket v~re di continued. , . : ~":,:. 

Sand w~s removed from the ~ ~ .... ~' 

880 and 885 for distances downer, 

to the trainin 6 wal'Is to20 inchE 

I00 feet on the prototype), and t 

i~ up to S37eO00 second-feet, the capacity Of the m0del su 

or about one-tl~ird the design discharge of~t 

in the excavated area moved gradually upstrc 

1 slope downstream from the bucket where it 

area aotin& as ~ catchment. At hhe end of t 

discharge representin~ 337,Q00 second-feet, :-: 

the bucket lip. There seemed to be very li,t~le transportation of the 

material from the downstream edge of the 'excavated ~region, ~ . 

where the width was 20 inches. ~ From this test it seemed tha 

without replacing the material with heavy rock, would be the most - 

praoti.cable of the two treatments, and that the limits for the dredging ::~ 

belmv the soillway bucket would extend a t  ~east I00 feet ,downstream .,from ~- 

the center portion of the structure and possibly;for a~lesser dlstsmoe . . . .  ': 

at the tralnir~:~ walls. " : 

Since flo~is epproachin~ 500,000 .second-feet :are expected occasion. :~ !,~i:- 

ally and' it is possible that larger floods ,will occur, it-was ~considered --~-:i 

imperative %.hat investigations be expanded :to include model dis char~e s /:~ 

representing, these~quantities. The distance, dova~stream ~fr:om whlch~,~rens_ if 

portation of the loose bed material took place seemed to vary as the ,dis- • 

charge, thus tests to establish limits to ,which the dredging would ~have ~.: 

to be carried for the hi6her discharges were desirable and-~,the oro~ram i:::i: 

was postponed to permit the pure~,ase an~ Anstallat~on of an adequate ~:: 

The tests were resumed in 1944 when the installation of a 24-inch • 

vertical propeller pump with a cepaclty rcoresentin~ the design discharge ~ 
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Of 1,000,000 second-feet, ~ e  completed. The tes ts  p e ~ i n e d  !1principally 

to the establishing oC the limits for dred~ir~ the downstream river~f~ll. 

The limits used in the fi~st t~st v&th the increased model ~eapaoity~;w@re 

based on the configuration ~of the river channel bellow rthe spill~y 

section after hhe model had been operated throu6h ~a flow c~'cle repreSent- 

ing from 89,000 to 787,O00 second-feet. The material inan iarea bound- 

ed by a line runnin C through a point on,station AI4/+ 20, ?8~feet proto- 

type below the bucket, to station AI6 + 50, 220~feetjfrom the bucket 

lip, to station A28 + 50 ac the same distemce downstream, mud ~hen 

through station ASO + 70 at a point 78 feet downstream ~from the~Buoke% 

lip, was removed to a level correspondir~ to elevation 885 ~fcrothis itest 

( f i6ure  55A)° The model was observed wi th  a flow ~epresen~i~ ;;300,000 i 
second-feet. As considerable m~terial was moved from the bedrook!sur. 

face and deposited a~ainst the I/~ to I slope at the ~oe of ~he~dam 

(figure 55B) and difficulty was exoerienced in ~determiniz~ ~if?the:i.limi%, 
were satisfactory, the mater -^~ .......... . ..~;~- 

• A=A was swep~ from ~he bedrock surface and 
slightly more excavation m~de at ~the ends of the spillway~(f~U~!55E)e 

ot The limits were made to intersect stations AI4 +i~0 and:ASO ~÷ 7 a ~: 

I00 instead of 75 feet prototype, downstream from the buokst ill, p; other- 

wise the excavation was the same. The model ~was operated a~ainlat 

~00,000 second-feet and attempts made to measure the upstream velocity ~ 

of the ~round r o l l  on the river bed ~ust beloWltheiilbU~ket, i~Toomoh 
turbulence was present, and the m~rrents were so spasmodic that,%he - ~'~ 

results were not satisfactory. One velocity  a ure nt indla  5.8 

feet per zecond, but the velocities were ~Ich.hi~:her~at timeeand in ~ 

some. instances reversed, 

Although a small amount of material was-deposlted~.alor~the ~toe..of 

the bucket in the central portion of the spillway ;(figure. 55D) .ifwas 

believed to ori~iaate from pores in the bedrock surfaoe~which could not 

be swept free of all sand particles rather than from the river fill • 

downstream from the excavated area. The deposited material was remove~, 

and the flow increased to that representi~{; 537,000 seooM-feet (500,000 
over the spillway and 37,000 threuch the left powerhouse). 

After five hours' operation at this flow, a bar with an equivalent 

maximum width of 70 feet and depth of I0 feet had formed below the 

I 
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FIGURE 55 

i ,r 

A. River  1"',11 removed tn e l e v a t i o n  
885 f o r  220 fee t  downetream S. Condi t ion of  excavated area a f ~ r ' t l o w  re~-  

r e s e n t l ; ~  300,C~)0 s e ,ond - f ee t  l 'or  5 hours  

C. Excuvetlcn extended 25 f ~ t  f u r t h e r  downetrea~ s t  
end of ~pl l l~ay  and all " t e r t e l  ewept from eree  

D. Condi t ion  o~ exceveted ar~u a f t e r  f low r ep -  
r e e , n t l n ~  300,000 second-feet  f o r  5 hour .  E. Cond i t ion  of  excnva ' .~  a.'ea a f t e r  J'iow rep.  

~ n t l n g  $37,000 se¢o~d-foot f o r  5 hours 

MOVEMENT OF RIVER FILL BELOW BUCI~T (7 I TO 6 0  MODEL ~ FOR VARIOUS 
DEPTI-~ A~ LI~I~S OF EXCAYATXON AND FLOW3 REPRESENTING 300~000 AND 

837o 000 a~OJE~FELT 



'- .. , . .  f , > r ~  r • 

• O 

, , ,,, 

central seot ion of t! %~tlon~'A~ • ~:~ ~' 

From ~hese stations. L"~ 

farther downstream (figure'55E). ~Althou~h~ conditions r ~¢~" 

tailrace slopes to be the main";;souroe,.;o iit..~ ' '"~;'< 
,8,' oonit'd  

ed possible that. some had:or~--~-~ ',~- 

s ureas side of, the. excavated 

To as certain, the °,sour ee 

the downstream boundary of t'~ 

paint. Three .colors were•us, 

bound'.ng the exca-~ated area .I 

A29 + S0, and blue in the :central portion'bet 

A25 + 50 (figure 56A).  

A study o~ th~ results showed~that::a. 

tial in the bar had .originated from the',~ends; 

from ~ze downstream dge of:the~exoavated ar, 

low; and that the greatest part had~been.tr~ 

slope where the river bed was high downstrem 

~pillway. This was considered as an iindioation~ .~lim',.tR'!;;.1,~.,~a. 

be extended, s o  material was r 

40 feet prototype downstream, 

the section where the rlverbe 

test. The new boundary passed 

equivalent to 100 feet downstr 

40, 260 feet dov,mstream from t ' ,  

same distance, then.threu@h,:st~ 

stream from the bucl~t lip. ,.. 

Using colors, as in; the previous .test,~a~iTive~hour,,run 

second-feet was made. There was ~very little .material~moved 

from the ends and from the bestiary where ~the river ,bed was 

bar formed upstream: from the region.where ~the river,bed was highi~el~ 

the left end of the spillway (figure 56B). ~o determine how the-hlgher 

~round contributed to the amount of materialmoved upstream, the~mour~ 

in the river a-runnel below the lei"c end of the s~illway was excavated 

to a level re~resentin6 elevation 900 (figure SGC). 



FIGURE M 

A. w.oawated e lopes  paLnted to  
I ~  J ~ r i n l n t  o f  u a t e r i a l  

B. O o M i t i o a s  o f  e x c r e t e d  a r i a  a i d e r  f l ow  
o f  ~,goO(X) ooeond-foot  f o r  5 ~ E o  

~(CAVATED AREA EXTENDING 220 YEET PROTOTYPE DOWNSTREAM 

C. EKoawatod eu~a e0(teDdod t60 f ~  4 o w n ~ m a  8~d Jmqam4 
below l e f t  end of sl~ll l lmy n~oweA to  alewatiom 900 

D. A~el-  f low r e p r e s e n t i n g  5,5?o000 
~ o n d - f o o t  f o r  5 hours  

~. A f t e r  flow x~?resen t l~  787,000 
oo4ond-fe4~ for 5 bo~.o 

CONDITION OF EKCAVATION AREA BELOW BUCKET 
MOV~EHT OF RIVER FILL SELOW BUCKI~ OF I TO 60 MODEL DAM FOR 

VARIOUS DOWNSTREAM LIMITATIONS OF m(CAIZLTI(N AND FL(NS OF 



Bec~uee the quantity o f  material movir~ upstream from'the.~boundary 

of the excavated area:at the riEht end of the:~spillw~y was small, it 

wins not considered practicable toextend the/limits~in~-this,.~region, .,, 

The relative position of the spillway, and tallraoe,onthe lef~ side '~ 

of the river made the "f~'.~in~ of excavation limits difficult in,~,thatre. 

glen as they were dependent upon the treatment:' of the ~tailrace bemks. 

~hul the excavat'ion boundary in this area should not be/established~def. , 

initely until the nature of the treatment has been~,~determined and~tests 

for this purpose are in progress. " ' 

For comparable conditions, the removal~of~ithe:.mound, reduced ~the 

amount of material carried upstream, there bei~ about half~the~a~Ount 

in this test for a discharge of S37,OOO,'second-feet.asJfor the ~.s~a '~ e flow 

i n  the  I ioatio s , , . r e  t h a t   tho do, str..  i:i!!- 
boundary of the excavated area should be extended, possibly~,to~the ~i I ~iL,ill ~ 

equivalent of 300 feet on the prototype, if transpor~atlon.upstream,~a ~ 

to be eliminated, However, it does hOt.seem praetloable~'.to,~exeavate . ~''L~ ~r~. 

the addition~l m~teria~ slnoe the limits were sati in ,- i 

excess of 300,000 second-feet. Floods  of such mete " 

thus material from this source could ~be removed when conditions~a 

to the bucket demanded' it. There ~s some outti~ at ,the~toe of~ 

tailrac~ slope downstream from the end of~the~trainir~,~11:~and~some ..... ,~, 

transportation of mate r i a l  up,tremm at the.ends:,of{the:~epillwa.~,.toward~ ~i;f~:! 
the center Just downstre~ from,t.he~bucket. : . ~ 

In order to determine whether-or not:.the i~.i : 

and transportation ,of mterial ~would be ,worsez ~"i~ 

discharge, the modelwas o~erated • . ~ !!i:/i~ ' 

787,000 second-feet, "The results w~remuoh more severe :the~ for'~,the , r . 

lower flow (figure 15~). ~Althouo~h~.there :,,was ,s-~ne transportation i40Fi~end, , ': 

from the downstream edge of'.the excavated,area.. ,the~-.~reater,._.,. portion of , 

the bar deposited below the bucket seemod~to ori~inate;frc~ ithe. ~i I- ~ :"~ 

.ra~,~ slope8 ,just downstream from the ends ~of~:the traini~walls. ;~he • ::..~:~.i ~~ 

slopes~re eroded by the whirli~ eddies just:~outslde the spillw~y :!; 

flow at the ends, These whirl s, eounter-olooM~vise at the ~ lef~t ~ndl , ~ ,: ~//;)~ ~;~ ~ii 

oloekwise at the right, carried material from the ,slopee,-,,mevi~ i~ ' ~!!~ 
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dpstream under the spillway flow, where it-was picked up by the current 

moving under the spillway Jet toward the center-of th0', river and i'de- 

posited as a bar downstream from the bucket. T ......... he top .of t~.e~bar~was 

at the elevation of the bucket lip'.and the width varied from:60~to :80 

feet prototype. The axis of the bar was parallel.to the,bucket.bet~ween ., . ~'~ 

stations AI7 + 15 and A27 + 75. The ends ofthe.bar curved ~radually 

downstream from thepe stations until their upstream edges were .about I00 

feet (prototype) from the bucketlip at points directly downstream from 
the training walls. 

Because of the rem.ote possibility of the occurrence of floods~.of 

750,000 second-feet o r  more, it w a s .  not considered practi.cable!to pro- 

vide for greater discharges and the ,test was therefere~disoontinued. 

The amount of excavation by dredgi~ and"the ~limits,..will:~de~nd 

u p o n  the flows for which protectionlis desired..~It.is doubtfUl..i: 

will be practicable to remove all m':terial :to bed rook. iThe more 

and economical preoed,.~re would seem to be that Of:exeavatin~the small 

material on ~le river bed ~ to an ~approximate~elevation (about.~elevatlen L.I~ } I,~ i 

8so) z.avi.  al l  he,,vy reek, dredging  y= teriar ioh    ghtlb e :i- 
deposited below tne bucket durin& the su~mmer.flood, after i.the~seasonal 
r u n - o f f .  

After dredging to ~the elevation...within ~ the/limits, determined For .. 

the f l o o d  expected it ' is ~ believed -that v e r y  ~ little ~~. i~. 

transported upstream would result in the short.~time 

would ~ exist. 

S I .  S ~ . ~ o f  the effect of~ ower out ~es~on:~ . . . . .  . 

r i ch- -  In  t h e  em. r l y .s t~es  ofoonstruotion~:oe.~sideration.was ig'~ven':!:to - . , 

the p o s s i b i l i t y  of  elidem~oomurcing i n " the ,  t a i l r ace~s lopes  due::to~,a 

sudden f a l l  i n  the ta~ lwater  e l eva t i on~ r .emu i t i ~  f rom a Ccmplete=:or 

partial outage of power, but it,was.not ~til 1940 that. tests were '~~ 

initlated, to determine the rate . : o f  f a l l  in • the-water, surface :.to . e s t a b -  " 

fish:some means-of aeeertalning ~:the speed~.~.th which the river outlets 

• . o r  o t h e r  controls would have to be set in-opezation.to:.maintai.w.a 

- reaaomably-.oonstant: water, surface in-the rive~,below the - -dam.  At~.:t~% 

time models of Grand Coulee Ds~:=wers. not .available.. However, ~ the left 
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tailrace and port of the downstream river channel were represented on 

a I to 68 model of Shasta Dam. The results from tho'se tests are shown ~ 

on figure 57. For a flow end complete outage of 15,000 second-feet, 

the drop was 3 feet in IS minutes and ? feet in 40 min'~,tea, The'aa~e 

was noted for 28,000 second-feet, TheRe figures:are not!in:agreement 

with those obtained on the 1 to 60 model .where the tailwater elevation 

was very close to norn-~l for the initial and final flow without regula- 

tion of the tailvn~ber control (figure ,57) . Neither:oagreed~with ~the 

computed values (f~uro 57), but some of the difference might be'~the 

result of different discharge quantities, AlthoughIt ismore !likely 

that the assumptions made in oomputin~ the prototy.pe were inc0rre0t 

and the tailwater re~ulator of the I to 88 model of Shasta Dam:w~s , n o t  

suitable. 

A speeial piece of apparatus (fi~;ure 41B), was improvised i!for :i 

reeording these data. A plastic disc was attached to the drive shaft 

of the oscillator of an electric f. ' " " .ted on the top (~f~al 

short section of 3~-inch pipe oonb th a~rod~supporti~ 

a recordin~ pen, caoable of bein6 ',with the paper or i . . . .  ~ ~ 

removed from it as desired, lhe a ed in the ~river :chan-: 

nel just below the lip of the bucket!l>about one-fourt~ %he 'le1%~th :of the 

spillway from th. left trainin~ mmLli. A ~lean sheet of:paper, cut : to  -~ 
f~" 

t~ size of the disc, was attached'ire it.with paper.cement. The:pen J .  

was placed in co, tact with the~paPer and!held firmly near-the outer 

edge of the revolvin~ disc. to formic& base circle after which ~itwas 

retracted. The disc was then,set inmotion and the contaet~between the 

pen and .~aper made at the instant ~ " ~:~ " the :flow in :the left powerhouse ..&s 
,! 

cut off. The pen was ~,llowed to ;his position untf! ithe,aross- 

ing of the lines due'to,,sur6es in the '-t;a[Iraoe mmde.,.the record confuslm~-- 

when it w~s lifted from the paper to-be~repl h ~- 

to record the water level at predetermined : 

~ cession of the ~water surf see was obtained by subtracting-the ,radiLl 

dlsts' the base circle ~o the s~artin@ point from ~that ~f~om ~he i i i 

bSe circle to ~e pen line at any:des~ed interval. The resul~s3were , -~ 

~lotted in proto~pe terms (fig re ~? .~o.,A recession ).~!~,:,., o f  f r o m ; 3  t o  8 
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,feet in 40 minutes may be expected for outa6es reduoln ~ the~flow~by 

19,000 and ,$7,000 second-feet, dependin C upon the initial and; final 

tailwater levels, 

From ,50 to 80 percent of the total drop:in ~w~ter, surf.aee~;occurs . . ~r.~ 

within the first 12 minutes, and,for-all pr~Otioal purooaes~i%he~ch:auge ' ~"~~ 

from the nor~.-~l elevation for. ~,the initial to :..the :normal elevation~ifor 

the remainin 6 flow occurs in the first 40 minutel. /::~i~ 

Since the approximate:lnstural stags of the riveri!existed~forthe - 

normal flow before and after~ the outages ~hen the~,:tai-lw~ter:,,~s~ regu- 

lated to ~ive the correct elevation for the initial discharge , 'the ~da~ 

is believe~ to be reliable .as e guide:to establish~the-rate at-whiah .... 

synchronous bypass facilities would ;have.~ to be placed in operation~ to. < .... 

orevent the formation of static pressure in the banks causing theme.to • 

slide. ~ 

32 .  O b . s e r v a t i o n ~  c o n c e r n i n g  s i m ' L l a r i t y  O.f mede l ~ / ~ d  ~rototTpei , : i :  ~- 

It is seldom possible.to-obtain perfect similitude .in:fluid~:.motion. " '  

phenomena on hydraulic models ~ :~.thus. inJ some. cases ~,,the:~lawsi~gOver~ :~ it-. 

m u s t  be a c c e n t e d  w i t h  r e s e r v e  a n d  t h e  mode ! O p O r a t e d ~ ; : % O / ~ i m i z e ,  t h e  

influence of these factors. As a result, ~Jhe : h y d r a u l i o / e ~ i n e e r  who 

uses models as a means of obtainir~ solutions i~:to alin~ith I 

fluid flow is on the alert for data establishi~ , the:limitations~i~of • ~:~ 

these laws. For this reason, observations of this~n~at~iwere made~ ~en ~ ~ ~'~ ;: 

the I to 80 model of Grand Coulee Dam:durin~ the:~studies!Tcr~the'devel, 

opment of the repair and maintenanee caisson. 

The flow ~ndltions ' of model and.. pro ,aredTor:.,a 

limited range of discharges many times, du _ . ,__~ogram 

ular note being, made of the turbulence, erosion, s~nd~surfaoe:~ a, 

downstream from the spillway, for small floods. ,The model,:;.heln~:near 

the prototype, afforded- an .excellent opportunity., for .comparison in ~his 

re s peot. 

In general, ~:e conditions on the model for small flows were rel~- 

tively emoot~er than for the prototyoe, The turbulence ~ an d wave action 

in the tailraces ~nd tne~T~ver channel below the model were less pro- 

nounced than those on the ptototype, and the roll over the spillw~ 
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tucker of the prototype seemed to,be roug gher,:,than!~that 

indicated by the model. :The erosion~ofL%he t&ilraeer~'Slopes~:by:~Leurreats : ~ . " ' ~ '  

and wave a c t i o n  wss~ re  l a t i v e  ly,: more ~ 

model, the slopes on the prototype b 

flow of 300,000 second-feet. Some i 

vicinity of the spill~y bueket~on:thq s~may be 

v i s u a l i z e d  f rom t h e  . f o l l o w i n ~  i n c i d e n t .  ~,,On one~ occas ion . , .  When:.~ineer, , . ,  ~, , 

L.  V. Downs.  o f  the-proJec~ £ield,.offiOe,, s~d:~tHe:writeri~we~ili.~bse:~i~ : 

the prototype flow conditions:from'the.~bull:,rim~of,.a~'.orane 

impact of the roll from ,the spillway: bucket .on~:!/the-~ training 

severe that a heavy sheet of ~ter,w~s thrown ~ 

both men. Similar roughness was obtained~on 

ohar~es only. The roughness for a model flow~1 

second-feet seemed to be more representative: ol 

flow of 300,000 second-feet th~n did theoorreE ~e. ~' 

It is believed that the out-of-scale'fiuid Vis: 

pressure of the model influenced m~terially the model, action ~t~ small 

flows and that the influence of these ~faotors beoame,~ne~l:i~ible Tot the - 

higher disc.barges, From observations on the model, it ~eemed ~hat:~tho ~ 

eritieal point was at a flc~',representin~ approximately 400jOOO~seeond--~ 

feet, for the roll over the spillway bucket became me~e, pronouneed,~When 

the mo'del flow approached the equiva. ~ u~:~hese ,:: 

observations, it was concluded that ~ ~i~ero- 

sion will be relatively:more severe on t~e prototype than indieated:.by ~ ~ 

the model, for small discharges, and,that the de~ree of-,v~riationl, will ..: ,~:, :, 

change with ~he model scale, ..... 

None of the white, air-saturated water so prevalent~onthe p~oto- ~ 

type was present on the model. Its absenee ~ wa~ attributed , 'i in part# 

to the out-of-scale viscosity and the atmospheric pressure, and to,the " ~":-.: 

fact that under test conditLons the model~ velocities were ,insuffioien~ 

to entrain any appreciable amount of ~ir. 

The fact that sand and gr~vel were observed to be in motion on the , 

model in the areas and on the surfaces where erosion had occurred on the 

, : .:% 

"i' 

'j..~ 

~J 

i 
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prototype r i~ ~,.indi oat 

. understood ~:eompletely ..~: elnee, no~.att, 

type,~matbr~ 

type mater~ 

an indioation~ rook"approaohin~ ,.tw, 

about by. the prototype ~ flow~ 

Dissimilarity at small .dis cha, 

sent o f  material into the-:~buoket~b.~ 

type ~ ~ates .oould not'.'be"demon, 

the model river bed. ~F~ilure ~..to ot 

due,-no doubt, to a oombination of 

.of whi oh" does not seem,to ~Justify-d 

crease in the model~,.si.~e :or ~the ~use of a 

prove advantageous in this rltype of :~study; 

to 60 model o f  the movement:off, river-bed. 

a c t i o n  o b . e r v e d  on ~he model ,  us in~  .thei,~ 
same density as ~or .the .prototype, Is~.oe, 

l l tude ~ s  that =de to asc~ain ir!the,i!fYowi~:~n~!tiO~ 

the pr'oto'~,pe duri~.~ the  ~I940;flood s e a s o n ~ . ! ~ r e . ~ r e s ~  

ohannel: eroded ~.throvch the ~buoket lip .at~thei:i!~jo~be ~ ~ i : ;  -- 

blook rows 37 and 38, ~ When similar oonditions :~were :i~e.p 

model (exaot s i m i l a r i t y  not,being posSible:beOm~e:; ! i~ '~i l  

the oompleted sta~e and not::a oonstr, uotion, s-tate,,of~he 

small amount, of material was. observed..to move into ~,theri!~ ' 

buoket invert toward the flow tnrough:~he buoket,~and.~tl 

,:slmllari~y. ~:TO'.~hat extent ,~ 

i 

buoket llp as it neared this ~flow, ~This .ac~Cion, al%hou~h ahownlndla.. - :,:..~ ~ 

tinotly bv the model, was oons id ered, su ffi cient indi:oation ~h&t ,,,the ~"~" ...... 

grestes.t part of the eroded ohannel ~ was form~d durir~ ~the"!1940floode ~~ ...... ~ 

The shape of the ~hannel ourvir~ to the left from-the inve~to the lip 

of the buok~t seems to oCfer proof that this was the~ease, 
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: Perhaps one o f  the  m o s t  i n t e r e s t i n ~  o b s e r v a t i o n s ' ~ r e l a t i v e  %o 

hydraulic similitude, made on the I to i60.i~soalo model, was".the action 

noted when soundin~ equipment wal' bein~ operated at the loft %ralnir~ 

~II of the full-sized structure. Durin~ theeeoperatlons~which were 

made from a orane mounted on thedraft tube brid~e .deck,of the iileP~ 

powerhouse over the tralnin~ wall, it v~:found :that/ocoasionally the 

l a r g e  ~ r a n i t e  u l d e r  ch d b e  a t t a  e t " "  " "  . . . . .  - -  . . . . . . . . . . . . . .  ~ • 

the wall and upstream into'the b 

this ooourrenoe, which happened 

was p l a c e d  in operation, it~was 

bed m~terial would f',nd its~way 

bu%ed evenly across the spillway 

to verify t h i s . o c c u r r e n c e  and~to  _ ~ 

cult ~ from the h~udli~ of the soundiz~/.,equi-pment, ~i:I~ 

salvia&hie t o  make investigatic .-~ 

l i m i t s  ' o f  t h i s  a c t i o n  s i n c e  .t~ 

f o r c e s  in the dire~tion~of:~'ap~ 

buoke~. Althou~h the writer~d 

was surprisin~ %0 note:how'; 

at. the left ~%r&ining wall ,:of the .model.,~: 

~iven by project.engineers directing " :the operations., For-the~.model 

t e , t s  the rook w a s  lowered to~dlf f 'rent~,e levat io~ en!~,.the:'left iSide-ana 
near the.end of the le~t~trainiz~:~.wall. ~ " " 

When suspended, above the:level .:representir~.ielevation~:930~.of~othe i ~ 

prototype, the rock was moved~around the,end of the :wall, .into.the !spill- 

way flow adJaoent~ito it, and oarried downstream, ~ 

Between elevations 910 ~and~.930, ~approximately, the. rook passedia-. 

round : the. end of. the wall and upstre es,- ad:]aoent": to it, -~ into.~he ~ bu cyst/. 

Apparently the current .:at this : level~ around i the , ,end,.of the:.wall _~ near'~, i t l  .~ . 

base  c o n t i n u e d  ups tre~n: .a lon~  the:~,wali in~o~he.divergi~.~.ar.ea:-prOdu~d 

by the Interse.otion of ~.the bucke~,~eu-rve ~:~and~,~he inside~bat~r O f  i ~  

training ~.~II., for- later investi~ation-disolosedr. . . . a ourren~.upe.tream:~in-.... . • . ..~: 

" ~.%O . this . ,  a r e a .  ~,~:~ .... 

,+ 
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~hen l ower  t h a n  e l e v a t i o n  910 ,  ~the."rook was m o v e d . a r o u n d ' t h e  ,,end 

o f  t h e  w a l l  o u p s t r e a m  a l o r ~ t h e  i n s i d e  t o  a p o i n t  a a h o ~  d i s t a n ~  d~wn- 

stream from the bueket~ and then'toward the ,center of~the spillway a e ¢ ~  

~. - 5 

The actions below elevation 910 and above elevation 9SO were z~ob- 

served by the writeT on both the full-slzed atrdcture,:and the:m~del. 
They appeared to be identical. 

3~. Investigation 

river bankat In the ori 

powerhouse tailraoes tel 

tire armor of ripr~pe T 

prevent severe damage to the tailrace slopes and river banks durir~ : 

large floods w~s indicated byteats on a I to i20 scale model represent- 

in~ the construction stage in which the flood:~ters were diverted' 

through the west cofferdam area. The indication of ,im~equaey by ~thia 

model made it desirable to investigate conditions for larze flood's over 

the completed struc~cure, so the study was continued in l9 

to 120 scale model of the dam and downstream river channel. ~,A Study, 

of the protection provided in the origin~l 

on the diversion model smd in addition prove 

of the riprap established ~ by thismodel to be~iinadequate ~for/~larger ~ 

f l o o d s .  

In view of the results of this~test and the a1~un~ance 'of rook,~av~l- 

a~le on the project durin~ construction, the thickness and~extentJof~.the 

ripra~ surfaces were increased over t.hat tested on the model, The 

actual treatment was never tested nor was cousideration given to movir~ 

the tees or the tailrace slopes b ~ d  (downstream. from the tr&inim~ 

walls) to prevent erosion by the return eddies at the ends of the spill- 

way, or flattening: these slopes ~to give them added protection against 

~ve action. Operation oCthe apill~y and experience with slides in 

the river banks below the full-sized structure in the past fewseasons 

have served to emphasize the importance of providiz~ adequate protection 

to these are&s~ so much so, that as many pertinent tests as time would 

permit were made on the I to 60 model dam durin~ the 1944 teat pr~r~ 

i ~ 
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# 

: The  model a r ~ e m e ~ t  for the f i r s t  of ~hese ~,tes~s i s  shown~on 

( f igures  58A ~ud B). The r~sults of these tests, many 0f,which~rs, ~ 

necessity, preliminary in naturo,~-are~presented in the followir~ipara, 

graphs. Because of the nature of the.data it~should not~be taken as'~a 

soluti@m to the problem, but used as criteria for'establishing the 

limlte and charaoteristlcs of prot~O~ion, Which should,'undergo ,:thorough 

investigation on the I to SO model before belng adopted i for the~proto, 

type. These investigations are now in progress, ~i°~ 

Severe damage to the tailrace slopes~and river~banks~below Grand 

Coulee Dam by wr~ves formed durlr~z operation ,of the spill~y~at,large ~ ~ii 

flo.,. ,~, in,it=ted by tests ~ade in 19s6~on a Z~to ~.l~O-~,~le modeli~o~ 

the dam and downstream river charade!. ~The aotion~ des0r'" ~to- ' ~  ' /  
5 

graphs of the erosion contained in a memorandum to ,the~Chie 

E~ineerl "Limits of Riprap on River~Banks B, s 

Coulee Dam", by J. E. Warnoekand J. W.~Ball, dated:A~ust ~ ~ 

(Appendix Ill). The report was submitted to:the/consultinglboard~for ' 

consideration and a copy, should be in ,the projeet Tiles. ..... 

Operation of the 1 to 60~ model under condltlons .oom:~arable~to/' 

tho,, used in ==k~ ~e ~et, on~t~ I to l~,soale ~ol~ave slmil~r 
result s. 

Initial damage to the slopes ~resulted from~ve ~aotion,(f~gures 

SSC and D) which forced water i~to the riprap~blanket, pluckimg and ~/~ 

movlm~ m~terial until the blanMet of r iprap ~was ruptured to allo.~tran~. -'  

~ortation of the smaller particles by currents adjaoent~to t h e ~ b ~  i 
(figures 59A, B C, and D). During theltes" i • ~, t, ~in,.which ::the flow.,w~s 

represent i~ • 787 ~0001 se send-feet, : 
increased by increments to that " !~it~iwas .~,~i 

noted that the action was less severe for the flatter slopes ~ (figure ;i 

59B) and that the beaching motion of the waves flattened thee,slopes to 
8 to I, approximately, 

Usin~ these dates.., a &:~ide Lud oonsideriz~ that surfaces ri~p~ 

" i properly should remain on a slope etee~r,than 8 to i~l, two,'~r~ .chosen ! 

Arbitrarily, o n e  i n  each tailrace, were prepared for te3ts to ,obtain ~ 

s o ~  indication as to what slope would be required-to resist ~he destruc- 

tive moilon of the waves. An area of the left %ailraoe bank w~s rebuilt i 
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FIGURE 58 

A. Right powerhouse and river bed 

C. 

B. Left powerhouse and river bed 

1 TO 60MOD~L READY P0R TESTS CONCERNING PROTECTION 
OF TAILRACE SLOPES AND DOWNSTREAM RIVER BANES 

Flow representing 537,000 
second-feet 

D. Flow representing 787,000 
second-feet 

WAVE ACTIONON RIGHT TAILRACE SLOPE 

DOWNSTREAM RIVER C~t%NNEL ON I TO 60 MODEL DAM BEFORE 
TEST AND WAVE ACTION ON RIGHT TAILRACE SLOPE 



• F I ~  59  

A. RiF~t be~k 

After  ~low r e p r e s e n t t ~  537,~00 ~ - ¢ o n d - f e e t  ~. ~ r t  b u k  

C. Hlght bank 

Af te r  flow repr~sen t i r~  787,000 eecond-f,.,~t 
D. Left  bank 

"ii 

E. F le t tened  r ight  t e l l r a c e  alope a f t e r  
flow r e r . r e s e n t l ~  787.0C0 eecond-£eet  

~OSION BY WAVE ACTICN QF TAILRACE SLOPES AND ~ RIVER BANKS 



~n a ' 6 ' t o  1 s l o p e  e n d , o o v e r e d  w i t h  g r a v e l ,  r e p r e s e n t i r ~ "  6. .~•to.~26.inoh ._ 

r o o k  ( f $ g u e e  60A) .  The s n m l l . ' m a t e t i a l : ~ s  : p l a . o e d • ~ d ~ O e n t  ' t o  :.~he~,,ex- 

W.8 formed w i t h a  layer.one diameter in ;depth~iof~materlal.~r( 

18 to:26-tnoh rook, The "slope~..of ~the.~,rig 

a t ~ l l ~ . m ~ a n e r , . , b u t  usin~ "a 4 " t o  ?1 instea, 

see, ) ;  X flow r e p r e s e n t   8 ,ooo • ,e d, 
~ y  and 37,,000 throu~;h  t h e l e f ' t p o w e / . h o u m  

this ..test since the wave aetion' . " 
,-.for .,this ~.flow~.lmj ~:similar..:.az~t ;,seemed 

f.O h e r  ,idiseharg " ' p e r ' a ~  '~ ' a s  s e v e r e  a s  t h a t  r h ig  e s .  'i ~Th~ model~.was :o d,  a t  ., . . . .  

t h i  s f l o w  f o r  f i v e  h o u r s  .. Movement  ~ o n , t h e  ,~. 

imaediately. Some o f  the ~:1 arge rooks ~.wer~ by 

Waves and there~was some set.lid.at ithe ~wa . . . .  • 

bank cent inued throughout the te st, .  but the •-~iprap"~.blan~t wa~,never J~;:i~ 
ruptured (figure 60D). i ' ~''~'~ ~'''i' ~`' ' r ~ .~" '" 

Sli~ht settlin~ o n l y l m s  n o t e d  e ^ ,  ~ _  ~:~_ , . - 

slight ~ovement of material,occurred 

• From the:test it appeared .that slope~ 

areas attacked severely by waves and 

as the size of the waves °deoreasede A,~s, 

t ~  c o n t o u r s  f o r  s u b s e q u e n t  ~ t e s t s -  made :to ~ - "  "~ r';~ 

teotive measures relative to:the!ilo~tlon ,~ ~, ....,:~ 

the fleatin~ caisson on theiri~ht~bank. . • ~. . ,.,~i~i: 

C u t t i n ~  of the toes o f  the '.tailr&oe.slopes direotly d o w n s t r e a m  ~i:. 

from the t r a i n i ~  walls by largespi l lway ,dlsoharge " -::-i 

the test progr~e The ¢~ndltion~sm~re s 
- " oe , .  • 

'" ' ' " ., V ,~j. '., t h ~  at the right ~ i l r a o e  s l o p e , : - s i n o e , l t t  ~ h e I  j i i n ~ : t ' • t ~  :i :." ::':;, 

river and into the current f r o m  ', t h e  . s p i l l w a  " , '::',,. 
" ~Whlrli~g ,:eddies 

between the outer extremities of the spi!lway.Tlow and t h e  !:tailrace- " .i_ 

~ M S  o o n t a i n s d  s u f f i o i e n t  v e l o o i t y - t o . - ~ o v e  m a t e r i a l  ~ o m a ~ d : r o l l L i t .  ' .  ,~ 

down t h e  slopes where  .it was re°red '~i.ther-upstream:or,~downstream, Thi~ i 

action eroded the slope to charge ,it f r o m  a ccnvex:~o .a:ooneave ,su~ee.. 

~on~ours of these surfaces were obtained after several hours of opera- !~ 

tion at flows varyi~ from 70,000 to 787,000 seoond-feet (figure. 6XA)~ 
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FIGURE 61 

.. ~..~,~ ~ ,  , , ~  

- L e f t  end o f  s p l l l w e y  a ~ e r  f l o w  repre. ' : : ,ent '~ng 
~87,000 second-feet for 5 hours. 

• :~ ~ .... . . . :,~.-. ,~.... ~::.'~::~,~ .,..~,?,~,.,..~.,~;.~:~. 

B - Left end of spillwey after flow representlng 
1,000,000, 925~000, 775,000, and 700,000. 

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

I~000~000 9~-5,000~ ? ~ ~  ~l~ ~ 0 ~  
Je¢ond-feot for I hour oloh 

CONTOURS OF EROSXON BELOW ERDS OF SPILLWAY OF 1 TO 60 MODEL 
DAH A~TER FLOODS OF VARI01~ HAGNITUDE 



~nd ~ operattn~ at,:'flow~" .o~ 1 ,000  and 
.. 700 ,0~0 .So s e n d - f e e t  ' (approximate ly)  

C). In the latter ease. the testa 

supply  system and no a t t e m p t  was)made t o . ~ i n t a i n n o ~ : ~ . ,  

a result~ the :river elevati'ondownstream w~s too lOW. Thl 

sion might have been more severe than?with normal river eleVatlon~ 

elentl~ :'epresentatlve t o  be us  the .trea~nt:i~"Of~: 

t a i l r ~ o e  s l o p e s  f o r  a d d i t i o n a l  __ o o n ~  i ~ f : i ~ : ~ e  

in the  right tailraee .obtained in these: test~ were 

• =oav.t:  :i t, the  

studies oonc~n~  the looatlon :of the maneu~eri~ f~el 

floati~ e a i s s o n  and p r o t e ~ i o n  of. the tailrace s l o p e s  
below the dame 

. . . . .  

. . . .  :' ~i.: 

'i ::/ / :: ,% 

D , 

# 

4 t i o n ~ 9 0 2  on  a S to  1 s lope  and e l e v a t i  on l O 0 0 o n . a , 6  ~ ~ 

chosen f o r  o e r ~ i n  a r ~ , ~  and a l t e r a t i o n s  made t o  the  

imdioated by the oontours obtained from the t i e r  a~er:~t~:.~ii":~lib~t'~Om~ 
runs mentioned above, to prevent out t i~  by 

e x ~ t i ~  limits adjaoent to the .upstre~, 

ohannel to  the  drTdook Were b a s e d  on those  :u~ed .n~ ~':~ 

the vicinity Of the drydook :after i t  was disoovered that ,the~.rld~e - 

betm~en the drydook end the river extended into the .river: m~oh farther 

than sho~ in the preliminary pl~us and the points ~had been removed, ~ -;~ 

The t o p ~ r a p ~ y  below the dr3,doek was :rebuilt (plan 2, figure 44) while 

that above -the dr~dock was ~de to oonform with the new proposal using 
the varieble slope (pl~u S, figure 43). 

The flow on the model me increased ~radually to represent ?8?.000 

secand-feet and allc~ed to remain at this quantity for five hours, 

maki~ it cc~parable with previous test~. 



There w~s cons ide rab le  .beaching a c t i o n  by the~  

a c t i o n  was most 8evsre ,  however,  on the  ~ i l r a o e  sI, 

about the cent~ ~owerhouse .,where the surface ! 

the section of .-a 3'%0 1 slope-(flgure~,5~)e 

As the teJ ~e beachlng action became:less severe. 

o ~ o h e d 6 t o  : " - " This was noticq Hhere the slope::ap .I. ' .:'.::':~ 

The waves attackmd the-slope downs:tream :f: .... - 

the right poorhouse so y. penetrated t :  .... if! 

6- to  2B- inch  m a t e r i a l  a f t e r  about I - I / 2  i h o u r s - . : O l ~ r a t l o n  :.¢ 

The conditions were less severe: than:wi:th:•the•:steeper .s,iO~s:,:im:ii':!:::.. :.,./• ,:,:. 

prev ious  t es t s  and i t  seemed t h a t  more , improvement w o u l d . r e s u l ~  by  : a n . -  ..... ~ ....... i:~? 

a d d i t i o n a l  decrease :~f the s lope  . to.as near  6 t o  . 1 ~ : p o s s i b l e : : : i n : : t l ~  . .. 
-¥ 

critical areas, particularly in the regions v~ere the wave :a~i!on m L ~ .  
mOS~ severe ~ .~ 

There was no cutting at the toe ,.of the :new tailrace slope 'downs~Nam:" 

f rom the right t r a i n L u g  w a l l ,  In  f a c t .  there se~ed:" : to :b, ',":~i 

for fine material to deposit on the lo ~r-.por%ion of the ~ .'i 

region. ~ . " .- : ~~= :"/,::/. " ;:~! 

~.the gate ' :seoti~ja Ca.. Study / re  l a t i ~  ~0 %he i concre~:: : :~O h . . . : . ~  ':'. -:/li 

or the ~Vd~i~ ~ ~., ~ohed ,s~b :" ~:~'~ 

t he  gate opon~E  o f  the .dr~oo)c t o  g i ve  t h a t : s t r u c t u r e  " :~:! 

rigidity during the :slnkin~ operation. Itwas neoe.sary:,:,~ ~ ,~ .: :~..i 

dispose of this concrete :segment before the floa~inz ,~ :.~ 
moved from the d ~ o o k  to  ~ h e  i::~: 

proposed to re~ov~ tBils segmem ~: 

opening into an ~exoavated area in ~he entrance .ohsa .',~ 

dr~.#dock, where it would remain as .part .of .the floo~ i: 

eha~uel. 

Under normal  c o n s ~ r u c t i o n  sohedules in w h i o h : t h e  permanent' m ~ : :  ~!.": i•~,:i' , " ~:i 

 ate,  oUzd been a ilable at the .: . 

the tippling could be accomplished before-the ,entrance Channei :~sout " : : '- . "~ 

through to the river and  water admitted %0 the channel. ..... <" " "" Due t o  u ,~v .o ld-_  .. 
? i  ' . :  " - 

able changes in schedules, economic considerations, and :t.he~ur~oy-~ :: -.,:. ~.~ 

placin~ the .repair caisson in operation at the earliest date pos slble,, - ~:: " :~i 
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it v~s desirable ~to retain ,the ;slab as al,bulkhead for,% 

keenin G ne,drydock free of water to permit ;fabricat, 

caisson vrithin it, thereby elin~n:'~ting the ,nee( 

.vate~ tz£,ht, cofferdams across the~opening ,prior 

the caisson, and possibly~.later.for ;inStalling 

plan pen~itted~the completion.of the c 

to the d~ydock~to allow immediate use 

but made it,necessary~to tip the slab 

the normal stageof"the~river, !l't,.wa"s 

drydock to~the same"elevation:as !,that 

ize, the pre.~sure :on beth,el'des, ~rreduei 

.tipping o peratlon.~ 

It was to in~estigate~-the feasibl 

these conditions thnt t1~e:!~l .~to ~2 mode 

channel ~as :constructed. !The ,tests .perform 

tire nature concernimg,:the, be]taylor of the 

operation, v~ththe water surro'u~di~g-it~at 

expected. Since t . . . . . .  , he ,iocation~of ,,the ~oenter 

/ 

~' /"  . ; . . . ,~ . . . .  ,. 

- ~  ~ ~ .~ ~ i ~  ~. ~ " , . ~ ' ,  

:~ .... ,. ~.,.~ 

the force required to aaeom lisb t 4 • ~~' . . . .  ". 

tore relatin..to~theti ~ in~ o~: ' "- ~' : :"~~ ~ ..... ; • ' :~: g .. PP o ~erat~on, data ~ eoncc~ng .,these were 
taken. " ~ ' " ' " :":i,-~ • 

~e tests,.were performed-with ~the, use, oi ~ two. m0~els :of : ':':" : 

slab, the second being construc.ted'ofa:c6n~rete :plaster mo~ ! 

forced.with errands, of .. heavy wire ~fter ,~he !.~irst,, of ,. unrelnforcedi~ ~. 

cement plaster, '~wasdamaged beyond reoair':~wh~ ~it ~i~ +.~,~..,~.~ '~&.~.~;~ ..-"'~ ';~ i:,-~ :~,/~ i,. ~i~.! 

flat bench of :dry sand in front.clothe drydock moc r::'.',~i 

feasibillt3~ of rtipping into the.water was:indicate 

on the first model:before it v~s~broken, more det., .- .i-,: 

desired, so the second was constructed. ,.Moreover, - "~!~:: 

constructed to the proper.~,wei,ght ~s6~leo II ,,~where '~ is the model .,scale, .... :~"' !'~;~ 

but w~.s too light. • The se.c_ond, ,~so:am~Imt heavier titan.the first, -was 

still too ~lisht to meet-:-.the i_w~ight requirement._ for.,similarit~,. Ho~eve~,, ~, ,.~,~-~:~ ..... : 
i~.:;~ this out-of-scale:fac~or~,,~s, considered unimportant;,: since 'the lighter " . . • • 

model would give ,results on the ,.safe side. With the lighter ~velght° '//",i~! 
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From the ,figtu-e, • the equations1~£o r:~i ~the'ii,~ 

( ~ ) i .  ~, i. :~ 

CA,D,:) 

Subtracting',~the~: ;eeoonm zrom .~ne~: first 

.. ~ -~0.3251x~+ 2 ~74 ~,= 

: i .  

.~The center of gravity, ,was~ therefore 
,.. .:" 

the base, aud 1.60,,~, O,~.$Or ~ i.~7.: iu, 
~ ~v, . . . .  2 7 , 7 : e ~ 1 4 . 8 0 . T e e t .  rem~e i v e  :~.fo: 

~y  ~he:, oomputed, :v .~iuee :o f  ::~28; ~ ~ d , : 4  

The ~fer oe:requi :red ::~.:bo ; -~iP ~.~the ~s i 

o£:the mode 1-~,~ms ~Teoo rded.~tO: t h e  

t o  ::the pall~,suspended:::on~-:%h e,,.end~ 

: L "  ~"  k L ' 

. . r  

: . ! i~ / i  !~ 

.~:i l e a d  ,was .:.reoorded, .; :?Theee::~:ds~;m~e~ 

h~s value,.~m~d~ h o s e ~ . , o b ~ n e d  

b e ~  ~de£ined: 

ii 
:i!:i ̧r: . :: ~! i 

n d ~  
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the values p!ottcd and a straightline dravm.:~hrouzh'.,the ,nolnts (fig_ 

ure 6~). From this straight-line:relatlonship, .,the force for any 

intermediate elevation of the water surface can beiobtained assuming 

that no bond exists between:the arch and %he drydoek, proper. 

• ~q~en msking the tests to asoer~%ain the/force required:for.tippingj 

Observations were made of thc":behavi0r of th e model in!/its fall ~o)~th e 

bottom of the channel. The di'st~; k .:struo- 

tore ~ter it had been tipped int~ varied 

with the degree of~submergenee, ;was 

A clot of this distance against~tho 

stra~unt line (fi~u~re 64D)' F " • Or ~ tl~e 

of submergence the £al! was rapi'd. 

de.-.th of water increased . Thi s char 

thnt the s}~llmver the ~ter the farther ~ne m~ tip- 

ped sl~,b and the edge of the drydock, indicate~ 

de~ree of submergence the ,heavier~ .the structure 

this distance. ~he inertia force, will!be, gxeater. Si: ng~ 

operation proved satisfactor~j:,o n thel model ~with a slab 

l~ht, it se~zs reasonab~ ic that.the' ooera~on v~uld b e equally~ as 

s~-tisfactorT, with a model that more nearly0represented:m~thu:t ~of the 

proton-pc structure •and 'thnt conditions :on the p: might.be ~:i 

imps-eyed from " ~: " those ~nd~cated bythe model. Som~ an,~e, :~,with 

the possible formation' of turbulent currents, bores...ah.d~'i~ave~I"ini~tHo 

L~aediate vicinity thu.t might prove d,%uger0us ~for/ sm~ii~b~ats,: ~wili~ be 

present as the s~ab descends. " i i 

As the water elevationwas increased on the.model it]~ slab seemed 

to pause ~ . o r  ~ .  ,nstma~t ust site " -  . " ~ ' :  - ~ ' '  . . . . .  3 . r ~ts :center o~ ~,~rav~tv na~s~d~bevn~a - 
the t~o in edge T "-,. • -" " ~.' : .... ' : --P g o • his. oharacterzstzc was.not.noticeable w ~ t h .  .... ,small 

submergences but was ~-~vident with-the w~terl.at .the higher .elevitions. 

It is believed that a.heavier structure than that used for these~Zes~s 

would have czused the action to be less pronounced in each ca~e. 

During the test program the question arose~:.as to ~at wo'.~id happen . 

should the water surfaoe:~in ,the drydock be raised above t}mt in the .~C,:- 

river for the purpose of breaking any bond at the joints, aiding the 

jacks in breaking it, or makins use of such a method to accomplish 

. ~- 
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Figure 65 

Water surrounding gate slab at sta:~ Of til~i~ operation 

Model slab in position after tipping with surrounding 
water at level representing elevation 935.0 

4," 

Model slab In.position after tipping in dry. 

Arched gate slab of i to 42 drydock model ready for tipping 
and in position on entrance channel floor after being tipped. 



the tipping of the .slab, .Tests in.which" a~,~smAll pump was ueed~,~ 

raise the water, surface in. the. drydock. '~ above'the norma i ~. elevation of 

that in the :'channel were "made ~. to-:. stud~ ~:thefeasibi llty :.of ,~ this:,me~hod, 

Wen the flow into the drydoo k was small and :the.'_~siab. tipped, outm~rd 

about the tipping edge until: sufficient,,water?,had~£1owed~:.frc~,.the !i~ry- 

hinged about the tipping edge. This aotionTas~Oausedmalnly!~by~iirreg- I 

ulaxities on the base of-the model slab or on.the'.floor-of,:.~the:idrydo~ ~' "~i-: 

~ate section and would not take plaoe, on ,:the "proton.: .,~, O~oe s~d '~:' ~ i':':i: 

t~e prototype slab should mov~ ~tipping operatio~ 

unless the nressure variation~ are~suffioient to. 

st~.rt the oscillating motion. ,~A-subst~u%ial' inore~se'.~:the ~l~:.to " ' 

the model drydock to overcome.the effect?of;:flow~outw~rd~it~ough.the 

joints, resulted inthe slab being.tipped' 

The model slab was held in pl~ce unti 

@ 

slab and the surfaces of ~ the gate open: 

inside was small, the tipping'action oq ! 

ble sliding. As'the additional depth incrt~ased 

slight sliding action before the~%ipping ocour~ 

the  edge of the ' ~ j d o c k  and: ~ e b a s e  o f  the  s ' ~ b  af . te r  ~ t h e e ~ : i i , ~ d i b e ~ m  

tipped decreased as~ the additionaLdepth inside~ the~drydock~i,~~ed, i, ,. , 

possibly due to.this sliding action,, iThe-~:oases!!in:=whicl 

apparent were considered to-represen~ 

inside the prototype:drydook wouldlnot produee~sUl 

forces to slide the struc~ before~the~bond:~was~: ,./ 

sliding was:app--rent were. considered , cases in/which~the.iaddi~onal " ". 

deo  was surriclent to cause sndin   t/ the t e the bond waS :b ok  

Co~utations v~re made to~ investi~.~te" this-presumption, .The -additimnal~ 

de~th within the drydock..to balance:the arched eec~ion~-suoh~th~t:any 

additional ou~.~ward force would oause-lt-~to tip (foroe:~to%ip)i~!i:~e:~ 

additional de~h to~ induce sliding, ~,~ horizontal force %~ndingi:to 
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slide the slab, oJ1d the force required to induce-sliding for.various 

degrees of ~ubmergence were ~determined. 

~le additional depth, to~ cause, tipping, that to.i induce ~sliding, 

and the ratio of the horizontal'force tending tc induce sliding.to 

that required to produce sliding, were plotted.a~.ainst percent isub ...... ...- 

me~-gence for conditions ~¢Ith andLwithout ~ ~ - - 

sped cn the base of the slab (figure:~66). ~;The."re~ 

tions noted on the model is shown clearly,by.these data, . For.ii:submer - 

gences havin G a ratio of horizontal:force tending-toiinduee~sliding~.,1~o 

tlmt required to produce Bliding:great'er' than unity, :. slidimg. ~ill~',ccmur . 

before tipping, hhen the ratioiis .less than'.~ty~.tipplng,.J, wiliii~oceur i i.~ . 
¢~ ° ~ , 

before sliding, he change from ~one'conditlon to the.~other coeds at 

a submergence of approximately 54 percent ~en a,friction,ieoeffieient 

(against sliding) of 0.5 isused and it isL.assumed~ - " 

pressure equal to the mean Of: the~.pressures~insid, 

dock is developed on the base of the ~slab. /Theiia, 

the slab and that to induce sliding, are equal v~e~ 

elevation 954 (approximately 54 percent, submergence), ~With the ~itail- 

water below tkls elevation the~'depth to ~ tip exceeds that neoess.~ryi:to "~,..'~ 

induce sliding, While above this~ level~the . conditions:~are reversed. .... 

The difference between the additional .headto~ tip. ~-nd-i'.that to induce 

sliding is very~ small for ~ levels ,above_ elevation~gS4. 

water ~t elevation 944, the~ additional depthto, cause 

feet, while that to induce sliding is~S.4 •feet, or a 

foot. The depths, for a tail~-ter elevation of 950:at= A.~ ~¢ua~6o~xee~ 

res~octively or a difference of 0,9 foot. /~i~:~ 

In view of the uncertain friction coefficient, the,umprediotable , ~i ~ ~i:ir 

~dynamic forces, and the 'characteristics shown by f~e.6G,~,the~pro- 

oe~re of filling inside, the drydock, either .to break.the bond be~weem "":~ 

the slab and the drs'dook, and.aid Jacks•-.in breaking.the bond or..tipping" 

the slab, or to tip the~lab.from~the gate openinc, is not recommended. 
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V. CONCLUS ION, (} ALD RECOI~;~'ID:~.TiOI'~S 

$5. _Operation. . of i to 60 model dnmL.:. The flovr nozzles, with 

individual control gates, used in: theright powerhousa: of the ~lte"60 

model to represent the bypass outlets were supor: " 

valves controJling the left pcwerhouse,,thus:thi 

recon~nended for both structures if thelmodol is.~to be ,usedi, ifor 

demonstration. . _ 

From data taken concerning the Jet pump~used:in the~inltial~is~d. • 

ies on the model dam, it was concluded that thist~jpe 6f pump,".ithough: . . 

noisy, i6 a very satisfactory means of~.obtai~ing ~large :quantities.. under . .: 

ic~ heads from high-head pumping equipment,. T1~e capacity of: this~oump. 

the design of which was based on the ~omontunn.theory, with a:. ratio:_ of " ~i ~ 

total to driving quantity of 267..: indicates-that the momentum theor~ 

may be used to advantage in investigating the-adequacy ..ofi~je t pump de- 

signs. The 24-inch vertical propeller pump, installod,:when:.i.t.~w~s.':de- 

sired to make tests using flows~in excess.of the!: jet ~ '" 

pump, will provide the quantity representing theidesign~ capacity of 

Grand Coulee Dam only. if. the storage,.reservoir is;filie~' to maintain. 

the minimum head on the pump ~Cter the model.~is~in:~ooorati~On, iFlows 

approaching that representing~ 800, 000: second-feet aro.lobtainablO:with. ::.~ . 

out raising the water level in the.~-storage..reservoir..under the :model -::~ .... ~~ 
dame .~ 

Accurate measur~nent of the wide,.: ge.ofdiscP .... 

%~he model investigation was made possible~-by:.the-in, '::~ 

branohes, in the supply system,., using :the-Jet- pump. and!three br~iches " .. :~ii 

in the ease of the r24.inch verticaI propeller,pump;- r ~ ~ 8.inch ~venturi 

meter in the 8-inch branch and pi%Ot ~.; tub~e in. the, 14-and 24-1rich ~ 

branches proved:...satisfactory:, as recording:i!devioes. 

The water ~entering the. model-, reservoir .vms: free: of.. undesirable .. 

turbul~nce; for. all flows. The 21 diverging rectangular opening s~-in. . '~the -" 
- ¥ 

distributing conduit and the. baffles placed over and. three!inehes~from ~:~':! 
them gave. very good distribution. -. .i 

~he careful reproduction of the-river channel contours and:-~the i! 

pz~per selectiem of. surface .materials for ~,~ .movable and stable ~; 
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sections of the model river channel made it possible to ostablishwuter 

surface gradients on the mode!which v2ro in good agreement.with ithose 

for equivalent flows on the prototype without :the usual, extensive test- .... ~° , 

ing. That the velocity distributlon in the~model rlveri~channei~below 

the dam was reasonably correct is~ indical 

the water-surface ~radients of themodel 

Drom data obtainedJconcerninglthe.;ol 

latir~ ~ate in the downstre.~n sump of Lthe model.>it~was dete rm/ned that 

automztic control of~the river stage'could not b 

the slide gate but that more extensive-changes t 

vmuld be necessary. 

The air-saturated condition so prevalent on 

could not be represented 

installed in the model, isurfaeo would assist~tO 

produce the white appearancel but ~it is iconsidered !impracticable ~te ipro- 

vide a roughness which would give satisfactory~results for:~he I entire 

flow range. 

The torsion dyn~nometers used to measure the the i~euver- 

in G lines of the model caissonto transfer it ito~, ~~le d~wers 
suited excellently for that purpose. 

38. Bypass outlets in j riGht powerhquse, ilFromii~e ~.t i:ng 
the ~ass outlets in the right powerhouse itv~s oonclud e 

would be no damage to the tailrace ~slope ~due to Odrr~ts !frOm the dza/'t 

tubes into which the 84-inch needle valves !discharged. . 

t A current of relatively high velocity:iro~ he outlet flow ~wlll:be 

formed along the tailrace slope and~continue~across the entrance~oh~el 

of the drydock. It will be necessary to n.avigD.te this current in ztrans ~ 

ferins the floating caisson to and:from the d~J,~ for rep~irinE~ithe,spill - 

way bucket. Its presence w~s the~main factor,necessitating the use of 

a fifth line for maneuvering the caisson. The velocity and extent ~ of 

this current varied for different valve combinations, but the change 

was not sufficient to influence the maneuverin~ operation when.more 

tk~an two valves~were discharging. 

Though there will be eddy currents movin C upstream to the~face 

of ~he spillway section of the d~m and t1~en banl~ard when there is flow 
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from both po~verhouses, it was believed that the velocities will be 

l~v ~nd that little or no transportation of river fill material vrill 

result. Inasmuch s s the river fill is to be : removed ~ from the channel 

bol~v the bucketto allay d~.uage by the movement of river-bed mate, 

rials during normal operation of the spillwmy, no detrimental: aetlan 

should result from this source after this operation has been, completed. 

In view of the model results it seems that the turbulence in,the 

tailrace below the right powerhouse due to the operation of the bypass 

outlets should not exceed materially that which would result lfrom!~the 

hefT.el operation of the units in the left powerhousQ. " 

$7. Resistance f caisson to currents. That the foroei:to hold 

the floating caisson }~ead,on into a current of a ~given veloai~:will 

be loss than for the broadside condition is shc~ by data :obtained~ from 

the model For both conditions. In vimv of this,~it is reco~nonded:that ~ i 

the floating caisson be held head,on into tho~ current whenever:possible 

durLnr~ the operations of nmmeuverin Z it/from the drydock totho dam and 

retouch, particularly ~':hen it is moved throug~ ~ the current from the 
right powerhouse. " . 

Because of the high ~ position of the ~line hitches to the caisson, 

it is possible, when holdin G it: broadside against,high,Velocity currents, 

to produce sufficient list to c~use water toii~ ~^,.o~-''~±ii',~- : :>; 

side Girder told enter the space between the b~ 

the possibility of overloading 

the barge and caisson or break~ 

should net be m~ueuvered ~in sucl 

into the current stud there is e-~j ~ur~n~ ~na~u~ne~maneuvering :lines 
are adequate. 

The use of 1.5 for the coefficient C im p . CAV 2 ~: 
i for the broadside 

condition ::,ill give forces in excess of those measured on the modei !for 

velocities of less than ?feet per second. The model data did not i n '  

elude velocities much in excess of 8feet per second and measurements ~ 

wit/~, these velocities were diffiou!t, thus the data for velocities of 

this magnitude are considered unreliable. For velocities to 8fee% ~,, 

per second for the head-on condition a eoeffielent of 0,65 will give 

forces that are identical to the model results for all practical p u r -  
p o s e s .  
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@ $8 ~L~nouverin lines for 

be provided to transfer the~icaiE " ~ 

forces are to be keptwithln re~ 

itude in the maneuvering path ob 

vet the caisson to and from the 

the dam using four lines, but th 

limitations to hold the line pull within reasonable limits that~itwas 
*~ L 

not considered advisable to operate in thislmanner, i , X  * 
L 

line would be required to move the oaisson~from;this~p 

face of the dam to eliminate excess ~tressesiin the~ li 

cables would be required for emergency cases~ if~the~nr 
adhered to strict~. ~ ,  

The i H/4-and 2-inch lines based on themodel forces I by 

the torsion d~namometers, should ~Frove ads, for maneuv~ 

caisson under all conditions in which the:flow~doesJnot ~eXoeed the 

capacity of the two powerhouses. Care 

prevent the lines pulling directly aga 

possible to produce excessive stresses . ~ .  

line~o 

• .... . *- 

~ough the sho~e-end loc~tions of the various ~lines~$o/giveoptimttm ;~ 
maneuvering were, 

Station A~O+O0, B~+O0, foe line l; 
The right end of the draft ~ube bridge deck of 
for llne~ "- - - 

i for  l i n e  4 j  a n d  ~ ' , -  - -  . -  

A t  station ASS+O0 o ~12+O0,1for,llne 5. ~ - ~ ,  - . . . .  . 

Some variation,in any of'~the posltions,~shouidinot Produce; an appreciable 

change in the maneuverir~ qualities. However~ substantial ~hauges, ;:50 /!i 

fee% or more,: mlght, impose additional limitations on.the maneuv 

operations~ such as restricting the maueuvering ~to a definite p . . . .  ~ : , ~ .  

provant overstress~g certain of the maneuv_ering.lines or reduoln~the !: ~ 

~:river fl~through which the maneuvering could~be accomplished 

safe~ve "~e ~a'amsfer of~the shore end of line4 to the ~uoin post on ~: 

%he upstream side @£ the drydock gate section prevented the use of 
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8 this line for maneuvering the caisson ,in.and out of the. @rydock, bu~ 

had ve~j little influence on the maneuverabillty, on ~the model for~a ~ .... 

of the three shore-end positions .of line~2 ~.used, ~proveme~t~In:;.the.. : 

maneuvering of the caisson in the -entrance ~:ohannel.resulted~..frem . ' 

placing the drydock gate section, on a line: betwQen..the -'center ~ Of the 

~rydock and the shore end 'of'line 2 atethe left end of~the.!lef~ powmr-- 

house~ 

Though maneuvering of the caisson~ seemed-easier with:'ail~llnH 

attached to the front or rear:centcrr~of~the ~ea~ . o f  " 

l i n e s  5 and I $o.the c o r n e r s  m a d e ,  n o  ,apprealab] i e t o r e i - - : .  

ability. N~ueuve~ing of the caisson ~: in'.:.the:;vlclni! 

accomplished ,with the minimum 'difficulty when-line 

bridge deck of the left. powerhouse~is, attache " 

the caisson. ~ghe transfer offthis line,~_to~tb ..... £ .. ' 

the oalseon to p r e v e n t ,  i t s  c o n t a c t i n g '  , . t h e : : ~ . u p s t ~  .:~end'::.;~O:f,tthe :, s i d e  .. 

girder when the c~i sson !nears. the.:damj :.is..not:iire0mded~..linee::it 

makes the handling of.the oaisson in~.the, entranoe -:") 

tending to cause it~to-~ove~tow~rd.the,upstream:~.s 

oha~nel. 

It should be possible to:movethe 

the outlets in the right powerhouse.,:ei 

s%leeam direction, by. a ferrying action if~tl . !:::";' 

manipulated :properly, 

Best:conditions for maneuvering frcm~.tl 

be- once,toted If ~-the oaisson/,is ta~n ;from ~" :~: 

A28+00, B8+O0, .or dewmstream' frmm. it,. then } - -. ~ ~~ 

the. right powerhouse,ferrled..aoross it to t~ "¢'r" ;: ' " "~' '~ 

the spil.hvay, :and then. moved 'upstream :.I~ ~ ' ~ "' ~r '#~: ~ 

dom~stre~m frc~!..the.shore end ~of': Lin~;-S . ;ii 

maneuvering should':be .Taoi litated~ by. movlng ...the..:oa!a ion :~ownltC.eam~ ~ i:: 

:i'i long station~ AP~+00 '(approximately).~..to.i ~bout..~tatlon :~'BlO#~JO, if:heading . ._. ..:; 

i t  backward-into t he  ' f e n d e r s  l e a d i n g  ,~o 'the.~ d r y d o o k ,  
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I studies, using auxiliary lines to handle the eaissonwhsn.:it:is in. 

the fenders or the drydock,...nLicht give useful Jinfo~.mtlon/In~.the 

proood~re for hand ling the~ 9 . lines, .. 

The tendency of the caisson to be carried:t0wardltho :face~of :" 

the dam by currents in 'the river chszLnel is:so Sllght'that little 

difficult~ should be experiencedl.in: preventing it from.con ..... 

the concrete surface when it is. being moved., from eno.settin 

another. Th~s" actzen" mightbe prevented, by using: a: short :l 

ed. _ from the downstream end of the caisson to the work barge: or~a.!.sui%, • •.• / 

entire flow is through_the powerhouses. ~ " 

39. _Excavation exca- 

vation of the points on both sides of the~ientrance ~ channel,to ,the dry- 

dock t h e r e b y  shortenin~ the length of .this c~nm~.el, Wili/improve..:the 

maneuverability of the caisson and ellminn%e.%he necesslty:of:pro- 

line '::~i, S, :4 an riding extensive protection onthe banks~£ori~ .~ ,.: fli..5, 

Since there is little use for line -5 in::~he,entrance.~..ohannel:when " 

the caisson is movh~ in or out, the prote6tion~for~this :i~ue might " 
" L," be reduced further-by placing an.open sheave oni%he .shore or ~'king i 

some o.rr~gement tc prevent its dragging-overi, the POin t between the 

ch,armel ~nd the main sheave. ." 

The removal of these points also.decreases f '- ~. 

rial to deposit in the entrance ehsmn~el~:to!.the...~ 

will be decreased as the material is removed:~from~:below.!ithe~bucket..by~ :.~.j ii:.:!.i" 

dredging, Because of the lightweightmaterial used:ini~making:~the~tests~. ~!i!iiii!~ii~ ~ 
concerning the deposit in the approach channel, the amount :.de~oSi~d:~ / ~.::~::"/i..~:!:i~.ii!!: 

short periods.. It is reasonable-to assume t}mt the sameao,tion will ..... iii:.;i 

exist on the prototype ,and that somematerial.will~be 'deposited making ~ -: :ii 

dr, edging of the channel necessary after a large seasonal run off: iiii 

Removal of the point extending into the ~'i-¢er on ~the downstream L '~,. 

side of the entrance channel ~:dll minimize the formation of undesirable 
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eddies along the right bank below and ~ve.,little or. no-effect on'the 

velocity and direction of currents~alon g the left,bank opposi.te'~he 

drydock. ~ . . . .  

The do.n~er of grounding ~ the, floating d~uaging ~ the,;~se 

tion in either case.. 

.i0. .~.2xce ss flow oyer sp.iil!way. Exc 

belu~'r the ~-ight end of the spillway, wh~ 

left powerhouse passes over;gates:at :th( 

1 ~'exce s s,. of ~ the 

throu~;h both pu,~erhouses. ,~le current in, whichlthe/oaisson mu~t~::be i, 

z.~neuvered in'this case is inthe u~stream direction,'/~udi~the fifth '. 

m~euvcring line is not so essential. " " ;;/ " " /i ili i:: " 

41. ~dperation of drum/g, ates and river-~6utlets i-~ith~,caisson on 

bucl:ot. Insofar as hydraulic conditions " ' o, '/~, 

possitic, but not desirdble, to operate i 

caisson is in pl~ce for. repair, work,on tl 

operations, it~ill be possible/in case of~necessity 

over some of the drum~tes :'~en~repair. work~;is ~;boing . 

bucket. I~ this case too. tAo flow should be kept 

.ater L 
d on ,the >:, 

o~c.r0.tions as possible. Conditi6~. are ~less ~severe than for ~the,rivo- ~ 'I~ 

out!ot~. Altho~g}~ the action on the model seemed satisfuoto1~r v~th ~:~ i. ~ .: 

the caisson the equivalent of 50 feet fromthe flow..!it is-.rec0~end- " 

ed t!~,at the minhnum dist--nee be 150 feet as ti~ereiis a.tenden~j for 

the prototype flow to spread rel~tively more ~t}~n;on the model. .... Some ~;~ i: 

idea ~s to the relativevelocities ,in which the repair operations :~!/:; .... 

would h~ve to be oerformed under emergency operation, of t~le spillway " 

or river outlets may be obt~in~d from tabl~ II! o ~i th.Ls" reportj which !~i;. 

lists the velocities i'or various co:,ibinations of outlets and drum gates " 

with the c~isson at different positions on the bucket. ! 
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42. Stabiiit~ ....... and o~ration, of floatin, ~ ,,~ caisson." The :deficisney 

in draft oF the I to 60pla°sticmodel of the flea ing caisson in:t~ei! 

initial tests was not the result of 

the out-of-scale thiclmess of the pi=~ ~,~ ~o~ ...... o ~. .... 

tion but to the faetthat it~hadbeon constr 

earlier aesi~n, in which the total~eight '~was 

later design. Ths model was~:eorreoted ~satis 

vering tests, .but was ~dequate~ for~teSts concem~ing~:t!~e:s~abilitY, "/ ":~ii 

and operation of the c~isson'.. The mOdeii:caiss'On,~v~s soi,,s~ll~;:as~to~;!be:.i i":i 

too sensitive to outside influenoes.ipreventi: 

of test results. Proper manipulations'of the;~ 

model was not practicable on ~suoh a,:small ~sca 

concerning the stability and operation ~Ofithe 

been obtained ,without :~the ~ use • of the larger -~ 

scale model. 

difficult. The vent systamof the!~zmni~ 

type e which is similar:to, that found':sa~ ,nltho model, s}~ould 

prove amp le. ~ ~ ~ • - 

The. upstream end of the oaisson.:.should~he ! lov;ered~i1%hto ' tho.:bucket 

ahead of the dovmstream endl to prevent the:seal. On-_ the bottom of :the 

side girders from contacting~the~ touch<, : 

the side girders from "hanging.up"' on t :. 

or tear-the~,amohor, frame ~,ifrom~:the. face :~: 

should n~ver~.bakept level,~ (.top:,of~slde girders~level) or~-all owed~.,to .: ..... 

inc line d o w n w a r d  ~ from the frontendwhem ~:,the oail /% 

the bucket. ~ 

The floating • eomnartments;,below the ~ barKe/~deck and ! in::~ 

E i r d e r ,  ~ h o u l d b e : k e p t . T e a s o n a b ~ y :  f r e e  b f . w a t e r  t o  p r e v e n t  ' ~ i i s ~ i ~ i i ~ o f  . ' •. ..... 

the structure during the skinking,.raisin~, and floatinz oueration, " :: 

The arrangement of these oo:~nartmauts and~ the manner• in.which:the .,~i~ 

.- ! 
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• ~ar~e is ~t~ohed to the caisson ser~es to st~b~'lize ~le e~issQn'~vhen 

it is tipped due to the  hift n  the oolites, of buckeye.to oo ter- 

act such movements. The caissonwill not be overturned easi~ybeoause 

of this characteristic when the trim and floating:ioompartments~,are 
h~nd ic d properly. 

The operating barge should never be raised above~thew~ter ~surfa~e 
in the barge well when water is being a&mi ......... 

atien, nor should the water be fi~lled~to s~ 

and caisson as to overload the 12-part ~hoi 

w~ter from between the. barge and caisson d~ 

caisson, care should bo tak en to keep the bottom!of, the, barge :~i~i:contaet 

with~'che water in the Well to prevent shifting of the w~teri~10ad!~i~for 

arAy slight tipping will cause listing w1~en~this/condlt~on 

mlnizm~m draft of one foot is rec . . . . . . .  ~ ~ . . . i .  

side girders above the t~ilrI~ater du ring thei::refloating~ 0potation, ~ care 

should be tal:en Go ,keep: the loads on the 12-pa~tlines withi~:,mafe ii 

limits by cent,rolling the draft. (Do not~force the barge~too~farli~into 

the well in the caisson to rem~e w~tor Trom,it;) 

I f "  t h e  f l o a t i n g  o o m p a r d ~ n e n t s  ' " o ,  ~.i ~ 
a r e  k e p t  r e a s o n a b ! y ~ i l f r e e ~  o f f . w a t e r  

a r . d  t h e  s t r u c t u r e  i s  t r i m m e d  l e v e l  o r  w i t h  t h e  u p s t r e a m / ~ e m d ~ l o w  d u r i n ~  " 

the sinking and raising, operations the, caisson should be, =table is% 

all times during the floating, sinking, and rais'~ng:~operation~. 

Sinking or raising the caisson with all ~ .... Lrtments~free @f 

water~ isnot recommended as the' stability is ~or~th~s ,con° ~ " : " 
dltio~. - ~ ' 

Free the stability:tests it seems feasible to move~:~the caisson 

from one position onthe bucket to another without-refloating it 
co~pletely. 

Indications were that considerable-vmight m~ght be placed on,the 

deck of the operating~-barge or caisson before ~the stability would,.he 

changed materially. A weight equivalent ~to .64 tons proto~jpe: placed • 

at the .top of the access :shafts ofthe model was required to produce 
instabi li~. 
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The freeboard o£ the caiss:m, when floating and tri~med ~level, ' , r 

should be approximately 8.0 feet. 

Accurate location of tAe .center of g:ravlt~ Of an object :oxperi- 

m~tally by weighting, using tv~ supports, ~is possible when the object 

can be supported in two of i~'Le three planes and its incliu~tion~in'these 

pl~les varisd. Location in tu'm pLmes is possible v~en~itho~0bJect can 

be supported in one plane only and the inclin,~tionlin this plane.varied, !~ 

o It is ~mch simpler, h~'zevor, to determine th. exact location ~hen it~is 

possible to support and weight the object in,~rall ~three ' planes. 'One " 

weighinc~ to determine the reactions in each plane is all ~hat is r e -  ~,ii 
quired for this condition, i .  

Because of the good a~reement between experimental value=s of free" 

board, the position of the center of ~'ravity, the motacentric~height, ~ i ii~ 

and the distance from the metacenter ~to the center of bouyancy,,deter- 

mined from the model and those computed;for the proto~'pe, the~results 

obtained from the operation of the 1 to~ ~0 model~eaisson~are~accepted ~- 

vzith 'the utmost confidence. .... 

43. Source of damage to spil!vt%v bucket. ~Thoug~ most~of~the ~ 

da~.m.5o to the spillv~ay bucket isbelioved to, ha~ 

construction Defied when extreme concentrations _ Y • 

of t/~e conditions causin C it are present under normal ~eration..,Ex. 

oept for a few small .~reaa reported bT idiver appearance 

Though the grestest portion of the 

bucket lid between construction block ro • ~ 

have occurred durin~ the 1940 flood season, i~:seems ~oeztain,that 

erosion be materials moving in ~he damaged area continues.umder normal ~ 

oper?.tion of the spili','my, The oxeessiv@ erosion .of ~%/~e "0u~ket be-., /! 

tween the two ban!co of river outlets, construction bloek~rows 52,;5~, 

and 54, has resulted from the movement of s~ud ~,Aud gravel in<this~area ' " 

~j eddies formed durin~ the operationof the adjacent pairs of outlet 

conduits. The greater distance between adjacent cutlets at this~point 

permits the formation of more severe eddy currents, thus the increased 

erosion. 
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Erosion on the mlope do:'a~stream from hhe bucket lip has resulted 

from the continuous~m~oment of river-bed mterial in?~this :region . d u r -  ,i 

in~ the operation of the spill~ay and river outlets. Isis:believed 

t}.~t once the bucket surface uustrea~l from the lip is eroded,~the con- 

ditions  roaucin  the erosic   der 

for~ng in those eroded pockets whirl materials entering ~them to incur 
further damage. ..... 

Erosion of the training walls has resulted ~from.thc movement of 

materials in eddies forming in and near~ the damaged areas. 

The erosion o~" the downstream face ~of the~/dam~belovt:eleVation 945 

(approximately), is due to the impact amdmov~uent of m~ller matezials 

picked from below the bucket lip and carried~tc this:hart ;of ::the st~mc- 

ture by the bucket roll. 

Damage near the tenterof the spill~.,,~y isigreat~r th~n atithe ends, 
both on the buoket lip and upstream from it. since it~is,ch~acteristio 

of the splll~my to move the ~river fill below~the ~bucket frOm i the ends 

towu~d ~he center of the spillwa¥ section Where it,acoumulates ~nd is 

~ept im motion a~ost contznuously, Romoval~of~the~so~o e of~the .damage 

to the various p,,rts of the bucket and training w~ ..~ 

ri~l from the. river bed to present,its enterinc~: 

in those areas se~s the only oracticable ~ethod of~eli~nat~g,~-or 

allaying the damage. Without treatment;of ~thi 

will be a continuous: operation. ~i 

44. _.Fl°w. distribution., for opt~.,~ .... diving conditions. ~Tith the 

river flow confined to"the soill~ay.and. . ~the" left :oowerhouse, ~the'~maxi- 

mum discharge giving satisfactory conditions ~for the inspection of/the ' ~iii~ 

bucket by divers wi ii be : about54,000 second,feet, Opt-~m~ m fiOw, con- - 

dltions for diving operations will be present,under!these :conditions ., :,~'. 

w~hen the spillway flow is concentrated at the end opposite~th~t at " ~'< 

which the divers are workir~ ~nd.the flow is distributed u~equal~y :~ 

over three, four, or more gates, with their elevations high~progressi~ ~i 

ivoly to',wrd the center of the.structure. Lncreasin~ ~e,n~bor of .!:i 

gates opcrating~will decrease the ~Arbulenoe but move it closer ~o ~the ~."i 

divin~g operations, which may or may not be desirable, a fact '~'~ 
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ascertainable only during diving operations. Conditions will be 

worse '.:'hen the entire flow is on one side of ~the~rivor since,the eddy 

below the opposite end of the spilhv~y will be more severe, 

the whirl present at the ttuoonfinod~edge, of the ,spillway i~ flow when 

only part of the gates are discharging ~ill become, more severe as ithe 

• discharge increases, with the possibilit~j that:tJ1e smaller ,material on 

the river bed will be transported into and Re" 

moral of the river fill dmvnstre~m from the 

this condition. 

~l,~t less difficulty was experienced in, the d 
con-- 

ducked in the f~ll of 1943 th~1 those made during ttri- 

buted in part to the more favorab'le flow condi,- . 

operating the drtzu gates in accords~ee vrith,th~ 

45. Source of material in bucket.__A Thoug. n 

the source of the sand and sravel:foundin the 

the 1943 fall inspection did not indicate,the ~ 
9- 

li~ved that a portion of the material,was carrJ 
• " . ~- - --J 

curront.~ exi sting bel~- the s'ozll.m~y during unsymmotrieal~ operation 

of the gates v/~on the diving operations were started 

mainder v~s deposited during low.flows by Conditions 

materiel from the lip u'here it had asoumulat " 
Leeds, 

Dredging of the river fill dovalstream.~f .i~ 

accordance.. "Tith the model ~ests discussed in 
• . . . : ~report 

should olimin:,te, in part at least~ the objection to uns~nmnetrical " 

opcr,'~tion of the dr~1 gates, It is believed, however, that operation /:, 
in this ~.mzu:er should be avoided, ........ 

46. Flow and erosion at ends of trainin~walls. ~ • • 
:~low cond~tzen~ 

spill~my traininI~ w~lls v~ich ole ~ at the ends of the k up:material, 

trmlsport it from the powerhouse side to t}m spillway ~ide " 
of .the ,.w~lls 

m~d whirl it about violently below the bucket !lip adjacent to 'the walls ; 

are responsible for the da~ge incurred by these p~,~rts of the structure. 

The difference in the n:~ture of the damage to the ~,~ vmlls is attri- 

buted to the operation of the left p~erhouse ~d to the extreme,~y 

severe eddy esisting at the right vmll when t/~e river outlets at %hat 

; ~t-he . re- 

slod~ed 
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end of the spillway operate. ~mugh some success in correcting these 

conditions to prevent further d~age to the walls was indicated through 

the use 0£ wall extensions on the model, the:~difficul~# and~oost of 

construction made their us® prohibitive; particularly since the material 

is to be dredged from the contributing il protective 

:~.easure. To eli~,~inato the ~irl on the 

the bucket lin would require an axtension ol.,~conside 

present wall, the construction of whichwould ..... be~difncult and cost~. 

*e 

the crevice at the and of the. ri~ht'~vall,,is, not recommended nor:ils~:~,the~i ~ 

nl~cing of a concrete cap on,he river bottom'near the end,of the~lof~ 
wall. 

From the tests concernin~ the condi,tions: d~na~in~the training walls .~,~, 

it seems that consideration should be givcn-,to right train- ~ 

in~ v~ll and to protectin C it against furrier ~:the con- 

crete by the Prep~kt or similar method' might prove advantageous in . . . .  

m~'~ing the repairs. Tne best method of protection seems tobe "that of 

removing the material from the vicini of 

this material would prevent its reach ~use 

47. Dre~ing of river fill to allay~dam_~ei'tO'i:buck~t, Da~-~ge~ = 

the spill'~y-bucket surfaces was the result of abrasive action caused: 

by the movsment of rock and gravel bycurrents fin the :~ 

daz:,,,.~ed areas. The only practicable method of~elimin 

d~,~ge would be to prevent material from entering Or moving about in 

th~se eddies. ~is might be aec~o!ished, bY:~ bondi~ all materials 

for some distance dowustream, or by dredging to :remove material~frem 

regions on the river bottom from vlnich it might be :carried into ~the 

eddies, or a combination of both. Dredging t/m river fill from the ~ " 

c'n~miel bole:- the spillv~y and adjacent to the :training walls seems 

the more practicable treatment. 

Due to the severe cutting of the tailrace:<slopes:by ,the spillmmy 

flow, particularly the left, it is believed that further testa to 
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de~er~ the 'final limit s ./for dredging : 
• hould not be performeduntil.~., .... ~erlver :fill.;in~!theae::regioma 

the tailraoes and rlver.,ibanks. 

studies should be. oar~dl.',~:~.a~ 

ohannel-_om_the left s ide b e ~ i  

t i r e  s t u d i e s .  In the ~e~Itlm 

osn be used to establi~h::~entati 

The limits, for dredglug ~in~icate 

q 

.t/5 

oon%inue to a p o i n t  :220-.feet do~ " ---  

f o r  the  marne d i s t ance  downetr.eam~%o,-m~ationi, A28~O. 

. . . . .  77~-. 
station :al 

to intersect station A$O÷70,-.ilOO!:feel : -: 

~Trea%~en% outs ide  t h e  : .~vainiu@wal!s wl$1 depend :on ,ther:mo~hod ~ueed ,in 

pro~eotlng the tallraee .elopes~amd,~ first,banks downstream and.;:sho~Id'be i ~ .~ "F 

determined during t e s t s  whiohl a~e~planned~for~1948~ 

For 500,000 second.foet~the Limits should:be:dofinedby a:,li~s " " 

Intereeoting etat io~ AI~20, ,~ at, a point "lO0 -~feet downstream !from ~!~he ~ 

bucket llp, and continuing to:~:etatlon,A15~0,~.;260 fee~ .do~a~stl~mmli;i~om . ._/ 

,the lip,-thau~etatlon A29+~0 a t : i the  same "~ ~ UPS~ream~.to .... ~'~:;~: 

intersect mtatlon A~0+70. ~100.!feet...downet . ..... bucket )lip , . "ii~ ]i! I:! 

8eoomd-feet.  

For f l o ~  ~in exeee~ of: ~00. O00._seoc~d,feet,-.. it~.ie,:believed, more 

" r, dredgin~ appear, :neoee : " 
praotloable and e ~ o ~ o a l , , ~ t o  do whateve sar~ 

beryl- the bucket af~er~.:eueh, floods have occurred.-In i.thle~.caee~ the ~- - ,- ' 

limits would be as defined for :500,000-second-feet. . : :..~'ii~! 

During ~he te~te there.was indication that the:.rlver fill-should =- 

be ~emoved to bedrock: in the.area-dredged. However, ~.thim.may notbe Q ~ "-~'=~ "~"- ~:~'~ "' ~ ~ ~' "'~i r. 

~S~.l.de~Irtg on ~te nature of ..the material..,!fafter,dre~A~ " .... :- 

~o elevmtiom:~ 'the:..~oek..ooverir~....o~n s%8 main!~r..of,-.olay or large ...... 

boulder l l  : ( Z : £ ~  ..oz.. mo:~l : A m d i ~ ) . , i : ~  ::IS. beL%eved i t hs t  r m u O h ~ .  . i,,, 

.of the P~t~.:/~adioa~e~. it ..~obo ~ , 8 1 r a b l e .  ShOuld. moat o f  the ~iI"" 
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t h e  bucke~. In t h i s  oaee,.dr'edglngi of t he  m t e r i a Z ~ a ~ r : , ! I t  i ~ h a d i ~  

gd u p l t r e ~  to tLhe toe'of,_the: bucket 

of the high mound below ithe l e f t ,  end 

amotmt of ma~;orlnl movlr~ upstream, t, 

bUt this does-not semu Justified exo, 

river channel and improvememt w a s . n o t  . a p p a r e n t i : o n . t h e ! ~ d e l  . Beoaulle. 

dredgin~ should begin at ~%he ends: and~pz~eil-~%owa~d ~heioenter. "' ':" 

on 1= ter  for " 48. Reeessi of~tat  p~wer..:ou~-es.; :Frown ~themodel  I " ; 

it se~m~ that: a power,outage redUein~:~:¢he river ~ fl~ by .about .leT,000. ,. a r 

2 feQt in the fSrs% minutes af%er-:ths:-outage-soots, This:iWlll~:be 

true for all.~initi~l flows fCom..ST~O00 

same reoesslon for an outage 'reduo~n~L~ 

fee% w i l l  take place in  a b o u ~ 1 7 : . m i n u ~ a *  !/F~ ":. - 

th~ o u t a g e s  o f  shor~  d u r a t i o n  w o u l d ~ n o t  r e , u :  ' 

keep the %ailwater.fro~ exoesslve reoession r~ 

river banks. Them would be ample..~ime ::,to p~ -~- 

operation s h o u l d  t h e y b e  provided.. ' ;  8ynohrcmous ~ a ,  ,~:r~ ~ o ~  ~ i ~ , , ,  :. ~ 0 . ~  "I 

not be a major impo~oe if the :t~ilra~ ~:are - 
flattened m~teri ell~., 

I t  i s  believed ithnt a oompie~outa~e!reduotngi l the f f low by:i8i,  o00 

second-feet will not result :~n as  ~r~pid. a recesel~n:,as..indioated by.,:~%he 

CUX~Te O O m p U % ~  / in  ~ .  ]~J~er¶ . i l - ieOet ion .  ' The. use  ~ of eithem,:,this~ computed " 

o u ~ e  o r  t h e  .da ta  obCaAned,.fr/o~ ~¢he. S h a s ~  mode l  f o r  e s t a b l i s h i n g  . the  

adequacy and,the speed ,with whieh~.the facilities would have: to .be ,:placed " 
i n  " " " opera%ion~ would have given ~ sati s faOtOry  r e s u l t s .  ' " " .... 

49, 8imila.rit~ o f . m o d e l  _an d .-pre~,type, The::flow oonditlons..for 

model discharges rePresentin~.small.floods were smoother reiative~7~:.e~ ..: 

the model than the pre~type, thus the turbulence and wave,ae~ion~in :: 

the ~ i l r a o e s  w i l l  be more pronounced on the proto type at  Imm~l f l ows  ' :~ 
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tha~ indicated by the model. Lit%le difference should result~ case ~the 

roll in the spillway bucket develops similarly to that,on'the prototype. 

This seemed to occur at a flow representing 400~O00-:second-feet0 ~ The 

influence of the out-of-scale fluldviscosity and atmospheric ~ pressure ~ 

for the model i s  mere pronounced at the. lowerflews, beC~g~.nezlAgi. ~i 

ble for the higher di|oha~gese 

The movemamt of river.bed material noted, on~e model~will occur 

similarly on the prototype but~that on the m~re - 

severe th~n indicated by th~ model~ ~- 

Although not shown conclusively by themodel, the~move~ent:ofmate_ i~/~ 

rial on the river bottom ~ud in the bucket ~hich~resulted,in~the.damage ......... ~i 

to the bucket lip between construction.bln ok ; rowe ~!~; and ~38,,.was,~iindioated i ,. i 

when flow oondl tion~ approximating .~thc prototype ~ flood of ~, J~le ~L940~were 
represented, , :,~ ~ ,, /: 

That the action of the small rock attached to a~ r- 

ed into the water in the vicinity .of the left,trai 

identical to that of the sounding equipment used o 

attributed to the similarity bet~u the currents iin~ithe model and pro- 
retype river charms is. 

.~. 

the results ol ~ tests on the ~o 6Ommdel. This,correspomds ~to ithe ~ 

results of similar tests conducted on a i to/I~0 scalemodelof Grand 

Coulee Dam discussed in a monors~udum ~6 't~le~Chief~Design~ nest. 

"Limits of ~liprap on River Banks 3elow Tailraces of Gran~ 

by J. E. ;~'arnoek and J.l'~. Ball. dated-~iug, ust !0.:~19S6. ,~he i observatian 

of "::ave action on the slopes of :~he left; ta£1raoe of :the,prototype,' . 

structure during a flood of 315j000 seeor~-fee~ in ~19~5, seem~ to?corrob- 

orate this conclusion. It is believed that the action might prov~ more 

severe than indicated by the model, particularly for the smaller spill- " " " 

way disehar~es, i~ne erosion by w~ve action increases as the-slopes 

are steepened, If, with steep slopes, the riprap protection is no% 

provided to sufficient height above tb~ water surface, the beaching 
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~ion will und~rmlne The rlprap, la3~r, lo~r i t ~  ~nd attack The bo~ks, 
~mshin~ the flne material r a p i d , r ,  

The movement of mmterial:by -~ve aetlon o~n::be reduced .by deoPeas, " ~. 

ing the slope of the rlprapped s .u r faces .  Graded rl ' • 

satisfactory than dumped riprap in which ~smaller si 

surface. Using the model results a s  s 

slope, covered with graded riprap ~ould ,~,=, " - , 

near the water surface ' ' ' " 

race slopes-~ndbanks 

oondltlozte at  lower flows, due !to: ~,~l'ler ~wav , 

~be sat i :s faotory .  I t  i s :be l ieved :~that :sat is fa - : .... 

wav~ action could be PZ'ov~ded~-by.:using.~ ~i.~ '- 

(appr~m~Lmate~) ,. the~z :Eraduall~ e":to ::6 :~ ":~' ~ &:~"~ .. ::' " 

el.vatlon 1000 ~' (a~re~/m~v).o 
slope to 

~ion IOSO. The adequa~-:and 'extent o f  ~suoh~pro~otion :should be %~sted 

~ ~ V e  ~ ,  on ~e: Zr %o. ~0 m o d e l ,  b eror~ ~' at'. :def in / t  e ~plan iis ' ~ o p ~  

:n~re and e r b e n t - o f  %he .proteot ion %o~5e p r ~ i d e d w o u i d  dei;and•u 

the ma~titude of the-fl~wforwhioh the:..pr.ote~tlon .,is Int~nded~...-It s ~ -  

~hat:adeqUa~e promotion in al loar~as.sb~uld  :be p~ovlded, fOr : : : t 'b~: :mexl . . .  .! 

mmm flood~-whi.~h might reuonab:Iy be expected ; to occur and-:~hdt moderate " 

p~oteotlon be provide " pretest'iOn . . . . . . . . . .  d eer~ areas and adequate.. ~.o~zere~for.._.. 

. . . .  ~ ~ v J , 8 .  ,. e , . , a . a & ' w  W W U J ~ U  

should .be adequate a t  a l l  f lows,  Under present  oondit ionsj  ; t h e i ~ :  ! 

c r i t i c a l  areas a p p e a r t o  be--~he left tailra~ and,,rlver ibank betmsen " _:i!i 

the dam and ~Pproxim~tel~ s t a t i o n  B6+O0, where s l id ing  h~s 'beem evi'dmzt ~ ':i.~:i 
a t  a l l  t imes .  

The eros ion of  t h e  %ailraoe slopes downstream from the ends ,of t h e  ,~. 

%z~tintng w~ l l s  on the model at .flows ~presentlng 837#000 ,and 787#000 ~ !:':i 

seoomd-feet Ncm~ cause for ~l~rm s i n ~  ~disturbing. the toe  .:of the :s lope  ?.i': ~ 

Of  the l e /~  :%aiiraoe, whloh project s :mush f a r ~ h e r  into ~the spi:llway 
• ii~i 

flow .th~ the right, would inorea.se the ~endenQy .for :sliding, .Operatlon " ':~:ii, 

of the p~r..unlt, s in the .left .p~a~house might .become diffi.eult or i:= ~ 
:H 

imPosslbls if a .sli~ ahould ~ove mufficlent m~teri~l into the tail- .:, 

rage, . A sllde of -.the left ~ilraoe slope would .n6~.doubt e n d a ~ e r  f o u r  .~:!. i: 

- ~ S m ~ n i o n  towers looated in .sl ide .~as, To safeguard aga ins t  suoh ~".~ 
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oeeurrenees would necessitate-the reloeati~:of~tb~ ~:~oo of~ ~he ,~t~i l  - 

race slope-a~d~:exoava%tng i t  on~;a 

ed' f o r  ~ e ,  |poolal teeto~ :'the ri~ 

th$ s fide emea~ ~ above the river: on r. ~ e ~ le£t~ bank:e 

four , t remm~iselon ~m'o re ,~L~%.be  n e o e s s a r y .  ; ~  

p rog reee .  :1:~.ol;eetion againet.:.eroa ~01 

~ o e ~ o F : ~ h O  ~ a i ]  ~ e e  ~ e l o p e s  :: s e e u e  I t !  

~eo~ive mealuro8 8 h o u l d b e  detenained i~and :proVide 

OablO. ' : :  

The ezoavat ion# ;a  e e o t i o n  o f  %A~iohw~e~;:o, ~ ¢rabo~l,e .., 

profile,, t e s t e d  on . t he  

fao~ory fo r  787p000 eec 

joA~ ~hoee o f  the: tat]J~aoe ..ee~ns:%oo:~steep, :Xmprov~ont.~uld..resU1~ /~ • 

if the ~slope in thie. re~lonwere:iflat~ened, { ! i  : " r " ~ "  ~ "--"  " " J L : "  ; " " " -  ~" ; '  * 

t h e  e x o a v s t t o n  a t  :;t~e : t o o  : o f  ~ t h e ~ t a i l r a c  

. ~.he r i g h ~  t r a i n i n g  wall,, investiga~ed-v~ith:t~. 1 "~''~" ~'~j 

ed above seems, sufficient %o preven¢.~euttin~ ' ' . - : :  

~],o]?~ by%he gpi l lvn~y f l o w ,  r~ a" : n 1 ~ " " : 

The " l i m i t '  f o r  dredg:L~g %he. flyer fi 11: belOW i::~r2~e:i buCko%i~at %he. 1~t~ ~ 

end of the spillway will depend/somewhat o n  thei~trea~ent:,iof:,the,~.tail- 

race slope , ..so both must be :ooneideredi!in: fUturo~.%eete. 

51. ~: a r o h s d  :: i. 

slab poure ~..while ,~.. ... i~ 

the dock Wall .Aov~rect r,o .I¢8: rOumd~T, lom~,..as~;:e "• 

euooeesful~ ~ into the. approaoh ohannel:~y- " 

inside and ou%slde are equa l  or~:,.corroepond,;,~O then~turai::sta~e of.i~the 

r i v e r .  The higher the wa te r ,  suz~oe.%he lees~theiforoe:required:~to...tip " 

%he e~ab. ~he.foroe to ;tip:varies linearly -, with -the :~s ubmergenoe -aad ~.::i~ 

san be oomputed by oonslderlz~ the foroe.aetinc..onthe ,pro~eOted area 

of .  ~he S].J~ %~e..weight oonoentrated at the .oentor of gravi~/and::taking 

moments • about the t i p p L ~ ,  edge .oorreo~lug: for the ,buoy~ut: ~oroe ::due~ %o 

euhmergenoe. The .shallower the water. ~he-farther the e~b:.will :be,~from 

the drydock a~ it oomee %o ~% on the entranoe channel floor. The_model 

indicated thls-distance-%0 vary from 2cOte 6.6 feet dependin~ onithe 
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degree., of submergence ~ but ~ the-'.weight ~ .of ,.the~. mode i .::k lab:.was-~, light, and 

~e prototype distance should be 1 oomparatively~greater~/due~.~o ~':the 

a d d i t i o n a l _  mc~nant'um. -. 

Turbulent current s, : be re s • .~and'wave s..-'-o~.~.~ suffi clent :s ice 

small boats are likely to".be; present :in.the~~entrance ~ch~JmUbl. .... 

slab is toppled into ::the.~ohannelo . .: .: ..... 

Though.. the me de i ind i oared th ~t:It wet:" "'~- " 

arched section from the gate opening-Of,~.thc . _  __e ' ~ i  

elevation of the water inslde above~ith ~t~i2ilJ.tho.~entrane .... :... 

,difference b ~ , - . ii. ~.. ..... ..~ . .. '.'.'"~: etween..the additional.: head:~.required.::~to ~ttip 'i: . ~ 

that necessary to i n d u c e  sliding, oomputed~for, theiprototyp~ -. 

Shall tlmt this method-of dlsposi~g ~ef~tho " 

omuended. 

Should the .~ coefficient :of '"frieti on ~ag~inst ~. Sliding ~be sllghtly :... .... 
. .j ' 

less than that of O,S usedin the:.oomputations,~:the-.additionalhead .to 

induce slidim~ of the arohed.:slab, might bo ~less'than.that,to~.tip',~fo r ...:/ .. . 

all de~reee of submsrgenoe, i ..i ~ ::i, ~ 

~hough the tippingmud.-slidin~i forees::were:-eomouted ~'assumi~'?the = -  

same distributiom over -the pr°jectedarsa :.as:.:~ at~=the!~.c~nterllne i:"of::.the : ' "/'" 

slab and it is unlikely that this. distribution"is :oorreCt, ~ithe:i,.value~ 

obtained are considered: indi cativ.e, of. the: ~actions~.whioh would~.re su it /i:. 

from increasin~ the .head ~ inside the drydock, above~ that on. thei~:eu%side~ ii • ~ " " 

whether for the purpose~ ef breaking, the bond:, betv~en: the 

drydock assisting ~draulic ~jacks~in breakin~ the .bond 

slab, or to tip the slab without thel use.- of jaeks~ 

k 

4! 
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Subject: Hydraulic model studies on 
Coulee Dam spillway bUcket" 

Corn I 

• k 

I. A number of experimel 
month to investigate~the feas 
bypassing a portion of~the loi 
installation of temporary sddltio 
powerhouse turbine bays. This su 
it possible to avoid operation of 
t h u s  permitting maintenenee.of.th~ 
and avoid unequ a! g ate dis charges 
excessive bucket erosion~in the p~ 
the various methods-studied end t) 
laboratory experiments, 

2. Five methods or Po1~a.~__ ~_. . l 
as follo~ : 

i ~ '% . 

(a) The first p~ 
Grand Coulee turbin~ 
motors, o i l  PU~pS..~ 
turbine oases would 
end of the penstocks 
for unwatering the:u 
turbine as determine 
second-feet .as comps 
installed. ~ A ~ h i g h  d, 
the vortex flow out, 
duotion of velocity : 
plan w o u l d  utilize ec 
has , b e e n  deferred by 
ing these :units in t~ 
be experienced from t 
per second. These in 
outlet Works or as sy 

. r. 

~: . r. 

.... ; i 
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(b) A second proposal, similar to the first,.wou!d be to install 
oversize turbine units, without runners, with Indlvi'dual capacities 
of 15,000 second'feet, 

(c) • A third proposal would be to borrow 84-inch needle valves from 
the canyon-wall outlet works' at 'Boulder Dam"for ,installation.ln ~the 
rio~ht powerhouse, ccnneeti~ themto'the power penstocks alreadyiin 
p l a c e .  One of the :regul, ar penstock :~ates would,be .used~fori.:unwaterlng 
the upper end, of the penstock .and removin~ theisteel:~:bulkhead. :.In:~the 
first variation of this-proposal, :the needle valves ~ wOuld ~be ..placed an. 
a horlzontal continuation of'the turbine~ penstook,~ dischargi~:.:into.::en :" 
er~y -absorbers similar to those on .the .turbine ..synchr " " .... .... 
B o u l d e r .  Dmm. The w a t e r  : a t  a g r e a t l y  : r e d u c e d ~ v e l o c i t ~  
flow through eonnectin~ elbows into the draft'tubes,-where.'an~additlon- 

• al" reduotlon of velocity would be obtained :by.the.;draft-tube~:aetion. . 

_(d) A fourth scheme ,would .utilize -the 84-ineh~ Boulder needle ~.valves 
attached to the exposed.ends ,of the ~turbine penstocks fin the ._~ight~pow- 
erhouse as in (c) ,' but conduits attached!to the.downstream ends ~.Of~the 
valves would be placed to discharge above the tailwater~surface," :~A 
trmasition-.from a circular ~ to a~rectangular.cross.section~and a~bend - 
~uld disperse the Jets .of water.over a,large :area with~very.l:ittle:~dis' " 
turb~ce in the tailwater. 

(e) Ins fifth scheme--considered:most practicable:beoause Of~!~the 
mini-mum amount"of critical material requlred,~.the minimu~=.ofl.time-re..iA ~..:' 
quired for installation, andthe~ simplicity of:design--the 84-inch: , 
B o u l d e r  n e e d l e  v a l v e s ,  ~ u l d : , b  e! o o n n e e t e d ' i t o  : the ;, t u r b i n e  i p e n a t o o k s ? ! n  .a . i~  
hers zontal position but, with, the.;center ~lines : of ~the -valves : intersect 
iz~ the vertical center - lines ~ :of. the~draft tubes. ,~An elbow:~:attached-ito 
the outle~ end of each needle: .... - . . . . . . .  
o v e r  t h e  d r a f t - t u b e  o p e n i n g  wo~ 
ward into the draft tube. ~.The 
t h e  t u r b u l e n c e - i n  t h e  • d r a f t  tul  

i 

3. To study~"the hydraulic behavior of the first and~!second pro- ' 
posals, the " '" 
Coulee draft tubes was reinstalled without the ,turbine ~ runner ~nd dyma- 
mometer. Prelimlnlry tests indicated-the feasibility, of the~:scheme and 
also indleated the~need for:comprehensive model.:studles ~,to provide in- 
formation on. the torque..on-the~wioket gateS and:pressure-distributlon .... !i'. 
within the draft tu~. The modelwas revieediby/alhiftingtha:s~ed . " 
ring until the wicket:gates and .stsM~venes were In.llne when the~wicket " - " 
gates were 60 degrees from.the .closed:positlon, The conical section ,.at 
the top of. the .draft tube,was replacedby a.cyllndrloa] section so as 
t o  p r o v i d e  a sudden  e x p a n s i o n  be low. the .~ . . so ro l l  e a s e ,  end s - f i l l e r  -b lock  
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was installed in the horizontal.portionc/:the~.~raft tUbe ~Lto~ provide a 
second sudden expansion. .~ sudden expansion is : one '., of ' the best methods 
of dissipating enerA~y in a closed conduit without.~dama~ing~the conduit 
due to cavitation and pitting. One iwicket gate was remounted ' in ~ bel l .- 
bearini~ supports and attached to sprin~ balances to provide.means of 

of ~orque at different~gate openir~s. The . ' .determining the megnit~de e ~ conf m'~~to the; ea. 
shape of the wicket ga'tes wee alter d s!ightiy to or d ign • 

in the Grand Coulee turbines. The~feirwater:oone:with~a vent pipe to :~ . , .  

the atmosphere and a ring representing the runner,shroud were installed. 
With these changes, the capacity of the scrol ~f 3@5 
feet was II,000 second-feet~when ~the wicket g ~from 
the closed position. The maximum designed 
stroke of the sez~romotor:was 60 degrees. 
gates were at ?0 degrees, or I0 degrees lbe 
motor, was 1S,O00 second-feet and~ 
discharge was 12,600 second-feet. 

~pen, the 

pipe with a diameter O f approximate 

fairwater cone to prevent cavitating-pressures in the draft i tube. ~ : F o u r  

9-inch pipes were also needed to relieve excessive subatmosDheric orea- 
sures at the sudden expansion below the~.scroli case, was 
needed at the filler block in the horizontal:~portion _Je. 
If aeration was not provided, the vibration~of~:the, scroll case and draft 
tube was excessive and the pressures 'eached 
vapor pressure and caused .cavitation 
scribed, there was ~slight vibre'" 
it bein~ least severe v~en the 
the closed position. ~:~t 60deg 

. s  d e -  

t gates j 
from 

e~ ~hen 
operating without the t~Irhine r the po- 
sition of maximum operating capacm~y w~en:the turbine runnerwas in- 
stalled! at 80 degrees the torque -- 
plete~y e%plored the feasibility of 
visable to conduct tests on a mo~e 
which would require 8 to I0 months 

behavior without high-head tests, the excessive ti~:involved~in~instal e 
latlon of the scroll cases, end the e~eeesive amount of critical mate- 
rial required led to favorable considezatlc~u of another scheme. The 
principal d~sadvanta~.e ~was that the installat~on could.not!be completed 
available for use prior.to the low-water season of 1945-46. 

4. The hydraulic behavior of the:third proposer , inwhich the 
Boulder 84-in'~h needle v~Ives would have been installed• at the lower end 
of the turbine penstocks so as to discharge into energy absorbe~, was 
obvious froz, the ~atisfaotory performance evolved from model e~dies made 
several ye~'s ago and since verified in ~f the ~ prototype installation on the 
turbine synchronous bypasses at Boulder Dam. The scheme, however, would 
have required an excessive amount of critical material end the installa- 
tion might not have been available for use during the low-water season 
of 1 9 4 4 - 4 5 .  

1.99 



5. In the fourth scheme, ~. ..... 
would have discharged above the ~ eedle,~vilves 
the ,do~s~reem end of the valve~ attached:~tO~: 
havior insofar as t h e  v,~ives:.~and,, c--~-:~- . ..... . ~ -  . . . .  ~verse ,be. ~ . , 
from the jets of water.,would have 
excavation of concrete would have 
of the powerhouse in placin~ the c 
when the turbines were installed 
quire caissons on the downstream 
cavation of the conorete~and ins~ 
water season, 

rA~ 

hi&h- 

8. The objectionable features:~of the fourth pz 
cessive excsv.tion of concrete In the downstreem~wall ~ex- 
An placin~ the conduits end ister~in~removin~ them ant s ~.i 

quired to permit work during ~thehigh-water season. To,utilize 
tubes, which were already equipped.~with#steel~:~bulkheads.~et ~ the i 
end, consideration was given.." 
directly into the draft-tubes .Ivea-,, 
a model needle v~Ive with a d. ~ idea, 
• ~ " . .... i e h / h a d  been used previously as a,l:30 model cf~the 84.inch Alcove~valves, was 
m o u n ~ e d  i n  a - v e r t i c a l  p o s i t i o n  a b o v e  a l 1 ~ 2 4  m o d e l " , O f , ~ : a  G r a n d  ~ ' C o u l e e  • 

elbowdraft oftUbethe" draftWith thetubeJet from, thevalve- tangent.! to the !~ . . . .  beck face-iof~,~ithe " 
• the- performance was excellent. ~The flow..waa. well-distributed through the th--- 

t~,rbance at the tailrace water dis- 
flow from normal turbine operat h 
eel mountir~ W a s  not structural rti- 
the model was mounted in a hori t, 
tween it and the draft-tube ope~ be- 
to the an~le between the can . . . . . .  -~ ~r---~,v,,~-~,-~ urlea, as 

~er ilne ~ ' o f  the ~ turbine ~ penstock ~ and th - dle valve and. as to, the noint o r ~-~- .... ~. .... ~ .,~, ~ , e:nee 
• • r ~ ~,*~*uuUOUlOn or~the • . i tube, In the final des ~ +.k° ,--~ ~_-.~ . . .... jet into the~,,dr~ft. 

• , i o - •  . . . . . . . .  ~ , •  x o  ~ t W e  ' i ' ,,~ . ~ " '  , •  • stook and the va]v, ~.- - - -  ~ en the oenter~llne of ~h . ~... 
...... ~ ~z aegrees and the center~]ine of "- 

valve intersected the vertical center line oI ~aft t )w 
between the needle valve and draft,tube,~had: a [tion . . . . . .  4 -  

far section 84 inches in diameter r '°m.'the,,Valve~to~a~aeo%ion 
1 5  percent lar~er in area composed on the~back coincidin E 

.with tho diameter of the draft tube at:the pc ~ " bion end~a; .' 
straight line opposite. The circle . a n d  the '~a 

ve r e , ~  o o n n e  c t e d  ~ ' ': by circles of lesser 'diameter. The 15,peroen ...... area~,was in- ~ 
troduoed to create low pressures in,he elbow ~hic~h would cause?a~,flow ~,i 
of air through a windbox batten the needle/vs/ve and the elbow. The " :!~ 
a~r demand was created to start turbulence end ener&y dissipation ~ in the i 
jet a s  it issued from the v~Ive and to prevent local cavitation due to 
irregularities on the surface of the metal lini ~:~ 

n d .  •With the v a l v e :  a n d  :/,i  
elbow in place, trials were made as. to the quantity and point of~intro- i 
duetion of air. Through cooperation with the mechanical seo~lon, a ~, 

~o0 



oomblned air box. and expanslon~Joln%~i,wa. ~' developed Oa~%l.ae~.i~, ~c~' ' 
w i l l  be o o n n e o t e d  an a i r - v e n t , p i p e ~ a t ~ : i e s s t  - -  ..... ' H i  oh 
addit ional  a ir-vent  pi~e ~.at least~6, inohes~ 
extending v e r t i e a ! l y  Upward ~hrough~the Oon 
tube openingo This s e c o n d  Ptpe~ ,ean:be  e t t h  
n e o e s s a ~  height• or oan be•~, eonneoted~•~aeross 
With these vent pipes in plaoe~ ~ the lowest 
feet of water at'a-polnt.on~h. ~,,.~..~.=~..~ . . . .  , . . . . .  
of. tangeney to the draft tul 
in the elbow, will be of the 
tation, pitting, and. ult~mai 
and the adjac.~nt concrete iz 
final design of thls instal] 
the tailrace are shown in fl 
draft tube ueed in the preli . . . . . . .  
in  t h e  background  o f  f t g u r e ~ l a .  • ~.-~,~:~,oz c n l s i l n s t a ! l a t l o n ! ! a . i ~ e h o ~ , 5  .~:~ 

q 

L~/ ,- • • ,~• 

~i~,i , ~i~ ~ ~,~ ~ .... , ~,~/,~ ~ ~ 

~i~ :i ̧  -i ¸ , • • ." 

, •-k 

L 

• t 
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, Figure i 

a. 1:30 model of a single by-pass outlet for 
right powerhouse - Draft tube of 1:24 mc)del 

b. Flow conditions in tailrace with by-pass 
outlet operating. 

M01ELS USED IN TESTING OF BT-PASS OUTLET FOR 
R!GRT POWERHOUSE OF GRAND COULEE D~ 
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:, APPenD XX., IX 

.... ABSTPt~C~rr'OF : T E S ~  P~CO~D S : 

~:'~ 

L,,,, .... 

-C 

ire 
er 

river channel. An investigation 

di sc  lo  sed %he pr s senoe 'o£ :high-v~ - -  

r a o e s  tr~msveree~y, -aoross  :the. end ! 

A p,irt of thi s' flow eontinued~ to~ : 

spillwsy_ sheet oarryi~ sand from "iiiiii! I 

th~ velooi ty  .of  ,~hie ourren~ door ,: 

for the samd was piled .abOve,. the 

reglon ,rlth-the height: dlmlnishing~ gradual~F;.;f~urd,~%he,wall~, wh ~r~. ~! '"'!: 

.areas  varied dlreotly as:the " ::-- • -'.~ 
spil lway di-sohurge../Large/quantities:!~of ": 

wuter o v e r t o p p e d  the~alls and:: flowed into~the:~spi~lwa~i_bucketo ~. .:: 

The .transverse fl~v:, at the -,ends of ~the. walls andalong:,the~,>bucket 

~s ai~ribu~ed to a:presUure.~diffsrentlal~: bOOtee " .:i~ 

• , ~ . . . , :  _ . . : ' i  ~ velocities were  made,' the pressure ~differenoe. taken: frA~ ~.~rs : i u ~ s - -  "~- ~ ,,. m 
meas~ured on the waller-the i to•12Omodeland~tha,.huc~e÷~o~ t~e ___ _ __ ~ , ,l:i~ ~% ~ . !~ ~.~ : 
4O 

k 

I model indi ~, ~hem ~:.to b e  i 23:!~:~o !28-: feet  per:, s ~':~i~ii~';:~ 
totype,_. [ ° r  2.1 to 2.55 fee%>per~seoond:on, the~;~ 

Ph ~ 0 :'.l~O mod~l i )  to Glb~on" the  model ve loc i t ies  are:  Oapable ,of: tcansportir~: pea 

g r ; v e l ,  i study of;the pho%ographs-of the  ~ra-i"~'~-,wall~,,~ t s s t s . e o ~ o b -  : "'/;:~:i 

orate: %his do%ion. ,~zn, %ne-prof~pe veloolCles~.large..size :i~.ocks sxe ~ :.~:~ 
: eert~i~ to be transported 

th~se~ r e g i o n s ,  .~he velocities :at the from 

indloated base of the wall might be higher than-by?the 
pressure 

oenter 
- - -  ' ' ' - -  i , ±_ of 
sauce the pressures on the bucPet were taken at the 7| 

(1) " ~draulios and i ts Applications~. by A. H. Gibson. p. 541. ~ 
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B e T e r a l " ~ s l o n s  % o  t h e ~ . :  ' 

investigated %o": aeoor%s/n: ~In~i ~ &orion 

(DIE.tern l and2). 
1~l~h 1~Tamsians- o£~.I0i-~o::20i walls ~ " r :. 

.whloh had..a slope.o~ ~/2~:%o'i!I':on : !': 

el4~ratloxl 985,0 o there was 

the  eroded stree, f~om .: that, -: .%.was • 

~'eoor~d. 'for~ the shorter::~,~ ;~flows 

r ~ r e s ~ m ~ :  250~000 and ~ 500,000 -see, ~ - ax~e~sion 

.the soour-deoreaeed on' the  tallraoe : ~pillwa~ 

elde. of t h e  wall. '! The: ohange,was!~ slight, :however, 

:. e~sion o~ a~preol~ble length would :be required; .... .~ 

ma%erlall~, b r e o v e r #  the he i~ht :o£ .  ~he ~~ 

~e~zslonl: o~ 50, 75, and.,lO0 "feet 

elev~tlon 900,O,~so as not~:to, oonstrlet • 

were used forty,he ,next s e r i e s  of t se tse: '  " "  

The erosion with. the 50.foot .extenslon was? le~ 

e~ ones of the previous test.but:~wa 

i~ rove~nt  resulted wit~ the:'75~fO 

XO0 Soot length,were, better then-~o 

i m p ~ o v ~ n t  seemed p o s s i b l e ,  but:  t h e  s o l i d  :ni%ure :o£:the !i£ound~t~on frock 
~td not se~n to Justlf~- the-:oest o f  the proteotiom 

dt soont inued.  

The. top of the w~ll w~s r~ised'~.to .elev,=tlon.880 ~nd..the do~ns' 

end p~oed' 44~.0 ~eet ~rom.the axi~-,,o£,the d~n-said made,vertioal:,.to 

~nprove flow oondtt ions  ,. at the ~corners .ol".the "~ : .... po~erhouseh The ' e r o s i o n  

.~t the base. o~ %he wall. however, showed, no improvement, over that oZ 

the  or ig~ua l  des ign .  

On one oeoas ion durtr~ t h e . t e s t s  a. whir l tn~  eddy w~s. observed!down- 

s ~ e e ~  frm~ the bucket..lip adjacent to : the trainln~,.wall..Apparently 

~he eerlousness of this whirl was not reallmed at.the timer.fOr, it..w~s 
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~ DEPARTIf~T, 0F~ THE ~. I31Tl~ Z0R 
u 

- r 

" (Oe ~O rW~'~O~k-,"If~d,:t]'~¢"~@',.r!Ba1'l J . 

l ~ b S e = t =  I ~ = t t s  Of . / r ipra ]  
Ooulee  Dam. Cob 

1, 

"-2 

' T a ~ l ~ a o e s  ~ o f  Grand 

In  o ~ p l i a n o e  with .your,vel-bal.;.j~sTJ.Uo~onj?idf"~,' -- 

you re ferred  to  t t~n  8 o f  ~ e  report..Of~i~the board.Of~ oon, '~ 
neeTs of April 6 , :  1956. ~.~he,model, of .the ;,ulCim~SeJdevcelol - ~- 

Grand Coulee Dam.was, r e i n s ~ l l e d  r~ ~ in  ,~he FO ~ ~:~LCO 11£ns ~, lsboratory . . ,and ;~ =o~u-  

a l  t e s t i n g  ~ a s  oo~mnded on'July 21. :~ , - " : 

2. The AprAl~16,-report, of-,~he~,bosxd ~on,tth .s~as ifollows= " ~~"- 

-eZtem~8 - Limlts~of~Riprap,~, i~, ~ S ~al " 

men%s bearing upon'.this .. problem, i ~ ~, 

• / "ii;i i 
~Tound. the genersl, oondltlon of the, _ ....... _he". : 

hig~ b r i d g e , ,  espeoiaAly.~on the, west~ 

note o~ the = r e  reoent  ~ f i l l s  i'r=ZOng :~Iri~ 'ii~i 
e o n d i t t o n . . a  s. r e g a r d m ~ o h s ~ a e ~ e r  ~ b f  ~m~te= 1 

Xa ~ the. l i ~ h t ~  -~ of the rea~ I ts ~f ' the  [n '~ 

~he e x e r c i s e  of  o u r . . b e s t  JudEment ~ o t h e r w ~ s e ,  .~we . , , . re~end~ . .as  ifol_- : ~~.!.,~ 

(l) ,On the--@aC.slde:of tho:r ivbr,  r lpr&p,proteotlon~hree . -=  -oli! 

feet; in ~ t~ioMnea=, p l a o e d  general!y be~ee~ the limits o£~eleva. 
j. -. 

ti~ Of 950.and ZOO0 and extending f O r ~ : a ~ ' ~ ~ - d t s t a n o e ~ o f  ~.1500 

£eet downstream from the ~end of the present tailraoe riprapo 
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I. 

(2) As a protection to the bank near and Just;ab0ve:the 

highway bridge piers on the ~ast.~side ~ of ~,the~ rive~, ~and~espeelal~ 

the same thi'c~ess and betwee 

the bridgepier for ,~.distanoe;~of .~lO0 feet both~ upstream • and ~dnmm" 

• slwemm. ~ 

(S) ~W'e recommend the ~ ~ilar ,to:thl 

with' which ~ the stadies thus ..of, such.~length 

-as  t o  indicate t h e ; c h ~ r a o t e r  rose. of:some , -  

2500 ~ feet"do~nstroam from the present, riprap"~ limit; ~,aud the 0Qnl 

duet of such experiments...as, shall,~.eerve to~ indicatei~: the i.charaeter 

Of the flow over a, r~.ver, stretch o£ ~.:this -length, ~or~ apnroximate~ 

between the dam audlthe hlghwaybridge. ~We~rE 

oon0ider~ition be given to suoh.~additional r r~ on 

either or. both sides~ of thei"river;as the 1re, ,SiS ,.. 

my indicate, to..be needful. 

"t Xn.:sonnection with this .riprap~ protection,: we;.'may,, n o t e :  hat, 

wl.th-"the, large amount, of.;soaling..which has"developed~ms/i~eoessary 

in the @ast cofferdam and • abutmaut~:Lareas, ~and.~from Otheri~exo&- 

tiens ~t to be made, there~will beavailable~an abundanoe;of~ rook 
o 

for such purpose and foc ,the~ ~plaOimg of~,whioh'~it~ appe~s~iprobabl~ '.,. 

that arrangeQents o~u be made with the oontra 

5. ~ The model~ of the,.ultimate develo1~ent~of ~ 

to a seals ratio' of~l:120 hadbe~n crigina'i'lyL:~onSt~'oted~to ~ assist.i~in 

the development of the protection at the~.toe~of~~..thedam, hutS'had been 

darted to provide space for "~e,, study of' the diversion~of~ the 

Colum~1~ River through the west cofferdam area. 'In the~ ~ new~ installati~u 

abe Ut 5,000 fe et of~ river i'bed ~ downs.tream fr0m ~ the ~. dam h~ ~ '~bee n: repine- 

th.  pogra   to 

2 and 3 (fig.l), ~ ~onstrueted of sheet metal,~ere~inoluded in,the first 

t~u tests. The top0grap~y (plates 1 and 8),wasmolded in'fins sharp - 

grained sand of which i00 percent passed a ten-mesh s c r e e n .  ~The'~topo£- 

raph~ was repiaoe~ at the beginning of each test by the use of the 
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f o r  'l~a'k Im . rpon , .  The:r~prap, ~en+u~ed,:++~e+,~hsed~.em~ +~m.a.,.~.,+ 
Io~ee~ed :~,l~ml' ~ r ~ + O m f O  ~ 

~peoifled in a let~s~ ~+Gon 

~gi~eer, da~ed October + ~,•i 1~, +-,,-~+,~ea~l! + ......... 

"In r e s p o n s e  ,t:o' the; requee%+:!£n/¥o~,/, l bb~er  ..... '+ ..... ' r'' . ~ ", + ' ' k ~'~ ' 

• ,+ ,+ , .... / o f : ! S e p ~ e r + ~ : i O .  ,,,,. 

itream s ide•of  ~lle-,+si+rl.'++,+~i + i  L-- + 1 : ' ~ .  ,' + + +++"m ' "' + . ' + . : ' + . %r 

, ~...+ +' , +./, +~:. • ...,+ ,,.++..•:+. 
as f o l l o u ,  e .  l~m eo%i~ t tee .axe  ~ive~°ne:f°r~:m°ok:~e+~oava~ed'~'~.~..-vm 
the west abutment, and %ha other+ ef,rook:exoavstedlT~om:~,t~eiii~£~ 
of ~he ~reet £oundatlon, ~e."roek.f~m~~the.•,:+~l~.iiabu~+~is:::•~" 

up ~o sm~ller sizes, Posaibl~Y++beeaueO,?;the' b.e~./.+upi,,:+£peo+i:~p/:,+;':+;:+' "' 
bhsf~ng is eupplemontedbya siml._r++e~feot~+dmi%o mlmw•e~++:(:~.:. 
he ~t~ep ~d,:hl+h a b u s e r ,  . + +-+.? ,.: . .•, +•• 

' . 1 / ` '  . ": " 

Dust %o+ ~/4 inoh 

I/4 inoh to I eu. ft, 

1 ou, ft. to 1 ou® yd, 

Over 1 ou. yd. 

West ~Ab ~ u t ~  

b' I , • 

The riprap material used in the model+hadua~:met::,( 

per oubio foot, with a~~samlysis as:shown on,fig~ .... ~b : " 

was placed immediately belo~ the bucket-extending+iS60 feet. 

represent the roak at the daz~ite, 

4, Pmellminary tests on this modei were.wi+tnessed+at ,~ 

its '.oomplotion by Englnoers ~mmm~d and,,B~rnsby Of the "D~ver.~oA~oe. 

Xu these prelimina~ tests, 'no rlpr~p was plao, 

tailPaoee. ~il;h a flow of++25.0,OOOse~ond,feet , .... 

oreased, a l a rge . ,  slow,=~ring surfaoe eddy developed:i211~oh t a L ~ 0 o  

~ " ~ ~ ~ ~0=4 ~ r" ~'~ J e O ~  a ° t i onm.p roduoed  by t h e  h l g h + - v e 2 o e i ~  : . ~ e  

at  the down,tream ~ d s o f  the, spillway trainin.~ wa l l s ,  the eddie s were 

212 



wlre responsible for severe',eroIiOn of".the~:tailraoe,b./~ 

the water, surfaoe. These,~-~eouid~ibe 

turbines in the powerhouse~,':but,,~. 

not considered a feasible ~solutlmn, 

5. Upon theeompletion.rOf t}~e:~ 

of the river Bed was restored':to~i~ts ' 

raoe slopes were  c o v e r e d  wlth"~rlprap 

three feet thiok at the. top ,near,th~il 

in S to "the original, reeo~ne~datlons, o 

test I are shown on figure '~i (the, dm~ 

The ~allv~a~er-dlicharge relationshlpLm 

or decrease in discharge. The~,gates-iW~re':op~rated,:to,-,~i 
• ' e 

im~te reservoir elevation- of 1288, . The,,tai~lwater :ol~ati 

immediately upstream from the ~ .... " '- ': highway bZ'Idge,: was-:~regulated aooord ing 
O ~ , • 7 • to tad rating curve n"figure.-4,:'.whioh,:~as also~used,for::pr~¢ious.~testi:.. .. . . . . ... . .,:.... ,,.. . .. 

on t ~ i .  same model. ~eh t e s t  wms:divld~ed i"to.~Our/~s-.,.~ith~.~aIs;~gel .... -,...::i! 

of  ao,ooo,  oo.ooo. 7 o,ooo 

table v~s adhered to in making the tests. ' " ;" ~and the rzvor i~:bed~.~, 

turbed between runs. " '"/ 

Discharge : to a t t a i n  • : ~ a t i o n ,  of.i:Discharge' ~.: .... : .. :. ~. 

: Houri : : H o u r s ,  s;. ~ i n u t e a .  :. :[~%Vs~ Minutes ,-..Hours ' filL ~ U ~  r "̀~ 

260.000 : 0 : 22 : 2 -: '0. .~ . . : ~.~.31 

! : I I 
800,000 : 0 : 40 : :S : O' 

I $ I I 

760,000 : 0 : 52 : 5 : G 

: : : t 
i~000,000 : I : 0 : ~7 : rO 

l : l I 
L _ ~ I 

* The s~ae times were used in, reduc.ing- t6 zero !disohar~s, 

6. Cross-seotions,were taken.at various polnts.,al~ ~ the..,river..fol~ 

all runs exooot that with a flow of 250,000 eleoond-feet. These seotio~ 

are ~:~ on figures 6 to 12 ~ncluslve. Brie,fly, the r.-~ults of test I 

~.ro as foll~vs: 

b ~ 

t!! • ' 

I 

~: >12 !:: 

: <3 : 

.I ;55 :" 

8 : <~:SZ." " " 

-I " 

, .= | 
t ¸ - 
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q ~. % ", ,, - 

".:/' 

(a) Fl~v - 250,000 :second-feet ~ (pl~te:7A). Durin2.~'a;run 0f two 

hours on the model . . . . . . . . .  ' ~ ": : 'r::"~J'~' " the riprap was' not dlsturbsd~or the:banks" notloeab~ Y 

eroded. The usual rearranging of th'c~rlver ~ b~d:c 

rock surface at a point 180 feet '~ ~ ':,, i downstream: from 

• . h~ s V i c i n i t y  :a s p i l l w ~ y .  The to~ o f  the  mound i n t t  

short dietaries do~mstroam. ~' 

(b) F lc~ ,- 500,000 seo.on..d.-feet. After a :run o f  : t h r e e l h o u r s  r.~e i: :'''/- :: 

erosion increased downstream frora~:the~:buo~et. The waveiaotlon:,-attaoked I .~ 

the river banks but soon reaohed a stag ,:: 

further damage. The tailrace riprap.w~ 

away (plates 4B and 5B) and slight erosion ocourred;at:~heibrldge'ipl, :~ 

(plate SB). .. 

(o) Flow - 750,000 seo.ond.-fee,t? iThe-wave: action-became more .~.seve~ 

s-ud cons ide rab le :  e r o s l o n  o c o u r r e d . a l o ~  : :~he : ,? r i ve r , :b~s j  :: p ~ % i ~ ' ~ : ,  

v&oro they were steep~.(plate. 2 ) .  The oi  

was broken by the,wave action ~nd a:rett "~ 

very fine sand on the slopes: in front of the powe~ .... ; 

5C). A portion of the riprap at the foot<of 

i disturbed ~nd deposited immed ate-ly dov~stroa 

was five hours (model time). 

.rl . -iI,ooo, ooo. :,soond-f t. Very e ere  roslon  o.o: rOa , :  
f o r  t h i s  d i  soh~.Tga. The run ~t : t h i =  :i~disoharge,~was ,i:terminated~,:after .a ~'::' 

seven-hour period, as:movement of the~bed mater 

by -Wave action (plate:~TB)r::Prao%ioally ceased. 

seriously eroded and large piles of ls~ were ~:d 

l~#erhouses, (plates 4D .and. 5D) -but-no~ s~nd--was 

tube~. Erosion of river,:baRks near ~e~highway 

but did net, expose t h e , t o p s ,  o f . t h e  late r o o t ~ Z a i ~ ( p l a t e ~ , e O ) ;  ~" ' 

7. The thlclmess of tailrace rlpr~p aooordlng~:to :the preae~t::de- 

sign is insufficient f o r  floods greater than 500,000 eeoondofee~,  .,To 

protect the river banks+ Immedlately: below++: the .+ tel iraoee,£or ~ floods+~of 

this magnitude, it appears ~ to be neobssary to e~end: the:riprap at 
• . -- 

2t4 
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~,,'J 

~ s t  500 f e e t  dow:lstr~o:';/ ,Ri ra in  - 
~ P , PP g--of~,the: r i v e r  bank. b e h ~ , , , ~ - ~ - - - -  

bridge p i e r  2 . i s  ,noeessax~:: for"::the ~proteotton.-of ~ pier ,:ii. ~:A~%er ~'~omv'e~'~"~l. 

riprapp~u~,;Of both- t a i l r a o e s  3 )  ~ms~ extended '~to ~thei 

~-I/2: l, excavated slope, and,: t',~meso~of,~slx~; ~eet ~.~ 

%weam eleva~iem 960 emd the edge. ~O~',~ei'rOa~yi'-r~di,,~or,,i 

• x o a v a ~ d  s lope .  From %he,,:point-:,of!,~h-vature~ on~:~he./~:l s lo  

spaoo ooeupied by the added rook.~mS'.%Ti~ngular~:~Ln~ahape,~,,rea 

or ig iua  1%hi oknee s o f  %hree ~,~' f e e t ,  n ~  ~. the ,~ abu~nen~ ~end ~of ~:= 

The r i~h~ bank at  ,the,. h~hw~y~.brld ~ '  wee ~e: 

nose and t a l l  of pier ,.P.. ~hen:!these:,oh~es.~were .ineo, 'r"orst~ r~ 

s u l t s  ~ o f  t e s t  -Z indlo~ted  .that :the~-riprap:,~a/still:::bl~rfi: 
withstand the  3mare .aotion .at.~:t~ ter  

were  prevalent~  however, •!for. di 

seoOndofeet (plates 9 to "~A, in 

believed ~ that addit lonsl thi  elm 

~aoe slope and the extension of 

woul~ ald.ln resisti~ this eroslon, ,but W~ould notilo~mplc 

it. ~he three"feetof .rook on the r isht.~bank:~!!,near pier~ 

protection -for disohar~es~ .up . to  T50#O00~, 8~ond~£~t. 

/ 

that with a flower ljOOO,OOOseeond,~eeto!erosldnowou, 

end b ~ d ~  piers (plate 14). I t  i s  :, J j1~ed,~%o ' v e r i ~  ~ I s  b e U ~ . b ~  .~ 

~S%s usin~ a oomplete set of bridge piers, De|i~n/Ldet~L~Is~:of.:~.o~.~R~, 
piers  were not ava i lab le  u n t i l  ~ t e r  the completion of.test~!~2.~thus pre ~ 
T~uting the ~nelus ion of  t h a t  data in thin~memorandtwto 

'~rl :i 

i~ •.!i~:: ~.: 

k .  
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8,, As a pro 

hLEh wave . a e t i a n  ~ 

%he we~ r i v e r  ~ bank,, beb~ee l  L*e~ati@~ii 

i~.:the ~hi 

/ :  

e x t e n d i n g  ~ o m •  a pO~1 .... 

It is beLieved :'that rJ 

phalt omp .... 
. 1 

t i o n .  . . . . . . . .  

(O) P h ~  r i p , a p , p r o t e e ~ i o n  f i v e  fee% in 

bank b e ~ e e ~  e l svat :  e x t ~ d i  

f r ~  the e - , a j ~ . e ~  l i . i ~ V a  

•mall amount Of addltion~l,exeava~Lon~would:be : n ~ e s s a r ~  . to  ,preper~7 
pl~oe this r iprap .  . . . .  

(d) Incre~l~ . the t~tok~ees of  ::the~,,riprap!,on ~ h e  east:i~tailraee 
used in  t e a t  2, from S~'.to l O : f e e t , ' - b e ~ e n e l e v a ~ t ~ ' g T 5 ;  ~ d  lOS 

t e n d i n g  /Tom a p o i n t  500;feet upstream:~f~om,,the, : .ouz~e.oonneo¢in~ 

e l l  cud the  8"1/211  Slopes t o , t h e ,  down'atream,,.,end o f  ::~,~e l a t t e r  . e ~ p e ,  

X% i s  b e l i e v e d  that  t h i s  ~,riprap* ehouldi a l s o  be* bonded,  ~ ,~ * ' i 

of  bridge p i e ~ .  2 and ~ 3'.between e l e v a t i o n s  950! ~nd ~ 1030, 

feet upstream and .lO0 feet downs~ream~-t~m.'~.the~ extreme 3 

p i e r  base .  

~ .  A l l  the featu~,es , iu para~raph~i8are belug.:inoorporatad~in~.~he : ~  

model at t h e  present tame :inoluding a o o m p l e t e e e t  of/brldge piers'® . " 

The results will be forwarded to you before,the oonolusion of ~ t h e . ~ e t -  . 
in~ of ~ e  Board. 

O0 

216 



of  ~le'Boozd, .Id. ~i t  ~the :f labor,to, 

model An opor~3~l.oa. 
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L'T~.~ IT ED. i STA T.]~8 " ". r 

DEPAR~Mm~T ;..OF, :-~HE:', iNTh,~, IOR,~.:; "~ " " 
~: ~u~mu OF ~scu~u'zoz~ 

,i Fo ,~"c011~ . .  Coi&:.,-,,dO, 

.... ",, ; ~  i i 

'~ . . . . . . . .  u ~  . . , . , .  , . , . , . , _ : , . .  D 5S IGNING M , ~  IN~R " 

(J .~ /  ~ . . . .  , . ;eraoo~: and  J. ,W..  B'al"l~ 

Subject: Limits. o f  ripra R on, riw 
Coulee D~a. Columbia Ba~ 

I, TesterS, containing-~the feature 

our memorandum dated August.lO, ~19~, ~ h 

of the data'is presented herewitH, as,:a.:: 

for previous tests was obtained. Time 

pletion s o ~ . s  to reach,you•,before ,the,:, 

a short discussion, With pictures, w i l l  

, '  t~ ~ 

~i ̧-̧  ,,o 

t 

r -  

~md i f  requested o~n be funl i~hed eaoh•~memb 

2o The features,  exoept p a r t S ( (  

8 of  our memorandum dated August 10,~ 

(~l~te 15) .  in po-rts (b) ~ d  (d) the th ick  

point of cuzwature:of the:S:l.slope and a.p :)i~! 

made w'~riable instead of a u n i f o r m  lO-foot !:il { "! 

plates 19A ~nd'ZOA. As this-difference o c o  

bonded riprap this change had:)rno ~ e fleet :~ #On ~.- ~e .r.esults, 
. . , t, 

if bonding is used the lO-foot thickness of .riprap:wii] ~, 

S, The Fesults o f  test"Z a r e ,  oo~tained ~in-, ,~le.~,follovrin.g dlsoussi~ 

(a) Flow 250,000 second-feet, No mov~m~mt of mate~ial~ ~as :  noted 
• .[ . 

other them the usMal.re~rranging of the river bed Just dowastream from 

the buckets 

(b) Flow 500,000 second-feet. The erosion i~ediate/~v do~istresm :: 

from ~e hucke~ was in~reased. Some erosion due t o  the wave aotlonwas 

- • .. K 

"tL? i 

'. t?s 
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, ?~ 

nO~ed, on both" banks..~andlim 

bonded r:Lprap .' (p la tem r~:16, ,, 

the same a s ' i n  t e s t | ' i l - ~ ,  

' the lo~ter limits of the,'~'2~i/2: 

such that-:the bonded sections:: 

wlse the conditions along, the~ 

17). Slight ilmprovement was is: 

raoes and in the vielnlty~of~t} 

p r o b a b l y  due t o  the  ~ 

approaoh- ~o :the b r t d /  

r l p r a p  on t h e " t a t l r a c  

lower edge. 

riprap e e o t t  ons ,was noted ~ (p'latel 

severe" bu% dad not~reaeh Proport~ 

and. P-, ( P l a t e : f 8 ) ' ,  ~,So~,e saad. w ~  

d~a%ely do~stream f~m .the splll 

and: 20D), The r i p r a p  au:: the ba~k 

w ~  b r ~ d g e w a s  n o t  washed  away . 

was .not overtopped. (plate-.21D).. :~] 

ble ~settllag was mo%ed. ~o-rlpr~ 

sand was washed away and the foot: 

- J. ~ Y~'o .Ball 
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~tt~r from Ci~te£ ~neer to 8ui~r~is£ng~.~ng£neer, Cou~se:Da~t~Wa~h_: 
ton, "R~alop£n~ 'of r£ght :tai£race. ~ o p e  ~ ~Grand Cou~i=i Dam :- 

Columbia Ba~In Pro~ect"~August 2 ~ s , ~ .  

l ~ t t e r  fron Supervising ~ £ n ~ r  
r~ght t a A l r a c e -  GrAnd C o u L e e  J~m ~, 
10, 1945. ~ 

~tter fro~ ~u~ervi~i~ ~neer~o~DenverOf- 
race excavation be~ween.rAghtpo~erhouse and 
]}~m~ ColumbA .e 

Letter  from 
8p£1Away bus 
Grand GouAse Dam --Co~,~b~ 

~et~er  frma J .  ~.  "~avage, 
alnspectAon and conference 

,uAee 

I~&t4r from ChAe£ ~ g ~ e e r  to  ~u~ 
tenance of  spA41way bucket .... ~ugg 
seal - Grand CouAee Ib 

l ~ t ~ r  £rma 8 ~ r v £ s i ~  
tenance of spillway b~ 
s6al - Grand Coulee I~ 

~et~er f r ~  a e t A ~  8u~ 
taAlrace exca~atAon b~ 
CouAee Dam -Co~u=bia  

e 

.t 

r 

. r , _  

Letter  $ r ~  ChAef ~ g J  
tenance o f  spAIAeay,b~ 
sea l  - G r a ~  Coulee 

~ma~tter from A o t ~  8 u _ ~ r ~ s l ~  /k~£neer •to Denver~OffAce, ,Rep4Ltr~,iand- ! 
~4nanoe or the spt]"~m~y/b~acket-~, SW~gestMd. ~ h o d £ o  r o £ f e o t l = g  

ca_~non xal Grand CouAeeDaa ~-: Co£uab~a* Basin" Froject, i~ch~.~7, .... ' 

_A.i. t 
,i 

Co~e Das, ~ah~ton..O~ratton of. £kce~ ca£ason..'for repairs .t~,: .~ 
s~IA4wa~r face.above e£evat~ton 902 - Grand~¢ouAee Daa -~ CoAuabla BasAn 
Projeotps February ::.lgs :~94~ ~ • . ~,,~' 



L e t t e r  £rom C h i e f  Ltootr:l.c~L1. and Ileoban~oal  lfagAneer to  ~u~rwi~Ing 
gun--r, "x~ctri~ Zut.~atlon-,,~ost~q~/c~ts~on -:sp~L~tmv 
aa:Lntenanco - Grand Goulee ]~na-  Co.Lumbia~aBin Pro~eet~m?Fobrt~ry 

a 

L e t t e r  from A s s i ~ t a n t ! C h A e f  DesAgnlng~ l~Aneer  .to.; 
ricer, ConZee~lkea, llaohAngton~ "RAver a n d l t a ~ r a c e ,  
r ~ h t  pomer~zou~ au~ ~ d o c i ~  - Grand:Cou~u Dam .~C~l.mmb~a~!~s~Lnll 
Projec t~  • ,1Pebr~z-~ ib, ;.94~. ' .  ~ / 

~ e t t e r  from a s s i s t a n t  Chte£ 
n e e r ,  Coulee,~ Dam, | a s h l ~ t o ~  
Gralzi CouLee ]Mlapn~'February 

~ t t e r  from ~q~exqr~si~z~1~zaHmr.:t~:~.~Dq~n~r~i~f~£~L~qL~:L~:A~- " '~ ,i 

Daz - C~l.umbia ~as:Ln ~roJeot~" J ~ : ~ ,  .L945. ..... 

/ ~ t t ~ r  ~'rm 
• ~laeer, Co 
e ~ A s s o u -  8p 
Project," Jaz~ 

L e t t e r  From 
1~tonaA excava~ 
C o u . ~  Dan - CoEtmb~ , ~ s z n  44~ ~ 

Nmmorand~ to FAeAd ~Aneer 
on l to 60 aodeA daa ~harlag 
~.94A. 

r£w~r obanne~£or~ .1.~to~b~.~z~e.L ot~ 
~.744. 
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~ t t e r  I'rom SupervAs:L~ ~ : i ~ e e r  1;o O~Le£ ~ : i ~ ' e r ,  mP~paA r L ~  ~ ~ __ 
tenence o£ spLLLway b~c~et -Besu~ts  o£ '~nspeet~tons by d/v~ng,~Movem- 
bet and Dece=ber 4943 - Greu=d CouLee Dam ~- CoAumbAa ~asln Project,- * *, 
December 2U, i943. 

k t t e r  from ~.. V. ~on= to F.i.e.l.d F ~ n e e r ,  "~xplora tAon ,  
bu.c~et - ~ovember and December A94~ -=Grand Gou~Lee Da=,,:~ 
J.9~. 

J~etter £ro= ComzAssAoner to :dr. B .  J .  ~Ack~r , .  W;P,S.,  =~eaova3L of 
r i v e r  bed m~terAai downstream from :sp~.Awa~- buc~et~. .  December 10, 
Z9~3. 

t&on by da r e r s  - O r ~  Cou4ee D&= -~o~LuabAa:.Ba~ 
7, Ag~. 

f~etter  from act~L~g ChXef ~ £ n e e r .  t o  CommXsaAo 
tenance o£ =p~LLw~v bucket - l~emovaX oZ' r£ver  

b e = o = -  C o z = b =  
December b, ~9/~3. 

Z ~ t t e r  from ~t. ~ L e r  and .~. ~. ~ n t o n  to C h ~ e £ . ~ i n e e  
conference  a t  ~ou~ee Dr~ on d e s e r t  o£ £~omt~t~ .c~Leso=~: 

. . . . .  Bp mzLutenaace o£ sp i l lway b u c k e t -  Grand Cou lee  Dam.-(;o~umbAa~iBaaA~n . 
Project~" December b, 494~3. 

~=orandum to (;hAe£ ~ r ~ n e e r  by J .  b ,  ~ava~e. "EroeAon 
buc~;et Grand Gou.l.ee L~lm," '~iove:ber 29~ ~.9~' 

Le t te r  -~rom &ct,/u~ ~uperv£s~u=g ~asg:Lneer to. Chief L~;Anee 
alad ~;Lutenance of the s~J.lJ.wa;f bucket : -  hemova~..o£ .rAve 
e t roaa  from tee ep~ .way  bucket - Orand.~Gou~e ~am.- Columbia Bas in  
Project,= November 2% .L9~,3, 

Memorandum to ~upervzs:L~ ~l~jJ~eerL. ~.j',&e F'e ; ' ] ~ i l ~ . ~ p  eConterencee 
November 22 to 27, A$43 r e g a r = ~  dee~n;-o£.. £ A o a t ~  .caAeson and.work 
barge, maJ=utenance of spLL~way b u c c e t -  Grand Coud~e ~ L -  ;oZumbAa 
Basin ~ ro jec t , "  Iioveabor 27, Z943. 

iJemora~dum to F~eAd F=~t;;Lueer by J .  W. Ba~l, .Baeu~ts o f  S ~ I  r: ~S t=  
concern~uK source of sand and graveJ. .deposAt i n  &p~.~W~t~r~LbU(=k@ t .OJ[' 
Grand ~ou~Lee gampn~liovember 2bp 1 9 ~ .  

Ilomoraad~u= to GonstructAon ~ o e r  .by R. ~a~Ler, ~..lil. 9entoa,~and 
J .  111. B a ~ ,  "B~aul tao£ mo~e4 t e s t s  r e g a r d ~ m a n e u v e r : L n g  lJu~eel;£er 
£~.oatXng caAasop - M s i ~ t e n a n c  e oA" sp:L~eay bucke~ - Grand Cou~oo . . . .  
Daa~" lloveaber 2~, 194~. 



:tlemorandun to ~upervAataZ hgtn~erj G:and,:0~tee!~l~a,,. "Coafe~eaeos 
. i~vulmr 22 to 27, Z~,.!~g~:de~J41n:~f:t~at~oa~s~m, 

lemm u= to, a. m. 

e ea~. ~A~a~ daaaSA~ ~he s~A2A~ bucket,am1: ~e: st~d~.:o.e~,,aeasurea , to 
~ ~ e  fu~aAre desfa~ctAwe a o ~ o a ~ .  J e v u b e r  ~.3~: ~gA;~. 

NOrp uo~l.ee X)~Bp ~ l a ~ t o o ~  aProlx)sod O01nStdL~Ot~Ol~ o~,,:.glAlllSon aod 
gravA~ aoc~ facAAAtAes for  re,oArs. &nd..liAa~enaaee 
bucket - Grand Coulee Des -CoAumbAa BaaAn Fro~oct~ 

r icer ,  "Pz'o~mmd construotAoao£:  caAsson an4:gravAng-~doek:fscAIAtlas .- 

Go~tunhAa ~as ln  P r o j e c t , s O c t o b e r  ~0~ ~g&}. 

r o. , 6o 
l ~ d r a u ~ c  model ot" Grand Coulee Dam { b e ~ t  and ~ n g t h  o f - u v e s  over 
o p ~ m ~  bucket)," O0tober ;~, 194~. 

Le t t e r  f]ron floSAona~ DAres t o t  to. OhJo£~'~Anoer~ mLoverAng of :Col~m- 

~oa of spAIAuay bucket by darers Grand 0ouAee Dam - Columbia 
BaaAa ProJect," October 23, 194~. 

L~t te r  fzx~ satang ChAo£ KngAnoor to ConaAu:Lonerp "FrograJa~for na ln -  
tenanno work, splAlway b ~  -Grand O~Aee, Uaa L " ~ I ~  q , ~ a ~  

Pr~Joote" October ~ & , ~ g k ) .  

L e t t e r  £:ma Supervising KngAneor to~C~a~f.l~n~l~mer, " £ ~ r n a t ~ v o  
amrgenc~ ~ ~heses  fo r  f~oatAng m~tee~,ca£sson - Grand 

- Co~mab~La ]k~s:Ln ProJ~mt~" O ~ o l ~ r  15, 1%~.  . : 

L e t t e r f r ~  aasAstant Chiat Des~gnAng~taoer  to Super,£sAag ~ l -  
noorp UOUAOo Dam e NsshAngtGup I£~r~rnatAve t r g e n c y  A & ~  
scho~s  £cr £~Lo~t~n~ st, eel. ear.son - -  Grand Coulee D~m -, Co.).tmb~', D4mtz 
Pro~ect~" Oot~ber 2, 194~3. 

Remorand~m to F ~ l d  ~ X n o s r  by Jj. V. Downs and J .  | ,  / ~ ,  eTest~ 
on £ to 60 ~ d r a u ~ c  mod~ of Grand C~z~ee Ima to ds~r4na~ue.opt~mm 
flow eondAt£ons for  in spec t ion  ~ spAAAuay bucket by dAvorsp s Septem- 
ber ~.7p Ag~. 

Lo~t4r from A © t ~  r ~ o o r v ~ s ~  ~ r  to Olalof l r ~ n e o r j  ellmorandum 
r o K a r d ~  oontoronco8 wAth Donvor o££:Lco on, Ariosto and N.PoB. ropre-  
aMum, t, a t i v o s  head a t  G o u ~  Dam~ A w I ~ t  27 to . ~ ,  ~L943, r q a r d ~ n ~  s p l ~ t -  

taAcket oaAsson ami dxTdoc~m u b p t e a b e r  4p :W&~. 

a33 



e 

o n  through r~ght erhouse  - ' ~'~ . ~  " r " " : - - - - "  ~ % ~ " " T '  " 

~ s t ;  2j, A943. poe Caulee,D~ua CoA~abAaJ~aeAn~l~ojeet;,. 

/~tter ,~rom ~ctJ~ ChAe£ : ~ ~ r  ~o.~.Coma~a 
tenance of spJ-LAway bue~et!An.Gr~ud:Cou~ee 
eet," Augast 7, 194~. 

atructAon o£ ca£eson and graving dock fae:LIAttej ~ f o r r e p a ~ r s ~ : a n d i ~  
tenance o f  gp~.Llway b u c k e t -  Grazed Cott~eeDsa _ ColuabAa~am:i~t~:/)roj. 
eat,  ~ June ~9, ~94~. 

. . +  • _~ . . . .  ~ p  .~w~ An Gr&ndGoulee:Daa,- Co~.uabAa ~asAn,Proj, 

~etter from ChAeF ]k~neer to  ~oa~AgsAoner, "~e~aAr ~and ~aAn~enanee. 
of spA~Away b~c~et - Graad~,Got~ee ~aa ".Go~L~Aa ~asAn~roJect;. "June 
i% 19~. 

t~e spLU.n,y b u c k e t - O r a n d  Go~ee  Daa-~Oo~.unbAa,:Basln Projeet~m 
June ~8, 1 9 ~ .  ...... 

~ e t t e r  t r o a  C~Lof J ~ c t r ~ a "  
~ a e e r ,  Coa lee  ~ a ~  ak~Jat 

' b u c k e t  - Q r a ~  C ~ e e  ~ - 

aSes) J ~ e  4,  19~S. 

1 4 ~ r  f r ~  ~ a A s t a ~ t  O~Lef. ~ e l ~ t ~  ,, J ~ e e r  to .  ~ p e r v ~ L ~  ~ t -  
neer~ C o u l e e  Dea t | & m h t ~ t o n w  "Ta~LLwater e l eva~Aons  ~ beAow G r ~ x l  
Co~4ee Daa - CoAua~La ~asAn Project,  j (Power o~t, agea)Ma~!lg; ].943. 

M~ora,  d,a to C J~.f  D e s ~ a t ~  ~ e e r  ~ a.  SatYr ,  "I~pec~L~ 
mtracture for 8pAAAway bucket -m~rand Gou4ee J~uap. May 14~ 19~.* 
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Let.ter from h. F. Durand, Consu l~ant ' and  oerta~L~Bureau, eng ineers  to 
~. O. Barper,  Chief ~ngineer ,  "Oo~aant oniand, recoauendatAons r ega rd -  
A~g con~t ,  Aon of,Grand*Coulee Daa SpAlluay+b~c~et.+ as~+ahoua by,survey 
du.rA~ the winter o£ 1942-~@43j ~" ~k~ 7,..1943. 

IA~h~ Aetter ~o k~ver O£f~ce byJ. ~. Savage, :=0ylAn~rAcal drydock 
proposed,"  May 6, i943. 

Me~orand~a to Chief 
~a~r~tne what prov£si  
bucket, Grana GouAee 
2% 19~3. 

L e t t e r  f r ~  ~. V. Do~ns t o  F~e~d Engineer~+,Forelgn, . . latorAals ~n 
opA1Away bucket - G r a ~  Coulee ~ • ~ (Moveae~t of r o c k  a~; r i g h t  t r a i n .  
Am+ ~ )  apr.] .  28, .1.9~+3. 

~ e t t e r  from £ctAng Supervis~ F.ngAneer to ChAe£:KngAnoel 
tAon of spAAAny bucket - ~ran~ Cou~eeDaa-:CoAumbAa flai 
£pr£1 2~, 1943. 

~etter from ~upervAsA~g ~gAneer ,~o:ChAef ~ineer, aEx~AoratAon:ot ' 
o p ~ n y  bucket  - Grand Coulee ham -( ;o lmbAa+iB&l iapro;}ect ; -  A p r i l .  
19, 19A~. 

l e t t e r  £roa L. V. Dow~ t o  F i e l d  ~ i n e e r ~ . u ~ x p ~ o r a t i o n  of ~ l l p L l ~ -  
way bucket  - G r a n d  Co.Ace Dam," a p r A A + l ~ , i l g ~ ,  

~ e t t e r  from L. V.+ Douns to  FAced K~ineer ,+- .Dlw~r l ion  + o f  Co~tmlmia 
RAver ~as~u d ~ r i ~  constructAon o£Gra~d::P.~u~eelDa~i+,+~prll~,~il9~. , +. 

~ e t t e r  Croa L. V. Downs ~o F A e A d E a ~ e e r , . : ! ~ o r a t i o n  of spllAwe~ 
bucget  - G r a n d  Co.Ace Da~, " March 2 7 , + 1 ~ j .  

~e t te r+f rom L. Y. ~o.~s t,o I ~ n s t r u c t i o n F ~ g ~ e e r ,  + .~plora~M~on:,LO~. 
. IpAIAway buckler - Grand Coulee ~amia+MarchlS,: ~943. 

Letter from £c+Ang 8uperv~Ltng KngAneer: to: + ChAef:Englneer. "~x~ora- 

nare~ AO, A94~. 

~ e t t e r  f r o .  ~upervAszng ~ i n e e r ,  ~o+ ChAef:iEngAneer, ~ , , h p l o r a t l o n . o £  
llpJ.~.eay bucket+-  Grand C 0 ~ H '  Dam.- IJo~ulbJ~ Ball~:ProJec~+W- llareh " f ~ "  + ~, ~%).  *++ ... + + 

Le t te r  from G~teZ ] ~ J ; e e r  ~o ~ p e r v ~ s ~ : ] ~ i n e e r p :  Cornice ~ ,  l laeh- 
A~gt~np " ~ p e c t 4 0 n  of+ 8pJ.L~ml~r bucket.,-+ Gr~ad Co~1.ee Dlm - , i ¢O l~Aa  
~aBA~yOroject, p" December L9,'+:+19~o 

+- ++: 
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Letter from CbAef ~AeotrAcal and. Mecha~AcaA~ F-~&A~er .:.~o :Superv inAag  
~ : ~ A n e e r ,  CouAee D a ~  I~aah lng ton ,  "~l :~AoratAon o f  sPJ-~way b u c k e t  , 
GranO GouAee Daa - C o A ~ b A a  B a s i n  P r o j e c t ~ "  December /14~  .~A942. • 

i l e a o r ~ a  f o r  Mr. ~ . ~ J .  ~bumond~ by 
s p e c t A o n  o£ spAAA~ayl b u c k e t -  G r a n d  
e c r u .  Augus t  2 b ,  A942. 

M e m o r a n d ~  £ r o a  J .  L o Savage  ~o C h A e f i E ~ g ~ e e  n+ + . . . .  
• ay buc~:et by d t v ~ g  o r  o t h e r  met t~oae " G r a n d  o f ? ~ 0 p A ~ -  

+ + Co LuabAa 

g ~ o r a ~ d u a  to .r C ~ f  ~ a ~ A n e e r  by O . :  J,.,. • . . . . .  ' + : ; ' + :+ 

c~esAoas at CouAee Dam, ,, i Ou~ 9, 4942. +~avage' +"CoacAusAona :~£X.om~,diS, 

~ , e t t e r  from CbAef ~gAaeer to~ ' ' 
charge An A942- Grand CouAee ' + "~PLLLwayldAs- 
27, ~942.  - P r o j e c t , ~ ' ~ - l l a r c h  

:~Lu- 

. . . . .  ProJ -  . 
; + + 

r~ 

b e t t e r  from 8 ~ p e r v A s ~ t  ~ FJ~gAneer to ChAef 
ci~arge ¢n A942- Grand CouAee Dee .... ¢oAu~b 
~9, 1942. 

Memoranaum to CbAe£ ~er~by J, ~, ~ t t e r ,  
~ . ~ t ~ d  duA'Ax~ Aow-water season at GramdCouJ.e ~antAc- 
P r o j e c t ,  • " Deceaber 14, ~4941. . B4mLn 

~ef, t e r  f r o a  ~o~As ta~ t .  Ch.l.e£ ~esigaAj~g ~Kngimmr t o  + 

oJ.~tmbAa ~ s i n  P r o j e c t ~ "  Movemb G r a n d  + .  

Meaora dua  oMr.  arA ad, by  ava e,May.i3A ' A94A. 

e c t , .  Y e b n a r y + A g ,  ~ 9 ~ :  . . . . .  

/ ~ e t t e r  from aupervAmA~ g n g ~ a e e r  t o : C h l e £ .  A a e e r  . " :  ' ' 

I J . T d l l  - -  P . ^ , , 1  . . . .  " r ° v ~ ' C U l l ~ 7 ~  G e l ~ . - n  ~ 1 ~ - "  " G r a n d - ~ u A e e  _ + s + ~ zaunc  ,~ m Go)ulbAa Ba " ~ ~ . ' san+ P r o ; j e c t  " O a ~ m  
, ..  +29, 

L e t t e r  f r o a  8~oervAsAag BagA~eer to ChAef l ~ e e r  • " 
inspec~Aon caAs ' . , . . . .  F-~g ,.' 8plLLwa b son C o a a ~ a t a  o n e - t e l 4 - ,  . . . .  ~--~ . . Y u c k e t  
sate - Grand CouAee Daa - CoAusbAa JSasAn Project,. Jaauary 20, 11941 °~"~'+ ~ 

b e t t e r  f r o a  A c t A ~  (;kAef,-gagJmeer ~ o  S~pe~vA~ 
la lb . t J~g to , ,  "SpAl lwav  , , ~ . . : , - - ~ . - ~ +  ~u~ ~a~gi.~0er, CouAee Dam, 

A n a ~  desAgn and l a u a ~  s~t, ea - Grand Coulee Daa - Co].umbAa ~asA~ 
P r o J e c t , .  ' ,January 17 ,  1941.  



-.Letter £rom ~upervisAsg ~gAneer to Gnte£ +KugAneer. ,~.~LL].~a~+~.,~+.+ 

. . . . .  m ~ o ~ L o e  u~u8 - ~ ; o ~ t l a ~ a , ' B a a : L ~  P l ' o ~ e c t . .  Iovombor ] . o  + 

p o ~  r~prap ~reatmont,. - Grand Cou.LeeD~m~_, Gol~mbta; Baaln p - 
ect , "  J u ~  24, 1 9 4 0 ,  roj +~ +~ r~' ++ + 

Let te r  to Dtetr£ct  GounH~ £ r o m + £ c t ~  
e~.hle dam~e to concrete, t n  bucket-o£~t 
contractor  to prevent objec+,,tolmb~o,nater£cLs £ro~be~ng. depoa~ted- 
:Ln d:LverlJ:~n aJ.ots - (}rarv~ Coulee .Daa~.. -Co~.tim~.a~ B~s~n Project# 
WaahAngton,. 6, 1939. 

/~etter f r ~  Constru~Lon l ~ L u e o r  to Chlor::Kn~ineer, 
Ll . t ted to ConnuitA~g Board a t  ..~ts aeet~g~.~tprLl~V~to.l~ 
cAuaive - Grand Coulee Da~ .-~GoluabAa ~asAn ProJ~¢t~m ( 
woe% taLLrace 81o~aJ ~prLL .42~i~19.~9, 

'Kchlblta ~ | ub-  

~ e t t e r  £rom 8up~rv~=~q; ~ e r '  to ConeoLIAa," : 
=Dump~  O£L Waat~ m a r A r ~ s  £rol~construct~on 
Gou~oe ~ .  Movonber ~ ,  4938. 

L4tl~r  £ r ~  8uperv~sLv~ ~ l ~ m r ~ t o  Con~ol~Ldat 
mDump~Qg o£ waste aater~,a~s~:from +construct,.on 
CouAee i;~a~, • Uoveaber 3,  ~.:1938. 

r ~- 
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